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1.1 ÐÐÐ£££SAS

1.1.1 éééÄÄÄ
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ÑÑI�w«SAS§S�©�.ÑÑ£ã/ÑÑ
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©��m!���"�8¹"VÂd?�±�U�
có�8¹"

1.1.3 {{{üüü$$$111���~~~

b�·�k���Æ)�êÆ¤1Ú�©¤1, êÆ
÷©�100, �©÷©�120, F"O�Æ)�²þ©
ê£Uz©�¤¿Udü¶, �±3§SI�Ñ\d

§Sµ

title ’95?1�Æ)¤1ü¶’;

data c9501;

input name $ 1-10 sex $ math chinese;

avg = math*0.5 + chinese/120*100*0.5;

cards;

o² I 92 98

Üù² å 89 106

�g² I 86 90

Üh I 98 109

4@ å 80 110

;

run;

proc print;run;

proc sort data=c9501;

by descending avg;

run;

proc print;run;
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¦^Êb·-(^Editèü�Paste½óä9þ�Êb

ãI), r§SE��SAS?6I�¥"��±3P
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¯�½Ù¦§S?6ì¥r?Ð�§S��, ,�
3SAS§SI�^Fileèü�Open·-�m��Ð�
§S©�"lSAS V8.1m©SASé¥©Ñ\®²�Ø

�k�¯K¤±·��±��3SAS§S?6I

�Ñ\SAS§S"
�$1d§S, ��^àIüÂóä9�J�ãI

, ½^Runèü�Submit·-"$1�, $1P¹I

�ÑyXeSNµ
1 title ’95?1�Æ)¤1ü¶’;

2 data c9501;

3 input name $ 1-10 sex $ math chinese;

4 avg = math*0.5 + chinese/120*100*0.5;

5 cards;

NOTE: The data set WORK.C9501 has 5 observations and 5 variables.

NOTE: DATA statement used:

real time 0.60 seconds

11 ;

12 run;

13 proc print;run;

NOTE: There were 5 observations read from the data set WORK.C9501.

NOTE: PROCEDURE PRINT used:

real time 0.33 seconds

14 proc sort data=c9501;

15 by descending avg;

16 run;

NOTE: There were 5 observations read from the data set WORK.C9501.

NOTE: The data set WORK.C9501 has 5 observations and 5 variables.

NOTE: PROCEDURE SORT used:

real time 0.05 seconds

17 proc print;run;

NOTE: There were 5 observations read from the data set WORK.C9501.

NOTE: PROCEDURE PRINT used:

real time 0.00 seconds

Ù¥P¹
zã§S�$1�¹!¤^�m!)
¤êâ���¹"XJk�Ø�¬^ùÚ�«�

Ø"'X, ���proc print�¡�©ÒXJ¿�,

ÚO^��§
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P¹I�w«Xe�Øµ

NOTE: SCL source line.

34 proc printrun;

--------

181

ERROR 181-322: Procedure name misspelled.

�Ø`²�L§¶�©, �¢Sþ´¿
©Ò�
�printÚrunë¤
��c"3§SI�?U¿�(

$1�ÑÑI�ÑyXe(Jµ
95?1�Æ)¤1ü¶ 4

Obs name sex math chinese avg

1 o² I 92 98 86.8333

2 Üù² å 89 106 88.6667

3 �g² I 86 90 80.5000

4 Üh I 98 109 94.4167

5 4@ å 80 110 85.8333

95?1�Æ)¤1ü¶ 5

Obs name sex math chinese avg

1 Üh I 98 109 94.4167

2 Üù² å 89 106 88.6667

3 o² I 92 98 86.8333

4 4@ å 80 110 85.8333

5 �g² I 86 90 80.5000

ùpkü�ÑÑ, 1��´Ñ\êâ�^PROC
PRINTw«�êâ8, 1���U²þ©ü¶��(
J"

lþ¡�~f§S�±wÑSAS§S��
A

:"SAS§Sd���ééé|¤, �é^©Ò(å"SAS§
S¥ ���� � Ø « ©(i Î G ¥ � « © ��
�)"SAS§S¥���!�1���±?¿��,
ù �·� � ± S ü · � �  ?� ª ¦ � 
 §S
(��Ù´Ö"SAS§Sdü«“Ú”�¤, �«�

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



8 1�Ù SASÐ�

êêêâââÚÚÚ(data step), �«�LLL§§§ÚÚÚ(proc step), ©O

±DATA�éÚPROC�ém©"êâÚÚL§Úd
eZ��é|¤, ��±RUN�é(å"

1.2 SASÄÄÄ���VVVggg

�!0��
SASAk�Vg, Ù¥�­��´êâ
8"

1.2.1 SASêêêâââ888

SASêêêâââ888£SAS Datasets¤�±w�deZ1Ú
eZ�|¤�L�, aqu��Ý
, ����±�

ØÓ�a.�, 'X�ê�!2:�!�m�!i
ÎG!À1���"SASêâ8��3±AÏ�ª
����?�©�¥, ·�^��SAS¥�Ü6¶5
¦^SASêâ8
ØI'%§�.XÛ�;3^�

þ"'X, 1.1.3�~f)¤
��¶�C9501�êâ
8, §�Ü6/ªXeLµ

L 1.1: C9501êâ8�Ü6/ª

NAME SEX MATH CHINESE AVG
o² I 92 98 86.8333
Üù² å 89 106 88.6667
�g² I 86 90 80.5000
Üh I 98 109 94.4167
4@ å 80 110 85.8333

êâ8�z�1����*ÿ(Observation), z�

����Cþ(Variable)" SASêâ8�du'Xê

ÚO^��§
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â¥XÚ¥���L, ¢Sþ��SASêâ8k��

¡��ÜL"3êâ¥â�¥��*ÿ¡���P

¹, ��Cþ¡����"3C9501êâ8¥k5�*
ÿ, ©O�L5�Æ)��¹, 
z�Æ)k5�á5
�, ©O�6¶!5O!êÆ¤1!�©¤1!²þ
©, ¤±dêâ8k5�Cþ"

lþ¡wÑ, êâ8�k¶i, Cþ�k¶i,
SAS¥é¶¶¶iii(êâ8¶!Cþ¶!êâ¥¶, �
�)k�½µSAS¶id=©i1!êi!ey�

| ¤, 1 � � i Î 7L´ i 1 ½ e y �, ¶ i �
õ ^8� i Î, ��i 1 Ú��i 1 Ø « ©"'

X, name, abc, aBC, x1, year12, NULL �´Ü{
�¶i, �abcÚaBC´Ó��¶i, 
class-1(ØU

k~Ò)!a bit(ØUk��)!serial#(ØUkAÏi
Î)!Documents(��)�Ø´Ü{�¶i"

1.2.2 SASêêêâââ¥¥¥

SASêâ8´�«AÏ�ª�SAS©©©���¥�­��
�«",�«­��SAS©�´SAS888¹¹¹(Catalog),
^5���«ØUL«¤1�(�L�/ª�êâ,
'XXÚ��!ã�!(Ñ�"õ�SAS©��±

�3�å, ¡���SASêêêâââ¥¥¥ (Library)"êâ¥
k��¥¶(Libname), Ù·¶�ÌþãSAS¶i·¶

�K"3MS DOS / Windows�¸¥, ��SASêâ¥
¢S´^�þ���f8¹(AÏ�¹e��êâ
¥�±dA�f8¹|¤)"�
r¥¶Úf8¹é
Xå5, ¦^LIBNAME�é"'X,·�3C:\Y1995

f8¹¥��
A�SASêâ8, �±^Xe�ér

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



10 1�Ù SASÐ�

¥¶MYLIB �f8¹C:\Y1995éXå5µ

libname mylib "c:\y1995";

ã 1.2: ïá#¥

3SASã/.¡ ¥

ó����±üÂ
ï á#¥(= r � �
¥ ¶ XMYLIB Ú �

� ¢ S � f 8 ¹

XC:\Y1995 é X å

5)"�ã1.2"
kn�ý½Â�SASêâ¥: WORK, SASUSER,

SASHELP"Ù¥, WORKêâ¥��������¥¥¥, ��
3Ù¥�SAS©��������©©©���, ù
��©��ò

ÑSASXÚ�¬�gÄíØ"SASUSER¥���^
r�<��k'�©�, §´[È�, =òÑSAS�
©� Ø ¬ � í Ø"SASHELP¥ � � �SAS� Ï X

Ú!~ f k ' �©�, ´ [È�"l þ ¡ w Ñ,
SAS©�©�������©©©���Ú[[[ÈÈÈ©©©���µ��©�3

òÑSASXÚ�gÄ�íØ, [È©�3òÑSASX

Ú�ØgÄ�íØ"¤±, ·�r��¥m(J¦^
�êâ8½öS^�êâ8����êâ8��, 

I�±�2^�êâ8K�±���[Èêâ8"

��êâ8Ú[Èêâ8�«O´µ��êâ8

�±^üüüYYY²²²¶¶¶, =�kêâ8¶, 'XC9501, 

[Èêâ8¶düÜ©|¤, c�Ü©´§�¥¶,
��Ü©â´êâ8¶, üÜ©¥m^�ê:ë�,
'X�3MYLIB¥(=“C:\Y1995”f8¹)¥�êâ
8TEACH7L^MYLIB.TEACHL«"ù��½�

ÚO^��§
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ã 1.3: SAS +nì

êâ8¶3)¤��±��d¥¶�½�f8¹¥,
3Ö���±��½�f8¹Ö�, ¿�Ø¬�gÄ
íØ"

� � êâ8 Ø ^ ü Y ² ¶	, � � ± ^ ¥ ¶

�WORK�üY²¶, XWORK. C9501 ÚC9501 ´
���"

�)¤[Èêâ8, ��3�½�)¤�êâ8

¶�¦^üY²¶�¥¶®k½Â, 'X, �rþ

¡�C9501êâ83)¤�Ò��“C:\Y1995”f8¹

¥, �±^Xe�éµ

libname mylib "c:\y1995";

data mylib.c9501;

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



12 1�Ù SASÐ�

,,
proc sort data=mylib.c9501;

,,

ù � §SÚ1.1.3� ~ f � ' � ´ O \ 
 � �
½Â¥¶�LIBNAME�é, ,�3¤k^�êâ
8¶C9501�/��¤
üY²¶MYLIB.C9501"
� 5 ¿ ) ¤ � êâ8 ´MYLIB.C9501� ¡ 3 ^ �
§��ÿ(3PROC SORT ¥) �7L¦^üY²

¶MYLIB.C9501
ØU¦^üY²¶C9501, ùü�
¶i���Ø´Ó��SAS©�"
#��SASJø
SAS+nì(SAS Explorer)5+n

êâ¥Úp¡�©�"féÄ�SAS.¡¥�U

®²�m
+nìI�, �´I�´���>�,
lWindowèü¥��DockedÀJ�±r§C¤��
I�"XJù�I�vk�m, �±lViewèü¥

ÀJExplorerr§�m, ½üÂóä9�ãI "
ã1.3w«
�m+nì��SAS.¡"ù�.¡©
�mü�Ü©, �>±ä/w«
SASó��¸�
SN, �Ì��´Libraries�=�ck½Â�êâ
¥"3�>ÀJ��¥XUSER�±w«¥¥SN�
�L" /�ãIL«SASêâ8, /�ãIL

«SAS8¹(Catalog)"
+nìI��óä9��§S?6I��óä

9k¤ØÓ, 
��Ó�ãI��UL«ØÓö

�"'X, L«ïá#�êâ8(L)!8¹!�
Î(Query)½#¥, ! Ú ©OL«SAS©��}

�!E�!Êb, L«íØ©�½¥"

ÚO^��§
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ùp�kA�#�ãI" L«ä/(��þ�

�, L«´Äw«¥S©��[!(a.!£ã!
MïFÏ�)" ��+nìI��ä/w«´Ä�

m" �£�§S?6I�.¡"
VÂ+nì¥���SAS©��±�md©�

?1�w½?6, XJ�m�´SASêâ8, K?
\SAS�VIEWTABLE.¡, ù´��õU�©r�

�êâ�w�?6.¡"VIEWTABLEØI�rê
â� Ñ Ö \ S � ¥"� � ö S �·� Ø N ´ u
yVIEWTABLE�`�5, �´�·�^SASë��

��äêâ¥¿���¯Ù¥ã��L½Àã�
Ò¬uyÙ�O��BÜn5"·��¡¬w�
�¬INSIGHT�U�*/èAêâ8SN¿?1?
U§�´INSIGHTØU?nLuã��êâ8"

1.3 ØØØIII???§§§���SASAAA^̂̂— SAS / INSIGHT

1.3.1 000���

ã 1.5: SAS/INSIGHT:
ÀJêâ8

SAS� ¦ ^ � { � � ´
�1.1.3@ � Ñ \ � � § S,
$1, ?U, ��3ÑÑI��
�(J"�Xã/.¡!^rl
Ð�§Sg��uÐ, SAS�Å

ìJø
�
ØI�ÆSSAS?

§ÒU?1êâ+n!©Û!�

L!±ã�õU, Ù¥��'�
ÑÚ���´SAS/INSIGHT�¬"SAS / INSIGHT
´3Ä��SAS XÚÄ:þV\����¬, J

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



14 1�Ù SASÐ�

ã 1.4: SAS/INSIGHT

ø 
 êâ�p Ñ \!êâ& ¢!© ÙïÄ!�

'©Û!�«ã/�õU",	��aq��¬
�Analyst, §�~��êâ+nÚÚOõUJø


��{ü´^�ã/.¡, �U
r^ã/.¡?
1�ö�±ÊÏSAS§S�/ªP¹e5ø·�

ÆSë�"SAS/INSIGHT 3êâ&¢�¡'�k
AÚ, ùp·�kÐÚ0�SAS/INSIGHT �¦^,
SAS/INSIGHT ��
ÚOõU3�¡�k'Ù!0
�, 1nÙò0�Analyst�¬"

�éÄSAS/INSIGHT, À“Solutions - Analysis - In-
teractive Data Analysis”èü, ÄkÑyã1.5@��À

ÚO^��§
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Jêâ8�I�, ù´SAS/INSIGHT7LkÀJ�

��©Û!*	�êâ8"XJ�)¤#êâ8,
UNewUÜ, XJ��m®kêâ8, UOpenUÜ"
ã1.4´SAS/INSIGHT$1���f"

1.3.2 êêêâââIII���

ã 1.6: SAS/INSIGHTêâI�

SAS/INSIGHTJø
��aqu>fL��ê
âI�5+nêâ8"ã1.6�w«
êâ8SAS-
USER.CLASS 1 �êâI�, dêâ8´���19�

1XJvké�ù�êâ8, UXeÚ½�±)¤dêâ89Ù¦~fêâ8µ
À“Solutions - Analysis - Analyst”?\Analyst, ,�ÀÙ¥�“Tools - Sample Data”,
3Ñy�é{µ¥À¥¤kêâ8Ò�±)¤~fêâ"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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Æ)��
�¹, �)6¶!5O!c#!�p!
N­"·�w�, êâI�IK1w«
�m�ê
â8�¶i, IK1e�þ� �k���m��
n�, ù´êâI��èü, �ã1.7"n�e�Ú
m�©Ow«
*ÿ�êÚCþ�ê"I�Sz

1��>��¬´*ÿ�±ãIP, ^u3ã/
¥IP*ÿ¶,�´*ÿSÒ¶2 m´�Cþ
��"êâI�¥��Cþ^��IK, Xã1.6¥

�name!sex!age�Ò´êâ8SASUSER.CLASS ¥

�Ê�Cþ�¶i"3z��Cþ¶�þ¡kü�
I\, m>���LCþ�þÿY², ©�«mCþ
£Int¤Ú¶ÂCþ£Nom¤"«mCþ´�ëY�

�Cþ, �U�ê�¶¶ÂCþ´�lÑ��Cþ,
���iÎ., ��±�ê�"Cþ¶þ¡�>�I

\�LCþ3©Û¥�"�^å, 'XLabelL«C

þ��3±ã¥^5IP*ÿ, GroupL«Cþ��

^5©|, ��"

ã 1.7: SAS/INSIGHTê
âI�èü

ã 1.8: SAS/INSIGHT: ½ÂCþ

êâI��±^5ïá#êâ8"3SAS / IN-

ÚO^��§
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SIGHTS^“File - New” èü½3éÄINSIGHT�
I�(ã1.5)U“New”UÜ, òÑy����êâI

�"ù�, �±���1�1Ñ\êâ, 'X�Ñ
\1.1.3¥�C9501êâ8, Ò�±31�1�co�

¥©OÑ\o²!I!92!98, ù���gÄ�C

þ¶�A, B, C, D, 
�þÿY²gÄ½�cü�i
Î.´¶ÂCþ£Nom¤, �ü�ê�.´«mC

þ£Int¤"�
?UCþ¶ÚCþ�^å, lêâ
I��èü(ã1.7) ÀDefine Variables, Ñyã1.8�½
ÂCþI�, 3ùp�±?UCþ¶, �Cþ\I

\(Label), �±ÀJCþ�þÿY², �±5½Cþ
�^å"Cþ�I\´éCþ����±��40�
iÎ�£ã, �±^u±��ÑÑ, �±^Çi"

½ÐCþ¶�á5�Ò�±UYÑ\Ù§êâ1,
zÑ\�1�£�, ��r�ÜêâÑ�"�
¦£
��1Ilc�1�Ü?�e�11��, �±lê
âI�èü(ã1.7) ¥À“Data Options”, 3�Ñ�é
{µ¥(ã1.9) ÀJ£����(Direction of Enter)�
�e(Down and Left)"

ã 1.9: SAS/INSIGHT: êâI�
À�

ã 1.10: SAS/INSIGHT: ��êâ
8

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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�
��Ñ\�êâ8, À“File - Save - Data” è

ü, Ñyã1.10 @����êâ8�I�, �±ÀJ

êâ8�3=��êâ¥, �±Ñ\��êâ8¶,
rùp�AU¤C9501, UOKÜÒ�±��êâ8"
éu'���êâ8(A�!�A�Cþ, A��*
ÿ), ^SAS/INSIGHT�êâI��±×�
�*/
Ñ\"SAS/INSIGHT�êâI�¿Ø�MS Excel@
�Ð^, §�`³3uÙêâ&¢õU"éu��þ
�êâ, ��lÙ§�ª=�½���¯�äêâ¥
XÚ"

3êâI�¥XJI�?U,���,I�ràI

:�Ùü��?U�U£��½�L�£Ä�Ù¦

ü��âU¢y?U"3ü���m£Ä�±^à
IüÂ!�L�!£�!þe1I���{"��

�¤��?U�I�^“File - Save - Data”èü"
�êâI�¥Cþ�õ�, �±^EÄ^EÄI�

SN5�w"XJ,�Cþ'�­�, �±�Är§

��1��� �, ù��küÂTCþ�¶iÀ¥

§, ,�3ã1.7�èü¥ÀMove to First"�r,�

£���, À¥§�^Move to Lastèü"
À¥����üÂÙCþ¶"XJ�À¥õ��,

3À¥���U4Ctrl�üÂÙ§�¶i�±V\

À¥Ù§Cþ"À¥��Cþ�U4Shift üÂ,�

�Cþ¶�±À¥ùü�Cþ9§��m�¤kC

þ"À¥�õ����±^Move to FirstÚMove to
Last£Ä"

�À¥��*ÿ(1), ��üÂÙ*ÿÒ(1Ò)"
Àõ�*ÿ�±^Ctrl üÂ½Shift üÂ��{"À

ÚO^��§
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¥�*ÿ��±^Move to FirstÚMove to Last£Ä�
�c½��"

��±À¥,
�Ó�À¥,
1"��3�
Y�À¥ö��^V\À¥(ShiftüÂ½CtrlüÂ)=
�"^àI3êâI�ê�w«Ü©öÑ���µ
��±À½�Ü©ê�"
À½
 �½ö1±�, ^“Edit - Delete”èü�

±íØÀ½��½1"^Extract èü�±rÀ½
�Ü©1!Ü©�½öÜ©1��Ñ�,��I

�"'X, 3SASUSER.CLASS ¥kÀ½¤kå)
�*ÿ, 2^V\ÀJ£Shift½CtrlüÂ¤��{
À½NAMEÚHEIGHTCþ, ,�^d·-, �±�

m��SASUSER.CLASS1 êâI�, dêâI�¥

�k6¶Ú�pü�Úå)�*ÿ1"�±^Ì

èü¥�“File - Save - Data” rd#êâ8��

�WORK.CLASS1(¦þØ^[Èêâ8��öS^
�êâ8)"ù��±d®kêâ8]ÀÜ©�!Ü

©1|¤#êâ8"
���¤kÀ½, ��üÂ,�ü��
Ø´1!

�IK=�"
e¡{ü0��eêâI�èü(ã1.7)¥�·-

µ
Find Next — 3À½
eZ�*ÿ��¹e, re

���À½�*ÿw«3I�1�1� �"
Move to First — rÀ½�1½�£��c"
Move to Last — rÀ½�1½�£���"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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ã 1.11: SAS/INSIGHT: üSé
{µ

Sort — 3À½ 
 � �

� � ¹ e, r êâ8 U
d � l�� � üS¶ 3

À ½ 
 õ � � � ¹ e,
UÀ½ � C þ gSU ù


C þ n Ü üS, ' X

3SASUSER.CLASSI � ¥

kÀ½SEX,�^CtrlüÂN\À½HEIGHT, ,�
üS, ù��(J´rêâ8kUå!I)üS,�
3å)SÜÚI)SÜ©OU�pl���üS"
XJvkÀ½?Û�, K�Ñ��é{µ(�ã1.11),
Î¯U=
CþüS, 'X`éSASUSER.CLASSê
â, �±k:SEX, ,�üÂYUÜ, r5O\\


üSCþ¥, 2ÀHEIGHT, üÂYUÜ, r�p�
�1�üSCþ, 2üÂüSCþ¥�HEIGHT, ü

ÂAsc/DesUÜ£ù´�¦é�p��dp�$ü

S¤, UOK�êâòU5O©|, ,�å)!I)S

Ü©OU�pdp�$ü�"é{µ¥�Unf/ForU
ÜÀJ´Ä^ÑÑ�ªL«Cþ��üS(UnfØL

«, ForL«)"
New Observations — ^u¯�V\eZ��êâ

1, �Ñ��é{µ�¦Ñ\V\�*ÿê, "�
´100�"V\��1¥iÎ.êâkW��, ê�

.êâkW"��(^üÕ��ê:�L)"
New Variables — ^u¯�V\eZ�#Cþ"
Define Variables — �½Cþ�¶i!I\!þÿ

Y²!"�©Û^å�, �ã1.8"�±3)¤#ê
â8�½ÂCþ, ��±é®kêâ8�Cþá5?

ÚO^��§
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1?U"
Fill Values — ^ugÄ)¤����ê�Cþ"

kÀ½��ê�.Cþ, ,�^d·-, ò�Ñ��
é{µ�¦Ñ\å©�(Value)ÚOþ(Increment), '

Xå©�W100, OþW50, KdCþ�3�*ÿ¥�
�©OW\�100, 150, 200, . . ."��±�À½dC

þ��Ü©1(üÂdCþ���ü��, ShiftüÂ
,�ü��Ò�±À½¥m�*ÿ)?1W¿"

Extract — rÀ½�Ü©�Ñ�,��I�"
Data Options — �êâI���
��"�Ñé

{µXã1.9, �±ÀJ3êâI�SU£��1I

´£�e¡!�¡�´e¡��, UTAB�1I´£

�e¡!m¡�´mþ"À¥“Show Variable Labels”
�±^Cþ�I\��I���IK, ù�k|un
)Cþ�¿Â, �Ã{��Cþ�ý¢¶i"c¡`

L, CþI\#N��40�iÎ, #N^Çi"I\

�±3êâI�èü�Define VariablesI�(ã1.8)Ñ
\½?U"XJ�^���ÇiI\, I�·�/^
��©mI\¥�Çi±|u©1w«I\"

� ± w Ñ, INSIGHT� êâI � J ø 
 é r

� ? n ê â � õ U, ' X Ñ \ ! ? U ! �
Î!üS, � �"SAS^ u êâ8 + n � � �
5.¡ ´VIEWTABLEI �, 3SAS+ n ì ¥ V

Â , � êâ8Ò� ± 3VIEWTABLE I � � m
§"VIEWTABLE ^å5vkINSIGHT�êâI�
ùo�B, �´VIEWTABLEU|±ã��êâ8


INSIGHTØ1, INSIGHT�r¤kêâÑÖ\�O

�ÅS�¥âUUYó�, ¤±?nØ
L��êâ

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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8"

1.3.3 êêêâââ&&&¢¢¢— ���������{{{

SAS/INSIGHTJø
�©�B�êâ&¢õU"é
��êâ, �±���ã!Ý/ã!êm�ã, é�
�êâ, �±�Ñ:ã!­�ã!Ñ:ãÝ
, én

�êâ�±�^=ã£n�Ñ:ã¤"3ãþ�±

À½�
*ÿ, ù
ÀJ(J¬Ó��N3êâI�
ÚÙ§ã¥"

������ããã

ã 1.12: SAS / INSIGHT: �p��

�ã

ã 1.13: SAS / INSIGHT: u�*
ÿé{µ

±SASUSER.CLASSê â 8 � ~ " À ½ C

þHEIGHT, ^“Analyze - Histogram / Bar Charts(Y)”
èü�±�m��ã/I�)¤�p�©Ù������
ããã, Xã1.12"��ã�z��^/�L
±ãCþ
£HEIGHT¤3��«m����¹, 'X70�75�

ÚO^��§
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m�^/�L�p370�75=��<, ^/pÝ�|
ªê, =��3ù�«m�*ÿ�ê, �±wÑù�

|k��Æ)"üÂù�^/À¥3d���*ÿ,
�±uyù�êâI���A*ÿ��À½
, �

À¥�´Philip, �p72=�"XJVÂ,�^/, '

X60�65�^/, Ò�±3À½�A*ÿ�Ó��Ñ
��u�*ÿI�(Xã1.13), I�¥w«��À¥

�*ÿSÒ, ±9Ù¥��*ÿ��Cþ�"ù��
±é�B/u�ã¥�Ü©¤éA�*ÿ"���

À½, ��3ã¥�x?üÂ=�"
�Ñ�ã/k���µ��"XJ�UCã/�

�, �±üÂ�µ¦ÙCo, ,�öÄo��¥��

�, Ò�±rã/��½ �"$���±r���
�Ùé���öÄ��öLé�, ù��±UCã/
�îp¶��"öÄ>µ�±rã/£Ä�I�S

Ù§ �"

ã 1.14: SAS/INSIGHT: ��ã

/©�

SAS / INSIGHT � � ã

� ± � ��	Ü ã/©
�"üÂã/I�¥ã/
�>µ±À½��ã/, ,

�^“File - Save - Graphics
File”·-�����ã/
©�, �ã1.14"y3|±�©��ªkBMP, GIF,
PBM, PS, TIFF, Ø
�À�«�ª	^r3å©�

¶���gC\\·��*Ð¶, 'XÀ
PS�ª
©�¶��±“.PS”�*Ð¶"ù�é{µ¥vkw

«©���3�o8¹, ù¿�X©����3�c

ó�8¹, =G�9m>¤w«�8¹(�ã1.1), V

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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ÂG�9d?�±�U�có�8¹"
ã/¥Jø
����èü, �±üÂã/>µ�

þ��m�Þ½3ã/Sm�üÂ5�m"èüS

N�)Ticks, �±���I¶�äNx{¶Axes^5
�½xØx�I¶¶Observations^5�½´ÄxÑ
¤k�*ÿ, ØÀ��éÀ½�*ÿxã¶Values�
½´ÄIÑ�^/pÝ�"

éëYêâ£Int.¤���ã�±�NÙ©Ù�

¹, élÑêâ£Nom.¤���ãÓ��±�NÙ

©Ù, =�z��lÑ��'~��£ªê©Ù¤"
'X, 3�
�p���ã�, À½CþSEX, éÙ

���ã, K(J�m��#ã/I��Ñ�kü
�^/�^/ã, ��IP�F, ,��IP�M, p
Ý©O�9Ú10, =k9�å), 10�I), Iå'~
�10µ9"üÂIF�^/, �±w�êâI�¥¤k
å)�*ÿ�À½, ,	��±w�®���p��

�ã�u)
C�, �p�z��^/Ñ©¤
ôÚ

ØÓ�üÜ©, Ù¥e¡��Ü©�Lå)"3��
I�¥À½Ü©*ÿÒ�±3¤kI�¥À½�A
*ÿ´SAS / INSIGHT r��êâ&¢õU���
âÑAÚ"

3^Analyseèü¥��ã·-�ã�XJvkÀ
½�CþK�Ñ��é{µJ¯^=��Cþ�ã,
XJé�p�ã, ��ÀHEIGHT,�UYÜ=�"

ÝÝÝ///ããã

ÚO^��§
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ã 1.15: SAS/INSIGHT: �p�
Ý/ã

ÝÝÝ///ããã´,�«Lyê
�.Cþ©Ù�ã/"'

X, � x � p © Ù � Ý/
ã, À½CþHEIGHT,�
^“Analyze - Box Plot / Mo-
saic Plot”�±�Ñã1.15"
lã/èü¥ÀValues�±

IÑã¥­�êâ�"�±wÑ, dÝ/ã�î¶v

k^?, p¶�L�p�����"Ý/�¥mk�

^o�, ù´�p©Ù�¥ ê� �, Ýfþ>�

´©Ù�o©�n© ê, e>�´©Ù�o©�

�© ê, Ýfþe>��¹
©Ù�¥m50%�*
ÿ"Ýf��Ý��©Ù�o© må, Ù�^aq

uIO�, �±�Nêâ©Ù�©Ñ§Ý"lÝf>

��	x
ü^���>L�, ���±ò��o©
 må�1.5�, �´XJ®²�
êâ����½
���?ÒØ2ò�"XJ>L�vk��êâ�
4à�, Kù
êâ:^>L�±	�:5xÑ, �

�@�ù��:´É~:"lÝ/ã�±wÑêâ
� ��¹, 'X·�w�Ýf�e�Ü'þ�Ü

�, 
�e>L�'þ>L��, `²�p©ÙÑ�
 "

^Ý/ãèü¥�“Means”À��±3Ý/ãþ\

x��!/, !/�¥m�L©Ù�²þ�, !/à
:�¥mål�ü�IO�"XJ´CþÑl��

©Ù, !/þeà:�mAT�¹��95%�*ÿ"
²þ�Ú¥ ê�'��U�NCþ� ��¹, ²

þ�$u¥ ê�U� "

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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üÂ½VÂÝ/ã�,�Ü©(Ýfþ�Ü½e�
Ü!>L�!4à�)�±À½Ü©*ÿ"

