
Contents i

C
ontents

Contents

Preface ix
The purpose of this manual .................................................................... ix
Advanced functions .................................................................................. x
HP 49G on the World Wide Web ............................................................. x
Regulatory information ............................................................................ x

USA ....................................................................................................... x
Canada ................................................................................................. xi
Japan .................................................................................................... xi

End-user terms and conditions .............................................................. xi
Warranty .................................................................................................. xii

Chapter 1: Keys 1-1
Key map .................................................................................................. 1-2
The HP 49G’s keyboards ....................................................................... 1-3
What each key does ............................................................................... 1-5
Key conventions ................................................................................... 1-10

Chapter 2: Basic operation 2-1
Turning on and turning off ................................................................... 2-2

Turning on ......................................................................................... 2-2
Changing the screen contrast ......................................................... 2-3
Turning off ........................................................................................ 2-3

Default screen ........................................................................................ 2-3
Status area ........................................................................................ 2-4
History ............................................................................................... 2-5
Menu .................................................................................................. 2-6

Using the command line ....................................................................... 2-7
Multi-line entries .............................................................................. 2-8
Entering numbers ............................................................................ 2-8
Entering characters ....................................................................... 2-10
Entering special characters .......................................................... 2-11
 Entering from history ................................................................... 2-12
Editing the command line ............................................................. 2-13

Input forms ........................................................................................... 2-14
Input form fields ............................................................................. 2-14
Closing an input form .................................................................... 2-17



ii Contents

C
on
te
nt
s

Modes .....................................................................................................2-18
Changing a mode ............................................................................2-18
Algebraic and RPN modes .............................................................2-21
Exact and approximate modes .....................................................2-22

Command line calculations .................................................................2-24
Time Management ................................................................................2-26

Setting the date and time ...............................................................2-26
Changing the format of the date or time .....................................2-27
Alarms ..............................................................................................2-27

Chapter 3: Creating and editing expressions 3-1
Creating a new expression ....................................................................3-2
Editing an expression ............................................................................3-3
Using Equation Writer ...........................................................................3-4

Implied multiplication ......................................................................3-4
Entering e and i .................................................................................3-4

Operating modes ....................................................................................3-5
Working with modes ........................................................................3-5
How Equation Writer sees expressions .........................................3-7

Examples .................................................................................................3-8
Example 1 ..........................................................................................3-8
Example 2 ..........................................................................................3-8
Example 3 ..........................................................................................3-9

Equation Writer keys .............................................................................3-9

Chapter 4: Plotting graphs 4-1
Basic plotting ..........................................................................................4-3
Plot types .................................................................................................4-6

Function plots ...................................................................................4-6
Parametric plots ...............................................................................4-8
Polar plots .......................................................................................4-10
Conic plots .......................................................................................4-13
Differential equation plots .............................................................4-15
Truth plots .......................................................................................4-17
Slopefield plots ...............................................................................4-19
Wireframe plots ..............................................................................4-20
Pseudo-Contour plots ....................................................................4-21
Y-Slice plots .....................................................................................4-23
Gridmap plots .................................................................................4-24
Parametric surface plots ................................................................4-25
Fast 3-D plots ..................................................................................4-27
Statistical plots ...............................................................................4-28



Contents iii

C
ontents

Cursor movement ................................................................................ 4-34
Standard cursor movement .......................................................... 4-34
Tracing a plot .................................................................................. 4-35
Cursor coordinates ........................................................................ 4-35

Zooming ................................................................................................ 4-36
To zoom in ...................................................................................... 4-36
To zoom out .................................................................................... 4-36
Zoom options .................................................................................. 4-36

Analyzing functions ............................................................................. 4-37
Finding roots .................................................................................. 4-38
Finding extrema ............................................................................. 4-38
Finding slopes ................................................................................ 4-38
Finding areas .................................................................................. 4-39
Finding intersections ..................................................................... 4-39

Tables .................................................................................................... 4-40
Customizing table values .............................................................. 4-40

Special plotting and table variables .................................................. 4-41
EQ .................................................................................................... 4-41
πDAT ................................................................................................ 4-41
PPAR ................................................................................................ 4-41
VPAR ................................................................................................ 4-42
πPAR ................................................................................................ 4-42
ZPAR ................................................................................................ 4-42
TPAR ................................................................................................ 4-42

Chapter 5: Working with expressions 5-1
Configuring the CAS .............................................................................. 5-2

Numeric option ................................................................................ 5-3
Approx option .................................................................................. 5-3
Other options .................................................................................... 5-4

Using the computer algebra system .................................................... 5-5
Working from the command line ................................................... 5-7
Working in Equation Writer ............................................................ 5-9

Performing substitutions .................................................................... 5-10
Expanding and factorizing .................................................................. 5-11

Expanding expressions ................................................................. 5-11
Factorizing expressions ................................................................ 5-13
Exponential and trigonometric expressions .............................. 5-14

Calculus commands ............................................................................ 5-17
Example .......................................................................................... 5-18



iv Contents

C
on
te
nt
s

Differentiating an expression step-by-step .......................................5-19
Setting step-by-step mode .............................................................5-19
Performing step-by-step operations .............................................5-19
Step-by-step example .....................................................................5-20

Chapter 6: Solving equations 6-1
About solving equations ........................................................................6-2
Solving an equation ................................................................................6-3

Example .............................................................................................6-3
Interpreting results ...........................................................................6-4

Solving polynomial equations ...............................................................6-5
Example .............................................................................................6-5
Finding a polynomial from a set of roots ......................................6-7

Solving linear systems ...........................................................................6-7
Representing a system as matrices ................................................6-8
Example .............................................................................................6-9

Solving differential equations .............................................................6-10
Using the financial solver ....................................................................6-11

Time-value-of-money calculation parameters ............................6-11
Time-value-of-money calculations ...............................................6-12
Amortizing the calculation ............................................................6-13

Chapter 7: Storing objects 7-1
Variables ..................................................................................................7-2

Creating a variable ............................................................................7-2
Using a variable in a calculation .....................................................7-4
User-defined functions .....................................................................7-4

Directories ...............................................................................................7-5
Creating a directory ..........................................................................7-6
Selecting a directory or variable .....................................................7-7

Managing variables and directories .....................................................7-8
Deleting a variable or directory ......................................................7-8
Copying or moving a variable or directory ...................................7-9
Renaming a variable or directory ...................................................7-9
Editing a variable ............................................................................7-10

Memory Management ..........................................................................7-10
Using port memory .........................................................................7-11



Contents v

C
ontents

Chapter 8: Vectors, lists, arrays, and matrices 8-1
Vectors .................................................................................................... 8-2

Creating vectors ............................................................................... 8-2
Vector mathematics ......................................................................... 8-3

Lists ......................................................................................................... 8-6
Creating a list .................................................................................... 8-6
Working with lists ............................................................................ 8-6

Arrays and matrices .............................................................................. 8-7
Creating arrays ................................................................................. 8-7
Quickly moving through an array .................................................. 8-9
Editing an array ................................................................................ 8-9
Matrix arithmetic ........................................................................... 8-10

Chapter 9: Using statistics 9-1
Descriptive statistics ............................................................................. 9-2

Starting an application and specifying the data ........................... 9-2
Single-variable statistics .................................................................. 9-3
Generating frequencies ................................................................... 9-4
Fitting a model to a set of data ....................................................... 9-5
Calculating summary statistics ...................................................... 9-6
Plotting statistics .............................................................................. 9-7

Inferential statistics ............................................................................... 9-7
Example data .................................................................................... 9-7
Using inferential statistics .............................................................. 9-8
Hypothesis tests ............................................................................... 9-9
Confidence intervals ...................................................................... 9-14

Chapter 10: Introduction to programming 10-1
Getting started ..................................................................................... 10-2
Creating, saving, and running a program .......................................... 10-3

The programming menu ................................................................ 10-4
Algebraic and RPN modes .................................................................. 10-5

Using functions that require arguments ...................................... 10-5
Handling data ....................................................................................... 10-6

Input data ........................................................................................ 10-6
Output data ..................................................................................... 10-6

How a program flows .......................................................................... 10-6
Nested procedures ......................................................................... 10-7

Working with variables ....................................................................... 10-8
Using local variables ...................................................................... 10-8
Setting variables ............................................................................. 10-8



vi Contents

C
on
te
nt
s

Setting a local variable to the result of a calculation ...............10-10
Using global variables ..................................................................10-11
Example .........................................................................................10-11

Looping and branching ......................................................................10-13
Comparison functions ..................................................................10-13
Conditional and looping structures ............................................10-13
Example .........................................................................................10-14

Trapping errors ...................................................................................10-15
Example .........................................................................................10-16

Appendix A: Connecting to another calculator A-1
Transferring objects between calculators ......................................... A-1
Transferring data between two HP 49Gs ........................................... A-2
Transferring objects to or from an HP 48 .......................................... A-2

Appendix B: Error messages B-1

Appendix C: Units C-1

Appendix D: Troublehooting D-1
Calculator will not turn on ...................................................................D-2

Resetting the calculator ..................................................................D-2
Batteries ............................................................................................D-2

Calculator is not responding ................................................................D-4
Halting the system ...........................................................................D-4
Resetting the memory .....................................................................D-5

Calculator continually re-boots ...........................................................D-5
Error on start up ....................................................................................D-6
Low memory ..........................................................................................D-6

No room for last stack ....................................................................D-6
Insufficient memory ........................................................................D-7
Out of memory .................................................................................D-7



Contents vii

C
ontents

Appendix E: Working in RPN mode E-1
Using the stack .......................................................................................E-2

Placing objects on the stack ...........................................................E-2
Performing RPN calculations .........................................................E-3

Example stack calculations ..................................................................E-4
Using a one-argument command ...................................................E-4
Using a multi-argument command .................................................E-4
Multi-command calculations ..........................................................E-5
Using computer algebra commands ..............................................E-6

Manipulating stack data ........................................................................E-7
Interactive stack commands ...........................................................E-7

Index I-1



prelim.fm  Page xiv  Tuesday, December 14, 1999  8:50 AM



Preface

prelim.fm  Page ix  Tuesday, December 14, 1999  8:50 AM
Preface

Contents

7KH�SXUSRVH�RI�WKLV�PDQXDO ��������������������������������������������������L[

$GYDQFHG�IXQFWLRQV ����������������������������������������������������������������[

+3���*�RQ�WKH�:RUOG�:LGH�:HE ��������������������������������������������[

5HJXODWRU\�LQIRUPDWLRQ ����������������������������������������������������������[

86$���������������������������������������������������������������������������������������[

&DQDGD ��������������������������������������������������������������������������������[L

-DSDQ �����������������������������������������������������������������������������������[L

(QG�XVHU�WHUPV�DQG�FRQGLWLRQV ��������������������������������������������[L

:DUUDQW\ ���������������������������������������������������������������������������������[LL

The purpose of this manual
7KLV�PDQXDO�SURYLGHV�D�ZLGH�UDQJLQJ�LQWURGXFWLRQ�WR�WKH�IHDWXUHV�DQG�
IXQFWLRQV�RI�WKH�+3���*�JUDSKLQJ�FDOFXODWRU��,W�LV�ERWK�D�JXLGH�WR�JHWWLQJ�
VWDUWHG�DQG�D�UHIHUHQFH�PDQXDO��

7RSLFV�FRYHU�

� WKH�IHDWXUHV�RI�WKH�+3���*

� KRZ�WR�XVH�WKH�+3���*�WR�SHUIRUP�D�ZLGH�UDQJH�RI�PDWKHPDWLFDO�DQG�
VWDWLVWLFDO�FDOFXODWLRQV��ZLWK�DQ�HPSKDVLV�RQ�WKH�IXQGDPHQWDO�
PDWKHPDWLFV�WDXJKW�DW�KLJK�VFKRROV��FROOHJHV��DQG�XQLYHUVLWLHV�

� KRZ�WR�SORW�JUDSKV

� KRZ�WR�XVH�WKH�VSHFLDO�SURJUDPPLQJ�ODQJXDJH�RI�WKH�+3���*�WR�ZULWH�
DQG�VWRUH�SURJUDPV

� FDUH�DQG�PDLQWHQDQFH�
Preface ix
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Advanced functions
7KLV�PDQXDO�ZLOO�PHHW�WKH�QHHGV�RI�WKH�PDMRULW\�RI�XVHUV��+RZHYHU��WKH�
+3 ��*�KDV�QXPHURXV�DGYDQFHG�IXQFWLRQV�GHVLJQHG�HVSHFLDOO\�IRU�
SURIHVVLRQDO�PDWKHPDWLFLDQV��HQJLQHHUV��DQG�VWDWLVWLFLDQV�

,Q�OLQH�ZLWK�+HZOHWW�3DFNDUGªV�HQYLURQPHQW�SROLF\¦ZKLFK��LQ�SDUW��DLPV�
WR�PLQLPL]H�WKH�XVH�RI�SDSHU�SURGXFWV¦LQVWUXFWLRQV�RQ�KRZ�WR�XVH�WKH�
DGYDQFHG�IXQFWLRQV�RI�WKH�+3���*�DUH�QRW�LQFOXGHG�LQ�WKLV�PDQXDO��EXW�DUH�
SXEOLVKHG��LQVWHDG��RQ�WKH�:RUOG�:LGH�:HE�

HP 49G on the World Wide Web
<RX�FDQ�ILQG�PXFK�LQIRUPDWLRQ�DERXW�WKH�+3���*�RQ�WKH�:RUOG�:LGH�:HE��
7KLV�PDQXDO�LV�DYDLODEOH�RQ�WKH�:HE��DV�LV�$GYDQFHG�8VHUªV�*XLGH��
$GYDQFHG�8VHUªV�*XLGH�FRYHUV�WKRVH�IXQFWLRQV�WKDW�KDYH�EHHQ�GHVLJQHG�
HVSHFLDOO\�IRU�SURIHVVLRQDO�PDWKHPDWLFLDQV��HQJLQHHUV�DQG�VWDWLVWLFLDQV��,W�
DOVR�SURYLGHV�

� WLSV�DQG�WULFNV�WKDW�ZLOO�EHQHILW�DOO�XVHUV

� D�JXLGH�WR�JHWWLQJ�WKH�PRVW�RXW�RI�WKH�+3���*ªV�FRPSXWHU�DOJHEUD�
V\VWHP

� DGYDQFHG�SORWWLQJ�DQG�SURJUDPPLQJ�WHFKQLTXHV

� UHIHUHQFH�OLVWV��VXFK�DV�D�OLVW�RI�WKH�+3���*ªV�FRPPDQGV��

<RX�FDQ�DFFHVV�WKLV�XVHUªV�JXLGH�DQG�$GYDQFHG�8VHUªV�*XLGH�E\�YLVLWLQJ�
ZZZ�KS�FRP�FDOFXODWRUV�KS���

Regulatory information
7KLV�VHFWLRQ�FRQWDLQV�LQIRUPDWLRQ�WKDW�VKRZV�KRZ�WKH�+3 ��*�JUDSKLQJ�
FDOFXODWRU�FRPSOLHV�ZLWK�UHJXODWLRQV�LQ�FHUWDLQ�UHJLRQV��$Q\�PRGLILFDWLRQV�
WR�WKH�FDOFXODWRU�QRW�H[SUHVVO\�DSSURYHG�E\�+HZOHWW�3DFNDUG�FRXOG�YRLG�
WKH�DXWKRULW\�WR�RSHUDWH�WKH�+3���*�LQ�WKHVH�UHJLRQV�

USA

7KLV�FDOFXODWRU�JHQHUDWHV��XVHV��DQG�FDQ�UDGLDWH�UDGLR�IUHTXHQF\�HQHUJ\�
DQG�PD\�LQWHUIHUH�ZLWK�UDGLR�DQG�WHOHYLVLRQ�UHFHSWLRQ��7KH�FDOFXODWRU�
FRPSOLHV�ZLWK�WKH�OLPLWV�IRU�D�&ODVV�%�GLJLWDO�GHYLFH��SXUVXDQW�WR�3DUW����RI�
WKH�)&&�5XOHV��7KHVH�OLPLWV�DUH�GHVLJQHG�WR�SURYLGH�UHDVRQDEOH�SURWHFWLRQ�
DJDLQVW�KDUPIXO�LQWHUIHUHQFH�LQ�D�UHVLGHQWLDO�LQVWDOODWLRQ��
x Preface

http://www.hp.com/calculators/hp49
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+RZHYHU��WKHUH�LV�QR�JXDUDQWHH�WKDW�LQWHUIHUHQFH�ZLOO�QRW�RFFXU�LQ�D�
SDUWLFXODU�LQVWDOODWLRQ��,Q�WKH�XQOLNHO\�HYHQW�WKDW�WKHUH�LV�LQWHUIHUHQFH�WR�
UDGLR�RU�WHOHYLVLRQ�UHFHSWLRQ��ZKLFK�FDQ�EH�GHWHUPLQHG�E\�WXUQLQJ�WKH�
FDOFXODWRU�RII�DQG�RQ���WKH�XVHU�LV�HQFRXUDJHG�WR�WU\�WR�FRUUHFW�WKH�
LQWHUIHUHQFH�E\�RQH�RU�PRUH�RI�WKH�IROORZLQJ�PHDVXUHV�

� 5HRULHQW�RU�UHORFDWH�WKH�UHFHLYLQJ�DQWHQQD�

� 5HORFDWH�WKH�FDOFXODWRU��ZLWK�UHVSHFW�WR�WKH�UHFHLYHU�

Connections to Peripheral Devices

7R�PDLQWDLQ�FRPSOLDQFH�ZLWK�)&&�5XOHV�DQG�5HJXODWLRQV��XVH�RQO\�WKH�
FDEOH�DFFHVVRULHV�SURYLGHG�

Canada

7KLV�&ODVV�%�GLJLWDO�DSSDUDWXV�FRPSOLHV�ZLWK�&DQDGLDQ�(0&�&ODVV�%�
UHTXLUHPHQWV�

&HW�DSSDUHLO�QXPpULTXH�GH�OD�FODVVH�%�HVW�FRPIRUPH�j�OD�FODVVH�%�GHV�
QRUPHV�FDQDGLHQQHV�GH�FRPSDWLELOLWp�pOHFWURPDJQpWLTXHV��&(0��

Japan

End-user terms and conditions
8VH�RI�WKH�&$6�6RIWZDUH�UHTXLUHV�IURP�WKH�XVHU�DQ�DSSURSULDWH�
PDWKHPDWLFDO�NQRZOHGJH��7KHUH�LV�QR�ZDUUDQW\�IRU�WKH�&$6�6RIWZDUH��WR�
WKH�H[WHQW�SHUPLWWHG�E\�DSSOLFDEOH�ODZ��([FHSW�ZKHQ�RWKHUZLVH�VWDWHG�LQ�
ZULWLQJ�WKH�FRS\ULJKW�KROGHU�SURYLGHV�WKH�&$6�6RIWZDUH�§$V�,V¨�ZLWKRXW�
ZDUUDQW\�RI�DQ\�NLQG��HLWKHU�H[SUHVVHG�RU�LPSOLHG��LQFOXGLQJ��EXW�QRW�
OLPLWHG�WR��WKH�LPSOLHG�ZDUUDQWLHV�RI�PHUFKDQWDELOLW\�DQG�ILWQHVV�IRU�D�
SDUWLFXODU�SXUSRVH��7KH�HQWLUH�ULVN�DV�WR�WKH�TXDOLW\�DQG�SHUIRUPDQFH�RI�
WKH�&$6�6RIWZDUH�LV�ZLWK�\RX��6KRXOG�WKH�&$6�6RIWZDUH�SURYH�GHIHFWLYH��
\RX�DVVXPH�WKH�FRVW�RI�DOO�QHFHVVDU\�VHUYLFLQJ��UHSDLU�RU�FRUUHFWLRQ�
Preface xi
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,Q�QR�HYHQW�XQOHVV�UHTXLUHG�E\�DSSOLFDEOH�ODZ�ZLOO�DQ\�FRS\ULJKW�KROGHU�EH�
OLDEOH�WR�\RX�IRU�GDPDJHV��LQFOXGLQJ�DQ\�JHQHUDO��VSHFLDO��LQFLGHQWDO�RU�
FRQVHTXHQWLDO�GDPDJHV�DULVLQJ�RXW�RI�WKH�XVH�RU�LQDELOLW\�WR�XVH�WKH�&$6�
6RIWZDUH��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�ORVV�RI�GDWD�RU�GDWD�EHLQJ�UHQGHUHG�
LQDFFXUDWH�RU�ORVVHV�VXVWDLQHG�E\�\RX�RU�WKLUG�SDUWLHV�RU�D�IDLOXUH�RI�WKH�
&$6�6RIWZDUH�WR�RSHUDWH�ZLWK�DQ\�RWKHU�SURJUDPV���HYHQ�LI�VXFK�KROGHU�RU�
RWKHU�SDUW\�KDV�EHHQ�DGYLVHG�RI�WKH�SRVVLELOLW\�RI�VXFK�GDPDJHV��,I�
UHTXLUHG�E\�DSSOLFDEOH�ODZ�WKH�PD[LPXP�DPRXQW�SD\DEOH�IRU�GDPDJHV�E\�
WKH�FRS\ULJKW�KROGHU�VKDOO�QRW�H[FHHG�WKH�UR\DOW\�DPRXQW�SDLG�E\�+HZOHWW�
3DFNDUG�WR�WKH�FRS\ULJKW�KROGHU�IRU�WKH�&$6�6RIWZDUH�

Warranty
+3���*�*UDSKLFDO�&DOFXODWRU
:DUUDQW\�SHULRG�����PRQWKV

�� �+3�ZDUUDQWV�WR�\RX��WKH�HQG�XVHU�FXVWRPHU��WKDW�+3�KDUGZDUH��DFFHV�
VRULHV�DQG�VXSSOLHV�ZLOO�EH�IUHH�IURP�GHIHFWV�LQ�PDWHULDOV�DQG�ZRUN�
PDQVKLS�DIWHU�WKH�GDWH�RI�SXUFKDVH��IRU�WKH�SHULRG�VSHFLILHG�DERYH��,I�
+3�UHFHLYHV�QRWLFH�RI�VXFK�GHIHFWV�GXULQJ�WKH�ZDUUDQW\�SHULRG��+3�ZLOO��
DW�LWV�RSWLRQ��HLWKHU�UHSDLU�RU�UHSODFH�SURGXFWV�ZKLFK�SURYH�WR�EH�GHIHF�
WLYH��5HSODFHPHQW�SURGXFWV�PD\�EH�HLWKHU�QHZ�RU�OLNH�QHZ�

�� +3�ZDUUDQWV�WR�\RX�WKDW�+3�VRIWZDUH�ZLOO�QRW�IDLO�WR�H[HFXWH�LWV�
SURJUDPPLQJ�LQVWUXFWLRQV�DIWHU�WKH�GDWH�RI�SXUFKDVH��IRU�WKH�SHULRG�
VSHFLILHG�DERYH��GXH�WR�GHIHFWV�LQ�PDWHULDO�DQG�ZRUNPDQVKLS�ZKHQ�
SURSHUO\�LQVWDOOHG�DQG�XVHG��,I�+3�UHFHLYHV�QRWLFH�RI�VXFK�GHIHFWV�
GXULQJ�WKH�ZDUUDQW\�SHULRG��+3�ZLOO�UHSODFH�VRIWZDUH�PHGLD�ZKLFK�
GRHV�QRW�H[HFXWH�LWV�SURJUDPPLQJ�LQVWUXFWLRQV�GXH�WR�VXFK�GHIHFWV�

�� +3�GRHV�QRW�ZDUUDQW�WKDW�WKH�RSHUDWLRQ�RI�+3�SURGXFWV�ZLOO�EH�
XQLQWHUUXSWHG�RU�HUURU�IUHH��,I�+3�LV�XQDEOH��ZLWKLQ�D�UHDVRQDEOH�WLPH��
WR�UHSDLU�RU�UHSODFH�DQ\�SURGXFW�WR�D�FRQGLWLRQ�DV�ZDUUDQWHG��\RX�ZLOO�
EH�HQWLWOHG�WR�D�UHIXQG�RI�WKH�SXUFKDVH�SULFH�XSRQ�SURPSW�UHWXUQ�RI�
WKH�SURGXFW�

�� �+3�SURGXFWV�PD\�FRQWDLQ�UHPDQXIDFWXUHG�SDUWV�HTXLYDOHQW�WR�QHZ�LQ�
SHUIRUPDQFH�RU�PD\�KDYH�EHHQ�VXEMHFW�WR�LQFLGHQWDO�XVH�

�� :DUUDQW\�GRHV�QRW�DSSO\�WR�GHIHFWV�UHVXOWLQJ�IURP��D��LPSURSHU�RU�
LQDGHTXDWH�PDLQWHQDQFH�RU�FDOLEUDWLRQ���E��VRIWZDUH��LQWHUIDFLQJ��
SDUWV�RU�VXSSOLHV�QRW�VXSSOLHG�E\�+3���F��XQDXWKRUL]HG�PRGLILFDWLRQ�RU�
PLVXVH���G��RSHUDWLRQ�RXWVLGH�RI�WKH�SXEOLVKHG�HQYLURQPHQWDO�
VSHFLILFDWLRQV�IRU�WKH�SURGXFW��RU��H��LPSURSHU�VLWH�SUHSDUDWLRQ�RU�
PDLQWHQDQFH�
xii Preface
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�� +3�0$.(6�12�27+(5�(;35(66�:$55$17<�25�&21',7,21�
:+(7+(5�:5,77(1�25�25$/��72�7+(�(;7(17�$//2:('�%<�
/2&$/�/$:��$1<�,03/,('�:$55$17<�25�&21',7,21�2)�
0(5&+$17$%,/,7<��6$7,6)$&725<�48$/,7<��25�),71(66�)25�$�
3$57,&8/$5�385326(�,6�/,0,7('�72�7+(�'85$7,21�2)�7+(�
(;35(66�:$55$17<�6(7�)257+�$%29(��6RPH�FRXQWULHV��VWDWHV�
RU�SURYLQFHV�GR�QRW�DOORZ�OLPLWDWLRQV�RQ�WKH�GXUDWLRQ�RI�DQ�LPSOLHG�
ZDUUDQW\��VR�WKH�DERYH�OLPLWDWLRQ�RU�H[FOXVLRQ�PLJKW�QRW�DSSO\�WR�\RX��
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Introduction
7KLV�FKDSWHU�

� LOOXVWUDWHV�WKH�+3���*�NH\ERDUG

� GHVFULEHV�WKH�VHYHQ�+3���*�NH\ERDUGV

� EULHIO\�GHVFULEHV�WKH�SXUSRVH�RI�HDFK�NH\�
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Key map
7KH�IROORZLQJ�LV�DQ�LOOXVWUDWLRQ�RI�WKH�OD\RXW�RI�WKH�NH\V�RQ�WKH�+3 ��*��
7KH�NH\V�DUH�GHVFULEHG�LQ�§:KDW�HDFK�NH\�GRHV¨�RQ�SDJH �����ZKHUH�HDFK�
NH\¦ZLWK�WKH�H[FHSWLRQ�RI�WKH�DUURZ�NH\V¦LV�JURXSHG�DFFRUGLQJ�WR�WKH�
URZ�LQ�ZKLFK�LW�DSSHDUV��7KH�DUURZ�NH\V�DUH�H[SODLQHG�DW�WKH�HQG�RI�WKH�
FKDSWHU�

Figure 1.1: HP 49G key map
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Keys
The HP 49G’s keyboards
7KH�+3���*�NH\ERDUG�LV�VHYHQ�NH\ERDUGV�LQ�RQH��7KHVH�DUH�

� 3ULPDU\�NH\ERDUG��FRPSULVHV�DOO�WKH�NH\V�IURP�WKH�VHFRQG�URZ�WR�WKH�
ODVW�URZ�RI�WKH�NH\SDG��IURP�g�WR�\��ZKHQ�SUHVVHG�RQ�WKHLU�RZQ��
7KH�IXQFWLRQ�RI�WKH�NH\V�RQ�WKH�SULPDU\�NH\ERDUG�LV�LQGLFDWHG�E\�WKH�
PDLQ�ODEHO�RU�V\PERO�RQ�WKH�IDFH�RI�WKH�NH\��)RU�H[DPSOH��h�
LQGLFDWHV�WKDW�WKH�NH\��ZKHQ�SUHVVHG�RQ�LWV�RZQ��LV�XVHG�WR�YLHZ�DQG�
FKDQJH�WKH�FDOFXODWRUªV�PRGHV�

� )XQFWLRQ�NH\ERDUG��FRPSULVHV�WKH�VL[�NH\V�RQ�WKH�ILUVW�URZ�RI�WKH�
NH\SDG¦ODEHOOHG�a�WR�f¦ZKHQ�SUHVVHG�RQ�WKHLU�RZQ��8QOLNH�WKH�
NH\V�RI�WKH�SULPDU\�NH\ERDUG��WKH�IXQFWLRQ�RI�D�NH\�RQ�WKH�IXQFWLRQ�
NH\ERDUG�LV�GHSHQGHQW�RQ�WKH�FRQWH[W��)RU�H[DPSOH��LQ�VRPH�FRQWH[WV��
a�HQDEOHV�\RX�WR�HGLW�DQ�REMHFW��LQ�RWKHU�FRQWH[WV��a�HQDEOHV�\RX�WR�
VHOHFW�D�YDULDEOH��VXEPHQX��RU�GLUHFWRU\�

� /HIW�VKLIW�NH\ERDUG��FRPSULVHV�NH\V�SUHVVHG�LQ�FRPELQDWLRQ�ZLWK�WKH�
<�NH\��7KH�<�NH\�LV�SUHVVHG�ILUVW�IROORZHG�E\�DQRWKHU�NH\��7KH�
IXQFWLRQ�SHUIRUPHG�E\�D�SDUWLFXODU�OHIW�VKLIW�NH\�FRPELQDWLRQ�LV�
LQGLFDWHG�E\�WKH�EOXH�ODEHO�DERYH�D�NH\��)RU�H[DPSOH��WKH�ODEHO�§),/(6¨�
DSSHDUV�LQ�EOXH�DERYH�WKH�g�NH\��7KLV�LQGLFDWHV�WKDW�)LOH�0DQDJHU�
FDQ�EH�RSHQHG�E\�SUHVVLQJ�<�DQG�WKHQ�WKH�g�NH\�

1RWH�WKDW�LQ�531�PRGH��NH\�FRPELQDWLRQV�LQYROYLQJ�<�DQG�D�IXQFWLRQ�
NH\�UHTXLUH�\RX�WR�NHHS�<�SUHVVHG�ZKLOH�SUHVVLQJ�WKH�IXQFWLRQ�NH\�

,Q�WKLV�JXLGH��DQ�LQVWUXFWLRQ�WR�XVH�WKH�OHIW�VKLIW�NH\ERDUG�LV�LQGLFDWHG�
E\�WKH�OHIW�VKLIW�V\PERO¦<¦IROORZHG�E\�WKH�ODEHO�WKDW�LQGLFDWHV�WKH�
IXQFWLRQ�WR�EH�VHOHFWHG��VXFK�DV�G���1RWH�WKDW�WKH�ODEHO�LV�QRW�D�NH\��
�7R�FRQWLQXH�WKH�H[DPSOH��WKHUH�LV�QR�G�NH\��7R�LQYRNH�WKH�)LOHV�
IXQFWLRQ¦WKDW�LV��RSHQ�)LOH�0DQDJHU¦\RX�SUHVV�<�DQG�WKH�NH\�
EHQHDWK�WKH�),/(6�ODEHO��g��

� 5LJKW�VKLIW�NH\ERDUG��FRPSULVHV�NH\V�SUHVVHG�LQ�FRPELQDWLRQ�ZLWK�
WKH�>�NH\��7KH�>�NH\�LV�SUHVVHG�ILUVW�IROORZHG�E\�DQRWKHU�NH\��7KH�
IXQFWLRQ�SHUIRUPHG�E\�D�SDUWLFXODU�ULJKW�VKLIW�NH\�FRPELQDWLRQ�LV�
LQGLFDWHG�E\�WKH�UHG�ODEHO�DERYH�D�NH\��)RU�H[DPSOH��WKH�ODEHO�§3$67(¨�
DSSHDUV�LQ�UHG�DERYH�WKH�l�NH\��7KLV�LQGLFDWHV�WKDW�\RX�FDQ�LQYRNH�
WKH�3DVWH�IXQFWLRQ�E\�SUHVVLQJ�>�DQG�WKH�l NH\�

,Q�WKLV�JXLGH��DQ�LQVWUXFWLRQ�WR�XVH�WKH�ULJKW�VKLIW�NH\ERDUG�LV�LQGLFDWHG�
E\�WKH�ULJKW�VKLIW�V\PERO¦>¦IROORZHG�E\�WKH�ODEHO�WKDW�LQGLFDWHV�WKH�
IXQFWLRQ�WR�EH�VHOHFWHG��VXFK�DV�ñ���1RWH�WKDW�WKH�ODEHO�LV�QRW�D�NH\��
�7R�FRQWLQXH�WKH�H[DPSOH��WKHUH�LV�QR�ñ�NH\��7R�LQYRNH�WKH�3DVWH�
IXQFWLRQ��\RX�SUHVV�>�DQG�WKH�NH\�EHQHDWK�WKH�3$67(�ODEHO��l��
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� $OSKD�NH\ERDUG��FRPSULVHV�WKH�NH\V�ZLWK�WKH�FKDUDFWHUV�$�WR�=�
PDUNHG�RQ�WKHLU�IDFH���7KHVH�FKDUDFWHUV�DUH�FRORUHG�ZKLWH�RQ�D�JUHHQ�
EDFNJURXQG���<RX�QHHG�WR�DFWLYDWH�WKH�DOSKD�NH\ERDUG�EHIRUH�\RX�FDQ�
HQWHU�DQ�DOSKDEHWLF�FKDUDFWHU���8QWLO�\RX�DFWLYDWH�WKH�DOSKD�NH\ERDUG��
WKHVH�NH\V�EHORQJ�WR�WKH�SULPDU\�RU�IXQFWLRQ�NH\ERDUG��DV�GHVFULEHG�
DERYH��

<RX�DFWLYDWH�WKH�DOSKD�NH\ERDUG�E\�SUHVVLQJ�`��)RU�H[DPSOH��WR�
HQWHU�7�SUHVV�`¦WKHUHE\�DFWLYDWLQJ�WKH�DOSKD�NH\ERDUG¦DQG�t 
�VLQFH�t LV�WKH�SULPDU\�NH\�WKDW�KDV�7�PDUNHG�RQ�LW��

<RX�FDQ�NHHS�WKH�DOSKD�NH\ERDUG�DFWLYH�E\�SUHVVLQJ�`�WZLFH��(YHU\�
FKDUDFWHU�\RX�VXEVHTXHQWO\�HQWHU�LV�D�FKDUDFWHU�IURP�WKH�DOSKD�
NH\ERDUG��,Q�WKLV�VLWXDWLRQ��\RX�SUHVV�`�DJDLQ�WR�GHDFWLYDWH�WKH�
DOSKD�NH\ERDUG�

:KLOH�WKH�DOSKD�NH\ERDUG�LV�DFWLYH��\RX�FDQ�SUHVV�WKH�NH\V�RQ�WKH�
QXPHULF�NH\SDG�LI�\RX�ZDQW�WR�DGG�D�QXPEHU�WR�D�WH[W�VWULQJ�

7KH�DOSKD�NH\ERDUG�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�FKDSWHU����§%DVLF�
RSHUDWLRQ¨�

� $OSKD�OHIW�VKLIW�NH\ERDUG��FRPSULVHV�WKH�NH\V�RI�WKH�DOSKD�NH\ERDUG�
�VHH�DERYH��ZKHQ�SUHVVHG�LQ�FRPELQDWLRQ�ZLWK�WKH�<�NH\��7KH�` 
NH\�LV�SUHVVHG�ILUVW¦WR�DFWLYDWH�WKH�DOSKD�NH\ERDUG¦IROORZHG�E\�WKH�
<�NH\��ZKLFK�DFWLYDWHV�WKH�DOSKD�OHIW�VKLIW�NH\ERDUG���)LQDOO\��VRPH�
RWKHU�NH\�LV�SUHVVHG�WR�HQWHU�D�FKDUDFWHU�

7KH�FKDUDFWHUV�\RX�FDQ�HQWHU�XVLQJ�WKH�DOSKD�OHIW�VKLIW�NH\ERDUG�DUH�
ORZHU�FDVH�DOSKDEHWLF�FKDUDFWHUV�DQG�YDULRXV�V\PEROV��7KHVH�DUH�
VKRZQ�LQ�EOXH�DERYH�WKH�NH\V�LQ�WKH�LOOXVWUDWLRQ�RQ�WKH�IURQW�FRYHU�RI�
WKH�SRFNHW�JXLGH�

)RU�H[DPSOH��WR�HQWHU�D�ORZHU�FDVH�W��SUHVV�` <�t�

� $OSKD�ULJKW�VKLIW�NH\ERDUG��FRPSULVHV�WKH�NH\V�RI�WKH�DOSKD�
NH\ERDUG��VHH�DERYH��ZKHQ�SUHVVHG�LQ�FRPELQDWLRQ�ZLWK�WKH�>�NH\��
7KH�` NH\�LV�SUHVVHG�ILUVW¦WR�DFWLYDWH�WKH�DOSKD�NH\ERDUG¦
IROORZHG�E\�WKH�>�NH\��ZKLFK�DFWLYDWHV�WKH�DOSKD�ULJKW�VKLIW�
NH\ERDUG���)LQDOO\��VRPH�RWKHU�NH\�LV�SUHVVHG�WR�HQWHU�D�FKDUDFWHU�

7KH�FKDUDFWHUV�\RX�FDQ�HQWHU�XVLQJ�WKH�DOSKD�ULJKW�VKLIW�NH\ERDUG�DUH�
FKDUDFWHUV�RI�WKH�*UHHN�DOSKDEHW��DUURZV��DQG�YDULRXV�V\PEROV��7KHVH�
DUH�VKRZQ�LQ�UHG�DERYH�WKH�NH\V�LQ�WKH�LOOXVWUDWLRQ�RQ�WKH�IURQW�FRYHU�RI�
WKH�SRFNHW�JXLGH�

)RU�H[DPSOH��WR�HQWHU�σ��SUHVV�` >�s�
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,Q�DGGLWLRQ�WR�WKH�VHYHQ�NH\ERDUGV�GLVFXVVHG�DERYH��\RX�FDQ�DOVR�FUHDWH�D�
FXVWRPL]HG�NH\ERDUG��$�FXVWRPL]HG�NH\ERDUG¦DOVR�NQRZQ�DV�WKH�XVHU�
NH\ERDUG¦LV�RQH�ZKHUH�DOWHUQDWLYH�IXQFWLRQDOLW\�LV�DVVLJQHG�WR�RQH�RU�
PRUH�NH\V��7KLV�LV�GLVFXVVHG�LQ�GHWDLO�LQ�$GYDQFHG�8VHUªV�*XLGH��IRXQG�DW�
KWWS���ZZZ�KS�FRP�FDOFXODWRUV�KS���

What each key does
7KLV�VHFWLRQ�GHVFULEHV�WKH�IXQFWLRQ�RI�HDFK�NH\�DQG�PDLQ�NH\�FRPELQD�
WLRQV��1RWH�WKDW�WKH�NH\V�DQG�NH\�FRPELQDWLRQV�DUH�OLVWHG�LQ�WKH�RUGHU�WKDW�
WKH\�DSSHDU�RQ�WKH�NH\ERDUG��VHH�NH\ERDUG�PDS�RQ�SDJH �����

7KH�V\QWD[�UHTXLUHG�IRU�YDULRXV�IXQFWLRQV�LV�DOVR�JLYHQ��7KLV�V\QWD[�
DVVXPHV�WKDW�\RX�DUH�ZRUNLQJ�LQ�DOJHEUDLF�PRGH��QRW�531�PRGH���7KHVH�
PRGHV�DUH�H[SODLQHG�LQ�FKDSWHU����§%DVLF�RSHUDWLRQ¨��

Row 1
A /LVW�HTXDWLRQV�WR�SORW�RU�RSHQ�

0DWUL[�:ULWHU�LI�\RX�KDYH�FKRVHQ�WR�SORW�VWDWLVWLFDO�GDWD�

B 6SHFLI\�SORW�ZLQGRZ�SDUDPHWHUV�

C 'UDZ�VSHFLILHG�SORWV�

D 6SHFLI\�SORWWLQJ�SDUDPHWHUV�

E &XVWRPL]H�D�WDEOH�RI�SORWWHG�SRLQWV�

F 'UDZ�D�WDEOH�RI�SORWWHG�SRLQWV�

a�¥�f .H\V�RI�WKH�IXQFWLRQ�NH\ERDUG��VHH�SUHYLRXV�VHFWLRQ���7KH�
IXQFWLRQ�RI�WKHVH�NH\V�YDULHV�DFFRUGLQJ�WR�FRQWH[W�

Row 2
G 2SHQ�)LOH�0DQDJHU�

å 0DUN�WKH�VWDUW�RI�VRPHWKLQJ�\RX�ZDQW�WR�FRS\�RU�FXW�

H 'LVSOD\�\RXU�FXVWRP�PHQX�

� 0DUN�WKH�HQG�RI�VRPHWKLQJ�\RX�ZDQW�WR�FRS\�RU�FXW�

M (QWHU�WKH�V\PEROLF�FRQVWDQW�L��WKH�VTXDUH�URRW�RI�¥��

R (QWHU�D�ZKHUH�IXQFWLRQ�

g 9LHZ�D�OLVW�RI�DOO�WKH�FDOFXODWRUªV�DSSOLFDWLRQV�

h 9LHZ�DQG�FKDQJH�WKH�FDOFXODWRUªV�PRGHV�DQG�IODJV�

i 'LVSOD\�D�PHQX�RI�FRPPDQGV�UHOHYDQW�WR�WKH�FXUUHQW�
DSSOLFDWLRQ�

7KH�DUURZ�NH\V�DUH�GLVFXVVHG�DW�WKH�HQG�RI�WKLV�FKDSWHU�
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Row 3
J 6HOHFW�WKH�QH[W�GLUHFWRU\�XS�WKH�

GLUHFWRU\�WUHH�

� &RS\�D�VHOHFWLRQ�

K 5HFDOO�WKH�YDOXH�RI�D�VSHFLILHG�YDULDEOH�

� &XW�D�VHOHFWLRQ�

L 'LVSOD\�WKH�SUHYLRXV�SDJH�RI�D�PXOWL�SDJH�IXQFWLRQ�NH\�PHQX�

ñ 3DVWH�D�VHOHFWLRQ�WKDW�\RX�KDYH�FRSLHG�RU�FXW�

j 'LVSOD\�WKH�YDULDEOHV�FRQWDLQHG�LQ�WKH�FXUUHQW�GLUHFWRU\�

k 6WRUH�WKH�FXUUHQW�REMHFW�LQ�D�YDULDEOH�

l 'LVSOD\�WKH�QH[W�SDJH�RI�D�PXOWL�SDJH�IXQFWLRQ�NH\�PHQX�

7KH�DUURZ�NH\V�DUH�GLVFXVVHG�DW�WKH�HQG�RI�WKLV�FKDSWHU�

Row 4
M 'LVSOD\�D�OLVW�RI�WKH�ODVW�

IRXU�FRPPDQGV�RU�FDOFXODWLRQV�

ò 5HVWRUH�KLVWRU\�WR�ZKDW�LW�ZDV�EHIRUH�WKH�ODVW�RSHUDWLRQ�

N 'LVSOD\�WKH�SURJUDPPLQJ�PHQX�

ô 'LVSOD\�DOO�WKH�FKDUDFWHUV�WKDW�FDQ�EH�HQWHUHG�

O 2SHQ�0DWUL[�:ULWHU�

õ (QWHU�WLFN�PDUNV��WR�GHOLPLW�DQ�DOJHEUDLF�REMHFW�

P 'LVSOD\�WKH�PDWKHPDWLFV�PHQX�

ù (YDOXDWH�DQ�H[SUHVVLRQ�

? 'HOHWH�WKH�ODVW�REMHFW�LQ�KLVWRU\��RU��LQ�531�PRGH��WKH�HQWLUH�
VWDFN��

� &OHDU�KLVWRU\�

m 'LVSOD\��DQG�DFFHVV��DOO�SUHYLRXV�FDOFXODWLRQV�DQG�UHVXOWV�

À 'LVSOD\�D�OLVW�RI�DOO�WKH�FDOFXODWRUªV�FRPPDQGV��LQFOXGLQJ�WKRVH�
WKDW�KDYH�EHHQ�DGGHG�LQ�OLEUDULHV�

o 2SHQ�(TXDWLRQ�:ULWHU�

p 'LVSOD\�D�PHQX�RI�VXE�PHQXV��HDFK�OLVWLQJ�WKH�PRUH�FRPPRQO\�
XVHG�V\PEROLF�FRPPDQGV�

H 'HOHWH�WKH�FKDUDFWHU�WR�WKH�OHIW�RI�WKH�FXUVRU�
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Row 5
Q &DOFXODWH�WKH�QDWXUDO�

DQWLORJ�RI�D�VSHFLILHG�
QXPEHU��6\QWD[��Q�[�

ï &DOFXODWH�WKH�QDWXUDO�ORJDULWKP�RI�D�VSHFLILHG�QXPEHU��6\QWD[��
/1�[�

R &DOFXODWH�WKH�VTXDUH�RI�D�VSHFLILHG�QXPEHU��6\QWD[��R�[�

ð &DOFXODWH�WKH�[WK�URRW�RI�\��6\QWD[��ð �[��\��

S &DOFXODWH�WKH�DUF�VLQH�RI�DQ�DQJOH��6\QWD[��S�[�

î 3HUIRUP�VXPPDWLRQ�RI�QXPEHUV�ZLWKLQ�VSHFLILHG�OLPLWV��6\QWD[��
î�U L��M��6��ZKHUH�U�LV�WKH�VXPPDWLRQ�LQGH[��L�LV�WKH�LQLWLDO�
YDOXH��M�LV�WKH�ILQDO�YDOXH�DQG�6�LV�WKH�VXPPDQG�

T &DOFXODWH�WKH�DUF�FRVLQH�RI�DQ�DQJOH��6\QWD[��T�[�

(QWHU�WKH�GLIIHUHQWLDWLRQ�VLJQ�

U &DOFXODWH�WKH�DUF�WDQJHQW�RI�DQ�DQJOH��6\QWD[��U�[�

� (QWHU�WKH�LQWHJUDWLRQ�RSHUDWRU�

q &DOFXODWH�\�WR�WKH�SRZHU�RI�[��6\QWD[��\�q [�

r &DOFXODWH�WKH�VTXDUH�URRW�RI�[��6\QWD[��r�[�

s &DOFXODWH�WKH�VLQH�RI�DQ�DQJOH��6\QWD[��s [�

t &DOFXODWH�WKH�FRVLQH�RI�DQ�DQJOH��6\QWD[��t [�

u &DOFXODWH�WKH�WDQJHQW�RI�DQ�DQJOH��6\QWD[��u [�

Row 6
V &DOFXODWH�WKH�FRPPRQ�

�EDVH�����DQWLORJDULWKP�RI�D�QXPEHU��6\QWD[��V [�

ý &DOFXODWH�WKH�FRPPRQ��EDVH�����ORJDULWKP�RI�D�QXPEHU��6\QWD[��
ý [�

W ,QVHUW�D�QRW�HTXDOV�VLJQ�

æ ,QVHUW�DQ�HTXDOV�VLJQ�

X ,QVHUW�D�OHVV�WKDQ�RU�HTXDO�WR�VLJQ�

� ,QVHUW�D�OHVV�WKDQ�VLJQ�

Y ,QVHUW�D�JUHDWHU�WKDQ�RU�HTXDO�WR�VLJQ�

ë ,QVHUW�D�JUHDWHU�WKDQ�VLJQ�

Z 'LVSOD\�WKH�DEVROXWH�YDOXH�RI�D�UHDO�RU�FRPSOH[�QXPEHU��6\QWD[��
Z�[�

ASIN ACOS ATANLNe yx
XY

LOG10 ARGABS=x
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é &DOFXODWH�WKH�DQJOH�GHILQHG�E\�D�FRPSOH[�QXPEHU��6\QWD[��é�
D ��EL

v ,QVHUW�WKH�H[SRQHQW�V\PERO�DQG�WUHDW�WKH�HQWU\�LQ�PDQWLVVD�DQG�
H[SRQHQW�IRUPDW�

w &KDQJH�WKH�VLJQ�RI�D�QXPEHU�

O ,QVHUW�DQ�[�

y &DOFXODWH�WKH�LQYHUVH�RI�D�QXPEHU��6\QWD[��y�[�

z 3HUIRUP�GLYLVLRQ��6\QWD[��[�z \�

Row 7
~ $FWLYDWH�WKH�XVHU�NH\ERDUG�

� &KDQJH�HQWU\�PRGH�

& 'LVSOD\�D�OLVW�RI�FRPPDQGV�XVHG�WR�VROYH�HTXDWLRQV�V\PEROLFDOO\�

í 'LVSOD\�D�PHQX�RI�DSSOLFDWLRQV�XVHG�WR�VROYH�HTXDWLRQV�
QXPHULFDOO\�

* 'LVSOD\�D�OLVW�RI�H[SRQHQWLDO�DQG�ORJDULWKP�IXQFWLRQV�

û 'LVSOD\�D�OLVW�RI�WULJRQRPHWU\�IXQFWLRQV�

( 'LVSOD\�DQ�LQSXW�IRUP�IRU�SHUIRUPLQJ�ILQDQFLDO�FDOFXODWLRQV�

ç 2SHQ�WKH�WLPH�DSSOLFDWLRQ�WR�VHW�WKH�WLPH�DQG�DODUPV�

+ (QWHU�VTXDUH�EUDFNHWV��IRU�GHOLPLWLQJ�D�YHFWRU�RU�DUUD\�

K (QWHU�TXRWH�PDUNV��IRU�GHOLPLWLQJ�D�VWULQJ�

` $FWLYDWH�WKH�DOSKD�NH\ERDUG�

7¥9 (QWHU�QXPEHUV�

� 3HUIRUP�PXOWLSOLFDWLRQ��6\QWD[��[���\�

Row 8
$ 'LVSOD\�D�OLVW�RI�FDOFXOXV�

IXQFWLRQV�

ú 'LVSOD\�D�OLVW�RI�DOJHEUD�IXQFWLRQV�

% 'LVSOD\�D�OLVW�RI�PDWUL[�IXQFWLRQV�

÷ 'LVSOD\�D�OLVW�RI�VWDWLVWLFV�DSSOLFDWLRQV�

^ 'LVSOD\�D�OLVW�RI�FRQYHUVLRQ�IXQFWLRQV�

ø 2SHQ�WKH�XQLWV�DSSOLFDWLRQ�

_ (QWHU�SDUHQWKHVHV��IRU�HQFORVLQJ�SDUDPHWHUV�

Q (QWHU�XQGHUVFRUH��WR�FUHDWH�D�XQLW�REMHFW�

< 6HOHFW�WKH�OHIW�VKLIW�NH\ERDUG�RU�DOSKD�OHIW�VKLIW�NH\ERDUG�

ENTRYUSERUSER NUM.SLVS.SLV TRIGEXP&LN TIMEFINANCE [[ ]]

UNITSCONVERTSTATMATRICESALGCALC (   )
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Keys
4¥6 (QWHU�QXPEHUV�

- 3HUIRUP�VXEWUDFWLRQ��6\QWD[��[�-�\�

Row 9
! 'LVSOD\�D�OLVW�RI�DULWKPHWLF�

IXQFWLRQV�

ó 'LVSOD\�D�OLVW�RI�IXQFWLRQV�UHODWLQJ�WR�FRPSOH[�QXPEHUV�

# 6WRUH�DQ�H[SUHVVLRQ�RU�GHILQH�D�XVHU�IXQFWLRQ�

ö /LVW�DOO�OLEUDULHV�

@ (QWHU�D���V\PERO��WR��IRU�H[DPSOH��HQWHU�D�ELQDU\�LQWHJHU�

ì 'LVSOD\�D�OLVW�RI�IXQFWLRQV�UHODWLQJ�WR�ELQDU\�DULWKPHWLF�

� (QWHU�EUDFHV��IRU�GHOLPLWLQJ�D�OLVW�

� (QWHU�DQJOH�EUDFNHWV��WR�GHOLPLW�SURJUDPPLQJ�FRGH�

> 6HOHFW�WKH�ULJKW�VKLIW�RU�DOSKD�ULJKW�VKLIW�NH\ERDUG�

1¥3 (QWHU�QXPEHUV�

= 3HUIRUP�DGGLWLRQ��6\QWD[��[�=�\�

Row 10
: &RQWLQXH�D�KDOWHG�SURJUDP�RU�

VXVSHQGHG�DSSOLFDWLRQ�

� 7XUQ�RII�WKH�FDOFXODWRU�

ü (QWHU�WKH�LQILQLW\�V\PERO�

L (QWHU�D�ULJKW�SRLQWLQJ�DUURZ�

, 7DJ�DQ�REMHFW�

J 6WDUW�D�QHZ�OLQH�

� (QWHU�SL�

I (QWHU�D�FRPPD�

| 5HFDOO�D�SUHYLRXV�DQVZHU�

� 'LVSOD\�WKH�UHVXOW�LQ�DSSUR[LPDWH�PRGH�

; 7XUQ�WKH�FDOFXODWRU�RQ�

0 (QWHU�D�]HUR�

. (QWHU�D�GHFLPDO�SRLQW�

F (QWHU�D�VSDFH�

\ 2EWDLQ�D�UHVXOW�RU�VHOHFW�DQ�RSWLRQ�

G &DQFHOV�DQ�RSHUDWLRQ�

CMPLX BASEARITH LIBDEF # {   }

πOFFCONT

CANCEL

ANS NUM

:.
∞ ,
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Arrow keys
� 0RYH�XS�WR�WKH�ILUVW�REMHFW�RU�ILHOG�VKRZQ�

[ 0RYH�XS�WR�WKH�SUHYLRXV�REMHFW�RU�ILHOG�

� 0RYH�XS�WR�WKH�ILUVW�REMHFW�RU�ILHOG�

� 0RYH�WR�OHIWPRVW�REMHFW�RU�ILHOG�VKRZQ�

� 0RYH�WR�ULJKWPRVW�REMHFW�RU�ILHOG�VKRZQ�

{ 0RYH�OHIW�WR�WKH�SUHYLRXV�REMHFW�RU�ILHOG�

} 0RYH�ULJKW�WR�WKH�QH[W�REMHFW�RU�ILHOG�

� 0RYH�OHIW�WR�WKH�ILUVW�REMHFW�RU�ILHOG�

� 0RYH�ULJKW�WR�WKH�ODVW�REMHFW�RU�ILHOG�

� 0RYH�GRZQ�WR�WKH�ODVW�REMHFW�RU�ILHOG�VKRZQ�

] 0RYH�GRZQ�WR�WKH�QH[W�REMHFW�RU�ILHOG�

� 0RYH�GRZQ�WR�WKH�ODVW�REMHFW�RU�ILHOG�

Key conventions
,Q�WKLV�JXLGH��D�NH\�SUHVV�LV�UHSUHVHQWHG�LQ�RQH�RI�WKUHH�ZD\V�

� $�IXQFWLRQ�NH\�RSHUDWLRQ�LV�LQGLFDWHG�E\�VPDOO�FDSLWDOV��7KH�WH[W�RI�WKH�
RSHUDWLRQ�PDWFKHV�WKH�WH[W�GLVSOD\HG�RQ�D�IXQFWLRQ�NH\�PHQX��WKDW�LV��D�
PHQX�GLVSOD\HG�DORQJ�WKH�ERWWRP�RI�WKH�VFUHHQ���

)RU�H[DPSOH��DQ�LQVWUXFWLRQ�WR�SUHVV�(',7�LV�DQ�LQVWUXFWLRQ�WR�SUHVV�
ZKDWHYHU�IXQFWLRQ�NH\�LV�GLUHFWO\�EHORZ�WKH�ZRUG�(',7�GLVSOD\HG�DW�WKH�
ERWWRP�RI�WKH�VFUHHQ���)XQFWLRQ�NH\V�DUH�WKH�NH\V�PDUNHG�a�WR�f��

� $Q�RSHUDWLRQ�LQLWLDWHG�E\�SUHVVLQJ�D�NH\�RU�NH\V�RWKHU�WKDQ�D�VLQJOH�
IXQFWLRQ�NH\�LV�LQGLFDWHG�E\�RQH�RU�PRUH�NH\�FKDUDFWHUV��6RPH�
H[DPSOHV�DUH�s��>B��}��DQG�h�

1RWH�WKDW�ZKHUH�D�NH\�FKDUDFWHU�DSSHDUV�RQ�LWV�RZQ��SUHVV�WKH�
FRUUHVSRQGLQJ�NH\��IRU�H[DPSOH��o��:KHUH�D�NH\�FKDUDFWHU�LV�
SUHFHGHG�E\�<�RU�>��WKH�NH\�FKDUDFWHU�UHIHUV�WR�D�ODEHO�SULQWHG�DERYH�
D�NH\��$IWHU�\RX�SUHVV�<�RU�>��SUHVV�WKH�NH\�EHORZ�WKH�ODEHO��)RU�
H[DPSOH��DQ�LQVWUXFWLRQ�WR�SUHVV�<Z�LV�DQ�LQVWUXFWLRQ�WR�SUHVV�< 
IROORZHG�E\�z�VLQFH�$%6�LV�D�ODEHO�DERYH�WKH�z NH\�

� 7KH�NH\�IRU�D�QXPEHU�RU�DOSKDEHWLF�FKDUDFWHU�LV�LQGLFDWHG�E\�WKH�
QXPEHU�RU�FKDUDFWHU��IRU�H[DPSOH�����$�
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Basic operation
Chapter 2

Basic operation

Contents

7XUQLQJ�RQ�DQG�WXUQLQJ�RII �����������������������������������������������������

&KDQJLQJ�WKH�VFUHHQ�FRQWUDVW��������������������������������������������

'HIDXOW�VFUHHQ��������������������������������������������������������������������������

6WDWXV�DUHD ���������������������������������������������������������������������������

0HQX�������������������������������������������������������������������������������������

8VLQJ�WKH�FRPPDQG�OLQH���������������������������������������������������������

0XOWL�OLQH�HQWULHV �����������������������������������������������������������������

(QWHULQJ�QXPEHUV ���������������������������������������������������������������

(QWHULQJ�FKDUDFWHUV �����������������������������������������������������������

(QWHULQJ�VSHFLDO�FKDUDFWHUV����������������������������������������������

(QWHULQJ�IURP�KLVWRU\��������������������������������������������������������

(GLWLQJ�WKH�FRPPDQG�OLQH�������������������������������������������������

,QSXW�IRUPV������������������������������������������������������������������������������

,QSXW�IRUP�ILHOGV ����������������������������������������������������������������

&ORVLQJ�DQ�LQSXW�IRUP��������������������������������������������������������

0RGHV���������������������������������������������������������������������������������������

&KDQJLQJ�D�PRGH ���������������������������������������������������������������

$OJHEUDLF�DQG�531�PRGHV������������������������������������������������

([DFW�DQG�DSSUR[LPDWH�PRGHV ����������������������������������������

&RPPDQG�OLQH�FDOFXODWLRQV���������������������������������������������������

7LPH�0DQDJHPHQW������������������������������������������������������������������

6HWWLQJ�WKH�GDWH�DQG�WLPH ��������������������������������������������������

&KDQJLQJ�WKH�IRUPDW�RI�WKH�GDWH�RU�WLPH�������������������������

$ODUPV ���������������������������������������������������������������������������������
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Introduction
7KLV�FKDSWHU�H[SODLQV�KRZ�WR�TXLFNO\�JHW�VWDUWHG�XVLQJ�\RXU�+3 ��*��<RX�
ZLOO�OHDUQ�KRZ�WR�DGMXVW�WKH�FDOFXODWRUªV�GLVSOD\�DQG�KRZ�WR�VHW�YDULRXV�
PRGHV�WKDW�GHWHUPLQH�KRZ�WKH�FDOFXODWRU�EHKDYHV�

9DULRXV�ZD\V�RI�HQWHULQJ�GDWD�DUH�FRYHUHG��<RX�DUH�DOVR�LQWURGXFHG¦ZLWK�
WKH�KHOS�RI�D�QXPEHU�RI�H[DPSOHV¦WR�HQWHULQJ�FDOFXODWLRQV�

7KH�+3 ��*�KDV�D�XVHIXO�DODUP�IXQFWLRQ��<RX�XVH�WKLV�IXQFWLRQ�WR�VHW�
\RXUVHOI�UHPLQGHUV�DQG�WR�UXQ�SURJUDPV�DW�VHW�WLPHV�

Turning on and turning off

Turning on

7R�WXUQ�RQ�WKH�+3���*��SUHVV ;�

,I�WKH�FDOFXODWRU�GRHV�QRW�WXUQ�RQ�ZKHQ�\RX�SUHVV�;��WKH�EDWWHULHV�PD\�
QHHG�UHSODFLQJ��6HH�DSSHQGL[�'��§7URXEOHVKRRWLQJ¨��IRU�LQVWUXFWLRQV�RQ�
UHSODFLQJ�WKH�EDWWHULHV�

,I�WKH�PHVVDJH�§,QYDOLG�&DUG�'DWD¨�LV�GLVSOD\HG�HDFK�WLPH�\RX�WXUQ�WKH�
FDOFXODWRU�RQ��\RX�QHHG�WR�LQLWLDOL]H�WKH�FDOFXODWRUªV�SRUWV��6HH�SDJH '���IRU�
LQVWUXFWLRQV�

:KHQ�\RX�WXUQ�RQ�WKH�FDOFXODWRU��WKH�VFUHHQ�UHGLVSOD\V�WKH�GDWD�WKDW�ZDV�
GLVSOD\HG�ZKHQ�\RX�ODVW�WXUQHG�WKH�FDOFXODWRU�RII�

7KH�+3���*�KDV�DQ�DXWRPDWLF�SRZHU�VDYLQJ�VZLWFK��7KLV�VZLWFK�LV�
DFWLYDWHG�ZKHQ�WKHUH�KDV�EHHQ�QR�FDOFXODWRU�DFWLYLW\�IRU���PLQXWHV��:KHQ�
WKLV�RFFXUV��WKH�VFUHHQ�ZLOO�JR�EODQN��<RX�FDQ�UHVWRUH�WKH�GLVSOD\¦DQG�LWV�
FRQWHQWV¦E\�SUHVVLQJ�;�

:KHQ�WKH�FDOFXODWRU�LV�DOUHDG\�RQ��SUHVVLQJ�;�LV�HTXLYDOHQW�WR�SUHVVLQJ�
G�

:KHQ�\RX�ILUVW�WXUQ�RQ�WKH�FDOFXODWRU��D�§7U\�WR�5HFRYHU�
0HPRU\"¨�PHVVDJH�LV�GLVSOD\HG��<RX�VKRXOG�UHVSRQG�E\�SUHVVLQJ�
12�
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Basic operation
Changing the screen contrast

7R�FKDQJH�WKH�GLVSOD\�FRQWUDVW��WKHUHE\�GDUNHQLQJ�RU�OLJKWHQLQJ�WKH�WH[W�
UHODWLYH�WR�WKH�EDFNJURXQG��

�� SUHVV�DQG�KROG�;

�� SUHVV�=�WR�GDUNHQ�WH[W�RU���WR�OLJKWHQ�WH[W

�� UHOHDVH�;�ZKHQ�WKH�FRQWUDVW�LV�VDWLVIDFWRU\�

Turning off

7R�WXUQ�RII�WKH�FDOFXODWRU��SUHVV�> ��

<RX�GR�QRW�KDYH�WR�VDYH�\RXU�KLVWRU\�EHIRUH�WXUQLQJ�RII�WKH�FDOFXODWRU��
�+LVWRU\�LV�H[SODLQHG�RQ�SDJH ������:KHQ�\RX�QH[W�WXUQ�WKH�FDOFXODWRU�RQ��
\RXU�KLVWRU\�ZLOO�EH�UHGLVSOD\HG�

Default screen
7KH�VFUHHQ�WKDW�DSSHDUV�ZKHQ�\RX�WXUQ�RQ�WKH�FDOFXODWRU�LV�FDOOHG�WKH�
GHIDXOW�VFUHHQ�

Figure 2-1: The default screen

0DQ\�RI�\RXU�FDOFXODWRU�RSHUDWLRQV�FDQ�EH�GRQH�IURP�WKH�GHIDXOW�VFUHHQ��
+RZHYHU��ZKHQ�\RX�RSHQ�YDULRXV�DSSOLFDWLRQV¦VXFK�DV�(TXDWLRQ�:ULWHU��
0DWUL[�:ULWHU��DQG�VR�RQ¦WKH�GLVSOD\�ZLOO�FKDQJH�WR�SURYLGH�\RX�ZLWK�
WRROV�IRU�ZRUNLQJ�ZLWK�WKDW�DSSOLFDWLRQ�

7KHUH�DUH�WKUHH�PDLQ�FRPSRQHQWV�RI�WKH�GHIDXOW�VFUHHQ�

� VWDWXV�DUHD

� KLVWRU\

� PHQX�

,Q�DGGLWLRQ�WR�WKH�VWDWXV�KLVWRU\��DQG�PHQX��WKH�ERWWRP�OLQH�RI�WKH�GLVSOD\�
EHFRPHV�WKH�FRPPDQG�OLQH�ZKHQ�\RX�VWDUW�WR�HQWHU�GDWD��7KH�FRPPDQG�
OLQH¦RU�XVHU�LQSXW�OLQH¦LV�GLVFXVVHG�RQ�SDJH ����

Status area

Menu labels

History
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Status area

7KH�VWDWXV�DUHD�GLVSOD\V�DQQXQFLDWRUV��WKH�FXUUHQW�GLUHFWRU\�SDWK��DQG�
PHVVDJHV��,W�DOVR�GLVSOD\V�YDULRXV�DOHUWV�

$QQXQFLDWRUV�LQGLFDWH�WKH�VHWWLQJV�\RX�KDYH�VHOHFWHG��FHUWDLQ�NH\V�\RX�
KDYH�SUHVVHG��DQG�WKH�VWDWXV�RI�WKH�FDOFXODWRU��7KH�IXOO�VHW�RI�DQQXQFLDWRUV�
LV�JLYHQ�LQ�WDEOH�����

%\�GHIDXOW��WKH�VWDWXV�DUHD�WDNHV�XS�WZR�OLQHV��<RX�FDQ�UHGXFH�WKLV�WR�RQH�
OLQH��RU�FKRRVH�QRW�WR�GLVSOD\�WKH�VWDWXV�DUHD��<RX�PLJKW�GR�WKLV�WR�VHH�
PRUH�RI�\RXU�KLVWRU\�DUHD��6HH�§'LVSOD\�PRGHV¨�RQ�SDJH �����IRU�
LQIRUPDWLRQ�RQ�FKDQJLQJ�WKH�VL]H�RI�WKH�VWDWXV�DUHD�

Symbol Meaning

<RX�KDYH�SUHVVHG�<�

<RX�KDYH�SUHVVHG�>�

7KH�DOSKD�NH\ERDUG�LV�DFWLYH��\RX�KDYH�SUHVVHG�`�

7KLV�LQGLFDWHV�DQ�DOHUW��)RU�H[DPSOH��DQ�DSSRLQWPHQW�KDV�
EHFRPH�GXH��RU�EDWWHU\�SRZHU�LV�ORZ��$�PHVVDJH�RQ�WKH�OLQH�
EHORZ�WKH�DQQXQFLDWRU�H[SODLQV�WKH�DOHUW�

7KH�FDOFXODWRU�LV�EXV\�

'DWD�LV�EHLQJ�WUDQVPLWWHG�WR�DQ�H[WHUQDO�GHYLFH�

'(* 7KH�DQJOH�XQLW�LV�VHW�WR�GHJUHHV�

5$' 7KH�DQJOH�XQLW�LV�VHW�WR�UDGLDQV�

*5' 7KH�DQJOH�XQLW�LV�VHW�WR�JUDGLDQV�

;<= 7KH�FRRUGLQDWHV�QRWDWLRQ�LV�UHFWDQJXODU�

5a= 7KH�FRRUGLQDWHV�QRWDWLRQ�LV�SRODU�RU�F\OLQGULFDO�

5aa 7KH�FRRUGLQDWHV�QRWDWLRQ�LV�SRODU�RU�VSKHULFDO�

+/7 $�SURJUDP�KDV�EHHQ�KDOWHG�RU�DQ�DSSOLFDWLRQ�VXVSHQGHG�

�86 7KH�XVHU�NH\ERDUG�LV�DFWLYH�IRU�RQH�RSHUDWLRQ�

865 7KH�XVHU�NH\ERDUG�LV�DFWLYH�XQWLO�\RX�SUHVV�<~�

$/* $OJHEUDLF�PRGH�LV�DFWLYH�

35* 3URJUDP�PRGH�LV�DFWLYH�

5HVXOWV�DUH�GLVSOD\HG�LQ�DSSUR[LPDWH�PRGH�
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Basic operation
Table 2-1: Annunciators

History

$OO�WKH�REMHFWV�\RX�FUHDWH�ZLWK�WKH�+3 ��*¦HTXDWLRQV��FDOFXODWLRQV��
JUDSKLFV��SORWV��SURJUDPV��YDULDEOHV��DQG�VR�RQ¦DUH�GLVSOD\HG�LQ�WKH�
KLVWRU\�DUHD�RI�WKH�VFUHHQ���6HH�ILJXUH�����RQ�SDJH ������3UHVV [�RU�]�WR�
VFUROO�WKURXJK�WKH�KLVWRU\��<RX�FDQ�DOVR�VHOHFW�D�SUHYLRXV�REMHFW�WR�XVH�
DJDLQ�RU�WR�LQFRUSRUDWH�LQWR�D�QHZ�REMHFW�RQ�WKH�FRPPDQG�OLQH�

7R�LQVHUW�DQ�REMHFW�IURP�KLVWRU\�RQWR�WKH�FRPPDQG�OLQH��SODFH�WKH�FXUVRU�
ZKHUH�\RX�ZDQW�WKH�REMHFW�LQVHUWHG�DQG�

�� 3UHVV�m�

�� 3UHVV�]�RU�[�XQWLO�WKH�REMHFW�\RX�ZDQW�WR�VHOHFW�LV�KLJKOLJKWHG�

�� 3UHVV�\�

<RX�FDQ�VHH�PRUH�RI�\RXU�KLVWRU\�E\�UHGXFLQJ�WKH�VL]H�RI�WKH�VWDWXV�DUHD�or 
UHGXFLQJ�WKH�V\VWHP�IRQW�VL]H���6HH�§'LVSOD\�PRGHV¨�RQ�SDJH ������

<RXU�REMHFWV�UHPDLQ�LQ�KLVWRU\�XQWLO�\RX�GHOHWH�WKHP��7KH\�DUH�
DXWRPDWLFDOO\�VDYHG�ZKHQ�\RX�WXUQ�RII�WKH�FDOFXODWRU��<RX�FDQ�FOHDU�\RXU�
KLVWRU\�E\�SUHVVLQJ�> ��

 5HVXOWV�DUH�GLVSOD\HG�LQ�H[DFW�PRGH�

5HDO�QXPEHU�PRGH�

&RPSOH[�QXPEHU�PRGH�

;��RU�<���� 7KH�FXUUHQW�LQGHSHQGHQW�YDULDEOH�

'(& 'HFLPDO�EDVH�

%,1 %LQDU\�EDVH�

+(; +H[DGHFLPDO�EDVH�

2&7 2FWDO�EDVH�

Symbol Meaning (Continued)
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Menu

$�PHQX�LV�GLVSOD\HG�DFURVV�WKH�ERWWRP�RI�PRVW�VFUHHQV��(DFK�LWHP�RQ�WKH�
PHQX�LV�RQH�RI�WKH�IROORZLQJ�

� D�FRPPDQG

� WKH�QDPH�RI�DQRWKHU�PHQX

� D�YDULDEOH

� D�VXEGLUHFWRU\�

7KH�PHQX�FKDQJHV�DFFRUGLQJ�WR�WKH�NH\��FRPPDQG��RU�VXE�PHQX�\RX�
VHOHFW��)RU�H[DPSOH��LI�\RX�SUHVV�j��WKH�PHQX�GLVSOD\V�WKH�YDULDEOHV�DQG�
GLUHFWRULHV�\RX�FDQ�DFFHVV�IURP�\RXU�FXUUHQW�SDWK���9DULDEOHV�DUH�WKH�
QDPHG�REMHFWV�WKDW�\RX�KDYH�FUHDWHG�DQG�VDYHG��DQG�VXEGLUHFWRULHV�DUH�
DUHDV�RI�PHPRU\�\RX�KDYH�VHW�DVLGH�DQG�QDPHG��XVXDOO\�WR�KHOS�\RX�EHWWHU�
PDQDJH�WKH�VWRUDJH�RI�VDYHG�REMHFWV��9DULDEOHV�DQG�GLUHFWRULHV�DUH�
H[SODLQHG�LQ�GHWDLO�LQ�FKDSWHU����§6WRULQJ�REMHFWV¨��

:KHQ�\RX�SUHVV�FHUWDLQ�RWKHU�NH\V��WKH�PHQX�FKDQJHV�WR�VKRZ�FRPPDQGV�
RU�RWKHU�PHQXV��:KHQ�FKRVHQ��D�FRPPDQG�HQDEOHV�\RX�WR�SHUIRUP�VRPH�
RSHUDWLRQ�RQ�GDWD��VXFK�DV�D�PDWKHPDWLFDO�RSHUDWLRQ��D�VWRUDJH�RSHUDWLRQ��
D�XQLW�FRQYHUVLRQ�RSHUDWLRQ��DQG�VR�RQ��

0DQ\�RI�WKH�PRUH�FRPPRQO\�XVHG�FRPPDQGV�KDYH�D�NH\�RI�WKHLU�RZQ��)RU�
H[DPSOH��\RX�FDQ�VWRUH�DQ�REMHFW�E\�SUHVVLQJ�k��RU�ILQG�WKH�VLQH�RI�DQ�
DQJOH�E\�SUHVVLQJ�s��2WKHU�FRPPDQGV�QHHG�WR�EH�VHOHFWHG�IURP�PHQXV�

Selecting a menu item

$�PHQX�LWHP�WKDW�LV�GLVSOD\HG�DW�WKH�ERWWRP�
RI�WKH�VFUHHQ�FDQ�EH�VHOHFWHG�E\�SUHVVLQJ�WKH�
IXQFWLRQ�NH\¦WKDW�LV��RQH�RI�WKH�NH\V�
ODEHOOHG�a�WR�f¦GLUHFWO\�EHORZ�WKH�LWHP��
,Q�WKH�H[DPSOH�RQ�WKH�ULJKW��WR�VHOHFW�(',7�
IURP�WKH�PHQX��\RX�ZRXOG�SUHVV�a��VLQFH�
a�LV�GLUHFWO\�EHORZ�(',7��

:KLOH�IXQFWLRQ�NH\�PHQXV�DUH�ZLGHO\�
DYDLODEOH��PRVW�+3 ��*�FRPPDQGV�DUH�PRUH�
HDVLO\�DFFHVVLEOH�IURP�FKRRVH�OLVW�PHQXV��
7KLV�W\SH�RI�PHQX¦LQ�WKH�IRUP�RI�D�VFUROOLQJ�
OLVW¦GLVSOD\V�VLPLODU�JURXSV�RI�FRPPDQGV�
�VXFK�DV�FDOFXOXV�FRPPDQGV��WULJRQRPHWU\�
FRPPDQGV��DQG�VR�RQ���7R�VHH�DQ�H[DPSOH�RI�VXFK�D�PHQX��SUHVV�>ú��
Page 2-6 Basic operation



Basic operation
0RVW�PHQXV�FDQ�EH�GLVSOD\HG�DV�D�IXQFWLRQ�NH\�PHQX�DQG�DV�D�FKRRVH�OLVW�
PHQX��:KHUH�WKLV�LV�WKH�FDVH��WKH�GHIDXOW�LV�WR�GLVSOD\�WKH�PHQX�DV�D�
FKRRVH�OLVW��,I�\RX�SUHIHU�DOO�PHQXV�WR�EH�GLVSOD\HG�DV�IXQFWLRQ�NH\�PHQXV��
FOHDU�IODJ�¥����

Multi-screen menus

7KHUH�PD\�EH�PRUH�IXQFWLRQ�NH\�PHQX�LWHPV�WKDQ�FDQ�EH�GLVSOD\HG�RQ�WKH�
RQH�VFUHHQ��,Q�WKLV�FDVH��SUHVV�l¦RU�< L¦WR�GLVSOD\�IXUWKHU�SDJHV�
RI�WKH�PHQX��

:KHUH�WKHUH�DUH�PRUH�LWHPV�RQ�D�FKRRVH�OLVW�PHQX�WKDQ�FDQ�EH�GLVSOD\HG�
RQ�WKH�RQH�VFUHHQ��SUHVV�]�RU�[�WR�GLVSOD\�IXUWKHU�LWHPV��<RX�FDQ�DOVR�
MXPS�GLUHFWO\�WR�D�FKRRVH�OLVW�PHQX�LWHP�E\�HQWHULQJ�WKH�ILUVW�FKDUDFWHU�RI�
WKH�LWHP��RU��LQ�WKH�FDVH�RI�QXPEHUHG�PHQXV��WKH�QXPEHU�RI�WKH�LWHP��

Using the command line
7KH�FRPPDQG�OLQH�LV�WKH�DUHD�RI�WKH�GLVSOD\�ZKHUH�\RX�FDQ�HQWHU�DQG�HGLW�
REMHFWV��,W�LV�DOZD\V�DW�WKH�ERWWRP�RI�WKH�GLVSOD\��LPPHGLDWHO\�DERYH�WKH�
PHQX���6HH�ILJXUH�����RQ�SDJH������

<RX�GR�QRW�KDYH�WR�ILUVW�VHOHFW�WKH�FRPPDQG�OLQH�EHIRUH�HQWHULQJ�D�QHZ�
REMHFW��$V�VRRQ�DV�\RX�VWDUW�HQWHULQJ�WH[W¦QXPEHUV�RU�FKDUDFWHUV¦WKH�
FRPPDQG�OLQH�EHFRPHV�DFWLYH��)RU�H[DPSOH��WR�PXOWLSO\���E\����HQWHU���
DQG�QRWH�WKDW�WKH�GLJLW�DSSHDUV�RQ�WKH�ERWWRP�OLQH�RI�\RXU�GLVSOD\��7KLV�LV�
WKH�FRPPDQG�OLQH��$�IODVKLQJ�DUURZ�WR�WKH�ULJKW�RI�WKH���LQGLFDWHV�WKDW�\RX�
DUH�LQ�GDWD�HQWU\�PRGH��<RX�WKHQ�HQWHU�WKH�UHVW�RI�WKH�REMHFW��E\�SUHVVLQJ�
��DQG���LQ�WKH�H[DPSOH��

:KHQ�\RX�KDYH�ILQLVKHG�HQWHULQJ�\RXU�REMHFW��SUHVV \��,I�\RX�HQWHUHG�D�
FDOFXODWLRQ��WKH�UHVXOW�RI�\RXU�FDOFXODWLRQ�LV�GLVSOD\HG�RQ�WKH�VFUHHQ��RQ�
WKH�OLQH�EHORZ�WKH�FDOFXODWLRQ��<RXU�FDOFXODWLRQ�LV�UHWDLQHG�VR�WKDW�\RX�FDQ�
VHH�KRZ�\RX�GHULYHG�WKH�DQVZHU���6HH�SDJH �����IRU�DQ�H[DPSOH��

<RX�FDQFHO�D�FRPPDQG�OLQH�HQWU\�E\�SUHVVLQJ�G��<RX�ZLOO�EH�DVNHG�WR�
FRQILUP�\RXU�LQWHQWLRQ�LI�\RXU�HQWU\�H[FHHGV�WKH�ZLGWK�RI�WKH�VFUHHQ�
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Multi-line entries

7KH�LQIRUPDWLRQ�\RX�HQWHU�RQ�WKH�FRPPDQG�OLQH�FDQ�RFFXS\�PRUH�WKDQ�
RQH�OLQH��IRU�H[DPSOH��ZKHQ�\RX�DUH�HQWHULQJ�D�SURJUDP���6HH�FKDSWHU�����
§,QWURGXFWLRQ�WR�SURJUDPPLQJ¨��IRU�LQIRUPDWLRQ�RQ�HQWHULQJ�SURJUDPV���7R�
FUHDWH�D�QHZ�OLQH��SUHVV�>�J��:KDW�\RX�KDYH�DOUHDG\�W\SHG�PRYHV�XS�DQG�
D�QHZ�OLQH�EHFRPHV�DYDLODEOH�IRU�\RX�WR�FRQWLQXH�HQWHULQJ�\RXU�REMHFW�

<RX�FDQ�VHW�D�GLVSOD\�PRGH�VR�WKDW�HDFK�QHZ�OLQH�LV�DXWRPDWLFDOO\�
LQGHQWHG��6HH�§'LVSOD\�PRGHV¨�RQ�SDJH �����IRU�LQIRUPDWLRQ�

Entering numbers

Positive numbers

<RX�HQWHU�D�SRVLWLYH�QXPEHU�E\�SUHVVLQJ�WKH�DSSURSULDWH�GLJLW�NH\V�DQG��LI�
QHFHVVDU\��WKH�GHFLPDO�SRLQW�NH\��.��

Negative numbers

7R�HQWHU�D�QHJDWLYH�QXPEHU��W\SH�WKH�QXPEHU�DV�LI�LW�ZDV�D�SRVLWLYH�QXPEHU�
DQG�WKHQ�SUHVV�w��7KH�w�NH\�FKDQJHV�WKH�VLJQ�RI�WKH�QXPEHU�RQ�WKH�
FRPPDQG�OLQH��IURP�SRVLWLYH�WR�QHJDWLYH��RU�QHJDWLYH�WR�SRVLWLYH�

Integers and real numbers

,I�\RX�DUH�ZRUNLQJ�LQ�H[DFW�PRGH¦H[SODLQHG�RQ�SDJH�����¦WKH�DQVZHU�
JLYHQ�WR�D�FDOFXODWLRQ�ZLOO�GHSHQG�RQ�WKH�ZD\�\RX�UHSUHVHQW�LQWHJHUV��,I�
\RX�UHSUHVHQW�DQ�LQWHJHU�DV�D�UHDO�QXPEHU¦E\�HQWHULQJ�D�GHFLPDO�SRLQW�
DIWHU�WKH�QXPEHU¦WKH�+3 ��*�DVVXPHV�WKDW�\RX�ZDQW�WR�VZLWFK�WR�
DSSUR[LPDWH�PRGH��VHH�SDJH��������7KHUHIRUH��\RX�FDQ�REWDLQ�DQ�
DSSUR[LPDWH�DQVZHU�LQ�H[DFW�PRGH�E\�HQWHULQJ�LQWHJHUV�DV�UHDO�QXPEHUV�

Figure 2-2: In case (A) 2 is entered as an integer; in case (B), 2 is entered as a real number.

(A) (B)
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Basic operation
Mantissa-and-exponent entry

�� (QWHU�WKH�PDQWLVVD��DQG��LI�QHFHVVDU\��SUHVV�w�WR�FKDQJH�LWV�VLJQ��

�� 3UHVV�v��$Q�§(¨�LV�GLVSOD\HG�WR�LQGLFDWH�WKDW�WKH�H[SRQHQW�IROORZV�

�� (QWHU�WKH�H[SRQHQW��DQG��LI�QHFHVVDU\��SUHVV�w�WR�FKDQJH�LWV�VLJQ��

�� 3UHVV�\�

$�QXPEHU�HQWHUHG�DV�D�PDQWLVVD�DQG�H[SRQHQW�ZLOO�RQO\�EH�GLVSOD\HG�DV�D�
PDQWLVVD�DQG�H[SRQHQW�LI�WKH�QXPEHU�GLVSOD\�PRGH�LV�VHW�WR�VFLHQWLILF�RU�
HQJLQHHULQJ��6HH�WKH�QH[W�VHFWLRQ�IRU�LQIRUPDWLRQ�RQ�QXPEHU�GLVSOD\�
PRGHV�

Number displays

5HDO�QXPEHUV�FDQ�EH�GLVSOD\HG�LQ�RQH�RI�IRXU�PRGHV�

� 6WDQGDUG�PRGH�GLVSOD\V�QXPEHUV�XVLQJ�IXOO�SUHFLVLRQ��$OO�VLJQLILFDQW�
GLJLWV�WR�WKH�ULJKW�RI�WKH�GHFLPDO�SRLQW�DUH�VKRZQ��WR�D�PD[LPXP�RI����
GLJLWV�

� )L[�PRGH�GLVSOD\V�QXPEHUV�URXQGHG�WR�D�XVHU�VSHFLILHG�QXPEHU�RI�
GHFLPDO�SODFHV��$�VHSDUDWRU��FRPPD�RU�SHULRG��VHSDUDWHV�JURXSV�RI�
WKUHH�GLJLWV�LQ�UHDO�QXPEHUV�JUHDWHU�WKDQ�����

� 6FLHQWLILF�PRGH�GLVSOD\V�D�QXPEHU�DV�D�PDQWLVVD¦ZLWK�RQH�GLJLW�WR�
WKH�OHIW�RI�WKH�GHFLPDO�SRLQW�DQG�D�XVHU�VSHFLILHG�QXPEHU�RI�GHFLPDO�
SODFHV¦DQG�DQ�H[SRQHQW��)RU�H[DPSOH�������DSSHDUV�DV��������(��LQ�
VFLHQWLILF�PRGH�ZLWK���GHFLPDO�SODFHV�

� �(QJLQHHULQJ�PRGH�GLVSOD\V�D�QXPEHU�DV�D�PDQWLVVD�ZLWK�D�XVHU�
VSHFLILHG�QXPEHU�RI�GHFLPDO�SODFHV��IROORZHG�E\�DQ�H[SRQHQW�WKDW�LV�D�
PXOWLSOH�RI����)RU�H[DPSOH��������DSSHDUV�DV��������(��LQ�HQJLQHHULQJ�
PRGH�ZLWK���GHFLPDO�SODFHV�

7KH�QXPEHU�GLVSOD\�GHIDXOWV�WR�VWDQGDUG�PRGH��<RX�FDQ�FKDQJH�WKH�
GLVSOD\�E\�SUHVVLQJ�h��7KLV�LV�H[SODLQHG�LQ�GHWDLO�RQ�SDJH������

)RU�IL[��VFLHQWLILF��DQG�HQJLQHHULQJ�PRGHV��WKH�PD[LPXP�QXPEHU�RI�
GHFLPDO�SODFHV�\RX�FDQ�VSHFLI\�LV����
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Entering characters

7KH�+3 ��*ªV�DOSKD�NH\ERDUG�HQDEOHV�\RX�WR�HQWHU�OHWWHUV�DQG�RWKHU�
FKDUDFWHUV��7KH�`�NH\�LV�XVHG��LQ�YDULRXV�ZD\V��WR�DFWLYDWH�WKH�DOSKD�
NH\ERDUG��

:KHQ�WKH�DOSKD�NH\ERDUG�LV�DFWLYH��PDQ\�RI�WKH�NH\V�EHFRPH�FKDUDFWHU�
NH\V��7KHVH�DUH�WKH�NH\V�WKDW�KDYH�D�ZKLWH�OHWWHU�SULQWHG�RQ�D�JUHHQ�
EDFNJURXQG�LQ�WKH�ERWWRP�ULJKW�FRUQHU��

7KH�DOSKD�DQQXQFLDWRU¦ ¦DSSHDUV�LQ�WKH�VWDWXV�DUHD�ZKHQHYHU�WKH�
DOSKD�NH\ERDUG�LV�DFWLYH�

Entering a single upper-case character

7R�HQWHU�D�VLQJOH�XSSHU�FDVH�FKDUDFWHU��SUHVV�`�DQG�WKHQ�WKH�
DSSURSULDWH�FKDUDFWHU�NH\���7KH�DOSKD�NH\ERDUG�LV�GHDFWLYDWHG�DIWHU�\RX�
SUHVV�D�FKDUDFWHU�NH\��

Entering several upper-case characters

7KHUH�DUH�WZR�ZD\V�WR�HQWHU�VHYHUDO�XSSHU�FDVH�FKDUDFWHUV�RQH�DIWHU�WKH�
RWKHU�

� SUHVV�`�WZLFH��HQWHU�WKH�FKDUDFWHUV��DQG�SUHVV�`�DJDLQ��RU

� KROG�`�GRZQ��HQWHU�WKH�FKDUDFWHUV�DQG�UHOHDVH�`�

3UHVVLQJ�`�WZLFH�ORFNV�WKH�DOSKD�NH\ERDUG��NHHSLQJ�LW�DFWLYH�XQWLO�\RX�
GHDFWLYDWH�LW��E\�SUHVVLQJ�`�DJDLQ��RU�E\�SUHVVLQJ�\�RU�G��

Entering a single lower-case character

7R�HQWHU�D�VLQJOH�ORZHU�FDVH�FKDUDFWHU��SUHVV�` < DQG�WKH�DSSURSULDWH�
FKDUDFWHU�NH\�
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Basic operation
Entering several lower-case characters

7R�HQWHU�VHYHUDO�ORZHU�FDVH�FKDUDFWHUV�RQH�DIWHU�WKH�RWKHU�

�� ,I�LW�LV�QRW�ORFNHG�DOUHDG\��ORFN�WKH�DOSKD�NH\ERDUG��E\�SUHVVLQJ�`�
WZLFH��

�� 3UHVV�< `��7KH�ORZHU�FDVH�NH\ERDUG�LV�QRZ�ORFNHG��(YHU\�FKDUDF�
WHU�NH\�\RX�SUHVV�QRZ�UHWXUQV�WKH�FKDUDFWHU�LQ�ORZHU�FDVH�

�� (QWHU�WKH�FKDUDFWHUV�

,I�\RX�QHHG�WR�HQWHU�DQ�XSSHU�FDVH�FKDUDFWHU�ZKLOH�WKH�ORZHU�FDVH�
NH\ERDUG�LV�ORFNHG��SUHVV�<�EHIRUH�SUHVVLQJ�WKH�FKDUDFWHU�NH\�

Unlocking the lower-case keyboard

8QORFN�WKH�ORZHU�FDVH�NH\ERDUG�E\�SUHVVLQJ�< `��7KH�DOSKD�NH\ERDUG�
UHPDLQV�DFWLYH��WKHUHIRUH�DQ\�FKDUDFWHUV�\RX�QRZ�HQWHU�ZLOO�EH�XSSHU�FDVH�
FKDUDFWHUV�

3UHVV�`�WR�XQORFN�WKH�DOSKD�NH\ERDUG�DQG�\�ZKHQ�\RX�KDYH�
ILQLVKHG�\RXU�HQWU\�

<RX�FDQ�DOVR�XQORFN�WKH�ORZHU�FDVH�NH\ERDUG¦DQG�WKH�DOSKD�NH\ERDUG¦
E\�SUHVVLQJ�\�RU�G�

Entering special characters

From the keyboard

:KHQ�WKH�DOSKD�NH\ERDUG�LV�ORFNHG��\RX�FDQ�HQWHU�FHUWDLQ�VSHFLDO�
FKDUDFWHUV�E\�SUHVVLQJ�NH\V�LQ�FRPELQDWLRQ�ZLWK�>��)RU�H[DPSOH��OHWWHUV�
RI�WKH�*UHHN�DOSKDEHW�FDQ�EH�HQWHUHG�E\�SUHVVLQJ�>�DQG�D�FKDUDFWHU�NH\��
&HUWDLQ�V\PEROV¦VXFK�DV�PRQHWDU\�XQLWV��DUURZV��#��DQG�RWKHUV¦FDQ�
DOVR�EH�HQWHUHG�E\�ILUVW�SUHVVLQJ�WKH�>�NH\��7KHVH�FKDUDFWHUV�DQG�V\PEROV�
DUH�VKRZQ�DERYH�DQG�WR�WKH�ULJKW�RI�WKH�NH\V�RQ�WKH�IURQW�FRYHU�RI�WKH�
+3 ��*�SRFNHW�JXLGH�

:KHQ�WKH�DOSKD�NH\ERDUG�LV�ORFNHG��SUHVVLQJ�<�DQG�D�FKDUDFWHU�NH\�
SURGXFHV�D�ORZHU�FDVH�FKDUDFWHU��VHH�DERYH���,I�D�QXPHULF�NH\�LV�SUHVVHG�
LQVWHDG��FHUWDLQ�V\PEROV�DUH�GLVSOD\HG��7KHVH�FKDUDFWHUV�DQG�V\PEROV�DUH�
VKRZQ�DERYH�DQG�WR�WKH�OHIW�RI�WKH�NH\V�RQ�WKH�IURQW�FRYHU�RI�WKH�+3 ��*�
SRFNHW�JXLGH�
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Using the Characters tool

0RVW�RI�WKH�FRPPRQ�FKDUDFWHUV�\RX�ZLOO�QHHG�FDQ�EH�HQWHUHG�IURP�WKH�
NH\ERDUG�LQ�WKH�ZD\V�GHVFULEHG�HDUOLHU�LQ�WKLV�FKDSWHU��<RX�FDQ�DOVR�HQWHU�
WKHVH�FKDUDFWHUV¦DQG�PDQ\�PRUH¦XVLQJ�WKH�&KDUDFWHUV�WRRO�

�� 3UHVV�> ô�WR�RSHQ�WKH�&KDUDFWHUV�WRRO�

7KH�&KDUDFWHUV�WRRO�GLVSOD\V�DOO�����FKDUDFWHUV�WKDW�FDQ�EH�GLVSOD\HG�
RQ�WKH�+3 ��*�

�� ,I�WKH�FKDUDFWHU�\RX�ZDQW�WR�VHOHFW�LV�QRW�GLVSOD\HG��SUHVV�]�XQWLO�LW�LV�
GLVSOD\HG��

7KH�]�NH\�GLVSOD\V�WKH�QH[W�OLQH�RI�FKDUDFWHUV��RU�WKH�ILUVW�OLQH�RI�
FKDUDFWHUV�LI�\RX�KDYH�UHDFKHG�WKH�HQG�RI�WKH�FKDUDFWHUV�GLVSOD\�

�� :KHQ�WKH�FKDUDFWHU�\RX�ZDQW�WR�VHOHFW�LV�GLVSOD\HG��SUHVV�WKH�DUURZ�
NH\V�XQWLO�WKH�FKDUDFWHU�LV�KLJKOLJKWHG�

�� ,I�\RX�ZDQW�WR�FRS\�MXVW�WKH�KLJKOLJKWHG�FKDUDFWHU�WR�WKH�FRPPDQG�OLQH��
SUHVV�(&+2���7KH�&KDUDFWHUV�WRRO�FORVHV�DQG�WKH�FKDUDFWHU�\RX�
VHOHFWHG�LV�FRSLHG�WR�WKH�FRPPDQG�OLQH�

�� ,I�\RX�ZDQW�WR�FRS\�WKH�KLJKOLJKWHG�FKDUDFWHU�DQG�RWKHU�FKDUDFWHUV��
SUHVV�(&+2��7KLV�FRSLHV�WKH�FKDUDFWHU�\RX�VHOHFWHG�WR�WKH�FRPPDQG�
OLQH��DQG�WKH�&KDUDFWHUV�WRRO�UHPDLQV�RSHQ�VR�WKDW�\RX�FDQ�VHOHFW�RWKHU�
FKDUDFWHUV��5HSHDW�IURP�VWHS���WR�VHOHFW�RWKHU�FKDUDFWHUV�

�� 7R�FORVH�WKH�&KDUDFWHUV�WRRO��SUHVV�\�RU�G���

 Entering from history

<RX�FDQ�DOVR�HQWHU�DQ�LWHP�RQWR�WKH�FRPPDQG�OLQH�IURP�KLVWRU\��

�� 3UHVV�m�WR�GLVSOD\�WKH�KLVWRU\�OLVW�

�� 3UHVV� [�RU ]�XQWLO�WKH�LWHP�\RX�ZDQW�WR�FRS\�WR�WKH�FRPPDQG�OLQH�LV�
KLJKOLJKWHG�

�� 3UHVV \�

,I�WKH�FKDUDFWHU�KLJKOLJKWHG�LQ�WKH�&KDUDFWHUV�WRRO�FDQ�EH�HQWHUHG�
IURP�WKH�NH\ERDUG��WKH�NH\�RU�FRPELQDWLRQ�RI�NH\V�UHTXLUHG�LV�
GLVSOD\HG�QHDU�WKH�ERWWRP�OHIW�RI�WKH�VFUHHQ�
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Basic operation
Editing the command line

7DEOH�����OLVWV�WKH�FRPPDQG�OLQH�RSHUDWLRQV�DYDLODEOH�IRU�PRYLQJ�WKURXJK�
WKH�FRPPDQG�OLQH��HGLWLQJ�WKH�WH[W�\RX�KDYH�HQWHUHG��DQG�FRS\LQJ��PRYLQJ�
DQG�SDVWLQJ�WH[W�
�

Table 2-2: Command line editing tools

Key(s) Description

{ } 0RYH�WKH�FXUVRU�OHIW�RU�ULJKW�

<� <� 0RYH�WKH�FXUVRU�WR�WKH�ILUVW�RU�ODVW�FKDUDFWHU�VKRZQ�
RQ�WKH�VFUHHQ�

>� >� 0RYH�WKH�FXUVRU�WR�WKH�ILUVW�RU�ODVW�FKDUDFWHU�RI�WKH�
FRPPDQG�OLQH�

[ ] ,I�WKH�FRPPDQG�OLQH�KDV�PRUH�WKDQ�RQH�OLQH��PRYH�WKH�
FXUVRU�XS�RU�GRZQ�D�OLQH�

<� <� ,I�WKH�FRPPDQG�OLQH�KDV�PRUH�WKDQ�RQH�OLQH��PRYH�WKH�
FXUVRU�WR�WKH�ILUVW�RU�ODVW�OLQH�VKRZQ�RQ�WKH�VFUHHQ�

>� >� 0RYH�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RU�HQG�RI�WKH�
FRPPDQG�OLQH�

H 'HOHWH�WKH�FKDUDFWHU�WR�WKH�OHIW�RI�WKH�FXUVRU�

<? 'HOHWH�WKH�FKDUDFWHU�EHQHDWK�WKH�FXUVRU�

>å ,QGLFDWH�WKH�VWDUW�RI�D�VHOHFWLRQ�RI�WH[W�WKDW�\RX�ZDQW�
WR�FRS\�RU�FXW�

>� ,QGLFDWH�WKH�HQG�RI�D�VHOHFWLRQ�RI�WH[W�WKDW�\RX�ZDQW�WR�
FRS\�RU�FXW�

>� &RS\�\RXU�VHOHFWLRQ�

>� &XW�\RXU�VHOHFWLRQ�

>ñ 3DVWH��DW�WKH�SRVLWLRQ�RI�WKH�FXUVRU��WKH�WH[W�\RX�KDYH�
FRSLHG�RU�FXW�

G 'LVFDUG�WKH�FRQWHQWV�RI�WKH�FRPPDQG�OLQH�DQG�UHWXUQ�
WR�WKH�GHIDXOW�VFUHHQ�

ia 
ib

6NLS�WR�WKH�VWDUW�RU�HQG�RI�WKH�FXUUHQW�ZRUG�

ic 
id

'HOHWH�WKH�FKDUDFWHUV�WR�WKH�VWDUW�RU�HQG�RI�WKH�FXUUHQW�
ZRUG��,I�SUHFHGHG�E\�>��GHOHWHV�DOO�FKDUDFWHUV�WR�WKH�
VWDUW�RI��RU�HQG�RI��WKH�FRPPDQG�OLQH�
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Input forms
0DQ\�RI�WKH�+3 ��*ªV�DSSOLFDWLRQV�KDYH�LQSXW�IRUPV�WR�KHOS�\RX�UHPHPEHU�
WKH�LQIRUPDWLRQ�\RX�QHHG�WR�HQWHU�DQG�WR�VHW�YDULRXV�RSWLRQV��

$Q�LQSXW�IRUP�LV�MXVW�OLNH�D�GLDORJ�ER[�RQ�D�
FRPSXWHU��7KH�H[DPSOH�RQ�WKH�ULJKW¦
GLVSOD\HG�ZKHQ�\RX�SUHVV�< D¦LV�WKH�
LQSXW�IRUP�\RX�XVH�WR�VHW�XS�D�SORW��

<RX�QHHG�WR�KLJKOLJKW�D�ILHOG¦E\�PRYLQJ�WKH�
FXUVRU�WR�LW¦EHIRUH�\RX�FDQ�HQWHU�RU�FKDQJH�GDWD�LQ�LW��<RX�PRYH�WKH�
FXUVRU�WR�D�ILHOG�E\�SUHVVLQJ�WKH�DUURZ�NH\V��

Input form fields

(DFK�LQSXW�IRUP�KDV�D�VHW�RI�ILHOGV��D�VKRUW�KHOS�PHVVDJH�UHODWLQJ�WR�WKH�
FXUUHQWO\�KLJKOLJKWHG�ILHOG��DQG�D�PHQX�WKDW�GLVSOD\V�FKRLFHV�UHOHYDQW�WR�
WKH�FXUUHQWO\�KLJKOLJKWHG�ILHOG��

)RXU�W\SHV�RI�ILHOGV�FDQ�DSSHDU�RQ�DQ�LQSXW�IRUP��GDWD�ILHOGV��H[WHQGHG�
GDWD�ILHOGV��OLVW�ILHOGV��DQG�FKHFN�ILHOGV�

Data fields

'DWD�ILHOGV�DFFHSW�GDWD�RI�D�SDUWLFXODU�NLQG�GLUHFWO\�IURP�WKH�NH\ERDUG��
7KH�,QGHS��+�7LFN��DQG�9�7LFN�ILHOGV�LQ�WKH�DERYH�H[DPSOH�DUH�GDWD�ILHOGV��
�7KHVH�ILHOGV¦DQG�RWKHUV�RQ�WKLV�LQSXW�IRUP¦DUH�H[SODLQHG�LQ�FKDSWHU����
§3ORWWLQJ�JUDSKV¨��

7R�HQWHU�RU�FKDQJH�WKH�GDWD�LQ�D�GDWD�ILHOG�

�� 3UHVV�DQ�DUURZ�NH\�XQWLO�WKH�ILHOG�LV�KLJKOLJKWHG�

�� 3UHVV�(',7��$Q\�GDWD�LQ�WKH�ILHOG�LV�FRSLHG�WR�WKH�FRPPDQG�OLQH�

�� (QWHU�RU�HGLW�WKH�GDWD�RQ�WKH�FRPPDQG�OLQH���6HH�§8VLQJ�WKH�FRPPDQG�
OLQH¨�RQ�SDJH ����IRU�LQIRUPDWLRQ��

:KHUH�WKH�GDWD�LV�DOVR�WKH�QDPH�RI�D�YDULDEOH��\RXU�HQWU\�ZLOO�EH�
HYDOXDWHG�DQG�UHSODFHG�ZLWK�WKH�YDULDEOHªV�REMHFW��7R�XVH�WKH�QDPH�RI�D�
YDULDEOH�UDWKHU�WKDQ�WKH�DVVRFLDWHG�REMHFW��HQFORVH�WKH�QDPH�LQ�VLQJOH�
TXRWHV��WKDW�LV��WLFN�PDUNV��

�� 3UHVV�\�WR�FRS\�WKH�QHZ�GDWD�WR�WKH�LQSXW�IRUP�
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Basic operation
Extended data fields

([WHQGHG�GDWD�ILHOGV�DFFHSW�GDWD�HQWHUHG�
GLUHFWO\�IURP�WKH�NH\ERDUG�RU�REMHFWV�
FKRVHQ�IURP�D�OLVW��7KH�WKUHH�ILHOGV�LQ�WKH�
H[DPSOH�DW�WKH�ULJKW�DUH�H[WHQGHG�GDWD�
ILHOGV�

7R�HQWHU�GDWD�LQWR�DQ�H[WHQGHG�GDWD�ILHOG�
GLUHFWO\�IURP�WKH�NH\ERDUG��IROORZ�WKH�VWHSV�VHW�RXW�LQ�WKH�SDUDJUDSKV�RQ�
GDWD�ILHOGV�DERYH�

7R�FKRRVH�D�SUHYLRXVO\�VWRUHG�REMHFW�

�� +LJKOLJKW�WKH�ILHOG�DQG�SUHVV�&+226��$�OLVW�RI�DOO�VXLWDEOH�YDULDEOHV�LQ�WKH�
FXUUHQW�GLUHFWRU\�LV�GLVSOD\HG��

�� 3UHVV�[�RU�]�XQWLO�WKH�REMHFW�\RX�ZDQW�WR�VHOHFW�LV�KLJKOLJKWHG�

�� 3UHVV�2.��7KH�REMHFW�\RX�VHOHFWHG�LV�FRSLHG�WR�WKH�LQSXW�IRUP�

List fields

/LVW�ILHOGV�DFFHSW�RQO\�D�OLPLWHG��SUH�
GHWHUPLQHG�VHW�RI�YDOXHV��7KH�7\SH�DQG�a�
ILHOGV�LQ�WKH�H[DPSOH�DW�WKH�ULJKW�DUH�OLVW�
ILHOGV�

7R�FKDQJH�WKH�YDOXH�LQ�D�OLVW�ILHOG�

�� +LJKOLJKW�WKH�ILHOG�DQG�SUHVV�&+226��$�OLVW�RI�DOORZDEOH�YDOXHV�LV�GLV�
SOD\HG�

�� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�YDOXH�\RX�ZDQW��

�� 3UHVV�2.��7KH�YDOXH�\RX�VHOHFWHG�LV�FRSLHG�WR�WKH�IRUP�

<RX�FDQ�DOVR�VHOHFW�DQ�LWHP�IRU�D�OLVW�ILHOG�E\�

� KLJKOLJKWLQJ�WKH�ILHOG�DQG�SUHVVLQJ�w XQWLO�WKH�RSWLRQ�\RX�
ZDQW�DSSHDUV�LQ�WKH�ILHOG�RU

� KLJKOLJKWLQJ�WKH�ILHOG�DQG�SUHVVLQJ `�IROORZHG�E\�WKH�ILUVW�
OHWWHU�RI�WKH�RSWLRQ�\RX�ZDQW��DQG�UHSHDWLQJ�LI�QHFHVVDU\��
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Check fields

&KHFN�ILHOGV�DUH�XVHG�WR�WXUQ�DQ�RSWLRQ�RQ�RU�RII��7KH�&211(&7��6,08/7��
DQG�3,;(/6�ILHOGV�LQ�WKH�DERYH�H[DPSOH�DUH�FKHFN�ILHOGV��$�WLFN�LQ�D�FKHFN�
ILHOG�LQGLFDWHV�WKDW�WKH�RSWLRQ�LV�VHOHFWHG��DQ�HPSW\�ILHOG�LQGLFDWHV�WKDW�LW�LV�
QRW�VHOHFWHG�

7R�FKDQJH�WKH�FXUUHQWO\�VHOHFWHG�RSWLRQ�LQ�D�FKHFN�ILHOG��KLJKOLJKW�WKH�ILHOG�
DQG�SUHVV�&+.��,I�WKH�ILHOG�KDG�D�WLFN�EHIRUH��LW�LV�QRZ�EODQN��LQGLFDWLQJ�WKDW�
\RX�KDYH�WXUQHG�WKH�RSWLRQ�RII���,I�LW�ZDV�EODQN�EHIRUH��LW�ZLOO�QRZ�KDYH�D�
WLFN��LQGLFDWLQJ�WKDW�\RX�KDYH�WXUQHG�WKH�RSWLRQ�RQ��

Resetting values to their defaults

7R�UHVHW�D�YDOXH�LQ�DQ�LQSXW�IRUP�ILHOG�WR�LWV�GHIDXOW�YDOXH�

�� 0RYH�WKH�FXUVRU�WR�WKH�ILHOG�

�� 3UHVV l�

�� 3UHVV�5(6(7�

�� ,I�\RX�ZDQW�WR�UHVHW�WKH�YDOXHV�LQ�DOO�ILHOGV�RQ�WKH�LQSXW�IRUP��SUHVV�]�
WR�VHOHFW�5(6(7�$//��

7KH�ILUVW�RSWLRQ�LQ�WKH�RSWLRQV�OLVW¦5(6(7�9$/8(¦UHVWRUHV�MXVW�WKH�
YDOXH�LQ�WKH�KLJKOLJKWHG�ILHOG�WR�LWV�GHIDXOW�YDOXH��7KH�VHFRQG�RSWLRQ¦
5(6(7�$//¦UHVWRUHV�DOO�YDOXHV�RQ�WKH�IRUP�WR�WKHLU�GHIDXOW�YDOXHV�

�� 3UHVV�2.�RU�\�

Input form help

,Q�DGGLWLRQ�WR�WKH�KHOS�PHVVDJH�WKDW�SURPSWV�\RX�IRU�LQSXW��IXUWKHU�KHOS�LV�
SURYLGHG�E\�ZD\�RI�D�OLVW�RI�YDOLG�REMHFW�W\SHV�IRU�D�ILHOG��7R�GLVSOD\�WKLV�OLVW�
IRU�D�SDUWLFXODU�ILHOG�

�� PRYH�WKH�FXUVRU�WR�WKH�ILHOG�

�� SUHVV�7<3(6��IRXQG�RQ�WKH�VHFRQG�SDJH�RI�WKH�IXQFWLRQ�NH\�PHQX��

7R�KLGH�WKH�OLVW�RI�YDOLG�REMHFW�W\SHV��SUHVV�G�

6RPH�LQSXW�IRUP�ILHOGV�DUH�ERWK�D�GDWD�ILHOG�DQG�D�OLVW�ILHOG��:KHQ�
VXFK�D�ILHOG�LV�KLJKOLJKWHG��ERWK�WKH�(',7�DQG�&+226�FRPPDQGV�
DUH�DYDLODEOH�IURP�WKH�PHQX��<RX�FDQ�HLWKHU�HQWHU�D�QHZ�YDOXH�
IRU�VXFK�D�ILHOG��RU�VHOHFW�WKH�YDOXH�IURP�D�OLVW�
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Basic operation
Using calculated values as input

:LWK�DQ�LQSXW�IRUP�GLVSOD\HG��\RX�FDQ�SHUIRUP�D�FDOFXODWLRQ�DQG�SODFH�WKH�
UHVXOW�RI�WKH�FDOFXODWLRQ�GLUHFWO\�LQWR�D�ILHOG�

�� 0RYH�WKH�FXUVRU�WR�WKH�ILHOG�ZKRVH�YDOXH�\RX�ZLVK�WR�FDOFXODWH�

�� 3UHVV�&$/&�

7KH�&$/&�FRPPDQG�LV�RQ�WKH�VHFRQG�SDJH�RI�WKH�IXQFWLRQ�NH\�PHQX�

�� 3HUIRUP�WKH�GHVLUHG�FDOFXODWLRQ�

�� ,I�LW�LV�QRW�DOUHDG\�D�UHDO�QXPEHU��FRQYHUW�WKH�UHVXOW�WR�D�UHDO�QXPEHU�E\�
SUHVVLQJ�>��

�� 3UHVV�2.�WR�UHWXUQ�WR�WKH�LQSXW�IRUP��7KH�UHVXOW�WR�WKH�FDOFXODWLRQ�ZLOO�
EH�LQ�WKH�ILHOG�\RX�KLJKOLJKWHG�DW�VWHS���

Closing an input form

$Q�LQSXW�IRUP�PLJKW�EH�XVHG�WR�PDNH�JOREDO�FKDQJHV¦IRU�H[DPSOH��
FKDQJLQJ�WKH�GDWH�RU�WLPH¦RU�WR�VHW�XS�WKH�SDUDPHWHUV�IRU�VRPH�RWKHU�
RSHUDWLRQ��VXFK�DV�VHWWLQJ�WKH�FRRUGLQDWHV�IRU�SORWWLQJ�D�SDUWLFXODU�
HTXDWLRQ��

,I�\RXU�LQSXW�IRUP�ZLOO�FKDQJH�JOREDO�VHWWLQJV��SUHVV 2.��7KLV�VDYHV�\RXU�
VHWWLQJV�DQG�FORVHV�WKH�IRUP�

,I�\RXU�LQSXW�IRUP�LV�GHVLJQHG�WR�UHFRUG�WKH�SDUDPHWHUV�IRU�VRPH�IXUWKHU�
RSHUDWLRQ��D�PHQX�NH\�LV�GLVSOD\HG�UHSUHVHQWLQJ�WKDW�IXUWKHU�RSHUDWLRQ��
�)RU�H[DPSOH��WKH�LQSXW�IRUPV�IRU�SORWWLQJ�D�JUDSK�ZLOO�GLVSOD\�D�PHQX�
LWHP�ODEHOOHG�'5$:��3UHVVLQJ�WKH�FRUUHVSRQGLQJ�IXQFWLRQ�NH\�FDXVHV�WKH�
HTXDWLRQV�VSHFLILHG�WR�EH�GUDZQ�DFFRUGLQJ�WR�WKH�SDUDPHWHUV�VSHFLILHG�RQ�
WKH�LQSXW�IRUPV���6HH�FKDSWHU����§3ORWWLQJ�JUDSKV¨�IRU�PRUH�LQIRUPDWLRQ�RQ�
SORWWLQJ��

7R�FORVH�DQ�LQSXW�IRUP�DQG�GLVFDUG�WKH�YDOXHV�\RX�KDYH�HQWHUHG��SUHVV�
G��
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Modes
$�PRGH�LV�D�ZD\�LQ�ZKLFK�WKH�+3���*�EHKDYHV��7KHUH�DUH�QXPHURXV�
PRGHV��)RU�H[DPSOH��RQH�PRGH�LV�WKH�ZD\�WKDW�QXPEHUV�DUH�GLVSOD\HG�
�ZLWK�D�IL[HG�QXPEHU�RI�GHFLPDO�SODFHV��LQ�VFLHQWLILF�QRWDWLRQ��DQG�VR�RQ���
$QRWKHU�PRGH�FRQWUROV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�PHDVXUHPHQWV�DUH�
LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�JUDGLDQV�

Changing a mode

(DFK�PRGH�KDV�D�GHIDXOW�VHWWLQJ��7R�FKDQJH�D�VHWWLQJ�

�� 3UHVV�h�

7KH�&DOFXODWRU�0RGHV�LQSXW�IRUP�LV�
GLVSOD\HG��7KLV�LQSXW�IRUP�HQDEOHV�\RX�WR�
FKDQJH�WKH�VHWWLQJV�RI�WKRVH�PRGHV�WKDW�
DUH�PRVW�OLNHO\�WR�QHHG�FKDQJLQJ��,W�DOVR�
JLYHV�\RX�DFFHVV�WR�LQSXW�IRUPV�IRU�
FKDQJLQJ�GLVSOD\�PRGHV�DQG�&$6�PRGHV�

7KH�PRGHV�WKDW�FDQ�EH�FKDQJHG�DUH�GLVFXVVHG�LQ�WKH�QH[W�WKUHH�
VHFWLRQV�

�� &KDQJH�WKH�VHWWLQJ�RI�D�PRGH�

6HH�§,QSXW�IRUPV¨�RQ�SDJH �����IRU�LQIRUPDWLRQ�RQ�FKDQJLQJ�WKH�YDOXHV�
LQ�ILHOGV�RQ�LQSXW�IRUPV�

�� 3UHVV�2.�

Calculator Modes

7KH�FDOFXODWRU�PRGHV�DUH�

� 2SHUDWLQJ�PRGH��FRQWUROV�KRZ�WKH�+3 ��*�LQWHUSUHWV�DQG�GLVSOD\V�
FDOFXODWLRQV���6HH�§$OJHEUDLF�DQG�531�PRGHV¨�RQ�SDJH ������

� 1XPEHU�IRUPDW��FRQWUROV�KRZ�QXPEHUV�DUH�GLVSOD\HG�DQG�WKH�QXPEHU�
RI�GHFLPDO�SODFHV�GLVSOD\HG���6HH�§1XPEHU�GLVSOD\V¨�RQ�SDJH �����

� $QJOH�PHDVXUH��FRQWUROV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�PHDVXUHPHQWV�
DUH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�JUDGLDQV�

� &RRUGLQDWH�V\VWHP��FRQWUROV�KRZ�FRPSOH[�QXPEHUV�DQG�YHFWRUV�DUH�
GLVSOD\HG���6HH�FKDSWHU���IRU�PRUH�LQIRUPDWLRQ��

� %HHS��D�FKHFN�ILHOG�WKDW�HQDEOHV�\RX�WR�WXUQ�RQ�RU�WXUQ�RII�WKH�V\VWHP�
EHHS�
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Basic operation
� .H\�FOLFN��D�FKHFN�ILHOG�WKDW�HQDEOHV�\RX�WR�WXUQ�RQ�RU�WXUQ�RII�WKH�
EHHS�WKDW�VRXQGV�ZKHQ�\RX�SUHVV�D�NH\�

� )UDFWLRQ�PDUN��ODEHOOHG�§)0¨���D�FKHFN�ILHOG�WKDW�HQDEOHV�\RX�WR�
FKDQJH�WKH�SXQFWXDWLRQ�XVHG�WR�VHSDUDWH�WKH�LQWHJHU�IURP�WKH�
IUDFWLRQDO�FRPSRQHQW�RI�D�UHDO�QXPEHU��7KH�GHIDXOW�LV�D�SHULRG��7R�XVH�
D�FRPPD��SODFH�D�FKHFN�PDUN�LQ�WKLV�ILHOG�

� /DVW�VWDFN��D�FKHFN�ILHOG�WKDW�HQDEOHV�\RX�WR�VDYH�PHPRU\�E\�GLVDEOLQJ�
WKH�XQGR�IXQFWLRQ��1RWH�WKDW�WKH�$16�FRPPDQG�UHTXLUHV�WKH�/DVW�VWDFN�
ILHOG�WR�EH�FKHFNHG�

Display modes

'LVSOD\�PRGHV�GHWHUPLQH�WKH�VL]H�RI�WKH�IRQW�LQ�KLVWRU\��RQ�WKH�FRPPDQG�
OLQH��DQG�LQ�(TXDWLRQ�:ULWHU��7KH\�DOVR�GHWHUPLQH�WKH�IRQW�XVHG��WKH�
QXPEHU�RI�VWDWXV�OLQHV�GLVSOD\HG�������RU�����DQG�ZKHWKHU�DQG�KRZ�WKH�
FORFN�LV�GLVSOD\HG�

7R�FKDQJH�D�GLVSOD\�PRGH�

�� 3UHVV�h�

7KH�&DOFXODWRU�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG��

�� 3UHVV�',63�

7KH�'LVSOD\�0RGHV�LQSXW�IRUP�LV�
GLVSOD\HG�

�� &KDQJH�WKH�VHWWLQJ�

�� 3UHVV�2.�

7KH�GLVSOD\�PRGHV�DUH�

� )RQW��HQDEOHV�\RX�WR�FKRRVH�D�SDUWLFXODU�IRQW�DV�WKH�VWDQGDUG�V\VWHP�
IRQW��

� (GLW�6PDOO��HQDEOHV�\RX�WR�FKRRVH�WKH�PLQLIRQW�IRU�FRPPDQG�OLQH�
HQWULHV���7KH�PLQLIRQW�LV�D�VPDOO���SL[HO�E\���SL[HO�IRQW��

� )XOO�3DJH��HQDEOHV�WKH�FXUVRU�WR�EH�SODFHG�DQ\ZKHUH�RQ�WKH�VFUHHQ�
GXULQJ�HGLWLQJ�UDWKHU�WKDQ�EHLQJ�UHVWULFWHG�WR�WKH�WH[W�EHLQJ�HGLWHG�

� ,QGHQW��VZLWFKHV�RQ�DXWRPDWLF�OLQH�LQGHQWLQJ�LQ�PXOWL�OLQH�FRPPDQG�
OLQH�HQWULHV�

� 6WDFN��6PDOO��HQDEOHV�\RX�WR�FKRRVH�WKH�PLQLIRQW�IRU�WKH�KLVWRU\�DQG�
VWDFN�GLVSOD\�
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� 7H[WERRN��HQDEOHV�\RX�WR�GLVSOD\�H[SUHVVLRQV�DQG�HTXDWLRQV�LQ�VLQJOH�
OLQH�IRUPDW��ZLWK����A��HWF��LQVWHDG�RI�WUDGLWLRQDO�WH[WERRN�IRUPDW��ZLWK�
VWDFNHG�IUDFWLRQV��UDLVHG�H[SRQHQWV��HWF��

� (4:�6PDOO��HQDEOHV�\RX�WR�FKRRVH�WKH�PLQLIRQW�IRU�HQWULHV�LQ�
(TXDWLRQ�:ULWHU�

� (4:�6PDOO�6WDFN�'LVS��HQDEOHV�\RX�WR�GLVSOD\�HTXDWLRQV�DQG�
H[SUHVVLRQV�LQ�WKH�PLQLIRQW�ZKLOH�RWKHU�REMHFWV�DUH�GLVSOD\HG�LQ�WKH�
V\VWHP�IRQW��7KLV�KDV�HIIHFW�RQO\�LI�\RX�DUH�LQ�WH[WERRN�PRGH�

� +HDGHU��GHWHUPLQHV�WKH�QXPEHU�RI�OLQHV�RI�LQIRUPDWLRQ�GLVSOD\HG�LQ�
WKH�KHDGHU¦WKDW�LV��LQ�WKH�VWDWXV�DUHD¦RI�WKH�VFUHHQ��9DOLG�YDOXHV�DUH�
������DQG���

� &ORFN��HQDEOHV�\RX�FRQWURO�ZKHWKHU�WKH�GDWH�DQG�WLPH�DUH�GLVSOD\HG�

� $QDORJ��HQDEOHV�\RX�FKRRVH�EHWZHHQ�D�GLJLWDO�DQG�DQDORJ�IRUPDW�IRU�
WKH�FORFN�GLVSOD\�

CAS modes

&HUWDLQ�PRGHV�UHODWH�WR�WKH�+3���*ªV�FRPSXWHU�DOJHEUD�V\VWHP��&$6���
6RPH�H[DPSOHV�DUH�WKH�GHIDXOW�LQGHSHQGHQW�YDULDEOH��PRGXOR�YDULDEOH��
DQG�FRPSOH[�QXPEHU�GLVSOD\��&$6�PRGHV�DUH�GLVFXVVHG�LQ�GHWDLO�LQ�
FKDSWHU���

7R�FKDQJH�D�&$6�PRGH�

�� 3UHVV�h�

7KH�&DOFXODWRU�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG��

�� 3UHVV�&$6�

7KH�&$6�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG�

�� &KDQJH�WKH�VHWWLQJ�

�� 3UHVV�2.�

Flags

7KH�PRGHV�WKDW�\RX�DUH�PRUH�OLNHO\�WR�ZDQW�WR�FKDQJH�FDQ�EH�FKDQJHG�
HDVLO\�XVLQJ�WKH�LQSXW�IRUPV�GHVFULEHG�LQ�WKH�ODVW�WKUHH�VHFWLRQV��7KHUH�DUH��
KRZHYHU��PDQ\�PRUH�PRGHV�WKDW�\RX�FDQ�FKDQJH�

7KHVH�DGGLWLRQDO�PRGHV�FDQ�EH�FKDQJHG�E\�VHWWLQJ�RU�FOHDULQJ�FHUWDLQ�
IODJV��)RU�H[DPSOH��E\�VHWWLQJ�IODJ�¥����\RX�FDQ�ORFN�WKH�DOSKD�NH\ERDUG�E\�
SUHVVLQJ�`�RQFH��UDWKHU�WKDQ�WZLFH��&OHDULQJ�IODJ�¥���UHWXUQV�WKH�PRGH�
WR�LWV�GHIDXOW�VHWWLQJ��ZKHUH�`�PXVW�EH�SUHVVHG�WZLFH�WR�ORFN�WKH�DOSKD�
NH\ERDUG��
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Basic operation
<RX�FDQ�GLVSOD\�D�OLVW�RI�IODJV�E\�SUHVVLQJ�)/$*6�ZKHQ�WKH�&DOFXODWRU�
0RGHV�LQSXW�IRUP�LV�GLVSOD\HG��:LWK�WKH�OLVW�GLVSOD\HG��\RX�FDQ�VHW�RU�FOHDU�
SDUWLFXODU�IODJV�

7R�VHW�RU�FOHDU�D�IODJ�

�� 3UHVV�]�RU�[�XQWLO�WKH�IODJ�\RX�ZDQW�WR�
FKDQJH�LV�KLJKOLJKWHG�

�� 3UHVV�&+.�

�,I�WKH�IODJ�ZDV�VHW�EHIRUH��LW�LV�FOHDUHG��LI�
LW�ZDV�FOHDUHG�EHIRUH��LW�LV�QRZ�VHW���7KH�IODJ�LV�VHW�LI�LW�KDV�D�FKHFN�
PDUN�EHVLGH�LW��

Algebraic and RPN modes

7KH�+3 ��*�SURYLGHV�WZR�PRGHV�IRU�LQWHUSUHWLQJ�DQG�GLVSOD\LQJ�
FDOFXODWLRQV��DOJHEUDLF�DQG�531�

Algebraic mode

$OJHEUDLF�PRGH�LV�WKH�GHIDXOW�PRGH��,Q�WKLV�PRGH��\RX�SHUIRUP�
FDOFXODWLRQV�E\�HQWHULQJ�WKH�DUJXPHQWV�DIWHU�WKH�FRPPDQG��ZKLFK��LQ�
PRVW�FDVHV��PHDQV�HQWHULQJ�QXPEHUV��IXQFWLRQV��DQG�RSHUDWRUV�LQ�WKH�
VDPH�RUGHU�WKDW�\RX�ZRXOG�ZULWH�GRZQ�WKH�H[SUHVVLRQ�RQ�SDSHU���)RU�
H[DPSOH��WR�ILQG�VLQ�����LQ�DOJHEUDLF�PRGH��\RX�HQWHU�WKH�FRPPDQG¦
s¦DQG�WKHQ�WKH�DUJXPHQW�����

<RX�HQWHU�WKH�FRPPDQG�DQG�LWV�DUJXPHQWV�RQ�WKH�FRPPDQG�OLQH�DQG�

� SUHVV�\ WR�REWDLQ�WKH�UHVXOW�LQ�H[DFW�PRGH��RU

� SUHVV�>� WR�REWDLQ�WKH�UHVXOW�LQ�DSSUR[LPDWH�PRGH�

([DFW�PRGH�DQG�DSSUR[LPDWH�PRGHV�DUH�H[SODLQHG�RQ�SDJH �����

,I�D�FDOFXODWLRQ�\LHOGV�D�QXPEHU�RI�UHVXOWV��WKH�UHVXOWV�DUH�GLVSOD\HG�
WRJHWKHU�LQ�D�OLVW��^UHVXOW���UHVXOW���UHVXOW����`�

,Q�DOJHEUDLF�PRGH��SUHYLRXV�FDOFXODWLRQV�DUH�
UHWDLQHG�LQ�KLVWRU\�WRJHWKHU�ZLWK�WKHLU�
UHVXOWV��(DFK�FDOFXODWLRQ�LV�GLVSOD\HG�DW�WKH�
OHIW�RI�WKH�VFUHHQ��DQG�WKH�FRUUHVSRQGLQJ�
UHVXOW�LV�GLVSOD\HG�RQ�WKH�QH[W�OLQH�DW�WKH�
ULJKW�RI�WKH�VFUHHQ��DV�LQ�WKH�H[DPSOH�RQ�WKH�
ULJKW��
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<RX�FDQ�XVH�WKH�UHVXOW�RI�D�SUHYLRXV�FDOFXODWLRQ�LQ�D�QHZ�FDOFXODWLRQ�E\�
HQWHULQJ�$16�Q��ZKHUH�Q�LV�WKH�QXPEHU�RI�WKH�DQVZHU����IRU�WKH�ODVW�
DQVZHU����IRU�WKH�VHFRQG�ODVW��DQG�VR�RQ��:KHQ�\RX�SUHVV�\��WKH�
FRUUHVSRQGLQJ�DQVZHU�LV�FRSLHG�WR�WKH�FXUVRU�ORFDWLRQ�RQ�WKH�FRPPDQG�
OLQH�

531�PRGH

§531¨�VWDQGV�IRU�UHYHUVH�3ROLVK�QRWDWLRQ��,Q�531�PRGH��\RX�W\SLFDOO\�
HQWHU�DQ�DUJXPHQW�EHIRUH�WKH�FRPPDQG��)RU�H[DPSOH��WR�ILQG�VLQ�����LQ�
531�PRGH��\RX�HQWHU�WKH�DUJXPHQW�¦��¦DQG�WKHQ�VSHFLI\�WKH�FRPPDQG��
s�

,Q�531�PRGH��WKH�UHVXOWV�RI�SUHYLRXV�FDOFXODWLRQV�DUH�OLVWHG�DV�WKH\�DUH�LQ�
DOJHEUDLF�PRGH��+RZHYHU��RQO\�WKH�UHVXOWV¦QRW�WKH�FDOFXODWLRQV¦DUH�
OLVWHG�

7KLV�OLVW�RI�SULRU�UHVXOWV¦DQG�RWKHU�
REMHFWV¦LV�NQRZQ�DV�WKH�VWDFN��DQG�HDFK�
LWHP�RQ�WKH�VWDFN�LV�QXPEHUHG��DV�LQ�WKH�
H[DPSOH�DW�WKH�ULJKW���

,I�D�FDOFXODWLRQ�\LHOGV�D�QXPEHU�RI�UHVXOWV��
HDFK�UHVXOW�LV�GLVSOD\HG�DV�D�VHSDUDWH�LWHP�
RQ�WKH�VWDFN���6RPH�UHVXOWV�PD\��KRZHYHU��EH�JLYHQ�DV�D�OLVW�RI�UHVXOWV��

7KH�+3���*�KDV�QXPHURXV�FRPPDQGV�IRU�PDQLSXODWLQJ�WKH�REMHFWV�RQ�WKH�
VWDFN��6HH�DSSHQGL[�(��§:RUNLQJ�LQ�531�PRGH¨�

)RU�LQIRUPDWLRQ�RQ�VZLWFKLQJ�EHWZHHQ�DOJHEUDLF�DQG�531�GLVSOD\�PRGHV��
VHH�§&KDQJLQJ�D�PRGH¨�RQ�SDJH�������

Exact and approximate modes

7KH�UHVXOWV�RI�FDOFXODWLRQV�FDQ�EH�GLVSOD\HG�LQ�H[DFW�PRGH�RU�DSSUR[LPDWH�
PRGH��7KH�GHIDXOW�UHVXOWV�PRGH¦IRU�ERWK�DOJHEUDLF�DQG�531�GLVSOD\�
PRGHV¦LV�H[DFW�

6HH�§&KDQJLQJ�D�PRGH¨�RQ�SDJH������IRU�LQIRUPDWLRQ�RQ�KRZ�WR�FKDQJH�
PRGHV��6HH�FKDSWHU����§:RUNLQJ�ZLWK�H[SUHVVLRQV¨��IRU�LQIRUPDWLRQ�RQ�
KRZ�WKLV�PRGH�DIIHFWV�FRPSXWHU�DOJHEUD�IXQFWLRQV�
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Basic operation
Exact mode

,Q�H[DFW�PRGH��DQ\�UHVXOW�WKDW�LV�QRW�D�ZKROH�QXPEHU�LV�GLVSOD\HG�LQ�
IUDFWLRQDO�RU�V\PEROLF�IRUP��)RU�H[DPSOH����«���ZLOO�\LHOG����EHFDXVH���LV�D�
ZKROH�QXPEHU���ZKLOH���«���ZLOO�\LHOG������VLQFH�����LV�QRW�D�ZKROH�
QXPEHU��

6LPLODUO\��VLQ�π����\LHOGV �UDWKHU�WKDQ����������������

)XUWKHU�H[DPSOHV�DUH�JLYHQ�LQ�§&RPPDQG�OLQH�FDOFXODWLRQV¨�RQ�SDJH �����

Approximate mode

,Q�DSSUR[LPDWH�PRGH��DOO�QXPHULF�UHVXOWV�DUH�GLVSOD\HG�LQ�IORDWLQJ�SRLQW�
IRUP�ZKHUH�SRVVLEOH�

)RU�H[DPSOH��VLQ�π����\LHOGV��������������UDWKHU�WKDQ� �

)XUWKHU�H[DPSOHV�DUH�JLYHQ�LQ�§&RPPDQG�OLQH�FDOFXODWLRQV¨�RQ�WKH�QH[W�
SDJH�

1RWH�WKDW�\RX�FDQ�IRUFH�WKH�FDOFXODWRU�WR�\LHOG�DQ�DSSUR[LPDWH�
DQVZHU�ZKLOH�LQ�H[DFW�PRGH�E\�

� HQWHULQJ�DW�OHDVW�RQH�LQWHJHU�DV�D�UHDO�QXPEHU¦WKDW�LV��E\�
IROORZLQJ�WKH�LQWHJHU�ZLWK�D�GHFLPDO�SRLQW¦VHH�§,QWHJHUV�DQG�
UHDO�QXPEHUV¨�RQ�SDJH������RU

� SUHVVLQJ�> � UDWKHU�WKDQ�\�WR�JHW�WKH�UHVXOW�

2 2⁄

2 2⁄
Basic operation Page 2-23



Ba
si

c 
op

er
at

io
n

Command line calculations
7KLV�VHFWLRQ�SURYLGHV�D�QXPEHU�RI�H[DPSOHV�RI�FRPPRQ�W\SHV�RI�
FDOFXODWLRQV��7KH�NH\VWURNHV�QHHGHG¦LQ�DOJHEUDLF�PRGH¦WR�HQWHU�WKH�
FDOFXODWLRQ�RQ�WKH�FRPPDQG�OLQH��DQG�WKH�UHVXOW�LQ�ERWK�H[DFW�DQG�
DSSUR[LPDWH�PRGH��DUH�OLVWHG���7KH�H[DPSOHV�DVVXPH�WKDW�WKH�FDOFXODWRU�
LV�RSHUDWLQJ�ZLWK�LWV�GHIDXOW�PRGH�VHWWLQJV��

&KDSWHUV���DQG���H[SODLQ�KRZ�WR�XVH�WKH�FRPPDQGV�DQG�IXQFWLRQV�RI�WKH�
FDOFXODWRUªV�FRPSXWHU�DOJHEUD�V\VWHP�WR�VHW�XS�DQG�VROYH�PRUH�FRPSOH[�
FDOFXODWLRQV��6HH�FKDSWHU���IRU�LQIRUPDWLRQ�RQ�KRZ�WR�FRQILJXUH�PRGHV�WR�
JHW�V\PEROLF�UHVXOWV�WR�FDOFXODWLRQV�

([DPSOH���� ���������á����¥���

.H\V� < _���=�� } � < _ � � ��\

([DFW� ��

$SSUR[LPDWH� ���

([DPSOH���� �

.H\V� r����z����\

([DFW�

$SSUR[LPDWH� �������������

([DPSOH���� � �

.H\V� ��q���w \

([DFW� ����

$SSUR[LPDWH� �����

1RWH�WKDW�WKH�w�NH\�FKDQJHV�WKH�VLJQ�RI�WKH�ODVW�QXPEHU�HQWHUHG�

([DPSOH����

.H\V� > ð���> I������\

([DFW� �

$SSUR[LPDWH� ��

45 12⁄

5 4⁄

4 2–

24014
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([DPSOH����  

.H\V� > � � > I � > I Á�q���> I�Á�\

([DFW� �����

$SSUR[LPDWH� ��������������

([DPSOH���

.H\V� r t < � z ��\

([DFW�

$SSUR[LPDWH� �������������

x
2

xd
1

5

∫

π
3−

cos

2 2⁄
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Time Management
%\�GHIDXOW��WKH�+3 ��*�GRHV�QRW�VKRZ�WKH�GDWH�DQG�WLPH��<RX�FDQ�WXUQ�WKLV�
IXQFWLRQ�RQ�E\�VHOHFWLQJ�&/2&.�RQ�WKH�'LVSOD\�0RGHV�LQSXW�IRUP��DV�
H[SODLQHG�RQ�SDJH �������:KHQ�WKH�FORFN�IXQFWLRQ�LV�RQ��WKH�GDWH�DQG�WLPH�
DSSHDU�RQ�WKH�VHFRQG�OLQH�RI�WKH�VWDWXV�DUHD��

(YHQ�LI�\RX�KDYH�FKRVHQ�QRW�WR�GLVSOD\�WKH�FORFN��\RX�FDQ�XVH�WKH�
DSSRLQWPHQWV�IHDWXUH�RI�WKH�+3 ��*�WR�VHW�UHPLQGHUV�RU�WR�VHW�SURJUDPV�WR�
UXQ�DW�D�VSHFLILHG�WLPH�

Setting the date and time

7R�VHW�WKH�GDWH�RU�WLPH�

�� 3UHVV�> ç�

�� 3UHVV�]]�WR�KLJKOLJKW�WKH�6(7�7,0(��
'$7(����IXQFWLRQ�DQG�WKHQ�SUHVV�2.�

7KH�6HW�7LPH�DQG�'DWH�LQSXW�IRUP�LV�
GLVSOD\HG�

�� 3UHVV�WKH�DSSURSULDWH�DUURZ�NH\V�WR�KLJK�
OLJKW�D�YDOXH�\RX�ZDQW�WR�VHW�RU�FKDQJH�

�� &KDQJH�WKH�YDOXH���(DFK�WLPH�DQG�GDWH�ILHOG�RQ�WKLV�LQSXW�IRUP�LV�ERWK�D�
GDWD�ILHOG�DQG�D�OLVW�ILHOG��6HH�§,QSXW�IRUP�ILHOGV¨�RQ�SDJH �����IRU�LQIRU�
PDWLRQ�RQ�KRZ�WR�HGLW�WKH�ILHOGV�RQ�DQ�LQSXW�IRUP��

�� 5HSHDW�IURP�VWHS���LI�WKHUH�DUH�RWKHU�YDOXHV�\RX�ZDQW�WR�FKDQJH�

�� :KHQ�DOO�WKH�YDOXHV�DUH�FRUUHFW��SUHVV�2.��

7KH�LQSXW�IRUP�FORVHV�DQG�WKH�QHZ�GDWH�DQG�WLPH�LV�GLVSOD\HG�RQ�WKH�VWDWXV�
OLQH��SURYLGLQJ�WKDW�\RX�KDYH�FKRVHQ�WR�GLVSOD\�WKH�FORFN�DQG�WKH�VWDWXV�
DUHD��
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Basic operation
Changing the format of the date or time

7R�FKDQJH�WKH�IRUPDW�RI�WKH�GDWH�RU�WLPH�

�� 3UHVV�> ç�

�� 3UHVV�]]�WR�KLJKOLJKW�WKH�6(7�7,0(��'$7(����IXQFWLRQ�DQG�WKHQ�SUHVV�
2.�

7KH�6(7�7,0(�$1'�'$7(�LQSXW�IRUP�LV�GLVSOD\HG�

�� 3UHVV�WKH�DSSURSULDWH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�IRUPDW�ILHOG�\RX�ZDQW�
WR�FKDQJH�

7KH�IRUPDW�ILHOGV�DUH�WKH�WZR�ILHOGV�DW�WKH�IDU�ULJKW�RI�WKH�VFUHHQ�

�� &KDQJH�WKH�IRUPDW���7KH�IRUPDW�ILHOGV�DUH�OLVW�ILHOGV��6HH�§,QSXW�IRUP�
ILHOGV¨�RQ�SDJH �����IRU�LQIRUPDWLRQ�RQ�KRZ�WR�HGLW�OLVW�ILHOGV�RQ�DQ�
LQSXW�IRUP��

�� ,I�\RX�ZDQW�WR�FKDQJH�DQRWKHU�IRUPDW��UHSHDW�IURP�VWHS���

�� :KHQ�\RX�KDYH�ILQLVKHG��SUHVV�2.��

�� 7KH�LQSXW�IRUP�FORVHV�DQG�WKH�GDWH�DQG�WLPH�LV�GLVSOD\HG�LQ�WKH�IRUPDWV�
\RX�VHW�

Alarms

<RX�FDQ�VHW�WZR�W\SHV�RI�DODUPV��DSSRLQWPHQW�DODUPV�DQG�FRQWURO�DODUPV�

Appointment alarms

$Q�DSSRLQWPHQW�DODUP�LV�DQ�DODUP�\RX�VHW�WR�JR�RII�DW�D�SDUWLFXODU�WLPH�RQ�
D�SDUWLFXODU�GDWH��7\SLFDOO\��DQ�DSSRLQWPHQW�DODUP�LV�DFFRPSDQLHG�E\�D�
XVHU�VHW�PHVVDJH��IRU�H[DPSOH��D�UHPLQGHU�

:KHQ�WKH�DODUP�IDOOV�GXH��D�EHHS�LV�HPLWWHG�DW�VKRUW�LQWHUYDOV�IRU�DERXW����
VHFRQGV��,I�\RX�DOVR�VSHFLILHG�D�PHVVDJH�ZKHQ�VHWWLQJ�WKH�DODUP��WKDW�
PHVVDJH�LV�GLVSOD\HG�LQ�WKH�VWDWXV�DUHD��DORQJ�ZLWK�WKH�DODUP�DQQXQFLDWRU�
� ���7KH�PHVVDJH�LV�GLVSOD\HG�RQO\�ZKLOH�WKH�DODUP�LV�VRXQGLQJ�

<RX�DFNQRZOHGJH�DQ�DSSRLQWPHQW�DODUP�E\�SUHVVLQJ�D�NH\�ZKLOH�WKH�DODUP�
LV�VRXQGLQJ��7KH�EHHS�VWRSV��WKH�DQQXQFLDWRU�GLVDSSHDUV��DQG�WKH�PHVVDJH�
LV�GHOHWHG��

,I�\RX�GR�QRW�SUHVV�D�NH\�ZKLOH�WKH�DODUP�LV�VRXQGLQJ��WKH�PHVVDJH�
GLVDSSHDUV��EXW�LW�LV�QRW�GHOHWHG���6HH�§&KHFNLQJ��FKDQJLQJ��DQG�GHOHWLQJ�
DODUPV¨�RQ�SDJH �����IRU�LQIRUPDWLRQ�RQ�IROORZLQJ�XS�DODUPV�WKDW�\RX�KDYH�
PLVVHG���,I�WKH�DODUP�LV�D�QRQ�UHSHDWLQJ�DODUP��H[SODLQHG�LQ�WKH�QH[W�
Basic operation Page 2-27



Ba
si

c 
op

er
at

io
n

VHFWLRQ��WKH�DQQXQFLDWRU�UHPDLQV�GLVSOD\HG�WR�LQGLFDWH�WKDW�\RX�KDYH�DQ�
DSSRLQWPHQW�\RX�KDYH�QRW�DFNQRZOHGJHG�

,I�WKH�FDOFXODWRU�LV�VZLWFKHG�RII��LW�DXWRPDWLFDOO\�VZLWFKHV�RQ�ZKHQ�WKH�
DODUP�LV�GXH�WR�JR�RII��7KH�DODUP�VRXQGV��DQG�WKH�DVVRFLDWHG�PHVVDJH�LV�
GLVSOD\HG�

$Q\�QXPEHU�RI�DSSRLQWPHQW�DODUPV�FDQ�EH�VHW�

Setting an appointment alarm

�� 3UHVV�> ç�

�� 3UHVV�]�WR�KLJKOLJKW�WKH�6(7�$/$50����
IXQFWLRQ�DQG�WKHQ�SUHVV 2.�

7KH�6(7�$/$50�LQSXW�IRUP�LV�GLVSOD\HG�

�� ,I�\RX�ZDQW�WR�VHW�D�PHVVDJH�WKDW�ZLOO�EH�
GLVSOD\HG�ZKHQ�WKH�DODUP�JRHV�RII�

D� 3UHVV�>�K�

,I�\RX�XVH�DQ\�RWKHU�GHOLPLWHU��WKH�+3 ��*�ZLOO�FRQVLGHU�WKH�DODUP�WR�
EH�D�FRQWURO�DODUP��VHH�SDJH�SDJH ������

E� (QWHU�WKH�PHVVDJH���6HH�§(QWHULQJ�FKDUDFWHUV¨�RQ�SDJH �����IRU�
LQIRUPDWLRQ�RQ�KRZ�WR�HQWHU�WH[W��

F� 3UHVV�2.�

2QO\�DV�PXFK�RI�\RXU�PHVVDJH�DV�ZLOO�ILW�RQ�RQH�OLQH�RI�WKH�VFUHHQ�ZLOO�
EH�GLVSOD\HG��VR�\RX�VKRXOG�NHHS�\RXU�PHVVDJH�EULHI�

�� ,I�\RX�KDYH�HQWHUHG�D�PHVVDJH��WKH�+RXU�ILHOG�LV�QRZ�KLJKOLJKWHG��,I�\RX�
GLG�QRW�HQWHU�D�PHVVDJH��SUHVV�]�XQWLO�WKH�+RXU�ILHOG�LV�KLJKOLJKWHG�

�� &KDQJH�WKH�WLPH��WLPH�IRUPDW�DQG�GDWH�WR�WKH�WLPH�DQG�GDWH�WKDW�\RX�
ZDQW�WKH�DODUP�WR�VRXQG���6HH�§,QSXW�IRUP�ILHOGV¨�RQ�SDJH �����IRU�
LQIRUPDWLRQ�RQ�KRZ�WR�VHW�WKH�ILHOGV�RQ�DQ�LQSXW�IRUP��

�� ,I�\RX�ZDQW�WKH�DODUP�WR�UHSHDW�DW�UHJXODU�LQWHUYDOV�

D� +LJKOLJKW�WKH�5HSHDW�ILHOG�

E� 7\SH�D�YDOXH�IRU�WKH�UHSHDW�LQWHUYDO�

F� 3UHVV�2.��7KH�XQODEHOHG�$ODUP�5HSHDW�8QLW�ILHOG�LV�QRZ�KLJKOLJKWHG�

G� 7KH�$ODUP�5HSHDW�8QLW�ILHOG�LV�D�OLVW�ILHOG��,I�WKH�GHIDXOW�DODUP�UHSHDW�
XQLW�LV�QRW�ZKDW�\RX�ZDQW��VHOHFW�D�QHZ�XQLW��VHFRQGV��PLQXWHV��
KRXUV��GD\V��RU�ZHHNV���6HH�§,QSXW�IRUP�ILHOGV¨�RQ�SDJH �����IRU�
LQIRUPDWLRQ�RQ�KRZ�WR�VHOHFW�YDOXHV�IRU�D�OLVW�ILHOG�RQ�DQ�LQSXW�
IRUP��

�� 3UHVV�2.�WR�VHW�WKH�DSSRLQWPHQW�DODUP�
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Checking, changing, and deleting alarms

7R�ORRN�DW�WKH�IXWXUH�GDWHG�DSSRLQWPHQW�DODUPV�\RX�KDYH�VHW��DQG�WKH�SDVW�
GXH�QRQ�UHSHDWLQJ�DODUPV�WKDW�\RX�GLG�QRW�DFNQRZOHGJH�

�� 3UHVV�> ç�

7KH�%52:6(�$/$506����RSWLRQ�LV�KLJKOLJKWHG�

�� �3UHVV�2.�

$�OLVW�RI�SDVW�GXH�QRQ�UHSHDWLQJ�DODUPV�DQG�IXWXUH�GDWHG�DODUPV�LV�
GLVSOD\HG��7KH�OLVW�VKRZV�WKH�GDWH�DQG�WLPH�WKH�DODUP�ZDV�VHW�WR�JR�RII��
ZKHWKHU�LW�LV�D�UHSHDWLQJ�DODUP��DQG�WKH�ILUVW�IHZ�FKDUDFWHUV�RI�WKH�
PHVVDJH�

�� 7R�UHDG�RU�FKDQJH�D�OLVWHG�DODUP��SUHVV ]�WR�KLJKOLJKW�WKH�DODUP�DQG�
WKHQ�SUHVV�(',7��7KH�6(7�$/$50�LQSXW�IRUP�LV�GLVSOD\HG��<RX�FDQ�UHDG�
WKH�HQWLUH�PHVVDJH�DQG�FKDQJH�WKH�GHWDLOV�RI�WKH�DODUP��6HH�§6HWWLQJ�DQ�
DSSRLQWPHQW�DODUP¨�RQ�SDJH �����IRU�LQIRUPDWLRQ�RQ�FKDQJLQJ�WKH�GDWD�
RQ�WKH�6(7�$/$50�LQSXW�IRUP�

7R�UHWXUQ�WR�WKH�OLVW�RI�DODUPV��SUHVV &$1&(/�RU�2.�

�� 7R�GHOHWH�DQ�DODUP��SUHVV ]�WR�KLJKOLJKW�WKH�DODUP�DQG�WKHQ�SUHVV�
385*(��

,I�\RX�GR�QRW�GHOHWH�D�SDVW�GXH�DODUP¦WKDW�LV��D�QRQ�UHSHDWLQJ�DODUP�
WKDW�\RX�GLG�QRW�DFNQRZOHGJH�E\�SUHVVLQJ�D�NH\�ZKLOH�WKH�EHHS�ZDV�
VRXQGLQJ¦WKH�DODUP�DQQXQFLDWRU�ZLOO�FRQWLQXH�WR�EH�GLVSOD\HG�LQ�WKH�
VWDWXV�DUHD�

�� 7R�VHW�D�QHZ�DODUP��SUHVV�1(:�DQG�IROORZ�WKH�LQVWUXFWLRQV�LQ�§6HWWLQJ�
DQ�DSSRLQWPHQW�DODUP¨�RQ�SDJH�������VWDUWLQJ�IURP�VWHS���

�� 7R�UHWXUQ�WR�\RXU�GHIDXOW�GLVSOD\�IURP�WKH�OLVW�RI�DODUPV��SUHVV�2.�

Control alarms

$�FRQWURO�DODUP�UXQV�D�SURJUDP�RU�RWKHU�REMHFW�DW�WKH�WLPH�DQG�GDWH�\RX�
VSHFLI\��<RX�PLJKW�VHW�D�FRQWURO�DODUP�WR�UXQ�D�SURJUDP�DW�D�WLPH�ZKHQ�\RX�
ZRQªW�QHHG�WKH�FDOFXODWRU�LI�\RX�NQRZ�WKDW�WKH�SURJUDP�ZLOO�WDNH�VRPH�
WLPH�WR�ILQLVK�

<RX�GR�QRW�QHHG�WR�DFNQRZOHGJH�D�FRQWURO�DODUP��,Q�IDFW��ZKHQ�D�FRQWURO�
DODUP�LV�VHW�RII��WKHUH�LV�QR�EHHS�DQG�QR�DQQXQFLDWRU�

<RX�FDQ�YLHZ��FKDQJH��DQG�GHOHWH�D�FRQWURO�DODUP�LQ�WKH�VDPH�ZD\�WKDW�\RX�
YLHZ��FKDQJH��DQG�GHOHWH�DQ�DSSRLQWPHQW�DODUP��6HH�§&KHFNLQJ��FKDQJLQJ��
DQG�GHOHWLQJ�DODUPV¨�RQ�SDJH �����
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Setting a control alarm

�� 3UHVV�> ç�

�� 3UHVV�]�WR�KLJKOLJKW�WKH�6(7�$/$50����RSWLRQ�DQG�WKHQ�SUHVV 2.�

7KH�6(7�$/$50�LQSXW�IRUP�LV�GLVSOD\HG�

�� ,Q�WKH�0HVVDJH�ILHOG��HQWHU�WKH�QDPH�RI�WKH�SURJUDP�RU�REMHFW�WKDW�\RX�
ZDQW�WR�UXQ�ZKHQ�WKH�DODUP�EHFRPHV�GXH�

�� 6HW�WKH�WLPH�DQG�GDWH�WR�WKH�WLPH�DQG�GDWH�WKDW�\RX�ZDQW�WKH�REMHFW�WR�
UXQ��

�� ,I�\RX�ZDQW�WKH�REMHFW�WR�UXQ�UHSHDWHGO\�DW�VHW�LQWHUYDOV��HQWHU�D�YDOXH�LQ�
WKH�5HSHDW�ILHOG�DQG�VHOHFW�D�XQLW�IRU�WKH�$ODUP�5HSHDW�8QLW�ILHOG��

�� 3UHVV�2.�WR�VHW�WKH�FRQWURO�DODUP�
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Chapter 3

Creating and editing expressions

Contents

&UHDWLQJ�D�QHZ�H[SUHVVLRQ�����������������������������������������������������

(GLWLQJ�DQ�H[SUHVVLRQ �������������������������������������������������������������

8VLQJ�(TXDWLRQ�:ULWHU ������������������������������������������������������������

,PSOLHG�PXOWLSOLFDWLRQ��������������������������������������������������������

(QWHULQJ�H�DQG�L�������������������������������������������������������������������

2SHUDWLQJ�PRGHV ���������������������������������������������������������������������

:RUNLQJ�ZLWK�PRGHV�����������������������������������������������������������

+RZ�(TXDWLRQ�:ULWHU�VHHV�H[SUHVVLRQV ���������������������������

([DPSOHV����������������������������������������������������������������������������������

([DPSOH�� ����������������������������������������������������������������������������

([DPSOH�� ����������������������������������������������������������������������������

([DPSOH�� ����������������������������������������������������������������������������

(TXDWLRQ�:ULWHU�NH\V ��������������������������������������������������������������

Introduction
7KLV�FKDSWHU�H[SODLQV�KRZ�WR�XVH�(TXDWLRQ�:ULWHU�WR�FUHDWH�DQG�HGLW�
H[SUHVVLRQV��([SUHVVLRQV�WKDW�\RX�FUHDWH�DUH�GLVSOD\HG�DV�WKH\�DUH�ZKHQ�
\RX�ZULWH�WKHP�RQ�SDSHU��)URP�WKH�FRPPDQG�OLQH��\RX�FDQ�RSHQ�DQ�
H[SUHVVLRQ�LQ�(TXDWLRQ�:ULWHU��
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Creating a new expression
7KLV�VHFWLRQ�GHVFULEHV�KRZ�WR�XVH�(TXDWLRQ�:ULWHU�WR�FUHDWH�DQ�
H[SUHVVLRQ��DQG�WR�VWRUH�LW�LQ�D�YDULDEOH�

$V�\RX�FUHDWH�DQ�H[SUHVVLRQ��\RX�SUHVV�}�WR�VHOHFW�WKH�SUHYLRXV�
FRPSRQHQWV�WKDW�WKH�QHZ�RSHUDWRU�RU�IXQFWLRQ�ZLOO�UHODWH�WR��(DFK�WLPH�
\RX�SUHVV�}��PRUH�RI�WKH�SUHYLRXV�FRPSRQHQWV�DUH�VHOHFWHG��

&RQVLGHU�WKH�H[SUHVVLRQ�

7KLV�LV�KRZ�\RX�XVH�(TXDWLRQ�:ULWHU�WR�FUHDWH�WKH�H[SUHVVLRQ�DQG�VDYH�LW�LQ�
PHPRU\��

�� (QVXUH�WKDW�WKH�FRPPDQG�OLQH�LV�FOHDU��DQG�SUHVV�o�WR�RSHQ�
(TXDWLRQ�:ULWHU�

�� (QWHU�WKH�ILUVW�FRPSRQHQW��

�O=�

�� 6HOHFW�WKH�FRPSRQHQW�\RX�HQWHUHG��DQG�
WKHQ�SUHVV����(TXDWLRQ�:ULWHU�HQFORVHV�
WKH�VHOHFWHG�H[SUHVVLRQ�LQ�EUDFNHWV�DQG�
LQVHUWV���WR�UHSUHVHQW�WKH�PXOWLSOLFDWLRQ�

}�

�� (QWHU�WKH�ILUVW�WHUP�RI�WKH�VHFRQG�
FRPSRQHQW�

�Oq�

�� 6HOHFW�WKH�WHUP��DQG�SUHVV�����(TXDWLRQ�
:ULWHU�FUHDWHV�WKH�FRPSRQHQW��DQG�
HQFORVHV�LW�LQ�EUDFNHWV�

}}-�

3x 4+( ) 5x
2 2–( )

x 1–3
------------------------------------------
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�� 6HOHFW�WKH�H[SUHVVLRQ�\RX�KDYH�HQWHUHG�VR�
IDU��DQG�SUHVV�z�WR�LQVHUW�WKH�GLYLVLRQ�EDU�
XQGHU�LW��

}}}z

�� (QWHU�WKH�GHQRPLQDWRU�H[SUHVVLRQ�

�>ðO-�

�� 3UHVV�\�WR�SODFH�WKH�H[SUHVVLRQ�RQ�WKH�
FRPPDQG�OLQH�

�� 7R�VWRUH�WKH�H[SUHVVLRQ�LQ�PHPRU\�

D� SUHVV�k

E� SUHVV�``�DQG�WKHQ�HQWHU�D�QDPH�IRU�WKH�HTXDWLRQ

F� SUHVV�\ WR�VWRUH�WKH�H[SUHVVLRQ�

Editing an expression
<RX�FDQ�HGLW�DQ�H[SUHVVLRQ�RQ�WKH�FRPPDQG�OLQH��RU�LQ�(TXDWLRQ�:ULWHU��
6HH�§(GLWLQJ�WKH�FRPPDQG�OLQH¨�RQ�SDJH �����IRU�GHWDLOV�RQ�XVLQJ�WKH�
FRPPDQG�OLQH�HGLWRU�

7R�HGLW�DQ�H[SUHVVLRQ�LQ�(TXDWLRQ�:ULWHU�

�� :LWK�WKH�H[SUHVVLRQ�RQ�WKH�FRPPDQG�OLQH��SUHVV�]��

(TXDWLRQ�:ULWHU�RSHQV�ZLWK�WKH�H[SUHVVLRQ�UHDG\�IRU�HGLWLQJ�

�� (GLW�WKH�H[SUHVVLRQ�

�� 3UHVV�\�WR�SODFH�WKH�H[SUHVVLRQ�RQ�WKH�FRPPDQG�OLQH��

�� 3UHVV�\�DJDLQ�WR�VDYH�\RXU�FKDQJHV�

,I�\RX�ZDQW�WR�LQVHUW�D�FRPSRQHQW�LQWR�DQ�H[SUHVVLRQ��\RX�FDQ�

�� :LWK�WKH�H[SUHVVLRQ�RQ�WKH�FRPPDQG�OLQH��SODFH�WKH�FXUVRU�
ZKHUH�\RX�ZDQW�WKH�FRPSRQHQW�WR�EH�LQVHUWHG�

�� 3UHVV�o�WR�RSHQ�(TXDWLRQ�:ULWHU�ZLWK�D�EODQN�VFUHHQ�

�� &UHDWH�WKH�FRPSRQHQW�

�� 3UHVV�\��7KH�FRPSRQHQW�LV�LQVHUWHG�LQWR�WKH�H[SUHVVLRQ�
RQ�WKH�FRPPDQG�OLQH�

�� 3UHVV�\�DJDLQ�WR�VDYH�WKH�PRGLILHG�H[SUHVVLRQ�
Creating and editing expressions Page 3-3



C
re

at
in

g 
an

d 
ed

iti
ng

 e
xp

re
ss

io
ns
Using Equation Writer
$V�\RX�FUHDWH�RU�HGLW�DQ�H[SUHVVLRQ��NHHS�WKH�IROORZLQJ�SRLQWV�LQ�PLQG�

� <RX�XVH�WKH�RSHUDWRUV�DQG�WKH�IXQFWLRQV�IURP�WKH�NH\ERDUG�WR�VSHFLI\�
WKH�RSHUDWLRQV�WKDW�\RXU�H[SUHVVLRQ�FRQWDLQV��)RU�H[DPSOH��WR�LQFOXGH�
DQ�DULWKPHWLF�DGGLWLRQ��SUHVV�=��7R�LQFOXGH�D�VLQH�IXQFWLRQ��SUHVV�s��

� %\�GHIDXOW��DQ\�RSHUDWLRQ�\RX�VHOHFW�LV�DSSOLHG�WR�WKH�IXQFWLRQ�RU�WHUP�
LPPHGLDWHO\�WR�WKH�OHIW�RI�WKH�FXUVRU��<RX�SUHVV�} WR�H[WHQG�WKH�
VHOHFWLRQ�RQ�WKH�OHIW�WR�ZKLFK�WKH�QH[W�RSHUDWLRQ�ZLOO�DSSO\�

Implied multiplication

<RX�QRUPDOO\�SUHVV���WR�VSHFLI\�PXOWLSOLFDWLRQ��+RZHYHU��IRU�FHUWDLQ�
H[SUHVVLRQV��(TXDWLRQ�:ULWHU�DVVXPHV�WKDW�PXOWLSOLFDWLRQ�LV�LQWHQGHG�DQG�
\RX�GR�QRW�QHHG�WR�VSHFLI\�LW��7KLV�LV�WKH�FDVH�LQ�WKH�IROORZLQJ�VLWXDWLRQV�

� D�QXPEHU�IROORZHG�E\�D�OHWWHU��IRU�H[DPSOH��[

� D�QXPEHU�RU�OHWWHU�IROORZHG�E\�DQ�RSHQLQJ�SDUHQWKHVLV

� D�QXPEHU�RU�OHWWHU�IROORZHG�E\�D�SUHIL[�IXQFWLRQ��WKDW�LV�D�IXQFWLRQ�
ZKHUH�WKH�DUJXPHQWV�DSSHDU�DIWHU�WKH�QDPH��IRU�H[DPSOH�VLQ�[��

� D�ULJKW�SDUHQWKHVLV�IROORZHG�E\�D�OHIW�SDUHQWKHVLV�

Entering e and i

7R�HQWHU�WKH�YDOXH�H��WKH�EDVH�IRU�QDWXUDO�ORJDULWKPV��RU�L��WKH�VTXDUH�URRW�
RI�¥���\RX�FDQ�VLPSO\�XVH�WKH�DOSKD�NH\V�WR�HQWHU�ORZHU�FDVH�H�RU�L��7KDW�LV�

� WR�HQWHU�H��SUHVV�`<H

� WR�HQWHU�L��SUHVV�`<L�

,Q�DOJHEUDLF�H[SUHVVLRQV��WKH�+3 ��*�UHFRJQL]HV�WKHVH�OHWWHUV�DV�WKH�
HTXLYDOHQW�YDOXHV�

<RX�FDQ�DOVR�HQWHU�L�E\�SUHVVLQJ�<M�
Page 3-4 Creating and editing expressions



C
reating and editing expressions
Operating modes
7KHUH�DUH�IRXU�PRGHV�RI�RSHUDWLRQ�ZLWKLQ�(TXDWLRQ�:ULWHU��7KHVH�DUH�

� (QWU\�PRGH

7KLV�LV�WKH�GHIDXOW�PRGH��,I�\RX�DUH�XVLQJ�
DQRWKHU�PRGH��(TXDWLRQ�:ULWHU�UHWXUQV�WR�
(QWU\�PRGH�ZKHQHYHU�\RX�HQWHU�D�YDOXH�

� 7HUP�VHOHFWLRQ�PRGH

8VH�WKLV�PRGH�ZKHQ�\RX�ZDQW�WR�PRGLI\�
H[LVWLQJ�WHUPV��<RX�FDQ�VHOHFW�RQO\�RQH�
WHUP�DW�D�WLPH�

� 6HOHFWLRQ�PRGH

<RX�XVH�WKLV�PRGH�ZKHQ�DSSO\LQJ�DOJHEUDLF�
RSHUDWLRQV�WR�FRPSRQHQWV�RI�DQ�
H[SUHVVLRQ�

� &XUVRU�PRGH

<RX�XVH�WKLV�PRGH�WR�VHOHFW�FRPSRQHQWV�RI�
DQ�H[SUHVVLRQ�

Working with modes

(TXDWLRQ�:ULWHUªV�IXQFWLRQDOLW\�YDULHV�GHSHQGLQJ�RQ�WKH�PRGH�WKDW�\RX�DUH�
XVLQJ��

Using Entry mode

�� (QWHU�D�WHUP�RU�RSHUDWRU�WR�DSSO\�WR�WKH�WHUP�LPPHGLDWHO\�WR�WKH�OHIW�RI�
WKH�FXUVRU�

�� 3UHVV�}�WR�VHOHFW�WHUPV�WR�WKH�OHIW�RI�WKH�FXUVRU�WR�ZKLFK�\RX�ZDQW�WR�
DSSO\�WKH�QH[W�RSHUDWRU�RU�IXQFWLRQ��(DFK�WLPH�\RX�SUHVV�}��PRUH�
WHUPV�WR�WKH�OHIW�DUH�VHOHFWHG�
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Using Term selection mode:

�� 7R�VWDUW�7HUP�VHOHFWLRQ�PRGH�

� )URP�(QWU\�PRGH��SUHVV�]�

� )URP�6HOHFWLRQ�PRGH��SUHVV�>]��

7KH�FXUVRU�FKDQJHV�WR�D�ER[�

�� 3UHVV�}�DQG�{�WR�QDYLJDWH�WKURXJK�WKH�H[SUHVVLRQ�DQG�VHOHFW�WKH�WHUP�
\RX�ZDQW�WR�FKDQJH��

�� :KHQ�WKH�WHUP�WKDW�\RX�ZDQW�LV�VHOHFWHG��SHUIRUP�HLWKHU�RI�WKH�
IROORZLQJ�

� (QWHU�D�QHZ�WHUP�RU�WHUPV�WR�UHSODFH�WKH�VHOHFWLRQ�

� 6HOHFW�D�IXQFWLRQ�RU�RSHUDWRU�WR�DSSO\�WR�WKH�VHOHFWLRQ��

:KHQ�\RX�HQWHU�D�WHUP��IXQFWLRQ��RU�RSHUDWRU��(TXDWLRQ�:ULWHU�UHWXUQV�
WR�(QWU\�PRGH�

Using Selection mode

�� 3UHVV�[�WR�VWDUW�6HOHFWLRQ�PRGH��

�� 8VH�WKH�DUURZ�NH\V�WR�VHOHFW�WKH�FRPSRQHQWV�WKDW�\RX�ZDQW��6HH�§+RZ�
(TXDWLRQ�:ULWHU�VHHV�H[SUHVVLRQV¨�RQ�SDJH ����WR�KHOS�XQGHUVWDQG�KRZ�
WR�VHOHFW�FRPSRQHQWV�

�� :KHQ�WKH�SDUW�RI�WKH�H[SUHVVLRQ�WKDW�\RX�ZDQW�LV�VHOHFWHG��SHUIRUP�RQH�
RI�WKH�IROORZLQJ�

� (QWHU�D�QHZ�WHUP�RU�WHUPV�WR�UHSODFH�WKH�VHOHFWLRQ�

� 6HOHFW�D�IXQFWLRQ�RU�RSHUDWRU�WR�DSSO\�WR�WKH�VHOHFWLRQ��

� 8VH�WKH�FRPSXWHU�DOJHEUD�IXQFWLRQV�WR�PDQLSXODWH�WKH�VHOHFWLRQ�

�� 7R�UHWXUQ�WR�(QWU\�PRGH��HQWHU�D�WHUP��IXQFWLRQ��RU�RSHUDWRU��7R�UHWXUQ�
WR�7HUP�6HOHFWLRQ�PRGH��SUHVV�>]�

Using Cursor mode

8VH�&XUVRU�PRGH�WR�VHOHFW�SDUWV�RI�DQ�H[SUHVVLRQ��<RX�FDQQRW�HGLW�D�
VHOHFWLRQ�LQ�FXUVRU�PRGH�

�� 3UHVV�&856�WR�VWDUW�&XUVRU�PRGH�

�� 8VH�WKH�DUURZ�NH\V�WR�HQFORVH�WKH�VHOHFWLRQ�\RX�ZDQW�LQ�D�ER[�

�� 3UHVV�\�WR�VHOHFW�WKH�ER[HG�DUHD��DQG�UHWXUQ�WR�6HOHFWLRQ�PRGH��RU�
SUHVV�G�WR�UHWXUQ�WR�(GLW�PRGH�ZLWKRXW�VHOHFWLQJ�WKH�ER[HG�DUHD�
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How Equation Writer sees expressions

8QGHUVWDQGLQJ�KRZ�(TXDWLRQ�:ULWHU�VHHV�H[SUHVVLRQV�ZLOO�KHOS�\RX�ZRUN�
ZLWK�H[SUHVVLRQV��

7KH�H[SUHVVLRQ�WKDW�\RX�DUH�HGLWLQJ�LV�UHSUHVHQWHG�ZLWKLQ�(TXDWLRQ�:ULWHU�
DV�D�WUHH�VWUXFWXUH��ZLWK�WKH�RSHUDWRUV�DV�EUDQFKLQJ�SRLQWV��DQG�RSHUDQGV�
DV�EUDQFKHV��<RX�XVH�WKH�DUURZ�NH\V�WR�QDYLJDWH�DURXQG�WKH�WUHH�DQG�VHOHFW�
JURXSV�RI�EUDQFKHV�

)RU�H[DPSOH��FRQVLGHU�WKH�H[SUHVVLRQ�

7KH�WUHH�VWUXFWXUH�IRU�WKLV�H[SUHVVLRQ�DSSHDUV�DV�IROORZV�WR�(TXDWLRQ�
:ULWHU�

,Q�6HOHFWLRQ�PRGH��ZKHQ�WKH�FXUVRU�LV�SRVLWLRQHG�RQ���LQ�WKH���[������
FRPSRQHQW�

� ,I�\RX�SUHVV�[�RQFH��WKH�VHOHFWLRQ�SRLQW�PRYHV�WR�WKH���RSHUDWRU�DQG�
(TXDWLRQ�:ULWHU�VHOHFWV�WKH��[�H[SUHVVLRQ�

� ,I�\RX�SUHVV�[�DJDLQ��WKH�VHOHFWLRQ�SRLQW�PRYHV�WR�WKH�=�RSHUDWRU��DQG�
(TXDWLRQ�:ULWHU�VHOHFWV�WKH���[������H[SUHVVLRQ��

� ,I�\RX�SUHVV�[�DJDLQ��WKH�VHOHFWLRQ�SRLQW�PRYHV�WR�WKH ��RSHUDWRU��DQG�
(TXDWLRQ�:ULWHU�VHOHFWV�WKH�HQWLUH�QXPHUDWRU�

� ,I�\RX�SUHVV�[�DJDLQ��WKH�VHOHFWLRQ�SRLQW�PRYHV�WR�WKH�WRS�RI�WKH�WUHH�
VWUXFWXUH��DQG�(TXDWLRQ�:ULWHU�VHOHFWV�WKH�HQWLUH�H[SUHVVLRQ�

<RX�FDQ�SUHVV�}�RU�{�WR�PRYH�ODWHUDOO\�ZLWKLQ�WKH�HTXDWLRQ�WUHH�WR�VHOHFW�
WHUPV�DQG�H[SUHVVLRQV�DW�WKH�VDPH�OHYHO�

5x 3+( ) x 1–( )
x 5+( )

-------------------------------------

z

5

3 1

5x

x

x

§ =

=

§

¥
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Examples
7KLV�VHFWLRQ�LQFOXGHV�H[DPSOHV�RI�KRZ�WR�FUHDWH�VSHFLILF�H[SUHVVLRQV�

Example 1

�� (QWHU�WKH�QXPHUDWRU�H[SUHVVLRQ�

�O=�}�O]-��

�� 6HOHFW�WKH�H[SUHVVLRQ�DQG�SUHVV��z�WR�
LQVHUW�WKH�GLYLVLRQ�EDU�XQGHU�LW�

}}}z

�� (QWHU�WKH�GHQRPLQDWRU�H[SUHVVLRQ�

O=�

Example 2

�� (QWHU�WKH�ILUVW�FRPSRQHQW�RI�WKH�
H[SUHVVLRQ�

�Oq�}}=��

�� 6HOHFW�WKH�H[SUHVVLRQ��DQG�SUHVV���

}�

�� (QWHU�WKH�VHFRQG�H[SUHVVLRQ�

�Oq�}}=�O=�

5x 3+( ) x 1–( )
x 1+

-------------------------------------

2x3 5+( ) 4x2 2x 7+ +⋅
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�� 6HOHFW�WKH�H[SUHVVLRQ�DQG�DSSO\�WKH�
VTXDUH�URRW�WR�LW�

}}r 

Example 3

�� 3UHVV�WKH�IROORZLQJ�NH\V�

>��}�}�q`<(O}O

Equation Writer keys
7KLV�WDEOH�OLVWV�WKH�NH\V�\RX�FDQ�XVH�IURP�ZLWKLQ�(TXDWLRQ�:ULWHU�

[ Starts Selection mode, selects terms at the next level up the equa-
tion tree.

] Selects the first term of the selected expression. If at the lowest 
level, invokes Term selection mode.

>] Invokes Term selection mode.

{ In Term selection mode, moves the cursor left. In Selection mode, 
selects the term at the same level to the left. 

} In Term selection mode, moves the cursor right. In Selection mode, 
selects the term at the same level to the right. 

>{ In Term selection mode, selects the first term in the expression. 

>} In Term selection mode, selects the last term in the expression.

>õ Puts Equation Writer into Cursor mode. 

� In Selection mode, selects the next component of a term. In Edit 
mode, enters a comma (,) character, for example, when entering a 
complex number.

\ In Cursor mode, selects the boxed component. In any other mode, 
exits Equation Writer and puts the current expression onto the com-
mand line.

5ex
xd

2

5∫
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Plotting graphs

Contents

%DVLF�SORWWLQJ ���������������������������������������������������������������������������

3ORW�W\SHV����������������������������������������������������������������������������������

)XQFWLRQ�SORWV ���������������������������������������������������������������������

3DUDPHWULF�SORWV������������������������������������������������������������������

3RODU�SORWV���������������������������������������������������������������������������

&RQLF�SORWV��������������������������������������������������������������������������

'LIIHUHQWLDO�HTXDWLRQ�SORWV������������������������������������������������

7UXWK�SORWV ��������������������������������������������������������������������������

6ORSHILHOG�SORWV ������������������������������������������������������������������

:LUHIUDPH�SORWV������������������������������������������������������������������

3VHXGR�&RQWRXU�SORWV �������������������������������������������������������

<�6OLFH�SORWV ������������������������������������������������������������������������

*ULGPDS�SORWV���������������������������������������������������������������������

3DUDPHWULF�VXUIDFH�SORWV���������������������������������������������������

)DVW���'�SORWV ���������������������������������������������������������������������

6WDWLVWLFDO�SORWV�������������������������������������������������������������������

&XUVRU�PRYHPHQW�������������������������������������������������������������������

6WDQGDUG�FXUVRU�PRYHPHQW ����������������������������������������������

7UDFLQJ�D�SORW����������������������������������������������������������������������

&XUVRU�FRRUGLQDWHV ������������������������������������������������������������

=RRPLQJ�����������������������������������������������������������������������������������

$QDO\]LQJ�IXQFWLRQV����������������������������������������������������������������

)LQGLQJ�URRWV ����������������������������������������������������������������������

)LQGLQJ�H[WUHPD�����������������������������������������������������������������

)LQGLQJ�VORSHV ��������������������������������������������������������������������� &RQW�
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)LQGLQJ�DUHDV ����������������������������������������������������������������� ����

)LQGLQJ�LQWHUVHFWLRQV ���������������������������������������������������� ����

7DEOHV ���������������������������������������������������������������������������������� ����

&XVWRPL]LQJ�WDEOH�YDOXHV���������������������������������������������� ����

6SHFLDO�SORWWLQJ�DQG�WDEOH�YDULDEOHV��������������������������������� ����

Introduction
7KH�+3 ��*�HQDEOHV�\RX�WR�SORW�IXQFWLRQV�DQG�VWDWLVWLFDO�GDWD��DQG�WR�
DQDO\]H�WKH�PDWKHPDWLFDO�FKDUDFWHULVWLFV�RI�SORWWHG�IXQFWLRQV��6L[WHHQ�SORW�
W\SHV�DUH�DYDLODEOH��7KHVH�DUH�

� IXQFWLRQ�SORWV � SVHXGR�FRQWRXU�SORWV

� SDUDPHWULF�SORWV � <�VOLFH�SORWV

� SRODU�SORWV � JULGPDS�SORWV

� FRQLF�SORWV � SDUDPHWULF�VXUIDFH�SORWV

� GLIIHUHQWLDO�HTXDWLRQV � IDVW���'�SORWV

� WUXWK�SORWV � VFDWWHU�SORWV

� VORSHILHOG�SORWV � EDU�JUDSKV

� ZLUHIUDPH�SORWV � KLVWRJUDPV
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Basic plotting
7KH�+3 ��*ªV�SORWWLQJ�DSSOLFDWLRQ�HQDEOHV�\RX�WR�JUDSK�IXQFWLRQV��<RX�FDQ�
FUHDWH�WKH�IXQFWLRQV�EHIRUH�RSHQLQJ�WKH�DSSOLFDWLRQ��RU�FUHDWH�D�IXQFWLRQ�
RQFH�WKH�SORWWLQJ�DSSOLFDWLRQ�LV�RSHQ��

<RX�FDQ�DOVR�SORW�VWDWLVWLFDO�GDWD��6WDWLVWLFDO�GDWD�QHHGV�WR�EH�SODFHG�LQ�D�
PDWUL[�EHIRUH�LW�FDQ�EH�SORWWHG��<RX�FDQ�FUHDWH�WKH�PDWUL[�EHIRUH�RSHQLQJ�
WKH�SORWWLQJ�DSSOLFDWLRQ��RU�FUHDWH�LW�RQFH�WKH�DSSOLFDWLRQ�LV�RSHQ�

<RX�FDQ�SORW�DQ\�QXPEHU�RI�IXQFWLRQV�DW�RQH�WLPH��KRZHYHU��\RX�FDQ�RQO\�
GUDZ�RQH�VWDWLVWLFDO�SORW�DW�D�WLPH��<RX�FDQ��KRZHYHU��VXSHULPSRVH�D�QHZ�
VWDWLVWLFDO�SORW�RYHU�D�SUHYLRXVO\�GUDZQ�VWDWLVWLFDO�SORW�

To draw a non-statistical plot

�� 3UHVV�<D�WR�GLVSOD\�WKH�3ORW�6HWXS�
VFUHHQ�

�� ,I�WKH�W\SH�RI�SORW�\RX�ZDQW�WR�GUDZ�LV�QRW�
WKH�RQH�VKRZQ�LQ�WKH�7\SH�ILHOG��SUHVV�
&+226�DQG�VHOHFW�D�QHZ�SORW�W\SH�

<RX�FDQ�DOVR�VHOHFW�D�SORW�W\SH�E\�SUHVVLQJ�
`�DQG�WKH�ILUVW�OHWWHU�RI�WKH�QDPH�RI�WKH�SORW�W\SH��)RU�H[DPSOH��WR�
VHOHFW�JULGPDS��SUHVV�̀ *��7KH�YDOXH�LQ�WKH�7\SH�ILHOG�FKDQJHV�WR�WKH�
SORW�W\SH�\RX�VHOHFWHG�

�� &KDQJH�ZKDWHYHU�SORWWLQJ�SDUDPHWHUV�QHHG�FKDQJLQJ�

7KH�SDUDPHWHUV�RQ�WKH�3ORW�6HWXS�VFUHHQ�YDU\�DFFRUGLQJ�WR�WKH�W\SH�RI�
SORW�\RX�DUH�GUDZLQJ��7KH\�DUH�GLVFXVVHG�ODWHU���6HH�§3ORW�W\SHV¨�RQ�
SDJH ������

�� 3UHVV�<A�

7KH�3ORW�¥�)XQFWLRQ�VFUHHQ�LV�GLVSOD\HG��
7KLV�VFUHHQ�OLVWV�WKH�IXQFWLRQV�\RX�ODVW�
SORWWHG��

�� 7R�GHOHWH�DOO�WKH�IXQFWLRQV�OLVWHG��SUHVV�
l�&/($5�

�� 7R�GHOHWH�D�SDUWLFXODU�IXQFWLRQ�EXW�NHHS�RWKHUV��XVH�WKH�DUURZ�NH\V�WR�
KLJKOLJKW�WKH�IXQFWLRQ�DQG�SUHVV�'(/�

,I�\RX�ILQG�\RX�KDYH�GHOHWHG�D�IXQFWLRQ�E\�DFFLGHQW��SUHVV�
G <A�
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�� 7R�FKDQJH�D�IXQFWLRQ�

D� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�IXQFWLRQ�

E� 3UHVV�(',7�

7KH�IXQFWLRQ�LV�GLVSOD\HG�LQ�(TXDWLRQ�:ULWHU�

F� (GLW�WKH�IXQFWLRQ�

G� 3UHVV�\�

(TXDWLRQ�:ULWHU�FORVHV�DQG�\RXU�HGLWHG�IXQFWLRQ�RYHUZULWHV�WKH�
IXQFWLRQ�\RX�FKRVH�WR�PRGLI\�

7R�FDQFHO�\RXU�HGLW��SUHVV�G<A�

�� 7R�FKRRVH�D�XVHU�GHILQHG�IXQFWLRQ�

D� +LJKOLJKW�WKH�IXQFWLRQ�EHORZ�ZKLFK�\RX�ZDQW�WKH�QHZ�IXQFWLRQ�WR�
EH�SODFHG�

E� 3UHVV�&+226��

$�OLVW�RI�XVHU�GHILQHG�IXQFWLRQV�LV�GLVSOD\HG�

F� +LJKOLJKW�WKH�IXQFWLRQ�\RX�ZDQW�WR�SORW�

G� 3UHVV�2.�

6HH�§8VHU�GHILQHG�IXQFWLRQV¨�RQ�SDJH�����IRU�LQVWUXFWLRQV�RQ�KRZ�WR�
FUHDWH�XVHU�GHILQHG�IXQFWLRQV�

�� 7R�FUHDWH�D�QHZ�IXQFWLRQ�WR�EH�SORWWHG�

D� 3UHVV�$''�WR�RSHQ�(TXDWLRQ�:ULWHU�

E� &UHDWH�WKH�IXQFWLRQ�

F� 3UHVV�\�

(TXDWLRQ�:ULWHU�FORVHV�DQG�\RXU�QHZ�IXQFWLRQ�LV�DGGHG�WR�WKH�OLVW�RI�
IXQFWLRQV�WR�EH�SORWWHG�

��� 3UHVV�<B�WR�GLVSOD\�WKH�3ORW�:LQGRZ�VFUHHQ�

��� ,I�QHFHVVDU\��FKDQJH�WKH�SORW�ZLQGRZ�SDUDPHWHUV�

7KH�SDUDPHWHUV�RQ�WKH�3ORW�:LQGRZ�VFUHHQ�YDU\�DFFRUGLQJ�WR�WKH�W\SH�
RI�SORW�\RX�DUH�GUDZLQJ��7KH\�DUH�GLVFXVVHG�ODWHU���6HH�§3ORW�W\SHV¨�RQ�
SDJH �����

��� 7KH�+3 ��*�NHHSV�D�UHFRUG�RI�\RXU�ODVW�SORW��7KLV�HQDEOHV�\RX�WR�GUDZ�
D�QHZ�IXQFWLRQ��RU�VHW�RI�IXQFWLRQV���RU�GDWD�PDWUL[��RYHU�WKH�WRS�RI�DQ�
HDUOLHU�IXQFWLRQ��VHW�RI�IXQFWLRQV��RU�GDWD�PDWUL[��,I�\RX�GR�QRW�ZDQW�WR�
LQFOXGH�WKH�HDUOLHU�SORW��SUHVV�(5$6(�

��� 7R�SORW�WKH�IXQFWLRQ�V���SUHVV�'5$:�
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To draw a statistical plot

�� 3UHVV�<D�WR�GLVSOD\�WKH�3ORW�6HWXS�
VFUHHQ�

�� 3UHVV�&+226�DQG�VHOHFW�WKH�W\SH�RI�
VWDWLVWLFDO�SORW�\RX�ZDQW�WR�GUDZ��EDU��
KLVWRJUDP��RU�VFDWWHU�

�� 3UHVV ]�WR�PRYH�WR�WKH�Σ'$7�ILHOG�
�� 3UHVV�<O�WR�RSHQ�0DWUL[�:ULWHU�

�� &UHDWH�D�PDWUL[�WR�UHSUHVHQW�WKH�VWDWLVWLFDO�GDWD�\RX�ZDQW�WR�SORW�

�� 3UHVV�\�

�� 7KH�PDWUL[�\RX�HQWHUHG�DSSHDUV�RQ�VFUHHQ�ZLWKLQ�VTXDUH�EUDFNHWV��
3UHVV�2.�WR�FRQWLQXH��RU�PRGLI\�WKH�PDWUL[�LI�QHFHVVDU\�EHIRUH�SUHVVLQJ�
2.��

�� 7KH�+3 ��*�KDV�D�QXPEHU�RI�VHWWLQJV�WKDW�GHWHUPLQH�IHDWXUHV�VXFK�DV�
WKH�SDUW�RI�WKH�JUDSK�WR�EH�GLVSOD\HG��WKH�VFDOH�RI�WKH�JUDSK��DQG�VR�RQ��
7KHVH�VHWWLQJV�DUH�OLVWHG�RQ�WKH�

� 3ORW�6HWXS�VFUHHQ�DQG

� 3ORW�:LQGRZ�VFUHHQ��E\�SUHVVLQJ�< B��

7KH�VHWWLQJV�OLVWHG�RQ�WKHVH�WZR�VFUHHQV�YDU\�DFFRUGLQJ�WR�WKH�W\SH�RI�
JUDSK�\RX�DUH�SORWWLQJ��7KH\�DUH�GLVFXVVHG�ODWHU���6HH�§6WDWLVWLFDO�SORWV¨�
RQ�SDJH �������,I�QHFHVVDU\��FKDQJH�WKH�GHIDXOW�RU�FXUUHQW�YDOXHV�RI�
WKHVH�VHWWLQJV�EHIRUH�SORWWLQJ�\RXU�GDWD�PDWUL[��

�� 7KH�+3 ��*�NHHSV�D�UHFRUG�RI�\RXU�ODVW�SORW��7KLV�HQDEOHV�\RX�WR�GUDZ�
D�QHZ�VWDWLVWLFDO�SORW�RYHU�WKH�WRS�RI�DQ�HDUOLHU�SORW��,I�\RX�GR�QRW�ZDQW�
WR�LQFOXGH�WKH�HDUOLHU�SORW��SUHVV�(5$6(�

��� 7R�SORW�WKH�GDWD�PDWUL[��SUHVV�'5$:�

<RX�FDQ�SORW�WKH�HTXDWLRQV�OLVWHG�RQ�WKH�3ORW�¥�)XQFWLRQ�VFUHHQ��
RU�WKH�GDWD�VDYHG�LQ�WKH�Σ'$7�YDULDEOH��ZLWKRXW�ILUVW�GLVSOD\LQJ�
DQ\�RI�WKH�WKUHH�SORWWLQJ�SDUDPHWHUV�VFUHHQV��-XVW�SUHVV�<C�
WR�VHOHFW�WKH�*UDSK�FRPPDQG��<RXU�HTXDWLRQ�V��RU�GDWD�PDWUL[�
DUH�SORWWHG��7KH�SDUDPHWHUV�FXUUHQWO\�VHW�RQ�WKH�3ORW�:LQGRZ�
DQG�3ORW�6HWXS�LQSXW�IRUPV�DUH�XVHG�WR�GHWHUPLQH�WKH�
DSSHDUDQFH�RI�WKH�SORW�
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Plot types
7KLV�VHFWLRQ�GHVFULEHV�WKH����SORW�W\SHV�WKDW�WKH�+3 ��*�FDQ�GUDZ��7KH�
SURFHGXUH�IRU�SORWWLQJ�HDFK�W\SH�LV�VHW�RXW�LQ�WKH�SUHYLRXV�VHFWLRQ��§%DVLF�
SORWWLQJ¨��

7KH�SORW�ZLQGRZ�DQG�SORW�VHWXS�SDUDPHWHUV�IRU�HDFK�SORW�W\SH�DUH�
SURYLGHG��7KH�LQSXW�IRUPV�IRU�VHWWLQJ�WKHVH�SDUDPHWHUV�DUH�GLVSOD\HG�E\�
SUHVVLQJ�< B DQG�< D�UHVSHFWLYHO\�

Function plots

7KH�FDOFXODWRUªV�GHIDXOW�SORW�W\SH�LV�WKH�IXQFWLRQ�SORW��$�IXQFWLRQ�SORW�SORWV�
HTXDWLRQV�WKDW�UHWXUQ�D�XQLTXH�I�[��IRU�HDFK�YDOXH�RI�[��$Q�H[DPSOH�LV�

�

:KHQ�HQWHULQJ�D�IXQFWLRQ�WR�EH�SORWWHG��PDNH�VXUH�WKDW�LW�LV�LQ�WKH�IRUP�
\  I�[���)RU�H[DPSOH��DQ�HTXDWLRQ�LQ�WKH�IRUP��[���\�¥��� ���VKRXOG�EH�
HQWHUHG�DV�¥��[�����

Figure 4-3: Default plot window and plot setup parameters for function plots

Figure 4-4: Sample function plot

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG��

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

y x
3

2x
2

x–+=
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Plotting graphs
/RZ 7KH�VPDOOHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

+LJK 7KH�JUHDWHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

6WHS 'HWHUPLQHV�WKH�UHVROXWLRQ�RI�WKH�SORW��,W�LV�WKH�KRUL]RQWDO�
GLVWDQFH¦LQ�XQLWV�RU�SL[HOV¦EHWZHHQ�WZR�SORWWHG�SRLQWV��
/DUJHU�VWHS�VL]HV�SURYLGH�VSHHGLHU�SORWV��EXW�VKRZ�OHVV�
GHWDLO��6PDOOHU�VWHS�VL]HV�SURYLGH�PRUH�GHWDLO�EXW�WDNH�
ORQJHU�WR�GUDZ���)RU�IXQFWLRQV��WKH�GHIDXOW�VWHS�VL]H�LV�����
XQLWV���6HH�DOVR�3,;(/6�EHORZ�

3L[HOV :KHQ�WKLV�ILHOG�LV�FKHFNHG��WKH�67(3�YDOXH�LV�PHDVXUHG�LQ�
SL[HOV��:KHQ�XQFKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦
WKH�VWHS�YDOXH�LV�PHDVXUHG�LQ�XQLWV��

$XWR 5HVHWV�WKH�YHUWLFDO�GLVSOD\�UDQJH�VR�WKDW�WKH�PD[LPD�DQG�
PLQLPD�ZLWKLQ�WKH�VSHFLILHG�KRUL]RQWDO�GLVSOD\�UDQJH�DUH�
GLVSOD\HG�

&KRRVH�WKLV�RSWLRQ�E\�SUHVVLQJ�$872��7KH�9�9LHZ�ILHOGV�
DUH�UHFDOFXODWHG�

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��LQ�WKLV�FDVH��IXQFWLRQ��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�RU�OLVW�RI�HTXDWLRQV�\RX�ZDQW�WR�SORW��,W�
GHIDXOWV�WR�WKH�HTXDWLRQ�V��OLVWHG�RQ�WKH�3ORW�)XQFWLRQV�
VFUHHQ��EXW�LW�FDQ�EH�FKDQJHG�RQ�WKH�3ORW�6HWXS�LQSXW�
IRUP�

,QGHS 7KH�QDPH�RI�WKH�LQGHSHQGHQW�YDULDEOH�

&RQQHFW :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦WKH�SORWWHG�
SRLQWV�DUH�FRQQHFWHG�WR�IRUP�D�OLQH�RU�FXUYH��ZKHQ�
XQFKHFNHG��RQO\�WKH�SORWWHG�SRLQWV�DUH�GLVSOD\HG�

6LPXOW :KHQ�FKHFNHG��HDFK�HTXDWLRQ�OLVWHG�RQ�WKH�3ORW�)XQFWLRQV�
LQSXW�IRUP�LV�SORWWHG�VLPXOWDQHRXVO\��ZKHQ�XQFKHFNHG¦
ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦RQH�HTXDWLRQ�LV�SORWWHG�IXOO\�
EHIRUH�WKH�QH[W�HTXDWLRQ�LV�SORWWHG�
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+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ���7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�
\RX�KDYH�FKRVHQ�WR�GLVSOD\�D[HV��3UHVV�d�WR�LQFOXGH�RU�
H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

Parametric plots

$�SDUDPHWULF�SORW�LV�D�FRPSRXQG�RI�WZR�HTXDWLRQV��ZLWK�WKH�GHSHQGHQW�
YDULDEOH�LQ�HDFK�EHLQJ�D�IXQFWLRQ�RI�WKH�VDPH�LQGHSHQGHQW�YDULDEOH��$Q�
H[DPSOH�LV�[�W�� ��VLQ��W��DQG�\�W�� ��VLQ��W���<RX�QHHG�WR�FRPELQH�ERWK�
HTXDWLRQV�LQWR�WKH�IRUP�D���EL�ZKHUH�D�LV�WKH�ILUVW�HTXDWLRQ�DQG�E�LV�WKH�
VHFRQG�HTXDWLRQ��7R�FRQWLQXH�WKH�H[DPSOH��\RX�ZRXOG�QHHG�WR�VSHFLI\��DV�
WKH�HTXDWLRQ�WR�SORW���VLQ��W�����VLQ��W�L�

Figure 4-5: Default plot window and plot setup parameters for parametric plots

Figure 4-6: Sample parametric plot
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Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG��

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

/RZ 7KH�VPDOOHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

+LJK 7KH�JUHDWHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

6WHS 'HWHUPLQHV�WKH�UHVROXWLRQ�RI�WKH�SORW��,W�LV�WKH�KRUL]RQWDO�
GLVWDQFH¦LQ�XQLWV�RU�SL[HOV¦EHWZHHQ�WZR�SORWWHG�SRLQWV��
/DUJHU�VWHS�VL]HV�SURYLGH�VSHHGLHU�SORWV��EXW�VKRZ�OHVV�
GHWDLO��6PDOOHU�VWHS�VL]HV�SURYLGH�PRUH�GHWDLO�EXW�WDNH�
ORQJHU�WR�GUDZ��6HH�DOVR�3,;(/6�EHORZ�

3L[HOV :KHQ�WKLV�ILHOG�LV�FKHFNHG��WKH�67(3�YDOXH�LV�PHDVXUHG�LQ�
SL[HOV��:KHQ�XQFKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦
WKH�VWHS�YDOXH�LV�PHDVXUHG�LQ�XQLWV��

$XWR 5HVHWV�WKH�KRUL]RQWDO�GLVSOD\�UDQJH�DQG�WKH�YHUWLFDO�
GLVSOD\�UDQJH�VR�WKDW�WKH�SORW�ILOOV�WKH�VFUHHQ�

&KRRVH�WKLV�RSWLRQ�E\�SUHVVLQJ�$872��7KH�+�9LHZ�DQG�
9�9LHZ�ILHOGV�DUH�UHFDOFXODWHG�

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��LQ�WKLV�FDVH��SDUDPHWULF��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQV�\RX�ZDQW�WR�SORW��,W�GHIDXOWV�WR�WKH�
HTXDWLRQV�OLVWHG�RQ�WKH�3ORW�¥�3DUDPHWULF�VFUHHQ�EXW�LW�FDQ�
EH�FKDQJHG�RQ�WKH�3ORW�6HWXS�LQSXW�IRUP�

,QGHS 7KH�QDPH�RI�WKH�LQGHSHQGHQW�YDULDEOH��XVXDOO\�W�IRU�
SDUDPHWULF�SORWV��
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&RQQHFW :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦WKH�SORWWHG�
SRLQWV�DUH�FRQQHFWHG�WR�IRUP�D�OLQH�RU�FXUYH��ZKHQ�
XQFKHFNHG��RQO\�WKH�SORWWHG�SRLQWV�DUH�GLVSOD\HG�

6LPXOW :KHQ�FKHFNHG��HDFK�HTXDWLRQ�OLVWHG�RQ�WKH�3ORW�¥�
3DUDPHWULF�LQSXW�IRUP�LV�SORWWHG�VLPXOWDQHRXVO\��ZKHQ�
XQFKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦RQH�HTXDWLRQ�LV�
SORWWHG�IXOO\�EHIRUH�WKH�QH[W�HTXDWLRQ�LV�SORWWHG�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

Polar plots

$�SRODU�SORW�LV�D�JUDSK�RI�D�IXQFWLRQ�GHVFULEHG�DFFRUGLQJ�WR�WKH�SRODU�
FRRUGLQDWH�V\VWHP�I�θ���7KH�LQGHSHQGHQW�YDULDEOH�LV�WKH�SRODU�DQJOH��θ��$Q�
H[DPSOH�LV�U� ��VLQ�θ����VLQ��θ��

Figure 4-7: Default plot window and plot setup parameters for polar plots
Page 4-10 Plotting graphs



Plotting graphs
Figure 4-8: Sample polar plot

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG�

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

/RZ 7KH�VPDOOHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

+LJK 7KH�JUHDWHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

6WHS 'HWHUPLQHV�WKH�UHVROXWLRQ�RI�WKH�SORW��,W�LV�WKH�KRUL]RQWDO�
GLVWDQFH¦LQ�XQLWV�RU�SL[HOV¦EHWZHHQ�WZR�SORWWHG�SRLQWV��
/DUJHU�VWHS�VL]HV�SURYLGH�VSHHGLHU�SORWV��EXW�VKRZ�OHVV�
GHWDLO��6PDOOHU�VWHS�VL]HV�SURYLGH�PRUH�GHWDLO�EXW�WDNH�
ORQJHU�WR�GUDZ��6HH�DOVR�3,;(/6�EHORZ�

3L[HOV :KHQ�WKLV�ILHOG�LV�FKHFNHG��WKH�67(3�YDOXH�LV�PHDVXUHG�LQ�
SL[HOV��:KHQ�XQFKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦
WKH�VWHS�YDOXH�LV�PHDVXUHG�LQ�XQLWV��

$XWR 5HVHWV�WKH�KRUL]RQWDO�GLVSOD\�UDQJH�DQG�WKH�YHUWLFDO�
GLVSOD\�UDQJH�VR�WKDW�WKH�SORW�ILOOV�WKH�VFUHHQ�

&KRRVH�WKLV�RSWLRQ�E\�SUHVVLQJ�$872��7KH�+�9LHZ�DQG�
9�9LHZ�ILHOGV�DUH�UHFDOFXODWHG�
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��LQ�WKLV�FDVH��SRODU��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�JUDGLDQV�

(4 7KH�HTXDWLRQ�V��\RX�ZDQW�WR�SORW��,W�GHIDXOWV�WR�WKH�
HTXDWLRQV�OLVWHG�RQ�WKH�3ORW�¥�3RODU�VFUHHQ�EXW�LW�FDQ�EH�
FKDQJHG�RQ�WKH�3ORW�6HWXS�LQSXW�IRUP�

,QGHS 7KH�QDPH�RI�WKH�LQGHSHQGHQW�YDULDEOH��XVXDOO\�θ�IRU�SRODU�
SORWV��

&RQQHFW :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦WKH�SORWWHG�
SRLQWV�DUH�FRQQHFWHG�WR�IRUP�D�OLQH�RU�FXUYH��ZKHQ�
XQFKHFNHG��RQO\�WKH�SORWWHG�SRLQWV�DUH�GLVSOD\HG�

6LPXOW :KHQ�FKHFNHG��HDFK�HTXDWLRQ�OLVWHG�RQ�WKH�3ORW�¥�3RODU�
LQSXW�IRUP�LV�SORWWHG�VLPXOWDQHRXVO\��ZKHQ�XQFKHFNHG¦
ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦RQH�HTXDWLRQ�LV�SORWWHG�IXOO\�
EHIRUH�WKH�QH[W�HTXDWLRQ�LV�SORWWHG�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�
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Plotting graphs
Conic plots

&RQLF�SORWV�DUH�SORWV�RI�FRQLF�VHFWLRQV��7KH�HTXDWLRQ�IRU�D�FRQLF�VHFWLRQ�LV�
D�SRO\QRPLDO�RI�VHFRQG�GHJUHH�RU�OHVV�IRU�ERWK�[�DQG�\��$Q�H[DPSOH�LV�

�

Figure 4-9: Default plot window and plot setup parameters for conic plots

Figure 4-10: Sample conic plot

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG��

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

/RZ 7KH�VPDOOHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

+LJK 7KH�JUHDWHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

6WHS 'HWHUPLQHV�WKH�UHVROXWLRQ�RI�WKH�SORW��,W�LV�WKH�KRUL]RQWDO�
GLVWDQFH¦LQ�XQLWV�RU�SL[HOV¦EHWZHHQ�WZR�SORWWHG�SRLQWV��
/DUJHU�VWHS�VL]HV�SURYLGH�VSHHGLHU�SORWV��EXW�VKRZ�OHVV�
GHWDLO��6PDOOHU�VWHS�VL]HV�SURYLGH�PRUH�GHWDLO�EXW�WDNH�
ORQJHU�WR�GUDZ��6HH�DOVR�3,;(/6�EHORZ�

3L[HOV :KHQ�WKLV�ILHOG�LV�FKHFNHG��WKH�67(3�YDOXH�LV�PHDVXUHG�LQ�
SL[HOV��:KHQ�XQFKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦
WKH�VWHS�YDOXH�LV�PHDVXUHG�LQ�XQLWV��

5x
2

3y
2

18–+ 0=
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��LQ�WKLV�FDVH��FRQLF��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�V��\RX�ZDQW�WR�SORW��,W�GHIDXOWV�WR�WKH�
HTXDWLRQV�OLVWHG�RQ�WKH�3ORW�¥�&RQLF�VFUHHQ�EXW�LW�FDQ�EH�
FKDQJHG�RQ�WKH�3ORW�6HWXS�LQSXW�IRUP�

,QGHS 7KH�QDPH�RI�WKH�LQGHSHQGHQW�YDULDEOH�

'HSQG 7KH�QDPH�RI�WKH�GHSHQGHQW�YDULDEOH�

&RQQHFW :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦WKH�SORWWHG�
SRLQWV�DUH�FRQQHFWHG�WR�IRUP�D�OLQH�RU�FXUYH��ZKHQ�
XQFKHFNHG��RQO\�WKH�SORWWHG�SRLQWV�DUH�GLVSOD\HG�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�
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Plotting graphs
Differential equation plots

$�GLIIHUHQWLDO�HTXDWLRQ�LV�DQ�HTXDWLRQ�WKDW�LQYROYHV�RQH�RU�PRUH�
GHULYDWLYHV��$Q�H[DPSOH�LV�G\�GW� �W���\��

Figure 4-11: Default plot window and plot setup parameters for plotting differential equations

Figure 4-12: Sample differential equation plot

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG��

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

,QLW 7KH�LQGHSHQGHQW�YDULDEOHªV�LQLWLDO�YDOXH���7KLV�PXVW�
FRUUHVSRQG�WR�WKH�LQLWLDO�YDOXH�RI�WKH�VROXWLRQ�YDULDEOH��

)LQDO 7KH�LQGHSHQGHQW�YDULDEOHªV�ILQDO�YDOXH�

,QLW�6ROQ 7KH�VROXWLRQ�YDULDEOHªV�LQLWLDO�YDOXH��

7RO $Q�LQGLFDWLRQ�RI�DFFHSWDEOH�WROHUDQFH��WKDW�LV��WKH�
DFFHSWDEOH�OHYHO�RI�DEVROXWH�HUURU���7KH�GHIDXOW�YDOXH�LV�
��������

6WHS 7KH�LQLWLDO�VWHS�VL]H�XVHG�WR�FRPSXWH�WKH�VROXWLRQ��
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW�

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

) 7KH�HTXDWLRQ�V��\RX�ZDQW�WR�SORW��,W�GHIDXOWV�WR�WKH�
HTXDWLRQV�OLVWHG�RQ�WKH�3ORW�¥�'LIIHT�VFUHHQ�EXW�LW�FDQ�EH�
FKDQJHG�RQ�WKH�3ORW�6HWXS�LQSXW�IRUP�

,QGHS 7KH�QDPH�RI�WKH�LQGHSHQGHQW�YDULDEOH�

6ROQ 7KH�VROXWLRQ�YDULDEOH�

+�9DU 7KH�YDULDEOH�SORWWHG�RQ�WKH�KRUL]RQWDO�D[LV�

9�9DU 7KH�YDULDEOH�SORWWHG�RQ�WKH�YHUWLFDO�D[LV�

6WLII &KHFN�WKLV�ILHOG�WR�VHOHFW�WKH�VWLII�VROYHU�

∂)∂\ 7KH�SDUWLDO�GHULYDWLYH�ZLWK�UHVSHFW�WR�\�RI�WKH�H[SUHVVLRQ�
LQ�)�

∂)∂W 7KH�SDUWLDO�GHULYDWLYH�ZLWK�UHVSHFW�WR�W�RI�WKH�H[SUHVVLRQ�
LQ�)�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�
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Plotting graphs
Truth plots

7UXWK�SORWV�HYDOXDWH�H[SUHVVLRQV�WKDW�UHWXUQ�D�WUXH�UHVXOW��WKDW�LV��DQ\�QRQ�
]HUR�UHDO�QXPEHU��RU�D�IDOVH�UHVXOW��WKDW�LV������$W�WKH�FRRUGLQDWHV�RI�HDFK�
SL[HO��WKH�SL[HO�LV�WXUQHG�RQ�LI�WKH�H[SUHVVLRQ�LV�WUXH�RU�LV�OHIW�XQFKDQJHG�LI�
WKH�H[SUHVVLRQ�LV�IDOVH�

7KH�IROORZLQJ�H[DPSOH�LV�D�SORW�RI� PRG��������

Figure 4-13: Default plot window and plot setup parameters for truth plots

Figure 4-14: Sample truth plot

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG�

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

,QGHS�/RZ 7KH�VPDOOHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

,QGHS�+LJK 7KH�JUHDWHVW�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

6WHS 'HWHUPLQHV�WKH�UHVROXWLRQ�RI�WKH�SORW��,W�LV�WKH�KRUL]RQWDO�
GLVWDQFH¦LQ�XQLWV�RU�SL[HOV¦EHWZHHQ�WZR�SORWWHG�SRLQWV��
/DUJHU�VWHS�VL]HV�SURYLGH�VSHHGLHU�SORWV��EXW�VKRZ�OHVV�
GHWDLO��6PDOOHU�VWHS�VL]HV�SURYLGH�PRUH�GHWDLO�EXW�WDNH�
ORQJHU�WR�GUDZ���)RU�WUXWK�SORWV��WKH�GHIDXOW�VWHS�VL]H�LV���
SL[HO���6HH�DOVR�3,;(/6�EHORZ�

x
2

y
3

+
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3L[HOV :KHQ�WKLV�ILHOG�LV�FKHFNHG��WKH�67(3�YDOXH�LV�PHDVXUHG�LQ�
SL[HOV��:KHQ�XQFKHFNHG¦ZKLFK�LV�WKH�GHIDXOW�VHWWLQJ¦
WKH�67(3�YDOXH�LV�PHDVXUHG�LQ�XQLWV�

'HSQG�/RZ 7KH�VPDOOHVW�YDOXH�RI�WKH�GHSHQGHQW�YDULDEOH�WKDW�\RX�
ZDQW�SORWWHG�

'HSQG�+LJK 7KH�ODUJHVW�YDOXH�RI�WKH�GHSHQGHQW�YDULDEOH�WKDW�\RX�ZDQW�
SORWWHG�

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��WKDW�LV��WUXWK��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�V��\RX�ZDQW�WR�SORW��,W�GHIDXOWV�WR�WKH�
HTXDWLRQV�OLVWHG�RQ�WKH�3ORW�¥�7UXWK�VFUHHQ�EXW�LW�FDQ�EH�
FKDQJHG�RQ�WKH�3ORW�6HWXS�LQSXW�IRUP�

,QGHS 7KH�QDPH�RI�WKH�LQGHSHQGHQW�YDULDEOH��,W�ZLOO�EH�SORWWHG�
RQ�WKH�KRUL]RQWDO�D[LV�

'HSQG 7KH�QDPH�RI�WKH�GHSHQGHQW�YDULDEOH��RU�VHFRQG�
LQGHSHQGHQW�YDULDEOH���,W�ZLOO�EH�SORWWHG�RQ�WKH�YHUWLFDO�
D[LV�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�
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Plotting graphs
Slopefield plots

$�VORSHILHOG�SORW�GUDZV�D�ODWWLFH�RI�OLQH�VHJPHQWV�ZKRVH�VORSHV�UHSUHVHQW�
WKH�YDOXH�RI�WKH�IXQFWLRQ�I�[�\��DW�WKHLU�FHQWHUSRLQW��6ORSHILHOG�SORWV�DUH�
SDUWLFXODUO\�XVHIXO�LQ�XQGHUVWDQGLQJ�DQWLGHULYDWLYHV�DQG�LQ�VROYLQJ�
GLIIHUHQWLDO�HTXDWLRQV�

$�VORSHILHOG�SORW�QHHGV�WZR�LQSXWV�WR�JHQHUDWH�DQ�RXWSXW��7KH�+3 ��*�XVHV�
D�WZR�GLPHQVLRQDO�VDPSOLQJ�JULG�RI�SRLQWV�ZKRVH�FRRUGLQDWHV�SURYLGH�
WKH�WZR�LQSXWV�UHTXLUHG��%\�GHIDXOW��WKH�VDPSOLQJ�JULG�FRQVLVWV�RI����
SRLQWV�����FROXPQV�E\���URZV�

7KH�IROORZLQJ�H[DPSOH�LV�D�VORSHILHOG�SORW�RI� �

Figure 4-15: Default plot window and plot setup parameters for slopefield plots

Figure 4-16: Sample slopefield plot

Plot window parameters

;�/HIW��;�5LJKW 7KH�KRUL]RQWDO�GLVSOD\�UDQJH�FRUUHVSRQGLQJ�WR�WKH�ILUVW�
LQGHSHQGHQW�YDULDEOH��HQWHUHG�LQ�WKH�,QGHS�ILHOG��

<�1HDU��<�)DU 7KH�YHUWLFDO�GLVSOD\�UDQJH�FRUUHVSRQGLQJ�WR�WKH�VHFRQG�
LQGHSHQGHQW�YDULDEOH��HQWHUHG�LQ�WKH�'HSQG�ILHOG��

6WHS�,QGHS 7KH�QXPEHU�RI�FROXPQV�LQ�WKH�VDPSOLQJ�JULG�

6WHS�'HSQG 7KH�QXPEHU�RI�URZV�LQ�WKH�VDPSOLQJ�JULG�
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��QDPHO\��VORSHILHOG��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�RU�OLVW�RI�HTXDWLRQV�\RX�ZDQW�WR�SORW�

,QGHS 7KH�QDPH�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�

'HSQG 7KH�QDPH�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�

Wireframe plots

$�ZLUHIUDPH�SORW�GUDZV�DQ�REOLTXH����'�SORW�RI�D�ZLUHIUDPH�PRGHO�RI�D�
VXUIDFH�GHWHUPLQHG�E\�=� �)�[��\���$Q�H[DPSOH�LV�]� �[��¥�[\��

7KH�SORW�GUDZQ�LV�WKH�VXUIDFH�RI�WKH�PRGHO�DV�YLHZHG�IURP�D�VSHFLILHG�
YDQWDJH�SRLQW��7KLV�YDQWDJH�SRLQW�LV�FDOOHG�WKH�H\HSRLQW��7KH�VXUIDFH�
SORWWHG�LV�WKDW�ZLWKLQ�D�UHJLRQ�LQ���GLPHQVLRQDO�VSDFH¦FDOOHG�WKH�YLHZ�
YROXPH¦GHWHUPLQHG�E\�UDQJHV�RQ�HDFK�RI�WKH�WKUHH�FRRUGLQDWH�D[HV�

$�ZLUHIUDPH�SORW�QHHGV�WZR�LQSXWV�WR�JHQHUDWH�DQ�RXWSXW��7KH�+3 ��*�
XVHV�D�WZR�GLPHQVLRQDO�VDPSOLQJ�JULG�RI�SRLQWV�ZKRVH�FRRUGLQDWHV�
SURYLGH�WKH�WZR�LQSXWV�UHTXLUHG��%\�GHIDXOW��WKH�VDPSOLQJ�JULG�FRQVLVW�RI�
���SRLQWV�����FROXPQV�E\���URZV�

7KH�IROORZLQJ�H[DPSOH�LV�D�ZLUHIUDPH�SORW�RI� �

Figure 4-17: Default plot window and plot setup parameters for wireframe plots

Figure 4-18: Sample wireframe plot
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Plot window parameters

;�/HIW��;�5LJKW 7KH�[�D[LV�UDQJH¦RU�ZLGWK¦RI�WKH�YLHZ�YROXPH�

<�1HDU��<�)DU 7KH�\�D[LV�UDQJH¦RU�GHSWK¦RI�WKH�YLHZ�YROXPH�

=�/RZ��=�+LJK 7KH�]�D[LV�UDQJH¦RU�KHLJKW¦RI�WKH�YLHZ�YROXPH�

;( 7KH�[�FRRUGLQDWH�RI�WKH�H\HSRLQW�

<( 7KH�\�FRRUGLQDWH�RI�WKH�H\HSRLQW�

=( 7KH�]�FRRUGLQDWH�RI�WKH�H\HSRLQW�

6WHS�,QGHS 7KH�QXPEHU�RI�FROXPQV�LQ�WKH�VDPSOLQJ�JULG�

6WHS�'HSQG 7KH�QXPEHU�RI�URZV�LQ�WKH�VDPSOLQJ�JULG�

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��LQ�WKLV�FDVH��ZLUHIUDPH��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�RU�OLVW�RI�HTXDWLRQV�\RX�ZDQW�WR�SORW�

,QGHS 7KH�QDPH�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�

'HSQG 7KH�QDPH�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�

Pseudo-Contour plots

$�SVHXGR�FRQWRXU�SORW�LV�D�ODWWLFH�RI�OLQH�VHJPHQWV�HDFK�WDQJHQW�WR�D�
FRQWRXU�RI�D�IXQFWLRQ��D�FXUYH�VDWLVI\LQJ�)�[�\�� �FRQVWDQW��

$�SVHXGR�FRQWRXU�SORW�QHHGV�WZR�LQSXWV�WR�JHQHUDWH�DQ�RXWSXW��7KH�
+3 ��*�XVHV�D�WZR�GLPHQVLRQDO�VDPSOLQJ�JULG�RI�SRLQWV�ZKRVH�
FRRUGLQDWHV�SURYLGH�WKH�WZR�LQSXWV�UHTXLUHG��%\�GHIDXOW��WKH�VDPSOLQJ�JULG�
FRQVLVW�RI����SRLQWV�����FROXPQV�E\���URZV��,Q�GUDZLQJ�D�SVHXGR�FRQWRXU�
SORW��WKH�+3 ��*�FRPSXWHV�D�WDQJHQW�IRU�HDFK�SRLQW�LQ�WKH�VDPSOLQJ�JULG�

7KH�SVHXGR�FRQWRXU�SORW�W\SH�SURGXFHV�D�IDVW�FRQWRXU�SORW��HQDEOLQJ�\RXU�
H\H�WR�SLFN�RXW�WKH�LQWHJUDO�FXUYHV�ZLWKRXW�DFWXDOO\�SORWWLQJ�WKHP�

7KH�IROORZLQJ�H[DPSOH�LV�D�SVHXGR�FRQWRXU�SORW�RI� �z x
3
y xy
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Figure 4-19: Default plot window and plot setup parameters for pseudo-contour plots

Figure 4-20: Sample pseudo-contour plot

Plot window parameters

;�/HIW��;�5LJKW 7KH�KRUL]RQWDO�GLVSOD\�UDQJH�FRUUHVSRQGLQJ�WR�WKH�ILUVW�
LQGHSHQGHQW�YDULDEOH��HQWHUHG�LQ�WKH�6WHS�,QGHS�ILHOG��

<�1HDU��<�)DU 7KH�YHUWLFDO�GLVSOD\�UDQJH�FRUUHVSRQGLQJ�WR�WKH�VHFRQG�
LQGHSHQGHQW�YDULDEOH��HQWHUHG�LQ�WKH�6WHS�'HSQG�ILHOG��

6WHS�,QGHS 7KH�QXPEHU�RI�FROXPQV�LQ�WKH�VDPSOLQJ�JULG�

6WHS�'HSQG 7KH�QXPEHU�RI�URZV�LQ�WKH�VDPSOLQJ�JULG�

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��QDPHO\��SV�FRQWRXU��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�RU�OLVW�RI�HTXDWLRQV�\RX�ZDQW�WR�SORW�

,QGHS 7KH�QDPH�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�

'HSQG 7KH�QDPH�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�
Page 4-22 Plotting graphs



Plotting graphs
Y-Slice plots

7KH�<�6OLFH�SORW�GUDZV�D�VHULHV�RI�FURVV�VHFWLRQV�RU�VOLFHV¦HDFK�
SHUSHQGLFXODU�WR�WKH�\�D[LV¦RI�WKH�VXUIDFH�GHWHUPLQHG�E\�D�VSHFLILHG�
IXQFWLRQ�

$�<�6OLFH�SORW�QHHGV�WZR�LQSXWV�WR�JHQHUDWH�DQ�RXWSXW��7KH�+3 ��*�XVHV�D�
WZR�GLPHQVLRQDO�VDPSOLQJ�JULG�RI�SRLQWV�ZKRVH�FRRUGLQDWHV�SURYLGH�WKH�
WZR�LQSXWV�UHTXLUHG��%\�GHIDXOW��WKH�VDPSOLQJ�JULG�FRQVLVW�RI����SRLQWV�����
FROXPQV�E\���URZV��,Q�GUDZLQJ�D�<�6OLFH�SORW��WKH�+3 ��*�GUDZV�RQH�VOLFH�
IRU�HDFK�URZ�LQ�WKH�VDPSOLQJ�JULG�

2QFH�LW�KDV�FRPSOHWHG�GUDZLQJ�DOO�WKH�VOLFHV��WKH�+3 ��*�FUHDWHV�DQG�UXQV�
DQ�DQLPDWLRQ��ZLWK�RQH�VOLFH�SHU�IUDPH��7KLV�HQDEOHV�\RX�WR�YLVXDOL]H�D�
PRYLQJ�VOLFH�WKURXJK�WKH�VXUIDFH�

7KH�IROORZLQJ�H[DPSOH�LV�D�<�6OLFH�SORW�RI� �

Figure 4-21: Default plot window and plot setup parameters for Y-Slice plots

Figure 4-22: Sample slice of a Y-slice plot

Plot window parameters

;�/HIW��;�5LJKW 7KH�[�D[LV�UDQJH¦RU�ZLGWK¦RI�WKH�YLHZ�YROXPH�

<�1HDU��<�)DU 7KH�\�D[LV�UDQJH¦RU�GHSWK¦RI�WKH�YLHZ�YROXPH�

=�/RZ��=�+LJK 7KH�]�D[LV�UDQJH¦RU�KHLJKW¦RI�WKH�YLHZ�YROXPH�

6WHS�,QGHS 7KH�QXPEHU�RI�FROXPQV�LQ�WKH�VDPSOLQJ�JULG�

6WHS�'HSQG 7KH�QXPEHU�RI�URZV�LQ�WKH�VDPSOLQJ�JULG�

z x
3
y xy
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��QDPHO\��<�6OLFH��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�JUDGLDQV�

(4 7KH�H[SUHVVLRQ��HTXDWLRQ�RU�IXQFWLRQ�\RX�ZDQW�WR�SORW�

,QGHS 7KH�QDPH�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�

'HSQG 7KH�QDPH�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�

6DYH :KHQ�FKHFNHG��WKH�VHULHV�RI�VOLFHV�XVHG�LQ�WKH
$QLPDWLRQ DQLPDWLRQ��DQG�WKH�QXPEHU�RI�VOLFHV��DUH�SODFHG�LQ�KLVWRU\��

:KHQ�XQFKHFNHG��DOO�VOLFHV�H[FHSW�WKH�FXUUHQW�VOLFH�DUH�
GHOHWHG�RQFH�\RX�OHDYH�WKH�SORW�ZLQGRZ�

Gridmap plots

$�JULGPDS�SORW�WUDQVIRUPV�D�VSHFLILHG�VDPSOLQJ�JULG�DFFRUGLQJ�WR�D�
FRPSOH[�YDOXHG�IXQFWLRQ��7KH�FRRUGLQDWHV�RI�HDFK�SRLQW�LQ�WKH�VDPSOLQJ�
JULG�DUH�WKH�LQSXWV�IRU�WKH�IXQFWLRQ�

7KH�IROORZLQJ�H[DPSOH�LV�D�SORW�RI�VLQ��[��\���

Figure 4-23: Default plot window and plot setup parameters for gridmap plots

Figure 4-24: Sample gridmap plots

Plot window parameters

;�/HIW��;�5LJKW 7KH�KRUL]RQWDO�GLVSOD\�UDQJH�

<�1HDU��<�)DU 7KH�YHUWLFDO�GLVSOD\�UDQJH�

;;�/HIW�� 7KH�KRUL]RQWDO�UDQJH�RI�WKH�LQSXW�VDPSOLQJ�JULG�
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;;�5LJKW FRUUHVSRQGLQJ�WR�WKH�ILUVW�LQGHSHQGHQW�YDULDEOH��HQWHUHG�
LQ�WKH�6WHS�,QGHS�ILHOG��

<<�1HDU�� 7KH�YHUWLFDO�UDQJH�RI�WKH�LQSXW�VDPSOLQJ�JULG�
<<�)DU FRUUHVSRQGLQJ�WR�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�

�HQWHUHG�LQ�WKH�6WHS�'HSQG�ILHOG��

6WHS�,QGHS 7KH�QXPEHU�RI�FROXPQV�LQ�WKH�VDPSOLQJ�JULG�

6WHS�'HSQG 7KH�QXPEHU�RI�URZV�LQ�WKH�VDPSOLQJ�JULG�

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��QDPHO\��JULGPDS��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJOHV�
DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�JUDGLDQV�

(4 7KH�HTXDWLRQ�RU�OLVW�RI�HTXDWLRQV�\RX�ZDQW�WR�SORW�

,QGHS 7KH�QDPH�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�

'HSQG 7KH�QDPH�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�

Parametric surface plots

$�SDUDPHWULF�VXUIDFH�SORW�GUDZV�DQ�REOLTXH����'�SORW�RI�D�ZLUHIUDPH�PRGHO�
RI�D�VXUIDFH�GHWHUPLQHG�E\�D�FRPSOH[�YDOXHG�IXQFWLRQ��7KLV�SORW�W\SH�
FRPELQHV�WKH�FRRUGLQDWH�PDSSLQJ�DSSURDFK�RI�WKH�JULGPDS�SORW��VHH�SDJH�
������ZLWK�WKH���'�SHUVSHFWLYH�SORWWLQJ�RI�ZLUHIUDPH�SORWV��VHH�SDJH ������

7KH�IROORZLQJ�H[DPSOH�LV�D�SDUDPHWULF�VXUIDFH�SORW�RI�[FRV�\�L���[VLQ�\�M�
�[N�

Figure 4-25: Default plot window and plot setup parameters for parametric surface plots

Figure 4-26: Sample parametric surface plot
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Plot window (1) parameters

;�/HIW��;�5LJKW 7KH�[�D[LV�UDQJH��WKDW�LV��ZLGWK��RI�WKH�YLHZ�YROXPH�

<�1HDU��<�)DU 7KH�\�D[LV�UDQJH��WKDW�LV��GHSWK��RI�WKH�YLHZ�YROXPH�

=�/RZ��=�+LJK 7KH�]�D[LV�UDQJH��WKDW�LV��KHLJKW��RI�WKH�YLHZ�YROXPH�

;( 7KH�[�FRRUGLQDWH�RI�WKH�H\HSRLQW�

<( 7KH�\�FRRUGLQDWH�RI�WKH�H\HSRLQW�

=( 7KH�]�FRRUGLQDWH�RI�WKH�H\HSRLQW�

6WHS�,QGHS 7KH�QXPEHU�RI�FROXPQV�LQ�WKH�VDPSOLQJ�JULG�

6WHS�'HSQG 7KH�QXPEHU�RI�URZV�LQ�WKH�VDPSOLQJ�JULG�

Plot window (2) parameters

7KH�IROORZLQJ�SDUDPHWHUV�FDQ�EH�YLHZHG�DQG�VHW�E\�SUHVVLQJ�;;<<��7KH�
ILHOGV�UHSODFH�WKH�=�/RZ��=�+LJK�DQG�H\HSRLQW�FRRUGLQDWHV�ILHOGV��3UHVV�
;;<<�DJDLQ�WR�UHGLVSOD\�WKH�GHIDXOW�3ORW�:LQGRZ�VFUHHQ�

;;�/HIW�� 7KH�KRUL]RQWDO�UDQJH�RI�WKH�LQSXW�VDPSOLQJ�JULG�
;;�5LJKW FRUUHVSRQGLQJ�WR�WKH�ILUVW�LQGHSHQGHQW�YDULDEOH��HQWHUHG�

LQ�WKH�,QGHS�ILHOG��

<<�1HDU�� 7KH�YHUWLFDO�UDQJH�RI�WKH�LQSXW�VDPSOLQJ�JULG�
<<�)DU FRUUHVSRQGLQJ�WR�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�

�HQWHUHG�LQ�WKH�'HSQG�ILHOG��

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��QDPHO\��SDUDPHWULF�VXUIDFH��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�RU�OLVW�RI�HTXDWLRQV�\RX�ZDQW�WR�SORW�

,QGHS 7KH�QDPH�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOH�

'HSQG 7KH�QDPH�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�
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Fast 3-D plots

6WDQGDUG���'�IXQFWLRQV�FDQ�EH�SORWWHG�XVLQJ�WKH�)DVW���'�SORW�W\SH��

$�)DVW���'�SORW�QHHGV�WZR�LQSXWV�WR�JHQHUDWH�DQ�RXWSXW��7KH�+3 ��*�XVHV�D�
WZR�GLPHQVLRQDO�VDPSOLQJ�JULG�RI�SRLQWV�ZKRVH�FRRUGLQDWHV�SURYLGH�WKH�
WZR�LQSXWV�UHTXLUHG��%\�GHIDXOW��WKH�VDPSOLQJ�JULG�FRQVLVW�RI����SRLQWV�����
FROXPQV�E\���URZV��

7KH�IROORZLQJ�LV�D�)DVW���'�SORW�RI� �

Figure 4-27: Default plot window and plot setup parameters for Fast 3-D plots

Figure 4-28: Sample Fast 3-D plot

<RX�FDQ�URWDWH�D�)DVW���'�SORW�E\�SUHVVLQJ�WKH�DUURZ�NH\V��RU�WKH�i�DQG�
l�NH\V�

Plot window parameters

;�/HIW��;�5LJKW 7KH�KRUL]RQWDO�GLVSOD\�UDQJH�FRUUHVSRQGLQJ�WR�WKH�ILUVW�
LQGHSHQGHQW�YDULDEOH��HQWHUHG�LQ�WKH�,QGHS�ILHOG��

<�1HDU��<�)DU 7KH�YHUWLFDO�GLVSOD\�UDQJH�FRUUHVSRQGLQJ�WR�WKH�VHFRQG�
LQGHSHQGHQW�YDULDEOH��HQWHUHG�LQ�WKH�'HSQG�ILHOG��

=�/RZ��=�+LJK 7KH�]�D[LV�UDQJH¦RU�KHLJKW¦RI�WKH�YLHZ�YROXPH�

6WHS�,QGHS 7KH�QXPEHU�RI�FROXPQV�LQ�WKH�VDPSOLQJ�JULG�

6WHS�'HSQG 7KH�QXPEHU�RI�URZV�LQ�WKH�VDPSOLQJ�JULG�

z x
2
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��QDPHO\��IDVW���'��

a� 7KH�DQJOH�XQLWV�ILHOG�LQGLFDWHV�WKH�XQLWV�LQ�ZKLFK�DQJXODU�
DUJXPHQWV�DUH�WR�EH�LQWHUSUHWHG��GHJUHHV��UDGLDQV��RU�
JUDGLDQV�

(4 7KH�HTXDWLRQ�RU�OLVW�RI�HTXDWLRQV�\RX�ZDQW�WR�SORW�

,QGHS 7KH�QDPH�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�

'HSQG 7KH�QDPH�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH�

Statistical plots

<RX�FDQ�FUHDWH�WKUHH�W\SHV�RI�VWDWLVWLFDO�SORW�

� VFDWWHU�SORW

� EDU�FKDUW

� KLVWRJUDP�

6WDWLVWLFDO�SORWV�DUH�GUDZQ�IURP�GDWD�\RX�KDYH�VWRUHG�LQ�D�UHDO�PDWUL[��$�
TXLFN�ZD\�WR�HQWHU�D�PDWUL[�LV�WR�XVH�0DWUL[�:ULWHU���0DWUL[�:ULWHU�LV�
GHVFULEHG�LQ�FKDSWHU����§9HFWRUV��OLVWV��DUUD\V��DQG�PDWULFHV¨���<RX�WKHQ�
VWRUH�WKH�PDWUL[�LQ�D�YDULDEOH�DQG�UHIHU�WR�WKDW�YDULDEOH�ZKHQ�SORWWLQJ�WKH�
GDWD�

2QO\�RQH�GDWD�PDWUL[�FDQ�EH�SORWWHG�DW�RQH�WLPH��DOWKRXJK�\RX�FDQ�
FRQVHFXWLYHO\�SORW�GLIIHUHQW�GDWD�PDWULFHV�WR�VXSHULPSRVH�RQH�VWDWLVWLFDO�
SORW�RYHU�DQRWKHU��

7KH�ODVW�GDWD�PDWUL[�XVHG�WR�GUDZ�D�VWDWLVWLFDO�SORW�LV�VWRUHG�LQ�D�VSHFLDO�
V\VWHP�YDULDEOH�FDOOHG�VLJPD�GDWD��ODEHOOHG�∑'$7�RQ�WKH�VFUHHQ��
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Scatter plots

$�VFDWWHU�SORW�VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�E\�SORWWLQJ�DQ�
[¥\�FRRUGLQDWH�SRLQW�IRU�HDFK�LWHP�LQ�D�VDPSOH��)RU�YDULDEOHV�WKDW�DUH�
VWDWLVWLFDOO\�FRUUHODWHG��WKH�SRLQWV�VKRXOG�FOXVWHU�DORQJ�VRPH�FXUYH�

Figure 4-29: Default plot window and plot setup parameters for scatter plots

Figure 4-30: Sample scatter plot

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG��

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

$XWR 5HVHWV�WKH�KRUL]RQWDO�GLVSOD\�UDQJH�WR�VSDQ�WKH�PLQLPXP�
YDOXH�DQG�WKH�PD[LPXP�YDOXH�RI�WKH�YDULDEOH�LQ�WKH�ILUVW�
&ROV�ILHOG��DQG�UHVHWV�WKH�YHUWLFDO�GLVSOD\�UDQJH�WR�VSDQ�
WKH�PLQLPXP�YDOXH�DQG�PD[LPXP�YDOXH�RI�WKH�YDULDEOH�LQ�
WKH�VHFRQG�&ROV�ILHOG���7KH�&ROV�ILHOG�LV�H[SODLQHG�LQ�WKH�
QH[W�VHFWLRQ��
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��QDPHO\��VFDWWHU��

∑'$7 7KH�GDWD�PDWUL[��RU�QDPH�RI�WKH�GDWD�PDWUL[��FRQWDLQLQJ�
WKH�GDWD�WR�EH�SORWWHG�

7KH�QDPH�RI�D�PDWUL[�LV�WKH�QDPH�\RX�JDYH�LW�ZKHQ�\RX�
VWRUHG�LW�DV�D�YDULDEOH���6HH�FKDSWHU����§6WRULQJ�REMHFWV¨��
IRU�LQIRUPDWLRQ�RQ�VWRULQJ�REMHFWV�LQ�YDULDEOHV���7KH�QDPH�
PXVW�EH�HQWHUHG�LQ�VLQJOH�TXRWHV�

,I�\RX�DUH�HQWHULQJ�WKH�GDWD�PDWUL[�GLUHFWO\��WKH�HQWLUH�
PDWUL[��DQG�HDFK�URZ�RI�WKH�PDWUL[��PXVW�EH�HQFORVHG�LQ�
VTXDUH�EUDFNHWV���6HH�FKDSWHU����§9HFWRUV��OLVWV��DUUD\V��
DQG�PDWULFHV¨�IRU�LQIRUPDWLRQ�RQ�FUHDWLQJ�PDWULFHV��

&ROV 7KH�FROXPQV�RI�WKH�GDWD�PDWUL[�WKDW�\RX�ZDQW�WR�SORW��7KH�
ILUVW�ILHOG�LQGLFDWHV�WKH�FROXPQ�WR�EH�SORWWHG�DORQJ�WKH�
KRUL]RQWDO�D[LV�DQG�WKH�VHFRQG�ILHOG�LQGLFDWHV�WKH�FROXPQ�
WR�EH�SORWWHG�DORQJ�WKH�YHUWLFDO�D[LV�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�
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Plotting graphs
Bar charts

$�EDU�FKDUW�SURYLGHV�D�YLVXDO�UHSUHVHQWDWLRQ�RI�WKH�UHODWLYH�PDJQLWXGHV�RI�
WKH�YDOXHV�LQ�D�VSHFLILHG�FROXPQ�RI�D�GDWD�PDWUL[�

Figure 4-31: Default plot window and plot setup parameters for bar charts

Figure 4-32: Sample bar chart

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG��

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

%DU�:LGWK 7KH�ZLGWK�RI�HDFK�EDU��7KH�GHIDXOW�VHWWLQJ�LV�RQH�XQLW�

$XWR 5HVHWV�WKH�KRUL]RQWDO�GLVSOD\�UDQJH�WR�ILW�WKH�WRWDO�QXPEHU�
RI�HOHPHQWV�LQ�WKH�&RO�ILHOG��DQG�UHVHWV�WKH�YHUWLFDO�GLVSOD\�
UDQJH�WR�VSDQ�IURP�WKH�PLQLPXP�YDOXH�WR�WKH�PD[LPXP�
YDOXH�RI�WKH�HOHPHQWV�LQ�WKH�&RO�ILHOG�
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Plot setup parameters

7\SH 7KH�W\SH�RI�SORW��WKDW�LV��EDU�FKDUW��

∑'$7 7KH�GDWD�PDWUL[��RU�QDPH�RI�WKH�GDWD�PDWUL[��FRQWDLQLQJ�
WKH�GDWD�WR�EH�SORWWHG�

7KH�QDPH�RI�D�PDWUL[�LV�WKH�QDPH�\RX�JDYH�LW�ZKHQ�\RX�
VWRUHG�LW�DV�D�YDULDEOH���6HH�FKDSWHU����§6WRULQJ�REMHFWV¨��
IRU�LQIRUPDWLRQ�RQ�VWRULQJ�REMHFWV�LQ�YDULDEOHV���,I�\RX�DUH�
HQWHULQJ�WKH�GDWD�PDWUL[�GLUHFWO\��WKH�HQWLUH�PDWUL[��DQG�
HDFK�URZ�RI�WKH�PDWUL[��PXVW�EH�HQFORVHG�LQ�VTXDUH�
EUDFNHWV���6HH�FKDSWHU����§9HFWRUV��OLVWV��DUUD\V��DQG�
PDWULFHV¨�IRU�LQIRUPDWLRQ�RQ�FUHDWLQJ�PDWULFHV��

&RO 7KH�FROXPQ�RI�WKH�GDWD�PDWUL[�WKDW�\RX�ZDQW�WR�SORW�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�
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Plotting graphs
Histograms

$�KLVWRJUDP�LV�D�UHSUHVHQWDWLRQ�RI�D�IUHTXHQF\�GLVWULEXWLRQ��7KH�OHQJWK�RI�
HDFK�EDU�LQ�D�KLVWRJUDP�LQGLFDWHV�KRZ�PDQ\�LWHPV�IDOO�ZLWKLQ�LWV�UDQJH�

Figure 4-33: Default plot window and plot setup parameters for histograms

Figure 4-34: Sample histogram

Plot window parameters

+�9LHZ 7KH�KRUL]RQWDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�
KRUL]RQWDO�YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�KRUL]RQWDO�
YDOXH�LQ�WKH�VHFRQG�ILHOG��

9�9LHZ 7KH�YHUWLFDO�GLVSOD\�UDQJH��ZLWK�WKH�PLQLPXP�YHUWLFDO�
YDOXH�LQ�WKH�ILUVW�ILHOG�DQG�PD[LPXP�YHUWLFDO�YDOXH�LQ�WKH�
VHFRQG�ILHOG�

%DU�:LGWK 7KH�ZLGWK�RI�HDFK�EDU��7KH�GHIDXOW�VHWWLQJ�LV�RQH�XQLW

$XWR 5HVHWV�WKH�KRUL]RQWDO�GLVSOD\�UDQJH�WR�VSDQ�IURP�WKH�
PLQLPXP�YDOXH�WR�WKH�PD[LPXP�YDOXH�RI�WKH�HOHPHQWV�LQ�
WKH�&RO�ILHOG��DQG�UHVHWV�WKH�YHUWLFDO�GLVSOD\�UDQJH�WR�VSDQ�
IURP�]HUR�WR�WKH�WRWDO�QXPEHU�RI�URZV�LQ�∑'$7�

Plot setup parameters

7\SH 7KH�W\SH�RI�SORW�

∑'$7 7KH�GDWD�PDWUL[��RU�QDPH�RI�WKH�GDWD�PDWUL[��FRQWDLQLQJ�
WKH�GDWD�WR�EH�SORWWHG�

7KH�QDPH�RI�D�PDWUL[�LV�WKH�QDPH�\RX�JDYH�LW�ZKHQ�\RX�
VWRUHG�LW�DV�D�YDULDEOH���6HH�FKDSWHU����§6WRULQJ�REMHFWV¨��
IRU�LQIRUPDWLRQ�RQ�VWRULQJ�REMHFWV�LQ�YDULDEOHV���,I�\RX�DUH�
HQWHULQJ�WKH�GDWD�PDWUL[�GLUHFWO\��WKH�HQWLUH�PDWUL[��DQG�
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HDFK�URZ�RI�WKH�PDWUL[��PXVW�EH�HQFORVHG�LQ�VTXDUH�
EUDFNHWV���6HH�FKDSWHU����§9HFWRUV��OLVWV��DUUD\V��DQG�
PDWULFHV¨�IRU�LQIRUPDWLRQ�RQ�FUHDWLQJ�PDWULFHV��

&RO 7KH�FROXPQ�RI�WKH�GDWD�PDWUL[�WKDW�\RX�ZDQW�WR�SORW�

+�7LFN 7KH�QXPEHU�RI�XQLWV��RU�SL[HOV��EHWZHHQ�WLFN�PDUNV�RQ�
WKH�KRUL]RQWDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

9�7LFN 7KH�QXPEHU�RI�SL[HOV�RU�XQLWV�EHWZHHQ�WLFN�PDUNV�RQ�WKH�
YHUWLFDO�D[LV��7KH�GHIDXOW�LV�RQH�WLFN�HYHU\����SL[HOV��
:KHWKHU�XQLWV�RU�SL[HOV�LV�XVHG�GHSHQGV�RQ�WKH�VHWWLQJ�LQ�
WKH�3L[HOV�ILHOG��VHH�EHORZ��

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�

3L[HOV :KHQ�FKHFNHG¦ZKLFK�LV�WKH�GHIDXOW¦WKH�YDOXHV�LQ�WKH�
+�7LFN�DQG�9�7LFN�ILHOGV�DUH�LQWHUSUHWHG�DV�SL[HOV��:KHQ�
XQFKHFNHG��WKHVH�YDOXHV�DUH�LQWHUSUHWHG�DV�XQLWV�

7KLV�ILHOG�LV�RQO\�DYDLODEOH�LI�\RX�KDYH�FKRVHQ�WR�GLVSOD\�
D[HV��3UHVV�d�WR�LQFOXGH�RU�H[FOXGH�D[HV�
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Plotting graphs
Cursor movement
:LWK�WKH�SORW�VFUHHQ�GLVSOD\HG��\RX�FDQ�PRYH�WKH�FXUVRU�LQ�RQH�RI�WZR�
ZD\V�

� VWDQGDUG�JUDSKLFV�PRGH

� WUDFH�PRGH�

Standard cursor movement

,Q�VWDQGDUG�JUDSKLFV�PRGH��WKH�FXUVRU�PRYHV�LQGHSHQGHQWO\�RI�WKH�SORW��
7KDW�LV��SUHVVLQJ�{��]���}� [��FDXVHV�WKH�FXUVRU�WR�PRYH�SDUDOOHO�WR�DQ�
D[LV�LQ�WKH�GLUHFWLRQ�LQGLFDWHG�E\�WKH�NH\�

Tracing a plot

,Q�WUDFH�PRGH��WKH�FXUVRU�MXPSV�IURP�SORWWHG�SRLQW�WR�SORWWHG�SRLQW�DORQJ�
WKH�IXQFWLRQ�ZKHQ�\RX�SUHVV�WKH�{�RU�}�NH\���7KH�SRLQWV�WKDW�DUH�SORWWHG�
GHSHQG�RQ�WKH�VWHS�YDOXH�VHW�RQ�WKH�3ORW�:LQGRZ�LQSXW�IRUP���

:KHUH�PXOWLSOH�IXQFWLRQV�KDYH�EHHQ�SORWWHG��SUHVVLQJ�]�RU [�PRYHV�WKH�
FXUVRU�IURP�IXQFWLRQ�WR�IXQFWLRQ�

7UDFH�PRGH�LV�DYDLODEOH�IRU�IXQFWLRQ��SRODU��DQG�SDUDPHWULF�SORWV��7R�
DFWLYDWH�WUDFH�PRGH��SUHVV�75$&(�

<RX�ZRXOG�W\SLFDOO\�FKRRVH�WUDFH�PRGH�WR�GHWHUPLQH�WKH�FRRUGLQDWHV�RI�
WKH�SRLQWV�SORWWHG��DV�H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ���<RX�FDQ�DOVR�GLVSOD\�
SORWWHG�FRRUGLQDWHV�LQ�WDEXODU�IRUP��<RX�GR�WKLV�E\�SUHVVLQJ�<F ZKHQ�
WKH�SORW�LV�QRW�GLVSOD\HG��6HH�§7DEOHV¨�RQ�SDJH �����IRU�PRUH�LQIRUPDWLRQ�

'HDFWLYDWH�WUDFH�PRGH�E\�SUHVVLQJ�75$&(�DJDLQ���7UDFH�PRGH�LV�
DXWRPDWLFDOO\�GHDFWLYDWHG�LI�\RX�FKRRVH�D�=220�IXQFWLRQ��RU�DQ\�RWKHU�
IXQFWLRQ�WKDW�FDXVHV�WKH�SORW�WR�EH�UHGUDZQ��

Cursor coordinates

7R�GLVSOD\�WKH�FRRUGLQDWHV�RI�WKH�FXUVRU��SUHVV�b�WR�VHOHFW��;��<���7KH�
PHQX�LV�UHSODFHG�E\�WKH�FRRUGLQDWHV�RI�WKH�FXUVRU�

$V�\RX�PRYH�WKH�FXUVRU��WKH�FRRUGLQDWHV�RI�WKH�FXUVRUªV�FXUUHQW�SRVLWLRQ�LV�
GLVSOD\HG��,I�\RX�KDG�WXUQHG�RQ�WUDFH�PRGH�EHIRUH�SUHVVLQJ�b��WKH�
FRRUGLQDWHV�RI�FRQVHFXWLYH�SORWWHG�SRLQWV�DUH�GLVSOD\HG�DV�\RX�SUHVV�WKH�
{�RU�}�NH\���3ORWWHG�SRLQWV�DUH�SRLQWV�WKDW�FRUUHVSRQG�WR�WKH�YDOXHV�RI�
WKH�LQGHSHQGHQW�YDULDEOH�DV�GHWHUPLQHG�E\�WKH�VWHS�YDOXH��
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1RWH�WKDW�\RX�FDQQRW�FKRRVH�WUDFH�PRGH�ZKLOH�\RX�KDYH�WKH�FXUVRU�
FRRUGLQDWHV�GLVSOD\HG��<RX�PXVW�FKRRVH�WUDFH�PRGH�EHIRUH�\RX�FKRRVH�WR�
GLVSOD\�WKH�FXUVRUªV�FRRUGLQDWHV�

7R�UHGLVSOD\�WKH�PHQX¦WKHUHE\�KLGLQJ�WKH�FXUVRU�FRRUGLQDWHV¦SUHVV�=��
�7KH�=�DQG���NH\V�HQDEOH�\RX�WR�GLVSOD\�DQG�KLGH�WKH�PHQX�UHVSHFWLYHO\��
<RX�FDQ�DOVR�UHGLVSOD\�WKH�PHQX�E\�SUHVVLQJ�D�IXQFWLRQ�NH\��

Zooming
7KH�=220�IXQFWLRQV�HQDEOH�\RX�WR�ORRN�DW�D�SDUWLFXODU�UHJLRQ�RI�WKH�SORW�LQ�
PRUH�GHWDLO��E\�]RRPLQJ�LQ��RU�ORRN�DW�PRUH�RI�WKH�SORW�WKDQ�LV�FXUUHQWO\�
GLVSOD\HG��E\�]RRPLQJ�RXW��

To zoom in
�� 3UHVV�=220��7KH�=220�PHQX�LV�GLVSOD\HG�

�� 3UHVV�=,1�WR�VHOHFW�=220�,1�

<RX�FDQ�DOVR�]RRP�LQ�RQ�D�UHFWDQJXODU�DUHD�RI�WKH�SORW�\RX�VSHFLI\��7R�
VSHFLI\�WKH�DUHD�

�� 3UHVV�=220��7KH�=220�PHQX�LV�GLVSOD\HG�

�� 8VH�WKH�DUURZ�NH\V�WR�SRVLWLRQ�WKH�FXUVRU�DW�D�FRUQHU�RI�WKH�UHFWDQJXODU�
DUHD�WKDW�\RX�ZDQW�WR�]RRP�LQ�RQ�

�� 3UHVV�%2;=�WR�VHOHFW�%2;�=220�

�� 3UHVV�WKH�DSSURSULDWH�DUURZ�NH\V�WR�FUHDWH�D�ER[�DURXQG�WKH�DUHD�\RX�
ZDQW�WR�]RRP�LQ�RQ�

�� 3UHVV�=220��7KH�FDOFXODWRU�]RRPV�LQ�RQ�WKH�ER[HG�DUHD�

To zoom out
�� 3UHVV�=220��7KH�=220�PHQX�LV�GLVSOD\HG�

�� 3UHVV�=287�WR�VHOHFW�=220�287�

Zoom options

$�QXPEHU�RI�]RRP�RSWLRQV�DUH�DYDLODEOH�IURP�WKH�=220�PHQX��<RX�GLVSOD\�
WKH�=220�PHQX�IURP�WKH�SORWWLQJ�VFUHHQ�E\�SUHVVLQJ�=220��7KH�PDLQ�
RSWLRQV�DUH�VHW�RXW�EHORZ�
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Plotting graphs
Setting the zoom factor

<RX�FDQ�VHW�WKH�IDFWRU�E\�ZKLFK�\RX�]RRP�LQ�RU�]RRP�RXW�E\�FKDQJLQJ�WKH�
YDOXHV�RQ�WKH�=RRP�)DFWRUV�LQSXW�IRUP��

�� 3UHVV�=)$&7�WR�VHOHFW�=220�)$&725�

�� &KDQJH�WKH�YDOXHV�LQ�WKH�+�)DFWRU�DQG�9�)DFWRU�ILHOGV��

.HHS�WKH�YDOXHV�\RX�HQWHU�WKH�VDPH�LI�\RX�ZDQW�]RRPLQJ�WR�EH�
KRUL]RQWDOO\�DQG�YHUWLFDOO\�SURSRUWLRQDO���6HH�DOVR�§)RUFLQJ�D�
SURSRUWLRQDO�]RRP¨�EHORZ��

�� ,I�\RX�ZDQW�]RRPLQJ�WR�FHQWHU�DURXQG�WKH�SRVLWLRQ�RI�\RXU�FXUVRU��
FKHFN�WKH�5HFHQWHU�DW�&URVVKDLUV�ILHOG�

�� 3UHVV�2.��

Forcing a proportional zoom

3UHVV�=645�WR�VHOHFW�=220�648$5(��

7KH�SORW�LV�UHGUDZQ�ZLWK�WKH�YHUWLFDO�VFDOH�WKH�VDPH�DV�WKH�KRUL]RQWDO�
VFDOH�

Resetting the zoom default

3UHVV�=')/7�WR�VHOHFW�=220�'()$8/7��7KH�SORW�LV�UHGUDZQ�XVLQJ�WKH�GHIDXOW�
GLVSOD\�UDQJHV�

Analyzing functions
7KH�+3 ��*�SURYLGHV�QXPHURXV�WRROV�IRU�DQDO\]LQJ�WKH�PDWKHPDWLFDO�
SURSHUWLHV�RI�IXQFWLRQV��)RU�H[DPSOH��\RX�FDQ�FDOFXODWH�URRWV��H[WUHPD��
VORSHV��DUHDV��DQG�WKH�SRLQW�RI�LQWHUVHFWLRQ�RI�WZR�JUDSKV�

:KHUH�\RX�KDYH�SORWWHG�PRUH�WKDQ�RQH�IXQFWLRQ��\RX�PD\�ILUVW�QHHG�WR�
VHOHFW�WKH�IXQFWLRQ�\RX�ZDQW�WR�DQDO\]H��%\�GHIDXOW��WKH�ILUVW�IXQFWLRQ�OLVWHG�
RQ�WKH�3ORW�)XQFWLRQV�VFUHHQ�LV�WKH�IXQFWLRQ�WKDW�LV�VHOHFWHG�

7R�VHOHFW�DQRWKHU�IXQFWLRQ�IRU�DQDO\VLV�

�� 3UHVV�75$&(�WR�WXUQ�RQ�WUDFH�PRGH���6HH�§7UDFLQJ�D�SORW¨�RQ�SDJH�������

�� 3UHVV [�RU�]�XQWLO�WKH�FXUVRU�LV�RQ�WKH�IXQFWLRQ�\RX�ZDQW�WR�DQDO\]H�

<RX�FDQ�DOVR�VHOHFW�DQRWKHU�IXQFWLRQ�E\�SUHVVLQJ�1;(4��IRXQG�RQ�
WKH�VHFRQG�SDJH�RI�WKH�)81&7,21�PHQX���,Q�WKLV�FDVH��\RX�GR�QRW�
QHHG�WR�EH�LQ�WUDFH�PRGH�
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Function analysis tools list

7KH�WRROV�GLVFXVVHG�EHORZ�DUH�DYDLODEOH�IURP�WKH�)81&7,216�VXE�PHQX�
�ODEHOHG�)&1�RQ�WKH�3,&7�PHQX��

�� 3UHVV�)&1�WR�GLVSOD\�WKH�)81&7,216�PHQX�

�� 3UHVV�WKH�IXQFWLRQ�NH\�IRU�WKH�DQDO\VLV�WRRO�\RX�ZDQW�

:KHQ�\RX�FKRRVH�D�IXQFWLRQ�DQDO\VLV�WRRO��WKH�PHQX�LV�KLGGHQ�WR�PDNH�
URRP�IRU�WKH�UHVXOW��<RX�FDQ�UHVWRUH�WKH�PHQX�E\�SUHVVLQJ�DQ\�RQH�RI�WKH�
IXQFWLRQ�NH\V��a�WR�f�

Finding roots

$�URRW�LV�D�SRLQW�ZKHUH�D�JUDSK�PHHWV�RU�FURVVHV�WKH�[�D[LV��7R�ILQG�WKH�
URRW�FORVHVW�WR�WKH�FXUVRU��SUHVV�5227�RQ�WKH�)81&7,216�PHQX�

,I�WKH�URRW�LV�ZLWKLQ�WKH�GLVSOD\�DUHD��WKH�FXUVRU�PRYHV�WR�WKH�URRW�DQG�WKH�
YDOXH�RI�WKH�URRW�LV�GLVSOD\HG�QHDU�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ��,I�
WKH�URRW�LV�QRW�ZLWKLQ�WKH�GLVSOD\�DUHD��WKH�FXUVRU�UHPDLQV�ZKHUH�LW�LV��WKH�
PHVVDJH�2))�6&5((1�LV�EULHIO\�GLVSOD\HG��DQG�WKH�YDOXH�RI�WKH�URRW�LV�
GLVSOD\HG�QHDU�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ�

,I�\RX�ZDQW�WR�ILQG�DQRWKHU�URRW��PRYH�WKH�FXUVRU�VR�WKDW�LW�LV�FORVHU�WR�WKDW�
URRW�WKDQ�WR�DQ\�RWKHU�URRW�EHIRUH�VHOHFWLQJ�5227�

7KH�PHVVDJH�§&RQVWDQW"¨�DSSHDUV�RQ�WKH�VFUHHQ�LI�WKH�VDPH�YDOXH�ZDV�
FDOFXODWHG�DW�HYHU\�VDPSOH�SRLQW�

Finding extrema

$Q�H[WUHPXP�LV�WKH�PD[LPXP�RU�PLQLPXP�YDOXH��7R�ILQG�WKH�H[WUHPD�
FORVHVW�WR�WKH�FXUVRU��SUHVV�(;75�RQ�WKH�)81&7,216�PHQX�

,I�DQ�H[WUHPXP�LV�ZLWKLQ�WKH�GLVSOD\�DUHD��WKH�FXUVRU�PRYHV�WR�WKH�SRLQW�
DQG�WKH�[�DQG�\�FRRUGLQDWHV�RI�WKH�H[WUHPXP�DUH�GLVSOD\HG�QHDU�WKH�
ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ��,I�WKH�H[WUHPXP�LV�QRW�ZLWKLQ�WKH�GLVSOD\�
DUHD��WKH�FXUVRU�UHPDLQV�ZKHUH�LW�LV��WKH�PHVVDJH�2))�6&5((1�LV�EULHIO\�
GLVSOD\HG��DQG�WKH�[�DQG�\�FRRUGLQDWHV�RI�WKH�H[WUHPXP�DUH�GLVSOD\HG�
QHDU�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ�

,I�WKH�GHULYDWLYH�FKDQJHV�VLJQ�DW�WKH�H[WUHPXP��WKH�PHVVDJH�§6LJQ�
5HYHUVDO¨�EULHIO\�DSSHDUV�RQ�WKH�VFUHHQ�EHIRUH�WKH�FRRUGLQDWHV�DUH�
GLVSOD\HG�
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Finding slopes

7KH�VORSH�WRRO�GLVSOD\V�WKH�VORSH�RI�WKH�IXQFWLRQ�DW�WKH�[�YDOXH�RI�WKH�
FXUVRU�DQG�PRYHV�WKH�FXUVRU�WR�WKH�SRLQW�RQ�WKH�IXQFWLRQ�ZKHUH�WKH�VORSH�
ZDV�FDOFXODWHG��7R�ILQG�WKH�VORSH��SUHVV�6/23(�RQ�WKH�)81&7,216�PHQX�

,I�WKH�SRLQW�LV�QRW�ZLWKLQ�WKH�GLVSOD\�DUHD��WKH�FXUVRU�UHPDLQV�ZKHUH�LW�LV��
WKH�PHVVDJH�2))�6&5((1�LV�EULHIO\�GLVSOD\HG��DQG�WKH�VORSH�RI�WKH�SRLQW�LV�
GLVSOD\HG�QHDU�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ�

Finding areas

7KH�DUHD�WRRO�GLVSOD\V�WKH�DUHD�EHWZHHQ�D�FXUYH�DQG�WKH�[�D[LV�EHWZHHQ�
WZR�[�YDOXHV�WKDW�\RX�VHOHFW��

�� 0RYH�WKH�FXUVRU�VR�WKDW�LW�LV�RYHU�WKH�JUDSK�DW�RQH�HQG�RI�WKH�DUHD�WKDW�
\RX�ZDQW�WR�FDOFXODWH�

�� 3UHVV���

�� 0RYH�WKH�FXUVRU�XQWLO�LW�LV�RYHU�WKH�JUDSK�DW�WKH�RWKHU�HQG�RI�WKH�DUHD�
WKDW�\RX�ZDQW�WR�FDOFXODWH�

�� 3UHVV�$5($�RQ�WKH�)81&7,216�PHQX�

7KH�DUHD�LV�GLVSOD\HG�QHDU�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ�

Finding intersections

7KH�LQWHUVHFWLRQ�WRRO�GLVSOD\V�WKH�FRRUGLQDWHV�RI�WKH�LQWHUVHFWLRQ�EHWZHHQ�
WZR�IXQFWLRQV��RU�EHWZHHQ�D�IXQFWLRQ�DQG�WKH�[�D[LV�

7KH�LQWHUVHFWLRQ�WRRO�GHWHUPLQHV�WKH�LQWHUVHFWLRQ�RI�WKH�FXUUHQWO\�VHOHFWHG�
IXQFWLRQ�DQG�WKH�IXQFWLRQ�WKDW�IROORZV�LW�RQ�WKH�3ORW�)XQFWLRQV�VFUHHQ��,I�
\RX�KDYH�PRUH�WKDQ�WZR�IXQFWLRQV�SORWWHG��\RX�PD\�QHHG�WR�VHOHFW�DQRWKHU�
IXQFWLRQ��RU�FKDQJH�WKH�RUGHU�RI�WKH�IXQFWLRQV�OLVWHG�RQ�WKH�3ORW�)XQFWLRQ�
VFUHHQ���<RX�FDQ�FKDQJH�WKH�RUGHU�RI�WKH�IXQFWLRQV�OLVWHG�E\�SUHVVLQJ�
029(↓�RU�029(↑��RQ�WKH�VHFRQG�SDJH�RI�WKH�IXQFWLRQ�NH\�PHQX�RQ�WKH�3ORW�
)XQFWLRQ�VFUHHQ��

,I�WZR�IXQFWLRQV�LQWHUVHFW�DW�PRUH�WKDQ�RQH�SRLQW��WKH�UHVXOW�LV�WKH�
FRRUGLQDWHV�RI�WKH�LQWHUVHFWLRQ�FORVHVW�WR�WKH�FXUVRU��,I�RQO\�RQH�IXQFWLRQ�
LV�SORWWHG��WKH�UHVXOW�LV�WKH�FRRUGLQDWHV�RI�WKH�LQWHUVHFWLRQ�RI�WKH�IXQFWLRQ�
DQG�WKH�[�D[LV�

7R�ILQG�WKH�LQWHUVHFWLRQ��SUHVV�,17(5�IURP�WKH�)81&7,216�PHQX�
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,I�WKH�LQWHUVHFWLRQ�LV�ZLWKLQ�WKH�GLVSOD\�DUHD��WKH�FXUVRU�PRYHV�WR�WKH�
LQWHUVHFWLRQ�DQG�WKH�FRRUGLQDWHV�RI�WKH�LQWHUVHFWLRQ�DUH�GLVSOD\HG�QHDU�WKH�
ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ�

,I�WKH�LQWHUVHFWLRQ�LV�QRW�ZLWKLQ�WKH�GLVSOD\�DUHD��WKH�FXUVRU�UHPDLQV�ZKHUH�
LW�LV��WKH�PHVVDJH�2))�6&5((1�LV�EULHIO\�GLVSOD\HG��DQG�WKH�FRRUGLQDWHV�RI�
WKH�LQWHUVHFWLRQ�DUH�GLVSOD\HG�QHDU�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�VFUHHQ�

Tables
,I�\RX�KDYH�FKRVHQ�WR�GLVSOD\�WKH�FRRUGLQDWHV�RI�WKH�FXUVRU�ZKLOH�LQ�WUDFH�
PRGH��\RX�FDQ�UHDG�WKH�FRRUGLQDWHV�RI�FRQVHFXWLYH�SORWWHG�SRLQWV�E\�
SUHVVLQJ�WKH�}�RU {�NH\��7KLV�LV�H[SODLQHG�LQ�§&XUVRU�PRYHPHQW¨�RQ�
SDJH������

<RX�FDQ�DOVR�GLVSOD\�WKH�FRRUGLQDWHV�RI�SORWWHG�SRLQWV�LQ�WDEXODU�IRUP��7KH�
7DEOHV�IXQFWLRQ¦VHOHFWHG�E\�SUHVVLQJ�< F¦VKRZV�WKH�YDOXH�RI�WKH�
GHSHQGHQW�YDULDEOH�IRU�HDFK�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�ZLWKLQ�WKH�
UDQJH�VSHFLILHG�RQ�WKH�3ORW�:LQGRZ�LQSXW�IRUP��7KH�YDOXHV�RI�WKH�
LQGHSHQGHQW�YDULDEOH�DUH�OLVWHG�LQ�LQFUHPHQWV�GHWHUPLQHG�E\�WKH�VWHS�
YDOXH��DOVR�VSHFLILHG�RQ�WKH�3ORW�:LQGRZ�LQSXW�IRUP��

,I�\RX�KDYH�SORWWHG�PRUH�WKDQ�RQH�IXQFWLRQ��WKH�YDOXHV�RI�WKH�LQGHSHQGHQW�
YDULDEOH�IRU�HDFK�IXQFWLRQ�LV�JLYHQ��HDFK�LQ�D�VHSDUDWH�FROXPQ�

Customizing table values

7KH�GHIDXOW�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOH�DUH�WDNHQ�IURP�WKH�
SDUDPHWHUV�RQ�WKH�3ORW�:LQGRZ�LQSXW�IRUP��<RX�FDQ�RYHUULGH�WKHVH�
GHIDXOWV�E\�VSHFLI\LQJ�D�GLIIHUHQW�VWDUWLQJ�YDOXH�DQG�VWHS�LQFUHPHQW�

7R�FKDQJH�WKH�GHIDXOW�WDEOH�YDOXHV�

�� 3UHVV�< E�WR�VHOHFW�7$%/(�6(783�

7KH�7DEOH�6HWXS�LQSXW�IRUP�LV�GLVSOD\HG�

�� 7R�KDYH�WKH�FDOFXODWRU�DXWRPDWLFDOO\�JHQHUDWH�WKH�VHULHV�RI�YDOXHV�IRU�
WKH�LQGHSHQGHQW�YDULDEOH��VSHFLI\�D�VWDUWLQJ�YDOXH�DQG�VWHS�YDOXH�

�� ,I�\RX�ZDQW�WR�VSHFLI\�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOH��FKRRVH�
%8,/'�<285�2:1�UDWKHU�WKDQ�$8720$7,&�DV�WKH�W\SH�RI�WDEOH�

�� �3UHVV�< F�WR�VHOHFW�7$%/(�

,I�\RX�FKRVH�DQ�DXWRPDWLF�WDEOH��WKH�WDEOH�YDOXHV�DUH�UHGUDZQ�
DFFRUGLQJ�WR�WKH�VWDUW�DQG�VWHS�YDOXHV�\RX�VSHFLILHG�
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,I�\RX�FKRVH�WR�EXLOG�\RXU�RZQ�WDEOH��WKH�SUHYLRXV�YDOXHV�DUH�GLVSOD\HG��
3UHVV�> ��WR�FOHDU�WKHVH�YDOXHV��DQG�WKHQ�HQWHU�YDOXHV�LQ�WKH�
LQGHSHQGHQW�YDULDEOH�FROXPQ��$V�\RX�HQWHU�YDOXHV��FRUUHVSRQGLQJ�
YDOXHV�IRU�WKH�GHSHQGHQW�YDULDEOHV�DUH�GLVSOD\HG�

Special plotting and table variables
$OO�WKH�LQIRUPDWLRQ�DERXW�D�SORW�LV�DXWRPDWLFDOO\�VWRUHG�LQ�D�VHW�RI�UHVHUYHG�
YDULDEOHV�WKDW�\RX�KDYH�GLUHFW�DFFHVV�WR��7KHVH�YDULDEOHV�DUH�QDPHG�(4��
∑'$7��33$5��93$5��∑3$5��DQG�=3$5��6LPLODUO\��WKH�LQIRUPDWLRQ�
UHJDUGLQJ�WDEOHV�LV�DXWRPDWLFDOO\�VWRUHG�LQ�73$5�

$OWKRXJK�WKHVH�YDULDEOHV�DUH�UHVHUYHG¦ZKLFK�PHDQV�WKDW�\RX�VKRXOG�QRW�
XVH�WKHP�DV�WKH�QDPH�RI�VRPH�REMHFW�\RX�FUHDWH¦\RX�FDQ�KDYH�GLIIHUHQW�
YHUVLRQV�RI�WKHVH�YDULDEOHV��SURYLGLQJ�WKDW�HDFK�YHUVLRQ�LV�LQ�D�VHSDUDWH�
GLUHFWRU\��

EQ

(4�FRQWDLQV�WKH�FXUUHQW�HTXDWLRQ�RU�WKH�QDPH�RI�WKH�YDULDEOH�FRQWDLQLQJ�
WKH�FXUUHQW�HTXDWLRQ��6SHFLILFDOO\��(4�FDQ�FRQWDLQ�

� $�VLQJOH�DOJHEUDLF�REMHFW�RU�WKH�QDPH�RI�D�YDULDEOH�FRQWDLQLQJ�D�VLQJOH�
DOJHEUDLF�REMHFW�

� $�UHDO�QXPEHU¦RU�FRPSOH[�QXPEHU�LQ�WKH�FDVH�RI�D�SDUDPHWULF�SORW¦
RU�WKH�QDPH�RI�D�YDULDEOH�FRQWDLQLQJ�D�UHDO�RU�FRPSOH[�QXPEHU�

� $�SURJUDP�WKDW�WDNHV�QR�SDUDPHWHUV�DQG�\LHOGV�H[DFWO\�RQH�UHVXOW��RU�
WKH�QDPH�RI�D�YDULDEOH�WKDW�FRQWDLQV�VXFK�D�SURJUDP�

� $�OLVW�FRQWDLQLQJ�DQ\�FRPELQDWLRQ�RI�WKH�WKHVH�SRVVLELOLWLHV�

∑DAT

∑'$7�FRQWDLQV�WKH�FXUUHQW�GDWD�PDWUL[�IRU�VWDWLVWLFDO�SORWV�RU�WKH�QDPH�RI�
WKH�YDULDEOH�WKDW�FRQWDLQV�WKH�GDWD�PDWUL[��,W�LV�WKH�HTXLYDOHQW�RI�(4�ZKHQ�
\RX�DUH�SORWWLQJ�D�VFDWWHU�SORW��EDU�FKDUW��RU�KLVWRJUDP�

PPAR

33$5�VWRUHV�WKH�SORW�ZLQGRZ�DQG�SORW�VHWXS�SDUDPHWHUV�IRU�QRQ�VWDWLVWLFDO�
SORWV��,W�LV�GLVSOD\HG�DV�D�OLVW��,Q�JHQHUDO��WKH�REMHFWV�LQ�WKLV�OLVW�DUH�

^��[PLQ��\PLQ����[PD[��\PD[���LQGHSHQGHQW�YDULDEOH��UHVROXWLRQ���D[HV�
LQWHUVHFWLRQ�FRRUGLQDWHV���SORW�W\SH��GHSHQGHQW�YDULDEOH�`
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7KH�YDOXHV�LQ�WKH�OLVW�YDU\�DFFRUGLQJ�WR�WKH�W\SH�RI�SORW��7KH\�DUH�WKH�
SDUDPHWHUV�\RX�ILQG�RQ�WKH�3ORW�:LQGRZ�LQSXW�IRUP�DQG�3ORW�6HWXS�LQSXW�
IRUP�IRU�WKH�SDUWLFXODU�SORW�W\SH�

VPAR

93$5�VWRUHV�WKH�YLHZ�YROXPH��H\HSRLQW�DQG�SORWWLQJ�GHQVLW\�SDUDPHWHUV�
IRU���'�SORWV��,W�LV�GLVSOD\HG�DV�D�OLVW��,Q�JHQHUDO��WKH�REMHFWV�LQ�WKLV�OLVW�DUH�

^�[OHIW��[ULJKW��\QHDU��\ORZ��]ORZ��]KLJK��[[OHIW��[[ULJKW�\\OHIW��\\ULJKW��[H\HSRLQW��
\H\HSRLQW��]H\HSRLQW��JULG�FROXPQV��JULG�URZV�`

∑PAR

∑3$5�VWRUHV�WKH�SORW�ZLQGRZ�DQG�SORW�VHWXS�SDUDPHWHUV�IRU�VWDWLVWLFDO�
SORWV���6HH�SDJHV�SDJH �����WR�SDJH �����IRU�LQIRUPDWLRQ�DERXW�WKHVH�
SDUDPHWHUV��

ZPAR

=3$5�VWRUHV�]RRP�LQIRUPDWLRQ��,W�LV�GLVSOD\HG�DV�D�OLVW��ZLWK�WKH�IROORZLQJ�
SDUDPHWHUV�DV�HOHPHQWV�

^�KRUL]RQWDO�VFDOH��YHUWLFDO�VFDOH��UHFHQWHU�IODJ�`

7KHVH�ILHOGV�DUH�GHVFULEHG�LQ�§6HWWLQJ�WKH�]RRP�IDFWRU¨�RQ�SDJH�������,Q�
VRPH�LQVWDQFHV��WKH�OLVW�ZLOO�LQFOXGH�WKH�33$5�YDULDEOH�DV�D�ILQDO�HOHPHQW�

TPAR

73$5�VWRUHV�WKH�WDEOH�VHWXS�SDUDPHWHUV��7KHVH�DUH�

^�VWDUWLQJ�YDOXH��VWHS��WDEOH�IRUPDW��]RRP�IDFWRU��IRQW�VL]H��ILOHQDPH�`
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$SSUR[�RSWLRQ ���������������������������������������������������������������������

2WKHU�RSWLRQV ����������������������������������������������������������������������

8VLQJ�WKH�FRPSXWHU�DOJHEUD�V\VWHP��������������������������������������

:RUNLQJ�IURP�WKH�FRPPDQG�OLQH ��������������������������������������

:RUNLQJ�LQ�(TXDWLRQ�:ULWHU�����������������������������������������������

3HUIRUPLQJ�VXEVWLWXWLRQV�������������������������������������������������������

([SDQGLQJ�DQG�IDFWRUL]LQJ ����������������������������������������������������

([SDQGLQJ�H[SUHVVLRQV�����������������������������������������������������

)DFWRUL]LQJ�H[SUHVVLRQV����������������������������������������������������

([SRQHQWLDO�DQG�WULJRQRPHWULF�H[SUHVVLRQV������������������

&DOFXOXV�FRPPDQGV���������������������������������������������������������������

([DPSOH ������������������������������������������������������������������������������

'LIIHUHQWLDWLQJ�DQ�H[SUHVVLRQ�VWHS�E\�VWHS �������������������������

6HWWLQJ�VWHS�E\�VWHS�PRGH ������������������������������������������������

3HUIRUPLQJ�VWHS�E\�VWHS�RSHUDWLRQV ��������������������������������

6WHS�E\�VWHS�H[DPSOH ��������������������������������������������������������
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7KLV�FKDSWHU�H[SODLQV�KRZ�WR�XVH�WKH�PDLQ�IHDWXUHV�RI�WKH�+3 ��*ªV�
FRPSXWHU�DOJHEUD�V\VWHP�WR�ZRUN�ZLWK�H[SUHVVLRQV��

,W�GHVFULEHV�KRZ�WR�

� IDFWRUL]H��H[SDQG��DQG�VLPSOLI\�H[SUHVVLRQV

� XVH�WKH�FDOFXOXV�IXQFWLRQV�WR�SHUIRUP�GLIIHUHQWLDWLRQV�DQG�LQWHJUDWLRQV

� SHUIRUP�D�GLIIHUHQWLDWLRQ�LQ�VWHS�E\�VWHS�PRGH��

<RX�FDQ�XVH�HLWKHU�(TXDWLRQ�:ULWHU�RU�WKH�FRPPDQG�OLQH�WR�FUHDWH�DQG�HGLW�
H[SUHVVLRQV��7KH�H[DPSOHV�LQ�WKLV�FKDSWHU�GR�QRW�H[SODLQ�KRZ�WR�FUHDWH�
WKH�H[SUHVVLRQV��6HH�FKDSWHU����§%DVLF�RSHUDWLRQ¨��DQG�FKDSWHU����§&UHDWLQJ�
DQG�HGLWLQJ�H[SUHVVLRQV¨��IRU�LQIRUPDWLRQ�RQ�KRZ�WR�GR�WKLV�

Configuring the CAS
7KH�+3���*�KDV�SRZHUIXO�V\PEROLF�FDSDELOLWLHV��,W�FDQ�UHWXUQ�QXPHULF�RU�
V\PEROLF�VROXWLRQV�WR�SUREOHPV�LQYROYLQJ�DOJHEUDLF�REMHFWV��<RX�XVH�WKH�
&$6�0RGHV�LQSXW�IRUP�WR�VHW�WKH�ZD\�WKDW�WKH�+3 ��*�GHDOV�ZLWK�
FDOFXODWLRQV��DQG�KRZ�LW�SHUIRUPV�V\PEROLF�PDQLSXODWLRQ�

7R�FRQILJXUH�WKH�&$6�

�� 3UHVV�h�WR�GLVSOD\�WKH�&DOFXODWRU�
0RGHV�LQSXW�IRUP��WKHQ�SUHVV�&$6��7KH�
&$6�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG�

�� 8VH�WKH�DUURZ�NH\V�WR�QDYLJDWH�DURXQG�WKH�
RSWLRQV��

� )RU�WKRVH�RSWLRQV�WKDW�UHTXLUH�D�YDOXH��
HQWHU�WKH�YDOXH�DQG�SUHVV�2.�WR�DSSO\�LW�WR�WKH�RSWLRQ�

� )RU�WKH�RWKHU�RSWLRQV��VHOHFW�RU�GH�VHOHFW�WKHP�E\�SUHVVLQJ�&+.�

�� :KHQ�\RX�KDYH�FRQILJXUHG�WKH�&$6�PRGHV��SUHVV�2.�WZLFH�WR�UHWXUQ�WR�
WKH�GHIDXOW�VFUHHQ�

2Q�WKH�&$6�0RGHV�LQSXW�IRUP��WZR�NH\�VHWWLQJV�GHWHUPLQH�KRZ�WKH�
+3 ��*�KDQGOHV�V\PEROLF�VROXWLRQV��7KHVH�DUH�WKH�1XPHULF�RSWLRQ�DQG�WKH�
$SSUR[�RSWLRQ�
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Numeric option

:KHQ�WKH�1XPHULF�RSWLRQ�LV�VHW��WKH�FDOFXODWRU�UHWXUQV�RQO\�QXPHULF�
VROXWLRQV�WR�FDOFXODWLRQV��2WKHUZLVH��WKH�FDOFXODWRU�UHWXUQV�V\PEROLF�
VROXWLRQV��

:LWK�WKH�QXPHULF�RSWLRQ�VHW��DQ\�YDULDEOHV�WKDW�D�FDOFXODWLRQ�FRQWDLQV�
PXVW�H[LVW�LQ�WKH�FXUUHQW�SDWK��DQG�FRQWDLQ�D�QXPHULF�YDOXH��,I�WKLV�LV�QRW�
WKH�FDVH��WKH�FDOFXODWRU�UHWXUQV�DQ�HUURU��$Q\�FRQVWDQWV�ZLWK�DQ�
DSSUR[LPDWH�QXPHULF�YDOXH��VXFK�DV�π��DUH�HYDOXDWHG�DQG�WKH�DSSUR[LPDWH�
YDOXH�VXEVWLWXWHG�LQWR�WKH�FDOFXODWLRQ�

)RU�H[DPSOH��FRQVLGHU�WKH�FDOFXODWLRQ�SIN(2*π*X + 3*π*X)
� ,I�WKH�1XPHULF�RSWLRQ�LV�VHW��DQG�D�QXPHULF�YDOXH�IRU�;�LV�VWRUHG�LQ�WKH�

FXUUHQW�SDWK��WKH�FDOFXODWRU�UHWXUQV�WKH�DSSUR[LPDWH�DQVZHU��DFFXUDWH�
WR����GHFLPDO�SODFHV��7KDW�LV��LW�VXEVWLWXWHV�WKH�QXPHULF�YDOXH�IRU�;�DQG�
WKH�DSSUR[LPDWH�YDOXH�IRU�π�LQWR�WKH�HTXDWLRQ�

� ,I�WKH�1XPHULF�RSWLRQ�LV�VHW�DQG�WKHUH�LV�QR�QXPHULF�YDOXH�IRU�;�VWRUHG�
LQ�WKH�FXUUHQW�SDWK��WKH�FDOFXODWRU�UHWXUQV�DQ�HUURU��

� ,I�WKH�1XPHULF�RSWLRQ�LV�FOHDU��DQG�QR�YDOXH�IRU�;�LV�VWRUHG�LQ�WKH�
FXUUHQW�SDWK��WKH�FDOFXODWRU�VLPSOLILHV�WKH�H[SUHVVLRQ�DQG�UHWXUQV�
SIN(5.X.π)�

Approx option

7KH�$SSUR[�RSWLRQ�VHWWLQJ�GHWHUPLQHV�KRZ�WKH�+3���*�H[SUHVVHV�DQVZHUV�
WR�FDOFXODWLRQV�

� :KHQ�WKH�$SSUR[�RSWLRQ�LV�FOHDU��WKH�+3���*�ILQGV�H[DFW�VROXWLRQV�WR�
FDOFXODWLRQV�ZKHUH�SRVVLEOH��7KDW�LV��LW�H[SUHVVHV�WKH�VROXWLRQ�DV�DQ�
LUUHGXFLEOH�H[SUHVVLRQ�FRQWDLQLQJ�H[DFW�WHUPV�

� :KHQ�WKH�$SSUR[�RSWLRQ�LV�VHW��WKH�+3���*�H[SUHVVHV�VROXWLRQV�WR�
���GLJLW�DFFXUDF\�

1RWH�WKDW�\RX�FDQ�FKDQJH�WKH�VHWWLQJ�RI�WKH�$SSUR[�RSWLRQ�E\�XVLQJ�WKH�
&$6�0RGHV�LQSXW�IRUP�RU�E\�SUHVVLQJ�VLPXOWDQHRXVO\�> DQG \��

� ,I�WKH�FDOFXODWRU�LV�LQ�H[DFW�PRGH��SUHVVLQJ�>\�FKDQJHV�WR�
DSSUR[LPDWH�PRGH��

� ,I�WKH�FDOFXODWRU�LV�LQ�DSSUR[LPDWH�PRGH��SUHVVLQJ�>\�FKDQJHV�WKH�
VHWWLQJ�WR�H[DFW�PRGH�
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)RU�H[DPSOH��FRQVLGHU�WKH�H[SUHVVLRQ� �

,I�WKH�YDOXH�IRU�YDULDEOH�;�LV�GHILQHG�DV� �LQ�WKH�FXUUHQW�SDWK�

� :KHQ�WKH�$SSUR[�RSWLRQ�LV�VHW��HYDOXDWLQJ�WKH�H[SUHVVLRQ�UHWXUQV�
¥�������������

� :KHQ�$SSUR[LPDWH�PRGH�LV�FOHDU��HYDOXDWLQJ�WKH�H[SUHVVLRQ�UHWXUQV�
6,1�� ��

Other options

,Q�DGGLWLRQ�WR�WKH�DERYH�RSWLRQV��WKH�&$6�0RGHV�LQSXW�IRUP�LV�XVHG�WR�VHW�
WKH�IROORZLQJ�SDUDPHWHUV�

� ,QGHSHQGHQW�YDULDEOH
7KH�LQGHSHQGHQW�YDULDEOH�LV�WKH�GHIDXOW�YDULDEOH�WKDW�WKH�FDOFXODWRU�
XVHV�IRU�RSHUDWLRQV�VXFK�DV�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ��7KH�GHIDXOW�
YDOXH�LV�;�

� 0RGXOR
(QWHU�WKH�PRGXOXV�WKDW�\RX�ZDQW�WR�XVH�LQ�PRGXOR�DULWKPHWLF�
RSHUDWLRQV��7KH�GHIDXOW�YDOXH�LV���

� &RPSOH[
&KHFN�WKLV�RSWLRQ�LI�\RX�ZDQW�WR�ZRUN�ZLWK�FRPSOH[�QXPEHUV��,I�\RX�
GR�QRW�QHHG�WR�XVH�FRPSOH[�QXPEHUV��GH�VHOHFW�WKLV�RSWLRQ��6RPH�
WUDQVIRUPDWLRQV�EHKDYH�GLIIHUHQWO\�LQ�FRPSOH[�PRGH�

,I�FRPSOH[�PRGH�LV�QRW�VHW�DQG�D�FDOFXODWLRQ�UHWXUQV�RQO\�D�FRPSOH[�
VROXWLRQ�IRU�PRVW�FDOFXODWLRQV��WKH�FDOFXODWRU�SURPSWV�IRU�D�VZLWFK�WR�
FRPSOH[�PRGH�

� 9HUERVH
&KHFN�WKLV�RSWLRQ�WR�GLVSOD\�PHVVDJHV�WKDW�LQGLFDWH�SURJUHVV�DV�WKH�
FDOFXODWRU�SHUIRUPV�WKH�RSHUDWLRQV�WKDW�\RX�VSHFLI\�

� 6WHS�VWHS
&KHFN�WKLV�RSWLRQ�WR�SHUIRUP�OLQHDU�DOJHEUD�RSHUDWLRQV��LQWHJUDWLRQV��
DQG�GLIIHUHQWLDWLRQV�LQ�VWHS�E\�VWHS�PRGH��6HH�§'LIIHUHQWLDWLQJ�DQ�
H[SUHVVLRQ�VWHS�E\�VWHS¨�RQ�SDJH������

� ,QFU�3RZ
&KHFN�WKLV�RSWLRQ�WR�GLVSOD\�SRO\QRPLDO�H[SUHVVLRQV�ZLWK�WKH�WHUPV�LQ�
LQFUHDVLQJ�SRZHU�RUGHU��IRU�H[DPSOH� ��7KH�GHIDXOW�LV�WR�
GLVSOD\�SRO\QRPLDOV�ZLWK�WKH�WHUPV�LQ�GHFUHDVLQJ�RUGHU�

x3 2x+( )sin

2

2

x x
2

x
3

+ +
Page 5-4 Working with expressions



W
orking w

ith expressions
� 5LJRURXV
&KHFN�WKLV�RSWLRQ�WR�VSHFLI\�WKDW�\RX�GR�QRW�ZDQW�_[_�WHUPV�VLPSOLILHG�
WR�[�

� 6LPS�1RQ�5DWLRQDO
&KHFN�WKLV�RSWLRQ�WR�VSHFLI\�WKDW�QRQ�UDWLRQDO�H[SUHVVLRQV�DUH�
VLPSOLILHG�

Using the computer algebra system
7KH�+3���*�FRPSXWHU�DOJHEUD�V\VWHP�FRQVLVWV�RI�D�FROOHFWLRQ�RI�
FRPPDQGV�DQG�IXQFWLRQV�WKDW�\RX�DSSO\�WR�H[SUHVVLRQV��&RPPDQGV�DQG�
IXQFWLRQV�DSSHDU�LQ�WKH�VDPH�ZD\�RQ�WKH�PHQXV��EXW�WKH\�GLIIHU�LQ�WKH�ZD\�
WKDW�WKH\�RSHUDWH��

&RPPDQGV�KDYH�WKH�IROORZLQJ�SURSHUWLHV�

� 7KH\�SURGXFH�RQH�UHVXOW��

� 7KH\�FDQQRW�EH�LQFOXGHG�LQ�DQ�DOJHEUDLF�REMHFW�

)XQFWLRQV�KDYH�WKH�IROORZLQJ�SURSHUWLHV�

� 7KH\�FDQ�SURGXFH�PRUH�WKDQ�RQH�UHVXOW�

� 7KH\�FDQ�EH�D�SDUW�RI�DQ�DOJHEUDLF�H[SUHVVLRQ��

� <RX�QHHG�WR�HYDOXDWH�IXQFWLRQV�LQ�RUGHU�WR�JHW�UHVXOWV��7KDW�LV��RQFH�\RX�
DSSO\�D�IXQFWLRQ�WR�DQ�REMHFW��\RX�QHHG�WR�SUHVV�ù��RU�XVH�WKH�(9$/�
FRPPDQG��LQ�RUGHU�WR�JHW�D�UHVXOW�

6HH�WKH�$GYDQFHG�8VHUªV�*XLGH�RU�WKH�3RFNHW�*XLGH�IRU�GHWDLOV�RI�ZKHWKHU�
DQ�RSHUDWLRQ�LV�D�IXQFWLRQ�RU�D�FRPPDQG��

,Q�WKLV�FKDSWHU��FRPPDQGV�DQG�IXQFWLRQV�DUH�UHIHUUHG�WR�
FROOHFWLYHO\�DV�FRPPDQGV��
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7KH�IROORZLQJ�LV�D�OLVW�RI�WKH�FDWHJRULHV�DQG�KRZ�\RX�DFFHVV�FRPPDQGV�LQ�
HDFK�FDWHJRU\��:LWKLQ�HDFK�FDWHJRU\��FRPPDQGV�DUH�GLVSOD\HG�LQ�D�FKRRVH�
OLVW�

>ú 'LVSOD\V�WKH�DOJHEUDLF�FRPPDQGV��IRU�SHUIRUPLQJ�
RSHUDWLRQV�VXFK�DV�IDFWRUL]LQJ�RU�H[SDQGLQJ�

<! 'LVSOD\V�WKH�FRPSOH[��WKH�LQWHJHU��DQG�SRO\QRPLDO�
DULWKPHWLF�FRPPDQGV�

<$ 'LVSOD\V�WKH�FDOFXOXV�FRPPDQGV�IRU�SHUIRUPLQJ�
RSHUDWLRQV�VXFK�DV�LQWHJUDWLQJ�DQG�GLIIHUHQWLDWLQJ��7KLV�
FDWHJRU\�DOVR�LQFOXGHV�FRPPDQGV�IRU�ZRUNLQJ�ZLWK�OLPLWV�
DQG�VHULHV��DQG�IRU�GHDOLQJ�ZLWK�7D\ORU�SRO\QRPLDOV�

>ó 'LVSOD\V�WKH�FRPPDQGV�UHODWLQJ�WR�FRPSOH[�QXPEHUV�

<* 'LVSOD\V�WKH�FRPPDQGV�IRU�PDQLSXODWLQJ�H[SRQHQWLDO�DQG�
ORJDULWKPLF�H[SUHVVLRQV�

<% 'LVSOD\V�WKH�FRPPDQGV�IRU�ZRUNLQJ�ZLWK�PDWULFHV�

<& 'LVSOD\V�WKH�FRPPDQGV�\RX�XVH�WR�VROYH�DQ�HTXDWLRQ�
V\PEROLFDOO\�

>û 'LVSOD\V�WKH�FRPPDQGV�IRU�PDQLSXODWLQJ�WULJRQRPHWULF�
H[SUHVVLRQV�

)RU�H[DPSOH��LI�\RX�ZDQW�WR�VLPSOLI\�D�WULJRQRPHWULF�H[SUHVVLRQ��\RX�
SUHVV�>û�WR�GLVSOD\�WKH�WULJRQRPHWULF�FRPPDQGV��

<RX�FDQ�XVH�WKH�FRPSXWHU�DOJHEUD�V\VWHP�WR�PDQLSXODWH�H[SUHVVLRQV�ERWK�
IURP�WKH�FRPPDQG�OLQH�DQG�IURP�ZLWKLQ�(TXDWLRQ�:ULWHU�

� )URP�WKH�FRPPDQG�OLQH��\RX�SODFH�WKH�H[SUHVVLRQ�EHWZHHQ�WKH�
FRPPDQGªV�SDUHQWKHVHV�

� :LWKLQ�(TXDWLRQ�:ULWHU��\RX�VHOHFW�WKH�H[SUHVVLRQ��RU�SDUW�RI�WKH�
H[SUHVVLRQ��WKHQ�VHOHFW�D�FRPPDQG�IURP�WKH�PHQX��
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Working from the command line
�� 8VH�RQH�RI�WKH�OLVWHG�NH\�FRPELQDWLRQV�WR�GLVSOD\�WKH�FKRRVH�OLVW�

FRQWDLQLQJ�WKH�FRPPDQG�WKDW�\RX�ZDQW�

�� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�FRPPDQG�WR�XVH��DQG�SUHVV�\�WR�
SODFH�LW�RQ�WKH�FRPPDQG�OLQH��7KH�FRPPDQG�DSSHDUV�ZLWK�D�VHW�RI�
SDUHQWKHVHV�DIWHU�LW��

�� (QVXUH�WKDW�WKH�FXUVRU�LV�EHWZHHQ�WKH�FRPPDQGªV�SDUHQWKHVHV�DQG�
LQVHUW�WKH�H[SUHVVLRQ�WR�RSHUDWH�RQ��DQG�DQ\�RWKHU�DUJXPHQWV�WKH�
FRPPDQG�QHHGV��6HSDUDWH�HDFK�DUJXPHQW�ZLWK�D�FRPPD��>I��

�� 3UHVV�\�WR�DSSO\�WKH�FRPPDQG�

Inserting an expression onto the command line

7KHUH�DUH�WKUHH�ZD\V�WR�LQVHUW�DQ�H[SUHVVLRQ�RQWR�WKH�FRPPDQG�OLQH�

� 8VH�WKH�FRPPDQG�OLQH�HGLWRU�WR�HQWHU�WKH�H[SUHVVLRQ�GLUHFWO\�RQWR�WKH�
FRPPDQG�OLQH�

� 8VH�(TXDWLRQ�:ULWHU�

D� 3ODFH�WKH�FXUVRU�ZKHUH�\RX�ZDQW�WR�LQVHUW�WKH�H[SUHVVLRQ�

D� 3UHVV�o�WR�RSHQ�(TXDWLRQ�:ULWHU�

E� &UHDWH�WKH�H[SUHVVLRQ�

F� 3UHVV�\�WR�H[LW�(TXDWLRQ�:ULWHU�DQG�SODFH�WKH�H[SUHVVLRQ�RQ�WKH�
FRPPDQG�OLQH�DW�WKH�FXUVRU�SRVLWLRQ�

� 5HWULHYH�DQ�H[SUHVVLRQ�VWRUHG�LQ�PHPRU\�RU�IURP�WKH�KLVWRU\��6HH�
&KDSWHU����§%DVLF�RSHUDWLRQ¨��DQG�FKDSWHU����§6WRULQJ�REMHFWV¨��IRU�
GHWDLOV�
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Command line example

7KLV�H[DPSOH�XVHV�WKH�/,1�FRPPDQG�WR�OLQHDUL]H�D�WULJRQRPHWULF�
H[SUHVVLRQ��DQG�WKH�(;3$1'�FRPPDQG�WR�VLPSOLI\�WKH�UHVXOW��7KH�
H[SUHVVLRQ�WR�OLQHDUL]H�LV�
VLQ�π[�

%HIRUH�\RX�VWDUW��HQVXUH�WKDW�WKH�&$6�0RGHV�LQSXW�IRUP�LV�VHW�WR�WKH�
GHIDXOW�VHWWLQJ��6HH�§&RQILJXULQJ�WKH�&$6¨�RQ�SDJH�����IRU�GHWDLOV�

�� 2SHQ�WKH�(;3	/1�PHQX�DQG�VHOHFW�WKH�
/,1�FRPPDQG�

<*]]\

�� (QWHU�WKH�H[SUHVVLRQ�LQVLGH�WKH�
FRPPDQGªV�EUDFNHWV�

s<��O

�� $SSO\�WKH�FRPPDQG�WR�WKH�H[SUHVVLRQ��

\

�� 6LQFH�WKH�OLQHDUL]DWLRQ�UHWXUQV�D�FRPSOH[�
UHVXOW��WKH�FDOFXODWRU�SURPSWV�WR�VZLWFK�WR�
FRPSOH[�PRGH��$FFHSW�WKH�VZLWFK�WR�
FRPSOH[�PRGH��DQG�OLQHDUL]H�WKH�
H[SUHVVLRQ�

\

�� 2SHQ�WKH�$OJHEUD�PHQX�DQG�SODFH�WKH�
(;3$1'�FRPPDQG�RQ�WKH�FRPPDQG�OLQH�

>ú\

�� 5HWULHYH�WKH�UHVXOW�IURP�KLVWRU\�

m\
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�� $SSO\�WKH�FRPPDQG�WR�VLPSOLI\�WKH�UHVXOW�

\

Working in Equation Writer

,Q�(TXDWLRQ�:ULWHU��\RX�FDQ�DSSO\�D�FRPSXWHU�DOJHEUD�FRPPDQG�WR�WKH�
HQWLUH�H[SUHVVLRQ��RU�\RX�FDQ�VHOHFW�D�SDUW�RI�WKH�H[SUHVVLRQ�WR�DSSO\�D�
FRPPDQG�WR��6HH�FKDSWHU����§&UHDWLQJ�DQG�HGLWLQJ�H[SUHVVLRQV¨��IRU�GHWDLOV�
RQ�KRZ�WR�XVH�(TXDWLRQ�:ULWHU�

7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�KRZ�WR�XVH�(TXDWLRQ�:ULWHU�WR�
HYDOXDWH�WKH�LQWHJUDO�RI�DQ�H[SUHVVLRQ�EHWZHHQ�WZR�LQGHILQLWH�OLPLWV��DQG�
IDFWRUL]H�D�SDUW�RI�WKH�UHVXOW��7KH�H[SUHVVLRQ�WR�HYDOXDWH�LV�

�� 2SHQ�(TXDWLRQ�:ULWHU�DQG�HQWHU�WKH�
H[SUHVVLRQ�

o������

�� 6HOHFW�WKH�H[SUHVVLRQ�

[[

�� (YDOXDWH�WKH�H[SUHVVLRQ

(9$/

,Q�(TXDWLRQ�:ULWHU��\RX�FDQ�XVH�RQO\�WKRVH�FRPPDQGV�WKDW�
UHTXLUH�RQH�DUJXPHQW��DQG�\RX�FDQQRW�XVH�FRPPDQGV�WKDW�UHWXUQ�
PRUH�WKDQ�RQH�UHVXOW��

x
2 3x+( ) xd

t

2t

∫
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�� 6HOHFW�WKH�QXPHUDWRU�FRPSRQHQW�RI�WKH�
H[SUHVVLRQ�

[

�� )DFWRUL]H�WKH�QXPHUDWRU�

)$&72

Performing substitutions
8VH�WKH�68%67�FRPPDQG�LQ�WKH�DOJHEUDLF�FRPPDQG�OLVW��>ú��WR�
SHUIRUP�VXEVWLWXWLRQV��

7KH�IROORZLQJ�H[DPSOH�VXEVWLWXWHV�WKH�YDOXH���IRU�[�LQ�

�� )URP�WKH�$OJHEUD�PHQX��VHOHFW�WKH�68%67�
FRPPDQG�DQG�SODFH�LW�RQ�WKH�FRPPDQG�
OLQH�

>ú�\

�� 8VH�WKH�FRPPDQG�OLQH�HGLWRU�WR�SODFH�WKH�
DUJXPHQWV�EHWZHHQ�WKH�FRPPDQGªV�
SDUHQWKHVHV�

>ïOq�=�}=<UO}
>IO>æ�

�� $SSO\�WKH�FRPPDQG��

\

�� %HFDXVH�WKH�FDOFXODWRU�LV�LQ�H[DFW�PRGH��
WKH�FRPPDQG�SURGXFHV�WKH�IROORZLQJ�
H[DFW�UHVXOW��2EWDLQ�DQ�DSSUR[LPDWH�UHVXOW�

>�\

x2 1+( )ln x( )atan+
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<RX�FDQ�DOVR�XVH�WKH�68%67�FRPPDQG�WR�VXEVWLWXWH�H[SUHVVLRQV��)RU�
H[DPSOH��WR�VXEVWLWXWH�WKH�H[SUHVVLRQ�\���IRU�[�LQ�WKH�SUHYLRXV�H[DPSOH�

�� 5HWULHYH�WKH�RULJLQDO�FRPPDQG�IURP�
KLVWRU\�DQG�HGLW�LW�WR�UHSODFH�WKH�
VXEVWLWXWLRQ�YDOXH�

m [�����\�����{HH`<=�

�� $SSO\�WKH�FRPPDQG�

\

Expanding and factorizing
7KH�+3 ��*�FDQ�H[SDQG�DQG�IDFWRUL]H�PRVW�DOJHEUDLF�H[SUHVVLRQV��7KH�
FRPPDQGV�WKDW�SHUIRUP�WKHVH�IXQFWLRQV�DUH�LQ�WKH�DOJHEUDLF�FDWHJRU\��,I�
WKH�H[SUHVVLRQ�WKDW�\RX�DUH�ZRUNLQJ�RQ�FRQWDLQV�H[SRQHQWLDO�RU�
WULJRQRPHWULF�IXQFWLRQV��\RX�PD\�QHHG�WR�VLPSOLI\�WKH�H[SUHVVLRQ�EHIRUH�
XVLQJ�(;3$1'�RU�)$&725��6HH�§([SRQHQWLDO�DQG�WULJRQRPHWULF�
H[SUHVVLRQV¨�RQ�SDJH������

Expanding expressions

<RX�XVH�WKH�(;3$1'�FRPPDQG�WR�H[SDQG�DQG�VLPSOLI\�DQ�H[SUHVVLRQ��
7KH�IROORZLQJ�H[DPSOH�H[SDQGV�WKH�H[SUHVVLRQ�

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW�DQG�VHOHFW�
(;3$1'�WR�SODFH�LW�RQ�WKH�FRPPDQG�OLQH�

>ú\

�� :LWK�WKH�FXUVRU�EHWZHHQ�WKH�SDUHQWKHVHV��
RSHQ�(TXDWLRQ�:ULWHU�DQG�FUHDWH�WKH�
H[SUHVVLRQ��:KHQ�\RX�KDYH�FUHDWHG�LW��
SUHVV�\�WR�SODFH�LW�RQ�WKH�FRPPDQG�
OLQH�EHWZHHQ�WKH�SDUHQWKHVHV�

o ����� \

x 1+( ) 2x 5–( ) x 7–( )
Working with expressions Page 5-11



W
or

ki
ng

 w
ith

 e
xp

re
ss

io
ns
�� 3UHVV�\�WR�H[SDQG�WKH�H[SUHVVLRQ�

\

Expanding a part of the expression

7R�H[SDQG�SDUWV�RI�WKH�H[SUHVVLRQ��\RX�PXVW�ZRUN�IURP�ZLWKLQ�(TXDWLRQ�
:ULWHU��)RU�H[DPSOH��WR�H[SDQG�WKH�ILUVW�WZR�FRPSRQHQWV�RI�WKH�
H[SUHVVLRQ�LQ�WKH�SUHYLRXV�H[DPSOH��SHUIRUP�WKH�IROORZLQJ�

�� 2SHQ�(TXDWLRQ�:ULWHU�DQG�FUHDWH�WKH�
H[SUHVVLRQ�

o . . .

�� 8VH�HLWKHU�&XUVRU�PRGH�RU�6HOHFWLRQ�
PRGH�WR�VHOHFW�WKH�ILUVW�WZR�FRPSRQHQW�
H[SUHVVLRQV�RQO\��)RU�H[DPSOH��LI�WKH�
FXUVRU�LV�SRVLWLRQHG�RQ�WKH�ILUVW�WHUP�LQ�
WKH�H[SUHVVLRQ��X��XVH�WKH�IROORZLQJ�
NH\VWURNHV�

[[>}

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW�DQG�VHOHFW�
(;3$1'�WR�H[SDQG�WKH�VHOHFWHG�
FRPSRQHQWV�
>ú\
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Factorizing expressions

<RX�XVH�WKH�)$&725�FRPPDQG�WR�IDFWRUL]H�DQ�H[SUHVVLRQ��$V�ZLWK�
(;3$1'��\RX�FDQ�IDFWRUL]H�DQ�HQWLUH�H[SUHVVLRQ��RU�FRPSRQHQWV�RI�WKH�
H[SUHVVLRQ�

Example

7KLV�H[DPSOH�IDFWRUL]HV�WKH�IROORZLQJ�FXELF�SRO\QRPLDO�H[SUHVVLRQ�

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW�DQG�VHOHFW�
)$&725�

>ú]\

�� :LWK�WKH�FXUVRU�SRVLWLRQHG�EHWZHHQ�WKH�
SDUHQWKHVHV��RSHQ�(TXDWLRQ�:ULWHU��FUHDWH�
WKH�H[SUHVVLRQ��DQG�SUHVV�\ WR�SODFH�LW�
RQ�WKH�FRPPDQG�OLQH�EHWZHHQ�WKH�
SDUHQWKHVHV�

o ��\

�� 3UHVV�\�WR�IDFWRUL]H�WKH�H[SUHVVLRQ��

\

�[� �[� �[– ��–�
Working with expressions Page 5-13



W
or

ki
ng

 w
ith

 e
xp

re
ss

io
ns
Exponential and trigonometric expressions

:KHQ�ZRUNLQJ�ZLWK�H[SUHVVLRQV�LQYROYLQJ�H[SRQHQWLDO�DQG�WULJRQRPHWULF�
IXQFWLRQV��\RX�RIWHQ�QHHG�WR�VLPSOLI\�WKHP�EHIRUH�\RX�XVH�)$&725�RU�
(;3$1'��7KH�IROORZLQJ�FRPPDQGV��IURP�WKH�H[SRQHQWLDO�DQG�
OLQHDUL]DWLRQ�FDWHJRU\��VLPSOLI\�WULJRQRPHWULF�DQG�H[SRQHQWLDO�
H[SUHVVLRQV��$W�WKH�EHJLQQLQJ�RI�HDFK�GHVFULSWLRQ��WKH�NH\V�\RX�XVH�WR�
DFFHVV�WKH�FRPPDQG�OLVW�DUH�GLVSOD\HG�

(;3/1 ([S�DQG�/LQ�FRPPDQG�OLVW¦<*�

$SSOLHV�(XOHU�LGHQWLW\��7KH�
H[DPSOH�DW�WKH�ULJKW�VKRZV�
WKH�UHVXOW�RI�DSSO\LQJ�WKH�
FRPPDQG�WR�VLQ�[��

+$/)7$1 7ULJRQRPHWU\�FRPPDQG�
OLVW¦>û

5HSODFHV�VLQ�[���FRV�[���DQG�WDQ�[��WHUPV�ZLWK�WHUPV�WKDW�
XVH� ��

/,1 ([S�DQG�/LQ�FRPPDQG�OLVW¦<*

3HUIRUPV�(XOHU�LGHQWLWLHV��WKHQ�OLQHDUL]HV�H[SUHVVLRQV�E\�
DSSO\LQJ�WKH�IROORZLQJ�VXEVWLWXWLRQV�

7KH�H[DPSOH�DW�WKH�ULJKW�
VKRZV�WKH�UHVXOW�RI�DSSO\LQJ�
WKH�FRPPDQG�WR�VLQ�[��

/1&2//(&7 ([S�DQG�/LQ�FRPPDQG�OLVW¦<*

6LPSOLILHV�DQ�H[SUHVVLRQ�E\�FROOHFWLQJ�WHUPV�LQYROYLQJ�
QDWXUDO�ORJDULWKPV��

6,1&26 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

&RQYHUWV�H[SRQHQWLDO�DQG�QDWXUDO�ORJDULWKPLF�
H[SUHVVLRQV�WR�WULJRQRPHWULF�H[SUHVVLRQV�

[
�
���WDQ

e
x

e
y⋅ e

x y+→

e
x( )

n
e

nx→
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7$1�6& 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ�

7$1�6&� 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQV�

7(;3$1' 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

([SDQGV�H[SUHVVLRQV�RI�WKH�IRUP�([S�Q[���VLQ�Q[���DQG�
FRV�Q[���ZKHUH�Q�LV�DQ�LQWHJHU��,W�DSSOLHV�WKH�IROORZLQJ�
VXEVWLWXWLRQV�

7/,1 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ�

75,* 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

6LPSOLILHV�H[SUHVVLRQV�E\�DSSO\LQJ�WKH�IROORZLQJ�
VXEVWLWXWLRQ�

[( )WDQ
[( )VLQ
[( )FRV

���������������������→

[( )WDQ
2[( )VLQ

1 2[( )FRV+
�������������������������������������→

[( )WDQ
1 2[( )cos–

2[( )sin
�����������������������������������→

H[ \� H[H\→

[\( )OQ [( )OQ \( )OQ�→

[ \�( )VLQ [( ) \( )FRVVLQ \( ) [( )FRVVLQ�→

[ \�( )cos [( )cos \( )FRV x( ) y( )sinVLQ–→

[( ) \( )VLQVLQ �
�
��� [ \–( )FRV [ \�( )FRV–( ) 

sin2
x( ) cos2

x( )+ 1=
Working with expressions Page 5-15



W
or

ki
ng

 w
ith

 e
xp

re
ss

io
ns
75,*&26 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ��DQG�UHWXUQV�FRVLQH�
WHUPV�LI�SRVVLEOH�

75,*6,1 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ��DQG�UHWXUQV�VLQH�WHUPV�

LI�SRVVLEOH�

Example

7KLV�H[DPSOH�XVHV�7/,1��LQ�FRQMXQFWLRQ�ZLWK�(;3$1'��WR�VLPSOLI\�WKH�
IROORZLQJ�WULJRQRPHWULF�H[SUHVVLRQ��DQG�GHGXFH�LWV�YDOXH�

�� 2SHQ�WKH�7ULJ�FRPPDQG�OLVW��DQG�VHOHFW�
7/,1�

>û[[[[[[\

�� :LWK�WKH�FXUVRU�SRVLWLRQHG�EHWZHHQ�WKH�
SDUHQWKHVHV��RSHQ�(TXDWLRQ�:ULWHU�DQG�
FUHDWH�WKH�H[SUHVVLRQ��7KHQ�SUHVV�\�WR�
SODFH�LW�RQ�WKH�FRPPDQG�OLQH�EHWZHHQ�WKH�
SDUHQWKHVHV�

o � \

�� 3UHVV�\�WR�VLPSOLI\�WKH�H[SUHVVLRQ�

\

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW��DQG�
VHOHFW�(;3$1'�

>ú\

sin2 x( ) 1 c– os2 x( )→

cos2
x( ) 1 sin2

x( )–→

π
��
������FRV 

  �
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�� 5HWULHYH�WKH�UHVXOW�RI�VWHS���IURP�KLVWRU\�

m\

�� 3UHVV�\�WR�H[SDQG�WKH�H[SUHVVLRQ��

�\ 

Calculus commands
8VH�WKH�IROORZLQJ�FRPPDQGV�IURP�WKH�&DOFXOXV�FKRRVH�OLVW�WR�GLIIHUHQWLDWH�
DQG�LQWHJUDWH�H[SUHVVLRQV�

'(59; &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

'LIIHUHQWLDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�GHIDXOW�
LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�LQGHSHQGHQW�YDULDEOH�LV�
;��

'(5,9 &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

'LIIHUHQWLDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�YDULDEOH�
\RX�VSHFLI\�DV�D�SDUDPHWHU�DIWHU�WKH�H[SUHVVLRQ��

,179; &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

,QWHJUDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�GHIDXOW�
LQGHSHQGHQW�YDULDEOH��

5,6&+ &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

,QWHJUDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�YDULDEOH�\RX�
VSHFLI\�DV�D�SDUDPHWHU�DIWHU�WKH�H[SUHVVLRQ�
Working with expressions Page 5-17
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Example

7KLV�H[DPSOH�LOOXVWUDWHV�KRZ�WR�XVH�WKH�'(59;�FRPPDQG�WR�GLIIHUHQWLDWH�
DQ�H[SUHVVLRQ�DQG�WR�XVH�WKH�(;3$1'�FRPPDQG�WR�VLPSOLI\�WKH�UHVXOW�

�� 2SHQ�(TXDWLRQ�:ULWHU�DQG�FUHDWH�WKH�
H[SUHVVLRQ�

o>P>POq�}=�

�� 6HOHFW�WKH�H[SUHVVLRQ�

[[[[

�� 2SHQ�WKH�&DOFXOXV�FRPPDQG�OLVW��VHOHFW�
'(5,9�	�,17(*�DQG�KLJKOLJKW�WKH�'(59;�
FRPPDQG�

<$\]]

�� $SSO\�WKH�FRPPDQG�WR�WKH�VHOHFWLRQ��1RWH�
WKDW�DV�'(59;�LV�D�IXQFWLRQ��LW�GRHV�QRW�
GLIIHUHQWLDWH�WKH�H[SUHVVLRQ�LPPHGLDWHO\�

\

�� 'LIIHUHQWLDWH�WKH�H[SUHVVLRQ�

>ù

�� 8VH�WKH�(;3$1'�FRPPDQG�IURP�WKH�
$OJHEUD�FKRRVH�OLVW�WR�VLPSOLI\�WKH�UHVXOW��
1RWH�WKDW��DV�(;3$1'�LV�D�FRPPDQG��LW�
H[SDQGV�WKH�H[SUHVVLRQ�LPPHGLDWHO\�

>ú\
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Differentiating an expression step-by-step
<RX�FDQ�XVH�WKH�+3���*�WR�GLIIHUHQWLDWH�H[SUHVVLRQV�LQ�VWHS�E\�VWHS�PRGH��
7KH�FRPSXWHU�DOJHEUD�V\VWHP�GLVSOD\V�WKH�UHVXOWV�RI�HDFK�VWDJH�RI�WKH�
GLIIHUHQWLDWLRQ�SURFHVV��7KH�UHVXOWV�RI�HDFK�VWHS�RI�WKH�RSHUDWLRQ�DUH�
ZULWWHQ�WR�+LVWRU\�

Setting step-by-step mode

<RX�XVH�WKH�&$6�0RGHV�LQSXW�IRUP�WR�VHW�VWHS�E\�VWHS�PRGH�

�� 3UHVV�h�

7KH�&DOFXODWRU�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG��

�� 3UHVV�&$6�

7KH�&$6�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG�

�� 3UHVV�]]]�WR�PRYH�WKH�FXUVRU�WR�WKH�
6WHS�6WHS�ILHOG�DQG�SUHVV�&+.��

$�FKHFN�PDUN�DSSHDUV�QH[W�WR�WKH�PRGH�
VHWWLQJ�

�� 3UHVV�\�WZLFH�WR�UHWXUQ�WR�WKH�GHIDXOW�
VFUHHQ��

Performing step-by-step operations

<RX�FDQ�SHUIRUP�VWHS�E\�VWHS�RSHUDWLRQV�IURP�ZLWKLQ�(TXDWLRQ�:ULWHU�

�� 8VH�WKH�DERYH�PHWKRG�WR�VHW�VWHS�E\�VWHS�PRGH�

�� $FFHVV�(TXDWLRQ�:ULWHU�DQG�HLWKHU�FUHDWH�RU�LPSRUW�WKH�H[SUHVVLRQ�WKDW�
\RX�ZDQW�WR�ZRUN�RQ�

�� 8VH�WKH�DUURZ�NH\V�WR�VHOHFW�WKH�H[SUHVVLRQ�

�� 3UHVV�ù�WR�SHUIRUP�WKH�ILUVW�VWHS�LQ�WKH�RSHUDWLRQ��

7KH�UHVXOW�RI�WKH�ILUVW�VWHS�LV�GLVSOD\HG�

�� 3UHVV�ù�WR�SHUIRUP�WKH�QH[W�VWHS�LQ�WKH�RSHUDWLRQ��(DFK�WLPH�\RX�
SUHVV�ù��WKH�FDOFXODWRU�SHUIRUPV�WKH�QH[W�VWHS�LQ�WKH�SURFHVV��DQG�
GLVSOD\V�WKH�UHVXOW��
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Step-by-step example

7KLV�H[DPSOH�GLIIHUHQWLDWHV�WKH�IROORZLQJ�H[SUHVVLRQ�LQ�VWHS�E\�VWHS�
PRGH�

�� 8VH�WKH�PHWKRG�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WR�HQVXUH�WKDW�VWHS�
E\�VWHS�PRGH�LV�VHW�

�� 3UHVV�o�WR�RSHQ�(TXDWLRQ�:ULWHU�

�� &UHDWH�WKH�H[SUHVVLRQ

�sO}}=�tO}q�}}}>
O

�� 6HOHFW�WKH�H[SUHVVLRQ�

[[

�� (YDOXDWH�WKH�ILUVW�VWHS�

>ù�

�� (YDOXDWH�WKH�QH[W�VWHS�

>ù�

�� (YDOXDWH�WKH�QH[W�VWHS�

>ù

�� (YDOXDWH�WKH�ODVW�VWHS��7KLV�UHWXUQV�WKH�
ILQDO�UHVXOW�RI�WKH�GHULYDWLRQ�

>ù�

� [VLQ �FRV�[�
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Solving equations
Chapter 6

Solving equations

Contents

$ERXW�VROYLQJ�HTXDWLRQV ���������������������������������������������������������

6ROYLQJ�DQ�HTXDWLRQ�����������������������������������������������������������������

([DPSOH �������������������������������������������������������������������������������

,QWHUSUHWLQJ�UHVXOWV �������������������������������������������������������������

6ROYLQJ�SRO\QRPLDO�HTXDWLRQV������������������������������������������������

([DPSOH �������������������������������������������������������������������������������

)LQGLQJ�D�SRO\QRPLDO�IURP�D�VHW�RI�URRWV ������������������������

6ROYLQJ�OLQHDU�V\VWHPV ������������������������������������������������������������

5HSUHVHQWLQJ�D�V\VWHP�DV�PDWULFHV ����������������������������������

([DPSOH �������������������������������������������������������������������������������

6ROYLQJ�GLIIHUHQWLDO�HTXDWLRQV �����������������������������������������������

8VLQJ�WKH�ILQDQFLDO�VROYHU������������������������������������������������������

7LPH�YDOXH�RI�PRQH\�FDOFXODWLRQ�SDUDPHWHUV����������������

7LPH�YDOXH�RI�PRQH\�FDOFXODWLRQV�����������������������������������

$PRUWL]LQJ�WKH�FDOFXODWLRQ �����������������������������������������������

Introduction
7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�XVH�WKH�+3 ��*�WR�VROYH�HTXDWLRQV��RU�
V\VWHPV�RI�HTXDWLRQV��WR�JHW�D�QXPHULF�VROXWLRQ��7R�VROYH�HTXDWLRQV�IRU�
V\PEROLF�VROXWLRQV��VHH�FKDSWHU����§:RUNLQJ�ZLWK�H[SUHVVLRQV�¨�

7KLV�FKDSWHU�DOVR�LQFOXGHV�LQIRUPDWLRQ�RQ�KRZ�WR�XVH�WKH�ILQDQFLDO�VROYHU�
WR�FDOFXODWH�GHWDLOV�RQ�DPRXQWV�RI�PRQH\�ERUURZHG�RU�OHQW�
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About solving equations
<RX�FDQ�XVH�WKH�+3���*�QXPHULF�VROYHU�WR�VROYH�IRXU�W\SHV�RI�HTXDWLRQV��
<RX�VHOHFW�WKH�W\SH�RI�HTXDWLRQ�WKDW�\RX�ZDQW�WR�VROYH�IURP�WKH�QXPHULF�
VROYHU�FKRRVH�OLVW��

7R�DFFHVV�WKH�QXPHULF�VROYHU�FKRRVH�OLVW��SUHVV�>í�

7KH�IROORZLQJ�RSWLRQV�DUH�DYDLODEOH�IURP�WKH�FKRRVH�OLVW�

� 6ROYH�HTXDWLRQ

8VH�WKLV�RSWLRQ�WR�VROYH�DQ�HTXDWLRQ�IRU�DQ�XQNQRZQ�YDULDEOH��)RU�
H[DPSOH��\RX�FDQ�XVH�WKH�WKLV�RSWLRQ�WR�VROYH�WKH�IROORZLQJ�HTXDWLRQ�
IRU�[�

� 6ROYH�SRO\QRPLDO�HTXDWLRQ

8VH�WKLV�RSWLRQ�WR�ILQG�WKH�URRWV�RI�D�SRO\QRPLDO�HTXDWLRQ��)RU�
H[DPSOH��\RX�FDQ�XVH�WKLV�RSWLRQ�WR�ILQG�WKH�URRWV�RI�WKH�IROORZLQJ�
SRO\QRPLDO�

� 6ROYH�OLQHDU�V\VWHPV

8VH�WKLV�RSWLRQ�WR�VROYH�D�V\VWHP�RI�OLQHDU�HTXDWLRQV��WKDW�LV��D�VHW�RI�
VLPXOWDQHRXV�HTXDWLRQV��)RU�H[DPSOH��\RX�FDQ�XVH�WKLV�RSWLRQ�WR�VROYH�
WKH�IROORZLQJ�VLPXOWDQHRXV�HTXDWLRQV�WR�ILQG�WKH�YDOXH�RI�[�DQG�\�

� 6ROYH�GLIIHUHQWLDO�HTXDWLRQ

8VH�WKLV�RSWLRQ�WR�VROYH�ILUVW�RUGHU�GLIIHUHQWLDO�HTXDWLRQV��WKDW�LV�DQ�
HTXDWLRQ�WKDW�FRQWDLQV�D�GHULYDWLYH��)RU�H[DPSOH��WKH�IROORZLQJ�ILUVW�
RUGHU�GLIIHUHQWLDO�HTXDWLRQ�GHVFULEHV�WKH�UDWH�RI�UDGLRDFWLYH�GHFD\�

� [( )VLQ � [( )FRV [� ��( )OQ� 0=

�[� �[� �[– �� �

�[ �\� � 

�[ �\– � 

GN
GT
��������� KN– 
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Solving an equation
,Q�VROYLQJ�DQ�HTXDWLRQ��WKH�+3 ��*�XVHV�DQ\�H[LVWLQJ�YDOXHV�LW�KDV�VWRUHG�
IRU�WKH�YDULDEOHV�LQ�WKH�HTXDWLRQ��7KHVH�PD\�EH�YDULDEOHV�WKDW�\RX�KDYH�
FUHDWHG��RU�YDULDEOHV�WKDW�WKH�FDOFXODWRU�KDV�XVHG�LQ��RU�JHQHUDWHG�IURP��
SUHYLRXV�FDOFXODWLRQV��%HIRUH�\RX�VROYH�DQ�HTXDWLRQ��LI�QHFHVVDU\�XVH�)LOH�
0DQDJHU�WR�GHOHWH�DQ\�YDULDEOHV�FRUUHVSRQGLQJ�WR�WKH�RQHV�WKDW�\RXU�
HTXDWLRQ�FRQWDLQV�

Example

7KLV�H[DPSOH�GHPRQVWUDWHV�KRZ�WR�VROYH�DQ�HTXDWLRQ�LQ�[�DQG�\�IRU�[��
ZKHQ�\� ����7KH�HTXDWLRQ�LV�

�� 2SHQ�WKH�QXPHULF�VROYHU�FKRRVH�OLVW�DQG�
VHOHFW�62/9(�(48$7,21�IURP�WKH�PHQX��7KH�
6ROYH�(TXDWLRQ�LQSXW�IRUP�LV�GLVSOD\HG�

>í\

�� (QWHU�WKH�HTXDWLRQ�WR�VROYH�DQG�SODFH�LW�LQ�
WKH�(4�ILHOG��

��tOz` ¶<}=��s
<��O}>ær�\

�� 7KH�YDULDEOHV�WKDW�WKH�HTXDWLRQ�FRQWDLQV�
DUH�GLVSOD\HG��(QWHU�WKH�NQRZQ�YDOXH�IRU�\�
LQ�WKH�<��ILHOG�

]]��2.

�� 6HOHFW�WKH�;��ILHOG�DQG�SUHVV�62/9(�WR�VROYH�
WKH�HTXDWLRQ�IRU�[��7KH�VROXWLRQ�DSSHDUV�LQ�
WKH�;��ILHOG�

[62/9(

7R�VSHHG�XS�WKH�VROYH�SURFHVV��HQWHU�DQ�HVWLPDWH�RI�WKH�YDOXH�IRU�
WKH�YDULDEOH�WKDW�\RX�ZDQW�WR�ILQG��

4
x
y
-- 

 cos 3 πx( )sin
·

+ 2=
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Interpreting results

$IWHU�LW�VROYHV�DQ�HTXDWLRQ��WKH�QXPHULF�VROYHU�UHWXUQV�LQIRUPDWLRQ�UHODWLQJ�
WR�WKH�VROXWLRQ�SURFHVV��

7R�GLVSOD\�WKH�VROXWLRQ�LQIRUPDWLRQ��SUHVV�,1)2��,I�WKH�QXPHULF�VROYHU�
IRXQG�D�VROXWLRQ�WR�WKH�HTXDWLRQ��LW�GLVSOD\V�RQH�RI�WKH�IROORZLQJ�WKUHH�
PHVVDJHV�

=HUR 7KH�QXPHULF�VROYHU�ZDV�DEOH�WR�VROYH�WKH�HTXDWLRQ�ZLWKLQ�
WKH�OLPLWV�RI�LWV�DFFXUDF\�

6LJQ�5HYHUVDO 7KH�QXPHULF�VROYHU�IRXQG�WZR�SRLQWV�ZKHUH�WKH�YDOXH�RI�
WKH�HTXDWLRQ�KDV�RSSRVLWH�VLJQV��EXW�LW�FDQQRW�ILQG�D�SRLQW�
LQ�EHWZHHQ�ZKHUH�WKH�YDOXH�LV����3RVVLEOH�FDXVHV�DUH�WKDW�
WKH�WZR�SRLQWV�DUH�OHVV�WKDQ�RQH�LQ�WKH���WK�GHFLPDO�SODFH�
DSDUW��RU�WKH�HTXDWLRQ�LV�QRW�UHDO�YDOXHG�EHWZHHQ�WKH�VLJQ�
UHYHUVDO�SRLQWV�

([WUHPXP 7KLV�UHSUHVHQWV�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�

� 7KH�QXPHULF�VROYHU�IRXQG�D�SRLQW�ZKHUH�WKH�YDOXH�RI�
WKH�HTXDWLRQ�DSSUR[LPDWHV�D�ORFDO�PLQLPXP�RU�
PD[LPXP��7KH�SRLQW�PD\�RU�PD\�QRW�UHSUHVHQW�D�URRW�

� 7KH�QXPHULF�VROYHU�VWRSSHG�VHDUFKLQJ�DW�HLWKHU�WKH�
ODUJHVW�RU�VPDOOHVW�QXPEHU�LQ�WKH�FDOFXODWRUªV�UDQJH�

,I�WKH�QXPHULF�VROYHU�GLG�QRW�ILQG�D�VROXWLRQ��LW�GLVSOD\V�RQH�RI�WKH�
IROORZLQJ�H[SODQDWRU\�PHVVDJHV�

%DG�*XHVV�HV� 2QH�RU�PRUH�RI�WKH�LQLWLDO�JXHVVHV�OLH�RXWVLGH�WKH�GRPDLQ�
RI�WKH�HTXDWLRQ�

&RQVWDQW" 7KH�YDOXH�RI�WKH�HTXDWLRQ�LV�WKH�VDPH�DW�HYHU\�SRLQW�WKDW�
ZDV�VDPSOHG�
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Solving equations
Solving polynomial equations
3RO\QRPLDO�HTXDWLRQV�DUH�RI�WKH�IRUP�

)RU�H[DPSOH��WKH�IROORZLQJ�HTXDWLRQ�LV�D�WKLUG�RUGHU�SRO\QRPLDO�

<RX�FDQ�XVH�WKH�+3���*�WR�

� ILQG�WKH�URRWV�RI�D�SRO\QRPLDO

� ILQG�WKH�FRHIILFLHQWV�RI�D SRO\QRPLDO��JLYHQ�D�VHW�RI�URRWV�

7R�VROYH�D�SRO\QRPLDO��\RX�H[SUHVV�LW�DV�D�YHFWRU�RI�LWV�FRHIILFLHQWV��)RU�
H[DPSOH��FRQVLGHU�WKH�SUHYLRXV�H[DPSOH�

,Q�YHFWRU�IRUP��WKLV�FDQ�EH�H[SUHVVHG�DV�IROORZV�

1RWH�WKDW�LI�D�SRO\QRPLDO�GRHV�QRW�LQFOXGH�D�WHUP�IRU�D�SDUWLFXODU�SRZHU��
\RX�QHHG�WR�LQFOXGH�D���LQ�WKH�YHFWRU�WR�UHSUHVHQW�WKH�WHUP��)RU�H[DPSOH�

(TXDWLRQ 9HFWRU

Example

7KLV�H[DPSOH�GHVFULEHV�KRZ�WR�ILQG�WKH�URRWV�RI�WKH�SRO\QRPLDO�HTXDWLRQ�
�

�� 2SHQ�WKH�QXPHULF�VROYHU�DQG�VHOHFW�62/9(�
32/<�WR�GLVSOD\�WKH�&RHIILFLHQWV�LQSXW�IRUP��

D[Q E[Q �– … F[� G[ H� � � � � � 

�[� �[� �[– �� � � 

�[� �[� �[– �� � � 

� � �– �

�[� �� � � �

5x
3 2x– � � �– �

�[� �[� �[– �� � � 
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�� :LWK�WKH�FXUVRU�LQ�WKH�&RHIILFLHQWV�ILHOG��SUHVV�(',7��0DWUL[�:ULWHU�
RSHQV��UHDG\�IRU�XVH�

�� ,Q�0DWUL[�:ULWHU��HQWHU�WKH�FRHIILFLHQWV�RQ�
WKH�WRS�URZ�RI�WKH�PDWUL[��6HH�FKDSWHU����
§9HFWRUV��OLVWV��DUUD\V��DQG�PDWULFHV¨�IRU�
LQIRUPDWLRQ�RQ�XVLQJ�0DWUL[�:ULWHU�

�� 3UHVV�\�WR�SODFH�WKH�YDOXHV�RQ�WKH�LQSXW�
IRUP�

�� 3UHVV�]�WR�SODFH�WKH�FXUVRU�LQ�WKH�5RRWV�
ILHOG�

�� 3UHVV�62/9(��7KH�+3���*�VROYHV�WKH�
HTXDWLRQ�DQG�SODFHV�WKH�URRWV��LQ�YHFWRU�
IRUP��LQ�WKH�5RRWV�ILHOG��

�� 7R�FRS\�WKH�HTXDWLRQ�RU�WKH�URRWV�WR�WKH�
FRPPDQG�OLQH��PRYH�WR�WKH�ILHOG�WR�FRS\�
DQG�SUHVV�6<0%�

6<0%[6<0%\
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Solving equations
Finding a polynomial from a set of roots

7R�ILQG�D�SRO\QRPLDO�HTXDWLRQ�WKDW�FRUUHVSRQGV�WR�D�VHW�RI�URRWV��XVH�WKH�
IROORZLQJ�SURFHGXUH�

�� 2SHQ�WKH�QXPHULF�VROYHU�DQG�VHOHFW�62/9(�32/<�WR�GLVSOD\�WKH�
&RHIILFLHQWV�LQSXW�IRUP��

�� 3UHVV�]�WR�SODFH�WKH�FXUVRU�LQ�WKH�5RRWV�ILHOG��DQG�SUHVV�(',7��0DWUL[�
:ULWHU�RSHQV��UHDG\�IRU�XVH�

�� ,Q�0DWUL[�:ULWHU��HQWHU�WKH�URRWV�RQ�WKH�WRS�URZ�RI�WKH�PDWUL[��DQG�
SUHVV�\�WR�SODFH�WKH�YDOXHV��LQ�YHFWRU�IRUP��RQ�WKH�LQSXW�IRUP�

�� 3UHVV�[�WR�SODFH�WKH�FXUVRU�LQ�WKH�&RHIILFLHQWV�ILHOG�

�� 3UHVV�62/9(��7KH�QXPHULF�VROYHU�VROYHV�WKH�HTXDWLRQ�DQG�SODFHV�WKH�
FRHIILFLHQWV��LQ�YHFWRU�IRUP��LQ�WKH�&RHIILFLHQWV�ILHOG�

Solving linear systems
$�OLQHDU�V\VWHP�LV�D�VHW�RI�OLQHDU�HTXDWLRQV�ZKHUH�WKHUH�LV�PRUH�WKDQ�RQH�
LQGHSHQGHQW�YDULDEOH��)RU�H[DPSOH��WKH�IROORZLQJ�LV�D�V\VWHP�ZKHUH�WKHUH�
DUH�WZR�OLQHDU�HTXDWLRQV�DQG�WZR�LQGHSHQGHQW�YDULDEOHV�

7KHUH�DUH�WKUHH�W\SHV�RI�OLQHDU�V\VWHPV�

� ([DFWO\�GHWHUPLQHG�V\VWHPV�DUH�V\VWHPV�ZKHUH�WKHUH�LV�WKH�VDPH�
QXPEHU�RI�HTXDWLRQV�DV�WKHUH�DUH�LQGHSHQGHQW�YDULDEOHV��7KH�+3���*�
FDQ�VROYH�WKHVH�V\VWHPV�WR�WKH�OLPLWV�RI�LWV�DFFXUDF\�

� 2YHU�GHWHUPLQHG�V\VWHPV�DUH�V\VWHPV�ZKHUH�WKHUH�LV�D�JUHDWHU�
QXPEHU�RI�HTXDWLRQV�WKDQ�WKHUH�DUH�LQGHSHQGHQW�YDULDEOHV��8VXDOO\�
WKHUH�LV�QR�H[DFW�VROXWLRQ�WR�WKHVH�V\VWHPV��7KH�+3���*�UHWXUQV�WKH�
OHDVW�VTXDUHV�VROXWLRQ�

� 8QGHU�GHWHUPLQHG�V\VWHPV�DUH�V\VWHPV�ZKHUH�WKHUH�LV�D�VPDOOHU�
QXPEHU�RI�HTXDWLRQV�WKDQ�WKH�QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV��
8VXDOO\�WKHUH�LV�DQ�LQILQLWH�QXPEHU�RI�VROXWLRQV�WR�WKHVH�V\VWHPV��7KH�
+3���*�UHWXUQV�WKH�VROXWLRQ�ZLWK�WKH�PLQLPXP�(XFOLGHDQ�QRUP�

�[ �\� � 

�[ �\– � 
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Representing a system as matrices

7R�VROYH�D�OLQHDU�V\VWHP��\RX�UHSUHVHQW�WKH�V\VWHP�LQ�PDWUL[�IRUP�ZLWKLQ�
WKH�QXPHULF�VROYHU��,Q�RUGHU�WR�UHSUHVHQW�WKH�V\VWHP�LQ�PDWUL[�IRUP��\RX�
QHHG�WR�WUDQVSRVH�WKH�HTXDWLRQV�WR�D�IRUP�ZKHUH�WKH�LQGHSHQGHQW�
YDULDEOHV�DUH�WR�WKH�OHIW�RI�WKH� �VLJQ��DQG�WKH�FRQVWDQW�LV�RQ�WKH�ULJKW��)RU�
H[DPSOH��FRQVLGHU�WKH�IROORZLQJ�VHW�RI�HTXDWLRQV�

%HIRUH�\RX�DWWHPSW�WR�VROYH�WKLV�V\VWHP��PDQLSXODWH�WKH�HTXDWLRQV�WR�WKH�
IROORZLQJ�IRUP�

7KHVH�HTXDWLRQV�FDQ�EH�UHSUHVHQWHG�DV�D�VHW�RI�WKUHH�PDWULFHV�

� D�PDWUL[�WKDW�FRQWDLQV�WKH�YDULDEOH�FRHIILFLHQWV

� D�PDWUL[�WKDW�FRQWDLQV�WKH�FRQVWDQWV

� D�PDWUL[�WKDW�FRQWDLQV�WKH�YDULDEOHV�WR�VROYH�IRU�

:KHQ�\RX�VROYH�WKLV�V\VWHP��\RX�VSHFLI\�WKH�ILUVW�WZR�PDWULFHV�DQG�WKH�
DQVZHUV�DUH�UHWXUQHG�LQ�WKH�WKLUG�PDWUL[�

�[ �\– �� � 

�[ �\ �–� �� 

�[ �\– �– 

�[ �\� �� 

� �–

� �

�–

��

[
\
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Solving equations
Example

7R�VROYH�WKH�IROORZLQJ�OLQHDU�V\VWHP�

�� 2SHQ�WKH�QXPHULF�VROYHU�DQG�VHOHFW�62/9(�
/,1�6<6�WR�GLVSOD\�WKH�6ROYH�6\VWHP�LQSXW�
IRUP��

>í�\

�� 0DNH�VXUH�WKDW�WKH�FXUVRU�LV�LQ�WKH�$��ILHOG�
DQG�SUHVV�(',7��0DWUL[�:ULWHU�RSHQV��UHDG\�
IRU�XVH��&UHDWH�D�FRHIILFLHQWV�PDWUL[�

(',7��

�� 3UHVV�\�WR�UHWXUQ�WR�WKH�6ROYH�6\VWHP�
LQSXW�IRUP��7KH�PDWUL[�WKDW�\RX�FUHDWHG�
DSSHDUV�LQ�WKH�$��ILHOG�

\

�� 3ODFH�WKH�FXUVRU�LQ�WKH�%��ILHOG�DQG�SUHVV�
(',7�WR�GLVSOD\�0DWUL[�:ULWHU��&UHDWH�D�
FRQVWDQWV�PDWUL[�

](',7��

�� 3UHVV�\�WR�UHWXUQ�WR�WKH�6ROYH�6\VWHP�
LQSXW�IRUP��7KH�PDWUL[�WKDW�\RX�FUHDWHG�
DSSHDUV�LQ�WKH�%��ILHOG�

\

�� 3UHVV�]�WR�SODFH�WKH�FXUVRU�LQ�WKH�;��ILHOG�
DQG�SUHVV�62/9(��7KH�QXPHULF�VROYHU�VROYHV�
WKH�OLQHDU�V\VWHP�DQG�ZULWHV�WKH�DQVZHUV�WR�
D�PDWUL[��7KH�UHVXOWV�PDWUL[�LV�GLVSOD\HG�LQ�
WKH�;��ILHOG��

]�62/9(

�[ �\– �]� �– 

[ �\– �]� � 

�[ \– �]– � 
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�� 5HWXUQ�WR�WKH�GHIDXOW�VFUHHQ��7KH�UHVXOWV�
PDWUL[�LV�ZULWWHQ�WR�WKH�KLVWRU\�

\

Solving differential equations
7KLV�VHFWLRQ�H[SODLQV�KRZ�WR�XVH�WKH�QXPHULF�VROYHU�WR�VROYH�GLIIHUHQWLDO�
HTXDWLRQV�

�� 2SHQ�WKH�QXPHULF�VROYHU�DQG�VHOHFW�62/9(�',))�(4�WR�GLVSOD\�WKH�6ROYH�
(TXDWLRQ�LQSXW�IRUP��

�� 8VH�WKH�PHWKRG�GHVFULEHG�LQ�§6ROYLQJ�DQ�HTXDWLRQ¨�RQ�SDJH�����WR�
VSHFLI\�WKH�HTXDWLRQ�

�� 8VH�WKH�DUURZ�NH\V�WR�QDYLJDWH�WR�WKH�ILHOGV�DQG�SUHVV�(',7��7KH�GHIDXOW�
VHWWLQJV�DUH�IRU�DQ�HTXDWLRQ�ZKHUH�[�LV�D�IXQFWLRQ�RI�\��7KH�ILHOGV�DUH�DV�
IROORZV�

)� +ROGV�WKH�HTXDWLRQ�WR�EH�VROYHG�

,1'(3� 6SHFLILHV�WKH�LQGHSHQGHQW�YDULDEOH��7KLV�GHIDXOWV�WR�[�

,1,7� &RQWDLQV�WKH�LQLWLDO�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�

),1$/� &RQWDLQV�WKH�LQGHSHQGHQW�YDULDEOHªV�ILQDO�YDOXH�

62/1� 6SHFLILHV�WKH�VROXWLRQ�YDULDEOH��7KLV�GHIDXOWV�WR�\��

,1,7� &RQWDLQV�WKH�VROXWLRQ�YDULDEOHªV�LQLWLDO�YDOXH�

),1$/� 'LVSOD\V�WKH�VROXWLRQ�YDULDEOHªV�ILQDO�YDOXH�ZKHQ�WKH�
HTXDWLRQ�LV�VROYHG��<RX�FDQQRW�HGLW�WKLV�YDOXH�

72/� &RQWDLQV�WKH�DFFHSWDEOH�OHYHO�RI�DEVROXWH�HUURU��7KLV�
GHIDXOWV�WR��������

67(3� &RQWDLQV�WKH�LQLWLDO�VWHS�VL]H�WR�EH�XVHG�DV�WKH�VROYHU�
DWWHPSWV�WR�ILQG�D�VROXWLRQ�

67,)) &KHFN�WKLV�ILHOG�ZKHQ�WKH�VROYH�SURFHVV�GRHV�QRW�
ZRUN��RU�LV�WDNLQJ�D�ORQJ�WLPH��,W�GLVSOD\V�DGGLWLRQDO�
ILHOGV�ZKHUH�\RX�FDQ�HQWHU�SDUWLDO�GHULYDWLYH�
LQIRUPDWLRQ�LQ�RUGHU�WR�REWDLQ�D�VWLII�VROXWLRQ��6HH�WKH�
$GYDQFHG�8VHUªV�*XLGH�IRU�PRUH�LQIRUPDWLRQ�
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Solving equations
�� 3UHVV�62/9(��7KH�FDOFXODWRU�VROYHV�WKH�HTXDWLRQ��,I�WKH�SURFHVV�WDNHV�D�
ORQJ�WLPH��RU�GRHV�QRW�SURGXFH�D�VROXWLRQ�

D� 3UHVV���WR�VWRS�WKH�SURFHVV�

E� 5H�HGLW�WKH�LQSXW�IRUP�WR�FKHFN�WKH�67,))�RSWLRQ�

F� (QWHU�SDUWLDO�GHULYDWLYH�LQIRUPDWLRQ�EHIRUH�WU\LQJ�DJDLQ�

Using the financial solver
8VH�WKH�ILQDQFLDO�VROYHU�WR�SHUIRUP�WLPH�YDOXH�RI�PRQH\�FDOFXODWLRQV��DQG�
WR�FDOFXODWH�DPRUWL]DWLRQ�DPRXQWV�WKDW�UHODWH�WR�WKHVH�FDOFXODWLRQV�

� 7LPH�YDOXH�RI�PRQH\�FDOFXODWLRQV�UHODWH�WR�D�ERUURZHG�DPRXQW�RI�
PRQH\�WKDW�LV�WR�EH�UHSDLG��DW�D�IL[HG�FRPSRXQGLQJ�LQWHUHVW�UDWH��RYHU�D�
SHULRG�RI�WLPH��

� $PRUWL]DWLRQ�LV�WKH�ZD\�WKH�UHSD\PHQWV�DUH�GLYLGHG�EHWZHHQ�WKH�
SULQFLSDO�DPRXQW�DQG�LQWHUHVW�RQ�WKH�ORDQ�

�7KH�ILQDQFLDO�VROYHU�DOORZV�\RX�WR�FDOFXODWH�DQ\�RQH�RI�WKH�SDUDPHWHUV�IRU�
D�WLPH�YDOXH�RI�PRQH\�WUDQVDFWLRQ��<RX�FDQ�SHUIRUP�PRGHOOLQJ�E\�HQWHULQJ�
DOO�SDUDPHWHUV�H[FHSW�RQH��DQG�FDOFXODWLQJ�WKH�YDOXH�IRU�WKH�PLVVLQJ�RQH��

Time-value-of-money calculation parameters

7KH�ILQDQFLDO�VROYHU�XVHV�WKH�IROORZLQJ�SDUDPHWHUV�

1 7KH�WRWDO�QXPEHU�RI�FRPSRXQGLQJ�LQWHUHVW�SHULRGV�DQG�
SD\PHQWV��$�FRPSRXQGLQJ�LQWHUHVW�SHULRG�LV�WKH�SHULRG�
DIWHU�ZKLFK�WKH�DPRXQW�RI�LQWHUHVW�WKDW�WKH�ORDQ�KDV�DFFUXHG�
LV�DGGHG�WR�WKH�SULQFLSDO��7KH�ILQDQFLDO�VROYHU�DVVXPHV�WKDW�
WKLV�SHULRG�FRUUHVSRQGV�WR�WKH�SD\PHQW�SHULRG�

,�<5 7KH�DQQXDO�LQWHUHVW�UDWH��H[SUHVVHG�DV�D�QRPLQDO�
SHUFHQWDJH�

39 7KH�YDOXH�RI�WKH�ORDQ�DW�WKH�EHJLQQLQJ�RI�WKH�ILUVW�SHULRG�

307 7KH�SHULRGLF�SD\PHQW�DPRXQW��RU�WKH�UHSD\PHQW�DPRXQW�
WKDW�LV�WR�EH�PDGH�LQ�HDFK�SHULRG�

)9 7KH�YDOXH�RI�WKH�ORDQ�DW�WKH�HQG�RI�WKH�1WK�SHULRG��)RU�
H[DPSOH��LI�\RX�ZHUH�FDOFXODWLQJ�GHWDLOV�RI�D�FRPSOHWH�ORDQ�
UHSD\PHQW��WKLV�YDOXH�ZRXOG�EH���

%(*�(1' :KHWKHU�WKH�SD\PHQW�LV�PDGH�DW�WKH�EHJLQQLQJ�RU�HQG�RI�WKH�
SD\PHQW�SHULRG��
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Time-value-of-money calculations
�� 3UHVV�<(�WR�RSHQ�WKH�ILQDQFLDO�VROYHU��

7KH�7LPH�9DOXH�RI�0RQH\�LQSXW�IRUP�LV�GLVSOD\HG�

�� 'HSHQGLQJ�RQ�WKH�YDOXH�WKDW�\RX�ZDQW�WR�FDOFXODWH��HQWHU�YDOXHV�LQWR�
WKH�ILHOGV�

� 7R�HQWHU�D�YDOXH�LQ�D�ILHOG��SODFH�WKH�FXUVRU�LQ�WKH�ILHOG��HQWHU�WKH�
YDOXH�DQG�SUHVV�\��7KH�YDOXH�DSSHDUV�LQ�WKH�KLJKOLJKWHG�ILHOG�

� 7R�HGLW�DQ�H[LVWLQJ�YDOXH��SODFH�WKH�FXUVRU�LQ�WKH�ILHOG�DQG�SUHVV�
(',7��(GLW�WKH�YDOXH�RQ�WKH�FRPPDQG�OLQH�DQG�SUHVV�\�

� 7R�VSHFLI\�ZKHWKHU�SD\PHQWV�DUH�PDGH�DW�WKH�EHJLQQLQJ�RU�WKH�HQG�
RI�WKH�SD\PHQW�SHULRG��SODFH�WKH�KLJKOLJKW�LQ�WKH�%HJ�(QG�ILHOG�DQG�
SUHVV�&+226���7KH�%HJ�(QG�ILHOG�LV�LPPHGLDWHO\�EHORZ�WKH�3�<U�
ILHOG��,W�GLVSOD\V�HLWKHU�%(*�RU�(1'���6HOHFW�WKH�YDOXH�\RX�ZDQW�IURP�
WKH�OLVW�

�� 8VH�WKH�DUURZ�NH\V�WR�PRYH�WKH�FXUVRU�WR�WKH�ILHOG�IRU�WKH�YDOXH�WR�EH�
GHWHUPLQHG�DQG�SUHVV�62/9(��

7KH�ILQDQFLDO�VROYHU�VROYHV�WKH�FDOFXODWLRQ�DQG�WKH�FRPSXWHG�YDOXH�
DSSHDUV�LQ�WKH�ILHOG�

�� 3UHVV���WR�UHWXUQ�WR�WKH�GHIDXOW�VFUHHQ��7KH�YDOXH�WKDW�\RX�
FRPSXWHG�LV�GLVSOD\HG�LQ�WKH�KLVWRU\�

)RU�H[DPSOH��WR�FDOFXODWH�WKH�PRQWKO\�SD\PHQWV�RQ�D����������PRUWJDJH�
RYHU�D����\HDU�SHULRG�DW�DQ�LQWHUHVW�UDWH�RI������

�� 3UHVV�<(�WR�RSHQ�WKH�ILQDQFLDO�VROYHU��

7KH�7LPH�9DOXH�RI�0RQH\�LQSXW�IRUP�LV�GLVSOD\HG�

�� (QWHU�WKH�YDOXHV�LQWR�WKH�UHOHYDQW�ILHOGV��
1RWH�WKDW�WKH�QXPEHU�RI�SD\PHQWV�LV������
RU����WLPHV����

�� 8VH�WKH�DUURZ�NH\V�WR�SODFH�WKH�FXUVRU�LQ�
WKH�307�ILHOG��DQG�SUHVV�62/9(��7KH�PRQWKO\�
DPRXQW�DSSHDUV�LQ�WKH�307�ILHOG�

62/9(
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Solving equations
Amortizing the calculation

$IWHU�\RX�KDYH�SHUIRUPHG�D�WLPH�YDOXH�RI�PRQH\�FDOFXODWLRQ��\RX�FDQ�
DPRUWL]H�WKH�UHVXOWV��WKDW�LV��FDOFXODWH�WKH�DPRXQW�RI�SULQFLSDO�DQG�WKH�
DPRXQW�RI�LQWHUHVW�WKDW�\RX�SD\�RYHU�D�SHULRG��

7KH�VWDUWLQJ�YDOXH�IRU�WKH�DPRUWL]DWLRQ�FDOFXODWLRQV��WKDW�LV�WKH�SRLQW�IURP�
ZKLFK�WKH�SD\PHQW�DQG�LQWHUHVW�GHWDLOV�LV�FDOFXODWHG��LV�WKH�LQLWLDO�YDOXH�
�VWRUHG�LQ�WKH�39�ILHOG��LQ�WKH�7LPH�9DOXH�RI�0RQH\�LQSXW�IRUP��7R�
DPRUWL]H�SD\PHQWV�IURP�WKH�SUHYLRXV�H[DPSOH��SHUIRUP�WKH�IROORZLQJ�

�� (QWHU�GHWDLOV�IRU�WKH�WLPH�YDOXH�RI�PRQH\�FDOFXODWLRQ��DQG�ILQG�WKH�
PRQWKO\�SD\PHQW�YDOXH�DV�LQ�WKH�SUHYLRXV�H[DPSOH��

�� 3UHVV�$025��7KH�$PRUWL]H�LQSXW�IRUP�LV�
GLVSOD\HG�

$025

�� ,Q�WKH�3D\PHQWV�ILHOG��HQVXUH�WKDW�WKH�
QXPEHU�RI�SD\PHQWV�WR�DPRUWL]H�LV�VHW�WR�
����DQG�SUHVV�$025��7KH�ILQDQFLDO�VROYHU�
DPRUWL]HV�WKH�SD\PHQWV�DQG�GLVSOD\V�WKH�
UHVXOWV�

$025

)RU�WKH�ILUVW�\HDUªV�SD\PHQWV��WKH�ILQDQFLDO�VROYHU�WHOOV�\RX�

� WKH�SULQFLSDO�UHPDLQLQJ�DIWHU�WKH�QXPEHU�RI�SD\PHQWV�LV�PDGH

� WKH�LQWHUHVW�FRPSRQHQW�RI�WKH�SD\PHQWV

� WKH�EDODQFH�RI�WKH�SULQFLSDO�DIWHU�WKH�QXPEHU�RI�SD\PHQWV�KDYH�
EHHQ�PDGH�

2QFH�\RX�KDYH�DPRUWL]HG�D�EDWFK�RI�SD\PHQWV��\RX�FDQ�VHW�WKH�ORDQ�
EDODQFH�DV�WKH�VWDUWLQJ�YDOXH�IRU�DPRUWL]DWLRQ��7KLV�ZD\�\RX�FDQ�DPRUWL]H�
SD\PHQWV�IRU�HDFK�\HDU�WR�FRPSDUH�SULQFLSDO�DQG�LQWHUHVW�GHWDLOV�DW�
GLIIHUHQW�VWDJHV�RI�WKH�ORDQ�
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7R�DPRUWL]H�WKH�VHFRQG�\HDU�RI�WKH�ORDQªV�SD\PHQWV�

�� 3UHVV�%→39��

7KH�VWDUWLQJ�YDOXH�LV�VHW�WR�WKH�YDOXH�LQ�WKH�%DODQFH�ILHOG�

�� ,Q�WKH�3D\PHQWV�ILHOG��HQVXUH�WKDW�WKH�
QXPEHU�RI�SD\PHQWV�WR�DPRUWL]H�LV�VHW�WR�
����DQG�SUHVV�$025��7KH�ILQDQFLDO�VROYHU�
DPRUWL]HV�WKH�VHFRQG�\HDUªV�SD\PHQWV��DQG�
GLVSOD\V�WKH�GHWDLOV��

$025

�� :KHQ�\RX�ILQLVK��SUHVV���WR�UHWXUQ�WR�
WKH�7LPH�9DOXH�RI�0RQH\�LQSXW�IRUP��1RWH�
WKDW�WKH�FXUUHQW�VWDUWLQJ�DPRXQW�LV�
GLVSOD\HG�LQ�WKH�39�ILHOG�
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Storing objects
Chapter 7

Storing objects
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9DULDEOHV �����������������������������������������������������������������������������������

&UHDWLQJ�D�YDULDEOH��������������������������������������������������������������

8VLQJ�D�YDULDEOH�LQ�D�FDOFXODWLRQ���������������������������������������

8VHU�GHILQHG�IXQFWLRQV�������������������������������������������������������

'LUHFWRULHV��������������������������������������������������������������������������������

&UHDWLQJ�D�GLUHFWRU\������������������������������������������������������������

6HOHFWLQJ�D�GLUHFWRU\�RU�YDULDEOH���������������������������������������

0DQDJLQJ�YDULDEOHV�DQG�GLUHFWRULHV ��������������������������������������

'HOHWLQJ�D�YDULDEOH�RU�GLUHFWRU\ ����������������������������������������

&RS\LQJ�RU�PRYLQJ�D�YDULDEOH�RU�GLUHFWRU\����������������������

5HQDPLQJ�D�YDULDEOH�RU�GLUHFWRU\ �������������������������������������

(GLWLQJ�D�YDULDEOH ���������������������������������������������������������������

0HPRU\�0DQDJHPHQW ������������������������������������������������������������

8VLQJ�SRUW�PHPRU\������������������������������������������������������������

Introduction
<RX�VWRUH�DQ�REMHFW�E\�JLYLQJ�LW�D�QDPH�DQG�VDYLQJ�LW��$Q�REMHFW�VDYHG�LQ�
WKLV�ZD\�LV�FDOOHG�D�YDULDEOH��$Q\�REMHFW�\RX�FUHDWH¦QXPEHUV��HTXDWLRQV��
SURJUDPV��JUDSKLFV��DQG�VR�RQ¦FDQ�EH�VWRUHG�LQ�D�YDULDEOH�

<RX�FDQ�FUHDWH�GLUHFWRULHV�DQG�VXEGLUHFWRULHV�WR�VWRUH�\RXU�YDULDEOHV��RU�
\RX�FDQ�VWRUH�YDULDEOHV�LQ�WKH�GHIDXOW�GLUHFWRU\��FDOOHG�+20(��

7KHUH�DUH�IRXU�DUHDV�ZLWKLQ�WKH�+3 ��*�IRU�VWRULQJ�YDULDEOHV��WKH�+20(�
GLUHFWRU\��DQG�WKH�VXEGLUHFWRULHV�LW�FRQWDLQV���SRUW����SRUW����DQG�SRUW����%\�
PRYLQJ�REMHFWV�\RX�ZDQW�WR�NHHS�WR�SRUW�PHPRU\��\RX�PDNH�PRUH�XVHU�
PHPRU\�DYDLODEOH�IRU�HYHU\GD\�RSHUDWLRQV�
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Variables
9DULDEOHV�HQDEOH�\RX�WR�VWRUH�DQG�UHWULHYH�REMHFWV��<RX�GR�WKLV�E\�JLYLQJ�DQ�
REMHFW�D�QDPH��)RU�H[DPSOH��LI�\RX�UHJXODUO\�XVH�D�SDUWLFXODU�QXPEHU�LQ�
FDOFXODWLRQV¦VD\������ P�V���WKH�DFFHOHUDWLRQ�RI�JUDYLW\¦\RX�FDQ�FUHDWH�D�
YDULDEOH�WKDW�DVVRFLDWHV�WKLV�QXPEHU�ZLWK�D�QDPH��

9DULDEOH�QDPHV�FDQ�EH�XS�WR�����FKDUDFWHUV�ORQJ�DQG�FDQ�FRQWDLQ�OHWWHUV��
GLJLWV��DQG�PRVW�RWKHU�FKDUDFWHUV��<RX�FRXOG��IRU�H[DPSOH��FDOO����� P�V��*��
*���RU�*5$9��7KHQ�ZKHQ�\RX�QHHG�WR�XVH����� P�V��LQ�D�FDOFXODWLRQ��\RX�
FDQ�HQWHU�WKH�YDULDEOH�QDPH��RU�VHOHFW�LW�IURP�D�PHQX�

6RPH�FKDUDFWHUV�FDQQRW�EH�LQFOXGHG�LQ�D�YDULDEOH�QDPH��7KHVH�DUH�

� FKDUDFWHUV�WKDW�VHSDUDWH�REMHFWV��VSDFH��SHULRG��FRPPD��#

� REMHFW�GHOLPLWHUV����>�@�§�©�^�`�������B���

� PDWKHPDWLFDO�V\PEROV��IRU�H[DPSOH����¥�
���A�����!���√ = ≤ ≥ ≠ ∂ ∫. 