ã 1.16: SAS/INSIGHT: Ý/ãC

þ�½
ã 1.17: SAS/INSIGHT: Iå�p
�Ý/ã'�

Ý/ã�±�B/'�U,©|Cþ©|��©
Ù�¹"'X, XJ·��w�wIå��p©Ùk
ÛÉÓ, ØÀ?ÛCþéÄ“Analyze - Box Plot / Mo-
saic Plot”èü, �ÑÀJCþ�é{µXã1.16, À
�p�YCþ, À5O�XCþ, xÑ�ã�ã1.17"
ã¥kü�Ý/ã, å)��, I)��"lã¥

wÑ, I)�pÊHpuå), �å)�p©Ù� 

�I)î­"ù«¿üÝ/ã�±�©�*/'�
ü��'�©Ù"�Ý/ã��½õ�YCþ��
±�Ñ¿ü�Ý/ã, 'X, Ó��½�pÚN­�
�YCþ�Ý/ãÒ�±)¤�pÚN­�¿ü�
Ý/ã"

êêêmmm���ããã

Analyzeèü�“Box Plot / Mosaic Plot”·-éëY
.Cþ�Ý/ã, élÑ.Cþò�êêêmmm���ããã"
'X, é5OCþ�ã�ã1.18"À“Values”èü�

ÚO^��§
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ã 1.18: SAS/INSIGHT:5O�Ý
/ã

ã 1.19: SAS/INSIGHT:5OÚc

#���êm�ã

IÑ
Iå�<ê!z©'"êm�ã��Øé
ü�Cþ�, 
´éü�lÑCþ5�"'X, k

rSASUSER.CLASS¥ C þAGE� þ ÿ Y ² dIntU
�Nom, ,���¤kCþ�À½, éÄ“Box Plot
/ Mosaic Plot”, ÀSEX�YCþ, ÀAGE�XCþ, �
ãXã1.19"ù«ã�Ð?´�*w«
ü�Cþ
z«��|Ü�*ÿ�êÚ'~"üÂÙ¥���
¬�±×�À¥��©|, 'XüÂÂc#�115O

�å£F¤��¬�±w�ù�|�Æ)"VÂ,

��¬�±u��A|�Æ)"

1.3.4 êêêâââ&&&¢¢¢— ������

SAS/INSIGHT�±�­�ã!Ñ:ã!Ñ:ãÝ
,
�±3Ñ:ã¥M�*ÿ"

­­­���ããã

­­­���ãããk����d����XCþ, k��½
A�YCþ, ±XCþ�î�IéYCþx­�"�

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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ü«­�ã, �mSASUSER.AIRêâ8(^“File -
Open”èü)"ù�êâ8´�I,¢½�±�mz

��P¹��íÀ/�¹"CþDATETIME´P¹

�FÏ�m, �AÏSAS�ªêâ, CþDAY�(Ï

A, HOUR�A:¨, CO!O3!SO2!NO!DUST©
O�� � z %!Ï �!� � z 1!� � z �!
®��ßÝ, WIND�º�"�x��z%�­�

ã, �±3�À?ÛCþ��¹e^“Analyze - Line
Plot”, �ÑCþé{µ(ã1.20), ÀDATETIME�XC

þ, CO�YCþ, �±xÑCO��mS�­�ã, �

ã1.21"üÂ­�þ,��:�±w«Ù*ÿSÒ,
VÂ�±u�*ÿ"XJ�üÂ­�þ:�Øw

«*ÿSÒ
w«P¹�m´A:, �±3­�

ãI�¥ÀÌèü�“Edit - Windows - Renew”, �
±2g�ÑCþI�, ÀHOUR¿ULabelÜr�m

�½�I\Cþ"XJ�m©Ò®²rHOUR�
�Label¦^(3êâI�HOURþ��>��üÂ
�±ÑyGroup, Freq, Label, Weight�AÏ�^�
ÀJ)"ù�3��CO�­�ãþüÂ��:w«
�Ò´P¹�m
"�±wÑCO�p¸��3@

�8:Ú�þ17:–21:"À¥ã/èü(m�½üÂ
�mn�)¥�Observations�±xÑ¤kêâ:�Î
Ò, ÄK�kÀ¥�*ÿx:(ØK�­�)"

�±3ãþÓ�xÑõ^­�"'X, ��	
º � éÀ/ � K �, 3 ã/I � ¥ 2 ^ Ì è ü

�“Edit - Windows - Renew”, rWIND���YCþ,
xÑ�ãÒkü^ØÓôÚ�­�, Y¶�Cþ
I\�¦^
�­��éA�ôÚ"üÂCþÎ

ÚO^��§
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ã 1.20: SAS / INSIGHT: ­

�ãCþÀJµ
ã 1.21: SAS / INSIGHT: ��z%ß

Ý­�ã

ÒCO½WIND�±\­w«éA�­�±«©ùü
^­�"�ã1.22"ã¥�À�:´º���p�,
�m´11:"5¿*ÿ3�^­�¥�À3,�^

­�¥��À"ldã�±wÑº�éÀ/k�²

w�K�, º��À/��"

ã 1.22: ��z%ßÝÚº�

ÑÑÑ:::ããã

ÑÑÑ:::ããã�k��XCþÚ��YCþ, �Ø�¦XC

þkl����gS, xãØ^ë�
´^Ñ:xÑ

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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z�éX!Y�I"'XéSASUSER.CLASS, ·�F

"ÏLxã
)�pÚN­�'X"3êâI�¥

kÀ½N­(Y¶Cþ)2N\À½�p(X¶Cþ), é

Äèü“Analyze - Scatter Plot”, Ò�±)¤±N­�

p¶±�p�î¶�Ñ:ã(�ã1.23)"lã�±w
ÑN­��pk²w��5�''X"

ã 1.23: N­é�p�Ñ:ã

�
)=��:�L=��Æ), üÂ��:�±

w«Ù*ÿSÒ, VÂ�±u�*ÿ"�
3üÂ�
�±w«Æ)¶i
Ø´*ÿSÒ, I�rNAME�

½�I\Cþ"ù�±3)¤Ñ:ã�kØ3ê
âI�ÀX!YCþ
´��éÄ“Analyze - Scatter
Plot”èü, �ÑCþé{µ, 3Ù¥ÀX!YCþ¿

rNAME�½�LabelCþ"½öýk3êâI¥

rNAME�½�LabelCþ��±"ù�, üÂÑ:
ã¥��e��@�:�±w«¶iSandy, üÂ�
mþ��@�:�±w«Philip"Àõ�:�±^N
\À¥��{(Shift½CtrlüÂ)"
�
3Ñ:ã¥À½õ�:, SAS/INSIGHT�J

ø
�«¡�“MMM���(Brushing)” �ö�"3ã¥öÄ

ÚO^��§
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àI1I�±öÑ�����/, 3ù���/¥

�:Ñ�À¥, ¡§�Mf"À¥�:3êâI�
��À¥, �±3êâI����w, ½^êâI�
�Find Nextèü·-�w, ½3êâI�^Move to
Firstèü·-rÀ¥�:£��c�w"VÂ��
/(Mf)�±�Ñu�*ÿI�, 3@p�±Å��
wÀ¥�*ÿSN"

öÄMf���±UCÙ��"öÄMfSÜ

�±£Ä§�M� �, ¦?\Mf�:�À¥,

 l m 
 M f � : � � �À¥"� ± Ó � ^ N
\À¥(CtrlüÂ)��{\ÀØ3MfS�:, ù


:��±w«I\"3öÄMf�XJÓ�U
4Shift½Ctrl�K�N\À½, =?\Mf�:�À
¥
lmMf�:E�±�À¥, ÄKöÄMf��

kMfS�:�À¥"�±U4Shift½Ctrl�öÑ1
��Mf, ù�1��MfØ2w«�§M��:E

�±M�, £Ä1��Mf�XJU4Shift½Ctrl�
E��±®kÀ½"�
��¤kÀ½, ��:Âã

S�x?"

ÑÑÑ:::ãããÝÝÝ




ÑÑÑ:::ãããÝÝÝ


xÑõ�Cþüüm�Ñ:ã±�	õ
Cþ'X"±SASUSER.CLASS �~, 'X`·��


)c#!�p!N­m�'X"krc#�þÿ

Y²��ëY.(Int), 3êâI�À½c#!�p!
N­, �±�Ñã1.24"·�w�n�Cþüü|Ü
kn«|Ü, z«|Ükü�ã/(îp¶é�)"Ñ

:ãÝ
é���CþIPÚCþ����, TCþ

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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ã 1.24: Ñ:ãÝ


´Ù¤31�p¶Cþ, ´Ù¤3��î¶Cþ"'

X1�11���ãp¶Cþ´HEIGHT, î¶Cþ
´AGE, ��péc#�Ñ:ã"Ùé¡ �(1�

11��)´c#é�p�Ñ:ã, üö�´rîp
�I^=éN"

Ñ:ãÝ
Ø=�±Ó�w�õ�Ñ:ã, 3��
Ñ:ã¥�À¥�:3Ù§Ñ:ãÚêâI�¥�

Ó��À¥"ù�, ·��±3��ã¥À��4à
:, w§3Ù§ã¥´Ä�?u4à �"3��Ñ

:ã¥M��:3Ù§Ñ:ã¥�Ó��M�, ù

�,·��±*	, c#Ú�pÑ'���, N­´Ä
�'�$"�±£ÄMf, Ó�Ù§Ñ:ã¥�À¥

�:�3Cz"lã1.24 �±wÑ, c#d���C

ÚO^��§
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z��p!N­���C�, �Ó�c#�Æ)��
p!N­�å��"

SAS/INSIGHTJø
gÄ£ÄMf�õU"3ö

ÄMf�tmàIUÜ, aqu“�Ñ”Mf, MfÒ
�±U�Ñ���UY£Ä¿��"ØLy3��
J��gÄ£Ä��Ý, k�£ÄL¯"

1.3.5 êêêâââ&&&¢¢¢— nnn���

SAS/INSIGHTén�êâ�±�¡�^=ã�n�

Ñ:ã"·�^Xe�§S)¤
���[�êâ
8SASUSER.CLUS:

ã 1.25: SAS/INSIGHT: ^=ã

data sasuser.clus;

do i=1 to 50;

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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g=’a’;

x = normal(0); y = normal(0);

z = normal(0);

output;

end;

do i=1 to 50;

g=’b’;

x = 3 + normal(0); y = 4 + normal(0);

z = -3 + normal(0);

output;

end;

do i=1 to 50;

g=’c’;

x = 3 + normal(0); y = -4 + normal(0);

z = -3 + normal(0);

output;

end;

drop i;

run;

)¤�êâ8¥�)X, Y, Zn�ê�.Cþ, 3ê
âI��gÀ½Z, Y, X, ,�éÄèü“Analyze -
Rotating Plot”, �±)¤��n�Ñ:ã"ã1.25´
²L^=¿�â©|V\ôÚÚÎÒ�ã/"

ù«n�Ñ:ã�¤±¡�^=ã, ´Ï��IX

�±3n��m7�:?¿^="ã/��ýk�

��óä9, Ù¥k�þ!e!�!m!_��!^

��^=�ãI, 2 ek��EÄ^, ^§55½
gÄ^=��Ý(��þ>^=�¯)"�e�´ã

/�èü(�m�n�/)"
�
^=�IX, üÂ�ý�^=��ãI"U4

^=ãI�±ëY^="U4Shift ½Ctrl 2^=�
±¢ygÄ^="�àI1I£�ã/�o���
1I/GC¤
Ã�/G, üÂ�±^=, öÄ�±

ÚO^��§
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ëY^=, öÄ�“�Ñ”�±gÄ^="gÄ^=¥

�±��öÄã/±UC^=��"

ã 1.26: SAS/INSIGHT: ^=ã½� ã 1.27: SAS / IN-
SIGHT: ^=ãè

ü

^=ã��±r�Ñ:^��­¡5[Ü, ��
u[Ü����¼êz = f (x, y)"ù��3m©
�¦x^=ã�.¡(�ã1.26) ¥UOutputÜÀ¥

Ù¥�Surface"XJ®²x
ã, �±N^Ìèü

�“Edit - Windows - Renew”5w«ù�é{µ"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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ã 1.28: SAS / IN-
SIGHT: óäI�

^=ã�èü(ã1.27)¥, Ticks^5
N��I¶�Ý, Axes�±À�I¶

±êâ¥%:��:!±����

�:!x3·� �, �´Øx�I

¶"Observations� ½ x Ñ ¤ k * ÿ,
XJvkÀ¥d�K�x�À¥�
* ÿ"Raysl � : � z � Ñ : x �
�"Cube3Ñ:o±x����N

Ýf"Depth�±¦lÀ:C�:x
���, l���:x���"3x
[Ü­¡ã�, Color Blending �±r
Øx!y!z Cþ	���Cþ��ô
Úx3�IX¥, ^ØÓôÚ�LT
Cþ�ØÓ�"Drawing Mode ÀJ�
xã½þôÚk'�À�"Markers
SizesÀJÑ:���"

é n�êâSAS / INSIGHT � � ± � � � �

ã(Contour), ùpØ2Þ~`²
"

1.3.6 ããã///���NNN���

SAS/INSIGHTJø
ér�N�±��ã/�õ
U"'X, N��I¶�x{, :���!ÎÒ!
ôÚ, Ûõ,
*ÿ, ��"

�ØÓ*ÿ¦^ØÓ�ÎÒÚôÚx:kÏu×
�«©ØÓa*ÿ�A:"'X, SASUSER.IRIS ê
â8¥�¹
FisherÍ¶�Irisêâ, Ù¥kn«ØÓ

�Ñ�á�Ô�s�!sç�!°�ÿþêâ, F

"lù
ÿþêâéÑ«©ùn«�Ô��I"

ÚO^��§
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�
�*w�ØÓ�Ô�ÿþêâ�A�, �Ð^
ØÓôÚxz�«�Ô�Ñ:"�mêâ8�, À
½©aCþSPECIES, N^“Analyse - Box Plot - Mo-
saic Plot”èü5�Ùêm�ã, �±w�dCþ�n

���Virginica!Versicolor!Setosa"^“Edit - Win-
dows - Tools” èü�±�m��óäI�, Xã1.28"
ù�I��±UC*ÿÎÒ�ôÚ!ÎÒ, ë���

.!�°, �±��ã/ÛÜ"3�m�êm�ã¥

kÀ½Virginica, ù�¤ka.Virginica�*ÿ�À
¥, U�eóäI�¥�ùÚ, Ò�¤kù
*ÿ5
½
±ãÎÒ�ùÚ"aq�½Virsicolor�ÉÚ, Se-
tosa�7Ú"�PETALWID (s�°) éPETALLEN
(s��)�Ñ:ã, �±�Ñn«ØÓ�Ô^ØÓô
Ú±:�Ñ:ã, �ã1.29"

| ^ � � C þ � Ø Ó � 5 ( ½ * ÿ ± : �
ôÚ � � ± g Ä?1, � { ´ kÀ½ T C þ
£XSPECIES¤, ,�üÂóäI��ìCôÚ�,
Ò�±�SPECIES�z�ØÓ�©��«ØÓô
Ú"ù��{Ø=·^uSPECIESù��¶ÂCþ,
�·^uê�.Cþ"ôÚ��ôÚ�±N�, 'X

�rôÚ�C�dù�7, ��rùÚ�¬ö�ôÚ

��à, r7Ú�¬ö�ôÚ�mà"
�
UC±:ÎÒ���, N^ã/èü£ã/>

�þ��mn�ÎÒ¤¥�Marker Sizesèü�±À
J��Ü·�ÎÒ��"

Ø
^ØÓôÚ5«©ØÓ«a�*ÿ	, �
� ± ^ Ø Ó � Î Ò 5 x Ø Ó � * ÿ"' X, À
½SPECIES�Virginica�*ÿ�, üÂóäI��!

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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/ãIrda*ÿ�±:ÎÒC�!/"aq�

½Virsicolor^n�, Setosa^�n�Ò, ��Ñ:ã�

ã1.29"lã¥�±wÑ, ^�n�±��Setosaa
ÚÙ§üa�Oé�, ü�s���!°Ò�±

r ù � a � Ù § ü a « © m, � ´ ^ !/± �

�VirginicaaÚ^n�±��VirsicoloraK3U�N

«©m�Ó�k�ê*ÿ·,3�å, ¤±ü�s
���!°ÿþêâØUrùüaéÐ/«©m"
ã1.25�´��^
ØÓôÚÚÎÒ�ã, �±w
ÑX, Y, Z n�Cþ�±«©mCþG¤½Â�n�
a"

|^��©aCþ5û½ØÓ�±:ÎÒØ
þ

ã�éz�a*ÿ©OÀ½, ,��½±:ÎÒ��
{, ��±À½ù�©aCþ, ,�üÂóä9¥±
:ÎÒe¡�õ«ÎÒ���/ãI, �±gÄ�z

�a©���±:ÎÒ"
ØÓa*ÿ^ØÓ�ôÚÚÎÒ5±:´�«r

kå�êâ&¢Ãã, T�¦^�±�*/uyØÓ

a.*ÿ�«O"

ã 1.29: ØÓôÚÚÎÒ�*ÿ

ÚO^��§
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1.3.7 ©©©ÙÙÙïïïÄÄÄ

·���êâ��, Ï~I�ku��eêâ¥z�
Cþ�©Ù�¹âm©?1��\�©Û"éuC

þ©Ù, ·�'%�´Cþ���a.(´ëY��

�´lÑ��, ´©a�!kS��´«m�)ÚC

þ�©Ù5Æ"¤¢©aCþ´�CþlÑ��

��LØÓ�©a, X5O!��"kSCþ�´l
Ñ���, �´Cþ��mk��gS, 'Xc#|
�)��c!¥c!Pc"«mCþ���þ�±

��,�«mS?Û����Cþ, X�p"éul
ÑCþ, ©Ù5Æ´Cþ�á3���U�þ�'~
5Æ"éu«mCþ, ©Ù5Æ�Ð´^Ù©Ù�Ý
£ã, �´©Ù�Ý´�^nØþkÃ¡õ:�­

�, ¤±�I�|^�
�{ü�£ã�ª, 'X`

²Cþ�����, 3�o�NC���U5�, �
o�NC���U5�, Cþ��±�o�¥%, C

þ��8¥Ú©Ñ�§ÝXÛ, Cþ©Ù´Ä �,

��, Cþ´ÄÉ~�õ, ��"
SAS/INSIGHTJø
ér���©ÙïÄõU"

éëY.Cþ, Ø
�±x��ã!Ý/ã	, ��
±��«ÚOL, 'XÝ!© êL, �±3��ã

þx[Ü�Ý­�, �±u�©Ù´Ä5g��!é
ê��!�ê!%Ù�©Ù, ��"élÑ.Cþ,
�±xêm�ã!^/ã!ªêL"
�
ïÄSASUSER.CLASS¥ � p � © Ù, 3

�À¥ C þ � � ¹ e, é Ä“Analyze - Distribu-
tion(Y)”èü, Ñy��ÀJCþé{µ, ÀYCþ
�HEIGHT(kÀ¥HEIGHT2UYUÜ), UOK�±

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



40 1�Ù SASÐ�

�m��#I�, w«�p���ã!Ý/ã!Ý
ÚOþL(ã1.30)!© êL£ã1.31¤"ùp��

�ãÚ��^“Histogram” èü)¤���ãÑk«

O, Ùp¶�L�´�Ý�
Ø´ªê�"

ã 1.30: SAS / INSIGHT: ÝÚOþ
L

ã 1.31: SAS / INSIGHT: © êL

�ÚOþ´SAS¥²~¦^�, ·�3d\±`

²"�Cþ�Y , �*ÿ��y1, y2, · · · , yn"k�z

�*ÿ����\�wi, i = 1, 2, · · · , n, 3vk�½
\�Cþ�@�\�ð�1"

N — *ÿ�ên
Sum Wgts — \�Ú

n∑
i=1

wiyi

Mean — þ�ȳ = 1
n

n∑
i=1

yi

Sum — oÚ
n∑

i=1
yi

Std Dev — IO�s =
√

1
n−1

n∑
i=1

(yi − ȳ)2

Variance — ��s2 = 1
n−1

n∑
i=1

(yi − ȳ)2

Skewness —  Ý n
(n−1)(n−2)

∑ (
yi−y

s

)3

Kurtosis — ¸Ý n(n+1)
(n−1)(n−2)(n−3)

∑
(yi−y)4

s4 − 3(n−1)2

(n−2)(n−3)

USS — \�²�Ú
n∑

i=1
wiy

2
i

CSS — \�l�²�Ú
n∑

i=1
wi (yi − ȳ)2

ÚO^��§
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CV — CÉXês
ȳ · 100

Std Mean — þ��IOØ�s/
√

n

Ù¥\��~��/´���*ÿ¢S�L��

�ÓeZ��¬�, ¦Ú!²�Ú�Ñ�\�"'

X, 1i�*ÿ�Lwi��¬�, ¦CþY�ý�oÚ
ÒI�^\�úª

n∑
i=1

wiyi" Ý�±LyCþ©Ù

� �, K��� , ���m "¸ÝLyCþ©
Ù���©Ù�'´­�(©Ù�Ý3�KÃ¡?

P~�ú) �´��(©Ù�Ý3�KÃ¡?P~×
�)"

IOØ�3ÚO¥´���©­��Vg, §�

Lr�Oþw¤�ÅCþ�ÙIO���O, ùp
�Std Mean´þ��IO���O, ¢SO�úª
´s/
√

n, 
þ��nØIO��σ/
√

n"XJ�Oþ
Ñl��©Ù, Ï~^�Oþ\~ü�IOØ���
�Oþ��&«m"

© êL¥, Max´���, Q3´o©�n© ê,
Med´¥ ê£�Nêâ¥% �¤, Q1´o©�

�© ê, Min´���, Range´���~���,
Q3 − Q1�o© må, �±�Nêâ��©Ñ§Ý,
Mode´¯ê, =Ñy�õ��"

3 � m 
 � p © Ù � I � � � Ì è ü ¥

�Tables!Graphs!Curvesèü�m�"3Tablesè
ü¥�±À\�
ÚOL, 'XBasic Confidence In-
tervals�±O�þ�!IO�!����«�&Ý
��&«m, Tests for Location^uu�þ��,~
ê�(��´0)�b�, �±^tu�!ÎÒu�!Î
Ò�u�, Frequency Counts´ªêL, �z�*ÿ�

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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�ªê!z©'!\Oªê"
Robust Measures of Scale�Ñ
Cþ©Ù©Ñ§

Ý�Ê«­è�O, �)o© må, Gini’s Mean
Difference, MAD, Mn, Qn, 3�ÑÚOþ��Ó��
�Ñ
^ù
ÚOþ���IO�­è�O"Gini’s
Mean Difference O�úª�g = 1

n(n−1)/2

∑
i<j
|yi − yj|,

éu��©ÙÙÏ"��2σ/
√

π, �±âd�OIO
�"

Tests for Normality � Ñ o « � � © Ù u �,
� )Shapiro-Wilk, Kolmogorov-Smirnov, Cramer-von
Mises, Anderson-Darling"

“Trimmed/Winsorized Mean” O��K(½O�)�
�Ú��eZ����²þ�, ´�«­è�þ��
O"

ã 1.32: SAS / INSIGHT: �p�
��QQã

3Graphsè ü ¥ ®À


� � ã!Ý/ã, ^“QQ
Plot”è ü � ± �QQã, =

© ê–© ê ã"~ ^
�QQã ´ � é u � � ©
Ù �QQã, � � � { X

eµ�kn�*ÿy1, y2, . . . ,
yn, ¿ ® l�� � ü �,
Kyi´ o N �i/n© ê �
�O, �xi´IO��©Ù

�i/n© ê, K3��5g��N(µ, σ2)��¹e

^(xi, yi) (i = 1, 2, . . . , n)���IxÑ:ãATCq

¥y��åµ!�Çσ��^��"�´, ù��x
ãk��":µy1´*ÿ�����, éAu1/n©

ÚO^��§
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 ê, yn´*ÿ�����, %éAun / n = 100%
© ê, é��Ú����?nØé¡, ��u`o
N©ÙØU�Lyn, ù´ØÜn�"¤±3¢Sx
��QQã�, yiØ´éAuIO���i/n© ê

´éAuÙ(i− 0.375)/(n + 0.25)© ê, ù«�{�
�ëY5?�"ù�, y1éAu 0.625

n+0.25© ê
yné
Au1 − 0.625

n+0.25© ê, ü>�3
 0.625
n+0.25"ã1.32��

p���QQã, Ù¥xÑ
�þ19�Æ)�19�:,
z�:�p�I�Cþ�, 
î�I�T��\O

z©'ªÇ²ëY5?��éA�IO��© 
ê"QQã��«ØÓ/GU
�NÑCþ©Ù� 

��¹Ú­!���¹"3QQã¥��±À*ÿ!
M��"xÑQQã�ÀÌèü¥�“Curves - QQ Ref
Line” �±�ã¥Ñ:x�^[Ü��"

ã 1.33: SAS / INSIGHT:
GPA���QQã

ã 1.34: SAS / INSIGHT: GPA���ã

ã1.32� � p �QQã w « � p Ä � Ñ l � �

© Ù"X J·� xSASUSER. GPA ¥GPA © ê
�QQã(ã1.33), Ò�±w�GPA�©Ù¥y� �

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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�¹"ù´Ï�, 3QQã��eà, GPAÑ:�r�

'��£ã¥��¤ e, `²GPA©Ù���'�

��¶3QQã�mþà, GPAÑ:�r�'�� 

me, `²GPA©Ù�m�'��á, =©Ù� "
���y, �±w�w�ã1.34��ã"

ã 1.35: SAS / INSIGHT: � !m
 !��!­��;.��QQã

ã 1.36: SAS / INSIGHT: ëê�Ý
�O

ã1.35�Ñ
����'� !m !��!­

��©Ù�QQã�;.�ª"
Ø
�±���©ÙQQã	, ��±�éê�

�!�ê©Ù!%Ù�©Ù�QQã"éê����

½ëêSigma, %Ù�©Ù��½/GëêC"
SAS/INSIGHT�ïÄ��Cþ©ÙØx��ã	

�Jø
üa©©©ÙÙÙ���ÝÝÝ���OOOµëê�OÚ�ëê�
O"ëê�O�±[Ü��!éê��!�ê!%
Ù�©Ù�Ý"�ëê�O¦^Ø�O"

'X,�
�O�p����Ý¿r�Ý­�U\

3��ãþ, À“Curves - Parametric Density”, �Ñé

ÚO^��§
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{µã1.36, �½��©Ù��{�^���O©Ù

�Ýëê"UOK��Ñ�ã�ã1.37"

ã 1.37: SAS / INSIGHT: U\
���

ÝÚØ�Ý�O���ã

ã 1.38: SAS / INSIGHT: ²
�©Ù¼ê995%�&�

�
��p�Ý�Ø�Oã, À“Curves - Kernel
Density”, �Ñ��é{µ, �±Àn«Ø¼êµ��

Ø!n�Ø!�g¼êØ, �±gÄ[Ü�`��

Ý�O(�{�AMISE)½ögC�½²wëêC"�

ã1.37"

ã 1.39: �Ý�OëêL

�
�Ý­�ã�3ã/e¡òÑyw«�Ý�
OÌ�ëê�L�, �ã1.39"üÂÙ¥�­�I�

�±\�w«ã¥�­�"éëê�Ý�O, �Ñ


�O�ëê, 'X���þ�!��¶éØ�O, �
Ñ
Ø¼êa., 9²wëê�"k
ëê�>k�

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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�w¬, �±ÃóÀJëê��"'XöÄØ�O¥

�²wëê, dëêC���O�­�Co÷, C�

�­�C1w"
3“Curves”èü¥�Jø
é��²�©Ù¼ê

��O"À“Curves - Empirical CDF”=±���²
�©Ù¼ê"À“Curves - CDF Confidence Band”¿À
���&��±3²�©Ù¼êü>x©Ù¼ê�
�&�, �ã1.38"

^²�©Ù¼ê�O©Ù¼ê��u^��ã�
O©Ù�Ý"©Ù¼ê��±^ëê©Ù¼ê£X

��©Ù¤5�O"À“Curves - Parametric CDF”¿

À©Ùa.�±xÑ�O�©Ù¼ê"

ã 1.40: SAS / INSIGHT: �p��

�5u�

ã 1.41: SAS / INSIGHT: þ�

�u�

SAS / INSIGHT �CurvesèüJø
©Ùu�"
À“Curves - Test for Distribution”, �±?1��©
Ù!éê��©Ù!�ê©Ù!%Ù�©Ù�u

�"
`²µé�p?1��5u���
ã1.40�

(J"§�Ñ
o«��5u��ÚOþ9�A
�p�("b�´oNÑl��©Ù)"éuã¥�p
���5u�Ï�p���¤±u�(JØwÍ, Ø

UÄ½��5b�"

ÚO^��§
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ã 1.42: p��ã«"�±wÑp��uu�

Y²α�u�ÚOþ�Aá\Ä½�{|A| >
λ}´�d�"

3SAS¥, ÚOb�u��(J��^u��p���

�Ñ"ù�·�S.��{�kØÓ, ±ü��

oN�þ�u��~"b�·��u�SASUSER.-
CLASS¥Æ)��p´Äþ��"(ù�,Ø�U,
·��{üå�^ù«b�), �oNÑlN(µ, σ2),
�u��"b��H0 : µ = 0, Y²0.05, ÚOþ¦
^tÚOþt = ȳ−0

s/
√

n, ��·�^�b�u��{½Ä
½��W = {|t| > C}, Ù¥C�n − 1gdÝt©Ù�
Vý0.05© ê(Pr{|t| > C} = 0.05), �^���Ñ
�tÚOþ��(Xt=A)á\Ä½��(|A| > C)Ä½
"b�"3SAS¥ØI�ù��½Ä½�, §�±k

^��O�ÑtÚOþ��(A), XJù�Aýé�é
�ÒÄ½"b�"tÚOþýé��´Ø´é��±

^ù���p = Pr{|t| > |A|}5ïþ, p´��0�1�

m�ê�, w,|A|��, p��, p < 0.05�|A| > C´

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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�d�"¤±, XJp�u0.05, ÒÄ½"b�, ¡u

�(J´wÍ�"ÄKØÄ½"b�"�ã1.42"
éSASUSER.CLASS¥HEIGHTCþ, 3Ù©ÙI

� ¥Àè ü“Tables - Tests for Location”, Ñ \ �

u��þ��0, ���(J�ã1.41"O���
�tÚOþ��A¸52.9971, p��Pr{|t| > 52.9971}�
u0.0001"Ïp��u0.05¤±(J´Ä½"b�, (
Ø´�pþ�Ø�""

SAS/INSIGHT� J ø 
 ­ � [ Ü ! £
8!logistic£ 8!Poisson£ 8!� ' ©Û!Ì

¤©©Û�p�ÚOõU, ·��¡2ºY0�"

öööSSS

1. éÄSAS, @£.¡"

2. Ñ\1.1.3�~f"3$1P¹I��wkÃ�

Ø"k��£�§SI�N£§S?U"

3. �mSAS+nì�w�êâ¥�SN�L"

4. é ÄSAS/INSIGHT, � mSASUSER.GPAê â
8"� � C þ � � � ã, � w Ù © Ù � ¹ ¿

{ �"rGPAêâ8 U5O üS, Ó5O S

UGPA©êd���üS"

5. ^INSIGHTêâI�Ñ\C9501êâ8"

6. ïÄGPA©ê�©Ù"`²4à��¹"3�

þxÑGPA�Ý/ã, ¿`²XÛ)º"ÏL

ÚO^��§
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��ã!Ý/ã!�ÚOþ!©Ùu�(J{

ãGPA©Ù�A:"

7. �Iå)*ÿ�½ØÓôÚ"xGPAéHSM�
Ñ : ã"x � ê �.C þ � Ñ : ãÝ
"
xHSM!HSS!HSE�n�Ñ:ã"{ãGPAê
â8�Cþm��*��p'X"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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ÚO^��§



111���ÙÙÙ SAS���óóó���êêêâââ+++nnn

SASXÚr��êâ+nUå!O�Uå!©ÛU

å�6u��ÙÄ:�SAS�ó"SAS�ó´��
;^�êâ+n�©Û�ó§§�êâ+nõUa
quêâ¥�ó(XFoxPro)§�qV\
��p?