$OVR��\RX�FDQQRW�XVH�D�FRPPDQG�QDPH�RU�D�PHQX�QDPH�DV�WKH�QDPH�RI�D�
YDULDEOH�

<RX�FDQ�VWRUH�DQ\�W\SH�RI�REMHFW�LQ�D�YDULDEOH��QXPEHUV��FKDUDFWHU�VWULQJV��
HTXDWLRQV��SURJUDPV��JUDSKLFV��DQG�VR�RQ�

Creating a variable
�� (QWHU�WKH�GDWD�WKDW�\RX�ZDQW�WR�DVVRFLDWH�ZLWK�D�YDULDEOH�

�� 3UHVV�k WR�VHOHFW�WKH�6725(�FRPPDQG�

�� (QWHU�D�QDPH�IRU�WKH�YDULDEOH���6HH�FKDSWHU����§%DVLF�RSHUDWLRQ¨��IRU�
LQIRUPDWLRQ�RQ�KRZ�WR�HQWHU�DOSKDEHWLF�FKDUDFWHUV��

�� 3UHVV�\�WR�FUHDWH�WKH�YDULDEOH�

)RU�H[DPSOH��WR�FUHDWH�D�YDULDEOH�QDPHG�*5$9�WR�VWRUH�WKH�YDOXH�������
HQWHU�WKH�IROORZLQJ�RQ�WKH�FRPPDQG�OLQH�

����k ` `�*5$9�\

6HH�§&UHDWLQJ�D�GLUHFWRU\¨�RQ�SDJH ����IRU�GHWDLOV�RI�DQRWKHU�PHWKRG�RI�
FUHDWLQJ�YDULDEOHV�
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Listing variables

7KHUH�DUH�WZR�ZD\V�WR�VHH�WKH�YDULDEOHV�\RX�KDYH�FUHDWHG�

� SUHVV�j

� SUHVV <G��7KLV�RSHQV�WKH�ILOH�PDQDJHPHQW�WRRO�FDOOHG�)LOH�0DQDJHU�
DQG�GLVSOD\V�WKH�GLUHFWRU\�WUHH��7KH�GLUHFWRU\�WUHH�LV�DQ�H[SDQGDEOH�OLVW�
RI�SRUWV�DQG�GLUHFWRULHV�RQ�\RXU�+3 ��*�

Using j

:KHQ�\RX�SUHVV�j��WKH�QDPHV�RI�WKH�YDULDEOHV�DSSHDU�RQ�WKH�IXQFWLRQ�
NH\�PHQX��,I�\RX�KDYH�FUHDWHG�PRUH�WKDQ���YDULDEOHV��SUHVV�l�WR�GLVSOD\�
WKH�QH[W�VHW�RI���YDULDEOHV�

1RWH�WKDW�RQO\�WKH�ILUVW���FKDUDFWHUV�RI�D�YDULDEOHªV�QDPH�DSSHDU�RQ�WKH�
j�PHQX��7R�VHH�WKH�IXOO�QDPH�RI�D�YDULDEOH��SUHVV�WKH�IXQFWLRQ�NH\¦
a WR�f¦WKDW�FRUUHVSRQGV�WR�WKH�YDULDEOH��7KH�IXOO�QDPH�RI�WKH�YDULDEOH�
LV�GLVSOD\HG�RQ�WKH�FRPPDQG�OLQH��7R�VHH�ZKDW�GDWD�LV�VWRUHG�LQ�WKDW�
YDULDEOH��SUHVV�\�

7KH�YDULDEOHV�OLVWHG�E\�SUHVVLQJ�j�DUH�WKH�YDULDEOHV�VWRUHG�LQ�WKH�FXUUHQW�
GLUHFWRU\��7R�VHH�WKH�YDULDEOHV�VWRUHG�LQ�DQRWKHU�GLUHFWRU\��\RX�PXVW�ILUVW�
VHOHFW�WKDW�GLUHFWRU\���6HH�§'LUHFWRULHV¨�RQ�SDJH�����IRU�PRUH�LQIRUPDWLRQ��

Using File Manager

:KHQ�\RX�RSHQ�)LOH�0DQDJHU��RQO\�WKH�
SRUWV�DQG�WKH�+20(�GLUHFWRU\�DUH�OLVWHG��
7R�VHH�WKH�YDULDEOHV�LQ�D�GLUHFWRU\��\RX�
QHHG�WR�VHOHFW�WKDW�GLUHFWRU\��7KLV�LV�
H[SODLQHG�RQ�SDJH�����

:KHQ�\RX�VHOHFW�D�GLUHFWRU\��DOO�REMHFWV�LQ�
WKDW�GLUHFWRU\¦YDULDEOHV�DQG�VXE�
GLUHFWRULHV¦DUH�OLVWHG���<RX�DOVR�VHH�WKH�
W\SH�RI�HDFK�REMHFW�DQG�LWV�VL]H���7R�VHH�WKH�
YDULDEOHV�DQG�RWKHU�REMHFWV�LQ�D�VXE�
GLUHFWRU\��VHOHFW�WKH�VXE�GLUHFWRU\�
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Using a variable in a calculation

<RX�FDQ�XVH�D�YDULDEOHªV�FRQWHQWV�LQ�D�FDOFXODWLRQ��7R�FRQWLQXH�WKH�
H[DPSOH�RQ�SDJH �����VXSSRVH�\RX�KDYH�VWRUHG�WKH�DFFHOHUDWLRQ�RI�JUDYLW\�
LQ�D�YDULDEOH�QDPHG�*5$9�DQG�WKDW�WKLV�YDULDEOH�KDSSHQV�WR�EH�
UHSUHVHQWHG�E\�c��7R�PXOWLSO\�WKH�DFFHOHUDWLRQ�RI�JUDYLW\�E\����\RX�ZRXOG�
SUHVV�

jc��\

j�c�SODFHV�WKH�YDULDEOHªV�QDPH�RQ�WKH�FRPPDQG�OLQH��3UHVVLQJ�\�
FDXVHV�WKH�YDULDEOH��DQG�WKHQ�WKH�HQWLUH�H[SUHVVLRQ��WR�EH�HYDOXDWHG�

1RWH�WKDW�LI�WKH�YDULDEOH�\RX�ZDQW�WR�XVH�LV�QRW�DYDLODEOH�ZKHQ�\RX�SUHVV�
j��\RX�PXVW�ILUVW�VHOHFW�WKH�GLUHFWRU\�LQ�ZKLFK�WKH�YDULDEOH�LV�VWRUHG��
�6HH�§6HOHFWLQJ�D�GLUHFWRU\�RU�YDULDEOH¨�RQ�SDJH������

User-defined functions

8VHU�GHILQHG�IXQFWLRQV�DUH�D�VSHFLDO�W\SH�RI�YDULDEOH��/LNH�YDULDEOHV��\RX�
JLYH�D�XVHU�GHILQHG�IXQFWLRQ�D�QDPH��DQG�VWRUH�LW�IRU�ODWHU�XVH�

8VHU�GHILQHG�IXQFWLRQV�RSHUDWH�LQ�WKH�VDPH�ZD\�DV�QRUPDO�IXQFWLRQV��WKDW�
LV��\RX�HQWHU�WKH�IXQFWLRQ�QDPH��VSHFLI\�WKH�DUJXPHQW�RU�DUJXPHQWV�LQ�
SDUHQWKHVHV��DQG�WKHQ�SUHVV�\�RU�>� WR�HYDOXDWH�WKH�IXQFWLRQ��7KH�
GLIIHUHQFH�LV�WKDW�\RX�FUHDWH�WKH�IXQFWLRQ�\RXUVHOI��DQG�JLYH�LW�D�QDPH�RI�
\RXU�FKRRVLQJ�

Creating a user-defined function

7KH�IROORZLQJ�H[DPSOH�LOOXVWUDWHV�KRZ�WR�FUHDWH�D�XVHU�GHILQHG�IXQFWLRQ�WR�
HYDOXDWH� �DQG�VWRUH�LW�ZLWK�WKH�QDPH�§)��[�¨�

�� 3UHVV�<#�WR�SODFH�WKH�'(),1(�FRPPDQG�RQ�WKH�FRPPDQG�OLQH�

�� :LWK�WKH�FXUVRU�EHWZHHQ�WKH�FRPPDQGªV�SDUHQWKHVHV��GHILQH�WKH�
IXQFWLRQ�

`)�<_O}>æ�tOq��

1RWH�WKDW�WKH�QDPH�\RX�ZDQW�WR�JLYH�\RXU�IXQFWLRQ�PXVW�DSSHDU�WR�WKH�
OHIW�RI�WKH�HTXDOV�VLJQ��<RX�VSHFLI\�WKH�IXQFWLRQ�WR�WKH�ULJKW�RI�WKH�
HTXDOV�VLJQ��

�� 3UHVV�\�WR�GHILQH�WKH�IXQFWLRQ�DQG�VWRUH�LW�LQ�WKH�FXUUHQW�GLUHFWRU\��
,Q�WKLV�H[DPSOH��LW�LV�VWRUHG�DV�§)�¨�

3 x
2( )cos
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Storing objects
Evaluating a user-defined function

7R�HYDOXDWH�D�XVHU�GHILQHG�IXQFWLRQ�

�� *R�WR�WKH�GLUHFWRU\�ZKHUH�\RX�VWRUHG�WKH�IXQFWLRQ��DQG�SUHVV�j��

7KH�YDULDEOHV�LQ�WKH�GLUHFWRU\�DUH�GLVSOD\HG�RQ�WKH�IXQFWLRQ�NH\�PHQX�

�� 3UHVV�WKH�IXQFWLRQ�NH\�WKDW�FRUUHVSRQGV�WR�WKH�YDULDEOH�

7KH�IXQFWLRQ�QDPH�LV�GLVSOD\HG�RQ�WKH�FRPPDQG�OLQH�

�� :LWK�WKH�FXUVRU�DIWHU�WKH�IXQFWLRQ�QDPH��SUHVV�>_�WR�LQVHUW�
SDUHQWKHVHV�

�� (QWHU�WKH�DUJXPHQW�RU�DUJXPHQWV�EHWZHHQ�WKH�SDUHQWKHVHV�

,I�WKH�IXQFWLRQ�WDNHV�PRUH�WKDQ�RQH�DUJXPHQW��VHSDUDWH�HDFK�DUJXPHQW�
ZLWK�D�FRPPD�

�� 7R�HYDOXDWH�WKH�IXQFWLRQ�

� SUHVV�\�WR�REWDLQ�DQ�H[DFW�DQVZHU��RU

� SUHVV�>� WR�REWDLQ�DQ�DSSUR[LPDWH�DQVZHU�

Directories
<RX�FDQ�FUHDWH�GLUHFWRULHV�RQ�WKH�+3 ��*�MXVW�DV�\RX�FUHDWH�GLUHFWRULHV�RQ�
D�FRPSXWHU��$�GLUHFWRU\�LV�VLPSO\�D�QDPHG�DUHD�RI�PHPRU\�LQ�ZKLFK�\RX�
FDQ�VWRUH�YDULDEOHV��DQG�RWKHU�GLUHFWRULHV��

)RU�H[DPSOH��\RX�PLJKW�FUHDWH�D�QXPEHU�RI�YDULDEOHV�UHODWLQJ�WR�
PHFKDQLFDO�HQJLQHHULQJ�FDOFXODWLRQV��<RX�ZRXOG�SUREDEO\�ILQG�WKHVH�
YDULDEOHV�PRUH�HDVLO\�LI�WKH\�ZHUH�VWRUHG�WRJHWKHU��7KHUHIRUH��\RX�FRXOG�
FUHDWH�D�GLUHFWRU\�DQG�VWRUH�MXVW�\RXU�PHFKDQLFDO�HQJLQHHULQJ�YDULDEOHV�LQ�
WKDW�GLUHFWRU\��7KHQ��ZKHQ�\RX�QHHG�RQH�RI�WKH�WKHVH�YDULDEOHV��\RX�JR�WR�
WKDW�GLUHFWRU\�DQG�VHOHFW�WKH�YDULDEOH�

:KHQ�\RX�WXUQ�RQ�WKH�+3 ��*�IRU�WKH�YHU\�ILUVW�WLPH��\RX�ZLOO�ILQG�MXVW�RQH�
GLUHFWRU\��7KLV�LV�FDOOHG�+20(��8QOHVV�\RX�VSHFLI\�RWKHUZLVH��DOO�WKH�
YDULDEOHV�\RX�FUHDWH�ZLOO�EH�VWRUHG�LQ�+20(��,I�\RX�LQWHQG�WR�FUHDWH�
QXPHURXV�YDULDEOHV��\RX�PD\�ILQG�LW�HDVLHU�LI�\RX�FUHDWH�D�GLUHFWRU\�IRU�
HDFK�VHW�RI�VLPLODU�YDULDEOHV�\RX�FUHDWH��RQH�GLUHFWRU\�IRU�\RXU�PHFKDQLFDO�
HQJLQHHULQJ�YDULDEOHV��DQRWKHU�IRU�FKHPLVWU\�YDULDEOHV��DQG�VR�RQ�
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Creating a directory
�� 3UHVV�<G�

7KLV�RSHQV�WKH�ILOH�PDQDJHPHQW�WRRO�FDOOHG�)LOH�0DQDJHU�DQG�GLVSOD\V�
WKH�GLUHFWRU\�WUHH�

�� 6HOHFW�WKH�GLUHFWRU\�WKDW�LV�WR�EH�WKH�SDUHQW�RI�\RXU�QHZ�GLUHFWRU\���6HH�
§6HOHFWLQJ�D�GLUHFWRU\�RU�YDULDEOH¨�RQ�SDJH������

1RWH�WKDW�DQ\�GLUHFWRU\�\RX�FUHDWH�PXVW�EH�D�FKLOG�RI�DQRWKHU�GLUHFWRU\�
�WKDW�LV��FRQWDLQHG�ZLWKLQ�VRPH�RWKHU�GLUHFWRU\���7KH�YHU\�ILUVW�
GLUHFWRU\�\RX�FUHDWH�ZLOO�EH�D�FKLOG�RI�+20(�

�� 3UHVV 2.�

7KH�VFUHHQ�QRZ�OLVWV�WKH�YDULDEOHV�DQG�VXEGLUHFWRULHV�LQ�WKH�GLUHFWRU\�
VHOHFWHG�DW�VWHS����7KH�)LOH�0DQDJHU�IXQFWLRQ�NH\�PHQX�LV�DOVR�
GLVSOD\HG�

�� 3UHVV�l�1(:�

7KH�1HZ�9DULDEOH�LQSXW�IRUP�LV�
GLVSOD\HG��

�� 3UHVV�]�WR�VHOHFW�WKH�1DPH�ILHOG�

7KH�2EMHFW�ILHOG�PXVW�EH�OHIW�EODQN�ZKHQ�
\RX�DUH�FUHDWLQJ�D�QHZ�GLUHFWRU\��

�� ,Q�WKH�1DPH�ILHOG��HQWHU�D�QDPH�IRU�WKH�QHZ�GLUHFWRU\�

7KH�QDPLQJ�FRQYHQWLRQV�DQG�UHVWULFWLRQV�WKDW�DSSO\�WR�GLUHFWRU\�QDPHV�
DUH�WKH�VDPH�DV�WKRVH�WKDW�DSSO\�WR�YDULDEOH�QDPHV��6HH�SDJH ����IRU�
PRUH�LQIRUPDWLRQ�

7KH�FXUVRU�MXPSV�WR�WKH�'LUHFWRU\�ILHOG�DIWHU�\RX�HQWHU�WKH�QDPH�

�� 3UHVV�&+.�WR�LQGLFDWH�WKDW�\RX�DUH�FUHDWLQJ�D�GLUHFWRU\�

�� 3UHVV�2.�RU�\�

7KH�OLVW�RI�YDULDEOHV�DQG�VXEGLUHFWRULHV�GLVSOD\HG�DW�VWHS���DERYH�QRZ�
LQFOXGHV�WKH�GLUHFWRU\�\RX�MXVW�FUHDWHG�

�� 7R�UHWXUQ�WR�WKH�GHIDXOW�GLVSOD\��SUHVV�G�

<RX�FDQ�DOVR�FUHDWH�D�YDULDEOH�XVLQJ�WKH�DERYH�SURFHGXUH��:LWK�
WKH�FXUVRU�LQ�WKH�2EMHFW�ILHOG��\RX�HLWKHU�HQWHU�DQ�REMHFWªV�
FRQWHQWV��RU�SUHVV�&+226�WR�VHOHFW�DQ�H[LVWLQJ�REMHFW�IRU�HGLWLQJ�
�WKH�FRQWHQWV�DSSHDU�LQ�WKH�2EMHFW�ILHOG���<RX�VSHFLI\�D�QDPH�IRU�
WKH�YDULDEOH�LQ�WKH�1DPH�ILHOG��DQG�OHDYH�WKH�'LUHFWRU\�ILHOG�
XQFKHFNHG�
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Selecting a directory or variable

<RXU�FXUUHQW�GLUHFWRU\¦DOVR�NQRZQ�DV�\RXU�SDWK¦LV�VKRZQ�DW�WKH�VWDUW�RI�
WKH�VHFRQG�OLQH�RI�WKH�VWDWXV�DUHD��7R�ZRUN�ZLWK�DQRWKHU�GLUHFWRU\��\RX�
QHHG�WR�VHOHFW�WKDW�GLUHFWRU\��<RX�PXVW�GR�WKLV��IRU�H[DPSOH��LI�\RX�ZDQW�WR�
XVH�D�YDULDEOH�VWRUHG�LQ�WKDW�GLUHFWRU\�

Method 1

8VH�WKLV�PHWKRG�LI�WKH�GLUHFWRU\�\RX�ZDQW�WR�VHOHFW�LV�EHORZ¦EXW�QRW�WRR�
IDU�EHORZ¦WKH�FXUUHQW�GLUHFWRU\�LQ�WKH�GLUHFWRU\�WUHH�

�� 3UHVV�j�

$�PHQX�RI�WKH�YDULDEOHV�DQG�
VXEGLUHFWRULHV�LQ�WKH�FXUUHQW�GLUHFWRU\�
LV�GLVSOD\HG��6XEGLUHFWRULHV�FDQ�EH�
GLVWLQJXLVKHG�IURP�YDULDEOHV�E\�D�VPDOO�
EDU�DFURVV�WKH�WRS�OHIW�KDQG�FRUQHU�RI�
WKH�PHQX�LWHP��7KH�H[DPSOH�DW�WKH�ULJKW�VKRZV�WKDW�WKH�+20(�
GLUHFWRU\�FRQWDLQV�D�VXEGLUHFWRU\�FDOOHG�(1*,1�DQG�D�QXPEHU�RI�
YDULDEOHV��5($/$��02'8/��2+0��DQG�VR�RQ�

:KHQHYHU�\RX�SUHVV�j��WKH�YDULDEOHV�DQG�VXEGLUHFWRULHV�GLVSOD\HG�
DUH�MXVW�WKRVH�FRQWDLQHG�LQ�WKH�GLUHFWRU\�ZKRVH�QDPH�LV�VKRZQ�LQ�WKH�
VWDWXV�DUHD��$OVR��ZKHQHYHU�\RX�FUHDWH�D�QHZ�YDULDEOH�RU�VXEGLUHFWRU\��
WKDW�YDULDEOH�RU�VXEGLUHFWRU\�LV�SODFHG�LQ�WKH�GLUHFWRU\�ZKRVH�QDPH�LV�
VKRZQ�LQ�WKH�VWDWXV�DUHD��

�� 6HOHFW�D�GLUHFWRU\�E\�SUHVVLQJ�WKH�FRUUHVSRQGLQJ�IXQFWLRQ�NH\�DQG�WKHQ�
SUHVVLQJ�\�

,Q�WKH�DERYH�H[DPSOH��\RX�SUHVV�d�DQG�\�WR�VHOHFW�WKH�(1*,1�
VXEGLUHFWRU\�

,I�WKHUH�DUH�PRUH�WKDQ���YDULDEOHV�DQG�VXEGLUHFWRULHV�LQ�\RXU�FXUUHQW�
GLUHFWRU\��\RX�PD\�QHHG�WR�SUHVV l�EHIRUH�WKH�QDPH�RI�WKH�
VXEGLUHFWRU\�\RX�ZDQW�WR�VHOHFW�DSSHDUV�RQ�WKH�VFUHHQ��

7KH�YDULDEOHV�DQG�GLUHFWRULHV�QRZ�VKRZQ�RQ�WKH�PHQX�DUH�WKRVH�
FRQWDLQHG�LQ�WKH�VXEGLUHFWRU\�\RX�FKRVH��,I�WKH�VXEGLUHFWRU\�\RX�ZDQW�WR�
ILQDOO\�ZRUN�ZLWK�LV�IXUWKHU�GRZQ�WKH�GLUHFWRU\�WUHH��\RX�ZLOO�QHHG�WR�
UHSHDW�VWHS���XQWLO�LWV�QDPH�LV�GLVSOD\HG�RQ�WKH�PHQX�

7KH�PHWKRGV�GHVFULEHG�EHORZ�IRU�VHOHFWLQJ�D�GLUHFWRU\�DUH�WKH�
VDPH�PHWKRGV�\RX�XVH�WR�VHOHFW�D�YDULDEOH�ZLWKLQ�D�GLUHFWRU\�
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Method 2

8VH�WKLV�PHWKRG�ZKHQ�WKH�GLUHFWRU\�\RX�ZDQW�WR�VHOHFW�LV�RQ�D�GLIIHUHQW�
EUDQFK�RI�WKH�GLUHFWRU\�WUHH�RU�LV�PDQ\�OHYHOV�DERYH�RU�EHORZ�\RXU�FXUUHQW�
GLUHFWRU\�

�� 3UHVV�<G

7KH�GLUHFWRU\�WUHH�LV�GLVSOD\HG�VKRZLQJ��IRU�HDFK�GLUHFWRU\��LWV�SDUHQW�
GLUHFWRU\�DQG�LWV�VXEGLUHFWRULHV��LI�DQ\���<RXU�FXUUHQW�GLUHFWRU\�LV�
KLJKOLJKWHG�

�� 3UHVV�[�RU�]�XQWLO�WKH�GLUHFWRU\�\RX�ZDQW�WR�VHOHFW�LV�KLJKOLJKWHG�

�� 3UHVV�}�

�� 3UHVV�l l a +$/7�

7KH�GHIDXOW�GLVSOD\�UHWXUQV�DQG�\RXU�QHZ�SDWK�LV�WKH�GLUHFWRU\�\RX�
FKRVH�IURP�WKH�GLUHFWRU\�WUHH�

Method 3

,I�WKH�GLUHFWRU\�\RX�ZDQW�WR�VHOHFW�LV�DERYH��DQG�RQ�WKH�VDPH�EUDQFK�DV��
\RXU�FXUUHQW�GLUHFWRU\��\RX�FDQ�SUHVV�<J\�XQWLO�WKH�GLUHFWRU\�\RX�
ZDQW�EHFRPHV�WKH�FXUUHQW�GLUHFWRU\�

Managing variables and directories
7KH�+3 ��*�SURYLGHV�PDQ\�WRROV�WR�KHOS�\RX�PDQDJH�\RXU�YDULDEOHV�DQG�
GLUHFWRULHV��)RU�H[DPSOH��\RX�FDQ�GHOHWH��FRS\��PRYH��DQG�UHQDPH�
YDULDEOHV�DQG�GLUHFWRULHV��<RX�FDQ�DOVR�HGLW�D�YDULDEOHªV�GDWD�

Deleting a variable or directory

7KH�YDULDEOHV�LQ�D�GLUHFWRU\�DUH�GHOHWHG�ZKHQ�\RX�GHOHWH�WKH�GLUHFWRU\��
+RZHYHU��\RX�FDQQRW�GHOHWH�D�GLUHFWRU\�LI�LW�FRQWDLQV�DQRWKHU�GLUHFWRU\��

�� 8VH�)LOH�0DQDJHU��<G��WR�VHOHFW�WKH�SDUHQW�GLUHFWRU\�RI�WKH�YDULDEOH�
RU�GLUHFWRU\�\RX�ZDQW�WR�GHOHWH���6HH�§6HOHFWLQJ�D�GLUHFWRU\�RU�YDULDEOH¨�
RQ�SDJH�������$�OLVW�RI�DOO�WKH�REMHFWV�LQ�WKDW�GLUHFWRU\�LV�GLVSOD\HG�

�� +LJKOLJKW�WKH�QDPH�RI�WKH�YDULDEOH�RU�GLUHFWRU\�\RX�ZDQW�WR�GHOHWH�

�� 3UHVV�l a WR�VHOHFW�385*(�

$�PHVVDJH�LV�GLVSOD\HG�DVNLQJ�\RX�WR�FRQILUP�WKDW�\RX�ZDQW�WR�GHOHWH�
WKH�YDULDEOH�RU�GLUHFWRU\�\RX�VHOHFWHG�

�� 3UHVV�a�WR�GHOHWH�WKH�YDULDEOH�RU�GLUHFWRU\�

�� 3UHVV�G�WR�UHWXUQ�WR�WKH�GHIDXOW�GLVSOD\�
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Copying or moving a variable or directory
�� 8VH�)LOH�0DQDJHU��<G��WR�VHOHFW�WKH�SDUHQW�GLUHFWRU\�RI�WKH�YDULDEOH�

RU�GLUHFWRU\�\RX�ZDQW�WR�FRS\�RU�PRYH���6HH�§6HOHFWLQJ�D�GLUHFWRU\�RU�
YDULDEOH¨�RQ�SDJH�������$�OLVW�RI�DOO�WKH�REMHFWV�LQ�WKDW�GLUHFWRU\�LV�
GLVSOD\HG�

�� +LJKOLJKW�WKH�QDPH�RI�WKH�YDULDEOH�RU�GLUHFWRU\�\RX�ZDQW�WR�FRS\�RU�
PRYH�

�� 7R�FRS\�\RXU�VHOHFWLRQ��SUHVV�&23<��WR�PRYH�\RXU�VHOHFWLRQ��SUHVV�029(��
7KH�GLUHFWRU\�WUHH�LV�UHGLVSOD\HG�

�� 3UHVV�[�RU�]�XQWLO�WKH�GHVWLQDWLRQ�GLUHFWRU\�LV�KLJKOLJKWHG�

7KH�GHVWLQDWLRQ�GLUHFWRU\�LV�WKH�GLUHFWRU\�ZKHUH�\RX�ZDQW�WKH�YDULDEOH�
RU�GLUHFWRU\�FRSLHG�RU�PRYHG�WR�

�� 3UHVV�2.�

$�ZDUQLQJ�LV�GLVSOD\HG�LI�WKH�YDULDEOH�RU�GLUHFWRU\�\RX�DUH�FRS\LQJ�RU�
PRYLQJ�DOUHDG\�H[LVWV�LQ�WKH�GHVWLQDWLRQ�GLUHFWRU\��,Q�WKLV�FDVH��HLWKHU��

� RYHUZULWH�WKH�H[LVWLQJ�YDULDEOH�RU�GLUHFWRU\��E\�SUHVVLQJ <(6�RU�$//�

� FDQFHO�WKH�RSHUDWLRQ��E\�SUHVVLQJ�$%257�RU�12���RU

� UHQDPH�WKH�YDULDEOH�RU�GLUHFWRU\�\RX�DUH�FRS\LQJ�RU�PRYLQJ��E\�
SUHVVLQJ�5(1��

7R�FKHFN�WKH�QHZ�GLUHFWRU\�WUHH��SUHVV�75((�

�� 3UHVV�G�WR�UHWXUQ�WR�WKH�GHIDXOW�GLVSOD\�

Renaming a variable or directory
�� 8VH�)LOH�0DQDJHU��<G��WR�VHOHFW�WKH�SDUHQW�GLUHFWRU\�RI�WKH�YDULDEOH�

RU�GLUHFWRU\�\RX�ZDQW�WR�UHQDPH���6HH�§6HOHFWLQJ�D�GLUHFWRU\�RU�
YDULDEOH¨�RQ�SDJH�������$�OLVW�RI�DOO�WKH�REMHFWV�LQ�WKDW�GLUHFWRU\�LV�
GLVSOD\HG�

�� +LJKOLJKW�WKH�QDPH�RI�WKH�YDULDEOH�RU�GLUHFWRU\�\RX�ZDQW�WR�UHQDPH�

�� 3UHVV�l 5(1$0(�

7KH�SUHVHQW�QDPH�RI�WKH�YDULDEOH�RU�GLUHFWRU\�LV�GLVSOD\HG�RQ�WKH�
FRPPDQG�OLQH��1RWH�WKDW�WKH�DOSKD�NH\ERDUG�KDV�EHFRPH�DFWLYH�DQG�
\RX�GR�QRW�QHHG�WR�SUHVV�`�EHIRUH�FKDQJLQJ�WKH�QDPH�

�� &KDQJH�WKH�QDPH�RI�WKH�YDULDEOH�RU�GLUHFWRU\���6HH�FKDSWHU���IRU�
LQVWUXFWLRQV�RQ�KRZ�WR�HGLW�WKH�FRQWHQWV�RI�WKH�FRPPDQG�OLQH��

�� 3UHVV�\��7KH�FRQWHQWV�RI�WKH�SDUHQW�GLUHFWRU\�DUH�UHGLVSOD\HG��
VKRZLQJ�WKH�QHZ�QDPH�RI�WKH�YDULDEOH�RU�GLUHFWRU\�

�� 3UHVV�G�WR�UHWXUQ�WR�WKH�GHIDXOW�GLVSOD\�
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Editing a variable

(GLW�D�YDULDEOH�ZKHQ�\RX�ZDQW�WR�FKDQJH�LWV�FRQWHQWV�

�� 8VH�)LOH�0DQDJHU��<G��WR�VHOHFW�WKH�GLUHFWRU\�WKDW�FRQWDLQV�WKH�
YDULDEOH�\RX�ZDQW�WR�HGLW���6HH�§6HOHFWLQJ�D�GLUHFWRU\�RU�YDULDEOH¨�RQ�
SDJH�������$�OLVW�RI�DOO�WKH�REMHFWV�LQ�WKDW�GLUHFWRU\�LV�GLVSOD\HG�

�� +LJKOLJKW�WKH�QDPH�RI�WKH�YDULDEOH�RU�GLUHFWRU\�\RX�ZDQW�WR�HGLW�

�� 3UHVV�l l (',7%�

7KH�FRQWHQWV�RI�WKH�YDULDEOH�DUH�QRZ�DYDLODEOH�

7KH�(',7%�FRPPDQG�HQDEOHV�\RX�WR�HGLW�WKH�FRQWHQWV�XVLQJ�DQ�HGLWRU�
WKDW�LV�DSSURSULDWH�WR�WKH�W\SH�RI�REMHFW�VWRUHG�LQ�WKH�YDULDEOH��)RU�
H[DPSOH��LI�WKH�YDULDEOH�LV�VWRULQJ�D�PDWUL[��(',7%�GLVSOD\V�WKH�PDWUL[�LQ�
0DWUL[�:ULWHU��,I�LW�LV�VWRULQJ�DQ�HTXDWLRQ��LW�GLVSOD\V�WKH�HTXDWLRQ�LQ�
(TXDWLRQ�:ULWHU��DQG�VR�RQ���

�� &KDQJH�WKH�FRQWHQWV�RI�WKH�YDULDEOH�

�� 3UHVV�\�

�� 3UHVV�G�WR�UHWXUQ�WR�WKH�GHIDXOW�GLVSOD\�

Memory Management
7KH�+3 ��*�KDV���� .E�RI�5$0�DQG�� 0E�RI�)ODVK�520�

5$0�LV�VHJPHQWHG�LQWR�V\VWHP�PHPRU\��XVHU�PHPRU\��SRUW���DQG�SRUW���

6\VWHP�PHPRU\�VWRUHV�V\VWHP�YDULDEOHV��<RX�GR�QRW�KDYH�DFFHVV�WR�
V\VWHP�PHPRU\�

8VHU�PHPRU\�FRQWDLQV�WKH�+20(�GLUHFWRU\��DQG�LWV�VXEGLUHFWRULHV���
KLVWRU\��ZRUNLQJ�PHPRU\��WKDW�LV��PHPRU\�DYDLODEOH�IRU�XVH�E\�
FDOFXODWLRQV�DQG�H[HFXWLQJ�SURJUDPV��DQG�D�QXPEHU�RI�WHPSRUDU\�
YDULDEOHV�FUHDWHG�HLWKHU�E\�WKH�V\VWHP�RU�E\�H[HFXWLQJ�SURJUDPV�

3RUW���LV�DYDLODEOH�IRU�VWRULQJ�OLEUDULHV�DQG�IRU�EDFNHG�XS�REMHFWV��DQG�SRUW�
��FDQ�EH�XVHG�WR�VWRUH�REMHFWV�

)ODVK�520�LV�VHJPHQWHG�LQWR�V\VWHP�PHPRU\¦ZKLFK�LV�DQ�H[WHQVLRQ�RI�
5$0�V\VWHP�PHPRU\¦DQG�SRUW����/LNH�SRUW����SRUW���FDQ�EH�XVHG�WR�VWRUH�
REMHFWV�\RX�FUHDWH�RU�GRZQORDG�

2EMHFWV�VWRUHG�LQ�SRUW�PHPRU\�FDQ�EH�FDOOHG�RU�H[HFXWHG��EXW�WKH\�FDQQRW�
EH�YLHZHG�RU�HGLWHG�XQOHVV�FRSLHG�WR�PDLQ�PHPRU\�

,Q�WRWDO��WKH�+3 ��*�RIIHUV�RYHU�� 0E�RI�SRUW�PHPRU\�
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Storing objects
Using port memory

2EMHFWV�WKDW�\RX�ZDQW�WR�NHHS�VKRXOG�EH�PRYHG�IURP�XVHU�PHPRU\�WR�SRUW�
PHPRU\��7KLV�QRW�RQO\�PDNHV�PRUH�XVHU�PHPRU\�DYDLODEOH�IRU�HYHU\GD\�
RSHUDWLRQV��EXW�LW�SXWV�REMHFWV�\RX�ZDQW�WR�NHHS�LQWR�D�VDIHU�VWRUDJH�
HQYLURQPHQW���3RUWV���DQG���DUH�VDIHU�WKDQ�XVHU�PHPRU\��DQG�SRUW���LV�
VDIHU�WKDQ�SRUWV���DQG����

Moving objects to port memory

<RX�PRYH�REMHFWV�WR�SRUW�PHPRU\�LQ�WKH�VDPH�ZD\�WKDW�\RX�PRYH�REMHFWV�
IURP�+20(�GLUHFWRU\�WR�VXEGLUHFWRULHV�RI�+20(��RU�EHWZHHQ�
VXEGLUHFWRULHV���7R�YLHZ�RU�HGLW�DQ�REMHFW�LQ�SRUW�PHPRU\��\RX�PXVW�ILUVW�
FRS\�RU�PRYH�LW�WR�XVHU�PHPRU\�

7R�PRYH�DQ�REMHFW�WR�D�SRUW�

�� 8VH�)LOH�0DQDJHU�WR�VHOHFW�WKH�REMHFW�\RX�ZDQW�WR�PRYH���)ROORZ�WKH�
VWHSV�LQ�§6HOHFWLQJ�D�GLUHFWRU\�RU�YDULDEOH¨�RQ�SDJH������

�� 3UHVV�029(�

7KH�GLUHFWRU\�WUHH�LV�UHGLVSOD\HG�

�� 3UHVV�[�RU�]�XQWLO�WKH�GHVWLQDWLRQ�SRUW�LV�KLJKOLJKWHG�

7KH�GHVWLQDWLRQ�SRUW�LV�WKH�SRUW�ZKHUH�\RX�ZDQW�WR�VWRUH�WKH�REMHFW�

�� 3UHVV�2.�

$�ZDUQLQJ�LV�GLVSOD\HG�LI�DQ�REMHFW�RI�WKH�VDPH�QDPH�DOUHDG\�H[LVWV�LQ�
WKH�GHVWLQDWLRQ�SRUW��,Q�WKLV�FDVH��HLWKHU��

� RYHUZULWH�WKH�H[LVWLQJ�REMHFW��E\�SUHVVLQJ <(6�RU�$//�

� FDQFHO�WKH�RSHUDWLRQ��E\�SUHVVLQJ�$%257�RU�12���RU

� �UHQDPH�WKH�REMHFW�\RX�DUH�PRYLQJ��E\�SUHVVLQJ�5(1��

�� 3UHVV�G�WR�UHWXUQ�WR�WKH�GHIDXOW�GLVSOD\�
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Chapter 8

Vectors, lists, arrays, and matrices

Contents

9HFWRUV ��������������������������������������������������������������������������������������

&UHDWLQJ�YHFWRUV������������������������������������������������������������������

9HFWRU�PDWKHPDWLFV������������������������������������������������������������

/LVWV�������������������������������������������������������������������������������������������

&UHDWLQJ�D�OLVW ����������������������������������������������������������������������

:RUNLQJ�ZLWK�OLVWV ���������������������������������������������������������������

$UUD\V�DQG�PDWULFHV ����������������������������������������������������������������

&UHDWLQJ�DUUD\V��������������������������������������������������������������������

4XLFNO\�PRYLQJ�WKURXJK�DQ�DUUD\ �������������������������������������

(GLWLQJ�DQ�DUUD\�������������������������������������������������������������������

0DWUL[�DULWKPHWLF ���������������������������������������������������������������

Introduction
7KH�+3 ��*�SURYLGHV�QXPHURXV�WRROV�IRU�FUHDWLQJ��PDQLSXODWLQJ��DQG�
DQDO\]LQJ�YHFWRUV��OLVWV��DUUD\V��DQG�PDWULFHV��9HFWRUV�RI�DQ\�GLPHQVLRQ�
FDQ�EH�FUHDWHG��FRPPDQGV�FDQ�EH�PDGH�WR�RSHUDWH�RYHU�PXOWLSOH�HOHPHQWV�
LQ�D�OLVW��DQG�PDWULFHV�FDQ�EH�XVHG�WR�VSHFLI\�VWDWLVWLFDO�GDWD�DQG�WR�VROYH�
V\VWHPV�RI�OLQHDU�HTXDWLRQV�
Vectors, lists, arrays, and matrices Page 8-1
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Vectors
$�YHFWRU�LV�D�ZD\�RI�UHSUHVHQWLQJ�TXDQWLWLHV�WKDW�DUH�PHDVXUHG�ERWK�E\�
PDJQLWXGH�DQG�E\�GLUHFWLRQ��$Q�H[DPSOH�LV�YHORFLW\�

0RVW�RIWHQ�\RX�ZLOO�ZRUN�ZLWK����DQG���GLPHQVLRQDO�YHFWRUV��DOWKRXJK�
YHFWRUV�RI�DQ\�GLPHQVLRQ�DUH�SRVVLEOH��7KH�+3 ��*�HQDEOHV�\RX�WR�VSHFLI\��
DQG�ZRUN�ZLWK��YHFWRUV�RI�DQ\�GLPHQVLRQ�

$���GLPHQVLRQDO�YHFWRU�FDQ�EH�GHVFULEHG�LQ�UHFWDQJXODU�QRWDWLRQ�>[��\@¦�
RU�LQ�SRODU�QRWDWLRQ¦>U� θ@��)RU���GLPHQVLRQDO�YHFWRUV��\RX�FDQ�XVH�
UHFWDQJXODU�QRWDWLRQ¦>[��\��]@¦�F\OLQGULFDO�QRWDWLRQ¦>U� θ��]@¦RU�
VSKHULFDO�QRWDWLRQ¦>U, θ��φ@��$OO�WKHVH�QRWDWLRQV�DUH�DYDLODEOH�ZLWK�WKH�
+3 ��*�

Creating vectors

<RX�VKRXOG�ILUVW�GHFLGH�RQ�WKH�QRWDWLRQ�\RX�ZDQW�WR�XVH�

Selecting vector notation

7KH�FXUUHQWO\�VHW�QRWDWLRQ�LV�LQGLFDWHG�E\�WKH�FRRUGLQDWHV�DQQXQFLDWRU��;<=�
LQGLFDWHV�UHFWDQJXODU�QRWDWLRQ��5a=�LQGLFDWHV�F\OLQGULFDO�QRWDWLRQ��DQG�5aa�
LQGLFDWHV�VSKHULFDO�QRWDWLRQ��<RX�QHHG�WR�FKRRVH�D�QHZ�QRWDWLRQ�LI�WKH�
FXUUHQWO\�VHW�QRWDWLRQ�LV�QRW�WKH�RQH�\RX�ZDQW�WR�XVH���1RWH��\RX�PXVW�
FKRRVH�SRODU�QRWDWLRQ�LI�\RX�DUH�FUHDWLQJ�D���'�F\OLQGULFDO�YHFWRU��

�� 3UHVV�h�WR�GLVSOD\�WKH�&DOFXODWRU�0RGHV�LQSXW�IRUP�

�� 6HW�WKH�&RRUGLQDWH�6\VWHP�ILHOG�WR�WKH�QRWDWLRQ�WKDW�\RX�ZDQW���6HH�
SDJH������IRU�LQIRUPDWLRQ�RQ�FKDQJLQJ�WKH�ILHOGV�RQ�DQ�LQSXW�IRUP��

�� 3UHVV�2.�WR�VHW�WKH�QRWDWLRQ�\RX�FKRVH�

Selecting an angle unit

7KH�FXUUHQWO\�VHW�DQJOH�XQLW�LV�LQGLFDWHG�E\�WKH�DQJOH�DQQXQFLDWRU��
'(* LQGLFDWHV�GHJUHHV��5$' LQGLFDWHV�UDGLDQV¦WKH�GHIDXOW�VHWWLQJ¦DQG�
*5' LQGLFDWHV�JUDGLDQV��,I�\RX�LQWHQG�WR�XVH�D�YHFWRU�QRWDWLRQ�WKDW�UHTXLUHV�
DQ�DQJOH�PHDVXUHPHQW�DQG�WKH�FXUUHQW�DQJOH�XQLW�LV�QRW�ZKDW�\RX�ZDQW��
UHVHW�WKH�XQLW�EHIRUH�HQWHULQJ�\RXU�YHFWRU��6HH�§&KDQJLQJ�D�PRGH¨�RQ�
SDJH �����IRU�LQVWUXFWLRQV�RQ�UHVHWWLQJ�WKH�DQJOH�XQLW�
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Entering vectors

<RX�HQWHU�D�YHFWRU�E\�VSHFLI\LQJ�LWV�FRPSRQHQWV�EHWZHHQ�VTXDUH�EUDFNHWV�

�� 3UHVV�<�+

�� (QWHU�WKH�ILUVW�FRPSRQHQW�

,I�\RX�DUH�HQWHULQJ�D�UHDO�YHFWRU�UDWKHU�WKDQ�D�V\PEROLF�YHFWRU��
LPPHGLDWHO\�IROORZ�HDFK�FRPSRQHQW�ZLWK�D�GHFLPDO�SRLQW��DV�LQ�WKH�
H[DPSOH�EHORZ��

�� (QWHU�HDFK�VXEVHTXHQW�FRPSRQHQW��
6HSDUDWH�UHFWDQJXODU�FRPSRQHQWV�ZLWK�D�
FRPPD�EXW�SUHFHGH�DQ�DQJXODU�
FRPSRQHQW�ZLWK�WKH�DQJOH�VLJQ��a���7KH�
DQJOH�VLJQ�FDQ�EH�HQWHUHG�E\�SUHVVLQJ�
`>���

�� 3UHVV�\�

<RX�FDQ�DOVR�HQWHU�D�YHFWRU�E\�FUHDWLQJ�D�VLQJOH�URZ�PDWUL[�ZLWK�0DWUL[�
:ULWHU��7KLV�LV�H[SODLQHG�ODWHU�LQ�WKLV�FKDSWHU�

,I�WKH�FRRUGLQDWHV�QRWDWLRQ�GRHV�QRW�PDWFK�
\RXU�HQWU\��WKH�+3 ��*�FRQYHUWV�\RXU�HQWU\�
WR�WKDW�QRWDWLRQ��,Q�WKH�H[DPSOH�DW�WKH�ULJKW��
WKH�VHFRQG�DUJXPHQW¦��¦LV�FRQYHUWHG�WR�
DQ�DQJOH�PHDVXUHPHQW�EHFDXVH�WKH�
FRRUGLQDWHV�QRWDWLRQ�LV�VHW�WR�SRODU�
�LQGLFDWHG�E\�WKH�SRODU�DQQXQFLDWRU���1RWH�WKDW�V\PEROLF�YHFWRUV¦
LQFOXGLQJ�WKRVH�ZLWK�LQWHJHU�HOHPHQWV¦DUH�QRW�FRQYHUWHG�WR�WKH�DQJOH�
PHDVXUHPHQWV�

Vector mathematics

7ZR�YHFWRUV�FDQ�EH�DGGHG�DQG�VXEWUDFWHG�RQ�WKH�+3 ��*�MXVW�DV�UHDO�
QXPEHUV�DUH�DGGHG�DQG�VXEWUDFWHG��)RU�LQVWDQFH��WR�DGG�WZR�YHFWRUV��
HQWHU�WKH�ILUVW�YHFWRU��SUHVV�=��HQWHU�WKH�VHFRQG�YHFWRU�DQG�SUHVV�\�

<RX�FDQ�DOVR�PXOWLSO\�DQG�GLYLGH�D�YHFWRU�E\�D�VFDODU��

7KH�+3 ��*�DOVR�SURYLGHV�D�QXPEHU�RI�VSHFLDO�FRPPDQGV�IRU�ZRUNLQJ�
ZLWK�YHFWRUV��7KUHH�RI�WKHVH�FRPPDQGV¦DEVROXWH�PDJQLWXGH��GRW�
SURGXFW��DQG�FURVV�SURGXFW¦DUH�GHVFULEHG�LQ�GHWDLO�LQ�WKH�QH[W�WKUHH�
VHFWLRQV�
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Absolute magnitude

7KH�DEVROXWH�PDJQLWXGH�RI�D�YHFWRU¦DOVR�NQRZQ�DV�WKH�VFDODU�
PDJQLWXGH¦LV�WKH�VTXDUH�URRW�RI�WKH�VXP�RI�WKH�VTXDUHV�RI�WKH�YDOXH�RI�
HDFK�HOHPHQW��

7R�FDOFXODWH�WKH�DEVROXWH�PDJQLWXGH�RI�>�����@�

�� 3UHVV�<Z�

�� 3UHVV�<+�

�� (QWHU���>I���>I��

�� 3UHVV\�

7KH�UHVXOW�LV� �

$Q�H[DPSOH�ZKHUH�\RX�QHHG�WR�FDOFXODWH�WKH�DEVROXWH�PDJQLWXGH�LV�LQ�
ILQGLQJ�WKH�XQLW�YHFWRU��7KH�XQLW�YHFWRU�LV�IRXQG�E\�GLYLGLQJ�WKH�JLYHQ�
YHFWRU�E\�LWV�PDJQLWXGH�

6XSSRVH�\RX�ZDQW�WR�ILQG�WKH�XQLW�YHFWRU�RI�>���@�

�� 3UHVV�< + � >I � }�WR�HQWHU�WKH�
QXPHUDWRU�

�� 3UHVV�z�

�� 3UHVV�<Z�

�� 3UHVV�<+���>I���WR�FRPSOHWH�WKH�
GHQRPLQDWRU�

�� 3UHVV�\�WR�REWDLQ�WKH�XQLW�YHFWRU��ZKLFK�LQ�WKLV�FDVH�LV�

21

X Y
Y
������� 

3
5
--- 4

5
---,
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Dot product

7KH�GRW�SURGXFW�RI�WZR�YHFWRUV�RI�HTXDO�GLPHQVLRQV�LV�WKH�VXP�RI�WKH�
SURGXFWV�RI�HDFK�FRUUHVSRQGLQJ�SDLU�RI�HOHPHQWV��7KH�GRW�SURGXFW�LV�DOVR�
NQRZQ�DV�WKH�LQQHU�RU�VFDODU�SURGXFW��

7R�ILQG�WKH�GRW�SURGXFW�RI�>��¥���@�DQG�>¥�����@�

�� 3UHVV�<P�WR�VHOHFW�WKH�0$7+�PHQX�

�� 3UHVV�2.�RU \�WR�VHOHFW�WKH�9(&725�PHQX�

�� 3UHVV�]�WR�KLJKOLJKW�WKH�'27�FRPPDQG�DQG�SUHVV�2.�RU \�

�� 3UHVV�<+�WR�HQWHU�D�SDLU�RI�VTXDUH�EUDFNHWV�WR�HQFORVH�WKH�ILUVW�
YHFWRU�

�� (QWHU�� > I � w > I ��

�� 3UHVV�}�WR�PRYH�\RXU�FXUVRU�RXWVLGH�WKH�VTXDUH�EUDFNHWV��WKHUHE\�
LQGLFDWLQJ�WKDW�WKH�ILUVW�YHFWRU�LV�FRPSOHWH�

�� 3UHVV�>�I�WR�LQGLFDWH�WKH�HQG�RI�WKH�ILUVW�DUJXPHQW�

�� 3UHVV�< +�WR�HQWHU�D�SDLU�RI�VTXDUH�
EUDFNHWV�WR�HQFORVH�\RXU�VHFRQG�YHFWRU�

�� (QWHU�� w > I � > I ��

��� 3UHVV \�WR�UHWXUQ�WKH�GRW�SURGXFW�RI�
WKH�WZR�YHFWRUV��LQ�WKLV�FDVH�����

Cross product

)RU�WZR�YHFWRUV�>D�E�F@�DQG�>G�H�I@��WKH�FURVV�SURGXFW�LV�>�EI�¥�FH���FG�¥�DI��
�DH�¥�EG�@��7KH�FURVV�SURGXFW�RI�WZR�YHFWRUV�LV�DOVR�NQRZQ�DV�WKH�YHFWRU�
SURGXFW�RU�RXWHU�SURGXFW��

7R�ILQG�WKH�FURVV�SURGXFW�RI�>�����@�DQG�>�����@�

�� 3UHVV�<P�WR�VHOHFW�WKH�0$7+�PHQX�

�� 3UHVV�2.�RU \�WR�VHOHFW�WKH�9(&725�PHQX�

�� 3UHVV�]�WZLFH�WR�KLJKOLJKW�WKH�&5266�FRPPDQG�DQG�SUHVV�2.�RU \�

�� (QWHU�WKH�WZR�YHFWRUV��VHSDUDWLQJ�WKHP�
ZLWK�D�FRPPD�

�� 3UHVV \�WR�UHWXUQ�WKH�FURVV�SURGXFW�RI�
WKH�WZR�YHFWRUV��LQ�WKLV�FDVH��>¥��¥���@�
Vectors, lists, arrays, and matrices Page 8-5
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Lists
$�OLVW�LV�D�FROOHFWLRQ�RI�DQ\�QXPEHU�RI�REMHFWV��7KH�REMHFWV�FDQ�EH�RI�DQ\�
W\SH¦QXPEHUV��FKDUDFWHU�VWULQJV��DQG�VR�RQ¦DQG�REMHFWV�RI�GLIIHUHQW�
W\SHV�FDQ�DSSHDU�LQ�WKH�RQH�OLVW��$�OLVW�LV�UHSUHVHQWHG�RQ�WKH�+3 ��*�E\�D�
SDLU�RI�EUDFHV��^`��VXUURXQGLQJ�D�FROOHFWLRQ�RI�REMHFWV�

Creating a list
�� 3UHVV�<�� 

7KLV�LQGLFDWHV�WKDW�\RX�ZDQW�WR�FUHDWH�D�OLVW�

�� (QWHU�WKH�HOHPHQWV�\RX�ZDQW�WR�LQFOXGH�LQ�WKH�OLVW��VHSDUDWLQJ�HDFK�ZLWK�
D�FRPPD��WKDW�LV��>�I��

�� 3UHVV�\�

Working with lists

Single-argument commands

&RPPDQGV�WKDW�UHTXLUH�RQO\�RQH�DUJXPHQW�FDQ�EH�DSSOLHG�WR�HDFK�HOHPHQW�
LQ�D�OLVW�LQ�D�VLQJOH�RSHUDWLRQ�

)RU�H[DPSOH��WR�ILQG�WKH�VTXDUH�URRW�RI�������DQG���

�� 3UHVV�r�

�� 3UHVV< ����>�I���>�I���

�� 3UHVV�\�

7KH�SRVLWLYH�VTXDUH�URRW�RI�HDFK�RI�WKH�WKUHH�QXPEHUV�LQ�WKH�OLVW�LV�
UHWXUQHG��ZLWK�WKH�WKUHH�UHVXOWV�GLVSOD\HG�LQ�D�OLVW�

Multiple-argument commands

&RPPDQGV�WKDW�UHTXLUH�PRUH�WKDQ�RQH�DUJXPHQW�FDQ�EH�DSSOLHG�WR�HDFK�
HOHPHQW�LQ�D�OLVW�LQ�D�VLQJOH�RSHUDWLRQ�

)RU�H[DPSOH��VXSSRVH�\RX�ZDQW�WR�FDOFXODWH�KRZ�PDQ\�VDPSOHV�RI���
REMHFWV�FDQ�EH�PDGH�IURP�SRSXODWLRQV�RI�������DQG���REMHFWV�

�� 3UHVV�<P�WR�VHOHFW�WKH�0$7+�PHQX�

�� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�352%$%,/,7<�PHQX�

�� 3UHVV�2.�RU \�

�� 3UHVV�2.�RU \�WR�VHOHFW�WKH�&20%�FRPPDQG�
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�� 3UHVV�< ����>I���>I���

�� 3UHVV�}

7KH�FXUVRU�LV�QRZ�RXWVLGH�WKH�OLVW�RI�WKH�SRSXODWLRQV�WR�EH�VDPSOHG�

�� 3UHVV�>I��

�� 3UHVV�\�

7KH�DQVZHUV�DUH�UHWXUQHG�LQ�D�OLVW��^�������`�

1RWH�WKDW�WKH�FRPPDQG�ZDV�DSSOLHG�WR�WZR�SDUDPHWHUV¦WKH�OLVW�RI�WKH�
YDULRXV�SRSXODWLRQV��DQG�WKH�VL]H�RI�WKH�VDPSOH¦HDFK�VHSDUDWHG�E\�D�
FRPPD�ZLWKLQ�D�SDLU�RI�EUDFHV�

Arrays and matrices
$Q�DUUD\�LV�DQ\�UHFWDQJXODU�DUUDQJHPHQW�RI�REMHFWV��$Q�DUUD\�RI�
QXPEHUV¦UHDO�RU�FRPSOH[¦LV�XVXDOO\�UHIHUUHG�WR�DV�D�PDWUL[�

<RX�FDQ�FUHDWH�DUUD\V�IURP�PDQ\�W\SHV�RI�REMHFWV��UHDO�QXPEHUV��FRPSOH[�
QXPEHUV��V\PEROLF�H[SUHVVLRQV��FKDUDFWHU�VWULQJV��SURJUDPV�DQG�VR�RQ��
<RX�FRXOG��IRU�H[DPSOH��FUHDWH�D�GDWDEDVH¦VXFK�DV�D�OLVW�RI�FRQWDFWV�DQG�
WKHLU�WHOHSKRQH�QXPEHUV¦DV�D�W\SH�RI�DUUD\�

Creating arrays

Using Matrix Writer

<RX�FUHDWH�DQ�DUUD\�ZLWK�D�VSHFLDO�WRRO�FDOOHG�0DWUL[�:ULWHU��<RX�RSHQ�
0DWUL[�:ULWHU�E\�SUHVVLQJ�< O�

:KHQ�\RX�RSHQ�WKH�0DWUL[�:ULWHU��WKH�
GLVSOD\�EHFRPHV�D�WDEOH��ZLWK�WKH�URZV�DQG�
FROXPQV�QXPEHUHG�OLNH�D�VSUHDGVKHHW��7KH�
VL]H�RI�WKH�DUUD\�LV�LQGLFDWHG�E\�WKH�ILJXUHV�
LQ�WKH�WRS�OHIW�KDQG�FRUQHU�RI�WKH�WDEOH��
�7KH�VL]H�LV���á���DW�WKH�VWDUW��EXW�WKLV�
LQFUHDVHV�DV�\RX�HQWHU�REMHFWV�LQWR�WKH�DUUD\���7KH�URZ¥FROXPQ�
FRRUGLQDWHV�RI�WKH�FXUUHQWO\�DFWLYH�FHOO�DUH�VKRZQ�DW�WKH�ERWWRP�OHIW�KDQG�
FRUQHU�RI�WKH�GLVSOD\�

7R�FUHDWH�DQ�DUUD\�XVLQJ�0DWUL[�:ULWHU�

�� 3UHVV�< O�WR�RSHQ�0DWUL[�:ULWHU�

�� (QWHU�WKH�REMHFW�WKDW�LV�WR�DSSHDU�LQ�WKH�ILUVW�FHOO�RI�WKH�DUUD\�

7KLV�REMHFW�DSSHDUV�RQ�WKH�FRPPDQG�OLQH�DV�\RX�W\SH�LW�
Vectors, lists, arrays, and matrices Page 8-7
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�� 3UHVV�\�WR�PRYH�WKH�REMHFW�IURP�WKH�FRPPDQG�OLQH�WR�WKH�ILUVW�FHOO�
RI�WKH�DUUD\�

7KH�DFWLYH�FHOO�QRZ�EHFRPHV��¥���WKDW�LV��WKH�FHOO�DW�URZ���DQG�FROXPQ�
���

�� (QWHU�WKH�UHPDLQLQJ�REMHFWV�WKDW�DUH�WR�JR�LQWR�URZ���RI�WKH�DUUD\��
SUHVVLQJ�\�DIWHU�HDFK�WR�PRYH�LW�IURP�WKH�FRPPDQG�OLQH�WR�WKH�QH[W�
DYDLODEOH�FHOO�

�� :KHQ�\RX�KDYH�W\SHG�WKH�ODVW�REMHFW�LQ�WKH�ILUVW�URZ�RI�WKH�DUUD\��SUHVV�
]�WR�PRYH�WR�WKH�VHFRQG�URZ�RI�WKH�DUUD\�DQG�WKHQ�SUHVV�{�XQWLO�FHOO�
�¥��EHFRPHV�WKH�DFWLYH�FHOO��WKDW�LV��WKH�ILUVW�FHOO�LQ�WKH�VHFRQG�URZ��

�� (QWHU�WKH�REMHFWV�WKDW�DUH�WR�DSSHDU�LQ�WKH�VHFRQG�URZ�RI�\RXU�DUUD\��
SUHVVLQJ�\�DIWHU�HDFK�REMHFW�

1RWH�WKDW�WKH�FXUVRU�QRZ�DXWRPDWLFDOO\�PRYHV�WR�WKH�ILUVW�FHOO�RI�WKH�
QH[W�URZ�DIWHU�\RX�HQWHU�DQ�REMHFW�LQ�WKH�ODVW�FROXPQ�RI�D�URZ�

,I�\RX�QHHG�WR�DGG�PRUH�REMHFWV�WR�D�URZ�\RX�KDYH�DOUHDG\�FUHDWHG��XVH�
WKH�DUURZ�NH\V�WR�SRVLWLRQ�\RXU�FXUVRU�LQ�WKH�DSSURSULDWH�EODQN�FHOO�
DQG�HQWHU�D�QHZ�REMHFW��6HH�§4XLFNO\�PRYLQJ�WKURXJK�DQ�DUUD\¨�EHORZ�
WR�OHDUQ�KRZ�WR�TXLFNO\�PRYH�WKURXJK�ODUJH�DUUD\V�

�� :KHQ�\RX�KDYH�HQWHUHG�DOO�WKH�REMHFWV�WKDW�ZLOO�FRPSULVH�\RXU�DUUD\��
SUHVV�\�

0DWUL[�:ULWHU�FORVHV�DQG�WKH�DUUD\�\RX�KDYH�FUHDWHG�DSSHDUV�RQ�WKH�
GHIDXOW�GLVSOD\�VFUHHQ�

7KH�0DWUL[�:ULWHU�IXQFWLRQ�NH\�PHQX�LV�H[SODLQHG�LQ�GHWDLO�LQ�WKH�3RFNHW�
*XLGH�DQG�WKH�$GYDQFHG�8VHUªV�*XLGH�

Using the command line

7KLV�PHWKRG�LV�VXLWDEOH�RQO\�IRU�FUHDWLQJ�VPDOO�DUUD\V��)RU�ODUJH�DUUD\V��
XVH�0DWUL[�:ULWHU��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��

�� 3UHVV�< +�WR�HQWHU�DUUD\�GHOLPLWHUV�

�� 3UHVV�< +�WR�HQWHU�URZ�GHOLPLWHUV�

�� (QWHU�WKH�URZ�RI�HOHPHQWV��SUHVVLQJ�>�I�WR�VHSDUDWH�HDFK�HOHPHQW�

�� ,I�\RX�ZDQW�WR�HQWHU�PRUH�URZV��FRQWLQXH�IURP�VWHS���EHORZ��RWKHUZLVH�
SUHVV \�WR�FUHDWH�WKH�DUUD\�

�� 3UHVV�}�WR�PRYH�WKH�FXUVRU�WR�WKH�ULJKW�RI�WKH�URZ�GHOLPLWHU�

�� 5HSHDW�IURP�VWHS���
Page 8-8 Vectors, lists, arrays, and matrices



Vectors, lists, arrays, m
atrices

chapter8.fm  Page 9  Thursday, November 25, 1999  4:03 PM
Quickly moving through an array

.H\�FRPELQDWLRQV�DUH�SURYLGHG�WR�KHOS�\RX�TXLFNO\�PRYH�WKURXJK�DQ�DUUD\�
WKDW�LV�WRR�ODUJH�WR�EH�GLVSOD\HG�LQ�IXOO�

> ��PRYHV�WR�WKH�ODVW�FROXPQ�

>���PRYHV�WR�WKH�ILUVW�FROXPQ�

>���PRYHV�WR�WKH�ILUVW�URZ�

>���PRYHV�WR�WKH�ODVW�URZ�

< ��PRYHV�WR�WKH�QH[W�GLVSOD\DEOH�VHW�RI�FROXPQV�

<���PRYHV�WR�WKH�SUHYLRXV�GLVSOD\DEOH�VHW�RI�FROXPQV�

>���PRYHV�WR�WKH�SUHYLRXV�GLVSOD\DEOH�VHW�RI�URZV�

>���PRYHV�WR�WKH�QH[W�GLVSOD\DEOH�VHW�RI�URZV�

Editing an array
�� +LJKOLJKW�WKH�DUUD\�LQ�KLVWRU\�DQG�SUHVV�(',7�

0DWUL[�:ULWHU�RSHQV�ZLWK�\RXU�DUUD\�GLVSOD\HG�

�� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�FHOO�\RX�ZDQW�WR�HGLW�

�� (QWHU�WKH�QHZ�YDOXH��

�� 3UHVV�\�WR�XSGDWH�WKH�DUUD\�

�� ,I�\RX�ZDQW�WR�HGLW�RWKHU�YDOXHV��UHSHDW�IURP�VWHS���

�� 3UHVV�\�WR�SODFH�WKH�HGLWHG�DUUD\�LQ�KLVWRU\�

�� 3UHVV�\�DJDLQ�WR�VDYH�WKH�HGLWHG�DUUD\�

,I�WKH�DUUD\�\RX�ZDQW�WR�HGLW�LV�WKH�ODVW�REMHFW�LQ�KLVWRU\��\RX�FDQ�
DOVR�SUHVV�]�WR�RSHQ�WKH�DUUD\�LQ�0DWUL[�:ULWHU�
Vectors, lists, arrays, and matrices Page 8-9
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Matrix arithmetic

,Q�PDWUL[�DULWKPHWLF��\RX�QHHG�WR�HQWHU�RQH�RU�PRUH�PDWULFHV��<RX�FDQ�
HQWHU�D�PDWUL[�

� XVLQJ�0DWUL[�:ULWHU

� E\�W\SLQJ�LW�RQ�WKH�FRPPDQG�OLQH

� E\�VHOHFWLQJ�LW�IURP�KLVWRU\��RU�

� E\�UHFDOOLQJ�WKH�YDULDEOH�QDPH�DVVRFLDWHG�ZLWK�LW�

Adding or subtracting two matrices

�� (QWHU�WKH�ILUVW�PDWUL[�

�� 3UHVV�=�RU�-�

�� (QWHU�WKH�VHFRQG�PDWUL[�

7KH�VHFRQG�PDWUL[�PXVW�KDYH�WKH�VDPH�GLPHQVLRQV�DV�WKH�ILUVW�

�� 3UHVV�\�

(DFK�HOHPHQW�LQ�WKH�VHFRQG�PDWUL[�LV�DGGHG��RU�VXEWUDFWHG��IURP�WKH�
FRUUHVSRQGLQJ�HOHPHQW�LQ�WKH�ILUVW�PDWUL[�

Multiplying or dividing a matrix by a scalar

�� (QWHU�WKH�PDWUL[�

6HH�SDJH�����IRU�LQIRUPDWLRQ�RQ�VHOHFWLQJ�D�PDWUL[�IURP�KLVWRU\�

�� 3UHVV���RU�z�

�� (QWHU�WKH�VFDODU�

�� 3UHVV�\�

(DFK�HOHPHQW�LQ�WKH�PDWUL[�LV�PXOWLSOLHG�E\��RU�GLYLGHG�E\��WKH�VFDODU�
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Multiplying two matrices