§S�O�ó�Nõ¤©(X©|!Ì�!ê|)§
±9;^uêâ+n!ÚOO��¼ê"SASXÚ

�êâ+n!�L!ã/!ÚO©Û�õUÑ�±

^SAS�ó§S5N^§���½��¤�?ÖÒ
�±dSASXÚUìýk�OÐ�§S�?1§¤

±SAS�óÚFoxPro�áu1o��ó"
�Ù{ü0�SAS�ó�Ä�¤©�5K§SAS�

óXÛ^5+nêâ§SAS�ó����ÚOO�

�ó�^{"

2.1 SAS���óóó���¤¤¤

2.1.1 SAS���ééé

SAS�ó§SdêâÚÚL§Ú|¤"êâÚ^5
)¤êâ8!O�!�nêâ, L§Ú^5éêâ
?1©Û!�w"SAS�ó�Ä�ü ´�é, z

�SAS�é��d��'�i(XDATA, PROC, IN-

51
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PUT, CARDS, BY)mÞ, �¹SAS¶i!AÏiÎ!
$�Î�, ±©Ò(å"

SAS' � i ´ ^ uSAS�ém Þ � A Ï ü c,
SAS�éØ
D�!\\!5º!��é±	Ñ±

'�imÞ"SAS¶i3SAS§S¥I£�«SAS¤
©, X C þ!êâ8!êâ¥, � �"SAS¶ i
d1�8�i1!êi!ey�|¤, 1��iÎ7

L´i1½ey�"SAS'�iÚSAS¶iÑØ©�

��"

2.1.2 SASLLL���ªªª

SASêâÚ§S¥�O�^L�ª�¤"L�ªr
~þ!Cþ!¼êN^^$�Î!)Òë�å5�
���O�(J"

SAS~þÌ�kê�.!iÎ.ü«, ¿��Jø

^uL�FÏ!�m�êâa."~X

• ê�.µ12, -7.5, 2.5E-10

• iÎ.µ’Beijing’, "Li Ming", "o²"

• FÏ.µ’13JUL1998’d

• �m.µ’14:20’t

• FÏ�m.µ’13JUL1998:14:20:32’dt

ê�.~ê�±^�ê!½:¢ê!�ÆOê{
¢êL«"iÎ.~ê�ü>^ü§Ò½ü>^
V§Ò���eZiÎ"FÏ.~ê´3L«FÏ

�iÎG�\��i1d(���þ�), ¥mvk�

ÚO^��§
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�"�m.~ê´3L«�m�iÎG�\��i
1t"FÏ�m.~ê3L«FÏ�m�iÎG�\

i1dt"
Ï�SAS´�«êâ?n�ó, 
¢Sêâ¥²~

¬��"��, 'Xvk*ÿ�ê�, ��¯<Ø�
£�, ��"SAS¥^��üÕ��ê:5L«"�
�~þ"

SASCþ�Ä�a.kü«µê�.ÚiÎ."
FÏ!�m�Cþ��ê�."SAS�ê�.Cþ
�±�;?¿�ê!½:¢ê!2:¢ê, ��Ø

'%Ù«O"ê�.Cþ3êâ8¥��Ñ��¦
^8�i!"SAS�iÎ.Cþ"���Ý´8�i
Î, �´XJ3INPUT�é¥Ñ\iÎ.Cþ��½

�ÝKØÉd��"�±^LENGTH�é���

½Cþ�Ý, LENGTH�é��AÑy3Cþ½Â�

c, �ª�:
LENGTH Cþ¶ $ �Ý;

~X

LENGTH name $ 20;

SAS$�Î�)�â!'�!Ü6�$�Î"
�â$�Î�+ - * / **, $�`k?

UÏ~�`k5K"
'�$�Î^u'�~þ!Cþ����!��,

�)
= ˆ= > < >= <= IN

EQ NE GT LT GE LE
Ù¥EQ�¶iÚ¸�AÏiÎ´Ó�$�Î��

d�{"'�$�Î��/ý0½/b0�(J,

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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Ì�^uI�^��©|!Ì���é¥"$�

ÎIN´��SASAk�'�$�Î, ^5u�,�C

þ���´Ä3���½�L¥, 'X

prov in (’�®’, ’U9’, ’þ°’, ’­�’)

�±�äCþprov���´Ä�o��`½�

�"
Ü6$�Î^5ë�'����(J±�¤E,

�^�, kn«Ü6$�Î:

& (AND) | (OR) ˆ (NOT)

Ù¥AND´& (�)��d�{, OR´|(½)��d�
{, NOT´ˆ (�)��d�{"~X

(salary >= 1000) AND (salary < 2000)
L«ó]Â\31000¨2000�m(Ø¹2000)

(age <= 3) OR (sex = ’å’)
L«n�±e(¹n�)�?�9Oå

NOT ((salary >= 1000) AND (salary < 2000))
L«ó]Â\Ø31000¨2000�m

E,�Ü6L�ª�Ð^)ÒL«Ù$�`k?

±�ØP`k5K¿�|u�Ö§S"
Ù§�$�Î�k^uë�ü�iÎG�| | (ü�

ëY�|Ò), ^u�ü�$��¥�����<>('
X3 <> 5(J�5), ^u�ü�$��¥����
�><('X3 >< 5(J�3)"5¿<>Î3k
�ó
¥^�/Ø�u0'��Î, 
SAS¥^{K�A

Ï"

ÚO^��§
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2.1.3 SAS§§§SSS555KKK

SAS§Sd�é�¤"z��é±©Ò(�(�~�

�SAS?§�ØÒ´¿�©Ò)"Ï�©Ò���é
(åI�, ¤±SAS�éØI�üÕÓ�1, ���
é�±��õ1(ØI?ÛY1I�), ��±3�1
ëY�A��é"SAS�ó¥��#N^����
�/�Ò�±\\?¿õ��x(��!�LÎ!£
�), #N^���/�´¶i±�!$�Î±�"
'X, §S

proc print

data=c9501;

by avg;

run;

Ú
proc print data=c9501;by avg;run;

´���",	, SAS'�iÚ¶i���Ø©, �
iÎ.êâ��«©���, 'X”Beijing” Ú”BEI-
JING” �@�´ØÓ�êâ�"

3SAS§S¥�±\\5º, 5º¦^C�ó�{,
^/*Ú*/3üà.½5º, ù«5º�±Ñy3?Û
#N\\��� �, �±Óõ1"·����r5
ºüÕÓ�1½eZ1, Ør5º�§S�è�3Ó

�1"5º�,���^´r,
�è6�¶-¦
ÙØU$1"e¡´��5º�~f:

/* )¤95?1��Á¤1�êâ8 */

data c9501;

,,
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SAS§S�)êâÚÚL§Úü«(�, z��Ú

´�ã�é����±üÕ$1�§S"êâÚ^
5)¤!�nêâÚg?§O�, L§ÚN^SAS®

?Ð�?nL§éêâ?1?n"gC^SAS?§
S?1O�Ì�3êâÚ¥?1"

SASêâÚ ±DATA�ém Þ, ±RUN�é(
�"DATAÚ ¥ � ± ¦ ^INPUT, CARDS, INFILE,
SET, MERGE ��é�½êâ5
Ñ\êâ, ��±

^D�!©|!Ì��?§(���)¤êâ½é
Ñ\�êâ?1?U"

2.2 SAS^̂̂���������ppp???���óóó

SAS´�«;^�êâ?n!ÚOO��ó, �´
§��¹���p?�ó?§Uå¿*¿
Nõê
Æ!ÚO��¡�¼ê"·�k0�SAS�ó^5
?1��?§O��õU, ,�2ù)ÙÕA�êâ
?nõU"SASêâÚ�êâÑ\!�nõUér,
F"?1E,�êâ+n�Öö�±�â�!Úe

!�SN^SAS¢yr��êâ+nõU"F"¢
ygC�ÚOO��{�Öö�±^SASêâÚ?

§, �´·�ïÆ¦^S5?�{§S, Ï�^S?§
��B"

SAS�ó� ? § O � U å Ì � dSASêâÚ J

ø(,	SAS�Jø
��SAS/IML�¬�±?1�

þ!Ý
$�, Öök,��±gCÆS)"¤±, e

¡�Ñ�~fXJvk�DATA�é¢SAT3~
fc¡\þDATA�é, 3�¡\þRUN�éâU$
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1"DATA�é±'�iDATAmÞ, �¡�Ñ��
êâ8¶, ù´�êâÚ�)¤�êâ8�¶i, ~
X:

data tmp1;

��±�Ñêâ8¶, ù�SASgÄ)¤����ê
â8¶"��±¦^AÏ¶i NULL , L«�êâ
ÚØ)¤êâ8"

2.2.1 DDD������ééé

3SAS¥^D��éO����¿���Cþ¥"
�ª�

Cþ¶¸L�ª;

~X:

avg = (math + chinese/120*100)/2;

isfem = (sex=’å’);

y=sin(x)**2;

newv = .;

Ù¥1��D��é^��úªO�²þ©ê"1
��)¤�����0½1�Cþ, 5O�å��1, Ä
K�0"1n�¦^
�u¼êÚ¦�$�"1o�
�CþD
"��"

5¿�Á�þã�é�r§��\êâÚ¥, ¿�

�Òm>�L�ª¥��CþAT´�3�, ÄK¬
��"��(J"
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2.2.2 ÑÑÑÑÑÑ���ééé

SASêâÚ�ÑÑ��´êâ8, ^D��éO��
(J¬gÄ�\êâ8"SAS�Jø
��PUT�
é, �±�Ù§�ó§S�PRINT, WRITE(*, *),
printf��é��á=w«ÑÑ(J"PUT�é3

'�i�¡�Ñ�ÑÑ���, z���±´Cþ¶

½iÎG, ØU�ê�~þ½L�ª, ���m^�
�©m"PUT�é�ÑÑ(Jw«3LOGI�"~
X:

data;

x=0.5;

y=sin(x);

put ’Sine function value of ’

x ’is ’ y;

run;

(Jò3$1P¹I�w«�1
Sine function value of 0.5 is 0.4794255386

,	, 3PUT�é¥¦^/Cþ¶¸05�½ÑÑ
��±w«�kCþ¶�ÑÑ(J, 'Xrþ§S¥

�PUT�éU�
put x= y=;

K(J3LOGI�w«�
X=0.5 Y=0.4794255386

PUT�é�ÑÑ���±�½äN� �, '

X, e¡�PUT�é�½rXê�w«3110–20�,
rYê�w«3130–40�, ¿�36 �ê:

ÚO^��§



§2.2 SAS^���p?�ó 59

put x 10-20 .6 y 30-40 .6;

3�½�� �S, ê�.êâ�méà, iÎ.
êâ��éà"��3��ê ê�3���ê:
�¡, XJCþ��ê�½öiÎ.KØ7�½�ê
 ê"

PUT�é� � ± ¦ ^ a qC!FORTRAN�ó�
/�°.°Ý0�ª�½ÑÑ�°ÝÚ°Ý, ~X,

put x 20.8 y 20.8;

¦XÓ ^ 11¨20�, 8 �ê, m é à ¶YÓ ^
121¨40�, 8 �ê, m é à"Ù ¥20.8´ õ
«SASÑÑ�ª¥�~���«, ^uÑÑê�.
êâ, �ê:c¡�ÑÑ°Ý, �ê:�¡�ÑÑ°
Ý(�ê ê)"éuiÎ.Cþ, ��½ÙÑÑ°Ý
�±^/$°Ý.0��ª, X/$10.0�½iÎ.C

þÑÑ°Ý�10 "ÑÑÓØ÷�½°Ý�, ê�.
êâ�méà, iÎ.êâ��éà"

iÎ.~þ�±^uPUT�é¥, �ØU5½Ó^
�� �½ö°Ý"

X J F"PUT�é� Ñ Ñ Ø � ) �1, ¦ e �

�PUT�(J�±w«3Ó�1, ��3PUT�é
(�?\��@Î, X:

put i @;

PUT�é�ÑÑ(J"��¹e�x�$1P¹

I�"3PUT�é�c^FILE�é�±UCPUT�
é�ÑÑ8�/"'X, 3PUT�é�c^
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file print;

�±rPUT�é�ÑÑ=��ÑÑI�"3FILE�
é¥�½���¹©�¶�iÎG�±rPUT�é
�ÑÑ=��d©�¥"'X

file ’tmp.out’;

r �Y�PUT�éÑ Ñ = � � � c ó � 8 ¹ e

�©�/tmp.out0¥, ) ¤ Ñ Ñ©�tmp.out"5
¿ � c ó � 8 ¹ 3SASG � 9 � m � w «, V

Â � ± � U"©� ¶ � � ± � ½ � ´», '

X"C:\SAS\TMP.OUT""

2.2.3 ©©©|||(((���

XJI�3,^�÷v��1,�ö�, �±^
IF ^� THEN �é;

�(�"'X, XJX��êKw«/X��ê0, �
±^

IF x > 0 THEN PUT ’X��ê’;

k�·�3^�¤á�I�?1�ö�Ã{^�

��é�¤, ù��±¦^SASJø�EEEÜÜÜ���éééõ
U: ��reZ��é^/DO;0�éÚ/END;0�
é��å5, Ò�±r§�w�´���é, Ò�±

^3I��½���é�/�"'X, �X��ê�
Ø=w«X��ê, 
�òÙ\�¿w«�, �±^
Xe�kEÜ�é�IF(�:
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IF x>0 THEN DO;

PUT ’X��ê’;

x = 2*x;

PUT x=;

END;

±þ�IF(��^{�5½
^�¤á��ö�,
XJÓ�I�5½^�Ø¤á�?1�oö�, ¦^
�kELSEié�IF(�:

IF ^� THEN �é¶
ELSE �é¶

Ù¥/�é0þ�±´EÜ�é"~X, �X��
K�òX\�, �K�òX�ýé�, ^Xe§S:

IF x>=0 THEN x=2*x;

ELSE x = -x;

5¿SAS�©|(���{�Ù§�ók
ØÓ,
§Ø^ENDIF(å"

SAS�IF( � # N i @, �SASØ

J øIF¨ELSEIF¨ELSE� õ © | (
�"SAS�SELECT(�Jø
��(¹�õ©|(
�, �±¢y'Ù§�ó�IF¨ELSEIF¨ELSE(�
�r�õU"SELECT (�kü«Ä�^{, 1�«

�:
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SELECT (ÀJL�ª);
WHEN(��L) �é;
WHEN(��L) �é;
,,
OTHERWISE �é;

END;

Ù¥/ÀJL�ª0´���ê�!iÎ.��
Cþ½L�ª, /��L0���½öeZ�, õ
��mÏÒ©m, z��±´���ÀJL�ª�

Ó��a.�L�ª"/�é0�±´ü��é½
EÜ�é"�1SELECT(��, kO�ÑÀJL�

ªÚ��L¥�¤k�, ,�rÀJL�ª�dc

�����L¥���', uy���K�1éA
��é, ,�òÑSELECT(�(Ø2�w�¡��

�L)"XJÀJL�ª��Ø�u?Û��L¥

��K�1OTHERWISEéA��é, ù«�¹ev

kOTHERWISE�é¬Ñ�"~X:

SELECT(month);

WHEN(’Feb’, ’Mar’, ’Apr’) put ’SU’;

WHEN(’May’, ’Jun’, ’Jul’) put ’gU’;

OTHERWISE put ’¢U½ÁU’;

END;

�âMONTH�ØÓw«ØÓ�G!"
SELECT�é�,�«/ª�:
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SELECT;
WHEN(^�) �é;
WHEN(^�) �é;
,,
OTHERWISE �é;

END;

ù «SELECT�év kÀJ L � ª, 
 ´ 3 z �

�WHEN�é�½��^�(Ü6L�ª), �11
��÷v^��WHEN���é"XJ¤k^�Ñ
Ø÷vK�1OTHERWISE���é"~X:

SELECT;

WHEN(age<=12) put ’�c’;

WHEN(age<35) put ’�c’;

OTHERWISE put ’¥Pc’;

END;

5¿þ~¥1��WHEN�é�^��duage>12
and age<35, Ï�X J c #�u � u12� { K ¬
�11 � �WHEN�é, , � ò ÑSELECT(�,
� � Ø ¬ � ä 1 � � ^ �"ù � Ù § �ó¥

�IF¨ELSEIF¨ELSE(��^{´���"

2.2.4 ÌÌÌ���(((���

SASêâÚ�±¦^´L�Ì�(�, Ì��´ü«:
OêDOÌ�Ú�.!��.Ì�"

OêDOÌ���{´:
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DO OêCþ = å©� TO (å� BY Ú�;
Ì�N�é,,;

END;

3DOÚEND�m�±kõ��é"§SkrOê
CþD��å©�, XJd��u�u(å�K�

1Ì�N�é, ,�rOêCþ\þÚ�, 2�ä§

´Ä�u�u(å�, XJ´KUY�1Ì�N, �

�OêCþ���u(å���"þã(�¥/BY
Ú�0�±�Ñ, ù�Ú��1"XJÚ��K�, K

UYÌ��^�´OêCþ�u�u(å�"~X:

data;

DO i = 1 TO 20 BY 2;

j = i**3;

put i 3. j 5.;

END;

run;

�±ÑÑ��1, 3, 5, 7, ,, 19�á�L"
3Ì� N ¥ � ± ^LEAVE�éa ÑÌ�, � �

uC�ó�break�é"~X3þ~¥�Ì�N��
\þù��é�±3á��u1000�Ê�Ì�:

if j>1000 then LEAVE;

3Ì�NS^CONTINUE�é�±á=(å�Ó

Ì�¿=\e�ÓÌ���ä��1"'X:

data;

do x=0 to 3.1415926 by 0.01;
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y = sin(x);

if y<0 or y>0.5 then CONTINUE;

z = cos(x);

put x 5.2 y 20.7 z 20.7;

end;

run;

ù�§Sé0�π�m�êz�0.01O��u�, XJ
�u�Ø30�0.5�mK�Äe���, ÄKO�{
u�¿w«n�Cþ"

�.Ì���{´:

DO WHILE Ì�UY^�;
Ì�N�é,,;

END;

§Sk�äÌ�UY^�´Ä¤á, ¤á��1
Ì�N�é, 2�äÌ�UY^�, Xd­E, �

�Ì�UY^�Ø2¤á"~X, e¡�§S�

ä1333333´Ø´�ê:

data;

x=1333333;

i=3;

DO WHILE (mod(x,i) ^= 0);

i=i+2;

END;

if i<x then put x ’Ø´�ê’;

else put x ’´�ê’;

run;

Ù¥mod(x,i)L«xØ±i�{ê"
��.Ì���{´:
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DO UNTIL Ì�òÑ^�;
Ì�N�é,,;

END;

§Sk�1Ì�N, ,��äÌ�òÑ^�´Ä¤
á, ¤áK(åÌ�, ÄKUY"5¿zÓÌ�Ñ´
k�1Ì�N2�ä´ÄòÑ"~X:

data;

n=0;

do until (n>=5);

n+1;

put n=;

end;

run;

�±�gÑÑn=1, 2, 3, 4, 5, �n¸5�òÑ^�

/n>=50÷v, Ì�(å"þ~¥�én+1´�«

AÏ��{, ��\\\\\\���ééé, �dun=n+1"
¯¢þ, SAS�Ì��é'þ¡¤ã��(¹�õ,

§3DO�é¥�±�½��Ì��L, 'X:

data;

do i=3,7, 11 to 17 by 3 while (i**2<200);

j=i**2;

put i j;

end;

run;

Ì�Cþi�5, 7, 11, 14Ì�N��1, �i�17�i�
² ��289�Ì� N Ø � �1, Ì�(å"5
¿WHILE^���^u^ÏÒ�m�����"
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2.2.5 êêê|||

SAS�±r�|Ó�ê�.½Ó�iÎ.�CþÜ
3�å, ¦^Ó��¶i¡�, ^eI5«©"ù�
Ï~�§S�O�ó¥�ê|Ñk«O, Ï~�§S
�O�ó¥ê|��vkéA�Cþ¶, 
SASê|
z���ÑkgC�Cþ¶"

���. êêê���...êêê|||

½Âê�.ê|��ª�:

ARRAY ê|¶(�ê`²) ê|��¶�L (Ð
©�L);

~X:

ARRAY tests(3) math chinese english (0, 0, 0);

ê|¶´��Ü{�SAS¶i�ØU�Ó�êâ
Ú¥�Cþ­¶"é��ê|, �ê`²��`²

���ê, ù�eIl1m©"ê|��¶�L�

Ñù�ê|�����¢S�L�Cþ¶, �Cþ
¶±��©�"'X, þ~¥tests(1)�LêÆ¤1,
tests(2)�L�©¤1, tests(3)�L=�¤1"Ð©�

L��ê|��DÐ�, U^SéA"
ê|`²¥Ð©�L�±�Ñ, ù�ÙÐ©���

Aê|����(XJÙê|���vk�KÐ��

"��)"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



68 1�Ù SAS�ó�êâ+n

ê|`²¥�ê|��¶�L�±�Ñ, ù�Ù�

��kéA�Cþ¶, Cþ¶�ê|¶�N\SÒ,
'X:

ARRAY x(3);

¥ê|x����¶�x1, x2, x3"��±3`²�ê
�^/eIe.:eIþ.05`²��Ù§�eI

e., X

ARRAY sales(95:97) yr95¨yr97 ;

ù �sales(95) �yr95, sales(96) �yr96, sales(97)
�yr97"þ¡�Cþ¶�L´�«AÏ��{, 3

^�Cþ¶�L�XJëY�A�c¡i1�Ó, �
¡´ëY�SÒ�Cþ, ���Ñ1��Ú���

�, ¥m^~Òë�"
��ê|��ê`²��±´��(Ò, ù�ê|

��dJø����L¥�Cþ�êû½, Xþ¡�
ê|tests�±�d/`²�:

ARRAY tests(*) math chinese english (0, 0, 0);

éù��ê|�±^¼êDIM(ê|¶)5¼�Ù�
Ý"

�±½Â��ê�.ê|, ��3�ê`²¥�½
^ÏÒ©m�ü�eI.`², ~X:

array table(2,2) x11 x12 x21 x22;

`²table(1,1)�x11, table(1,2)�x12, table(2,1)�x21,
table(2,2)�x22"��ê|��U1ü�"
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���. iiiÎÎÎ...êêê|||

½ÂiÎ.ê|��{ÑE,, §I�\��$Î
5`²ê|��a.�iÎ., ¿��`²z���

¤U�;�iÎG����Ý"`²�ªXe:

ARRAY ê|¶(�ê`²) $ ���Ý`² ê
|��¶�L (Ð©�L);

~X:

ARRAY names(3) $ 10 child father mother;

iÎ.ê|Ù§�¡^{�ê�.�Ó"

nnn!!!������êêê|||

þ¡�ª`²�ê|Ñ´reZ�Cþ8Ü3�

å¦^Ó��ê|¶¡�, z�ê|��´��Õá
�Cþ"SAS�Jø
�Ù§§S�O�ó�Ó�
ê|, =ê|���dê|¶ÚSÒû½, vkéA
�Cþ¶"ù«ê|����ê|, ½Â�ª�:

ARRAY ê|¶(�ê`²) TEMPORARY (Ð©�L);

� � � � ê | Ò ´ 3 ê | ` ² ¥

^ TEMPORARY �O
ê|���L"~X:

ARRAY x(3) _TEMPORARY_ (0, 0, 0);

`²
��kn������ê|x"Ù���x(1),
x(2), x(3), =¦Cþx1, x2, x3�3��dê|Ã'"
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��ê|�A:´§�^u¥mO�, �ªØ��\

êâ8"¿���ê|�Ù§CþØÓ�´, §3ê
âÚÛ¹Ì�(�¡¬)ºdVg)¥UgÄ�3þ

�Ú����"��ê|�,��±kõ�ê|, ½
iÎ.ê|"

ooo!!!¦¦¦^̂̂êêê|||

��ê|�¦^�Ù§§S�O�ó¥�ê|�
^�Ó, �±��5�aq�êâ?1?n"SAS±

Cþ����ê|�±�BCþ�Ì�?n"'X,
Ö\
comp1-comp10��O�Å�È�Cþ, prin1-
prin68��<Å�È�Cþ, F"O�ÙoÚ, �±

^Xe�ê|`²�DOÌ��Ü?1:

data sales;

input comp1-comp10 prin1-prin6;

ARRAY y(*) comp1-comp10 prin1-prin6;

tot=0;

do i=1 to DIM(y);

tot + y(i);

end;

cards;

,,,
;

run;

d~¥ê|`²^
(Ò`²�ê, ¦oÚ�^

 \ \ �é"¯ ¢ þ, 3 ê | ` ² � ê | � �

� L Ü © Ø 
 � ÑäN � C þ ¶ L	, � � ±

^AÏ¶i NUMERIC �L¤kê�.Cþ��

L, ^ CHARACTER �L¤kiÎ.Cþ��L,
^ ALL �L¤kCþ��L(Ï�ê|��7L´
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�Óa.¤±^ ALL �¤kCþATÓ�ê�.½
Ó�iÎ., ÄKÑ�)"¤±þ~¥�ê|y�`²

¥��±^ NUMERIC ½ ALL �OCþ¶�L"
¢ S þ, SAS�C þ \ \ J ø 
 � � ; � � ¼

êSUM(OF · · ·), 'Xþ¡�totCþ�±^SUM(OF
comp1-comp12 prin1-prin6)O�"ù�~f�
`²

XÛÌ�?nõ�Cþ¤±Ø^SUM¼ê"

2.2.6 ¼¼¼êêê

SASJø
'��§S�O�óõA��IO¼ê
�±��^3êâÚ�O�¥, Ù¥�)¤k�óÑ
k�êÆ¼ê!iÎG¼ê, ��)Ak�ÚO©Ù

¼ê!© ê¼ê!�Åê¼ê!FÏ�m¼ê!
ã�7K¼ê, ��"

ù
¼ê�N^�{aqÙ§�ó, 'X¦x1,
x2, x3n�gCþ�Ú�±^¼êSUM(x1,x2,x3)"
,	, SAS� J ø 
 ¼ ê N ^ � , � « � { ± B

urõ�êâ8Cþ��¼êgCþ, Ù�ª�
/¼ê¶(OF Cþ¶�L)0, Ù¥Cþ¶�L�
±´?ÛÜ{�Cþ¶�L, 'Xx1, x2, x3�Ú�
d/�±^SUM(OF x1 x2 x3)½SUM(OF x1-x3)L
«"5 ¿ ü «�{ Ø U · 3 � å, ' XSUM(OF
x1,x2,x3)ÚSUM(x1-x3)Ñ´��"

��!é­��¼ê\±0�, Ù§��5SAS^

�: Base SAS^�¦^Ãþ6(p¨à�?È, ¥IÚ

OÑ��Ñ�)"
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���!!!êêêÆÆÆ¼¼¼êêê

• ABS(x) ¦x�ýé�"

• MAX(x1,x2,,,xn) ¦¤kgCþ¥�����"

• MIN(x1,x2,,,xn) ¦¤kgCþ¥�����"

• MOD(x,y) ¦xØ±y�{ê"

• SQRT(x) ¦x�²��"

• ROUND(x,eps) ¦xUìeps�½�°Ýo�Ê\

��(J, 'X ROUND (5654.5654, 0.01) (J
�5654.57, ROUND(5654.5654,10)(J�5650"

• CEIL(x) ¦�u�ux����ê"�x��ê�
Ò´x��, ÄK�xm>�C��ê"

• FLOOR(x) ¦�u�ux����ê"�x��ê
�Ò´x��, ÄK�x�>�C��ê"

• INT(x) ¦xDK�êÜ©��(J"

• FUZZ(x) �x� Ù o �Ê\ � ê � � ��
u1E−12��o�Ê\"

• LOG(x) ¦x�g,éê"

• LOG10(x) ¦x�~^éê"

• EXP(x) �ê¼êex"

• SIN(x), COS(x), TAN(x) ¦x��u!{u!��

¼ê"
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• ARSIN(y) O�¼êy=sin(x)3x ∈ [−π
2 ,

π
2 ]«m�

�¼ê, y�[−1,1]m�"

• ARCOS(y) O�¼êy=cos(x)3x ∈ [0, π]��¼
ê, y�[−1,1]m�"

• ATAN(y) O�¼êy=tan(x)3x ∈ (−π
2 ,

π
2)��¼

ê, y�(−∞,∞)m�"

• SINH(x), COSH(x), TANH(x) V­�u!{u!
��"

• ERF(x) Ø�¼ê 2√
π

∫ x
0 e−t2dt"

• GAMMA(x) ��Γ¼ê∫∞
0 tx−1e−tdt"

d	� k Î Ò ¼ êSIGN, Γ¼ ê ��� ê ¼
êDIGAMMA, ���ê¼êTRIGAMMA, Γ�g,

éêLGAMMA, Ø�¼ê{¼êERFC, ORDINAL¼
ê, AIRY¼ê, DAIRY¼ê, Bessel¼êJBESSEL, ?
��Bessel¼êIBESSEL, ��"

���. êêê|||¼¼¼êêê

ê|¼êO�ê|��ê!þe., k|u�Ñ
�£��§S"ê|¼ê�):

• DIM(x) ¦ê|x1�������ê(5¿�e

.�1����ê�þ.�Ó, ÄK���êØ

�½�þ.�Ó)"

• DIMk (x) ¦ ê |x1k� � � � � � ê "
XDIM2(x)O���ê|x1���Ý"
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• LBOUND(x) ¦ê|x1���e."