6LQFH�WKH�PXOWLSOLFDWLRQ�RI�PDWULFHV�LV�QRW�FRPPXWDWLYH��WKH�RUGHU�LQ�
ZKLFK�\RX�VSHFLI\�WKH�PDWULFHV�LV�LPSRUWDQW��7KH�QXPEHU�RI�FROXPQV�LQ�
WKH�ILUVW�PDWUL[�PXVW�HTXDO�WKH�QXPEHU�RI�URZV�LQ�WKH�VHFRQG�PDWUL[�

�� (QWHU�WKH�ILUVW�PDWUL[�

�� 3UHVV���

�� (QWHU�WKH�VHFRQG�PDWUL[�

�� 3UHVV�\�

7KH�UHVXOW�LV�D�PDWUL[�ZLWK�WKH�VDPH�QXPEHU�RI�URZV�DV�WKH�ILUVW�PDWUL[�
DQG�WKH�VDPH�QXPEHU�RI�FROXPQV�DV�WKH�VHFRQG�PDWUL[��(DFK�HOHPHQW�LQ�
WKH�PDWUL[�LV�WKH�SURGXFW�RI�WKH�FRUUHVSRQGLQJ�WZR�HOHPHQWV�LQ�WKH�
RULJLQDO�PDWULFHV�

Finding the determinant of a square matrix

�� (QWHU�'(7�RQ�WKH�FRPPDQG�OLQH�

�� 3UHVV�< _�

�� �(QWHU�WKH�PDWUL[�

�� 3UHVV�\�

7KH�GHWHUPLQDQW�RI�D�PDWUL[�FDQ�EH�XVHG�WR�VROYH�D�V\VWHP�RI�OLQHDU�
HTXDWLRQV��$QRWKHU�PHWKRG�LV�WR�XVH�*DXVVLDQ�HOLPLQDWLRQ�WR�JHQHUDWH�WKH�
URZ�UHGXFHG�HFKHORQ�IRUP�RI�D�PDWUL[��7KLV�LV�GLVFXVVHG�LQ�WKH�QH[W�
VHFWLRQ�

Solving a system of linear equations

$�PHWKRG�RI�VROYLQJ�D�V\VWHP�RI�OLQHDU�HTXDWLRQV�LV�H[SODLQHG�LQ�FKDSWHU����
7KLV�PHWKRG�XVHV�WKH�QXPHULF�VROYHU��7KH�+3 ��*�DOVR�KDV�D�PDWUL[�
FRPPDQG�IRU�VROYLQJ�D�V\VWHP�RI�OLQHDU�HTXDWLRQV��7KLV�FRPPDQG¦
55()¦XVHV�*DXVVLDQ�HOLPLQDWLRQ�WR�JHQHUDWH�WKH�URZ�UHGXFHG�HFKHORQ�
IRUP�RI�DQ�DXJPHQWHG�PDWUL[�

<RX�FDQ�XVH�WKH�55()�FRPPDQG�LQ�GLUHFW�PRGH�RU�LQ�VWHS�E\�VWHS�PRGH��
�6HH�§6HWWLQJ�VWHS�E\�VWHS�PRGH¨�RQ�SDJH������IRU�LQVWUXFWLRQV�RQ�VHWWLQJ�
VWHS�E\�VWHS�PRGH���,Q�WKLV�PRGH��WKH�+3 ��*�SHUIRUPV�WKH�*DXVVLDQ�
HOLPLQDWLRQ�RQH�VWHS�DW�D�WLPH��%HIRUH�LW�SHUIRUPV�HDFK�VWHS��WKH�+3 ��*�
GLVSOD\V�D�GHVFULSWLRQ�RI�WKH�DFWLRQ�LW�LV�DERXW�WR�SHUIRUP��<RX�SUHVV�2.�WR�
DFWLRQ�HDFK�VWHS�

)RU�H[DPSOH��VXSSRVH�\RX�KDYH�WR�VROYH�WKH�IROORZLQJ�V\VWHP�
Vectors, lists, arrays, and matrices Page 8-11
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�[����\� ���

�[�¥��\� ��

7R�VROYH�VXFK�D�V\VWHP��\RX�FDQ�

�� (QWHU�55()�RQ�WKH�FRPPDQG�OLQH�

§55()¨�VWDQGV�IRU�WKH�52:�5('8&('�(&+(/21�)250�FRPPDQG�

�� 3UHVV < _�

�� (QWHU�RU�VHOHFW�WKH�DXJPHQWHG�PDWUL[�

7KH�DXJPHQWHG�PDWUL[�LV�D�PDWUL[�RI�WKH�V\VWHPªV�FRHIILFLHQWV�DQG�
FRQVWDQWV��ZLWK�WKH�FRQVWDQWV�VHW�RXW�LQ�WKH�ULJKWPRVW�FROXPQ�RI�WKH�
PDWUL[���,Q�WKLV�H[DPSOH��WKH�DXJPHQWHG�PDWUL[�ORRNV�OLNH�WKLV�

�� 3UHVV�\�

� ,I�\RX�DUH�LQ�VWHS�E\�VWHS�PRGH��D�GHVFULSWLRQ�RI�WKH�ILUVW�VWHS�LQ�WKH�
SURFHVV�LV�GLVSOD\HG��3UHVV�2.�WR�VHH�WKH�UHVXOW�RI�WKDW�VWHS��.HHS�
SUHVVLQJ�2.�XQWLO�\RX�KDYH�VWHSSHG�WKURXJK�WKH�HQWLUH�UHGXFWLRQ�
SURFHVV�DQG�WKH�URZ�UHGXFHG�HFKHORQ�IRUP�RI�WKH�DXJPHQWHG�
PDWUL[�LV�GLVSOD\HG�

� ,I�VWHS�E\�VWHS�PRGH�LV�QRW�VHW��WKH�URZ�UHGXFHG�HFKHORQ�IRUP�RI�WKH�
DXJPHQWHG�PDWUL[�LV�LPPHGLDWHO\�GLVSOD\HG�

7KH�URZ�UHGXFHG�HFKHORQ�IRUP�RI�WKH�DXJPHQWHG�PDWUL[�LQ�RXU�
H[DPSOH�LV�

7KH�DQVZHU�WR�WKH�V\VWHP�RI�OLQHDU�HTXDWLRQV�LV�LQ�WKH�ULJKWPRVW�FROXPQ�RI�
WKH�URZ�UHGXFHG�HFKHORQ�PDWUL[��LQ�RXU�H[DPSOH��[� ���DQG�\� ���

<RX�FDQ�VSHHG�XS�WKH�SURFHVVLQJ�RI�ODUJH�PDWULFHV�E\�VHWWLQJ�WKH�
/$5*(�0$75,&(6�V\VWHP�IODJ��¥�����

3 4 25

5 3– 3

1 0 3

0 1 4
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Using statistics

Contents

'HVFULSWLYH�VWDWLVWLFV���������������������������������������������������������������

6WDUWLQJ�DQ�DSSOLFDWLRQ�DQG�VSHFLI\LQJ�WKH�GDWD��������������

6LQJOH�YDULDEOH�VWDWLVWLFV ����������������������������������������������������

*HQHUDWLQJ�IUHTXHQFLHV ������������������������������������������������������

)LWWLQJ�D�PRGHO�WR�D�VHW�RI�GDWD �����������������������������������������

&DOFXODWLQJ�VXPPDU\�VWDWLVWLFV �����������������������������������������

3ORWWLQJ�VWDWLVWLFV ����������������������������������������������������������������

,QIHUHQWLDO�VWDWLVWLFV ����������������������������������������������������������������

([DPSOH�GDWD ����������������������������������������������������������������������

8VLQJ�LQIHUHQWLDO�VWDWLVWLFV �������������������������������������������������

+\SRWKHVLV�WHVWV������������������������������������������������������������������

&RQILGHQFH�LQWHUYDOV ���������������������������������������������������������

Introduction
7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�XVH�WKH�+3���*�WR�DQDO\]H�GDWD�VWDWLVWLFDOO\��
<RX�FDQ�XVH�WKH�+3���*�WR�DQDO\]H�WZR�EURDG�FDWHJRULHV�RI�VWDWLVWLFV�

� 'HVFULSWLYH�VWDWLVWLFV�HQDEOHV�\RX�WR�FDOFXODWH�YDOXHV�VXFK�DV�WKH�
PHDQ��WKH�YDULDQFH��DQG�WKH�VWDQGDUG�GHYLDWLRQ��<RX�FDQ�DOVR�DSSO\�
UHJUHVVLRQ�WHFKQLTXHV�WR�WKH�GDWD�WR�ILW�D�V\PEROLF�PRGHO�WR�LW�

� ,QIHUHQWLDO�VWDWLVWLFV�HQDEOHV�\RX�WR�FDOFXODWH�YDOXHV�VXFK�DV�
FRQILGHQFH�LQWHUYDOV��<RX�FDQ�DOVR�SHUIRUP�K\SRWKHVLV�WHVWV�EDVHG�RQ�
WKH�1RUPDO�=��DQG�6WXGHQWªV�W�GLVWULEXWLRQV��

7KH�LQIHUHQWLDO�VWDWLVWLFV�DSSOLFDWLRQV�LQFOXGHV�RQOLQH�KHOS��2Q�DQ\�RI�
WKH�LQIHUHQWLDO�VWDWLVWLFV�VFUHHQV��SUHVV�+(/3�WR�GLVSOD\�KHOS�RQ�KRZ�WR�
FRPSOHWH�WKH�VFUHHQ��
Using statistics Page 9-1
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Descriptive statistics
8VH�WKH�GHVFULSWLYH�VWDWLVWLFV�DSSOLFDWLRQV�RI�WKH�+3���*�WR�DQDO\]H�GDWD�
VWRUHG�LQ�D�PDWUL[�

� 8VH�WKH�6LQJOH�YDULDEOH�VWDWLVWLFV�DSSOLFDWLRQ�WR�FDOFXODWH�YDOXHV�
VXFK�DV�WKH�PHDQ��WKH�VWDQGDUG�GHYLDWLRQ��DQG�WKH�YDULDQFH�IRU�D�VHW�RI�
VLQJOH�YDULDEOH�VWDWLVWLFV��IRU�H[DPSOH�RQH�FROXPQ�RI�D�PDWUL[�

� 8VH�WKH�)UHTXHQFLHV�DSSOLFDWLRQ�WR�GHWHUPLQH�WKH�IUHTXHQF\�
GLVWULEXWLRQ�IRU�D�VHW�RI�GDWD�

� 8VH�WKH�)LW�GDWD�DSSOLFDWLRQ�WR�TXDQWLI\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�
GDWD�LQ�WZR�FROXPQV�

� 8VH�WKH�6XPPDU\�VWDWLVWLFV�DSSOLFDWLRQ�WR�FDOFXODWH�VXPPDULHV�WKDW�
UHODWH�WR�D�VHW�RI�ELYDULDWH�GDWD��

Starting an application and specifying the data

7R�VWDUW�D�GHVFULSWLYH�VWDWLVWLFV�DSSOLFDWLRQ�

�� 3UHVV�>÷�WR�GLVSOD\�WKH�6WDWLVWLFV�FKRRVH�OLVW�

�� 8VH�WKH�DUURZ�NH\V�WR�VHOHFW�WKH�VWDWLVWLFV�DSSOLFDWLRQ�WKDW�\RX�ZDQW��
DQG�SUHVV�\�

7KH�LQSXW�IRUP�IRU�WKH�DSSOLFDWLRQ�LV�GLVSOD\HG�

:KHQ�\RX�RSHQ�D�VWDWLVWLFV�DSSOLFDWLRQ�LQSXW�IRUP��WKH�GHIDXOW�GDWD�
GLVSOD\HG�LV�GDWD�WKDW�LV�FRQWDLQHG�LQ�WKH�Σ'$7�YDULDEOH��)URP�WKH�
VWDWLVWLFV�DSSOLFDWLRQ�LQSXW�IRUPV��\RX�FDQ�GR�HLWKHU�RI�WKH�IROORZLQJ�WR�
VSHFLI\�GDWD�WR�DQDO\]H�

� 7R�FUHDWH�QHZ�GDWD�WR�DQDO\]H��SUHVV�(',7�WR�RSHQ�0DWUL[�:ULWHU��7KH�
GDWD�\RX�FUHDWH�LV�VWRUHG�LQ�WKH�Σ'$7�YDULDEOH�

� 7R�VHOHFW�DQ�REMHFW��IRU�H[DPSOH�DQ�H[LVWLQJ�PDWUL[��SUHVV�&+226��DQG�
VHOHFW�WKH�REMHFW�IURP�WKH�OLVW��7KH�GDWD�LV�FRSLHG�WR�WKH�Σ'$7�YDULDEOH��
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Single-variable statistics

<RX�VSHFLI\�WKH�FROXPQ�RI�GDWD�ZLWKLQ�WKH�PDWUL[�WR�DQDO\]H�

7R�FDOFXODWH�VLQJOH�YDULDEOH�VWDWLVWLFV��XVH�WKH�IROORZLQJ�SURFHGXUH�

�� 8VH�WKH�PHWKRG�GHVFULEHG�LQ�§6WDUWLQJ�DQ�DSSOLFDWLRQ�DQG�VSHFLI\LQJ�
WKH�GDWD¨�RQ�SDJH�����WR�RSHQ�WKH�6LQJOH�YDULDEOH�VWDWLVWLFV�LQSXW�IRUP�
DQG�WR�ORDG�WKH�GDWD�WR�DQDO\]H�

�� ,Q�WKH�&RO�ILHOG��HQWHU�WKH�QXPEHU�RI�WKH�PDWUL[�FROXPQ�WKDW�KROGV�WKH�
GDWD�\RX�ZDQW�WR�DQDO\]H��

�� ,Q�WKH�7\SH�ILHOG��SUHVV�&+226�DQG�VHOHFW�WKH�W\SH�RI�VWDWLVWLFDO�GDWD�WR�
PHDVXUH�

¥ 6HOHFW�6$03/(�LI�\RXU�GDWD�UHSUHVHQWV�D�VDPSOH�RI�WKH�SRSXODWLRQ�

¥ 6HOHFW�3238/$7,21�LI�\RXU�GDWD�UHSUHVHQWV�WKH�HQWLUH�SRSXODWLRQ�

�� 3ODFH�WKH�FXUVRU�LQ�D�ILHOG�IRU�D�VWDWLVWLF�WKDW�\RX�ZDQW�WR�FDOFXODWH�DQG�
SUHVV�&+.��5HSHDW�IRU�RWKHU�VWDWLVWLFV�\RX�ZDQW�WR�FDOFXODWH�

�� 3UHVV�2.��7KH�YDOXHV�\RX�VHOHFWHG�DUH�FDOFXODWHG�DQG�GLVSOD\HG�LQ�D�OLVW�
LQ�KLVWRU\�

7KH�IROORZLQJ�VLQJOH�YDULDEOH�VWDWLVWLFV�FDQ�EH�FDOFXODWHG�

0HDQ 5HWXUQV�WKH�DULWKPHWLF�PHDQ�

6WG�'HY 5HWXUQV�WKH�VWDQGDUG�GHYLDWLRQ�

9DULDQFH� 'HSHQGLQJ�RQ�WKH�W\SH�WKDW�\RX�VHOHFWHG��UHWXUQV�HLWKHU�WKH�
VDPSOH�YDULDQFH�RU�WKH�SRSXODWLRQ�YDULDQFH��

7RWDO 5HWXUQV�WKH�VXP�RI�WKH�GDWD�

0D[LPXP 5HWXUQV�WKH�ODUJHVW�YDOXH�LQ�WKH�GDWD�

0LQLPXP 5HWXUQV�WKH�VPDOOHVW�YDOXH�LQ�WKH�GDWD�
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Generating frequencies

)UHTXHQF\�GLVWULEXWLRQV�GHVFULEH�KRZ�GDWD�LV�GLVWULEXWHG�DFURVV�D�
VSHFLILHG�VHW�RI�VXE�LQWHUYDOV��RU�ELQV��<RX�VSHFLI\�

� WKH�PLQLPXP�YDOXH�IRU�GDWD�HOHPHQWV�WR�EH�LQFOXGHG�LQ�WKH�IUHTXHQF\�
GLVWULEXWLRQ

� WKH�ELQ�QXPEHU

� WKH�ELQ�VL]H��

6WDUWLQJ�IURP�WKH�PLQLPXP�YDOXH��WKH�VWDWLVWLFV�DSSOLFDWLRQ�VHWV�XS�WKH�
QXPEHU�RI�LQWHUYDOV��(DFK�LQWHUYDO�LV�VHW�WR�WKH�VL]H�WKDW�\RX�VSHFLI\��)URP�
WKLV��WKH�VWDWLVWLFV�DSSOLFDWLRQ�GHILQHV�WKH�PD[LPXP�YDOXH�RI�GDWD�WR�EH�
VDPSOHG�

7R�VHW�XS�D�IUHTXHQF\�GLVWULEXWLRQ�IRU�\RXU�GDWD��XVH�WKH�IROORZLQJ�
SURFHGXUH�

�� 8VH�WKH�PHWKRG�GHVFULEHG�LQ�§6WDUWLQJ�DQ�DSSOLFDWLRQ�DQG�VSHFLI\LQJ�
WKH�GDWD¨�RQ�SDJH�����WR�RSHQ�WKH�)UHTXHQFLHV�LQSXW�IRUP�DQG�WR�ORDG�
WKH�GDWD�WR�DQDO\]H�

�� ,Q�WKH�;�0LQ�ILHOG��HQWHU�WKH�PLQLPXP�YDOXH�IRU�VDPSOHV�WR�EH�LQFOXGHG�
LQ�WKH�DQDO\VLV�

�� ,Q�WKH�%LQ�&RXQW�ILHOG��HQWHU�WKH�QXPEHU�RI�LQWHUYDOV��RU�ELQV�

�� ,Q�WKH�%LQ�:LGWK�ILHOG��HQWHU�WKH�VL]H�RI�HDFK�LQWHUYDO��RU�ELQ��

7KH�VWDWLVWLFV�DSSOLFDWLRQ�FDOFXODWHV�WKH�KLJKHVW�YDOXH�WR�EH�LQFOXGHG�LQ�
WKH�VDPSOH�

�� 3UHVV�2.��7KH�IROORZLQJ�GDWD�LV�UHWXUQHG�LQ�D�OLVW�WR�KLVWRU\�

¥ $Q�DUUD\�RI�LQWHJHUV��UHSUHVHQWLQJ�WKH�QXPEHU�RI�GDWD�HOHPHQWV�WKDW�
IHOO�LQWR�HDFK�LQWHUYDO��IURP�ORZHVW�LQWHUYDO�WR�KLJKHVW�LQWHUYDO�

¥ $�WZR�HOHPHQW�YHFWRU¦WKH�ILUVW�HOHPHQW�UHSUHVHQWV�WKH�QXPEHU�RI�
HOHPHQWV�EHORZ�WKH�ORZHVW�YDOXH�DQG�WKH�VHFRQG�HOHPHQW�
UHSUHVHQWV�WKH�QXPEHU�RI�HOHPHQWV�DERYH�WKH�KLJKHVW�DOORZDEOH�
YDOXH�
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Fitting a model to a set of data

<RX�FDQ�XVH�WKH�VWDWLVWLFV�DSSOLFDWLRQ�WR�FDOFXODWH�3HDUVRQªV�FRUUHODWLRQ�
FRHIILFLHQW�IRU�ELYDULDWH�GDWD��7KH�VWDWLVWLFV�DSSOLFDWLRQ�TXDQWLILHV�WKH�
FRUUHODWLRQ�EHWZHHQ�GDWD�LQ�DQ\�WZR�FROXPQV�LQ�D�PDWUL[��<RX�FDQ�FKRRVH�
D�UHJUHVVLRQ�PRGHO�WR�DSSO\�WR�WKH�GDWD�WR�ILQG�WKH�UHODWLRQVKLS��RU�\RX�FDQ�
VHOHFW�WKH�%HVW�)LW�RSWLRQ�WR�DOORZ�WKH�FDOFXODWRU�WR�ILQG�WKH�EHVW�
FRUUHODWLRQ�IURP�LWV�OLEUDU\�RI�ILW�W\SHV�

7KH�IROORZLQJ�IRXU�UHJUHVVLRQ�PRGHOV�DUH�DYDLODEOH�IRU�VHOHFWLRQ�

� /LQHDU�ILW

� /RJDULWKPLF�ILW

� ([SRQHQWLDO�ILW

�RU�

� 3RZHU�ILW

� �RU�

7R�GHWHUPLQH�GHWDLOV�RI�WKH�UHJUHVVLRQ�PRGHO�WKDW�DSSOLHV�WR�\RXU�GDWD��XVH�
WKH�IROORZLQJ�SURFHGXUH�

�� 8VH�WKH�PHWKRG�GHVFULEHG�LQ�§6WDUWLQJ�DQ�DSSOLFDWLRQ�DQG�VSHFLI\LQJ�
WKH�GDWD¨�RQ�SDJH�����WR�RSHQ�WKH�)LW�'DWD�LQSXW�IRUP�DQG�WR�ORDG�WKH�
GDWD�WR�DQDO\]H�

�� ,Q�WKH�;�&RO�ILHOG��HQWHU�WKH�FROXPQ�QXPEHU�WKDW�KROGV�WKH�LQGHSHQGHQW�
YDULDEOH�YDOXHV�

�� ,Q�WKH�<�&RO�ILHOG��HQWHU�WKH�FROXPQ�QXPEHU�WKDW�KROGV�WKH�GHSHQGHQW�
YDULDEOH�YDOXHV�

�� 3ODFH�WKH�FXUVRU�LQ�WKH�0RGHO�ILHOG�DQG�SUHVV�&+226��$�FKRRVH�OLVW�
FRQWDLQLQJ�WKH�UHJUHVVLRQ�PRGHO�RSWLRQV�LV�GLVSOD\HG�

�� 6HOHFW�WKH�UHJUHVVLRQ�PRGHO�WR�DSSO\�WR�WKH�GDWD��RU�VHOHFW�%HVW�ILW�WR�
DSSO\�WKH�PRGHO�WKDW�EHVW�ILWV�WKH�GDWD��

�� 3UHVV�2.�WR�FDOFXODWH�WKH�UHJUHVVLRQ�GHWDLOV��7KH�IROORZLQJ�LWHPV�
DSSHDU�LQ�KLVWRU\�

¥ ,WHP����WKH�FRYDULDQFH�YDOXH�

¥ ,WHP����WKH�FRUUHODWLRQ�FRHIILFLHQW�

¥ ,WHP����WKH�UHJUHVVLRQ�IRUPXOD�

y b mx+=

\ E P [OQ� 

\ beP[ \ln b mx+ln 

\ E[P \ln EOQ P [OQ� 
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Predicting a value based on the regression

2QFH�\RX�KDYH�SHUIRUPHG�D�UHJUHVVLRQ��\RX�FDQ�XVH�LW�WR�SUHGLFW�\�YDOXHV�

�� )ROORZ�VWHSV���WR���LQ�WKH�SUHYLRXV�VHFWLRQ�WR�DSSO\�D�UHJUHVVLRQ�WR�\RXU�
GDWD�

�� 3UHVV�35('��7KH�3UHGLFW�9DOXHV�LQSXW�IRUP�LV�GLVSOD\HG�

�� ,Q�WKH�;�ILHOG��HQWHU�WKH�YDOXH�IRU�ZKLFK�\RX�ZDQW�WR�ILQG�WKH�
FRUUHVSRQGLQJ�\�YDOXH�

�� 0RYH�WKH�FXUVRU�WR�WKH�<�ILHOG�DQG�SUHVV�35('��7KH�FRPSXWHG�YDOXH��
EDVHG�RQ�WKH�UHJUHVVLRQ��DSSHDUV�

Calculating summary statistics

<RX�FDQ�XVH�WKH�VXPPDU\�VWDWLVWLFV�DSSOLFDWLRQ�WR�FDOFXODWH�XS�WR�VL[�
VXPPDU\�VWDWLVWLFV�RQ�ELYDULDWH�GDWD��

7R�FDOFXODWH�VXPPDU\�VWDWLVWLFV�

�� 8VH�WKH�PHWKRG�GHVFULEHG�LQ�§6WDUWLQJ�DQ�DSSOLFDWLRQ�DQG�VSHFLI\LQJ�
WKH�GDWD¨�RQ�SDJH�����WR�RSHQ�WKH�6XPPDU\�6WDWLVWLFV�LQSXW�IRUP�DQG�WR�
ORDG�WKH�GDWD�WR�DQDO\]H�

�� ,Q�WKH�;�&RO�DQG�<�&RO�ILHOGV��VSHFLI\�WKH�FROXPQV�WKDW�KROG�WKH�GDWD�WR�
DQDO\]H�

�� 8VH�WKH�DUURZ�NH\V�WR�QDYLJDWH�DURXQG�WKH�&DOFXODWH�ILHOGV��3UHVV�&+.�
WR�FKRRVH�WKH�YDOXHV�WKDW�\RX�ZDQW�WR�FDOFXODWH��$�FKHFN�PDUN�DSSHDUV�
DJDLQVW�WKH�RQHV�\RX�FKRRVH��7KH�VXPPDU\�VWDWLVWLFV�WKDW�FDQ�EH�
FDOFXODWHG�DUH�DV�IROORZV�

Σ; 7KH�VXP�RI�WKH�YDOXHV�LQ�WKH�;�&RO�RI�Σ'$7�

Σ< 7KH�VXP�RI�WKH�YDOXHV�LQ�WKH�<�&RO�RI�Σ'$7�

Σ;� 7KH�VXP�RI�WKH�VTXDUHV�RI�WKH�YDOXHV�LQ�WKH�;�&RO�RI���Σ'$7�

Σ<� 7KH�VXP�RI�WKH�VTXDUHV�RI�WKH�YDOXHV�LQ�WKH�<�&RO�RI���Σ'$7�

Σ;< 7KH�VXP�RI�WKH�SURGXFWV�RI�WKH�;�&RO�DQG�<�&RO�SDLUV�RI��Σ'$7

1Σ 7KH�QXPEHU�RI�URZV�LQ�Σ'$7�
�� 3UHVV�2.�WR�FDOFXODWH�WKH�VWDWLVWLFV��7KH�VWDWLVWLFV�DSSHDU�LQ�KLVWRU\�

$OWKRXJK�\RX�FDQ�XVH�WKLV�PHWKRG�WR�SUHGLFW�D�YDOXH�IRU�[�WKDW�
FRUUHVSRQGV�WR�D�NQRZQ�\�YDOXH��WKH�VROXWLRQ�PD\�QRW�EH�
PDWKHPDWLFDOO\�FRUUHFW�
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Plotting statistics

7KH�IROORZLQJ�VWDWLVWLFDO�SORW�W\SHV�DUH�DYDLODEOH�

� +LVWRJUDP

� %DU

� 6FDWWHU

%\�GHIDXOW��WKHVH�SORW�W\SHV�SORW�WKH�GDWD�VWRUHG�LQ�Σ'$7��6HH�FKDSWHU����
§3ORWWLQJ�JUDSKV¨��IRU�GHWDLOV�RQ�KRZ�WR�SORW�VWDWLVWLFDO�GDWD�

Inferential statistics
7KH�LQIHUHQWLDO�VWDWLVWLFV�FDSDELOLWLHV�RI�WKH�+3���*�LQFOXGH�FDOFXODWLRQ�RI�
FRQILGHQFH�LQWHUYDOV�DQG�K\SRWKHVLV�WHVWV�EDVHG�RQ�WKH�1RUPDO�
=�GLVWULEXWLRQ�RU�6WXGHQWªV�W�GLVWULEXWLRQ��

%DVHG�RQ�WKH�VWDWLVWLFV�IURP�RQH�RU�WZR�VDPSOHV��\RX�FDQ�WHVW�K\SRWKHVHV�
DQG�ILQG�FRQILGHQFH�LQWHUYDOV�IRU�WKH�IROORZLQJ�TXDQWLWLHV�

� PHDQ

� SURSRUWLRQ

� GLIIHUHQFH�EHWZHHQ�WZR�PHDQV

� GLIIHUHQFH�EHWZHHQ�WZR�SURSRUWLRQV

7KH�FDOFXODWRU�FRQWDLQV�RQOLQH�KHOS�IRU�HDFK�WHVW��<RX�DFFHVV�WKH�RQOLQH�
KHOS�E\�SUHVVLQJ�+(/3�RQ�WKH�WHVW�LQSXW�IRUP�

Example data

:KHQ�\RX�ILUVW�DFFHVV�DQ�LQSXW�IRUP�IRU�DQ�LQIHUHQWLDO�VWDWLVWLFV�WHVW��E\�
GHIDXOW�WKH�LQSXW�IRUP�FRQWDLQV�H[DPSOH�GDWD��7KLV�H[DPSOH�GDWD�LV�
GHVLJQHG�WR�UHWXUQ�PHDQLQJIXO�UHVXOWV�WKDW�UHODWH�WR�WKH�WHVW��,W�LV�XVHIXO�IRU�
JDLQLQJ�DQ�XQGHUVWDQGLQJ�RI�ZKDW�WKH�WHVW�GRHV��DQG�IRU�GHPRQVWUDWLQJ�WKH�
WHVW��7KH�FDOFXODWRUªV�RQOLQH�KHOS�SURYLGHV�D�GHVFULSWLRQ�RI�ZKDW�WKH�
H[DPSOH�GDWD�UHSUHVHQWV�
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Using inferential statistics

7R�XVH�WKH�LQIHUHQWLDO�VWDWLVWLFV�IXQFWLRQV�

�� 3UHVV�>÷�WR�DFFHVV�WKH�6WDWLVWLFV�PHQX�

�� 6HOHFW�WKH�W\SH�RI�LQIHUHQWLDO�VWDWLVWLFV�WKDW�\RX�ZDQW�

¥ 6HOHFW�+<327+��7(676�WR�GLVSOD\�WKH�K\SRWKHVLV�WHVWV�

¥ 6HOHFW�&21)��,17(59$/�WR�GLVSOD\�WKH�FRQILGHQFH�LQWHUYDO�RSWLRQV�

�� )URP�WKH�OLVW��VHOHFW�WKH�K\SRWKHVLV�WHVW�RU�
WKH�FRQILGHQFH�LQWHUYDO�WKDW�\RX�ZDQW��7KH�
LQSXW�IRUP��FRQWDLQLQJ�H[DPSOH�GDWD��LV�
GLVSOD\HG��)RU�H[DPSOH��ZKHQ�\RX�VHOHFW�
WKH�=�7HVW����µ K\SRWKHVLV�WHVW��WKH�LQSXW�
IRUP�DW�WKH�ULJKW�DSSHDUV�

)RU�LQIRUPDWLRQ�RQ�WKH�WHVW�RU�FRQILGHQFH�LQWHUYDO��DQG�WKH�H[DPSOH�
GDWD��SUHVV�+(/3�

�� (QWHU�\RXU�GDWD��RU�OHDYH�WKH�LQSXW�IRUP�DV�LW�LV�WR�XVH�WKH�H[DPSOH�
GDWD�

�� 3UHVV�2.�

¥ )RU�K\SRWKHVLV�WHVWV��D�FKRRVH�OLVW�DSSHDUV��ZLWK�WKH�K\SRWKHVHV�WR�
WHVW�DJDLQVW�WKH�QXOO�K\SRWKHVLV��6HOHFW�WKH�K\SRWKHVLV�\RX�ZDQW�DQG�
SUHVV�\��7KH�UHVXOWV�RI�WKH�WHVW�DUH�GLVSOD\HG�

¥ )RU�FRQILGHQFH�LQWHUYDOV��WKH�UHVXOWV�DUH�GLVSOD\HG�LPPHGLDWHO\�

%\�GHIDXOW��WKH�UHVXOWV�DUH�GLVSOD\HG�LQ�WH[W�
IRUPDW��7KH�UHVXOWV�IRU�WKH�RQH�VDPSOH�
=�WHVW�H[DPSOH�GDWD�DUH�VKRZQ�RQ�WKH�ULJKW�

7R�FKDQJH�LQSXW�YDOXHV��RU�WR�VHOHFW�D�
GLIIHUHQW�K\SRWKHVLV�WR�WHVW��SUHVV�&$1&(/�WR�
UHWXUQ�WR�WKH�SUHYLRXV�VFUHHQ�

�� 3UHVV�*5$3+�WR�GLVSOD\�WKH�UHVXOWV�
JUDSKLFDOO\��7KH�UHVXOWV�IRU�WKH�RQH�VDPSOH�
=�WHVW�H[DPSOH�GDWD�DUH�VKRZQ�RQ�WKH�ULJKW�

7R�YLHZ�WKH�UHVXOWV�LQ�WH[W�IRUPDW��SUHVV�
7(;7��
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�� 3UHVV�2.�WR�FORVH�WKH�LQIHUHQWLDO�VWDWLVWLFV�DSSOLFDWLRQ�DQG�UHWXUQ�WR�WKH�
GHIDXOW�VFUHHQ��7KH�UHVXOWV�DUH�FRSLHG�WR�KLVWRU\�

7KH�UHVXOWV�IRU�WKH�RQH�VDPSOH�=�WHVW�
H[DPSOH�GDWD�DSSHDU�LQ�KLVWRU\�DV�VKRZQ�RQ�
WKH�ULJKW�

Hypothesis tests

<RX�XVH�K\SRWKHVLV�WHVWV�WR�WHVW�WKH�YDOLGLW\�RI�K\SRWKHVHV�WKDW�UHODWH�WR�
WKH�VWDWLVWLFDO�SDUDPHWHUV�RI�RQH�RU�WZR�SRSXODWLRQV��7KH�WHVWV�DUH�EDVHG�
RQ�VWDWLVWLFV�IURP�VDPSOHV�RI�WKH�SRSXODWLRQ�

7KH�+3���*�K\SRWKHVLV�WHVWV�XVH�WKH�1RUPDO�=�GLVWULEXWLRQ�RU�6WXGHQWªV�
W�GLVWULEXWLRQ�WR�FDOFXODWH�SUREDELOLWLHV��

One-Sample Z-Test

Menu name:�=¥7HVW����µ

2Q�WKH�EDVLV�RI�VWDWLVWLFV�IURP�D�VLQJOH�VDPSOH��PHDVXUHV�WKH�VWUHQJWK�RI�
WKH�HYLGHQFH�IRU�D�VHOHFWHG�K\SRWKHVLV�DJDLQVW�WKH�QXOO�K\SRWKHVLV��7KH�
QXOO�K\SRWKHVLV�LV�WKDW�WKH�SRSXODWLRQ�PHDQ�HTXDOV�D�VSHFLILHG�YDOXH� µ�

<RX�VHOHFW�RQH�RI�WKH�IROORZLQJ�DOWHUQDWLYH�K\SRWKHVHV�DJDLQVW�ZKLFK�WR�
WHVW�WKH�QXOO�K\SRWKHVLV�

Inputs

µ� 3RSXODWLRQ�PHDQ�JLYHQ�WKH�QXOO�K\SRWKHVLV�

σ 3RSXODWLRQ�VWDQGDUG�GHYLDWLRQ�

6DPSOH�PHDQ�

Q 6DPSOH�VL]H�

α 6LJQLILFDQFH�OHYHO�

+
�
�µ µ

�
�

+2�µ µ
�

!

+3�µ µ
�

≠

x
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Results

7HVW�= =�WHVW�VWDWLVWLF�

3URE 3UREDELOLW\�DVVRFLDWHG�ZLWK�WKH�=�WHVW�VWDWLVWLF�

&ULWLFDO�= %RXQGDU\�YDOXH�RI�=�DVVRFLDWHG�ZLWK�WKH�α�OHYHO�WKDW�\RX�
VXSSOLHG�

&ULWLFDO� %RXQGDU\�YDOXH�RI� �UHTXLUHG�E\�WKH�α�YDOXH�WKDW�\RX�
VXSSOLHG�

Two-Sample Z-Test

Menu name:�=¥7HVW��µ�¥µ�

2Q�WKH�EDVLV�RI�WZR�VDPSOHV��HDFK�IURP�D�VHSDUDWH�SRSXODWLRQ��PHDVXUHV�
WKH�VWUHQJWK�RI�WKH�HYLGHQFH�IRU�D�VHOHFWHG�K\SRWKHVLV�DJDLQVW�WKH�QXOO�
K\SRWKHVLV��7KH�QXOO�K\SRWKHVLV�LV�WKDW�WKH�PHDQ�RI�SRSXODWLRQ���HTXDOV�WKH�
PHDQ�RI�SRSXODWLRQ����+���µ�� �µ�

<RX�VHOHFW�RQH�RI�WKH�IROORZLQJ�DOWHUQDWLYH�K\SRWKHVHV�DJDLQVW�ZKLFK�WR�
WHVW�WKH�QXOO�K\SRWKHVLV�

Inputs

1 6DPSOH���PHDQ�

� 6DPSOH���PHDQ�

σ� 3RSXODWLRQ���VWDQGDUG�GHYLDWLRQ�

σ� 3RSXODWLRQ���VWDQGDUG�GHYLDWLRQ�

Q� 6DPSOH���VL]H�

Q� 6DPSOH���VL]H�

α 6LJQLILFDQFH�OHYHO�

Results

7HVW�= =�WHVW�VWDWLVWLF�

3URE 3UREDELOLW\�DVVRFLDWHG�ZLWK�WKH�=�WHVW�VWDWLVWLF�

&ULWLFDO�= %RXQGDU\�YDOXH�RI�=�DVVRFLDWHG�ZLWK�WKH�α�OHYHO�WKDW�\RX�
VXSSOLHG�

x x

H1�µ1 µ2<

H2�µ1 µ2>

H3�µ1 µ2≠

x

x
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One-Proportion Z-Test

Menu name:�=�7HVW��1 3

2Q�WKH�EDVLV�RI�VWDWLVWLFV�IURP�D�VLQJOH�VDPSOH��PHDVXUHV�WKH�VWUHQJWK�RI�
WKH�HYLGHQFH�IRU�D�VHOHFWHG�K\SRWKHVLV�DJDLQVW�WKH�QXOO�K\SRWKHVLV��7KH�
QXOO�K\SRWKHVLV�LV�WKDW�WKH�SURSRUWLRQ�RI�VXFFHVVHV�LQ�WKH�SRSXODWLRQ�
HTXDOV�D�VSHFLILHG�YDOXH��π�

<RX�VHOHFW�RQH�RI�WKH�IROORZLQJ�DOWHUQDWLYH�K\SRWKHVHV�DJDLQVW�ZKLFK�WR�
WHVW�WKH�QXOO�K\SRWKHVLV�

Inputs

π� 3RSXODWLRQ�SURSRUWLRQ�RI�VXFFHVVHV�

[ 1XPEHU�RI�VXFFHVVHV�LQ�WKH�VDPSOH�

Q 6DPSOH�VL]H�

α 6LJQLILFDQFH�OHYHO�

Results

7HVW�3 3URSRUWLRQ�RI�VXFFHVVHV�LQ�WKH�VDPSOH�

7HVW�= =�WHVW�VWDWLVWLF�

3URE 3UREDELOLW\�DVVRFLDWHG�ZLWK�WKH�=�WHVW�VWDWLVWLF�

&ULWLFDO�= %RXQGDU\�YDOXH�RI�=�DVVRFLDWHG�ZLWK�WKH�α�OHYHO�WKDW�\RX�
VXSSOLHG�

+
�
�π π

�
�

+2�π π
�

!

+3�π π
�

≠
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Two-Proportion Z-Test

Menu name:�=�7HVW��3�¥3�

2Q�WKH�EDVLV�RI�VWDWLVWLFV�IURP�WZR�VDPSOHV��HDFK�IURP�D�GLIIHUHQW�
SRSXODWLRQ��PHDVXUHV�WKH�VWUHQJWK�RI�WKH�HYLGHQFH�IRU�D�VHOHFWHG�
K\SRWKHVLV�DJDLQVW�WKH�QXOO�K\SRWKHVLV��7KH�QXOO�K\SRWKHVLV�LV�WKDW�WKH�
SURSRUWLRQ�RI�VXFFHVVHV�LQ�SRSXODWLRQ���HTXDOV�WKH�SURSRUWLRQ�RI�
VXFFHVVHV�LQ�SRSXODWLRQ����+���π� �π�

<RX�VHOHFW�RQH�RI�WKH�IROORZLQJ�DOWHUQDWLYH�K\SRWKHVHV�DJDLQVW�ZKLFK�WR�
WHVW�WKH�QXOO�K\SRWKHVLV�

Inputs

;1 6DPSOH���PHDQ�

;� 6DPSOH���PHDQ�

Q� 6DPSOH���VL]H�

Q� 6DPSOH���VL]H�

α 6LJQLILFDQFH�OHYHO�

Results

7HVW�3�¥3� 'LIIHUHQFH�EHWZHHQ�WKH�SURSRUWLRQV�RI�VXFFHVVHV�LQ�WKH�
WZR�VDPSOHV�

7HVW�= =�WHVW�VWDWLVWLF�

3URE 3UREDELOLW\�DVVRFLDWHG�ZLWK�WKH�=�WHVW�VWDWLVWLF�

&ULWLFDO�= %RXQGDU\�YDOXH�RI�=�DVVRFLDWHG�ZLWK�WKH�α�OHYHO�WKDW�\RX�
VXSSOLHG�

H1�π1 π2<

H2�π1 π2>

H3�π1 π2≠
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One-Sample T-Test

Menu name:�7�7HVW����µ

7KH�2QH�VDPSOH�7�WHVW�LV�XVHG�ZKHQ�WKH�SRSXODWLRQ�VWDQGDUG�GHYLDWLRQ�LV�
QRW�NQRZQ��2Q�WKH�EDVLV�RI�VWDWLVWLFV�IURP�D�VLQJOH�VDPSOH��PHDVXUHV�WKH�
VWUHQJWK�RI�WKH�HYLGHQFH�IRU�D�VHOHFWHG�K\SRWKHVLV�DJDLQVW�WKH�QXOO�
K\SRWKHVLV��7KH�QXOO�K\SRWKHVLV�LV�WKDW�WKH�VDPSOH�PHDQ�KDV�VRPH�
DVVXPHG�YDOXH��+���µ  �µ�

<RX�VHOHFW�RQH�RI�WKH�IROORZLQJ�DOWHUQDWLYH�K\SRWKHVHV�DJDLQVW�ZKLFK�WR�
WHVW�WKH�QXOO�K\SRWKHVLV�

Inputs

µ� 3RSXODWLRQ�PHDQ�

Q 6DPSOH�VL]H�

6DPSOH�PHDQ�

6[ 6DPSOH�VWDQGDUG�GHYLDWLRQ�

α 6LJQLILFDQFH�OHYHO�

Results

7HVW�7 7�WHVW�VWDWLVWLF�

3URE 3UREDELOLW\�DVVRFLDWHG�ZLWK�WKH�7�WHVW�VWDWLVWLF�

&ULWLFDO�7 %RXQGDU\�YDOXH�RI�7�DVVRFLDWHG�ZLWK�WKH�α�OHYHO�WKDW�\RX�
VXSSOLHG�

&ULWLFDO� %RXQGDU\�YDOXH�RI� �UHTXLUHG�E\�WKH�α�YDOXH�WKDW�\RX�
VXSSOLHG�

+
�
�µ µ

�
�

+2�µ µ
�

!

+3�µ µ
�

≠

x

x x
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Two-Sample T-Test

Menu name:�7�7HVW��µ��¥�µ�

7KH�7ZR�VDPSOH�7�WHVW�LV�XVHG�ZKHQ�WKH�SRSXODWLRQ�VWDQGDUG�GHYLDWLRQ�LV�
QRW�NQRZQ��2Q�WKH�EDVLV�RI�VWDWLVWLFV�IURP�WZR�VDPSOHV��HDFK�VDPSOH�IURP�
D�GLIIHUHQW�SRSXODWLRQ��PHDVXUHV�WKH�VWUHQJWK�RI�WKH�HYLGHQFH�IRU�D�
VHOHFWHG�K\SRWKHVLV�DJDLQVW�WKH�QXOO�K\SRWKHVLV��7KH�QXOO�K\SRWKHVLV�LV�WKDW�
WKH�PHDQ�RI�SRSXODWLRQ���HTXDOV�WKH�PHDQ�RI�SRSXODWLRQ����+ ���µ1  �µ2

<RX�VHOHFW�RQH�RI�WKH�IROORZLQJ�DOWHUQDWLYH�K\SRWKHVHV�DJDLQVW�ZKLFK�WR�
WHVW�WKH�QXOO�K\SRWKHVLV

Inputs

1 6DPSOH���PHDQ�

� 6DPSOH���PHDQ�

6� 6DPSOH���VWDQGDUG�GHYLDWLRQ�

6� 6DPSOH���VWDQGDUG�GHYLDWLRQ�

Q� 6DPSOH���VL]H�

Q� 6DPSOH���VL]H�

α 6LJQLILFDQFH�OHYHO�

B3RROHG" &KHFN�WKLV�RSWLRQ�WR�SRRO�VDPSOHV�EDVHG�RQ�WKHLU�
VWDQGDUG�GHYLDWLRQV�

Results

7HVW�7 7�WHVW�VWDWLVWLF�

3URE 3UREDELOLW\�DVVRFLDWHG�ZLWK�WKH�7�WHVW�VWDWLVWLF�

&ULWLFDO�7 %RXQGDU\�YDOXH�RI�7�DVVRFLDWHG�ZLWK�WKH�α�OHYHO�WKDW�\RX�
VXSSOLHG�

+
�
�µ1 µ2�

+2�µ1 µ2!

+3�µ1 µ2≠

x

x
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Confidence intervals

7KH�FRQILGHQFH�LQWHUYDO�FDOFXODWLRQV�WKDW�WKH�+3���*�FDQ�SHUIRUP�DUH�
EDVHG�RQ�WKH�1RUPDO�=�GLVWULEXWLRQ�RU�6WXGHQWªV�W�GLVWULEXWLRQ��

One-Sample Z-Interval

Menu name:�=¥,17����µ

7KLV�RSWLRQ�XVHV�WKH�1RUPDO�=�GLVWULEXWLRQ�WR�FDOFXODWH�D�FRQILGHQFH�
LQWHUYDO�IRU�µ��WKH�WUXH�PHDQ�RI�D�SRSXODWLRQ��ZKHQ�WKH�WUXH�SRSXODWLRQ�
VWDQGDUG�GHYLDWLRQ��σ��LV�NQRZQ��

Inputs

6DPSOH�PHDQ�

σ 3RSXODWLRQ�VWDQGDUG�GHYLDWLRQ�

Q 6DPSOH�VL]H�

& &RQILGHQFH�OHYHO�

Results

&ULWLFDO�= &ULWLFDO�YDOXH�IRU�=�

µ�PLQ /RZHU�ERXQG�IRU�µ�
µ�PD[ 8SSHU�ERXQG�IRU�µ�

Two-Sample Z-Interval

Menu name:�=¥,17��µ1¥ µ2

7KLV�RSWLRQ�XVHV�WKH�1RUPDO�=�GLVWULEXWLRQ�WR�FDOFXODWH�D�FRQILGHQFH�
LQWHUYDO�IRU�WKH�GLIIHUHQFH�LQ�WKH�PHDQV�RI�WZR�SRSXODWLRQV��µ1 DQG µ2��
ZKHQ�WKH�SRSXODWLRQ�VWDQGDUG�GHYLDWLRQV��σ��DQG�σ��DUH�NQRZQ��

Inputs

1 6DPSOH���PHDQ�

� 6DPSOH���PHDQ�

σ� 3RSXODWLRQ���VWDQGDUG�GHYLDWLRQ�

σ� 3RSXODWLRQ���VWDQGDUG�GHYLDWLRQ�

Q� 6DPSOH���VL]H�

Q� 6DPSOH���VL]H�

& &RQILGHQFH�OHYHO�

x

x

x
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Results

&ULWLFDO�= &ULWLFDO�YDOXH�IRU�=�

 µ�0LQ /RZHU�ERXQG�IRU�µ��¥�µ�

 µ�0D[ 8SSHU�ERXQG�IRU�µ��¥�µ�

One-Proportion Z-Interval

Menu name:�=¥,17����3

7KLV�RSWLRQ�XVHV�WKH�1RUPDO�=�GLVWULEXWLRQ�WR�FDOFXODWH�D�FRQILGHQFH�
LQWHUYDO�IRU�WKH�SURSRUWLRQ�RI�VXFFHVVHV LQ�D�SRSXODWLRQ�IRU�WKH�FDVH�LQ�
ZKLFK�D�VDPSOH�RI�VL]H��Q��KDV�D�QXPEHU�RI�VXFFHVVHV��[��

Inputs

[ 6DPSOH�VXFFHVV�FRXQW�

Q 6DPSOH�VL]H�

& &RQILGHQFH�OHYHO�

Results

&ULWLFDO�= &ULWLFDO�YDOXH�IRU�=�

π�0LQ /RZHU�ERXQG�IRU�π�
π�0D[ 8SSHU�ERXQG�IRU�π�

Two-Proportion Z-Interval

Menu name:�=¥,17��3��¥�3�

7KLV�RSWLRQ�XVHV�WKH�1RUPDO�=�GLVWULEXWLRQ�WR�FDOFXODWH�D�FRQILGHQFH�
LQWHUYDO�IRU�WKH�GLIIHUHQFH�LQ�WKH�SURSRUWLRQV�RI�VXFFHVVHV�LQ�WZR�
SRSXODWLRQV��

Inputs

[1 6DPSOH���VXFFHVV�FRXQW�

[� 6DPSOH���VXFFHVV�FRXQW�

Q� 6DPSOH���VL]H�

Q� 6DPSOH���VL]H�

& &RQILGHQFH�OHYHO�

∆

∆
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Results

&ULWLFDO�= &ULWLFDO�YDOXH�IRU�=�

 π�0LQ /RZHU�ERXQG�IRU�WKH�GLIIHUHQFH�LQ�SURSRUWLRQV�RI�
VXFFHVVHV�

�π�0D[ 8SSHU�ERXQG�IRU�WKH�GLIIHUHQFH�LQ�SURSRUWLRQV�RI�
VXFFHVVHV�

One-Sample T-Interval

Menu name:�7¥,17����µ

7KLV�RSWLRQ�XVHV�WKH�6WXGHQWªV�W�GLVWULEXWLRQ�WR�FDOFXODWH�D�FRQILGHQFH�
LQWHUYDO�IRU�µ��WKH�WUXH�PHDQ�RI�D�SRSXODWLRQ��IRU�WKH�FDVH�LQ�ZKLFK�WKH�WUXH�
SRSXODWLRQ�VWDQGDUG�GHYLDWLRQ��σ��LV�XQNQRZQ��

Inputs

6DPSOH�PHDQ�

6[ 6DPSOH�VWDQGDUG�GHYLDWLRQ�

Q 6DPSOH�VL]H�

& &RQILGHQFH�OHYHO�

Results

&ULWLFDO�7 &ULWLFDO�YDOXH�IRU�7�

µ�0LQ /RZHU�ERXQG�IRU�µ�
µ�0D[ 8SSHU�ERXQG�IRU�µ�

∆

∆

x
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Two-Sample T-Interval

Menu name:�7¥,17��µ��¥�µ�

7KLV�RSWLRQ�XVHV�WKH�6WXGHQWªV�W�GLVWULEXWLRQ�WR�FDOFXODWH�D�FRQILGHQFH�
LQWHUYDO�IRU�WKH�GLIIHUHQFH�LQ�WKH�PHDQV�RI�WZR�SRSXODWLRQV��µ1 − µ2, ZKHQ�
WKH�SRSXODWLRQ�VWDQGDUG�GHYLDWLRQV��σ1DQG�σ2��DUH�XQNQRZQ��

Inputs

1 6DPSOH���PHDQ�

� 6DPSOH���PHDQ�

V� 6DPSOH���VWDQGDUG�GHYLDWLRQ�

V� 6DPSOH���VWDQGDUG�GHYLDWLRQ�

Q� 6DPSOH���VL]H�

Q� 6DPSOH���VL]H�

& &RQILGHQFH�OHYHO�

B3RROHG :KHWKHU�RU�QRW�WR�SRRO�WKH�VDPSOHV�EDVHG�RQ�WKHLU�
VWDQGDUG�GHYLDWLRQV�

Results

&ULWLFDO�7 &ULWLFDO�YDOXH�IRU�7�

 µ�0LQ /RZHU�ERXQG�IRU�µ��¥�µ��

�µ�0D[ 8SSHU�ERXQG�IRU�µ��¥�µ��

x

x

∆

∆
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Introduction to programming

Contents

*HWWLQJ�VWDUWHG ����������������������������������������������������������������������� ����

&UHDWLQJ��VDYLQJ��DQG�UXQQLQJ�D�SURJUDP ��������������������������� ����

7KH�SURJUDPPLQJ�PHQX��������������������������������������������������� ����

$OJHEUDLF�DQG�531�PRGHV ��������������������������������������������������� ����

8VLQJ�IXQFWLRQV�WKDW�UHTXLUH�DUJXPHQWV ������������������������ ����

+DQGOLQJ�GDWD������������������������������������������������������������������������� ����

,QSXW�GDWD��������������������������������������������������������������������������� ����

2XWSXW�GDWD������������������������������������������������������������������������ ����

+RZ�D�SURJUDP�IORZV ����������������������������������������������������������� ����

1HVWHG�SURFHGXUHV������������������������������������������������������������ ����

:RUNLQJ�ZLWK�YDULDEOHV��������������������������������������������������������� ����

8VLQJ�ORFDO�YDULDEOHV �������������������������������������������������������� ����

6HWWLQJ�YDULDEOHV���������������������������������������������������������������� ����

6HWWLQJ�D�ORFDO�YDULDEOH�WR�WKH�UHVXOW�RI�D�FDOFXODWLRQ� �����

8VLQJ�JOREDO�YDULDEOHV ���������������������������������������������������� �����

([DPSOH ��������������������������������������������������������������������������� �����

/RRSLQJ�DQG�EUDQFKLQJ������������������������������������������������������� �����

&RPSDULVRQ�IXQFWLRQV���������������������������������������������������� �����

&RQGLWLRQDO�DQG�ORRSLQJ�VWUXFWXUHV������������������������������ �����

([DPSOH ��������������������������������������������������������������������������� �����

7UDSSLQJ�HUURUV�������������������������������������������������������������������� �����

([DPSOH ��������������������������������������������������������������������������� �����
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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�
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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 »
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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�
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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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Appendix A

Connecting to another calculator

Contents

7UDQVIHUULQJ�REMHFWV�EHWZHHQ�FDOFXODWRUV������������������������ $��

7UDQVIHUULQJ�GDWD�EHWZHHQ�WZR�+3 ��*V ������������������������� $��

7UDQVIHUULQJ�REMHFWV�WR�RU�IURP�DQ�+3���������������������������� $��

Introduction
7KLV�DSSHQGL[�GHVFULEHV�KRZ�WR�XVH�WKH�VHULDO�FDEOH�WKDW�FRPHV�ZLWK�WKH�
+3 ��*�WR�FRQQHFW�WR�DQRWKHU�FDOFXODWRU��&RQQHFW�WR�DQRWKHU�FDOFXODWRU�
ZKHQ�\RX�ZDQW�WR�H[FKDQJH�REMHFWV¦IRU�H[DPSOH��SURJUDPV�RU�GDWD¦�
EHWZHHQ�FDOFXODWRUV��

7R�WUDQVIHU�GDWD�RU�SURJUDPV�EHWZHHQ�\RXU�FDOFXODWRU�DQG�D�3&��\RX�QHHG�
WR�SXUFKDVH�D�+HZOHWW�3DFNDUG�&RQQHFWLYLW\�.LW��<RX�FDQ�DOVR�XVH�D�
FRQQHFWLYLW\�NLW�WR�ORDG�QHZ�YHUVLRQV�RI�WKH�FDOFXODWRUªV�VRIWZDUH�

Transferring objects between calculators
<RX�FDQ�WUDQVIHU�VLQJOH�REMHFWV�EHWZHHQ�FDOFXODWRUV��RU�\RX�FDQ�VHQG�
PXOWLSOH�REMHFWV�DQG�GLUHFWRULHV��

� <RX�XVH�)LOH�0DQDJHU�WR�VHOHFW�REMHFWV�WR�WUDQVIHU�EHWZHHQ�FDOFXODWRUV��

� <RX�XVH�WKH�VHULDO�FDEOH�WKDW�FRPHV�ZLWK�WKH�+3���*�WR�FRQQHFW�WKH�
FDOFXODWRUV�DQG�WUDQVIHU�REMHFWV�EHWZHHQ�WKHP��
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Transferring data between two HP 49Gs
�� (QVXUH�WKDW�WKH�FDOFXODWRUV�DUH�FRQQHFWHG�FRUUHFWO\��

�� 2Q�WKH�VHQGLQJ�FDOFXODWRU��QDYLJDWH�WR�WKH�GLUHFWRU\�WKDW�FRQWDLQV�WKH�
REMHFWV�WR�VHQG��DQG�RQ�WKH�UHFHLYLQJ�FDOFXODWRU��QDYLJDWH�WR�WKH�
GLUHFWRU\�ZKHUH�\RX�ZDQW�WR�VWRUH�WKH�UHFHLYHG�REMHFWV�

�� 2Q�ERWK�FDOFXODWRUV��SUHVV�g��WKHQ���DQG�\�WR�VHOHFW�,�2�
)81&7,216�

�� 2Q�WKH�UHFHLYLQJ�FDOFXODWRU��SUHVV����WKHQ�\�WR�VHOHFW�*(7�)520�
+3 ����7KH�UHFHLYLQJ�FDOFXODWRU�FRQQHFWV�WR�WKH�VHQGLQJ�FDOFXODWRU�

�� 2Q�WKH�VHQGLQJ�FDOFXODWRU�

D� 3UHVV�\�WR�VHOHFW�6(1'�72�+3�����7KH�6HQG�WR�+3����LQSXW�IRUP�LV�
GLVSOD\HG��

E� 3UHVV�&+226�WR�GLVSOD\�WKH�REMHFWV�LQ�WKH�FXUUHQW�GLUHFWRU\�

F� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�DQ�REMHFW�WR�VHQG�DQG�SUHVV�&+(&.�
WR�VHOHFW�LW��5HSHDW�WKLV�VWHS�IRU�RWKHU�REMHFWV�\RX�ZDQW�WR�VHQG�

G� 3UHVV�2.�WR�UHWXUQ�WR�WKH�6HQG�WR�+3����LQSXW�IRUP�

H� 3UHVV�6(1'��7KH�REMHFWV�WKDW�\RX�VHOHFWHG�DUH�WUDQVPLWWHG�WR�WKH�
UHFHLYLQJ�FDOFXODWRU�

Transferring objects to or from an HP 48
7R�WUDQVIHU�REMHFWV�EHWZHHQ�DQ�+3 ��*�DQG�DQ�+3 ���VHULHV�FDOFXODWRU��
\RX�QHHG�WR�XVH�WKH�FRQQHFWLRQ�DGDSWRU�WKDW�LV�VXSSOLHG�ZLWK�WKH�+3 ��*�

�� )LW�WKH�DGDSWRU�WR�DQ�HQG�RI�WKH�FRQQHFWLRQ�FDEOH�

�� $WWDFK�WKH�DGDSWRU�HQG�RI�WKH�FDEOH�WR�WKH�+3���ªV�VHULDO�SRUW��DQG�WKH�
RWKHU�HQG�WR�WKH�+3���*ªV�VHULDO�SRUW�

�� 2Q�ERWK�WKH�+3���*�DQG�WKH�+3�����QDYLJDWH�WR�WKH�GLUHFWRU\�ZKHUH�\RX�
ZDQW�WR�VHQG�RU�UHFHLYH�REMHFWV�

<RX�FDQ�RQO\�WUDQVIHU�REMHFWV�\RX�KDYH�FUHDWHG�EHWZHHQ�WKH�
+3 ��*�DQG�WKH�+3����VHULHV��,I�\RX�DWWHPSW�WR�WUDQVIHU�RWKHU�
REMHFWV��LW�PD\�FDXVH�HUURUV�
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�� 2Q�WKH�+3���*�

D� 3UHVV�g�WR�GLVSOD\�WKH�$SSOLFDWLRQV�FKRRVH�OLVW�

E� 6HOHFW�,�2�)81&7,216�DQG�SUHVV�\�WR�GLVSOD\�WKH�,�2�)XQFWLRQV�
FKRRVH�OLVW�

F� 6HOHFW�75$16)(5�WR�GLVSOD\�WKH�7UDQVIHU�
LQSXW�IRUP�

�� 2Q�WKH�+3����

D� 3UHVV�>1��>,�2@��WR�GLVSOD\�WKH�,�2�
)XQFWLRQV�FKRRVH�OLVW�

E� 6HOHFW�75$16)(5�DQG�SUHVV�\�WR�GLVSOD\�WKH�7UDQVIHU�LQSXW�IRUP�

�� 2Q�ERWK�FDOFXODWRUV��HGLW�WKH�LQSXW�IRUPV�WR�HQVXUH�WKDW�WKH�)07��RSWLRQ�
LV�VHW�WR�$6&��7KH�RWKHU�VHWWLQJV�RQ�ERWK�IRUPV�PXVW�PDWFK�

�� 2Q�WKH�VHQGLQJ�FDOFXODWRU�

D� 3UHVV�&+226�DQG�VHOHFW�/2&$/�9$56�WR�GLVSOD\�REMHFWV�LQ�WKH�FXUUHQW�
GLUHFWRU\�

E� 6HOHFW�WKH�REMHFW�WR�VHQG�DQG�SUHVV�\�WR�SODFH�LW�LQ�WKH�1DPH�
ILHOG�

F� 3UHVV�6(1'�WR�VHQG�WKH�REMHFW�

�� 2Q�WKH�UHFHLYLQJ�FDOFXODWRU��SUHVV�5(&9��7KH�REMHFW�LV�VHQW�IURP�WKH�
VHQGLQJ�FDOFXODWRU�WR�WKH�UHFHLYLQJ�FDOFXODWRU��,W�DSSHDUV�LQ�WKH�FXUUHQW�
GLUHFWRU\�
Connecting to another calculator Page A-3





Error m
essages
Appendix B

Error messages

Introduction
7KLV�DSSHQGL[�FRQWDLQV�WKH�PDLQ�HUURU�PHVVDJHV�WKDW�WKH�+3���*�FDQ�
JHQHUDWH��7KH�PHVVDJHV�DUH�OLVWHG�LQ�DOSKDEHWLFDO�RUGHU�
�

Message Meaning

$ODUP $Q�DODUP�KDV�QRW�EHHQ�DFNQRZOHGJHG�

%DG�$UJXPHQW�7\SH 2QH�RU�PRUH�DUJXPHQWV�IRU�DQ�RSHUDWLRQ�
ZDV�RI�DQ�LQFRUUHFW�W\SH�IRU�WKH�RSHUD�
WLRQ�

%DG��*XHVVHV 7KH�JXHVV�HV��VXSSOLHG�WR�WKH�HTXDWLRQ�
VROYHU�OLH�RXWVLGH�WKH�GRPDLQ�RI�WKH�HTXD�
WLRQ�

&DQªW�(GLW�1XOO�&KDUDFWHU <RX�DWWHPSWHG�WR�HGLW�D�VWULQJ�FRQWDLQLQJ�
D�FKDUDFWHU�ZLWK�FRGH���

&LUFXODU�5HIHUHQFH <RX�DWWHPSWHG�WR��VWRUH�D�YDULDEOH�QDPH�
LQWR�LWVHOI�

'LUHFWRU\�1RW�$OORZHG <RX�DWWHPSWHG�WR�XVH�D�GLUHFWRU\�DV�DQ�
DUJXPHQW�

'LUHFWRU\�5HFXUVLRQ <RX�DWWHPSWHG�WR�VWRUH�D�GLUHFWRU\�LQWR�
LWVHOI�

(4�,QYDOLG�)RU�0,1,7 7KH�(4��YDULDEOH�PXVW�FRQWDLQ�DW�OHDVW�
WZR�HTXDWLRQV�DQG�WZR�YDULDEOHV�

+$/7�1RW�$OORZHG $�SURJUDP�WKDW�FRQWDLQV�WKH�+$/7�
FRPDQG�UDQ�ZKLOH�DQ�DSSOLFDWLRQ�WKDW�
GRHV�QRW�DOORZ�+$/7�ZDV�UXQQLQJ��IRU�
H[DPSOH�0DWUL[�:ULWHU�

,QFRQVLVWHQW�8QLWV 7KH�XQLWV�FRQYHUVLRQ�WKDW�\RX�DUH�
DWWHPSWLQJ�KDV�LQFRPSDWLEOH�XQLWV
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,QILQLWH�5HVXOW $�FDOFXODWLRQ�WKDW�SURGXFHV�DQ�LQILQLWH�
UHVXOW�KDV�EHHQ�DWWHPSWHG��IRU�H[DPSOH��
����

,QVXIILFLHQW�0HPRU\ 7KHUH�LV�QRW�HQRXJK�PHPRU\�DYDLODEOH�WR�
FRPSOHWH�WKH�RSHUDWLRQ

,QVXIILFLHQW��Σ'DWD $�VWDWLVWLFV�FRPPDQG�ZDV�UXQ�ZKHQ�WKHUH�
ZDV�QRW�HQRXJK�GDWD�LQ��Σ'$7�IRU�D�FDOFX�
ODWLRQ�

,QWHUUXSWHG ��ZDV�SUHVVHG�ZKLOH�WKH�VROYH�DSSOL�
FDWLRQ�RU�WKH�URRW�ILQGHU�ZDV�ZRUNLQJ�

QYDOLG�$UUD\�(OHPHQW <RX�DWWHPSWHG�WR�HQWHU�DQ�REMHFW�RI�DQ�
LQFRPSDWLEOH�W\SH�LQWR�DQ�DUUD\�

,QYDOLG�&DUG�'DWD <RX�QHHG�WR�LQLWLDOL]H�WKH�FDOFXODWRUªV�
SRUWV��6HH�SDJH '���IRU�LQVWUXFWLRQV�

,QYDOLG�'LPHQVLRQ 7KH�DUUD\�DUJXPHQW�KDV�LQYDOLG�GLPHQ�
VLRQV�

,QYDOLG�(4 7KH�(4�YDULDEOH�FRQWDLQV�DQ�HTXDWLRQ�
WKDW�LV�LQFRPSDWLEOH�ZLWK�WKH�RSHUDWLRQ�
WKDW�\RX�DUH�DWWHPSWLQJ�

,QYDOLG�,23$5 2QH�RU�PRUH�RI�WKH�,�2�SDUDPHWHUV�LV�
LQYDOLG�

,QYDOLG�1DPH $�ILOH�ZLWK�DQ�LOOHJDO�QDPH�KDV�EHHQ�
UHTXHVWHG�IRU�VHQGLQJ��RU�UHFHLYLQJ�

,QYDOLG�33$5 2QH�RU�PRUH�RI�WKH�SORWWLQJ�SDUDPHWHUV�LV�
LQYDOLG�

,QYDOLG�37<3( 7KH�UHTXHVWHG�SORW�W\SH�LV�LQYDOLG�IRU�WKH�
FXUUHQW�HTXDWLRQ�

,QYDOLG�5HSHDW 7KH�DODUP�UHSHDW�LQWHUYDO�WKDW�\RX�
UHTXHVWHG�LV�RXW�RI�UDQJH�

,QYDOLG�6\QWD[ 7KH�2%-�RU�WKH�675�FRPPDQG�ZDV�
XQDEOH�WR�FRQYHUW�WKH�VSHFLILHG�GDWD�

Message (Continued) Meaning
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,QYDOLG�7LPH 7KH�WLPH�DUJXPHQW�LV�LQYDOLG�

,QYDOLG�8QLW 7KH�XQLW�DUJXPHQW�LV�LQYDOLG�IRU�WKH�
DWWHPSWHG�RSHUDWLRQ�

,QYDOLG��Σ'DWD 7KH�GDWD�LQ�Σ'$7�LV�LQYDOLG�IRU�WKH�
DWWHPSWHG�VWDWLVWLFV�FRPPDQG�

/RZ%DW�� 5HSODFH�WKH�FDOFXODWRU�EDWWHULHV�

/RZ�%DWWHU\ 7KH�V\VWHP�EDWWHULHV�DUH�WRR�ORZ�WR�SHU�
IRUP�WKH�,�2�RSHUDWLRQ�

1DPH�&RQIOLFW 7KH�:KHUH�IXQFWLRQ�DWWHPSWHG�WR�DVVLJQ�D�
YDOXH�WR�WKH�YDULDEOH�RI�LQWHJUDWLRQ�RU�WKH�
VXPPDWLRQ�LQGH[�

1R�&XUUHQW�(TXDWLRQ 7KH�RSHUDWLRQ�UHTXLUHV�DQ�HTXDWLRQ�LQ�WKH�
(4��YDULDEOH�DQG�WKHUH�LV�QR�HTXDWLRQ�LQ�
WKH�YDULDEOH�

1R�6WDW�'DWD�WR�3ORW <RX�VHOHFWHG�D�VWDWLVWLFDO�SORW�DQG�WKHUH�LV�
QR�GDWD�LQ�Σ'$7�

1RQ�HPSW\�'LUHFWRU\ 7KH�GLUHFWRU\�WKDW�\RX�DUH�DWWHPSWLQJ�WR�
SXUJH�FRQWDLQV�GDWD�

1RQ�H[LVWHQW�$ODUP 7KH�$ODUP�FRPPDQG�ZDV�XVHG�WR�VSHFLI\�
D�QRQ�H[LVWDQW��DODUP�

1RQ�H[LVWHQW��Σ'$7 $�VWDWLVWLFV�FRPPDQG�ZDV�XVHG�ZKHQ�
WKHUH�ZDV�QR�GDWD�LQ�Σ'$7�

2XW�RI�0HPRU\ 7KH�FDOFXODWRU�KDV�QR�DYDLODEOH�PHPRU\��
<RX�QHHG�WR�SXUJH�REMHFWV�WR�IUHH�PHPRU\�
LQ�RUGHU�WR�FRQWLQXH�RSHUDWLRQV�

2YHUIORZ $�FDOFXODWLRQ�UHWXUQHG�D�YDOXH�WKDW�LV�
JUHDWHU�WKDQ�WKH�PD[LPXP�VL]H�WKDW�WKH�
+3���*�FDQ�KDQGOH�

3RVLWLYH�8QGHUIORZ $�FDOFXODWLRQ�UHWXUQHG�D�UHVXOW�VPDOOHU�
WKDQ�WKH�PLQLPXP�VL]H�WKDW�WKH�FDOFXODWRU�
FDQ�KDQGOH�

Message (Continued) Meaning
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3RZHU�/RVW $SSHDUV�ZKHQ�WKH�FDOFXODWRU�LV�WXUQHG�RQ�
DIWHU�D�SRZHU�ORVV��7KH�SRZHU�ORVV�PD\�
KDYH�FDXVHG�REMHFWV�LQ�PHPRU\�WR�EH�ORVW�

7RR�IHZ�DUJXPHQWV <RX�DWWHPSWHG�WR�UXQ�D�FRPPDQG�RU�IXQF�
WLRQ�DQG�GLG�QRW�VXSSO\�DOO�WKH�UHTXLUHG�
DUJXPHQWV�

8QGHILQHG�UHVXOW $�FDOFXODWLRQ�UHWXUQHG�D�UHVXOW�WKDW�WKH�
FDOFXODWRU�LV�XQDEOH�WR�GHILQH�PDWKHPDWL�
FDOO\��IRU�H[DPSOH������

Message (Continued) Meaning
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Appendix C

Units

7KH�+3���*�FRQWDLQV�D�FDWDORJ�RI�����XQLWV�WKDW�\RX�FDQ�XVH�WR�FUHDWH�XQLW�
REMHFWV��$�XQLW�REMHFW�LV�D�UHDO�QXPEHU�OLQNHG�WR�D�XQLW�H[SUHVVLRQ�E\�WKH�
XQGHUVFRUH�FKDUDFWHU��)RU�H[DPSOH���BLQ�LV�D�XQLW�REMHFW�UHSUHVHQWLQJ���
LQFKHV�

7KH�FDOFXODWRUªV�XQLWV�DUH�EDVHG�RQ�WKH���EDVH�XQLWV�RI�WKH�,QWHUQDWLRQDO�
6\VWHP�RI�8QLWV��P��PHWHU���NJ��NLORJUDP���V��VHFRQG���$��DPSHUH���.�
�NHOYLQ���FG��FDQGHOD���DQG�PRO��PROH���7KH�+3���*�PDNHV�XVH�RI�WZR�
DGGLWLRQDO�EDVH�XQLWV��U��UDGLDQ��DQG�VU��VWHUDGLDQ���7KH�UHPDLQLQJ�����
XQLWV�DUH�FRPSRXQG�XQLWV��WKDW�LV��XQLWV�GHULYHG�IURP�WKH���EDVH�XQLWV�

<RX�VHOHFW�D�XQLW�E\�SUHVVLQJ�>ø� FKRRVLQJ�WKH�DSSURSULDWH�FDWHJRU\�
IURP�WKH�8QLWV�PHQX¦OHQJWK��DUHD��YROXPH��HWF�¦DQG�ILQDOO\�VHOHFWLQJ�WKH�
XQLW�IURP�WKH�FDWHJRU\�VXEPHQX��<RX�GR�WKLV�ZKHQ�FUHDWLQJ�D�XQLW�REMHFW�
RU�ZKHQ�FRQYHUWLQJ�RQH�XQLW�WR�DQRWKHU��<RX�FDQ�DOVR�SHUIRUP�FDOFXODWLRQV�
XVLQJ�XQLW�REMHFWV���6HH�$GYDQFHG�8VHUªV�*XLGH�DW�
KWWS���ZZZ�KS�FRP�FDOFXODWRUV�KS���IRU�PRUH�LQIRUPDWLRQ��

Unit (Full Name) Value in SI Units

D��DUH� ����P�

$��DPSHUH� ��$

DFUH��DFUH� ��������������P�

DUFPLQ��PLQXWH�RI�DUF� ��������������á��¥��U

DUFV��VHFRQG�RI�DUF� �������������á���¥��U

DWP��DWPRVSKHUH� �������NJ�PµV�

DX��DVWURQRPLFDO�XQLW� ���������á������P

c��DQJVWURP� ��á�O�¥���P

E��EDUQ�� ��á���¥���P�

EDU��EDU�� �������NJ�PµV�
Units Page C-1
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EEO��EDUUHO� ���������������P�

%T��EHFTXHUHO� ��V¥�

%WX��%ULWLVK�WKHUPDO�XQLW� ���������������NJµP��V�

EX��EXVKHO�� �����������P�

�&��GHJUHH�&HOVLXV� �������.�>�&���������@

F��VSHHG�RI�OLJKW� ����������P�V

&��FRXORPE� ��$µV

FDO��FDORULH�� �������NJµP��V�

FG��FDQGHOD� ��FG

FKDLQ��FKDLQ�� ��������������P

&L��FXULH� ����á������V¥�

FW��FDUDW� �������NJ

FX��86�FXS�� ������������á��¥��P�

���GHJUHH� ��������������á���¥��U

G��GD\�� ������V

G%��GHFLEHO� ��G%

G\Q��G\QH� ��������NJµP�V�

HUJ��HUJ�� ����������NJµP��V�

H9��HOHFWURQ�YROW�� �����������á�O�����NJµP��V�

)��IDUDG� ��$��V��NJµP�

�)��GHJUHHV�)DKUHQKHLW���� ��������������.�

IDWK��IDWKRP�� ��������������P

IEP��ERDUG�IRRW� ���������������P�

IF��IRRW�FDQGOH� ��������������FGµVU�P�

Unit (Full Name) (Continued) Value in SI Units
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)G\��IDUDGD\� ������$µV

IHUPL��IHUPL� ��á�O�¥���P

IODP��IRRW�ODPEHUW�� ��������������FG�P�

IW��LQWHUQDWLRQDO�IRRW� �������P

IW86��VXUYH\�IRRW�� ���������������P

J��JUDP� ������NJ

JD��VWDQGDUG�IUHHIDOO� ���������P�V�

JDO��86�JDOORQ�� ���������������P�

JDO&��&DQDGLDQ�JDOORQ� �����������P�

JDO8.��8.�JDOORQ�� ������������P�

JI��JUDP�IRUFH�� �����������NJµP�V�

JPRO��JUDP�PROH�� ��PRO

JUDG��JUDGLHQWV�� ��������������á���¥��U

JUDLQ��JUDLQ��� ��������������NJ

*\��JUD\� ��P��V�

+��KHQU\�� ��NJµP��$�µV�

KD��KHFWDUH�� ������P�

K��KRXU��� �����V

KS��KRUVHSRZHU�� ��������������NJµP��V�

+]��KHUW]�� ��V¥�

LQ��LQFK�� �������P

LQ+J��LQFKHV�RI�PHUFXU\����&� ��������������NJ�PµV�

LQ+����LQFKHV�RI�ZDWHU�����)� �������NJ�PµV�

-��MRXOH�� ��NJµP��V�

Unit (Full Name) (Continued) Value in SI Units
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.��NHOYLQ���� ��.