• HBOUND(x) ¦ê|x1���þ."

• LBOUNDk (x) ¦ê|x1k��e."

• HBOUNDk (x) ¦ê|x1k��þ."

 

nnn. iiiÎÎÎ¼¼¼êêê

�­��iÎ¼êk:

• TRIM(s) �£�KiÎGs������(J"

• UPCASE(s) riÎGs¥¤k��i1=���

�i1��(J"

• LOWCASE(s) riÎGs¥¤k��i1=��
��i1��(J"

• INDEX(s,s1) �és13s¥Ñy� �"éØ��
�£0"

• RANK(s) iÎs�ASCIIè�"

• BYTE(n) 1n�ASCIIè��éAiÎ"

• REPEAT(s,n) iÎL�ªs­Eng"

• SUBSTR(s,p,n) liÎGs¥�1p�iÎm©Ä
�n�iÎ��fG

• TRANWRD(s,s1,s2) l i Î Gs¥ r ¤ k i Î
Gs1O�¤iÎGs2��(J"
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Ù § i Î ¼ ê � kCOLLATE, COMPRESS, IN-
DEXC, LEFT, LENGTH, REVERSE, RIGHT, SCAN,
TRANSLATE, VERIFY, COMPBL, DEQUOTE, IN-
DEXW, QUOTE, SOUNDEX, TRIMN, INDEXW, �
�"
 

ooo. FFFÏÏÏÚÚÚ���mmm¼¼¼êêê

~^FÏÚ�m¼êk:

• MDY(m,d,yr) )¤yrcm�dF�SASFÏ�

• YEAR(date) dSASFÏ�date��c

• MONTH(date) dSASFÏ�date���

• DAY(date) dSASFÏ�date��F

• WEEKDAY(date) dSASFÏ�date��(ÏA

• QTR(date) dSASFÏ�date��GÝ�

• HMS(h,m,s) d��h!©¨m!¦s)¤SAS�m

�

• DHMS(d,h,m,s) dSASF Ï �d! � �h! ©
¨m!¦s)¤SASFÏ�m�

• DATEPART(dt) ¦SASFÏ�m�dt�FÏÜ©

• INTNX(interval,from,n) O�lfromm©²Ln�
m���SASFÏ"Ù¥interval �±�’YEAR’,
’QTR’, ’MONTH’, ’WEEK’, ’DAY’ �"' X,

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



76 1�Ù SAS�ó�êâ+n

INTNX(’MONTH’, ’16Dec1997’d, 3)(J�1998
c3 �1 F"5¿§o´�£��±Ï�m©
�"

• INTCK(interval,from,to) O � l F Ïfrom� F

Ïto¥ m ² L �interval m � � � ê, Ù

¥interval �’MONTH’ �"'X, INTCK(’YEAR’,
’31Dec1996’d, ’1Jan1998’d) O �1996c12�31F

�1998 c1 �1 F²L�cm���ê,(J�2,
¦+ùü�FÏ�m¢S��1c"

Ù§FÏÚ�m¼ê�kDATE, TODAY, DATE-
TIME, DATEJUL, JULDATE, HOUR, MINUTE, SEC-
OND, TIME, TIMEPART�"��5SAS XÚ– Base
SAS^�¦^Ãþ6!5SASXÚ– SAS / ETS ^�

¦^Ãþ6"

ÊÊÊ. ©©©ÙÙÙ���ÝÝÝ¼¼¼êêê!!!©©©ÙÙÙ¼¼¼êêê

����ÚOO��ó, SASJø
õ«VÇ©
Ù�k'¼ê"©Ù�Ý!VÇ!\È©Ù¼ê�
�±ÏLA«Ú���ªN^, �ª�

• ©Ù¼ê�= CDF(’©Ù’, x <, ëêL>);

• �Ý�= PDF(’©Ù’, x <, ëêL>);

• VÇ�= PMF(’©Ù’, x <, ëêL>);

• éê�Ý�= LOGPDF(’©Ù’, x <, ëêL>);

• éêVÇ�= LOGPMF(’©Ù’, x <, ëêL>);
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CDFO�d’©Ù’�½�©Ù�©Ù¼ê, PDFO

�©Ù�Ý¼ê�, PMFO�lÑ©Ù�©ÙVÇ,
LOGPDF �PDF�g,éê, LOGPMF �PMF �g
,éê"¼ê3gCþx?O�, “<, ëêL>”L«
�À�ëêL"

©Ùa.���±�: BERNOULLI, BETA, BINO-
MIAL, CAUCHY, CHISQUARED, EXPONENTIAL,
F, GAMMA, GEOMETRIC, HYPERGEOMETRIC,
LAPLACE, LOGISTIC, LOGNORMAL, NEGBINO-
MIAL, NORMAL ½GAUSSIAN, PARETO, POISSON,
T, UNIFORM, WALD ½ IGAUSS, WEIBULL"�±

��co�i1"
~ X, PDF(’NORMAL’, 1.96)O � I O � � © Ù

31.96? � � Ý �(� u0.05844), CDF(’NORMAL’,
1.96)O�IO��©Ù31.96?�©Ù¼ê�(�
u0.975)"PMFéëY.©Ù=PDF"

Ø
^þãÚ���ªN^	, SAS�üÕJø


~^�©Ù¼ê"

• PROBNORM(x) IO��©Ù¼ê

• PROBT(x,df<,nc>) gdÝ�df�t©Ù¼ê"�
Àëênc��¥%ëê"

• PROBCHI(x,df<,nc>) gdÝ�df�k�©Ù¼
ê"�Àëênc��¥%ëê"

• PROBF(x,ndf,ddf<,nc>) F(ndf,ddf)©Ù�©Ù¼
ê"�Àëênc��¥%ëê"
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• PROBBNML(p,n,m) � � Å C þYÑ l � � ©
ÙB(n,p), d¼êO�Y ≤ m �VÇ"

• POISSON(lambda,n) ë ê�lambda�Poisson©
ÙY≤n�VÇ"

• PROBNEGB(p,n,m) ë ê�(n,p)� K � � ©
ÙY≤m�VÇ"

• PROBHYPR(N,K,n,x<,r>) �AÛ©Ù�©Ù¼
ê"�N��¬¥kK�ØÜ�¬, Ä�n��¬,
Ù¥ØÜ�¬ê�u�ux�VÇ�d¼ê�"
�Àëêr´Ø!Ç, "��1, r�LÄ�ØÜ�
¬�VÇ´Ä�Ü�¬VÇ�õ��"

• PROBBETA(x,a,b) ë ê�(a,b)�Beta© Ù � ©
Ù¼ê"

• PROBGAM(x,a) ëê�a�Gamma©Ù�©Ù¼
ê"

• PROBMC O�õ|þ��õ­'�u��VÇ

�Ú�.�"

• PROBBNRM(x,y,r) IO����©Ù�©Ù¼
ê, r��'Xê"

888. ©©©   êêê¼¼¼êêê

© ê¼ê´VÇ©Ù¼ê��¼ê"ÙgCþ
30�1�m��"© ê¼êO��´©Ù��ý

© ê"SASJø
8«~�ëY.©Ù�© ê
¼ê"

ÚO^��§
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• PROBIT(p) IO��©Ù�ýp© ê"(J
3−5�5�m"

• TINV(p, df <,nc>) gdÝ�df�t©Ù��ýp©
 ê"�Àëênc��¥%ëê"

• CINV(p,df <,nc>) gdÝ�df�k�©Ù��
ýp© ê"�Àëênc��¥%ëê"

• FINV(p,ndf,ddf <,nc>) F(ndf,ddf)©Ù��ýp©
 ê"�Àëênc��¥%ëê"

• GAMINV(p,a) ëê�a�³ê©Ù��ýp© 
ê"

• BETAINV(p,a,b) ë ê�(a,b)� � © © Ù � �
ýp© ê"

ÔÔÔ. ���ÅÅÅêêê¼¼¼êêê

SAS�±^5?1�Å�["§Jø
~�©Ù

���Åê)¤¼ê"

þþþ!!!©©©ÙÙÙ���ÅÅÅêêê kü�þ!©Ù�Åê¼ê: UNI-
FORM(seed), seed7L´~ê, �0, ½5 ! 6 !
7 �Ûê"RANUNI(seed), seed��u231 − 1�?

¿~ê"3Ó��êâÚ¥éÓ���Åê¼ê�
õgN^ò��ØÓ�(J, �ØÓêâÚ¥lÓ�

«fÑuò���Ó��ÅêS�"�Åê«fX

J�0½öKêK«fæ^XÚFÏ�m"
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��� ��� ©©© ÙÙÙ ��� ÅÅÅ êêê k ü «, NORMAL(seed), seed�0,
½5 !6 !7 �Ûê"RANNOR(seed), seed�?

¿ê�~ê"

���êêê©©©ÙÙÙ���ÅÅÅêêê RANEXP(seed), seed�?¿ê�, �)
ëê�1��ê©Ù��Åê"ëê�lambda��ê
©Ù�±^RANEXP(seed)/lambda��"

, 	 eY=alpha¨beta*LOG(RANEXP(seed)),
KY� �ëê�alpha, ºÝëê�beta�4�©
Ù " eY=FLOOR(−RANEXP(seed)/LOG(p)), @

oY´äkëêp�AÛ©ÙCþ"

³³³êêê©©©ÙÙÙ���ÅÅÅêêê RANGAM(seed, alpha), seed�?¿ê
�~ê, alpha>0, ��ëê�alpha�³ê©Ù"
�X=RANGAM(seed, alpha), KY=beta*X ´/Gë

ê�alpha, ºÝëê�beta�GAMMA©Ù�Åê"
XJalpha´�ê, KY=2*X´gdÝ�2*alpha�k
�©Ù�Åê"

XJalpha´��ê, KY=beta*X ´Erlang©Ù�

Åê, �alpha�Õá�þ��beta��ê©ÙCþ�
Ú"

X JY1=RANGAM(seed,alpha),
Y2=RANGAM(seed,beta), KY = Y1 / (Y1+Y2)
´ëê�(alpha, beta) ��©©Ù�Åê"

nnn���©©©ÙÙÙ���ÅÅÅêêê RANTRI(seed,h), seed�?¿ê�~ê,
0 < h < 1"d©Ù30�1��, �Ý30�h�m

�2x/h, 3h�1�m�2(1− x)/(1− h)"
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���ÜÜÜ©©©ÙÙÙ���ÅÅÅêêê RANCAU(seed), seed�?¿ê�~ê"
�) �ëê�0, ºÝëê�1�IO�Ü©Ù

�Åê"Y=alpha+beta*RANCAU(seed) � �ëê
�alpha, ºÝëê�beta����Ü©Ù�Åê"

������©©©ÙÙÙ���ÅÅÅêêê RANBIN(seed,n,p)�)ëê�(n,p)��
�©Ù�Åê, seed�?¿ê�"

ÑÑÑ ttt ©©© ÙÙÙ ��� ÅÅÅ êêê RANPOI(seed,lambda)� ) ë ê
�lambda>0�Ñt©Ù�Åê, seed�?¿ê�"

������lllÑÑÑ©©©ÙÙÙ���ÅÅÅêêê RANTBL(seed, p1, ,, pn))¤�1,
2, ,, n�VÇ©O�p1, ,, pn�lÑ©Ù�Åê"

lll. ������ÚÚÚOOO¼¼¼êêê

��ÚO¼êrÑ\�gCþ���|��, O

���ÚOþ"ÙN^�ª�/¼ê¶(gCþ1, g
Cþ2, ,, gCþn)0½ö/¼ê¶(OF Cþ¶�

L)0"'XSUM´¦Ú¼ê, XJ�¦x1, x2, x3�
Ú, �±^SUM(x1,x2,x3), ��±^SUM(OF x1-x3)"
ù
��ÚO¼ê�égCþ¥��"��?1O

�, 'X¦²þ�r"��ØO\S"
���ÚO¼ê�:

• MEAN þ�

• MAX ���

• MIN ���
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• N �"�êâ��ê

• NMISS "�ê���ê"

• SUM ¦Ú

• VAR ��

• STD IO�

• STDERR þ� � O � I OØ�, ^STD /
SQRT(N) O�"

• CV CÉXê

• RANGE 4�

• CSS l�²�Ú

• USS ²�Ú

• SKEWNESS  Ý

• KURTOSIS ¸Ý

5¿: êâ8��;��´z1����N�*
ÿ�, z�´�N���á5(Cþ), ¤±ÚO��
ATé�?1, 
Ø´�ùpé1?1, r�Cþ�
��������*ÿ?n"ùpJø�¼êÌ�

^u?1�
g?§�O�½*ÿêâ3êâ8S

ü��IO��¹"
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2.2.7 SAS/IMLÝÝÝ


õõõUUU{{{000

SAS/IML´SASJø����±?1Ý
$�?§
�óä, �[¦^�ë�k']�½XÚ�Ï(Help -
Extended Help - SAS System Help: Main Menu - Help for
SAS Products - SAS/IML)"§�±^5?1�p�Ý

$�, ��±?Ð��§S2�å$1"§S�±
¦^©|!Ì�!�¬zf§S���(�"êâ
Ú¥�¼ê�ÑU3SAS/IML¥¦^, SAS/IML�J

ø
�
Ak�¼ê"SAS/IML����B�?´

§�±��Ö�SAS�êâ8¿r(J�¤SASêâ
8, §�k��	Ü©��õU"

��p$1SAS/IML, ��3§SI�Ñ\

proc iml;

reset print;

J�d§S, Ò�±?\�p�SAS/IML$�G�"
òÑ^QUIT�é"SAS / IML ¥�±¦^Iþ!1

�þ!�CþÚÝ
, �±¦^iÎ.êâ"Cþ
�¶5K�ÌSAS�ó�Ú�5½, Cþ�±�;I
þ!�þÚÝ
"

D�^�Ò"~X:

sc = 15.25;

vh = {1 2};

vh1=5:9;

vv = {3, 4};

mat1 = {1 2 3,

4 5 6};

mat2 = {"Li" "Ming",

"Zhang" "Chong"};
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·�5¿D��é´��SAS�é, §±©Ò(
�"þ¡½Â
Iþsc, 1�þvhÚvh1, ��þvv,
ü1ü��Ý
mat1, iÎ.Ý
mat2"dþ��,
�Ý
~þ�, 1����m±��©�, 1�m±
ÏÒ©�"�±^/m©:(�0��{)¤���
�ê�1�þ"

Ý
�m�±^<!¸�ÎÒ?1��üüm�
'�"�����Iþ�(J, �±^ALL()¼êL
«gCþ����þ�ý(�"), ^ANY()¼êL«

gCþ���¥�����ý"�±^&!|!ˆ ë
�ü�Ü6.Ý
(��m��!½!�)"

^| |L « Ý 
 � m ë �, ^//L « Ý 
 þ e ë
�"x‘L«x�=�"

SAS/IML¥ � ± ? 1 Ï ~ � Ý 
 \ ~

¦(¦ !−!*)$ �, � � ± ? 1 é A � � � m

�¦Ø(�!/) $�"Ý
\~7Lü�Ý
���
���, ½öÙ¥��´Iþ"Ý
¦{�¦1�Ý

��ê�u1�Ý
�1ê, ½Ù¥��´Iþ"
Ý
���m�¦Ø$�´éA��?1¦Ø, �
ü�Ý
�����Ó��±?1$�, Ù¥k�
�´Iþ��±?1$�, ,	, XJÙ¥k��´

1(�)�þ
Ù�Ý�,��Ý
��ê(1ê)�Ó

��±?1$�"Ý
_�^INV()¼ê$�"
�
Ö\��êâ8, k�mêâ8, ^X

USE sasuser.c9501;

,�^READ ALL VARCþ�L��ªÖ\êâ
8��Cþ�, ~X:
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READ ALL VAR {name math chinese};

print name math chinese;

ù�n�CþÑ�±����þ5¦^"

2.3 SAS���óóó���êêêâââ+++nnnõõõUUU

c¡`L, SAS�ó´�«;^�êâ+n!©Û�
ó, §Jø
ér�êâö�Uå"ù
êâö�U

åLy3§�±�´/Ö\?¿E,�ª�Ñ\ê
â, ¿�±éÑ\�êâ?1O�!f8ÀJ!�
#!Ü¿!
©�ö�",	, SASXÚ�Jø
^
5�¯Ù§êâ¥XÚXSybase!Oracle���, �
¯�«�Å^êâ¥©�XFoxPro!Excel���9

��, ¿Jø
��SQLL§5¢yêâ¥�Î�
óSQL�õU"SAS �ó��!m�^uêâ+n
��ééõ, ùp�Uy�~^�0�"

2.3.1 SASêêêâââÚÚÚ���$$$111ÅÅÅ���

SAS�ó�g?§O�õUÌ�3êâÚ¢y, �

�SASêâÚ��u��üÕ$1�§S"�´,
SAS�óq´��;^êâ?n�ó, ¤±SASêâ
ÚkÙ§�ó¤vk�A:"·�±e¡�{ü~
f`²ù�::

data a;

put x= y= z=;

input x y;

z=x+y;
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put x= y= z=;

cards;

10 20

100 200

;

run;

$1�3LOGI�w«XeP¹:

,,

X=. Y=. Z=.
X=10 Y=20 Z=30
X=. Y=. Z=.
X=100 Y=200 Z=300
X=. Y=. Z=.
NOTE: The data set WORK.A has 2 observations and 3 variables.
,,

ù�§S�$16§´ù��:

1. DATA�éI � 
 êâÚ m ©, ¿ � ½ 
 ê
âÚ(å � � ) ¤ � êâ8 ¶ i�A(¢ S

´WORK.A)"

2. 1��PUT�é�ÑÑCþX!Y!Z���§

��Ñvk½Â, ¤±LOGI��(Jw«�n

�"��"

3. e¡´INPUT�é, §lCARDS�é�¡�êâ
1¥Ö�CþX��10, CþY��20"

4. e��D��éO�CþZ����30"Ïd,
LOG¥�1�1ÑÑw«n�Cþ��©O

�10!20!30"
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5. lCARDS�ém©��©Ò1��1´��1
�, §S$1�RUN�é, uyù´�êâÚ�
�����é, U���§S�ó�5K, §S
�ùpÒAT(å
, �´, SAS´��;^êâ
?n�ó, XJU���ó�5K, §S¥�1
�1êâ(100 200)ÒØU�Ö\"¤±, ù�§
S$1�RUN�é�, rÖ\�*ÿ(ù´1�

Ò*ÿ)�\ÑÑêâ8, ,�:

6. q�£�DATA�é��1����1�ém©
�1, ¿kr¤k�Cþ�Ð��"��"u´,
1��PUT�é�(Jw«n�Cþþ�"�
�, 
Ø´þ�Ú�10!20!30"

7. e��INPUT�élêâ1¥Ö\e��*ÿ,
rCþX!YD�100! 200"Ö� �d$1�
�����êâ���«",�O�CþZ�
��300"u´PUT�éÑÑ�X!Y!Z�©O

�100!200!300"

8. ,�, $1��aLCARDS�é���é, �ê
âÚ(�, r1�Ò*ÿÑÑ�êâ8"

9. 2�£�êâÚmÞ, rCþ�DÐ��"��,
¤±1��PUT�éÑÑ�n�Cþ��"�
�"

10. ,�$1�INPUT�é, ATÖ\e��*ÿ,
�´�Îêâ��uy®²Ö�
¤kêâ,
¤±�êâÚ(å, ¿rü�*ÿ�\
êâ
8WORK.A¥"
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J�PROC PRINT;RUN;Ò�±w«dêâ8�S

NXe:

OBS X Y Z

 
1 10 20 30

2 100 200 300

lù�~f�±wÑSASêâÚ§SÚÊÏ§S
���­�«O: SAS êâÚXJkêâÑ\, 'X

^INPUT!SET!MERGE!UPDATE!MODIFY �
�éÖ\êâ, KêâÚ¥Û¹
��Ì�, =ê
âÚ§S�1������é�, ¬�£�êâ
ÚS�1����1�ém©UY�1, ��Ö
\ êâ�é(INPUT!SET!MERGE!UPDATE!
MODIFY�)Ö\
êâ(åI���âÊ��1
êâÚ, ¿rÖ\���*ÿ�\3DATA�é¥�

½�êâ8"XJvkêâÑ\
�´��O�, K

êâÚ§SØI�dÛ¹Ì�"êâÚÏ�kù�

��Û¹Ì�, ¤±�Jø
^5�Î,�Ú´1
AgÌ��AÏCþ N , §���êâÚÌ�Oê
�"êâÚ6§�ã1"

2.3.2 ^̂̂INPUT���éééÑÑÑ\\\êêêâââ

3êâÚ¥Ñ\êâ�±l�©êâÑ\, ��±l

®kêâ8Ñ\"l�©êâÑ\�¦^INPUT�
é5�½Ñ\�CþÚ�ª"êâ1�3CARDS�
éÚ���k��ºÞ�©Ò�1�m"

�{ü�INPUT�é¦^gd�ª: U^S�Ñ
z�*ÿ���Cþ¶, ¥m^��©m"CþXJ
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ã 2.1: SAS êâÚ6§ã

´iÎ.�I�3Cþ¶�¡\��$ÎÒ, $Î�C

þ¶�±���ë��±�����"~X:

data c9501;

input name $ sex $ math chinese;

cards;

o² I 92 98

Üù² å 89 106

�g² I 86 90

Üh I 98 109

4@ å 80 110

;
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run;

5¿ù�~f�êâkÊ�*ÿ, o�Cþ, z1
êâ��Cþ�m^��©�"�Ñ\ù
êâ,
INPUT�é¥�g�Ñ
o�Cþ¶, ¿3iÎ.C

þNAMEÚSEX�\
$Î"�)¤��êâ8ù´
�{ü��{"

¦^gd�ª�k�
��^�, XJØ÷vù

^��I�U^Ù§Ñ\�ª:

• êâz1���*ÿ, �êâ��m^��½�

LÎ©�"

• ÃØ´iÎ.�´ê�."�êâÑ7L^�
ê:L«"

• iÎ.êâ�ÝØU�L8�iÎ, Ø#N��

´�x, ¥mØ#Nk�x, mÞÚ(�XJk
�xò��Ñ"

• 3INPUT�é¥7L�Ñ*ÿ¥�z��êâ
éA�Cþ¶
ØU�Ñ¥m�,��"

3÷v±þ^��Ò�±¦^gd�ª, §�k²

w�`:: ¦^{ü¶Ñ\êâ�Ø7þeéà¶
ØI���z�Cþ�äN�ê
�I��§�g

S"
X J � êâ1� � � êâ� ´ þ e é à �,

� � ± ¦ ^INPUT�é� � � ª"ù �, Ø 


3INPUT'�i�¡�ÑCþ¶	, �I�3z�
Cþ¶(9$Î)�¡�ÑTCþ3êâ1¥¤Óâ�

ÚO^��§
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�å© ��(å �, 'Xþ¡�~f�±U�
¤:

data c9501;

input name $ 1-10 sex $ 11-13

math 14-16 chinese 17-20;

cards;

o² I 92 98

Üù² å 89 106

�g² I 86 90

Üh I 98 109

4@ å 80 110

;

run;

¦^��ª��½��(êÑz��¤Ó� 
�"��ªkXeA::

• �¦êâ1��þeéà

• ���m�±vk?Û©�, ëY�3�å"

• iÎ.êâ�Ý�±�L8�iÎ, ¥m�±k
��, Þ����Eò��Ñ"

• ØØiÎ.Cþ�´ê�.CþXJ�½� 

�Ñ´�xKÑ\��"��"�ê:EL«
ê�.ÚiÎ.Cþ�"��"

• �±�Ñ\êâ1¥�,
�
�ÑÙ§�"

��ªØ�¦êâ��m©m, ¤±²~^5Ñ\

; �ª�êâ"'X, ·��Ñ\�1�°yÒ
è, ��Ñ\Ù¥�Ñ)c!�!F&E, Ò�±^
Xe§S:
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data pids;

input year 7-10 mon 11-12 day 13-14;

cards;

110103197512092232

110101196902150059

;

run;

��ª�±�gd�ª·^, �1.1.3�~f"
XJI�����/Ñ\iÎ.êâ(�)Þ��

�!üÕ��ê:), �±^k�ªÑ\, =3iÎ.
Cþ¶Ú$Î�\þ��Ñ\�ªXCHAR10.L«Ö
\10�iÎ"

k A Ï � ª � êâI� ^ k � ª Ñ \, =

3 C þ ¶ � \ � ª ¶"Ù ¥ � ~ � � ´ ^ 5
Ñ \ F Ï"êâ¥ � F Ï�{²~ ´ õ « õ
� �, ' X1998c10�9F � ±�¤/1998-10-90,
/199810090, /9/10/980��, �Ö\ù��FÏ

êâÒI��§�½AÏ�FÏÑ\�ª",	, F

Ïêâ3SAS¥´Uê��;�, ¤±XJ�w«F

Ï�, �I��§�½AÏ�FÏÑÑ�ª"~X:

data a;

input date yymmdd8. sales;

format date yymmdd10.;

cards;

56-6-13 1100

67.12.15 1200

78 10 2 1300

891001 1400

19960101 1500

20020901 1600

;

ÚO^��§
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run;

proc print;run;

Ù¥FÏêâÓâ8� �, XJØ÷8��^�
�Ö¿, ØU4�¡�êâ?\ù8�"ù��±Ñ
\vk­Vê, c!�!F�m^~Ò!�ê:!
��©��FÏ, �±Ñ\YYMMDD�ª�8 ê
�FÏ(� ê��!Fc¡Ö0), �±Ñ\�­V

ê�YYYYMMDD�ª�FÏ(� ê��!Fc¡

Ö0)"FORMAT�é5½ÑÑFÏCþ�¦^�w

«�ª"(J�:

1 1956-06-13 1100

2 1967-07-11 1200

3 1978-10-02 1300

4 1989-10-01 1400

5 1996-01-01 1500

6 2002-09-01 1600

^YYMMDD10.Ñ\�ª�±Ñ\�­Vê�¥

mk©�Î½Ã©��FÏ, X:

data b;

input date yymmdd10. sales;

format date yymmdd10.;

cards;

56-6-13 1100

67.12.15 1200

78 10 2 1300

891001 1400

19960101 1500

20020901 1600

1956-6-13 1100

1967.12.15 1200

1978 10 2 1300

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



94 1�Ù SAS�ó�êâ+n

19891001 1400

19960101 1500

20020901 1600

;

run;

proc print;run;

XJFÏCþØ´1��, K§�c���Ð¦^
��ª¿��½(å�Ò�FÏ��c��, ½öc

���¦^�½Ñ\�ª�Ñ\�{, ¿�¦c��

�Ñ\�°Ó÷FÏc��"XJ^gd�ªK�
c���FÏêâ�mm��L�����k�U

��FÏÖ\�éØO �"XJêâ´U�éà

�, ��±3FÏCþc\þ/@m©�Ò0`²F

ÏCþm©Ö�� �, 'X:

data b;

input sales @15 date yymmdd10. ;

format date yymmdd10.;

put date=;

cards;

1100 56-6-13

1200 67.12.15

;

run;

êâ¥FÏ´l115�m©�"XJ3þ¡�K
/@150, KÖ\�DATE Cþ�"��"�´XJ
rFÏ��c��êâ���m����K�±^
gd�ª"

k � ª Ö � � � ± � g d � ª(Ü å 5 ¦ ^,
3INPUT�é¥�½“Cþ¶: �ª”L«U �Ö
��c1�����m©��¿^�½�Ñ\�ª

ÚO^��§
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=�, 'X, ¥mkFÏqvkéà�Ò�±^e~
ù���{Ö�:

data b;

input sales date : yymmdd10. ;

format date yymmdd10.;

put date=;

cards;

1100 56-6-13

1200 67.12.15

;

run;

INPUT�ék�©E,�¦^�{, �±?nA�
´?¿E,�êâÑ\¯K, ùp·�ÒØ�[ù


, k,��Öö�±ë�5SASXÚ¨Base SAS^

�¦^Ãþ6"

2.3.3 CCCþþþááá555

c¡J�^LENGTH�é�±5½Cþ��Ý"C

þ�Ý´êâ8Cþá5��§Cþ�á5�):

(1) iÎ.�´ê�."INPUT�éÖ\iÎ.ê
â��3Cþ¶�¡\$Î"

(2) CþI\(LABEL)"�±�Cþ\���Ý
Ø�L40�iÎ�I\(�±^Çi§Ø�L20�Ç
i)§I\�±^3±���L¥"

(3) Cþ�;�Ý(LENGTH)"ê�.êâ���
Ý�8i!§��±é������Cþ5½���
�Ý±!��;�m"iÎ.Cþ�Ý�ÙU�;

�iÎ�ê§"��8�i!"
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(4) Cþ�ÑÑ�ª(FORMAT)"�½XÛw«C

þ�"
(5) Cþ�Ñ\�ª(INFORMAT)"�½XÛr	

Üêâ=��SASêâ"
êâÚ¥�ATTRIB�é�±�½Cþ�ù
á

5"�ª�µ
ATTRIB Cþ¶ á5 Cþ¶ á5 · · ·;

�±Ó��½õ�Cþ�á5"á5�“á5¶=á
5�”ù���{§�±���CþÓ��½õ�á
5"�Xe�~fµ

data sales;

ATTRIB name LABEL="6¶" LENGTH=$10

date LABEL="FÏ" FORMAT=yymmdd10.

INFORMAT=mmddyy10.

amount LABEL="7�" FORMAT=10.2;

input name $ 1-10 date amount;

cards;

Ü+ 10/15/1998 2000

o�² 1/3/99 1500

�¯ 11/5/99 3000

;

run;

proc print noobs label;

run;

d ~ � êâÚ ¥ Ï�date® 5 ½ Ñ \ � ª ¤

±INPUT�é¥�±��Ñ\"½Â�CþI\�

^u�¡�PRINTL§¥"
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2.3.4 ÖÖÖ\\\			ÜÜÜêêêâââ

©©©������ªªª���êêêâââ©©©���

éu�þ�êâ, ^CARDS�éÚ��érêâ
Y3¥m�3êâÚ§S¥Ò�±^INPUT�éÑ
\êâ"XJêâþé�(k��±kþ·1!AZ

�), ��rêâ�3§S¥Ø|u§SÚêâ��
o"ù�, �«�{´r�©êâ�3��ÊÏ�©
��ª�©�¥, ,�^INFILE�é�½Ñ\©�

¶"~X, ·��±r1.1.3¥�êâ1üÕ)¤��
©�©�stud.txt, b��3
D:\USERS\SAS¥, �±

^Xe§SÖ\©�¥�êâ¿)¤êâ8:

data c9501;

infile ’d:\users\sas\stud.txt’;

input name $ 1-10 sex $ math chinese;

run;

proc print;run;

5 ¿INFILE� é � � 3INPUT� é � c,
kINFILE� é Ò Ø 2 kCARDS � é Ú � �
é"INFILE ' � i � ¡ � � ´ � � � ¹©�

¶�iÎG, �±¦^�´»¶, XJ�k©�¶K

3�có�8¹Ïé"

���ÅÅÅ���ªªª���êêêâââ©©©���

SAS� � ± Ö \ Ù § � ª � © �, '

XFoxPro!Excel��Å�ªêâ©�"ù��Ö\

Ø7?§, 
�±¦^SASXÚFileèü¥�Import·
-�¤"�,ùØ´SAS�ó�SN, �Ï�¢Só
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�¥·�²~¬I�Ö\ù��êâ©�, ¤±·�

3ùp\±{ü0�"
#�SASJø
��^urÙ¦�ª�êâ©

� = ��SASêâ8 � � \ � �(import wizard)"
3SAS/Base�|±e�±=�^©�Î©��©
�, ^ÏÒ©��©�, ^�L�©��©�, ^
r g ½ Â � � ª"3SAS/ACCESS' uPC©� �
���|±e�±=�dBase, Excel, Lotus©��
A Ï � ª �©�"� \ � � � ± l §S? 6 I

��©�èüéÄ"~X, ·�k��Excel©�

3D:\USERS\SAS\C9501.XLS¥(�ã2.2):

ã 2.2: Excel©� ã 2.3: �\��–ÀJ©�a.

�
d§=���SASêâ8, 3§SI�¥é

ÄFileèü, À/Import0, ù�Ñy��ÀJ©�a
.�x¡(ã2.3): À¥IO©��ª(Standard data
source), ¿üÂ�e�Þ�m��e.�L, l¥

À/Microsoft Excel 97 or 2000 Spreadsheets(*.xls)0,
UNextÜ UY, Ñ y � �ÀJ©� ¶ � x ¡, �
±3©�µ¥��Ñ\Excel©���´»¶, ½
UBrowseÜl8¹¥À�©�"UY�ÑyÀJ8

I ��x¡, ù´�¦Ñ\��(Jêâ8�¶

ÚO^��§
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iÚêâ¥ �, êâ¥®ÀWORK·��±ØC,
3êâ8¶?Ñ\C9501A, UFinishÜ�±)¤êâ
8WORK.C9501A"XJ3���ÚØUFinishÜ

´UNextÜ�±J«���\^�IMPORTL§�
§S"~X�~���§S�µ

PROC IMPORT OUT= WORK.c9501a

DATAFILE= "D:\users\sas\c9501.xls"

DBMS=EXCEL2000 REPLACE;

GETNAMES=YES;

RUN;

ù�·�e�gI�=�Excelêâ�Ò�±��?
U±þ§S
ØI�2¦^�\��"3­Eü�

�ó��?§S�'¦^èü.¡�B�õ"

������...êêêâââ¥¥¥���������

SASJø
ü«�{�±�¯�.êâ¥"SAS
/ ACCESS � ± � � ë �Oracle!Sybase!SQL
Server��.êâ¥"�
�¯;�3ù
êâ¥
¥�L, I�éêâ¥¥�L3SAS¥ïá�¯£
ã©�(access descriptor), ÚÀã£ã©�(view de-
scriptor)"~X, 3êâ¥ÑÖìDBIN¥k��ê

â¥Finance, Ù¥k��LSales, ^r¶guest^�
èanyone�±�¯d¥, Ò�±^±e§S3SAS¥
ïá�¯£ã©�ÚÀã©�:

PROC ACCESS DBMS=SYBASE;

CREATE sasuser.sales.ACCESS;

SERVER=’DBIN’;

DATABASE=’Finance’;

TABLE=’Sales’;
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USER=’guest’;

PASSWORD=’anyone’;

CREATE sasuser.salesall.VIEW;

SELECT ALL;

RUN;

Ù¥���Ü©´�½�"ùã§SÄk)¤
�
¯£ã©�SASUSER. SALES. ACCESS, ,�dd�
¯£ã©�)¤
Àã©�SASUSER. SALESALL.
VIEW"3SAS¥Àã©�Úêâ8�¦^´���,
�±¦^êâ8�/�Ñ�±¦^Àã©�"

é uSASv k � � | ± � ê â ¥ + n X Ú, ·
� 3MS Windowse o � ± ¦ ^ODBCê â ¥ � �
5 ë � � ê â ¥, ù � ¦ · � 3 S CSAS� S C

ODBC° Ä " � 
 � ¯ 	 Ü ê â ¥, Ä k � 3

O�ÅþSCTêâ¥��rà°Ä§S, ,�

3Windows���¡�¥�mODBC���, #ï�
�ODBCêâ
, Ñ\Têâ¥+nì�¶i, êâ
¥¶"±·�ff^L�êâ¥�~§b�ïá

ODBCêâ
finodb, Ò�±¦^PROC SQL§S5
ïáÀã:

PROC SQL;

CONNECT TO ODBC (DSN=’finodb’

UID=’guest’ PWD=’anyone’);

CREATE VIEW sasuser.sales2 AS

SELECT * FROM CONNECTION TO ODBC (

SELECT * FROM Sales );

QUIT;

Ù¥�CONNECT TO�é^5ïá�êâ¥�ë
�, �¡�CREATE VIEW�éïá��Àã, �´

ÚO^��§
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ã�êâ5
´ODBCêâ
, ¤±AS�¡´'�

iSELECT * FROM CONNECTION TO ODBC, ,�

3)Ò¥�Ñ
äN�l	Üêâ¥¥�����
Î(J�SQL�é"ù�SQL�é�±^5�L�
��f8�¤Àã")¤�SASUSER.SALES2´�
�SASÀã, 3�¯�ò^���ë�ëê����
¯	Üêâ¥5��êâ"

ù«¦^PROC SQL��ë�	Üêâ¥��{
�·^u�ODBC�êâ
"

2.3.5 êêêâââ888���EEE������???UUU

c¡ùã
XÛl�©êâ)¤SASêâ8"·�

��±^SET�ér��®kêâ8E����#
êâ8, Ó���±?1?U"XJ�´E�êâ
8§��±^SAS+nì(SAS Explorer)�¤"

' X � r ê â 8WORK.C9501E � � ê â
8SASUSER.CLS, ��^Xe§S:

data sasuser.cls;

set c9501;

run;

ù��§S6§¥�k��Û¹Ì�, SET´Ö�

*ÿ��é§§S3êâÚS�EÌ�, ��Ñ\ê
â8C9501 ����*ÿÖL"

3E��Ó�·���±^SAS§S�éé)¤
�êâ8?1?U"'X, ·�r�L100©��©
¤1ÑU�100©, Ò�±^Xe§S:

data c9501a;

set c9501;
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if chinese>100 then chinese=100;

run;

�,, ù«?U��±3Ö\�©êâ�êâÚ¥

¦^
Ø�u¦^SET�êâÚ"��±)¤#�
Cþ"

3êâÚ¥�±^KEEP�é½DROP�é�½�

�3�Cþ½�¿ï�Cþ"'X,

data c9501b;

set c9501;

keep name avg;

run;

) ¤ � êâ8C9501B� � ¹NAMEÚAVGü � C

þ"^KEEP�é�½��3�Cþ"^DROP�é
�½�¿ï�Cþ, 'Xþ~¥�KEEP�é�±�
¤:

drop sex math chinese;

^ù«�{�±�Ñêâ8��Ü©�|¤�f
8"

��±�½��^��Ñêâ8�,
1|¤
�f8"'X, ·�F"�ÑêÆ©ê90©±þ, �
©©ê100©±þ�Æ)�*ÿ, �±^Xe�/f
8IF�é0:

data c9501c;

set c9501;

IF math>=90 and chinese>=100;

run;

ÚO^��§
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5¿f8IF�éØÓu·�c¡¤ù�©|�é,
§vkTHENÜ©, �k^�, ^u�Ñ÷v^��
1f8"

3^SET�éÚ\êâ8��±�Ú\�êâ8

\À�§À��3êâ8¶��)ÒSµ
êâ8¶ ( êâ8À� )

À��)KEEP=, L«Ú\����½�Cþ;
DROP=, L«ØÚ\�½�Cþ¶OBS=, L«Ö
�*ÿ�Ö��½�SÒ��(´SÒ
Ø´*ÿ

ê); FIRSTOBS=, L«l�½SÒ�*ÿm©Ö�


aL�c�*ÿØÖ"~Xe¡�§S)¤
�

�ã��êâ8HUGE ,�^êâÚl¥E�
Ù

c1001Úcü�Cþµ

data huge;

array x(10);

do i=1 to 1000000;

do j=1 to 10;

x(j) = normal(0);

end;

output;

end;

drop i j;

run;

data new;

set huge(obs=100 keep=X1 X2);

run;

2.3.6 ^̂̂SETÚÚÚOUTPUT���ééé


©©©êêêâââ888

k�·�I��â,�©a�Krêâ1©O��
�ØÓ�êâ8"'X, ·�F"rêâ8C9501¥
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�¤kI)�*ÿ��êâ8C9501M¥, r¤kå

)�*ÿ��C9501F¥, �±¦^Xe§S:

data c9501m c9501f;

set c9501;

select(sex);

when(’I’) output c9501m;

when(’å’) output c9501f;

otherwise put sex= ’k�’;

end;

drop sex;

run;

proc print data=c9501m;run;

proc print data=c9501f;run;

ù�§S¥kü�/�I�5¿: 3DATA�é¥,
·��½
ü�êâ8¶, ùL«�)¤ü�êâ
8"§S¥^SET�éÚ\
��êâ8, ù�êâ
8�*ÿXÛ©��ü�(Jêâ8¥Qº'�3

uOUTPUT�é"OUTPUT�é´����1�é,
§¦��c*ÿ����é�½�êâ8¥"ù�,
·��âSELECT�(JrØÓ5O©O��
ü
�ØÓêâ8¥"

OUTPUT�é��±^5r1�\êâ8
Ø7

�·�3êâÚ6§ã¥`²�@���êâÚ

�����é�¤"êâÚ¥k
OUTPUT�é
�êâÚ6§¥Ø2kgÄ�\*ÿ�ö�, 

�UdOUTPUT�é�½ÑÑ"Ø�½êâ8¶

�OUTPUT�éÑÑ�1��(Jêâ8"'Xe

¡�§S)¤���¹1�10�9Ù²��k10�*
ÿ�êâ8:

data sq;

do i=1 to 10;

ÚO^��§
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j=i*i;

output;

end;

run;

proc print;run;

XJí�þ¡�OUTPUT�éK(Jêâ8¥�

ki=11, j=100���*ÿ"

2.3.7 êêêâââ888���ppp���ÜÜÜ¿¿¿

Classes

Class1

Class2

Class3

Class4

ã 2.4: p�Ü¿

A�(��Ó�êâ8�±þe

/ë���å"'X,·�ko��
�Æ)�¹�êâ8Class1-Class4,
z�êâ8�¹���Æ)�Æ
Ò!6¶!5O&E, ·�F"r
ù
êâ8Ü¿����êâ8,
�±^Xe�è:

data classes;

set class1 class2

class3 class4;

run;

��, �reZ�(��Ó�êâ8Ü¿���ê
â8, ��3DATA�é¥�½�)¤��êâ8�
¶i, ,�3êâÚ¥¦^SET�é¿3SET�é¥

�g�Ñ��êâ8"
k�·�I�3Ü¿êâ8�\\��Cþ5

�«z��*ÿ�55g=���êâ8, ù�
±3SET�é�z��êâ8¶�¡\��)Ò,
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p¡�þIN=Cþ¶, Cþ¶¤��Cþ�1L«*
ÿ5gdêâ8, �0L«*ÿ�5gdêâ8"
~X, 32.3.6¥·�rC9501êâ8UI!å
©¤

C9501M ÚC9501F ü�êâ8¿�ï
5OCþ,
Ò�±^Xe§Së�ü�êâ8¿¡E5O&E:

data new;

set c9501m(in=male) c9501f(in=female);

if male=1 then sex=’I’;

if female=1 then sex=’å’;

run;

3êâÚ¥, XJ*ÿ5gC9501M, KCþMALE
��1, XJ*ÿ5gC9501F KCþFEMALE ��1,
�±¦^ùü�Cþ��½Â#CþSEX"^êâ
8À��IN=�½�CþØU��?\(Jêâ8


�U^uêâÚ§S¥"

2.3.8 êêêâââ888���îîî���ÜÜÜ¿¿¿

ü�(½õ�)êâ8XJ�¹
Ó���
*ÿ�
ØÓá5(Cþ), 'X, êâ8C9501U�¹Æ)�6
¶!5O, êâ8C9501V�¹Æ)�êÆ¤1, êâ
8C9501W�¹Æ)��©¤1, ��êâ8�*ÿ

´U^S��éA�, Ò�±^Xe�kMERGE�
é�êâÚr§��mî�Ü¿���êâ8NEW:

data new;

merge c9501u c9501v c9501w;

run;

ù��,�±î�Ü¿êâ8, �´XJ�êâ
8�*ÿ^S¿Ø��, Ò¬rØÓ<�¤1Ü¿

ÚO^��§
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��å"¤±î�Ü¿��ATæ^U'�iÜ¿

��{, =krz�êâ8Uì�Ó�!U��«

©�*ÿ���(½A�)CþüS, ,�^BY�é
ÚMERGE�ééÜ¦^, ù�=¦�5*ÿ^SØ

��½�êØÓ�U�yî�Ü¿�(J�("e

~krC9501êâ8î�
©��¹6¶!5O�ê
â8C9501XÚ�¹6¶!êÆ¤1!�©¤1�ê
â8C9501Y, ,�U'�iî�Ü¿:

data c9501x;

set c9501;

keep name sex;

run;

data c9501y;

set c9501;

keep name math chinese;

run;

 
proc sort data=c9501x;

by name;

run;

proc sort data=c9501y;

by name;

run;

data new;

merge c9501x c9501y;

by name;

run;

proc print;run;

Ù¥�PROC SORT´üSL§, ^5rêâ8Uì

,�Cþ�gSüS(ùp´UCþNAME�gSü

�, ^BY�é�½üS�Cþ¶)"
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2.3.9 ^̂̂UPDATE���ééé���###êêêâââ888

XJ·�uyêâ8¥�,
êâ�k�Ø½öy

3��®²UC
, ·��±l��
��©êâ­

#)¤êâ8, ½ö¦^�k���{, =ïá��
��¹#êâ��êâ8, ^dêâ8?U�êâ
8"¦^Xe�DATAÚ¥�±¢yêâ8��#:

DATA #êâ8¶;
UPDATE �êâ8 �#^êâ8;
BY '�Cþ;

RUN;

~X, 'X·�uyêâ8C9501¥�g²��©
¤1¢SAT´91©, Üù²5OA�I, �±k)
¤Xe���¹��êâ��êâ8, ØI�U�*
ÿØ�\, ØI�U�CþØ�\½�"��:

data upd;

input name $ sex $ chinese;

cards;

Üù² I .

�g² . 91

;

run;

,�, r�êâ8C9501Ú�#^êâ8UPDþU6
¶(NAME)üS:

proc sort data=c9501;

by name;

run;

proc sort data=upd;

ÚO^��§
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by name;

run;

��^UPDATEÚBY�#��#êâ8NEW, Ù¥

�g²��©¤1U¤
91©, Üù²5OU¤


I"

data new;

update c9501 upd;

by name;

run;

proc print;run;

�´, ù�#êâ8¥k���Ø: �g²��©¤
1?U±�¦�²þ©�A��AUÄ"¤±d~
AU�:

data new;

update c9501 upd(in=in_upd);

if in_upd=1 then

avg = math*0.5 + chinese/120*100*0.5;

by name;

run;

proc print;run;

2.3.10 SAS÷÷÷000���

c¡·�J�, SASg1?§O�Ø��B"Ù¥�
��Ly´, SASêâÚ´üÕ�1�, ØU½Â¤
���¬z��±�Ñ\ëê�f§S"ù�, ·�
3?1,
­E5ó��¬a�ØB"SASAOJ

ø
�«÷�óÜ©)û
ù�¯K"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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���. ¢¢¢~~~

·�k±��¢~5`²÷��^"b�·�3ó

�8¹e�
10�©�, ©O·¶�df1.txt, df2.txt,
. . . , df10.txt"§�L
10�í�
��È�1, z�

©���ª�Ó, Ñ�)FÏ!�È�"
�
rù10�í�
�P¹ÑÖ\�SAS¥§©

O)¤10�êâ8,�r§�Ü¿����êâ
8§·�^
Xe§Sµ

%MACRO SALREAD;

%DO NP=1 %TO 10;

%let ff="df&NP..txt";

%let fd=df&NP;

data &fd;

infile &ff;

input date yymmdd10. sales;

persid=&NP;

run;

%END;

%LET setstm=SET;

%DO NP=1 %TO 10;

%LET setstm=&setstm df&NP;

%END;

%PUT setstm;

data whole;

&setstm;

run;

%MEND SALREAD;

%SALREAD;

ù�§SØ�ÐÃ"·�l'�Ä��Vgù

å"

ÚO^��§
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���. ÷÷÷CCCþþþ

÷Cþ´'�Ä��SAS ÷"^“%LET ÷Cþ¶ =
�”��ª�±½Â��÷Cþ§^“&÷Cþ¶.”�
�ª�±3?Û/��\÷Cþ��"÷Cþ��

��´�«iÎG�O�§ÆLC�ó�Öö�±
uyù�C¥�÷½Â´Ó�a."~Xµ

%LET fd=df3;

%LET ff="df3.txt";

data &fd.;

infile &ff.;

input date yymmdd10. sales;

persid=3;

run;

ùpÄk½Â
ü�÷CþffÚfd"5¿ff��¥�

)”df3.txt”ü>�V§Ò§�Ø�)L«%LET�
é ( å � © Ò ¶fd� � Ò ´ i Î Gdf3" e ¡
^“&fd.”Ú^
fd��§^“&ff.”Ú^
ff��§Ïd

§S²L÷O��¢SþC¤
µ

data df3;

infile "df3.txt";

input date yymmdd10. sales;

persid=3;

run;

½Â÷Cþ��±Ú^®½Â�÷Cþ�"~
X§éfdÚff�½Â��±ù��µ

%LET fd=df3;

%LET ff="&fd..txt";

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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�J��5�{�Ó"5¿ùpÚ^fd^
��é
:,��)©�¶k��é:¤±§S¥fd�¡k
ü�é:"

XJ�w«÷Cþ��§�±^%PUT÷·-§
(Jòw«3LOGI�§X:

%PUT &fd.;

±“&÷Cþ¶.”�ªÚ^÷Cþ��XJØÚå

· �±�ÑÙ¥�é:"~Xµ

%PUT &fd;

nnn. ÷÷÷

÷Cþ������á�iÎG"�
¢y��
�SAS§S�O�§�±½Â��SAS÷"SAS÷k
:�´f§S§�´�½5¿ÙXiÎGO��A

:"
{ü�÷�½Â�{Xeµ

%MACRO ÷¶;
. . . (½Â÷�SN)

%MACRO ÷¶;

~X§e¡�§S½Â
�ã^5�L�§Sµ

%MACRO topr;

proc print data=&thedat. noobs label;

var &varlist.;

run;

%MEND topr;

ÚO^��§
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,�·�½Â
êâ8¶thedatÚCþ�Lvarlist�
Ò�±N^ù�÷§~Xµ

%LET thedat=sasuser.class;

%LET varlist=name height weight;

%topr

5¿N^÷�E¦^“%÷¶”��ª§Ø�÷Cþ
Ú^@��^“&”5Ú^"N^÷��ØI�©
Ò§Ï�Ù½Â¥®²kL«�é(å�©Ò"

·�lþ¡�~fuyù�½Â�÷�´Ø��
B§I�½Â
SN¥I��÷Cþ�âUN^
÷"¢Sþ§÷�k�«�ëê(gCþ)�½Â�

ª§=:

%MACRO ÷¶ ( ëêL);
. . . (½Â÷�SN)

%MACRO ÷¶;

,�Ò�±U“%÷¶(ëê)”�/ªN^"~X§þ

¡��L�§S|^�ëê�÷�±U��µ
%MACRO topr(thedat, varlist);

proc print data=&thedat. noobs label;

var &varlist.;

run;

%MEND topr;

%topr(sasuser.class, name height weight)

ooo. 666§§§������(((���

SAS ÷���­�õU´�¤�
üN�ó��­
E"­Eó���{´|^÷DOÌ�§~X:
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%MACRO mac;

%DO i=1 %TO 10;

%PUT &i.;

%END;

%MEND mac;

%mac

3�1Ì���)
÷Cþi¿��gD�1,2,. . . ,
10"÷DOÌ��U^u÷�½ÂSÜ"

��!m©¤Þ�¢~Ò´|^
÷DO Ì�"
1��Ì�½Â
Ì�÷CþNP§¿3Ì�S|
^NP)¤
��Ñ\©�¶�CþffÚ��(Jê

â8¶�Cþfd",��data�é¥��·�O�=

�"1��Ì��)
�¡�p�Ü¿^�SET�
é"5¿÷D��é�¡��XJI�ë�A�i
ÎG����ë�Ò�±§ØI�¦^ë�iÎG

^�$�Î"
÷ ½ Â ¥ � � ± k © | ( � § � ª �“%IF ^

� %THEN ÷�é” ½“%IF ^� %THEN ÷�é
%ELSE ÷�é”"Ù¥�^���´�ä��(^�
uÒ)"÷�é�±´EÜ�, �ª�µ

%DO;
. . . (õ��é)

%END;

ÊÊÊ. ÷÷÷���êêêâââÚÚÚ���&&&EEE������

SAS�ó��ª��Ø|u?1ì?ª�©Û§=

k����¥m(J§2r¥m(J��e�Ú�

ÚO^��§
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Ñ\5?1©Û"�¡�ù�S�ó�k|uù«
ó��ª"SAS�÷õU�±Ü©�ÖSAS�ù�"

�§·��±^÷Cþ3ØÓ�êâÚ!L§Ú�
mD4&E"

êâÚ�SYMPUT ¼ê´��AÏ�f§Sµ
§U|^êâÚ$1¥�Cþ����÷CþD

�"SYMGET �^uêâÚ¥§�^ÚSYMPUT
��§�±3êâÚ�1���÷Cþ��"5¿
ùü�f§S�õUÚ÷CþD�9÷CþÚ^Ø
Ó§÷CþD�!Ú^´·��§´3êâÚ$1

cÒ®²�¤�§
SYMPUT ÚSYMGET �±3ê

âÚ$1¥UC½�¯÷Cþ��"�¹SYMPUT
ÚSYMGET �§SI��3÷�½Â¥§ÄKé÷
Cþ�Ú^´·�Ú^"

¤¢f§S´aqu¼ê�(�§�´f§SØ
�£¼ê�§
�7L^CALL�éN^§�e¡�
~f"

e¡Þ~`²"b�·�k��ên��
êâ
8A¥§·�F"3§S¥^�ù�ê§'X§r

ù�ê^3�5(footnote) ¥§�±^Xe§Sµ

data a;

input n;

cards;

10

;

run;

%MACRO minter;

data _null_;

set a;

call symput(’thenum’, n);
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run;

footnote "�&thenum.�(J";

%MEND minter;

%minter

proc print;run;

ùp�
N´n)�rlêâ8¥ÖÑ�ê^3


��FOOTNOTE �é¥"3¢S¥§·��±3

êâÚ¥O�Ñ���,�^SYMPUT r§��\

÷Cþ¥"�)�÷Cþ�±^5��Ì�gê§
êâÚ¥�Cþ�ê§��"�e~:

%MACRO minter2;

data b;

nn = 1 + floor(10*uniform(0));

call symput(’nn’, nn);

run;

data c;

do i=1 to &nn;

output;

end;

run;

proc print;run;

%MEND minter2;

%minter2

SYMGETf§S^��/�Øõ§ùpØ0�


"

888. ÷÷÷���éééÚÚÚ÷÷÷¼¼¼êêê

ùp{üJ�eSAS÷�ó¤^��
�éÚ¼
ê§I��Öö2ë���[�]�"

ÚO^��§
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÷�éLµ
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%* 5º Jøé÷�5º"§�Ê

Ï5º�«O´ÊÏ5º

¬)¤5º©�
÷5º

3O��Ø�)©�"
%DISPLAY w«÷I�"�±éN´

/muÑI�.¡�^r

�p§S"
%DO . . . %END EÜ�é"
%DO Ì � C þ=å

©� %TO ª��
OêÌ�

%DO %WHILE �.Ì�

%DO %UNTIL ��.Ì�

%GLOBAL Mï�§÷Cþ
%GOTO ÷§Sa=�IÒ �
%IF . . . %THEN
. . . %ELSE . . .

©|(�

%INPUT �÷CþÑ\�
%KEYDEF ½Âw«+nõU�

%IÒ: I P � �   �
ø%GOTO= £ � £ O
 �

%LET �÷CþD�
%LOCAL MïÛÜ÷Cþ
÷N^ ^“%÷ ¶”½“%÷ ¶(ë

ê)”��ªN^®½Â�
÷"

%MACRO
. . . %MEND

½Â÷"

%PUT w«�P¹I�
%SYSEXEC �1ÌÅXÚ·-

%WINDOW ½Â÷I�
ÚO^��§
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3÷¼ê¥,%EVAL �±O��âÚÜ6L�

ª"Ï�÷ö�Ì�´?1iÎGO�§
�iÎ
G�¥�±�¹%Ú&ù��Ú^$�, ¤±SAS÷
Jø
õ�?niÎG$�ÚÚ^�¼ê"ù
¼
ê'�E,§·�ùp�Û��e§I��Öö�
±�Ö;��]�"

SAS÷�ó¥'uiÎG�¼ê�)µ%INDEX,
%LENGTH, %QSCAN, %QSUBSTR, %QUPCASE,
%SCAN, %SUBSTR, %UPCASE, %BQUOTE, %NR-
BQUOTE, %NRQUOTE, %NRSTR, %QUOTE, %STR,
%SUPERQ, %UNQUOTE"

2.3.11 ^̂̂PROC SQL+++nnnêêêâââ

SASXÚÄk´��êâ+nXÚ, Ïd§Ø
�
±^SAS�ó§S+nSASêâ¥!êâ8	, �

J ø 
 Ù § � . ê â ¥ + n X Ú(XOracle! Sy-
base)Ï^�SQL�óõU, 3SASXÚ¥SQL�ó¢

y3SQLL§¥"SAS � SQL L§�±l��½

õ�L¥�Î&E, )¤L, �L¥�\1, �#L
�SN, éL?1p�Ü¿!î�ë���",	,
PROC SQL��±��ë�	Üêâ¥, ·�®²
32.3.4�
0�"SQL�ó�±¢y4ÙE,�ê

â+nõU, 3ùp·��é§��ÎõU�{ü0
�, a,��Öö�±gC�Ö�
êâ¥+n�¡
�Ö7"

^PROC SQL��Î��{ü�^{Xe:
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PROC SQL;
SELECT 1��, 1��, ,, 1n�

FROM êâ8

WHERE *ÿÀJ^�;
RUN;

Ù¥SELECT´���é, FROMÚWHERE��
f é, 5 ¿ � é ´ 3 � � ( � �, ¥ m v k ©
Ò"SELECTfé¥�½������Cþ¶, ¥
m^ÏÒ©�(5¿Ø´^��©�)"FROMfé�
½�l=�êâ8�Î"WHEREfé�½ÀJ*
ÿ�^�"¤±, SELECT�é�±é�B/l��

L�Î��f8, ¿�±gÄÑÑ�ÑÑI�
ØI

2¦^PROC PRINT"~X, e¡�§Sw«�©¤
13100©±þ(�¹)�Æ)�6¶ÚêÆ¤1:

proc sql;

select name, math

from c9501

where chinese>=100;

run;

(Jw«

NAME MATH

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

Üù² 89

Üh 98

4@ 80

3SELECT�é¥��±\\ORDER BYfé, �
±��Î(JüS"'X, e§S

ÚO^��§
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proc sql;

select name, math

from c9501

where chinese>=100

order by math desc;

run;

(J�

NAME MATH

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

Üh 98

Üù² 89

4@ 80

SELECT�r��ÎõU�Ly3§�±lA�

LéÜ�Î"'X, �Ä2.3.8¥�C9501XÚC9501Y,
·��lùü�êâ8�Î�lC9501��êâ8Ó

��(J, �±^d§S:

proc sql;

select c9501x.name, math

from c9501x, c9501y

where c9501x.name=c9501y.name

and chinese>=100

order by math desc;

run;

Ù ¥ ë � ü � ê â 8 � � { ´ 3WHEREf é �
½C9501X. NAME = C9501Y. NAMEù��ë�^

�"3SELECT¥�½Cþ�XJkü�êâ8¥
�k�Cþ�^C9501X.NAMEù���kL¶(ê
â8¶)�/ª"
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ë��ü�Lk�´Ó��L"'X, ·�kA�

Æ)�6¶Ú)F, F"éÑ@
k�Ó)F�<"
�±^Xe�SQLL§:

title ’éÑ)F�Ó�<’;

data class;

input name $ 1-8 birth yymmdd10.;

format birth yymmdd10.;

label name=’6¶’ birth=’)F’;

cards;

o² 78-6-1

�g² 78-5-19

Üh 78-6-1

4L 78-10-18

Üù² 79-5-19

;

proc sql;

select name, birth

from class a

where birth in select birth

from class b

where b.name ^= a.name

order by a.birth;

run;

(JXe:

éÑ)F�Ó�<

6¶ )F

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

o² 1978-06-01

Üh 1978-06-01

XJ·��F"r�Î�(J�\��êâ8, �
±3þ¡�1��SELECT�éc¡\þ“CREATE
TABLE L¶ AS”:

ÚO^��§
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proc sql;

CREATE TABLE bsame AS

select name, birth

from class a

where birth in select birth

from class b

where b.name ^= a.name

order by a.birth;

run;

proc print data=bsame label;

id name;

by birth;

run;

(JXe:

------ )F=1978-06-01 --------

6¶

o²
Üh

þ¡¦)F�¦c�F���Ó, XJ·���
¦�F�Ó�±¦^n�SQL�éµCREATE TA-
BLE�é)¤��L«�F�CþMD�\��êâ
8DATAMD, SELECT�é�ÑÓ)F<¶ü, DROP
TABLE�éíØ��êâ8DATAMD"

proc sql;

create table datamd as

select name, birth, month(birth)*100+day(birth) AS md

from class;

select name, birth

from datamd a

where md in select md
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from datamd b

where b.name ^= a.name

order by a.md;

drop table datamd;

run;

(J�:

éÑ)F�Ó�<

6¶ )F

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

�g² 1978-05-19

Üù² 1979-05-19

o² 1978-06-01

Üh 1978-06-01

XJØ^SQLL§���Ó��(J, �±¦^X

eêâÚÚL§Ú:

proc freq data=class noprint;

tables birth / out=bfreq;

run;

proc sort data=class;

by birth;

proc sort data=bfreq;

by birth;

data bsame;

merge class bfreq;

by birth;

if count>1;

run;

proc print data=bsame label noobs;

var name;

by birth;

run;

ÚO^��§
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öööSSS

1. ^SASêâÚ�Ñ10000±e��ê, �Ñ§S"

2. )¤t©Ù�Vý© êL"Y²�0.001, 0.002,
0.005, 0.01, 0.02, 0.05, 0.10, 0.20, gdÝ�1–100,
© ê°(��ê:�3 "L�A�1!�é
à�/ª, ¿k�IK"�Ñ)¤ù��L�¿

�����©�©�¥�SAS§S"

3. �ÑO�lgC)F�2000cÐ²L�Uê�§
S"

4. eL�,e	ÑÖÜ�Ü©��P¹:

6¶ 5O /« FÏ 7�
Ù© I uÀ 1996-3-20 1099
�Iµ I uÀ 1996-5-19 39
Öf¯ å u� 1996-1-5 986
4g# I À� 1997-10-1 3581
og8 å u� 1997-4-4 659
'è å À� 1996-11-5 358
ë_ å À� 1998-9-6 2010

(1)^êâÚrdêâÑ\�SASêâ8¶

(2)^§SéÑI5��	ï7��L1000�=


<¶

(3)rêâ
©��¹6¶!5O!/«��

�êâ8Ú�¹6¶!FÏ!7����êâ
8¶
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(4)^MERGEÚBYÜ¿þ�Ú
m�ü�êâ
8"

ÚO^��§
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c¡ùL, SASXÚ^SASêâÚ)¤Ú+nêâ, ^
L§Ú?1©Û!�L!±ã"�Ùk0�SASL
§Ú���^{Ú~^�é�¹Â, ,�ù)SAS
� { ü � L!©Û!± ã õ U � ¦ ^ § � �0
�SAS�©Û
(Analyst)�¬"

3.1 SASLLL§§§ÐÐÐÚÚÚ

3.1.1 SASLLL§§§^̂̂{{{

SASL§Ú���/ª�µ

PROC L§¶ DATA=Ñ\êâ8 À�;
L§�é / À�;
L§�é / À�;
. . . . . .