NJ��NLORJUDP�� ��NJ

NLS��NLORSRXQG�IRUFH� ��������������NJµP�V�

NQRW��QDXWLFDO�PLOHV�SHU�KRXU� ���������������P�V

NSK��NLORPHWHUV�SHU�KRXU� ����������������P�V

O��OLWHU� ������P�

ODP��ODPEHUW� ��������������FG�P�

OE��DYRLUGXSRLV�SRXQG� �����������NJ

OEI��SRXQG�IRUFH� ��������������NJµP�V�

OEPRO��SRXQG�PROH� ����������PRO

OEW��WUR\�SRXQG�� �������������NJ

OP��OXPHQ� ��FGµVU

O[��OX[�� ��FGµVU�P�

O\U��OLJKW�\HDU� ��������������á������P

P��PHWHU� ��P

µ��PLFURQ�� ��á���¥��P

PKR��PKR��� ��$�µV��NJµP�

PL��LQWHUQDWLRQDO�PLOH�� ���������P

PLO��PLO�� ����������P

PLQ��PLQXWH�� ���V

PL86��86�VWDWXWH�PLOH����������������������������������� ��������������P

PP+J��PLOOLPHWHU�RI�PHUFXU\��RU�
WRUU�

��������������NJ�PµV�

PRO��PROH�� ��PRO

PSK��PLOHV�SHU�KRXU� ��������P�V

Unit (Full Name) (Continued) Value in SI Units
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1��QHZWRQ� ��NJµP�V�

QPL��QDXWLFDO�PLOH�� �����P

Ω��RKP� ��NJµP��$�µV�

R]��RXQFH� ���������������NJ

R]IO��86�IOXLG�RXQFH� ��������������á���¥��P�

R]W��WUR\�RXQFH�� ��������������NJ

R]8.��8.�IOXLG�RXQFH�� ����������á���¥��P�

3��SRLVH�� ����NJ�PµV

3D��SDVFDO�� ��NJ�PµV�

SF��SDUVHF�� ��������������á�,����P

SGO��SRXQGDO�� ���������������NJµP�V�

SK��SKRW�� ������FGµVU�P�

SN��SHFN��� �������������P�

SVL��SRXQGV�SHU�VTXDUH�LQFK�� ��������������NJ�PµV�

3W��SLQW� ���������������P�

TW��TXDUW�� ���������������P�

U��UDGLDQ�� ��U

5��U|QWJHQ�� ���������$µV�NJ

�5��GHJUHHV�5DQNLQH�� ���������������.

UDG��UDG��� �����P��V�

UG��URG�� ��������������P

UHP��UHP�� �����P��V�

USP��UHYR,XWLRQV�SHU�PLQXWH� ����������������V¥�

V��VHFRQG� ��V

Unit (Full Name) (Continued) Value in SI Units
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6��VLHPHQV��� ��$�µV��NJµP�

VE��VWLOE� ������FG�P�

VOXJ��VOXJ� ��������������NJ

VU��VWHUDGLDQ�� ��VU

VW��VWHUH�� ��P�

6W��VWRNHV� �������P��V

6Y��VLHYHUW� ��P��V�

W��PHWULF�WRQ��RU�WRQQH� �����NJ

7��WHVOD� ��NJ�$µV�

WEVS��WDEOHVSRRQ� ��������������á���¥��P�

WKHUP��((&�WKHUP�� ����������NJµP��V�

WRQ��VKRUW�WRQ�� ����������NJ

WRQ8.��ORQJ�WRQ� �������������NJ

WRUU��WRUU�� ��������������NJ�PV�

WVS��WHDVSRRQ�� ��������������á���¥��P�

X��XQLILHG�DWRPLF�PDVV� ����������á���¥���NJ

9��YROW�� ��NJµP��$µV�

:��ZDWW� ��NJµP��V�

:E��ZHEHU��� ��NJµP��$µV�

\G��LQWHUQDWLRQDO�\DUG� �������P

\U��\HDU�� ��������������V

Unit (Full Name) (Continued) Value in SI Units
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Appendix D

Troublehooting

Contents

&DOFXODWRU�ZLOO�QRW�WXUQ�RQ�������������������������������������������������'��

5HVHWWLQJ�WKH�FDOFXODWRU �������������������������������������������������'��

%DWWHULHV���������������������������������������������������������������������������'��

&DOFXODWRU�LV�QRW�UHVSRQGLQJ����������������������������������������������'��

+DOWLQJ�WKH�V\VWHP ����������������������������������������������������������'��

5HVHWWLQJ�WKH�PHPRU\ ����������������������������������������������������'��

&DOFXODWRU�FRQWLQXDOO\�UH�ERRWV�����������������������������������������'��

(UURU�RQ�VWDUW�XS������������������������������������������������������������������'��

/RZ�PHPRU\ ������������������������������������������������������������������������'��

1R�URRP�IRU�ODVW�VWDFN ���������������������������������������������������'��

,QVXIILFLHQW�PHPRU\ �������������������������������������������������������'��

2XW�RI�PHPRU\ ����������������������������������������������������������������'��

Introduction
7KLV�DSSHQGL[�SURYLGHV�KHOS�LQ�XQGHUVWDQGLQJ�DQG�RYHUFRPLQJ�SUREOHPV�
WKDW�PLJKW�RFFXU�ZLWK�WKH�+3���*��

7R�HQVXUH�WKH�UHOLDELOLW\�DQG�SURSHU�IXQFWLRQLQJ�RI�\RXU�FDOFXODWRU¦DQG�
QRW�YRLG�\RXU�ZDUUDQW\¦\RX�VKRXOG�RQO\�VWRUH�DQG�XVH�LW�ZLWKLQ�WKH�
IROORZLQJ�HQYLURQPHQWDO�OLPLWV�

2SHUDWLQJ�WHPSHUDWXUH�����WR�����&������WR������)�

6WRUDJH�WHPSHUDWXUH��¥���WR�����&��¥����WR������)�

0D[LPXP�RSHUDWLQJ�KXPLGLW\������DW�����&�������)��
Troublehooting Page D-1
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Calculator will not turn on
7KLV�FRQGLWLRQ�PRVW�OLNHO\�LQGLFDWHV�WKDW�WKH�EDWWHULHV�KDYH�UXQ�RXW��,QVWDOO�
QHZ�EDWWHULHV�DQG�VHH�LI�WKH�FRQGLWLRQ�SHUVLVWV�

,I��DIWHU�UHSODFLQJ�WKH�EDWWHULHV��WKH�FDOFXODWRU�VWLOO�GRHV�QRW�WXUQ�RQ�ZKHQ�
\RX�SUHVV�;��IROORZ�WKH�VWHSV�VHW�RXW�LQ�§5HVHWWLQJ�WKH�FDOFXODWRU¨�EHORZ�

,I�WKH�FDOFXODWRU�GRHV�WXUQ�RQ�EXW�WKH�PDLQ�GLVSOD\�LV�EODQN�

�� SUHVV�DQG�KROG�;

�� SUHVV�=�VHYHUDO�WLPHV

�� UHOHDVH�;�

,I�FKDUDFWHUV�VWLOO�GR�QRW�DSSHDU�RQ�WKH�PDLQ�GLVSOD\��IROORZ�WKH�VWHSV�VHW�
RXW�LQ�§5HVHWWLQJ�WKH�FDOFXODWRU¨�EHORZ�

Resetting the calculator

7R�UHVHW�WKH�FDOFXODWRU�

�� 3UHVV�DQG�KROG�;

�� 3UHVV�DQG�KROG�c

�� 5HOHDVH�ERWK�NH\V��7KH�FDOFXODWRU�VKRXOG�UHVHW��,I�LW�GRHV�QRW�

D� ,QVHUW�WKH�HQG�RI�D�PHWDO�SDSHU�FOLS�LQWR�WKH�KROH�LQ�WKH�EDFN�RI�WKH�
FDOFXODWRU��,QVHUW�WKH�FOLS�DV�IDU�DV�LW�ZLOO�JR��+ROG�IRU�RQH�VHFRQG�
DQG�WKHQ�UHPRYH�WKH�FOLS�

E� 3UHVV�;�

,I�WKLV�GRHV�QRW�IL[�WKH�SUREOHP��WKH�FDOFXODWRU�UHTXLUHV�D�VHUYLFH�

,Q�WKH�HYHQW�WKDW�WKH�FDOFXODWRU�FRQWDLQV�D�OLEUDU\�ZLWK�D�EDG�FRQILJXUDWLRQ�
REMHFW��WKH�FDOFXODWRU�ZLOO�UH�ERRW�UHSHDWHGO\��,I�WKLV�KDSSHQV��KROG�GRZQ�
WKH�H�NH\�WR�SUHYHQW�WKH�FRQILJXUDWLRQ�REMHFW�IURP�UXQQLQJ�

Batteries

7KH�+3���*�QHHGV�WKUHH�$$$�EDWWHULHV�WR�UXQ���(DFK�$$$�EDWWHU\�SURYLGHV�
����YROWV���7R�HQVXUH�RSWLPXP�RSHUDWLRQ�DOZD\V�XVH�DONDOLQH�EDWWHULHV��DQG�
DOZD\V�XVH�EDWWHULHV�RI�WKH�VDPH�EUDQG�DQG�W\SH��

5HFKDUJHDEOH�EDWWHULHV�DUH�QRW�UHFRPPHQGHG�EHFDXVH�RI�WKHLU�ORZHU�
FDSDFLW\�DQG�VKRUW�ORZ�EDWWHU\�ZDUQLQJ�WLPH�
Page D-2 Troublehooting
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When to replace the batteries

:KHQ�EDWWHU\�SRZHU�LV�ORZ��WKH� �DQQXQFLDWRU�LV�GLVSOD\HG��7KLV�
DQQXQFLDWRU�UHPDLQV�GLVSOD\HG�HYHQ�ZKHQ�\RX�WXUQ�WKH�FDOFXODWRU�RII�

,I�WKH�EDWWHU\�SRZHU�LV�ORZ�ZKHQ�\RX�WXUQ�WKH�FDOFXODWRU�RQ��WKH�PHVVDJH�
LowBat(S)�DSSHDUV�EULHIO\�RQ�WKH�VFUHHQ�

Replacing the batteries

7R�FKDQJH�WKH�EDWWHULHV�

�� 7XUQ�WKH�FDOFXODWRU�RII�

�� 5HPRYH�WKH�FRYHU�RI�WKH�EDWWHU\�FRPSDUWPHQW��<RX�GR�WKLV�E\�SUHVVLQJ�
GRZQ�RQ�WKH�FRYHU�DQG�VOLGLQJ�LW�DZD\�IURP�WKH�FDOFXODWRU�

�� &DUHIXOO\�UHPRYH�WKH�ROG�EDWWHULHV�

�� ,PPHGLDWHO\�LQVHUW�WKH�QHZ�EDWWHULHV�

�� 5HSODFH�WKH�FRYHU�

�� 3UHVV�;�WR�WXUQ�WKH�FDOFXODWRU�RQ�

$OZD\V�GLVFDUG�WKH�ROG�EDWWHULHV�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHUªV�
LQVWUXFWLRQV�

<RX�ULVN�ORVLQJ�GDWD�LI�\RX�

� UHPRYH�WKH�EDWWHULHV�ZKLOH�WKH�SRZHU�LV�RQ

� SUHVV�;�ZKLOH�UHSODFLQJ�WKH�EDWWHULHV�RU

� OHDYH�WKH�FDOFXODWRU�ZLWKRXW�EDWWHULHV�IRU�PRUH�WKDQ���
PLQXWHV�

7KH�EDWWHULHV�PXVW�EH�RULHQWHG�DFFRUGLQJ�WR�WKH�RXWOLQHV�VKRZQ�
RQ�WKH�ERWWRP�RI�WKH�EDWWHU\�FRPSDUWPHQW��,QVHUWLQJ�EDWWHULHV�
WKH�ZURQJ�ZD\�PD\�GDPDJH�WKH�FDOFXODWRU�
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Calculator is not responding
,I�WKH�+3���*�IUHH]HV�DQG�ZLOO�QRW�UHVSRQG�ZKHQ�\RX�SUHVV����LWV�
PHPRU\�PD\�KDYH�EHFRPH�FRUUXSWHG��7KHUH�DUH�WZR�ZD\V�WR�FRUUHFW�WKLV�

�� KDOWLQJ�WKH�V\VWHP

�� UHVHWWLQJ�WKH�PHPRU\�

Halting the system

$�V\VWHP�KDOW�

� FDQFHOV�DOO�V\VWHP�RSHUDWLRQV

� FOHDUV�WKH�KLVWRU\�DQG�WKH�VWDFN

� FDQFHOV�DOO�H[HFXWLQJ�SURJUDPV�DQG�LQLWLDOL]HV�DQ\�ORFDO�YDULDEOHV�XVHG�
LQ�WKHP

� WXUQV�RII�WKH�XVHU�NH\ERDUG

� PDNHV�+20(�WKH�FXUUHQW�GLUHFWRU\�

Halting the system from the keyboard

�� 3UHVV�DQG�KROG�;�

�� 3UHVV�c�

�� 5HOHDVH�ERWK�NH\V�

,I�WKH�FDOFXODWRU�LV�QRW�UHVSRQGLQJ�WR�WKH�NH\ERDUG��WU\�WKH�PHWKRG�
RXWOLQHG�LQ�WKH�IROORZLQJ�VHFWLRQ�

,I�\RXU�FDOFXODWRU�KDV�IUR]HQ��DOZD\V�WU\�WR�IL[�WKH�SUREOHP�E\�
KDOWLQJ�WKH�V\VWHP��2QO\�UHVHW�WKH�PHPRU\�LI�KDOWLQJ�WKH�V\VWHP�
KDV�QRW�ZRUNHG��5HVHWWLQJ�WKH�PHPRU\�UHWXUQV�WKH�FDOFXODWRU�WR�
LWV�GHIDXOW�VWDWH��$OO�VWRUHG�LQIRUPDWLRQ��H[FHSW�IRU�WKDW�VWRUHG�LQ�
IODVK�PHPRU\��ZLOO�EH�ORVW�
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Troubleshooting
Halting the system without using the keyboard

�� ,QVHUW�WKH�HQG�RI�D�PHWDO�SDSHU�FOLS�LQWR�WKH�KROH�LQ�WKH�EDFN�RI�WKH�
FDOFXODWRU��,QVHUW�WKH�FOLS�DV�IDU�DV�LW�ZLOO�JR��+ROG�IRU�RQH�VHFRQG�DQG�
WKHQ�UHPRYH�WKH�FOLS�

�� 3UHVV�;�

�� ,I�QHFHVVDU\�

D� SUHVV�DQG�KROG�;

E� SUHVV�DQG�KROG�c

F� UHOHDVH�ERWK�NH\V�

,I�WKLV�GRHV�QRW�IL[�WKH�SUREOHP��\RX�ZLOO�QHHG�WR�UHVHW�WKH�PHPRU\�
�H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ��

Resetting the memory

5HVHWWLQJ�WKH�PHPRU\�UHWXUQV�WKH�FDOFXODWRUªV�PHPRU\�WR�LWV�GHIDXOW�VWDWH��
$OO�YDULDEOHV��GLUHFWRULHV��DQG�SURJUDPV�\RX�KDYH�VWRUHG�LQ�WKH�FDOFXODWRU�
ZLOO�EH�ORVW��H[FHSW�IRU�WKRVH�WKDW�\RX�VWRUHG�LQ�SRUWV����(5$0��DQG���
�)/$6+���

�� 3UHVV�DQG�KROG�GRZQ�;  a�DQG�f�

�� &RQWLQXH�WR�KROG�;�ZKLOH�UHOHDVLQJ�a�DQG�f�

�� 5HOHDVH�;�

Calculator continually re-boots
$�IDXOW\�RU�LQFRPSDWLEOH�OLEUDU\�FDQ�FDXVH�WKH�FDOFXODWRU�WR�UH�ERRW�
FRQWLQXDOO\��7KLV�FDQ�RFFXU�ZKHQ�\RX�LQVWDOO�D�+3����VHULHV�OLEUDU\�WKDW�
FRQWDLQV�IXQFWLRQV�WKDW�DUH�LQFRPSDWLEOH�ZLWK�WKH�+3���*�

�� 3UHVV�DQG�KROG�GRZQ�H��EDFNVSDFH�NH\��XQWLO�WKH�FDOFXODWRU�UH�ERRWV�
VXFFHVVIXOO\��

�� 8VH�)LOH�0DQDJHU�WR�GHOHWH�WKH�IDXOW\�OLEUDU\�IURP�WKH�SRUW�
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Error on start up
,I�WKH�PHVVDJH�§,QYDOLG�&DUG�'DWD¨�LV�GLVSOD\HG�HDFK�WLPH�\RX�WXUQ�WKH�
FDOFXODWRU�RQ��\RX�QHHG�WR�LQLWLDOL]H�WKH�FDOFXODWRUªV�SRUWV��7KLV�PHVVDJH�LV�
GLVSOD\HG�LI�\RX�DWWHPSWHG�WR�UHFRYHU�PHPRU\�ZKHQ�\RX�WXUQHG�WKH�
FDOFXODWRU�RQ�IRU�WKH�ILUVW�WLPH¦VHH�SDJH����¦RU�LI�D�SRUW�KDV�EHFRPH�
FRUUXSWHG�

7R�LQLWLDOL]H�WKH�FDOFXODWRUªV�SRUWV�

�� 3UHVV�N�

�� +LJKOLJKW�3,1,7�LQ�WKH�FRPPDQGV�FDWDORJ�

�� 3UHVV�\�RU�2.�WR�SODFH�WKH�FRPPDQG�RQ�WKH�FRPPDQG�OLQH�

�� 3UHVV�\ WR�UXQ�WKH�FRPPDQG�DQG�LQLWLDOL]H�WKH�SRUWV�

Low memory
7KH�FDOFXODWRUªV�RSHUDWLRQV�VKDUH�PHPRU\�ZLWK�WKH�REMHFWV�\RX�FUHDWH��
7KHUHIRUH�WKH�FDOFXODWRU�PD\�RSHUDWH�VORZO\�LI�PHPRU\�LV�ORZ�

7KH�FDOFXODWRU�GLVSOD\V�PHVVDJHV�DV�PHPRU\�EHFRPHV�FULWLFDOO\�ORZ��
7KHVH�PHVVDJHV�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�WKUHH�VHFWLRQV�

No room for last stack

,I�WKHUH�LV�QRW�HQRXJK�PHPRU\�WR�VDYH�D�FRS\�RI�WKH�FXUUHQW�VWDFN�RU�
KLVWRU\��No room for last stack�LV�GLVSOD\HG�ZKHQ�\RX�SUHVV�
(17(5�

6ROXWLRQ��WKLV�LV�D�ZDUQLQJ�PHVVDJH�RQO\��7KH�FDOFXODWRU�ZLOO�FRPSOHWH�LWV�
FXUUHQW�RSHUDWLRQ��EXW�WKH�81'2�FRPPDQG�ZLOO�QRW�EH�DYDLODEOH��<RX�
VKRXOG�GHOHWH�XQZDQWHG�REMHFWV�IURP�WKH�VWDFN�WR�SUHYHQW�WKLV�FRQGLWLRQ�
FRQWLQXLQJ�
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Insufficient memory

Insufficient memory�LV�GLVSOD\HG�LI�WKHUH�LV�QRW�HQRXJK�PHPRU\�WR�
FRPSOHWH�DQ�RSHUDWLRQ��

6ROXWLRQV�

�� 7U\�WR�GR�WKH�FDOFXODWLRQ�RU�RSHUDWLRQ�LQ�D�ZD\�WKDW�ZRXOG�XVH�OHVV�
PHPRU\���)RU�H[DPSOH��XVH�WKH�IDFWRULDO�FRPPDQG�LQVWHDG�RI�HQWHULQJ�
D�VWULQJ�RI�FRQVHFXWLYH�LQWHJHUV�HDFK�VHSDUDWHG�E\�WKH�PXOWLSOLFDWLRQ�
VLJQ��

�� 'HOHWH�XQZDQWHG�REMHFWV�IURP�KLVWRU\�RU�IURP�WKH�VWDFN�

�� 'HOHWH�XQZDQWHG�YDULDEOHV�

Out of memory

Out of memory�LV�GLVSOD\HG�ZKHQ�WKH�FDOFXODWRU�UXQV�FRPSOHWHO\�RXW�RI�
XVHU�PHPRU\��,Q�WKLV�VWDWH��WKH�FDOFXODWRU�LV�FDSDEOH�RI�RQO\�RQH�RSHUDWLRQ��
D�RQH�E\�RQH�LQWHUDFWLYH�SXUJH��,Q�WKLV�RSHUDWLRQ��\RX�DUH�DVNHG�LI�\RX�
ZDQW�WR�SXUJH¦WKDW�LV��GHOHWH¦D�VHULHV�RI�REMHFWV��VWDUWLQJ�ZLWK�WKH�REMHFW�
RQ�OHYHO���RI�WKH�VWDFN��,I�\RX�DJUHH¦E\�SUHVVLQJ�a¦\RX�DUH�WKHQ�DVNHG�
DERXW�WKH�QHZ�OHYHO���REMHFW��7KLV�FRQWLQXHV�XQWLO�HLWKHU�WKH�VWDFN�LV�HPSW\�
RU�\RX�UHVSRQG�WR�D�UHTXHVW�WR�SXUJH�DQ�REMHFW�E\�SUHVVLQJ�f��IRU�12��

7KH�FDOFXODWRU�WKHQ�DVNV�LI�\RX�ZDQW�WR�GHOHWH�RWKHU�LWHPV��$OO�WRJHWKHU��
WKH�LWHPV�\RX�ZLOO�EH�DVNHG�WR�SXUJH�DUH�

� WKH�REMHFW�RQ�OHYHO���RI�WKH�VWDFN��UHSHDWHG�XQWLO�WKHUH�DUH�QR�REMHFWV�RQ�
WKH�VWDFN�RU�XQWLO�\RX�SUHVV�f�ZKHQ�DVNHG�WR�SXUJH�D�SDUWLFXODU�VWDFN�
REMHFW�

� WKH�FRQWHQWV�RI�/$67�&0'

� WKH�FRQWHQWV�RI�/$67�67$&.��LI�DFWLYH�

� WKH�FRQWHQWV�RI�/$67�$5*��LI�DFWLYH�

� WKH�YDULDEOH�3,&7��LI�SUHVHQW�

� XVHU�NH\�DVVLJQPHQWV

� DODUPV

� WKH�HQWLUH�VWDFN��XQOHVV�DOUHDG\�HPSW\�

� HDFK�JOREDO�YDULDEOH�

$IWHU�F\FOLQJ�WKURXJK�WKH�OLVW�RI�SXUJHDEOH�REMHFWV��WKH�FDOFXODWRU�DWWHPSWV�
WR�UHWXUQ�WR�QRUPDO�RSHUDWLRQ��,I�WKHUH�LV�VWLOO�QRW�HQRXJK�IUHH�PHPRU\��WKH�
SXUJH�SURFHVV�LV�UHSHDWHG�
Troublehooting Page D-7



Tr
ou

bl
es

ho
ot

in
g

<RX�FDQ�VWRS�WKH�SXUJH�SURFHVV�DW�DQ\�WLPH�E\�SUHVVLQJ����<RX�PLJKW�
GR�WKLV�DIWHU�D�ZKLOH�WR�FKHFN�LI�WKH�ORZ�PHPRU\�FRQGLWLRQ�KDV�EHHQ�
UHFWLILHG��,I�VXIILFLHQW�PHPRU\�LV�QRZ�DYDLODEOH��WKH�FDOFXODWRU�UHWXUQV�WR�
QRUPDO�GLVSOD\��RWKHUZLVH��WKH�FDOFXODWRU�EHHSV�DQG�FRQWLQXHV�ZLWK�WKH�
SXUJH�SURFHVV�

,Q�VXPPDU\�

� 7R�GHOHWH�WKH�LQGLFDWHG�REMHFW��SUHVV�a�

� 7R�NHHS�WKH�LQGLFDWHG�REMHFW��SUHVV�f�

� 7R�VWRS�WKH�SXUJH�SURFHVV��SUHVV���
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Appendix E

Working in RPN mode

Contents

8VLQJ�WKH�VWDFN �������������������������������������������������������������������� (��

3ODFLQJ�REMHFWV�RQ�WKH�VWDFN������������������������������������������ (��

3HUIRUPLQJ�531�FDOFXODWLRQV���������������������������������������� (��

([DPSOH�VWDFN�FDOFXODWLRQV ����������������������������������������������� (��

8VLQJ�D�RQH�DUJXPHQW�FRPPDQG ���������������������������������� (��

8VLQJ�D�PXOWL�DUJXPHQW�FRPPDQG ������������������������������� (��

0XOWL�FRPPDQG�FDOFXODWLRQV����������������������������������������� (��

8VLQJ�FRPSXWHU�DOJHEUD�FRPPDQGV����������������������������� (��

0DQLSXODWLQJ�VWDFN�GDWD ����������������������������������������������������� (��

,QWHUDFWLYH�VWDFN�FRPPDQGV ����������������������������������������� (��

Introduction
7KLV�DSSHQGL[�GHVFULEHV�WKH�531�RSHUDWLQJ�PRGH��DQG�KRZ�WR�ZRUN�ZLWK�
WKLV�PRGH��,W�DOVR�GHVFULEHV�KRZ�WR�XVH�WKH�LQWHUDFWLYH�VWDFN�FRPPDQGV�WR�
PDQLSXODWH�WKH�REMHFWV�RQ�WKH�VWDFN��

531�VWDQGV�IRU�5HYHUVH�3ROLVK�1RWDWLRQ��7KH�PDLQ�IHDWXUH�RI�WKLV�QRWDWLRQ�
LV�WKDW�\RX�VSHFLI\�RSHUDWLRQV�DIWHU�WKH�QXPEHUV�RU�REMHFWV�WR�RSHUDWH�RQ��
:KHQ�\RX�XVH�WKH�+3���*�LQ�531�PRGH��\RX�KDYH�DFFHVV�WR�WKH�VWDFN��
531�PRGH��LQ�FRQMXQFWLRQ�ZLWK�WKH�VWDFN��PDNHV�LW�HDV\�WR�UH�XVH�WKH�
UHVXOWV�RI�SUHYLRXV�RSHUDWLRQV��DQG�WR�SHUIRUP�FKDLQV�RI�FDOFXODWLRQV��
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Using the stack
,Q�RUGHU�WR�SHUIRUP�RSHUDWLRQV�LQ�531�PRGH��\RX�SODFH�WKH�REMHFW�RU�
REMHFWV�RQ�WKH�VWDFN��WKHQ�DSSO\�WKH�RSHUDWLRQ��

(QWULHV�RQ�WKH�VWDFN�DUH�QXPEHUHG��DV�LQ�WKH�
H[DPSOH�DW�WKH�ULJKW���(DFK�HQWU\�RQ�WKH�
VWDFN�KDV�DQ�DVVRFLDWHG�OHYHO��7KH�OHYHO�LV�WKH�
QXPEHU�RI�WKH�OLQH�RQ�ZKLFK�WKH�HQWU\�
DSSHDUV��,Q�WKH�H[DPSOH�DW�WKH�ULJKW�����LV�RQ�
OHYHO������LV�RQ�OHYHO���� �LV�RQ�OHYHO����DQG�
VR�RQ�

7R�VHW�531�PRGH��SUHVV�h�WR�DFFHVV�WKH�&DOFXODWRU�0RGHV�LQSXW�IRUP��
DQG�VHW�WKH�2SHUDWLQJ�PRGH�RSWLRQ�WR�531�

Placing objects on the stack

<RX�FDQ�FUHDWH�QHZ�REMHFWV�DQG�SODFH�WKHP�RQ�WKH�VWDFN��RU�\RX�FDQ�
UHWULHYH�REMHFWV�IURP�PHPRU\�DQG�SODFH�WKHP�RQ�WKH�VWDFN�

� 7R�HQWHU�D�QXPEHU�RQ�WKH�VWDFN�

D� 8VH�WKH�QXPHULF�NH\V�WR�HQWHU�WKH�QXPEHU��7KH�QXPEHU�DSSHDUV�RQ�
WKH�FRPPDQG�OLQH�

E� :KHQ�\RX�ILQLVK�HQWHULQJ�WKH�QXPEHU��SUHVV�\��7KH�QXPEHU�
DSSHDUV�RQ�OHYHO���RI�WKH�VWDFN��

� 7R�HQWHU�DQ�REMHFW�WKDW�\RX�FUHDWH�LQ�DQ�DSSOLFDWLRQ��VXFK�DV�D�PDWUL[�RU�
DQ�HTXDWLRQ�

D� $FFHVV�0DWUL[�:ULWHU�RU�(TXDWLRQ�:ULWHU�

E� &UHDWH�WKH�PDWUL[�RU�WKH�HTXDWLRQ�

F� 3UHVV�\�WR�SODFH�LW�RQ�OHYHO���RI�WKH�VWDFN�

� 7R�UHWULHYH�DQ�REMHFW�IURP�PHPRU\�DQG�SODFH�LW�RQ�WKH�VWDFN�

D� 3UHVV�j�WR�GLVSOD\�WKH�GLUHFWRULHV�DQG�YDULDEOHV�LQ�WKH�FXUUHQW�
GLUHFWRU\��

E� 1DYLJDWH�WR�WKH�GLUHFWRU\�WKDW�KROGV�WKH�REMHFW�\RX�ZDQW�

F� 3UHVV�WKH�DSSURSULDWH�IXQFWLRQ�NH\�WR�VHOHFW�WKH�REMHFW��,W�DSSHDUV�
RQ�OHYHO���RI�WKH�VWDFN�

:KHQ�\RX�DGG�D�QHZ�LWHP�WR�WKH�VWDFN��WKH�H[LVWLQJ�LWHPV�DUH�SXVKHG�XS�D�
OHYHO��7KDW�LV��WKH�LWHP�DW�OHYHO���LV�SXVKHG�XS�WR�OHYHO����DQG�WKH�LWHP�DW�
OHYHO���LV�SXVKHG�XS�WR�OHYHO���DQG�VR�RQ�

8745
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Performing RPN calculations

<RX�XVH�WKH�FRPPDQG�OLQH�DQG�WKH�VWDFN�WR�SHUIRUP�531�FDOFXODWLRQV�

� :KHQ�\RX�XVH�D�FRPPDQG�WKDW�WDNHV�RQO\�RQH�DUJXPHQW��\RX�FDQ�
H[HFXWH�WKH�FRPPDQG�ZLWK�WKH�DUJXPHQW�RQ�WKH�FRPPDQG�OLQH�RU�WKH�
VWDFN�

� :KHQ�\RX�XVH�D�FRPPDQG�WKDW�UHTXLUHV�PXOWLSOH�DUJXPHQWV¦WKDW�LV��D�
FRPPDQG�WKDW�QHHGV�PRUH�WKDQ�RQH�REMHFW�WR�DFW�RQ¦\RX�SODFH�WKH�
DUJXPHQWV�RQ�WKH�VWDFN�EHIRUH�\RX�DSSO\�WKH�FRPPDQG��<RX�VSHFLI\�
RQH�DUJXPHQW�SHU�OHYHO��LQ�WKH�FRUUHFW�RUGHU��<RX�FDQ�DSSO\�D�PXOWLSOH�
DUJXPHQW�FRPPDQG�ZKHQ�WKH�ODVW�DUJXPHQW�LV�VWLOO�RQ�WKH�FRPPDQG�
OLQH�

$�FRPPDQGªV�DUJXPHQWV�DUH�UHPRYHG�IURP�WKH�VWDFN�ZKHQ�WKH�FRPPDQG�
LV�H[HFXWHG��DQG�UHSODFHG�E\�WKH�UHVXOW�RI�WKH�RSHUDWLRQ�

)RU�H[DPSOH��WR�ILQG�WKH�FXEH�RI�����\RX�QHHG�WR�VSHFLI\�WZR�DUJXPHQWV��
WKH�QXPEHU������DQG�WKH�LQGH[������

7R�SHUIRUP�WKH�FDOFXODWLRQ��\RX�HQWHU�

��\�q

7KDW�LV��\RX�HQWHU����RQWR�WKH�VWDFN��DQG���LV�RQ�WKH�FRPPDQG�OLQH�EHIRUH�
\RX�DSSO\�WKH�RSHUDWLRQ��6LQFH�WKH�q�RSHUDWLRQ�UHTXLUHV�WZR�DUJXPHQWV��
LW�XVHV�WKH�YDOXH�RQ�OHYHO���DV�WKH�ILUVW�DUJXPHQW��DQG�WKH�YDOXH�RQ�WKH�
FRPPDQG�OLQH�DV�WKH�VHFRQG�DUJXPHQW�

$OWHUQDWLYHO\��\RX�FDQ�SODFH����RQ�VWDFN�OHYHO����DQG���RQ�VWDFN�OHYHO���
EHIRUH�\RX�DSSO\�WKH�q RSHUDWLRQ��7KH�RSHUDWLRQ�XVHV�WKH�YDOXH�RQ�OHYHO���
DV�WKH�ILUVW�DUJXPHQW��DQG�WKH�YDOXH�RQ�OHYHO���DV�WKH�VHFRQG�DUJXPHQW�

1RWH�WKDW�ZKHQ�\RX�SODFH�DOO�DUJXPHQWV�RQ�WKH�VWDFN�EHIRUH�\RX�DSSO\�D�
FRPPDQG��\RX�FDQ�XQGR�WKH�FRPPDQG��E\�SUHVVLQJ�>ò���DQG�UHWXUQ�
WR�WKH�RULJLQDO�VWDFN��

)RU�H[DPSOH��LI�\RX�SODFH�ERWK�DUJXPHQWV�RQ�WKH�VWDFN�EHIRUH�\RX�DSSO\�
WKH�q RSHUDWLRQ�DERYH��>ò UHWXUQV����RQ�OHYHO���DQG���RQ�OHYHO����,I�
\RX�DSSO\�WKH�FRPPDQG�ZLWK�WKH�ODVW�DUJXPHQW�RQ�WKH�FRPPDQG�OLQH¦
WKDW�LV����\�q¦WKH�>ò�RSHUDWLRQ�UHWXUQV�RQO\����RQ�OHYHO���
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Example stack calculations

Using a one-argument command
�� ,I�WKH�DUJXPHQW�LV�QRW�DOUHDG\�RQ�OHYHO���RI�WKH�VWDFN��HQWHU�WKH�DUJX�

PHQW�RQWR�WKH�FRPPDQG�OLQH��DQG��RSWLRQDOO\��RQWR�WKH�VWDFN���,I�WKH�
DUJXPHQW�LV�DOUHDG\�RQ�OHYHO���RI�WKH�VWDFN��JR�VWUDLJKW�WR�VWHS���

�� ([HFXWH�WKH�FRPPDQG�

([DPSOH��7R�FDOFXODWH�

�� (QWHU����DQG�SUHVV�\�

�� 3UHVV�s�

7KH�UHVXOW�RI�VLQ����LV�QRZ�RQ�OHYHO���RI�WKH�VWDFN��7KLV�UHVXOW�FDQ�EH�
XVHG�DV�WKH�DUJXPHQW�RI�D�IXUWKHU�FRPPDQG�ZLWKRXW�WKH�UHVXOW�QHHGLQJ�
WR�EH�PDQXDOO\�HQWHUHG�

�� 3UHVV�y�

1RWH�WKDW�LI�\RX�JHW�D�V\PEROLF�DQVZHU�ZKHQ�\RX�ZDQWHG�D�QXPHULF�
DQVZHU��SUHVV�>���7KH�V\PEROLF�DQVZHU�LV�HYDOXDWHG�

Using a multi-argument command

Method 1

�� (QWHU�WKH�DUJXPHQWV��SUHVVLQJ�\ DIWHU�HDFK�RQH�

�� ([HFXWH�WKH�FRPPDQG�

([DPSOH��7R�FDOFXODWH����á���

�� (QWHU����DQG�SUHVV�\�

�� (QWHU����DQG�SUHVV�\�

���LV�QRZ�RQ�OHYHO���RI�WKH�VWDFN�DQG����LV�
RQ�OHYHO���

�� 3UHVV���

,Q�WKLV�H[DPSOH��WKH�RUGHU�LQ�ZKLFK�\RX�HQWHU�WKH�DUJXPHQWV�GRHV�QRW�
DIIHFW�WKH�DQVZHU��+RZHYHU��WKLV�LV�QRW�DOZD\V�WKH�FDVH�ZLWK�WZR�DUJXPHQW�
FRPPDQGV��,Q�WKH�FXEH�H[DPSOH�RQ�SDJH (����WKH�UHVXOW�RI�HQWHULQJ�WKH���
EHIRUH�WKH����LV�WKH���UDLVHG�WR�WKH�SRZHU�RI�����D�YHU\�GLIIHUHQW�UHVXOW�WR����
UDLVHG�WR�WKH�SRZHU�RI����2WKHU�H[DPSOHV�ZKHUH�WKH�RUGHU�\RX�HQWHU�WKH�
DUJXPHQWV�LV�LPSRUWDQW�LQFOXGH�VXEWUDFWLRQ��GLYLVLRQ��DQG�WKH�SHUFHQWDJH�
FRPPDQGV������&+��DQG��7��

�
��VLQ

�����������������
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Method 2

,Q�PHWKRG���DERYH��HDFK�DUJXPHQW�LV�HQWHUHG�RQWR�LWV�RZQ�OHYHO�RI�WKH�
VWDFN�EHIRUH�WKH�FRPPDQG�LV�H[HFXWHG��$QRWKHU�ZD\�LV�WR�HQWHU�DOO�WKH�
HOHPHQWV�RQWR�WKH�FRPPDQG�OLQH�VHSDUDWLQJ�HDFK�ZLWK�D�VSDFH��<RX�FDQ�
WKHQ�HLWKHU�

� SUHVV�\�WR�SODFH�WKH�DUJXPHQWV�RQWR�WKH�VWDFN�DQG�WKHQ�H[HFXWH�
\RXU�FRPPDQG�RU

� H[HFXWH�\RXU�FRPPDQG�ZLWK�WKH�DUJXPHQWV�VWLOO�RQ�WKH�FRPPDQG�OLQH�

([DPSOH��7R�FDOFXODWH�

�� (QWHU��������F��

�� 3UHVV�\�

�� 3UHVV�>ð�

6WHS���FDQ�EH�RPLWWHG�LI�\RX�ZLOO�QRW�ZDQW�WR�XQGR�WKH�FRPPDQG�DQG�VHH�
WKH�DUJXPHQWV��3UHVVLQJ�>ò�ZLWKRXW�KDYLQJ�ILUVW�SODFHG�WKH�DUJXPHQWV�
RQ�WKH�VWDFN�GHOHWHV�DOO�UHFRUG�RI�WKH�FRPPDQG��WKH�UHVXOW�DQG�WKH�
DUJXPHQWV��2Q�WKH�RWKHU�KDQG��LI�\RX�SODFH�WKH�DUJXPHQWV�RQ�WKH�VWDFN�
EHIRUH�H[HFXWLQJ�WKH�FRPPDQG��SUHVVLQJ�>ò�GHOHWHV�WKH�UHVXOW�EXW�UH�
GLVSOD\V�WKH�DUJXPHQWV�

Multi-command calculations

%HFDXVH�WKH�UHVXOW�RI�D�FDOFXODWLRQ�LV�UHWDLQHG�RQ�WKH�VWDFN��\RX�FDQ�HDVLO\�
SHUIRUP�FRPSOH[�FDOFXODWLRQV�E\�DFFXPXODWLQJ�WKH�UHVXOWV�RI�VXE�
FDOFXODWLRQV�RQ�WKH�VWDFN�DQG�WKHQ�WUHDWLQJ�WKHVH�UHVXOWV�DV�WKH�DUJXPHQWV�
LQ�D�IXUWKHU�FDOFXODWLRQ�

([DPSOH��7R�FDOFXODWH�

�� (QWHU���<R�

7KH�UHVXOW¦���¦DSSHDUV�RQ�OHYHO���RI�WKH�VWDFN�

�� (QWHU����DQG�SUHVV�\�

�� (QWHU����DQG�SUHVV�\�

�� 3UHVV���

7KH�SURGXFW�RI����DQG���¦���¦DSSHDUV�RQ�OHYHO����DQG�WKH�SUHYLRXV�
UHVXOW¦���¦LV�DW�OHYHO���

5314413

13
2

17 19×( )–
3
7
---+
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�� 3UHVV���

7KH�WZR�SUHYLRXV�UHVXOWV¦���¦DQG����¦DUH�QRZ�WUHDWHG�DV�WKH�
DUJXPHQWV�LQ�D�IXUWKHU�RSHUDWLRQ��7KLV�RSHUDWLRQ�UHSODFHV�WKH�
DUJXPHQWV�ZLWK�WKH�UHVXOW�RI�WKH�RSHUDWLRQ��WKDW�LV��WKH�GLIIHUHQFH�
EHWZHHQ�WKH�ILUVW�UHVXOW�DQG�WKH�VHFRQG�

�� 3UHVV��\�z�WR�SODFH�WKH�UHVXOW�RI� �RQ�OHYHO����

,I�WKH�FDOFXODWRU�LV�LQ�H[DFW�PRGH��WKH�UHVXOW�DSSHDUV�DV�D�IUDFWLRQ�

�� 3UHVV�=�WR�DGG�WKLV�WR�WKH�SUHYLRXV�UHVXOW�

,I�WKH�FDOFXODWRU�LV�LQ�H[DFW�PRGH��WKH�DQVZHU�LV�GLVSOD\HG�DV�D�QXPEHU�
DQG�D�IUDFWLRQ��7R�GLVSOD\�WKH�DSSUR[LPDWH�DQVZHU�WR����GLJLW�DFFXUDF\��
SUHVV >�

Using computer algebra commands

([DPSOH��7R�VXEVWLWXWH�[� �\�����LQ�

�� 8VH�(TXDWLRQ�:ULWHU�WR�FUHDWH� �DQG�SUHVV�\�WR�SODFH�LW�RQ�
VWDFN�OHYHO����

�� 8VH�(TXDWLRQ�:ULWHU�WR�FUHDWH�WKH�VXEVWLWXWLRQ��[� �\������DQG�SUHVV�
\�WR�SODFH�LW�RQ�VWDFN�OHYHO����7KLV�SXVKHV�WKH�SUHYLRXV�H[SUHVVLRQ�
WR�VWDFN�OHYHO���

�� 3UHVV�>ú�WR�DFFHVV�WKH�$OJHEUD�FRPPDQG�PHQX�DQG�VHOHFW�WKH�
68%67�FRPPDQG��7KH�+3���*�SHUIRUPV�WKH�VXEVWLWXWLRQ�DQG�WKH�UHVXOW�
DSSHDUV�DW�VWDFN�OHYHO���

3
7
---

x
2

3x 7+ +

x
2

3x 7+ +
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Manipulating stack data
7KH�+3���*�SURYLGHV�IXQFWLRQV�WR�PDQLSXODWH�WKH�VWDFN�OHYHOV��7R�DFFHVV�
WKHVH�IXQFWLRQV��\RX�HQWHU�LQWHUDFWLYH�VWDFN�PRGH��

� 7R�HQWHU�LQWHUDFWLYH�VWDFN�PRGH��SUHVV�[�

7KH�LQWHUDFWLYH�VWDFN�FRPPDQGV�DSSHDU�RQ�WKH�IXQFWLRQ�NH\�PHQX��

D� 8VH�WKH�DUURZ�NH\V�WR�QDYLJDWH�XS�DQG�GRZQ�WKH�VWDFN�WR�VHOHFW�WKH�
VWDFN�OHYHO�WKDW�\RX�ZDQW�

E� 8VH�WKH�IXQFWLRQ�NH\V�WR�VHOHFW�WKH�FRPPDQG�WKDW�\RX�ZDQW�WR�DSSO\�
WR�WKH�FXUUHQW�VWDFN�OHYHO�

� 7R�H[LW�LQWHUDFWLYH�VWDFN�PRGH�DQG�UHWXUQ�WR�QRUPDO�VWDFN�RSHUDWLRQV�

� SUHVV�\�WR�DSSO\�WKH�LQWHUDFWLYH�VWDFN�FRPPDQG�WKDW�\RX�
VHOHFWHG��RU

� SUHVV���WR�FDQFHO�WKH�FRPPDQG�

:KHQ�\RX�HQWHU�LQWHUDFWLYH�VWDFN�PRGH��GDWD�RQ�WKH�VWDFN�LV�GLVSOD\HG�LQ�
WH[W�PRGH��)RU�H[DPSOH��DQ\�HTXDWLRQV�RQ�WKH�VWDFN�DUH�GLVSOD\HG�LQ�WH[W�
PRGH�UDWKHU�WKDQ�WH[WERRN�PRGH�

Interactive stack commands

&RPPDQG )XQFWLRQ

→/,67 &UHDWHV�D�OLVW�WKDW�FRQWDLQV�WKH�VWDFN�REMHFWV�IURP���WR�
WKH�FXUUHQW�OHYHO��7KH�QHZO\�FUHDWHG�OLVW�LV�SODFHG�RQ�
OHYHO���RI�WKH�VWDFN��DQG�WKH�RULJLQDO�REMHFWV�DUH�
UHPRYHG�

'5231 'HOHWHV�DOO�OHYHOV�EHORZ�WKH�VHOHFWHG�OHYHO�

'831 'XSOLFDWHV�WKH�OHYHOV�IURP�WKH�FXUUHQWO\�VHOHFWHG�OHYHO�
WR�OHYHO����DQG�SXVKHV�XS�WKH�H[LVWLQJ�OHYHOV�WR�DFFRP�
PRGDWH�WKH�GXSOLFDWHG�OHYHOV�

(&+2 3UHVV�(&+2��WKHQ�\�WR�FRS\�WKH�FRQWHQWV�RI�WKH�FXU�
UHQW�OHYHO�WR�WKH�FRPPDQG�OLQH��(GLW�WKH�FRQWHQWV�RQ�WKH�
FRPPDQG�OLQH��DQG�SUHVV�\�WR�SODFH�WKHP�RQ�OHYHO���
RI�WKH�VWDFN�
Working in RPN mode Page E-7
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(',7 2SHQV�WKH�FRQWHQWV�RI�WKH�FXUUHQW�OHYHO�LQ�WKH�PRVW�
DSSURSULDWH�HGLWRU��UHDG\�IRU�HGLWLQJ��)RU�H[DPSOH��LI�WKH�
FXUUHQW�OHYHO�FRQWDLQV�D�PDWUL[��WKH�PDWUL[�RSHQV�LQ�
0DWUL[�:ULWHU�

*272 3URPSWV�IRU�D�VWDFN�OHYHO�WR�VHOHFW��WKHQ�VHOHFWV�WKH�OHYHO�
QXPEHU�WKDW�\RX�HQWHU�

,1)2 'LVSOD\V�LQIRUPDWLRQ�DERXW�WKH�REMHFW�DW�WKH�FXUUHQW�
OHYHO��LQFOXGLQJ�LWV�VL]H�LQ�E\WHV�

.((3 'HOHWHV�DOO�OHYHOV�DERYH�WKH�VHOHFWHG�OHYHO�

/(9(/ &RSLHV�WKH�FXUUHQW�OHYHO�QXPEHU�WR�OHYHO���RI�WKH�VWDFN�

3,&. &RSLHV�WKH�FRQWHQWV�RI�WKH�FXUUHQW�OHYHO�WR�VWDFN�OHYHO����
$OO�H[LVWLQJ�OHYHOV�DUH�SXVKHG�XS�RQH�OHYHO�

52// 0RYHV�WKH�FRQWHQWV�RI�WKH�FXUUHQW�OHYHO�WR�OHYHO����7KH�
SRUWLRQ�RI�WKH�VWDFN�EHORZ�WKH�FXUUHQW�OHYHO�LV�UROOHG�XS�
WR�ILOO�WKH�VSDFH�WKDW�LV�OHIW�

52//' 0RYHV�WKH�FRQWHQWV�RI�OHYHO���WR�WKH�FXUUHQW�OHYHO��7KH�
SRUWLRQ�RI�WKH�VWDFN�EHQHDWK�WKH�FXUUHQW�OHYHO�LV�UROOHG�
GRZQ�WR�ILOO�WKH�VSDFH�OHIW�E\�WKH�LWHP�DW�OHYHO���

9,(: 'LVSOD\V�WKH�FRQWHQWV�RI�WKH�FXUUHQW�OHYHO�LQ�WH[WERRN�
PRGH�

&RPPDQG )XQFWLRQ��&RQWLQXHG�
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Index
A

absolute magnitude
of a vector 8-4

Advanced User’s Manual x
alarms

acknowledging 2-27
appointment 2-27
changing 2-29
control 2-29
deleting 2-29
past-due 2-29
viewing 2-29

alerts 2-4
algebra commands

accessing 5-6
algebraic mode 2-4, 2-21
alpha keyboard 2-4, 2-10
alpha left-shift keyboard 1-4
alpha right-shift keyboard 1-4
amortizing 6-13
analyzing functions 4-37

area 4-39
extrema 4-38
finding areas 4-39
intersection 4-39
intersection of 4-39
roots 4-38
slope 4-38

angle units 2-4, 8-2
degrees 2-4
grads 2-4
radians 2-4

animation 4-23
annual interest rate 6-11
annunciators 2-4
appointments 2-27

changing 2-29
deleting 2-29
setting 2-28
viewing 2-29

approximate mode 2-4, 2-23
area beneath plot 4-39

arguments
specifying in RPN mode E-3
using in a program 10-5

arithmetic commands
accessing 5-6

array 8-7
creating 8-7
editing 8-9
navigating through 8-9

arrow keys 1-10
axes 4-8

B

bad guess message 6-4
bar charts See bar plots
bar plots 4-31
bases

binary 2-5
decimal 2-5
hexadecimal 2-5
octal 2-5

batteries D-2
replacing D-3

beep 2-18
best correlation, data modelling 9-5
bin number, generating frequencies 9-4
bivariate data, calculating summary sta-

tistics 9-6
bivariate data, data modelling 9-5
branching

in programming 10-13

C

calculations
in RPN mode E-3
RPN examples E-4
sample 2-24

calculator modes 2-18
calculus commands 5-17

accessing 5-6
CAS See computer algebra system
characters
Index I-1
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entering 2-10
lower-case 2-10
special 2-11
upper-case 2-10

characters tool 2-12
check fields 2-16
clock 2-20

display 2-19
coefficients, polynomial 6-5
command line 2-7

calculations 2-24
editing 2-13
multi-line entries 2-8

commands 2-6
CAS command categories 5-6
interactive stack commands E-7

comparison functions, in programming 
10-13

complex mode 5-4
complex numbers 5-6

entering i in Equation Writer 3-4
components of expressions

selecting in Equation Writer 3-7
compounding interest periods 6-11
computer algebra system 2-20

command categories 5-6
expanding part of expression 5-12
expansion 5-11
factorization 5-11
factorizing expressions 5-11, 5-13
RPN example calculation E-6
settings 2-20
substitution 5-10

condition statements, in programming 
10-13

confidence intervals 9-14
confidence intervals, inferential statis-

tics 9-14
conic plots 4-13
constant message 6-4
contrast 2-3
control alarm 2-29

setting 2-30
coordinate notation 2-4, 2-18, 8-2

cylindrical 2-4
rectangular 2-4
spherical 2-4

coordinates
of plots 4-35

correlation coefficient, data modelling 
9-5

covariance value, data modelling 9-5
cross product 8-5
cursor

coordinates 4-35
movement 4-34

cursor mode 3-5, 3-6
custom keyboard 1-5

D

data
for statistical plotting 4-28
modelling 9-5
transfer A-2
using in a program 10-6

data fields 2-14
date

formatting 2-27
setting 2-26

default screen 2-3
default values, resetting 2-16
defining functions 7-4
descriptive statistics 9-2
determinant 8-11
dialog box See input forms
differential equations

plotting 4-15
solving 6-10
stiff solver 4-16

differentiating step-by-step 5-19
directories 2-6, 7-5

copying 7-9
creating 7-6
deleting 7-8
moving 7-9
moving up 7-8
renaming 7-9
selecting 7-7

directory tree 7-6
display contrast 2-3
display modes 2-19
dot product 8-5
drawing graphs 4-3
I-2 Index



Index
E

e 3-4
editing, full page 2-19
engineering mode 2-9
entry mode 3-5
environmental limits D-1
EQ 4-41
equation

creating in Equation Writer 3-2
placing on the stack E-2
solving a polynomial 6-5
solving differential equations 6-10

Equation Writer 3-2
examples 3-8
modes of operation 3-5
selecting terms 3-7
shortcut keys 3-9
using computer algebra 5-9

error messages B-1
error on start up D-6
error trapping 10-15
Euler identities 5-14
exact mode 2-5, 2-23
expanding

expressions 5-11
part of an expression 5-12

exponent 2-9
exponential commands, accessing 5-6
exponential expressions 5-14
expressions

creating and saving 3-2
editing 3-3
expanding 5-11
factorizing 5-11
in Equation Writer 3-7

extended data fields 2-15
extrema 4-38, 6-4
eyepoint 4-20

F

factorizing 5-11, 5-13
fast 3-D plots 4-27
fields

check 2-16
data 2-14
extended data 2-15

list 2-15
File Manager 7-6
financial calculations

amortizing results 6-13
solving 6-11

Fit Data input form 9-5
fix mode 2-9
flags

setting and clearing 2-20
flash ROM 7-10
font

choosing 2-19
size 2-19

fraction mark 2-19
frequencies 9-2
full-page editing 2-19
function keyboard 1-3
functions

analyzing 4-37
area 4-39
defining 7-4
extrema 4-38
intersection of 4-39
plotting 4-6
roots of 4-38
slope of 4-38
user-defined 7-4

G

Gaussian elimination 8-11
global variables 10-8, 10-11
graphing 4-3
Greek alphabet 1-4
gridmap plots 4-24
guarantee xii

H

half-tangent computer algebra function 
5-14

halting the system D-4
header size 2-20
histograms 4-33
history 2-3, 2-5, 2-21

clearing 2-5
entering from 2-12
saving 2-5
Index I-3
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home directory 7-5
hypothesis tests, inferential statistics 9-

9

I

i 3-4
I/O A-1
Implied multiplication in Equation 

Writer 3-4
indenting 2-19
independent variable

configuring 5-4
inferential statistics

confidence intervals 9-14
example data 9-7
hypothesis tests 9-9
One-Proportion Z-Interval 9-15
One-Sample Z-Interval 9-14
One-Sample Z-Test 9-9
Two-Proportion Z-Interval 9-16
Two-Proportion Z-Test 9-11
Two-Sample T-Interval 9-17
Two-Sample Z-Interval 9-15

input forms 2-14
calculations in 2-17

input/output A-1
integers 2-8
integration commands 5-17
interactive stack E-7
interest component, amortizing 6-13
interest rate, financial calculations 6-11
intersections 4-39

K

key click 2-19
key conventions 1-10
keyboard

alpha 2-10
alpha left-shift 1-4
alpha right-shift 1-4
customized 1-5
function 1-3
left-shift 1-3
primary 1-3
right-shift 1-3
unlocking 2-11

user 1-5
keys

arrow 1-10
Equation Writer shortcut keys 3-9
function of each 1-5

L

left-shift keyboard 1-3
line breaks, adding 10-4
linear systems 6-7, 8-11
linearization

example 5-16
with computer algebra 5-14

list fields 2-15
lists 8-6

creating 8-6
local variables

in a program 10-8
logarithmic commands, accessing 5-6
logarithmic terms

collecting in an expression 5-14
looping 10-13
low memory D-6
lower-case characters 2-10

M

mantissa 2-9
matrix 8-7

arithmetic 8-10
determinant of 8-11
placing on the stack E-2
representing a linear system 6-8
row-reduced echelon form 8-12

Matrix Writer 8-7
maximum value in statistical data 9-3
mean, calculating 9-3
memory 7-10

low D-6
out of D-7
resetting D-5

menu item, selecting 2-6
menus 2-3, 2-6

multi-screen 2-7
programming 10-4

minifont
for display and editing 2-19
I-4 Index



Index
minimum value
generating frequencies 9-4
in statistical data 9-3

modes 2-18
algebraic 2-4, 2-21
approximate 2-4, 2-23
calculator 2-18
changing 2-18
complex 5-4
complex number 2-4
computer algebra system 2-20, 5-2
cursor 3-5, 3-6
display 2-19
engineering 2-9
entry 3-5
exact 2-4, 2-23
fix 2-9
operating 2-18
program 2-4
real number 2-4
RPN 2-22, E-1
scientific 2-9
selection 3-5, 3-6
standard 2-9
step-by-step 5-4, 5-19
term selection 3-5, 3-6
textbook 2-20

modulo, configuring 5-4
multiplication

implied in Equation Writer 3-4

N

natural logarithm 3-4
negative numbers 2-8
nested procedures in a program 10-7
non-rational expressions, simplifica-

tion mode 5-5
Normal Z-distribution, confidence in-

tervals 9-14
number displays

engineering mode 2-9
fix mode 2-9
scientific mode 2-9
standard mode 2-9

number format 2-18
numbers

negative 2-8

positive 2-8
real 2-8

numeric solver 6-2

O

objects
purging D-7
storing 7-1, 7-2
transferring A-1
types in input forms 2-16

on and off 2-2
can’t turn on D-2

One-Proportion Z-Interval 9-15
One-Sample T-Interval 9-17
One-Sample T-Test 9-12
One-Sample Z-Interval 9-14
One-Sample Z-Test 9-9
operands

Equation Writer tree structure 3-7
operators

Equation Writer tree structure 3-7
outer product 8-5
output/input A-1

P

parametric plots 4-8
parametric surface plots 4-25
partial derivatives 4-16
past-due alarm 2-29
payment period, financial calculations 

6-11
Pearson correlation, data modelling 9-5
periodic payment amount 6-11
plots

axes 4-8
bar 4-31
conic 4-13
cursor coordinates 4-35
differential equation 4-15
display coordinates 4-35
display range 4-6
fast 3-D 4-27
function 4-6
gridmap 4-24
histograms 4-33
parametric 4-8
Index I-5
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parametric surface 4-25
polar 4-10
pseudo-contour 4-21
scatter 4-29
slopefield 4-19
statistical 4-3, 4-28
tracing 4-35
truth 4-17
wireframe 4-20
Y-slice 4-23
zooming 4-36

plotting
basic steps 4-3
variables 4-41

polar plots 4-10
polynomials

finding coefficients 6-5
finding roots 6-5
setting the order 5-4

port memory 7-11
ports 7-1, 7-10
PPAR 4-41
primary keyboard 1-3
principal remaining, amortization 6-13
problems D-1
procedures in a program 10-7
program

halted 2-4
mode 2-4

programming
arguments in 10-5
branching and looping 10-13
data 10-6
getting started 10-2
menu 10-4
variables 10-8

programming modes
algebraic 10-5
RPN 10-5

pseudo-contour plots 4-21
purging D-7

R

RAM 7-10
real number mode 2-4
real numbers 2-8
regression formula, data modelling 9-5

regression model, finding 9-5
regulatory information  See also envi-

ronmental limits
Canada xi
Japan xi
USA x

reminder See appointment
reset defaults 2-16
resetting calculator D-2
reverse Polish notation See RPN
right-shift keyboard 1-3
rigorous mode, setting 5-5
roots 4-38

polynomial 6-5
RPN 2-22, E-1
RPN mode 2-22, E-1

example calculations E-4
interactive stack commands E-7
performing calculations E-3

S

sampling grid 4-19, 4-20, 4-23, 4-27
saving a program 10-4
scalar magnitude 8-4
scalar product 8-5
scientific mode 2-9
screen contrast 2-3
screen, default 2-3
selecting terms in Equation Writer 3-7
selection mode 3-5
semi-colon

keyboard shortcut 10-4
separating functions in a program 

10-4
serial cable A-1
shortcut keys in Equation Writer 3-9
πDAT 4-41
πPAR 4-42
sign reversal

interpreting equation-solve results 
6-4

simplifying non-rational expressions 
mode 5-5

simultaneous equations 6-7
single-variable statistics 9-2

calculating 9-3
slope 4-38
I-6 Index
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slopefield plots 4-19
solving equations 6-2

interpreting results 6-4
linear systems 6-7, 8-11
simultaneous equations 6-7

special characters 2-11
stack

Also see history
example calculations E-4
interactive stack commands E-7
manipulating data E-7
performing calculations E-3

standard deviation 9-3
standard mode 2-9
statistical plots 4-3, 4-5, 4-28
statistics

application 9-2
descriptive 9-2
inferential 9-7
mean 9-3
regression tests 9-6
single variable 9-3
standard deviation 9-3
summary 9-2
variance 9-3

status 2-4
status area 2-3

change size of 2-19
changing the size of 2-20

step-by-step differentiating 5-19
step-by-step mode 5-4
stiff solver 4-16, 6-10
substitution 5-10
summary statistics 9-6
symbolic solving 5-6
symbols, entering 1-4, 2-11
syntax 1-5
system halt D-4

T

tables 4-40
customizing 4-40

term selection mode 3-5
terms

selecting in Equation Writer 3-7
terms and conditions xi
textbook mode 2-20

3-D plots 4-27
time

formatting 2-27
setting 2-26

time-value-of-money calculations 6-11
TPAR 4-42
tracing a plot 4-35
transferring data A-2
trapping errors 10-15
tree structure

in Equation Writer 3-7
trigonometric expressions 5-14
trigonometry 5-14

accessing commands 5-6
troubleshooting xi, D-1
truth plots 4-17
turning on and off 2-2
Two-Proportion Z-Interval 9-16
Two-Proportion Z-Test 9-11
Two-Sample T-Interval 9-17
Two-Sample T-test 9-13
Two-Sample Z-Interval 9-15

U

units C-1
converting C-1
SI C-1

upper-case characters 2-10
user keyboard 1-5, 2-4
user-defined functions 7-4

V

variables 2-6, 7-2
copying 7-9
creating 7-2
deleting 7-8
editing 7-10
global 10-8
independent 5-4
listing 7-3
local 10-8
moving 7-9
plotting 4-41
renaming 7-9
selecting 7-7

variance 9-3
Index I-7
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vector mathematics
absolute magnitude 8-4
dot product 8-5
vector product 8-5

vectors 8-2
creating 8-2
polynomial 6-5

verbose mode, configuring 5-4
view volume 4-20
VPAR 4-42

W

warnings See  error messages
warranty xii
wireframe plots 4-20

World Wide Web x

Y

Y-slice plots 4-23

Z

Z-Interval, inferential statistics 9-14
zooming

factor 4-36
in 4-36
out 4-36
proportional 4-36
reset default 4-36

ZPAR 4-42
I-8 Index
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