RUN;

Ù¥PROC�é�À�´�À�, ^55½L§$1
��
��, XJkõ�À�^��©m"DATA
= Ñ \ êâ8 � ´ �À�, X J " � � { ¦ ^
�C) ¤ � êâ8"L § Ú � � ±RUN�é(
å, ��±�ÑRUN�é
3e��L§Ú½ê

127
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âÚ�m©?(å, ,	�k�«¤¢“�pªL
§”�±3��RUN�é�Ø(åL§$1, �k
��QUIT �é½öe��L§Ú!êâÚ�â

(å"L§Ú3PROC �é��!(å�c�±

keZ�L§�é"Ï~�¹e, L§�é�ê
âÚ¥��éØÓ, êâÚ¥��éØU^3L
§Ú¥"L§Ú�é��±,��'�imÞ, '

XVAR!BY!TABLES!WEIGHT�, �é¥k�

k'`², XJkÀJ��{��3�m�"

SASL § Ú k
´ é êâ8 � , « C �('
XSORTL § é êâ8 üS), Ø ) ¤ w «(J ¶
õêL§Ú´éêâ8�,
©Û!�L, ù�
(JÑy3OUTPUTI�(p°Ý±ãL§�ÑÑ
3GRAPHICSI�)"éOUTPUTI��(J, ·�

�±^“File - Save As” èür§�����©�©

�?1?�Ú�?», �\�Ù§�w¥, ��±

^“File - Print”èü�m�<"

3.1.2 SASLLL§§§ÚÚÚ~~~^̂̂���ééé

��!{ü0�A�3SASL§Ú¥~���é, �
äN�^{�±3±�¢S^��2c[N¬"

���!!!VAR���ééé

VAR�é3 é õ L § ¥ ^ 5 � ½ ©ÛC þ"
3VAR�¡�ÑCþ�Lµ

VAR Cþ¶1 Cþ¶2 . . . Cþ¶n;
C þ ¶ � L � ± ¦ ^ � Ñ �/ª, XX1−X3,

ÚO^��§
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MATH−−CHINESE�"VAR ^{~Xµ

var math chinese;

���!!!MODEL���ééé

MODEL�é3�
ÚOï�L§¥^5�½�.
�/ª"Ù��/ª�

MODEL ÏCþ ¸gCþL / À�;
'X

model math=chinese;

=^�©¤1ýÿêÆ¤1"

nnn!!!BY���éééÚÚÚCLASS���ééé

BY�é3L§¥��^5�½��½A�©|C

þ, �âù
©|Cþ�r*ÿ©|, ,�éz�|
*ÿ©O?1�L§�½�©Û"3¦^�kBY�
é�L§Ú�c��k^SORTL§éêâ8üS"
'X, b�·�®²rC9501êâ8U5OüS, Ke

�PRINTL§�±rI!å)©O�Ñµ

proc print data=c9501;

by sex;

run;

(J�

The SAS System 2
 
---------------------- SEX=I ----------------------
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OBS NAME MATH CHINESE

 
1 o² 92 98
2 �g² 86 90
3 Üh 98 109

 
 
---------------------- SEX=å ----------------------
 

OBS NAME MATH CHINESE
 

4 Üù² 89 106
5 4@ 80 110

3�
L§(X��©Û)¥, ¦^CLASS�é�½
��½A�©aCþ"
3,�
L§(XMEANS)
¥, CLASS�é�^�BY�éaq, �±�½©a
Cþ, r*ÿU©aCþ©a�©O?1©Û"¦
^CLASS�ØI�kU©aCþüS"

ooo!!!OUTPUT���ééé

3L§Ú¥²~^OUTPUT �é�½ÑÑ(J�

��êâ8"ØÓL§¥rÑÑ(J�\êâ8�
�{�kØÓ, OUTPUT�é´^��õ��«, Ù

���ª�µ
OUTPUT OUT¸ÑÑêâ8¶ '�i¸Cþ¶ '�i¸Cþ¶. . . ;

Ù ¥ ^OUT¸ � Ñ 
 � ) ¤ �(J êâ8 � ¶

i, ^“'�i¸Cþ¶”��ª�½
ÑÑ=
(
J('�i�~f'XMEANSL§¥�MEAN, VAR,
STD��), �Ò�¡�Cþ¶�½
ù
(J3Ñ
Ñêâ8¥��o¶i"~X

proc means data=sasuser.c9501;

var math;

ÚO^��§
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output out=result n=n

mean=meanmath var=varmath;

run;

proc print data=result; run;

ÊÊÊ!!!FREQ���éééÚÚÚWEIGHT���ééé

FREQ�é�½��­EêCþ, z�*ÿ¥dC

þ��`²ù�*ÿ¢S�Lõ�����Ó�­

E*ÿ"FREQ Cþ���ê�"X

freq numcell;

WEIGHT�é�½���­Cþ, 3,
#N\�

�L§¥�L�­, Ù��*ÿéA�����ê¤
'~"

888!!!ID���ééé

k
L §(XPRINT!UNIVARIATE)I� Ñ Ñ *
ÿ��Ò, ù��¦^*ÿ�SÒ"�´, XJê
â8¥k��Cþ�±^5«©*ÿ(X<¶!�
½¶), Ò�±^ID�é�½ù�Cþ��*ÿI£,
Xµ

id name;

�½^CþNAME��5I£*ÿ"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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ÔÔÔ!!!WHERE���ééé

^WHERE�é�±ÀJÑ\êâ8���1f
85?1©Û, 3WHERE '�i��½��^�"
'Xµ

where math>=60 and chinese>=60;

�½�©ÛêÆ!�©¤1Ñ9��Æ)"

lll!!!LABEL���éééÚÚÚFORMAT���ééé

L§Ú¥�LABEL�é�Cþ�½����I\,
éõL§�±¦^ù��I\"LABEL�é��ª
�

LABEL Cþ¶¸’I\’ Cþ¶¸’I\’ . . . ;
~X

proc print data=sasuser.c9501 label;

id name;

var math chinese;

label name=’6¶’ math=’êÆ¤1’

chinese=’�©¤1’;

run;

(Jw«

6¶ êÆ¤1 �©¤1

o² 92 98

Üù² 89 106

�g² 86 90

Üh 98 109

4@ 80 110

ÚO^��§
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FORMAT�é�±�CþÑÑ5½��ÑÑ�ª,
'X

proc print data=sasuser.c9501;

format math 5.1 chinese 5.1;

run;

¦��Ñ�êÆ!�©¤1°ÝÓ5 , �� �
ê"

¯ ¢ þ, 3 ) ¤ êâ8 �DATAÚ ¥ � � ±

^FORMAT�é5½Cþ�ÑÑ�ª, ^LABEL�
é5½Cþ�I\, ^LENGTH�é5½Cþ��Ñ

�Ý, ^ATTRIB�éÓ�5½Cþ��á5"3ê
âÚ¥5½�Cþá5´Náuêâ8���, ´[
È�¶3L§Ú¥5½�Cþá5(I\!ÑÑ�ª
�)�^udL§��g$1"

3.2 ���LLL���www

PRINT L§^5)¤�L�w"�!ù)PRINTL
§�¦^, ¿^§59Ïù)�
~^�é�¦^
9SASÑÑ+n"

3.2.1 ÄÄÄ���^̂̂{{{

PRINTL§´�~^�SASL§��"·�3)¤

��êâ8��, XJØ´��, ��Ñ^��

proc print;run;

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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L§Ú5�Ñêâ8�SN, ù��±u�Cþ��

�méA´Ä�(, êâÑ\´Ä�("�
�Ñ�

��½�êâ8, 3PROC �é¥¦^DATA¸À�

�½��L�Ñ\êâ8¶, 'Xµ

proc print data=sasuser.gpa; run;

3L§S¦^VAR�é�±�½��Ñ�Cþ¿

�½^S"'X,

proc print data=c9501;

var name chinese sex;

run;

�ÑCþNAME!CHINESE!SEX��"5¿ù®

Ø´)¤��Cþ^S"CþMATH��Ñ"(J
Xe

The SAS System 3
OBS NAME CHINESE SEX

 
1 o² 98 I

2 Üù² 106 å

3 �g² 90 I

4 Üh 109 I

5 4@ 110 å

5¿PRINT�ÑÑ1��o´I�OBS, ��*
ÿSÒ"·�k�Ø�ÑÑù��, �±3PROC
PRINT�é¥\\NOOBSÀ�, Xµ

proc print data=c9501 noobs;

run;

ÚO^��§
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(J¥Òvk
OBSù��"
3L§¥¦^WHERE �é�±lÑ\êâ8¥

À��f85?n, 3PRINT L§¥¦^WHERE �
±�½��Ñ÷v^��*ÿ"'X,

proc print data=c9501;

where name in (’o²’, ’Üh’);

run;

(J�

OBS NAME SEX MATH CHINESE AVG
 

1 o² I 92 98 86.8333
4 Üh I 98 109 94.4167

��Ñ
o²ÚÜhü�<�*ÿ"5¿Ù*ÿS
Ò©O�1Ú4, ù´)¤C9501 êâ8�(½�"

3.2.2 SAS¥¥¥éééÑÑÑÑÑÑ(((JJJ���+++nnn

SAS�ÑÑÑw«3ÑÑI�"3$1
õ�L§
�§ÑÑI�È\
õ�L§�ÑÑ§k�Ø´é

�½A½�(J"#���SAS XÚJø
��(
J+nI�5+nÑÑ§�Results I�"ù�I�
"�´�m�§�½��3$1�¸���Ü©§
XJvk�±l“View - Results” èü�m"

3$1
Xe§S�§(J+nI���f�

ã3.1"

proc print data=c9501;

run;
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proc means data=c9501;

var math chinese;

run;

ã 3.1: (J+nI� ã 3.2: �mHTMLÑÑ

L§�ÑÑ±ä/8¹�ªw«§VÂ,��(
J��±��a�T(J"��±3ù�I�¥í

Ø!��,
(J§À½,�(J^m��Ñèü

�±ÀJdI��+nõU"
SASØ
��©�ÑÑ	�Jø
HTML�ª(=

���ª)�ÑÑ"���ù��ÑÑ§I�N
^“Tools - Options - Preferences” èü§3�Ñ�
é { µ ¥ é �“Results” � §À¥ Ù ¥ �“Create
HTML”§�ã3.2"

2g$1þ¡�§S§ù�z�L§Ñ)¤


ü«ÑÑ(Jµ��©�ÑÑÚHTMLÑÑ"(
J + n I � � ã3.3"ü Â Ù ¥ � \ Ò � m ò U

ÚO^��§
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�ÑÑ�§VÂÙ¥PRINT L§�HTMLÑÑ§
w«Ñã3.4�HTML(J"éù��ÑÑResultsI
¥$��Jø
��Edit Source �Ñèü��±

rHTML(J�
�è�m�§S?6I�?1?

6"

ã 3.3: (J+nI� ã 3.4: HTMLÑÑ«~

3.2.3 ¦¦¦^̂̂¥¥¥©©©���IIIKKK

�
é�IK¦^¥©, �±3L§S^LABEL �
é�Cþ�½I\, Ó�3PROC PRINT �é¥

\LABEL À�"XJ®²3)¤êâ8�êâÚ

¥^LABEL �é½ATTRIB �é�Cþ�½
I\

KØ7­E½ÂI\"~Xµ
proc print data=c9501 noobs label;

var name sex math chinese avg;

label name=’6¶’ sex=’5O’ math=’êÆ’

chinese=’�©’ avg=’²þ©’;

run;
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K(JXeµ

The SAS System 6
6¶ 5O êÆ �© ²þ©

o² I 92 98 86.8333
Üù² å 89 106 88.6667
�g² I 86 90 80.5000
Üh I 98 109 94.4167
4@ å 80 110 85.8333

3.2.4 IIIKKK999���§§§���ééé

·�lþ¡�ÑÑ(Jw�, 3z�ÑÑ(Jþ¡k
�1IK, SN�“The SAS System”"¯¢þ, ·�

�±�½gC�IK5��SAS"��IK"�½
IK�TITLE�é��ª�µ

TITLE ’IKSN’;
~X, 3c�~�§Sc¡\þ�1

title ’95?1�¤1L’;

KÑÑ(J�IK�“95?1�¤1L”"�5¿�´,
TITLE�é´��¤¢�“�§”�é, “�§”�é�
���éØÓ, ���é7L^3êâÚ½L§Ú

S, ��êâÚ½L§Ú��Ü©, 
�§�éKQ

�±^3êâÚÚL§ÚS, q�±üÕ¦^(3ê
âÚ!L§Ú	Ü)¦^"�§�é��^��k±
Y5, =µ�§�é��Jò±Y�òÑSASXÚ½
^,��Ó���§�é5?U§"'X, ·�3þ

¡^TITLE�é�½
��IK, @o, ù�IK�
�^ò±Ye�, �,e��L§vk^TITLE�é
�½IK§�¬Ñy3e��L§�ÑÑ¥, ~X3

ÚO^��§
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þ¡^TITLE�é�C9501êâ8��LÑÑ\
I

K�, 2$1Xe§Sµ

proc means data=sasuser.gpa;

run;

\¬uyIK“95?1�¤1L”EÑy3ÑÑ�z

��, 
ù�IK®²�ÑÑSNgñ
(y3©Û
�´SASUSER. GPAêâ8
Ø´C9501 êâ8)"
�
��ù�IK, ��^��vk5½SN�
�TITLE�é, =µ

title;

ù�ë"��“The SAS System”IK�vk
"
^�§�éFOOTNOTE�±�ÑÑ\�5, Xµ

footnote ’1nÙ~fÑÑ’;

KÙ��ÑÑz�e�¬k�5“1nÙ~fÑÑ”,
��^,��FOOTNOTE �é�½#��5, ½^
�FOOTNOTE �é���5��"

,���§�éOPTIONS�é�±5½XÚ$1
��
ÀJ�, 'XÑÑ´Äz�k�Ò, ´ÄkF

Ï, ÑÑ�1°, ÑÑz���pÝ(1ê), ��"Ù

¦^~Xµ

options nonumber nodate

linesize=64 pagesize=60;
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Ù ¥NONUMBER L « Ñ Ñ Ø w « � Ò(U
^NUMBER K5½w«�Ò), NODATE L«Ø3z

�w«$1FÏÚ�m(U^DATE Kw«), LINE-
SIZE = 645½ÑÑz1�°Ø�L64�iÎ(ù´#

N���1°), PAGESIZE=605½ÑÑz��601,
Øv�^�1Öà"

3.2.5 ^̂̂BY���ééé©©©|||???nnn

c¡·�®²ùL, 3L§Ú¥¦^BY�é�±�

½©aCþ, r*ÿ©a?n"3¦^�kBY�é
�L§�c��^SORTL§éêâ8Uì©aCþ
üS"~Xµ

proc sort data=c9501;
by sex;

run;
proc print data=c9501;
by sex;

run;

(J�µ

-------------------------- SEX=I ------------------------
OBS NAME MATH CHINESE AVG

1 o² 92 98 86.8333
2 �g² 86 90 80.5000
3 Üh 98 109 94.4167

-------------------------- SEX=å ------------------------

OBS NAME MATH CHINESE AVG

4 Üù² 89 106 88.6667
5 4@ 80 110 85.8333

ÚO^��§
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3.2.6 OOO���oooOOOÚÚÚ���OOO

3PRINT L§¥�±^SUM �éO�,�Cþ�o
O(oÚ)"~X, 9501 ��ÓÆ	ï�	Ö¤^�a

ê^Xe§SÑ\êâ8µ

data bkmoney;

input name $ amount;

cards;

o² 20

Üù² 15

�g² 10

Üh 20

4@ 50

;

run;

�
 � Ñ d êâ8 ¿ O � � � � o Ö ±, � �

3PRINT L§¥\þSUM �é, SUM �é¥�½
�¦Ú�Cþ¶AMOUNTµ

proc print data=bkmoney noobs;

sum amount;

run;

(J�µ

NAME AMOUNT

o² 20

Üù² 15

�g² 10

Üh 20

4@ 50

======

115
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��o��115�"
SUM�é¥��±�½õ�Cþ¶, �±Ó�é

ù
Cþ¦Ú"
^BY�é�SUM�éÒ�±QO�oÚ�O�©

|�O"'X, ·�Ø
�O�Æ)	ï�	Öo
|Ñ	��©I!å)O�o|Ñ, �±^e¡�§
S"5¿duêâ8BKMONEY ¥vk5O�&E,
·�^
�MERGE �é�êâÚ5î�Ü¿C9501
ÚBKMONEY ü�êâ8"

proc sort data=c9501;

by name;

proc sort data=bkmoney;

by name;

data c9501bk;

merge c9501 bkmoney;

by name;

run;

proc sort data=c9501bk;

by sex;

proc print data=c9501bk;

by sex;

sum amount;

run;

§S�(J�µ

-------------------------- SEX=I -------------------------
OBS NAME MATH CHINESE AVG AMOUNT
1 o² 92 98 86.8333 20
2 �g² 86 90 80.5000 10
3 Üh 98 109 94.4167 20

------
SEX 50

-------------------------- SEX=å -------------------------

ÚO^��§
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OBS NAME MATH CHINESE AVG AMOUNT

4 4@ 80 110 85.8333 50
5 Üù² 89 106 88.6667 15

------
SEX 65

======
115

��o��115, I)�O�50, å)�O�65"

3.3 ®®®oooLLL���

PRINTL§�±���L, §�Ñ¤k*ÿ"�*ÿ

�êéõ�, ù���L¿ÂØ�"TABULATE L
§�LØ´�Ñ*ÿ, 
´O�*ÿ�©aÚOþ,
±�ÚOþ�L�"ùéuêâ�®o'�k^"

TABULATE� ± � Ñ é E , � L, Ù � � � ª
�µ

PROC TABULATE DATA=êâ8¶;
CLASS ©aCþ;
VAR ©ÛCþ;
TABLE ��`², 1�`², ��`²/ À�;

RUN;

Ù¥CLASS �é�Ñ©aCþ, ^©aCþ�±

�*ÿ©a, O�ÚOþ��±éz�a©OO

�"VAR�é�Ñ«mCþ"
TABLE�é5½
±��o��L�"·�^~

f`²"'X, éC9501BK êâ8, ·�F"L¥±
ÑI!å)��	Ö|ÑoÚ, �±^Xe~fµ
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proc tabulate data=c9501bk;

class sex;

var amount;

table sex, amount;

run;

(J�µ
------------------------------------
| | AMOUNT |
| |------------|
| | SUM |
|---------------------+------------|
|SEX | |
|---------------------| |
|I | 50.00|
|---------------------+------------|
|å | 65.00|
------------------------------------

dþ~��3TABLE�é¥�½��©aCþ�
±rL�UdCþ��©�, �½��«mCþ�
±O�ÙÚ"Ï�CþSEX ÚAMOUNT ¥m^Ï
Ò©�, ¤±SEX 31�, L��1^SEX ��«©,
AMOUNT 3��, §x3�IK¥"XJ�´�Ú

OIå)<ê§�±�^SEX ��Cþ§X:

proc tabulate data=c9501bk;

class sex;

table sex;

run;

«mCþ�"�ÚOþ´oÚ§©aCþ�"

�ÚOþ´ªê"XJ·��O�Ù§ÚOþ, �
±^“Cþ¶*ÚOþ¶”�/ª"ÚOþ¶�)N,
NMISS, MEAN, STD, MIN, MAX, RANGE, SUM, USS,

ÚO^��§
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CSS, STDERR, CV, T(u �þ��0�tÚ O þ �),
PRT(tÚ O þ �p�), VAR, SUMWGT(� ê C þ �
Ú), PCTN(,a*ÿÓo*ÿ�ê�z©'), PCT-
SUM(,a*ÿ�oÚÓ�ÜoÚ�z©')"~X,
·��±^Xe§S¦I!å)�êÆ!�©¤1

²þ�9IO�µ

proc tabulate data= c9501bk;

class sex;

var math chinese;

table sex, (math chinese)*(mean std);

run;

(J�µ

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

| | MATH | CHINESE |

| |-------------------------+-------------------------|

| | MEAN | STD | MEAN | STD |

|-----------------+------------+------------+------------+------------|

|SEX | | | | |

|-----------------| | | | |

|I | 92.00| 6.00| 99.00| 9.54|

|-----------------+------------+------------+------------+------------|

|å | 84.50| 6.36| 108.00| 2.83|

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

·�w�, �¿�Cþ½¿�ÚOþ�{��r��

^��ë�, X“MATH CHINESE”Ú“MEAN STD”"
CþÚÚOþ¶�m^(Òë�"Cþ¶ÚÚO

þ¶�gS��±6�L5§'X(mean std)*(math
chinese)§���L�¥�ò±ÚOþ��98
±

Cþ��98"
þ¡�L��©aO�
ÚOþ�, XJ�O�o

�ÚOþ�, ��\��ALL'�i"rþ¡�~f
¥�TABLE�éU¤µ
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table sex all, (math chinese)*(mean std);

(J�

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

| | MATH | CHINESE |

| |-------------------------+-------------------------|

| | MEAN | STD | MEAN | STD |

|-----------------+------------+------------+------------+------------|

|SEX | | | | |

|-----------------| | | | |

|I | 92.00| 6.00| 99.00| 9.54|

|-----------------+------------+------------+------------+------------|

|å | 84.50| 6.36| 108.00| 2.83|

|-----------------+------------+------------+------------+------------|

|ALL | 89.00| 6.71| 102.60| 8.47|

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

¯¢þ,·�^(Òë�©aCþÚ©aCþ�±

�¤��©|, ^(Òë�©aCþÚ«mCþ�±

©aO�«mCþ�ÚOþ"~X, ��	5O�ª

ê©Ù, ¦^ÚOþNÚPCTN, TABLE�é�±�¤

table (sex all)*(N PCTN);

(JXeµ

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

| SEX | |

|---------------------------------------------------| |

| I | å | ALL |

|-------------------------+-------------------------+-------------------------|

| N | PCTN | N | PCTN | N | PCTN |

|------------+------------+------------+------------+------------+------------|

| 3.00| 60.00| 2.00| 40.00| 5.00| 100.00|

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

XJØ´é©aCþ��O�N!PCTNù��Ú

Oþ
´©aO�Ù¦Cþ�ÚOþ, K�I��½
I�ÚO�«mCþ, ~XTABLE�é�¤

ÚO^��§
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table (sex all)*math*(mean std);

K(J�

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

| SEX | |

|---------------------------------------------------| |

| I | å | ALL |

|-------------------------+-------------------------+-------------------------|

| MATH | MATH | MATH |

|-------------------------+-------------------------+-------------------------|

| MEAN | STD | MEAN | STD | MEAN | STD |

|------------+------------+------------+------------+------------+------------|

| 92.00| 6.00| 84.50| 6.36| 89.00| 6.71|

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

±þü�~fvk1�, �k��"
�±3TABULATE L§¥¦^KEYLABEL �é

�½�ÚOþ�I\"Ù�ª�
KEYLABEL '�i¸’I\’;

~X, e~^KEYLABEL �½
MEAN ÚSTD �
I\, q^LABEL �é�½
Cþ�I\µ

proc tabulate data=c9501bk;

class sex;

var math chinese;

table (sex all),

(math chinese)*(mean std);

keylabel mean=’²þ�’

std=’IO�’ all=’oO’;

label sex=’5O’ math=’êÆ’

chinese=’�©’;

run;

,�«�½ÚOþI\��{´3TABLE �é¥�

��½§~Xþ~�±�¤µ
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proc tabulate data=c9501bk;

class sex;

var math chinese;

table (sex ’all’=’oO’),

(math chinese)*(’mean’=’²þ�’

’std’=’IO�’);

label sex=’5O’ math=’êÆ’

chinese=’�©’;

run;

(J�
--------------------------------------------------------------------------

| | êÆ | �© |

| |-------------------------+-------------------------|

| | ²þ� | IO� | ²þ� | IO� |

|--------------------+------------+------------+------------+------------|

|5O | | | | |

|--------------------| | | | |

|I | 92.00| 6.00| 99.00| 9.54|

|--------------------+------------+------------+------------+------------|

|å | 84.50| 6.36| 108.00| 2.83|

|--------------------+------------+------------+------------+------------|

|oO | 89.00| 6.71| 102.60| 8.47|

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

·���
���¥©�ÚOL�"
5¿µk�^TABULATEL§�L�L��´

�
Ï è, ù ´SASX Ú � �©�CONFIG.SAS¥

'uFORMCHAR����¯K"3SASXÚ�S
C8¹e�é���¶�SASV8.CFG �©�(18
�±c�SAS XÚ^CONFIG.SAS), rÙ¥�¤k
±“−FORMCHAR”m©�1Ñ5ºK, �3eXe

�1Ø5ºµ

-FORMCHAR "|----|+|---+=|-/\<>*"

Ò�±)ûù�¯K"

ÚO^��§
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3.4 êêêâââüüüSSS

3SASL§¥^BY�é�±r*ÿ©a?1?n,
�3d�cI�k^SORTL§üS"SORTL§�
±rêâ8U,��½eZ�Cþ�gS?1ü

S"'X, ·��rêâ8C9501�*ÿ(1)U5O

üS(©a), �±^d§Sµ
proc sort data=c9501;

by sex;

run;

5¿ù�^DATA=�½�êâ8Q´Ñ\êâ8q
´ÑÑêâ8"L§�(J3ÑÑI�vkw«, �

´rêâ8U�¦?1
üS"
�±UA�CþüS, 'X, �UI!å5OüS,

¿3I)!å)SÜU²þ©dp�$üS, �±ù

��µ
proc sort data=c9501;

by sex descending avg;

run;

BY�éS3��Cþ¶c¡\þDESCENDING '
�iL«dCþ�üS´d����"

üS(J�±^“proc print;run;”w«Ñ5"
3INSIGHT ¥·���±éêâ8üS, �gC

ESXÛ3INSIGHT ¥éêâ8üS"

3.5 êêêâââ888===���

��SASêâ8�±w¤´,«Ý
§*ÿ�Ý


?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



150 1nÙ SASõUÄ:

�1§Cþ��"k�·�I�UC*ÿ���'
X§ù�±^TRANSPOSEL§5¢y"

kÞ��Ü¿*ÿ�~f"b�·�éeZ�¾

<k�Á�
A�ÚB�§��P¹3valCþ¥§ê
â�L3.1(�ù)�B·�J�
êâ)"�
?1
ÚO©Û·�I�rüg����\ü�Cþ, =ü
�*ÿÜ¿���*ÿ, ^Xe§S�±¢yµ

proc sort data=onecol;

by num;

run;

proc transpose data=onecol out=twotest;

var val;

id test;

by num;

run;

=���(Jêâ8�L3.2"ÑÑêâ8r�5z

�<(^NUMI£)�ü�VALCþ�C¤
��*
ÿ�ü�Cþ, VAR�é�½
�=��Cþ, ID�
é�½*ÿC¤Cþ��Cþ¶, BY�é5½3©
|±�é|S�1!�?1=�"ÑÑêâ8#O

�Cþ NAME �Ñ,�*ÿéAu�êâ8�=�

�"±þ~f��{´­è�, =¦�Ï
�©êâ
8�gS½íØ,
*ÿ���(JE´�(�"

25�ÄÜ¿�_ö�, =
©*ÿ"b�·�é
z�<kü�ÿþ�TEST1ÚTEST2, �L3.3, F"

rùü�ÿþÜ¿�Ó��, O\��5«©*ÿ5
g=��Cþ, �±^Xe§S:

proc sort data=twocol;

by num;

run;

ÚO^��§
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proc transpose data=twocol out=onetest;

var test1 test2;

by num;

run;

Ù¥VAR�é�½�=��ü�, BY�é�¦3|
S?1=�"(J�L3.4, #O�Cþ NAME ^5
«©z�#)¤�*ÿéAu�êâ8�ÛCþ, 

©��CþTEST1ÚTEST2Ú�·¶�COL1, ù´
XÚ"��Ñ�1=�C¤����¶"

þ¡�ü�~f´©|��=��Ý
�k��

½�k�1�AÏ�¹"=��,��±´Ó�
éõ1Úõ�?1, 'Xe¡�~f¥�©êâ8

�413�, =��C¤
314�"§SXe:

data mat;

input x1 x2 x3;

cards;

1 2 3

4 5 6

7 8 9

10 11 12

;

run;

L 3.1: � Ü ¿ * ÿ � êâ
8ONECOL
¾{Ò �Ô ��
NUM TEST VAL

1 a 11
2 a 12
3 a 13
1 b 21
2 b 22
3 b 23

L 3.2: Ü ¿ * ÿ � � êâ
8TWOTEST
¾{Ò 5
Cþ �ÔA �ÔB
NUM NAME A B

1 val 11 21
2 val 12 22
3 val 13 23
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proc transpose data=mat out=matt;

var x1 x2 x3;

run;

proc print;run;

(JXe:

Obs _NAME_ COL1 COL2 COL3 COL4

1 x1 1 4 7 10

2 x2 2 5 8 11

3 x3 3 6 9 12

(J¥� NAME Cþ��
z�13�©êâ8¥

��¶(Cþ¶), 
�©êâ8¥�o1KC¤
(
J¥�COL1–COL4�o�"

3.6 £££ãããÚÚÚOOO

MEANS!UNIVARIATEÚFREQùn�L§^5O

�{ü�£ãÚOþ"MEANS ÚUNIVARIATE L
§ é « m C þ O �þ�!I O � � ê i A �,

FREQ L§élÑCþO���ªê©Ù"

L 3.3: � 
 © * ÿ � êâ
8TWOCOL
¾{Ò ÿþ1 ÿþ2
NUM TEST1 TEST2

1 11 21
2 12 22
3 13 23

L 3.4: 
 © * ÿ � � êâ
8ONETEST
¾{Ò 5
Cþ ÿþ
NUM NAME COL1

1 test1 11
1 test2 21
2 test1 12
2 test2 22
3 test1 13
3 test2 23
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~X, ·��éC9501 ¥�êÆ¤1!�©¤1O

�{üÚOþ, ��^XeMEANS L§µ

proc means data=c9501;

var math chinese;

run;

(J�
Variable N Mean Std Dev Minimum Maximum
--------------------------------------------------------------
MATH 5 89.0000000 6.7082039 80.0000000 98.0000000
CHINESE 5 102.6000000 8.4734881 90.0000000 110.0000000
--------------------------------------------------------------

XJ¦^UNIVARIATEL§K�±O��õ�Ú

Oþ, ~X·�©ÛSASUSER. GPA¥�CþGPA,
�±^Xe§Sµ

proc univariate data=sasuser.gpa;

var gpa;

run;

(J�
The UNIVARIATE Procedure

Variable: gpa

Moments

N 224 Sum Weights 224
Mean 4.63522321 Sum Observations 1038.29
Std Deviation 0.77939493 Variance 0.60745645
Skewness -0.6895022 Kurtosis 0.36481671
Uncorrected SS 4948.1687 Corrected SS 135.462789
Coeff Variation 16.8146148 Std Error Mean 0.05207551

Basic Statistical Measures
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Location Variability

Mean 4.635223 Std Deviation 0.77939
Median 4.740000 Variance 0.60746
Mode 5.060000 Range 3.88000

Interquartile Range 1.05000

Tests for Location: Mu0=0

Test -Statistic- -----p Value------

Student’s t t 89.00965 Pr > |t| <.0001
Sign M 112 Pr >= |M| <.0001
Signed Rank S 12600 Pr >= |S| <.0001

Quantiles (Definition 5)

Quantile Estimate

100% Max 6.000
99% 6.000
95% 5.730
90% 5.610
75% Q3 5.215
50% Median 4.740
25% Q1 4.165
10% 3.660
5% 3.110
1% 2.400
0% Min 2.120

Extreme Observations

----Lowest---- ----Highest---

Value Obs Value Obs

2.12 159 5.9 93
2.39 75 6.0 48
2.40 13 6.0 49
2.58 221 6.0 141
2.65 87 6.0 188
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ÑÑ�)Ê�Ü©"1�Ü©´ÝÚOþ§�Ú

Oþ®31.3.7¥�
0�"1�Ü©�Ä�� �

Ú©Ñ§ÝÚOþ§ �ÚOþ�)þ�!¥ 

ê!¯ê§©Ñ§ÝÚOþ�)IO�!��!4

�!o© må"1nÜ©�'uþ��u"�n

«u��(J§�)tu�!ÎÒu�ÚÎÒ�u

�"1oÜ©���­��©�ê�O"1ÊÜ©
´Cþ�Ê��$�ÚÊ��p�"

FREQL § � ± � 	 l Ñ C þ � � � © Ù,
3TABLES �é¥�½�©Û�Cþ"'X, ·�

�
)C9501 ¥5O�©Ù�¹, �±^µ
proc freq data=c9501;

tables sex;

run;

(J�
Cumulative Cumulative

SEX Frequency Percent Frequency Percent

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

I 3 60.0 3 60.0

å 2 40.0 5 100.0

��FREQ�©Û(J�)Cþz�����ª

ê(*ÿ�ê)!z©'!\Èªê!\Èz©'"
��±é«mCþ¦^FREQ L§�Ñªê©Ù, X

tables math;

MEANS!UNIVARIATE!FREQ� ( J � ±

3INSIGHT �“Analyze - Distribution” Ú“Tables -
Frequency Table”��"
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3.7 ���'''XXXêêêOOO���

CORRL§^5O�Cþ��'Xê"�'Xê
�±�NCþüü�m��5�'"'X, �
O

�SASUSER. GPA ¥�n�CþHSM, HSS, HSE ü
ü�m��'Xê(ÊÏ�Pearson �'Xê), ��

^Xe§Sµ

proc corr data=sasuser.gpa;

var hsm hss hse;

run;

(JXeµ

The CORR Procedure

3 Variables: hsm hss hse

Simple Statistics

Variable N Mean Std Dev Sum

hsm 224 8.32143 1.63874 1864
hss 224 8.08929 1.69966 1812
hse 224 8.09375 1.50787 1813

Simple Statistics

Variable Minimum Maximum

hsm 2.00000 10.00000
hss 3.00000 10.00000
hse 3.00000 10.00000

Pearson Correlation Coefficients, N = 224
Prob > |r| under H0: Rho=0

hsm hss hse

hsm 1.00000 0.57569 0.44689
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<.0001 <.0001

hss 0.57569 1.00000 0.57937
<.0001 <.0001

hse 0.44689 0.57937 1.00000
<.0001 <.0001

ÑÑ©�ü�Ü©, 1�Ü©´�Cþ�{üÚO

þ, 1�Ü©´n�Cþüü�m��'XêÝ
"
'X, HSM ÚHSS �m��'Xê�0.57569, ù��

'Xê�"�wÍ5VÇ��0.0001"L��kn1
n�, z�ü�kü�ê, 1��ê´1CþÚ�C

þ�m��'Xê, 1��ê´u�ùü�Cþ�m

�'Xê�0�u��wÍ5VÇ�(p�)"
CORR�(J � � ± 3INSIGHT¥ d“Analyze -

Multivariate”èü��"

3.8 ^̂̂SAS/GRAPH±±±ããã

SAS�±r�Ñ3SASêâ8¥�êâ±ã/��ª
/��*/w«Ñ5"3SAS / GRAPH �¬�|±
e, SAS �±�Ñ:ã!­�ã!��ã!÷¡ã!
n�­¡ã!�p�ã!/ã, ��"

3.8.1 ÑÑÑ:::ãããÚÚÚ­­­���ããã

^GPLOT L§±�Ñ:ãÚ­�ã"'X, ·��

±�SASUSER. GPA ¥SATV éSASM �Ñ:ã, �

�^d§Sµ
proc gplot data=sasuser.gpa;

symbol i=none v=star;
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plot satv*satm;

run;

(Jw«
��GRAPHICSI�, ±Ñ
±SATV�
p ¶ ! ±SATM� î ¶ � Ñ : ã(� ã3.5)"
3GPLOT L§¥, ^PLOT �é�½±ã^�C

þ"SYMBOL �é´���§�é, �½±ã^�
ë��ª!ôÚ!Ñ:ÎÒ!��, ��"SYMBOL
�é�±�?Ò, XSYMBOL2, SYMBOL3 �, Ø�

?Ò���uSYMBOL1"

ã 3.5: SATVéSATM�Ñ:ã ã 3.6: ��z%ßÝ��mS�­

�ã

� 
 ± � ë �, � � 3SYMBOL� é ¥ �

½I=JOIN" ' X, éSASUSER. AIR ê â 8,
±DATETIME �î ¶!±CO �p ¶ ± ­ � ã,
�±^µ

proc gplot data=sasuser.air;

symbol i=join v=star;

plot co*datetime;

run;
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� ã3.6"X J Ø � 3 ã ¥ Ñ y Ñ : Î Ò � ±

3SYMBOL�é¥^V = NONE"
�
 3 ã ¥ � A ^ ­ �, � � 3PLOT�é¥

� ½ õ � Ï C þ(g C þ � � A�Ó � �), ¿ ¦
^OVERLAYÀ�, Xµ

proc gplot data=sasuser.air;

symbol1 color=black i=join v=none line=1 ;

symbol2 color=blue i=join v=none line=2 ;

plot co*datetime=1 so2*datetime=2 / overlay;

run;

Ù¥·��½
ü�SYMBOL�é, 1��SYMBOL
�é� ½ 
LINE=1, L « �.�¢ �, 1 �
�SYMBOL �é�½
LINE=2L«�.�J�"
·�3PLOT�é¥^
“p¶*î¶=n”��ª5�

½­�¦^=��SYMBOL �é�5½5x, néA
uSYMBOL�é�SÒ"�ã3.7"

SYMBOL�é�I=À���±�SPLINEL«3Ñ

:më�ë�^­�, �I=SMnn(nn�00¨99�)L
« ± � � ^ ­ � � � ± Ø²L Ñ :, nn� � L

­�1w5�[ÚÝ�ò¥"�I=NEEDLE±�

z � : � î ¶ � R �"�I=RL± � �5£ 8 �

�, I=RQ�� g ­ �, I=RC�n g ­ �, � ¡ \

þCLInnXRLCLI95L«3£8���	±�ýÿ

��95 �&�­�, 'Xµ

proc gplot data=sasuser.gpa;

symbol i=rlcli95 v=star;

plot satv*satm;

run;
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�ã3.8"GPLOTL§��±kÙ§(¹�^{, �
±ë�k']�½^SASXÚèü“Help - SAS Sys-
tem Help”, l¥é�“Help on SAS Software Products -
Using SAS / GRAPH Software”"

ã 3.7: ü^­��~f ã 3.8: �k95%ýÿ��£8��

ÚÑ:

3.8.2 ������ãããÚÚÚ÷÷÷///ããã

^GCHARTL § ± � � � ã!÷/ã!n�

� � ã � L « C þ © Ù � ã/"~ X, � ±
�SASUSER.GPA¥GPA�©Ù��ã, ��^µ

proc gchart data=sasuser.gpa;

vbar gpa;

run;

Ù ¥ ± ã ^ � C þ ^VBAR�é� Ñ"ã/�

ã3.9"XJrVBAR U¤HBAR K^/��C�î
�"^GCHART ±����ãÚ3INSIGHT ¥±�

���ãk¤ØÓ, §3î¶I�´«m�¥:�,

3INSIGHT ¥î¶I�´«m�à:�"
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ã 3.9: GPA���ã ã 3.10: ¿ü��ã

�±±�©|���ã, ~XU5O©|±�ü�
��ã¿ü��, �±^Xe§Sµ

proc gchart data=sasuser.gpa;

vbar gpa / group=sex;

run;

(J�ã3.10"
3GCHART¥^PIE�é±�L«ªê�÷/ã,

~Xµ

proc gchart data=sasuser.gpa;

pie sex;

run;

(J�ã3.11"XJ�w«z©'�, ��3PIE
�é¥\\TYPE = PERCENTÀ�, X“pie sex /
type=percent;”"

GCHARTL§��±^BLOCK �é±�n��

�ã"~X, 3SASUSER. HOUSESk�«�f��

¹, Ù¥BEDROOMS L«¹¿�ê, STYLE L«�
f�ª�, Ñ´©aCþ, ·��±^Xe§Sx
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ã 3.11: ÷/ã ã 3.12: n���ã

Ñ�N¹¿�êÚ�fª��éÜ©Ù�n���
ãµ

goptions hpos=90 vpos=70;

proc gchart data=sasuser.houses;

block style / group=bedrooms;

run;

ã/�ã3.12"

3.8.3 nnn���­­­¡¡¡ãããÚÚÚ���ppp���ããã

b�é����¼êz=f(x,y), ·�k
x��m�
�!y��m���z��, ù�·��±^G3D L
§±�­¡ã/, ^GCONTOUR ±�­¡��p�

ã"
~X, ·��±�������©Ù­¡�ã/,

b�(X, Y)ÑléÜ��©Ù, Ùþ�Ñ´0, ��
©O�1Úa, �'Xê�r"ù�, ·��±��(X,
Y)�éÜ�Ý¼ê�úª�µ

f (x, y) =
1

2πa (1− r2)
exp

− 1

2a (1− r2)

(
ax2 + y2 − 2r

√
axy

)
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·��±3����þO�­¡��µ
data dnorm2;

a=2;

a2=sqrt(a);

r=0.5;

det=a*(1-r*r);

do x=-3 to 3 by 0.3;

do y=-3*a2 to 3*a2 by 0.3*a2;

z=1/(2*3.1415926*det)*exp(-0.5/det*

(a*x*x + y*y - 2*r*a2*x*y));

output;

end;

end;

keep x y z;

run;

,�, ·�Ò�±^G3DL§5±�­¡ãµ

proc g3d data=dnorm2;

plot x*y=z;

run;

�ã3.13"^GCONTOUR L§�±±�­¡éA�
�p�ã, ~Xµ

ã 3.13: ­¡ã

x

-3.0

-1.5

0.0

1.5

3.0

y

-4.24 -2.12 0.00 2.12 4.24

0.0

ã 3.14: ���ã
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proc gcontour data=dnorm2;

plot x*y=z / nolegend autolabel;

run;

�ã3.14"
3INSIGHT ¥x^=ã�3OutputÀ�¥À¥Fit

surface �±�­¡ã¶^“Analyze - Contour Plot(Z Y
X)” èü�±����ã"

3.8.4 ããã///���NNN������ÑÑÑÑÑÑ

�±ãL§¥Ñ�½
´L�À�5N�ã/, Öö

�±ë�k']�½�XÚ��Ï",	, 3ã/¥

��±^TITLE�éÚFOOTNOTE�é�ã/\I

KÚ�5"
�
3ã/�IK!I\¥�U¦^Çi, P

�SAS��I�'�õ�Ú½, �´3Windowse
�SAS 8.0±���é{ü��éÒ�±3ã/¥

¦^True Typei.�Çi, ~Xµ
goptions ftext="yN" htitle=2 cells htext=1 cells;

proc gplot data=sasuser.class;

title "Á�SASã/�ÇiõU";

symbol i=none v=square;

plot weight * height;

label weight = "N­" height="�p";

run;

�ã3.15"Ù¥GOPTIONS¥�FTEXTÀ��½ã

/¥©��iN"XJI�^ÇiKI��½�«

ÇiiN"HTITLEÀ�ÚHTEXTÀ��½IKÚ
Ù¦©i�pÝ, XÃI��±�Ñ"
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ã 3.15: 3SASã/¥¦^Çi

�
rSAS/GRAPH±��ã/���oN�ã

/©�, ��3w«,��ã/ÑÑ�, À“File - Ex-
port”èü, 3Ñy�Ñ\©�¶�I�ÀJ·��
©�a., XBMP!WMF!JPEG!PS, ��"�ù

Â¥�SAS/GRAPHã/Ò´lSAS¥^“File - Ex-
port”ÑÑ�¥þã�ª�EMF©�2?n�(J"

� � <SAS/GRAPH) ¤ � ã/, � �À“File
- Print”" ù � ^Windows� � < ° Ä § S
�SAS/GRAPH� ã/° Ä � Ü 5 � <",	,
SAS/GRAPH�¬�Jø
Nõ«�<Å�Õá�
°Ä§S, �±Ø�6uWindows��<°Ä, äN

�ë�k']�½�Ï"

3.9 ©©©ÛÛÛ


���¬¬¬000���

Analyst (©Û
)´^ã/.¡N^SAS õU��

��¬§§�±+nêâ§O�£ãÚOþ§?
1b�u�§�£8©ÛÚ��©Û§��«ã
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/"Analyst ´^êâÚ?§ÚN^SAS L§éÜ�
¤?Ö�§¤^�SAS §S��±w«3��üÕ
�I�ø·�ÆSë�"ùp0�Ùêâ+n!£

ãÚO!�ã�õU"
lÌèü“Solutions - Analysis - Analyst” �±?

\AnalystI �"X Ú g Ä ) ¤ � �#� ©Û�

8"Analyst I�©��müÜ©§��Ü©��

8+n§^ä/8¹w«�m�êâ9éÙ¤?1
�©Û¶m�Ü©w«êâ"ÑÑ(J�¶i¬�

3�8+n�ä/8¹¥§(J�©�½ã/¬w

«3üÕ�I�¥"

3.9.1 êêêâââ+++nnn

Analyst �k��êâI��±?1êâ+n"'

X§·�UXe�{�mSASUSER. CLASS: À“File
- Open by SAS Name”, ÀJSASUSER ¥, 2ÀÙ¥

�CLASS êâ8"�ã3.16"Analyst�#N��U
©�¶�mêâ"

???666

�m�êâ"�G���ÖèA(Browse)"�
U

?6êâ§I�N^èü“Edit - Mode - Edit”"ù

���r1IüÂ�,��êâ�Ò�±?Uù

���SN"�
��¤��?UI�N^“File
- Save”èü"üÂCþ¶½1Ò�±À½Cþ½
1"3 C þ ¶ ½1Ò þ � m m � è ü ¥ � ± O

\#�(Insert)½#1(Add)§�±E�À½�1½

ÚO^��§
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ã 3.16: Analyst.¡

�(Duplicate)§�±íØÀ½�1½�(Delete)"3

Cþ¶þ�mm�èü�±UCCþ�gS(Move),
Û õ ,
C þ ¦ Ù Ø ë \ ©Û(Hide)§ � � Û

õ(Unhide)§�½�������3�m�w�Ø

Ä(Hold)§UCþ�üS(Sort)§��w«CþI

\(Labels)§�wCþá5(Properties)"

êêêâââçççÀÀÀ

Analyst �Data èüJø
éêâ��
ö�"�

�!Ú±eA�!0�ù
ö�"
Data - Filter - Subset Data èü�±^Where
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L�ªÀJ÷v^��1f8§���©Û�éÀ
½�f8?1§�±^“File - Save As”èü5��ç

ÀÑ�f8"5¿§“File - Save”èüE���8"

êêêâââCCC���

Data - Transform èüJø
�
U§S?UC

þ��{"ù
?U�7L3?6G�âUé^"

Compute �±�E��L�ª5)¤#�Cþ§
ØLùp^ã/.¡�EL�ª��{¢3�
ØX��^êâÚ?§{ü"

Rank �±O�,Cþ��ÚOþ\\�êâ8

¥§3O��ÚOþ�é{µ¥��±5½,
S!üS§�±�½©|Cþ±3|SüS§
�±^Options Ü�m��é{µÀJO��Ú

Oþ�äN�{"

Standardize �±r��CþIOz�þ�"!I

O��u1"

Recode Values �±rCþ�z���^�½��

�Ol
)¤��#�­?è�Cþ§Àdè

ü�ÀJ�­?è�Cþ§�)¤�Cþ¶9

a.§,�Ñy��.¡w«Cþ�¤kØÓ

�4^rÑ\�U¤�#�"

Recode Ranges r��Cþ©ã,�rz�ãé
A���?èl
)¤��#�­?è�C

þ§Àdèü�ÀJ�­?è�Cþ§�)¤

ÚO^��§
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�Cþ¶9a.§�©�|ê§,�Ñy��
éAL�¦^rÑ\z�|���Ú#?è"

Change Type �±ÏL=�Cþ�ê�.ÚiÎ
.)¤#Cþ§XJÑ\êâ��Ø/rê�

.��¤
iÎ.�5Ñ\��¹�±^ù�
õU5�Ö"

Log(Y)��� À½,���±ÏLO�d��~�¼
ê5)¤#Cþ§ù
¼ê�)g,éê!²

��!�ê!²�!�ê¼ê"

���ÅÅÅêêê)))¤¤¤

Data - Random Variates èü�±)¤���Å
ê"|±�©Ùa.kµ��!þ!!��!k
�!Ñt!�©!�ê!³ê!AÛ!4�©Ù"
ÀJI��©Ù�Ñ\©ÙëêÒ�±)¤��#
Cþ��)¤����Åê"

©©©aaa®®®ooo

Summarize By Group è ü J ø 
 � � � B

� êâ® o õ U § � ± O � © a � Ú O þ"
'X§SASHELP. PRDSALE ´��é���Èê
â8 § ��� w '�( J §·�Ò� ± U A

� © a é Ù?1® o"' X §·� O � U ì

� ¬ a.(PRODTYPE)Ú � ¬ ¶ ¡(PRODUCT)©
a � o � È �!� p!� $ § � ±À“Data -
Summarize By Group”, Ñ y X ã3.17� é { µ §
À½ � È �ACTUAL§ USummarize Ü � ½ §�
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� ® o � C þ §À½PRODTYPE ÚPRODUCT
UGroupÜ � ½ ^ ù ü � C þ�� © | §ÀÚ O

þSum(o Ú)!Minimum(� $)!Maximum(� p)§
(½(OK)�Ò��
©a®o��êâ8§w«
3��üÕ�êâI�§�±^“File - Save as By
SAS Name”���êâ8"

ã 3.17: Analyst: ©a®o ã 3.18: î�Ü¿

îîî���ÜÜÜ¿¿¿

Data - Combine Tables - Merge By Columns è

ü��uêâÚ�MERGE �é"�±î�Ü¿ü
�êâ8"~X�Ü¿2.3.8¥�C9501X ÚC9501Y§
�±À“Data - Combine Tables - Merge By Columns”è

ü § Ñ y X ã3.18� é { µ §ÀTable 1 ÚTable
2 © O�WORK. C9501X ÚWORK. C9501Y§ ù �
3Common variablesµ ¥ ò Ñ yNAME§ ù ´ ü �
êâ8 ¥ Ñ k � C þ § � ± U § Ü ¿ êâ8 §
ÀNAME 2UMerge ByÜr§£�Merge ByµÒ�

½
U6¶Ü¿"é{µ¥�Combine table will keep
kn�ÀJµMatches only �ü�êâ8ÑÑyÓ

ÚO^��§
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��¶iâ�3Ü¿�1¶Matches to Table 1 ��

�31��êâ8¥Ñy�¶iÒ�±�3¶All
rows �ü�êâ8¥Ñy�¶iØ+UÄ��Ñ�

�3(ù´êâÚ¥MERGE �é�"�ö�)"ù

õU´ÏLêâÚ?§�¤�§�±ÀAnalyst �>

��8+nä¥�Code ^85�w¦^�êâÚ§
S"Ü¿é{µ¥�Variables UÜ�±�½���

3�Cþ"

ppp���ÜÜÜ¿¿¿

Data - Combine Tables - Concatenate By Rows
èü��uêâÚ¥^SET p�Ü¿êâ8"Ü¿

kü«ÀJµAppend ´��þeÜ¿§ù´SET �
"�ö�¶Interleave(��) ´Ü¿�Uì,�Cþ
��Ü¿§TCþ��Ó�*ÿ����§(��
����êâ8UdCþüS"·�1�Ùùp�

Ü¿�vkù��Ü¿§Öö�±�wAnalyst )¤
��è5ÆSù«�{"

111���===���

Data - Stack Columns èüæUeZ�"'X§
e¡�êâÚ)¤
10�*ÿ§z�*ÿ¥�¹S
ÒIÚn�­EÁ�Y1!Y2!Y3 n�:

data tran;

array y(3);

do i=1 to 10;

do j=1 to 3;

y(j) = uniform(0);

end;

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



172 1nÙ SASõUÄ:

output;

end;

drop j;

run;

�
rùn�CþÜ¿���CþY�ng*
ÿ §Ò� ± N ^ ù � è ü § 3 � Ñ � é { µ ¥

ÀY1, Y2, Y3�Stack Cþ(�rùn��æå5¤
�n1)§æU���¶(Stacked column)�Y, 5
�

¶(Source column)� SOURCE (ù�����æU
�n���¶i), Ò�±rY1, Y2, Y3æUå5§
ù��5�101C¤
301§z�I��kn�*
ÿ"^File èü�±��(J§b����
êâ
8TRAN ST"

Data - Split Columns èü�½��©|CþÚ
���
©��§U©|Cþ�Czr
©�¥�
�*ÿ
¤�©|CþéA�eZ�"ùÄ�´þ

¡�æUö��_"'X�rþ¡���TRAN ST
¥�YE
�n�§Ò�±Àdèü§3�Ñ�
é{µ¥À�©�Cþ(Split Column)�Y§©|�

â(Group By)� SOURCE §Ò�±
©��#êâ
8"

Data - Transpose èüéêâ8?1=�§�5
�1C¤�§�C¤1"3=���±�½��©
|Cþ§ù�z��=��3��©|SÜ?1§
©|Cþ��¿ØUC"c¡��æUÚ
©Ä
�´ù«=��A~"'X§�rêâ8TRAN¥

�Y1, Y2, Y3Ü¿���Cþ�n�*ÿ§��N
^ù�=�èü§ÀY1, Y2, Y3��=��Cþ§

ÚO^��§
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ÀI�©|Cþ§K�±��rY1, Y2, Y3Ü¿�
�J"��§�
rTRAN ST�CþY­#
©¤
n�§��N^=�èü§ÀY��=��Cþ§
ÀI�©|Cþ=�"

���ÅÅÅÄÄÄ���

Data - Random Sample èüéêâ8�*ÿ?
1�ÅÄ�"Ï�êâ8�z1´��*ÿ§·�

�±rù
*ÿw¤´��k�oN?1Ä�"À
dèü�òw«�©êâ8�1ê§^r�±ÀJ

�Ä����þ(Rows)½Ä��z©'(Ratio)§�
±�½�ÅÄ�¤^��Åê«f"

3.9.2 ���LLL

Analyst |±PRINT L§��LÚTABULATE L§
�®oL"

���LLL

À“Reports - List Data”èü�ÑXã3.19�é{µ§
ùp�À�Ä��PRINT L§éA"Print µ¥´
�w«�Cþ"Idµ¥��uID �é�½�£OC

þ"UTitles UÜÑy���½IK�é{µ§�±

�½�ÛIK!�^u�L§�IK!´Ä�)F

Ï�m!�Ò!*ÿçÀ^��"UOptions UÜ�
±�½PRINT L§�À�§�)´Ä¦^CþI\

���IK§�L1å°Ä§´Ä�Ñ1Ò§´Ä
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�Ño*ÿ�ê§�±�½é,
Cþ¦oO(��
uSUM �é)"

ã 3.19: Analyst: Analyst: �L�

w
ã 3.20: Analyst: Ê«®oL

®®®oooLLL

À“Reports - Tables”èü�±�ÑXã3.20�ÀJ§
ù´Analyst ^5��Ê«~�®oL���{ü´

^�.¡"ù�.¡^å5'�§S���B§·
�Þ~`²"'XéGPAêâ8·�F"©IåO

�SATMÚSATV�²þ�!IO�!¥ ê§�±

UXeÚ½µUã~�1n«§�ÑXã3.21�é
{µ"3ùp·��±�½©ÛCþ(Analysis Vari-
ables)�satm Úsatv§1©aCþ(Row Classes)�sex,
ÚOþ�MEAN, STD ÚMEDIAN§2UOptionsI�
�ÑXã3.22�é{µ§ùp�General Ü©�±�

½´ÄO�ÜO§"�êâÑÑ�ª§Labels Ü©
�±�½CþÚÚOþ�I\"

ÚO^��§
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ã 3.21: Analyst: Analyst: 1n«

®oL

ã 3.22: Analyst: ®oLÀ�

3.9.3 £££ãããÚÚÚOOO

Analyst �“Statistics - Descriptive”èü�±O�£ã
ÚOþ"Ù¥�“Summary Statistics” ��uMEANS
L§, N^dèü��ÑXã3.23�é{µ"ùp
·���½©ÛCþ(Analysis)§^Statistics �À�

�±�½�O��ÚOþ(�)¤k�ÝÚOþ),
^Plots �À� � ± � ¦ ± � C þ � Ý/ã Ú �

�ã§^Output �À��±�½ê�ÑÑ�ªÚ
´Ä¦^CþI\§^Variables �À��±�½
©|Cþ(By Group)!�­Cþ(Weight)ÚªêC

þ(Frequency)§^Save Data �À�rÚOþ���

�SASêâ8"
“Statistics - Descriptive - Distributions”� �

uUNIVARIATE L§§�´3Analyst ¥qÏL?

§Jø
Or�õU"Àdèü��Ñ�é{µ
X ã3.24"·� Ä k �À½ ©ÛC þ(Analysis)§
^Method À�ÀJO������¦^�©1§
^FitÀ��±�¦éêâ[Ü��!éê��!
�ê!%Ù��o«©Ù§^Plots�±�¦±�Ý
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ã 3.23: Analyst: Analyst: Ä�Ú

Oþ
ã 3.24: Analyst: Analyst: ©Ùï
Ä

/ã!��ã!VÇãÚQQã�o«ã/§XJ
®²�¦
[Ü©ÙK��ã¥òU\[Ü�©Ù

�Ý§VÇãÚQQã�´�éu�[Ü�©Ù5
x"VÇã(Probability Plot)ÚQQãÄ��Ó§ü
öp�IÑ´©ÛCþd���üS��ê�yi§
eyi��uvi²�© ê(�±´?�L�)§ù��

�QQãî�I´IO���vi© ê§î�I�
IÝ�´��© ê¶
��VÇã�î�IE^
IO��© ê�´IÝ%I© ê�A�VÇ�

=vi��"
“Statistics - Descriptive - Correlations” èüO�C

þ��'Xê§��uCORR L§§ùpOr�/
�´�±xÑ:ã¿3Ñ:ãþx�&ý�"

“Statistics - Descriptive - Frequency Counts” èü?
1Cþ©ÙªêÚO§��uFREQ L§§Ó��
�±xlÑCþ�^/ã"

3.9.4 xxxããã

^Analyst �Graphs èü�±éN´/�Ñêâ8¥

ÚO^��§
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Cþ��«ã/"

ã 3.25: Analyst: ��ã

“Graphs - Bar Chart”
x^/ã"�±xÏ

~�çá�^/ã§
��±xY²�^/
ã"�±r^/x¤
n�/G"«mCþ
�^/ã���ãv

k��«O§�´©aCþ�U�^/ãØU�
��ã"

“Graphs - Pie Chart” x÷/ã§�±x¤n��
/G"

“Graphs - Histogram” x��ã"Analyst �ù�
èükOr�õU"Àdèü��Ñ�é{µX

ã3.25¤«"·�I��½©ÛCþ(Analysis)"Ï

LFit�À��±�¦[Ü��!éê��!�ê!
%Ù�o«©Ù¿r[Ü�©Ù�Ý­�x3��
ãþ¡"

“Graphs - Box Plot” xÝ/ã"�½Ý/ã�é{
µ¥k��Display UÜ�±ÀJäNx{§·�Ï

~��Ý/ã3ùp��uStyle �Schematic"
“Graphs - Probability Plot” xVÇã§±êâ8¥

�Cþ��p�I§±[Ü�nØ©Ù�éA© 
ê�î�I�î�I¶I�´VÇ�"�±À��

©Ù!éê��©Ù!�ê©Ù!%Ù�©Ù"
“Graphs - Scatter Plot” x��Ñ:ã½n�Ñ:

ã"
“Graphs - Contour Plot” 'uX, Y, Z n��Ix�
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��ã"
“Graphs - Surface Plot” 'uX, Y, Z n��Ix­

¡ã"

öööSSS

1. SASHELP.PRDSALE´,ISúi3�/�ÈP

¹"CþACTUAL´¢S�È�, PREDICT ´
ýÿ��È�§COUNTRY´ñ �I[, RE-
GION´/«, DIVISION´ñ �Ü�, PROD-
TYPE´�¬a., PRODUCT´äN��¬¶

¡, QUARTER, YEAR, MONTH´�È�m�G

Ý, c, �"
(1)�Ñêâ8�SN, �¦���\þÜn�¥

©�IK, Ø�*ÿSÒ"
(2) rêâ8U�¬aO!�¬!c!�üS�
U�¬aO!�¬©a�Ñc!�!�È�§
O��È���OÚoO"
(3) ^TABULATEL§±�U�¬aOÚ�¬¶

¡��©a��È�9oO"¦^¥©I\"

2. éSASUSER.GPA¥ �GPA^UNIVARIATEL §
©Û©Ù¿{ã(J"Qã5O©Ù"

3. ±�F©ÙgdÝ�(1,30), (2,30), (3,30), (4,30),
(5,30), (10,30)� � Ý ­ � ã(x 3 Ó � � I X

¥)"

ÚO^��§
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c¡·�®²w�
SAS�?§O�!êâ+nU

å!êâ®o!êâ&¢©ÛUå"ù�Ù·�

ùXÛ^SAS?1Ä��ÚOu�!�5£8!�
�©Û!�éLu��Ä�ÚO©Û"·�Q¦
^SAS�ó?§, �¦^SAS/INSIGHT ÚAnalyst �
èü.¡"

4.1 ���


üüüCCCþþþuuu���¯̄̄KKK

éü�Cþ, ·��UI����5u�!üÕá�

�þ����u�!¤é��þ����u�"

4.1.1 ������555uuu���

3PROC UNIVARIATE �é¥ \ þNORMAL À
� � ± ? 1 � � 5 u � " ~ X, · � � u

�SASUSER.GPA¥GPA´ÄÑl��©Ù, ��^
XeUNIVARIATEL§µ

proc univariate data=sasuser.gpa normal;

var gpa;

run;

(J(Ü©)Xeµ
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Tests for Normality

Test --Statistic--- -----p Value------

Shapiro-Wilk W 0.966294 Pr < W <0.0001
Kolmogorov-Smirnov D 0.059805 Pr > D 0.0488
Cramer-von Mises W-Sq 0.212179 Pr > W-Sq <0.0050
Anderson-Darling A-Sq 1.564677 Pr > A-Sq <0.0050

ùp�Ñ
GPA Cþ�o«��5u�(J, Ù

¥Shapiro-Wilku�´·�ÄÀ�"·��±w�,
p�é�, ¤±30.05Y²(½0.10Y²)eAáý"b

�, =@�GPA©Ù���"
3SAS / INSIGHT ¥�
u�GPA �©Ù, k

À“Analyze - Distribution”èü�mGPACþ�©Ù

I�, ,�À“Curves - Test for Distribution” èü"Ø

�±u�´Ä��©Ù	��±u�´Äéê�

�!�ê©Ù!Weibull©Ù"
3Analyst ¥À“Statistics - Descriptive - Distribu-

tions” NÑ©ÙïÄé{µ, À
©ÛCþ�UFit
Ü�±�¦?1©Ù[Ü, ���(J¥�¹
©
Ù[Ü�n«u�(�þ¡Univariate�o«u���
n«)"ùp��±�¦xÝ/ã!��ã(�¦[

Ü���ãþ¡¬N\[Ü����Ý­�)!V
Çã!QQã"Analyst�ù�èü��±?1éê�

�!�êÚWeibull©Ù�[ÜÚu�"

4.1.2 üüüÕÕÕááá���������þþþ���uuu���

b�·�kü|��©O5gü�ÕáoN, I�u

�ü�oN�þ�½¥% �´Ä��"XJü�

ÚO^��§
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oNÑ©OÑl��©Ù, 
�����, �±¦^
ü��tu�L§TTEST"

'X, ·��u�SASUSER.GPAêâ8¥I)Ú
å)�SATM©ê´Ääk���²þ�, ��^X

e§Sµ

proc ttest data=sasuser.gpa;

class sex;

var satm;

run;

L§¥^CLASS�é�½©|Cþ, ^VAR�é�½
�'��Cþ"(JXeµ

The TTEST Procedure

Statistics

Lower CL Upper CL
Variable sex N Mean Mean Mean

satm female 145 597.98 611.77 625.56
satm male 79 546.45 565.03 583.6
satm Diff (1-2) 23.698 46.747 69.796

Statistics

Lower CL Upper CL
Variable sex Std Dev Std Dev Std Dev Std Err

satm female 75.336 84.021 94.986 6.9775
satm male 71.71 82.929 98.343 9.3303
satm Diff (1-2) 76.53 83.639 92.215 11.696

Statistics

Variable sex Minimum Maximum

satm female 400 800
satm male 300 740
satm Diff (1-2)

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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T-Tests

Variable Method Variances DF t Value Pr > |t|

satm Pooled Equal 222 4.00 <.0001
satm Satterthwaite Unequal 162 4.01 <.0001

Equality of Variances

Variable Method Num DF Den DF F Value Pr > F

satm Folded F 144 78 1.03 0.9114

(J k n � Ü © µ ü � o N �SATM{ ü Ú O

þ(Statistics Ü©, �)Cþ©|�þ�!IO�!
ü|²þ��!²þ���IO�, ��), ü��þ
��u�(T-TestsÜ©), ±9ü����´Ä���
u�(Equality of Variances Ü©)"IO�ü��tu
��¦üoN����, ¤±1nÜ©(Ju�ü
����´Ä��"XJu��(J���, K�
¦^°(�ü��tu�(�{�Pooled), w1�Ü©
(J¥IEqual@�1"XJ��u��(J�Ø

�, K�U¦^Cq�ü��tu�, w1�Ü©(J
�Unequal@�1(�{�Satterthwaite)"ùp·�w
���u��p��0.9114ØwÍ, ¤±�±@���
��, ¤±·�wEqual1, p��0.000130.05Y²e

´wÍ�, ¤±A@�I!å)�SATM©êkwÍ

�É, å)©ê�p"ùp·���±Ø+��´Ä
��Ñ�¦^Satterthwaite �{�(J"

þ¡�u�¥éáb�´ü|�þ�Ø�, ¤±

u�´V>�, b�Tn−1´n − 1�gdÝ�t©Ù�

ÅCþ, A´·����TÚOþ��, Kp��O�

ÚO^��§
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úª�p = Pr(|Tn−1| > |A|)"XJ�?1ü>�u

�, 'Xéáb��å)©êpuI)©ê(m>),
Kp��p = Pr(Tn−1 > A), �O����tÚOþ�

��ê�(y3t=4.00)dü>p��V>p����,
�O����tÚOþ�Kê��½ØUÄ½"b

�"u��>�TÐ��"

ã 4.1: Analyst�ü��tu�é{µ

SAS / INSIGHT�J ø Õ á ü � �þ� u �

� õ U"Analyst¥ � ±?1ü � �tu �"l è

ü“Statistics - Hypothesis Tests - Two-Sample t-test for
Means” �mu��é{µXã4.1"ùp·�Ø
�
±?1V>u�	��±ÀJü>u�(ù�:�é
u�©�TTEST L§´��?Ú), 'XÀJéáb

��å)'I)SATM ©êÐ, (JXe:

Two Sample t-test for the Means of satm within sex 4

Sample Statistics

Group N Mean Std. Dev. Std. Error
----------------------------------------------------
female 145 611.7724 84.021 6.9775
male 79 565.0253 82.929 9.3303
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Hypothesis Test

Null hypothesis: Mean 1 - Mean 2 <= 0
Alternative: Mean 1 - Mean 2 > 0

If Variances Are t statistic Df Pr > t
----------------------------------------------------
Equal 3.997 222 <.0001
Not Equal 4.012 162.17 <.0001

��å)�SATM ©ê'I)p"
XJ·�F"u�I!å)�GPA©êKÃ{¦

^ü��tu�, Ï�u�å)�GPA�����5
uy§���"ù«�¹e·��±¦^�ëêu

�"u�üÕá���¥% �´Ä�Ó��ëê
u�kWilcoxon�Úu�"·�^NPAR1WAYL§
\WilcoxonÀ��±?1ù«u�"�e~µ

proc npar1way data=sasuser.gpa wilcoxon;

class sex;

var gpa;

run;

ÙCLASS�éÚVAR�TTESTL § � Ó"(J X

eµ
The NPAR1WAY Procedure

Wilcoxon Scores (Rank Sums) for Variable gpa
Classified by Variable sex

Sum of Expected Std Dev Mean
sex N Scores Under H0 Under H0 Score
------------------------------------------------------------
female 145 16067.50 16312.50 463.429146 110.810345
male 79 9132.50 8887.50 463.429146 115.601266

Average scores were used for ties.
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Wilcoxon Two-Sample Test

Statistic 9132.5000

Normal Approximation
Z 0.5276
One-Sided Pr > Z 0.2989
Two-Sided Pr > |Z| 0.5978

t Approximation
One-Sided Pr > Z 0.2992
Two-Sided Pr > |Z| 0.5983

Z includes a continuity correction of 0.5.

Kruskal-Wallis Test

Chi-Square 0.2795
DF 1
Pr > Chi-Square 0.5970

(J©�oÜ©µü����Ú�k'ÚOþ,
Wilcoxon ü��u��(J, tu��CqwÍ5,
Kruskal-wallis u�(J"·���wWilcoxon u�

�p�Prob > | Z | = 0.5978, u�(JØwÍ, �@�

I!å)�GPA©ê30.05Y²eÃwÍ�É"ù

p��
ü>u��(J, ü>u��éáb�´I

)©ê'å)p, (J�ØwÍ"
Analyst¥ � J ø 
Wilcoxon � Ú u � "

l“Statistics - ANOVA - Nonparametric One-Way
ANOVA”èü?\, §�´¦^NPAR1WAY L§"
(J�þã(Jk[���O, ù´O�ZÚOþ�
�ëY5?��K�Úå�"

4.1.3 ¤¤¤éééoooNNNþþþ���uuu���

·�3y¢¥²~��Ó�oNü�ÿþ(J�'
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�, 'X, �	Ó�|<3ë\�c���âõc�
�%ÇkÃwÍ�É"ù�, z�<�cc�%ÇÚ
�c��%Ç´�'�, %Ç�5�¯�<âõ�E

�éuÙ§<�¯"¤±, u�ù��¤éoN�þ
�ØU¦^ü��tu���{, Ï�Õá5^�Ø

2÷v"ù�, ·��±u�ü�Cþm����þ
�´Ä�", ù�duu�ü|ÿþ��²þY²k
ÃwÍ�É"

u � ü � � � � þ � ´ Ä � " � � ¦
^UNIVARIATEL§, 3UNIVARIATEL§�ÝÜ©
�Ñ
þ��"�tu�ÚÎÒu�!ÎÒ�u

� �(J"~ X, ·� � � �SATMÚSATVù ü
��Á�¤1kÃwÍ�É(SATM²þ��595.3,
SASTV²þ��504.6, ·�F"���É´Äw

Í)"Ï�ùü�¤1´Ó��Æ)�¤1, ¤±

§��m´�'�(Æ�Ð�Æ)ü���ÑÐ,
Æ�����ü�Ñ�), ØU^Õáü���tu
�, ��±O�üCþm��DMV¸SATM¨SATV,
u���Cþ�þ�´Ä�""XJÄ½, K�@

�SATMÚSATV�²þ�kwÍ�É"
�d, ·�k^��êâÚO���, ,�é�

�Cþ^UNIVARIATEL§?1©ÛÒ�±��(
J"§SXeµ

data new;

set sasuser.gpa;

dmv = satm - satv;

keep dmv;

run;

proc univariate data=new;

var dmv;

ÚO^��§
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run;

(J(Ü©)Xeµ

Basic Statistical Measures

Location Variability

Mean 90.73661 Std Deviation 92.82931
Median 90.00000 Variance 8617
Mode 90.00000 Range 490.00000

Interquartile Range 130.00000

Tests for Location: Mu0=0

Test -Statistic- -----p Value------

Student’s t t 14.62923 Pr > |t| <.0001
Sign M 73.5 Pr >= |M| <.0001
Signed Rank S 9757.5 Pr >= |S| <.0001

Ù¥� �u�(Tests for Location: Mu0=0) Ü©
´b�u�¯KH0 : µ = 0 ←→ Ha : µ 6= 0�u�

(J"1��u��tu�(Student’s t), I�b½�
�CþÑl��©Ù, u��p�Pr> |t| < .0001, ù

�u�30.05Y²e´wÍ�, ¤±�@�ü�©ê
kwÍ�É"1��u�(Sign)´��ÎÒu���
�ëêu�, Ùp��Pr>= |M| <.0001, 30.05Y²e

�´wÍ�, (ØØC"1n�u�(Sgned Rank)´
��ÎÒ�u���ëêu�, Ùp��Pr>= |S| <
.0001, 30.05Y²e´wÍ�, (ØØC"¤±ùn

�u��(ØÑ´ü�¤1kwÍ�É"
XJtu�éáb�´ü>�, Ùp��{�þ¡ù

�ü��tu�p��{�Ó"
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3SAS/INSIGHT¥'�¤é��þ��wÍ�É,
Ó�´kO�üCþ���Cþ(3“Edit - Variables
- Other”èü¥, �½ü�Cþ, �½ü�Cþm�
O��~{, K�±)¤��Cþ, �±^êâI

�èü�“Define Variables”UCþ¶), ,�éd�
�CþÀ“Analyze - Distribution”, À“Tables - Tests
for Location”Ò�±3©ÙI�w«ùn�u��(
J"

Analyst ¥¤étu��©�B, ØI�gCO�

��Cþ, ��Àèü“Statistics - Hypothesis Tests -
Two-Sample Paired t-test for Means”, 3�Ñ�é{µ
¥�Ñ1�|Cþ¶SATM, 1�|Cþ¶SATV§
Ò�±?1¤étu�"ùpØ
�±�V>u�±

	��±�ü>u�§�ã4.2"

ã 4.2: Analyst�¤étu�é{µ

4.2 £££888©©©ÛÛÛ

�!kùãXÛ^SAS/INSIGHT?1­�[Ü, ,

�?�ÚùXÛ^SAS/INSIGHT?1�5£8, {

ü0�SAS/INSIGHT�2Â�5�.[Ü, ��0
�XÛ^?§ÚAnalyst ?1£8©Û"

ÚO^��§
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4.2.1 ^̂̂SAS/INSIGHT???111­­­���[[[ÜÜÜ

ü�CþYÚX�m��''X²~�±^��¼ê
5L«, ��¼ê�±�Óu�^­�, ¢Só�¥

²~éü�Cþ[Ü�^­�5Cq§���''
X"�Ä��“­�”´��, ��±^õ�ª!�^

¼ê!Ø�OÚÛÜõ�ª�O­�"Ù�.�L

«�

Y = f (X) + ε

ã 4.3: �péN­�Ñ:ã9£8��

~X, ·��ïÄSASUSER.CLASSêâ8¥Æ)
N­��p�m��''X"�d, ·��±kx
Ñüö�Ñ:ã(Analyze - Scatter plot)"lã¥�±

wÑ, �p�p�<��N­�­"·��±rN­

��ÏCþ!�p��gCþ[Ü�^£8��, �

�À“Analyze - Fit (Y X)”, ¿ÀN­�YCþ, �p
�XCþ, =�gÄ[ÜÑ�^£8��, �4.3"I

�¥��Ñ
[Ü��.�§!ëê�O!�ä&
E�, ·�3e��!2�[0�"

3 [ Ü 
 � � �, � [ Ü õ � ª ­ �,
� � À“Curves - Polynomial”, , � Ñ \ �
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g(Degree(Polynomial)), Ò� ± 3 Ñ : ã Ä : þ

2\\�^õ�ª­�"éu�~, ·�w��
gõ�ª���­�����Oé�, ¤±^�
g õ � ª [ Ü v k ` ³"� � ± Á ^ n g!o

g�õ�ª"�
UC�g��±¦^[ÜI�
¥ � õ � ª�g w ¬(Parametric Regression Fit¥
�Degree(Polynomial))"ùp·�ÁXO�õ�ª�
�±uy��p��õ�ª���.¿ØÜn"

�^­�´�«�ëê£8�­�[Ü�{"1
w�^�©ã�ngõ�ª, ­�3z�ãS´�

�ngõ�ª, 3üã�ë�:´ëY!1w�"
�[Ü�^­�, ��À“Curves - Spline”, ¦^"�
�GCVOK(2Â��Ø¢)5À�1wXê(1wX

êc��, ���­��1w, �[ÜÓ�C�, 1w
Xêc���ÿ���­��­ò, 
[Ü�Ð), Ò
�±3Ñ:ã�Ä:þxÑ�^­�"�±^1w
Xêc�w¬5N�­��1w§Ý/[Ü`Ý"é
u�~, GCVOK����^­��£8��A�
´­Ü�, `²��[Ü�±��÷¿�(J"

Ø�O´,�«�ëê£8�­�[Ü�{"§

½Â
��Ø¼êK(x), ~X¦^IO��©Ù�

Ý�ØK(x), ,�^Xeúª�O²�úªf (x)µ

f̂ (x) =
N∑

i=1
K

x−Xi

λ

 Yi

Ù¥λ�I°, λ�����­��1w"�


xØ�O­�, ��À“Curves - Kernel”, Ø¼ê¦
^"����Ø, À�1wXê��{æ^"�
�GCV{, Ò�±rØ�OãN\�Ñ:ãþ"�
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~���Ø�O­��£8��!�^­�k�

½�O"�±ÃÄN�1wXêc��, �±w�,
�cL��­�Ø=C1w
��5�CY², Ï�

ù��[Ü�Ä�´��~ê, ù��^­���/
ØÓ, �^­��cO��­�C1w�Øª�u~
ê(Y²�)"
ÛÜõ�ª�O(Loess)´,�«�ëê£8�­

�[Ü�{"§3z�gCþ�?[Ü��ÛÜ

õ�ª, �±´"�!��!��, "���Ø�
O�Ó"SAS/INSIGHT"�¦^��(�5)ÛÜõ
�ª"UCLoess�Xêalpha�±UC­��1w
Ý"alphaO��­�C1w, 
�¦^��½��
õ�ª�­�Ø¬Ï�\�alpha
CY²"

�½�°�ÛÜõ�ª´,�«ÛÜõ�ª[Ü
�{"§k��1wXêc"

4.2.2 ^̂̂SAS/INSIGHT???111���555£££888©©©ÛÛÛ

þ¡·�®²w�, ^èü“Analyze - Fit (Y X)”Ò�
±[Ü�^£8��, ù´é£8�§

y = a + bx + ε

��O(J"ù���5£8�±í2���ÏC

þ!õ�gCþ��¹"�5�.�¤Ý
/ª�

Y = Xβ + ε

Ù¥Y�n × 1�þ, X�n × pÝ
, ��1����

�´1, �L�å�"β�p × 1��ëê�þ, ε�n ×
1�ÅØ��þ, ε���Õá�������σ2(�
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�)"�~�¹e, Xê��O�β̂ = (X′X)−1 X′Y,
[Ü�(½¡ý��)�Ŷ = X (X′X)−1 X′Y = HY,
Ù¥H = X (X′X)−1 X′ ´Rn �m��þ�X ��

Ü¤��5�mµ(X)ÝK�ÝK�fÝ
, ��“l

f”Ý
"[Üí��ε̂ = Y − Ŷ = (I − H)Y, í

�²�Ú�ESS = ε̂′ε̂ =
n∑

i=1

(
Yi − Ŷi

)2
, Ø����

��O(�¦�O
X÷�)�þ�Ø�(MSE) s2 =
MSE = 1

n−pESS, 3�5�.�b�e, e�O
X÷

�, β̂Ús2 ©O´βÚσ2�Ã �O, Xê�O���

Var(β̂) = σ2 (X′X)−1"�ä£8(J`����
­��I�E�'Xê²�(û½Xê) R2 = 1−ESS

TSS
(Ù¥TSS =

n∑
i=1

(
Yi − Ȳ

)2
), §�L3ÏCþ�C�¥

^�.U
)º�Ü©�'~, ¤±R2��`²�

.�Ð"
~X, ·�3“Fit (Y X)”�ÀJCþI�ÀYC

þ(Ï C þ)�N ­(WEIGHT), ÀXC þ(g C þ)�
�p(HEIGHT)Úc#(AGE), K�±��N­é�
p!c#��5£8(J"e¡éÄ�(J?1`

²"
£8Ä��.µ

weight = height age

Response Distribution: Normal

Link Function: Identity

£8�.�§µ
Model Equation

weight = -141.2238 + 3.5970 height + 1.2784 age

ÚO^��§
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[ÜV¹µ
Summary of Fit

Mean of Response 100.0263 R-Square 0.7729

Root MSE 11.5111 Adj R-Sq 0.7445

Ù ¥Mean of Response�Ï C þ(Response)�þ�,
Root MSE���þ�Ø�, ´þ�Ø��²��,
R-Square=E�'Xê²�, Adj R-Sq�?��E�

'Xê²�, Ùúª�R̃2 = 1− n−i
n−p

(
1−R2

)
, Ù¥i�

k�å���1, ÄK�0, ù�úª�Ä�
gCþ
�êp�õ�é[Ü�K�, �5�R2�XgCþ�
ê�O\o¬O�, 
?��R̃2KÏ�pé§k��
üN~�K�¤±pO��?��R̃2Ø�½O�, B

uØÓgCþ�ê��.�'�"
��©ÛLµ

Analysis of Variance
Source DF Sum of Squares Mean Square F Stat Pr > F
Model 2 7215.6371 3607.8186 27.23 <.0001
Error 16 2120.0997 132.5062
C Total 18 9335.7368

ù´'u�.´Ä¤á��­��u�"§u�

�´H0µ�.¥¤k�Ç�XêÑ�u", ù�d

u`gCþ��5|ÜéÏCþvk)º�^"§

�â�´��IO���©), rÏCþ�ol�
²�Ú(C Total)©)�U^�.)º�Ü©(Model)
�ØU��.)º�Ü©(�ÅØ�, Error)�Ú, X

JU)º�Ü©Ó�'~�ÒÄ½H0"FÚOþ(F
Stat)Ò´ù�'~(^gdÝ?�L)"lþ¡(J
w·�ù��.éwÍ(p��u�©��), ¤±�
±Ä½H0, �.´k¿Â�"
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1nau�µ
Type III Tests

Source DF Sum of Squares Mean Square F Stat Pr > F
height 1 2091.1460 2091.1460 15.78 0.0011
age 1 22.3880 22.3880 0.17 0.6865

ù�L��Ñ
é���Ç�´Ä�"(H0 : βj =
0)� u �(J"u � | ^ � ´ ¤¢1 n a ² �
Ú(Type III SS), q� ²�Ú, §�L3�"�


�Cþ��.¥\\�Cþ����.²�Ú�O

\þ"'X, HEIGHT�1na²�Ú=y3��

.²��Ø�¹CþHEIGHT��.O���.²

�Ú��"1na²�Ú��.¥gCþ�gSÃ
', ���Ø�¤�.²�Ú�²�Ú©)"L¥

^FÚOþéb�?1
u�, ©f´1na²�Ú
�þ�, ©1�Ø��þ�"¢Sþ, �©fgdÝ
�1�, FÚOþ=Ï~�tu�ÚOþ�²�"lL

¥��, �p��^´wÍ�, 
c#��^KØw

Í, k�U�Kc#���.�Ð�
"
ëê�O9�'ÚOþµ

Parameter Estimates

Variable DF Estimate Std Error t Stat Pr>|t| Tolerance Var Inflation

Intercept 1 -141.2238 33.3831 -4.23 0.0006 . 0.0000

height 1 3.5970 0.9055 3.97 0.0011 0.3416 2.9276

é�å�XêÚ��Ç�Xê, �Ñ
gdÝ(DF),
�O�(Estimate), �O�IOØ�(Std Error), u�

Xê�"�tÚOþ, tÚOþ�p�, u���5�N

NÝ(Tolerance)Ú��)äÏf(Var Inflation)"Ù¥

gCþXi�NNÝ½Â�1~�XiéÙ§gCþ�
E�'Xê²�, ÏdNNÝ��(�C0), `²Xié

ÚO^��§
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Ù§gCþ�E�'Xê²���, =Xi�±éÐ
/�Ù§gCþ��5|ÜCq, ù�Xi3�.¥

��^Ø�"PC = (cij)n×n = (X′X)−1, KVar(β̂i) =
σ2cii, cii����)äÏf, §�LXi�Xê�O�
���'~Xê, w,Ù���`²�O�ØO(,
�`²Xi3�.¥��^Ø�"��)äÏf�N

NÝp��ê"

ã 4.4: í�éýÿ��Ñ:ã

e��(J�í�éýÿ��Ñ:ã, ^§�±u

�í�¥kÃÉ~�¹, 'X��5'X!É��!
�.E£�Ø!É~�!S��'��"d~¥�
Ñ:��Å/ÑÙ30��þe, vk²w��ª, �
@�(J´Ü·�(��ï�ØwÍ�CþAGE¿Ø

�N3í�ã¥)"
ã4.5–4.8 ´;.���5!É��!É~�!S

��'��¹�í�ã"
^Tablesèü�±\\�
Ù§�ÚOþ, X��

��ä(Colinearity Diagnostics)�^�ê(Conditional
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ã 4.5: ��5 ã 4.6: É��

ã 4.7: É~� ã 4.8: S��'

ÚO^��§
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Index)"^Graphsè ü � ± \ \ í � � � � V Ç

ã(Residual Normal QQ)Ú   m \ ã(Partial Lever-
age)"

3Varsè ü ¥ � ± � ½ �
C þ, ù
C þ �
± \ \ � êâI � ¥"êâI � � S N � �

3 S � ¥, Ø g Ä U�^ � ¥ � êâ8, ¤ ±

� � � êâI � �?U(J � {I� ^“File -
Save - Data”·-�½��^5���êâ8¶"
�
 
)\ \ � C þ �äN ¿ Â, ÀêâI �
è ü ¥ �“Data Options”, À¥“Show Variable La-
bels”À�"� C þ ¥, Hat Diag�l fÝ
 �
é�� � �(l fÝ
HT Ð ´n × n�), = m \
Ç, � N 
 z � * ÿ � K � ��"Predicted�
[ Ü �(ý � �), Linear Predictor�¦ ^ �5
�.[ Ü �(J, 3 �5£ 8 � �Predicted�

Ó"Residual�í�"Residual Normal Quan-
tile´í�d���üS�éA�IO���© 
ê, 1i�í����© ê^Φ−1

(
i−0.375
n+0.25

)
O�, Ù

¥Φ�IO��©Ù¼ê, ë�1.3.7'uQQã�)
º"Standardized Residual(IOzí�)�í�
Ø±ÙIOØ�"Studentized Residual(Æ)z
í�)��IOzí�aq, �O�1i�Æ)zí�
�ýÿ�Ú���OÑ´3íØ1i�*ÿ���
�"�Æ)zí����L2�ù�*ÿk�U´r

K�:½É~:"
' u Ù § � �
� ä Ú O þ � ë � � Ï è ü

�“SAS System Help - Help on SAS Software Prod-
ucts - SAS/INSIGHT Software - Multiple Regression”,
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½5SASXÚµSAS/STAT^�¦^Ãþ61�ÙÚ
1ÊÙ"

3SAS/INSIGHT¥, �
��(JL�, 3?1©
Û�cÀ¥èü“File - Save - Initial Tables”, ù´�

�G�m', À¥�ÑÑL�x3©ÛI�S�Ó

�w«3ÑÑ(Output)I�"XJ���,��L

�, ��±À½dL�(üÂL�	µ�), ,�^è

ü“File - Save - Tables”"�
��©ÛI��ã/,
kÀ½dã/, ,�À“File - Save - Graphics File”, Ñ
\��©�¶, ÀJ�«©�a.XBMP=�"�

�<,�L�½ã/, kÀ½§, ,�^èü“File
- Print”"À¥“File - Save - Statements”�±m©�

�SAS/INSIGHT§S�é"

4.2.3 ^̂̂SAS/INSIGHT[[[ÜÜÜ222ÂÂÂ���555���...

² ; � 5 £ 8 n Ø � � O � b � u � � ¦ g C
þX��Å, �ÅØ��÷vε ∼ N(0, σ2I)"2Â
�5�.�°
ù
b�, Ù�.�

Y = µ + ε

η = g(µ) = η0 + Xβ

Ù¥ÏCþY(n × 1�þ)����Ñl�êx©
Ù(X��!_pd!³ê!Ñt!��©Ù)��

ÅCþ, �ÅØ��ε(n × 1�þ)����Y���

©Ùa.�Ó, ���m�pÕá, üN¼êg(·)�
�éX¼ê(Link function), §rÏCþ�þ�µ�
gCþX (n × p
)���5|ÜéXå5"β(p ×

ÚO^��§
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1�þ)�£8Xê"�.¥z�gCþéAu�O


X¥���½A�, X�1��������1, é
Au�å�"η0(n× 1�þ)´L« £þ�Cþ"

5µ�ÅCþY¡�Ñl�êx©Ù, XJÙ©Ù
�Ý(VÇ¼ê)kXe/ªµ

f (y; θ, φ) = exp

θy − b(θ)

a(φ)
+ c(y, φ)



Ù¥θ�g,ëê½¡²;ëê, φ�©ÑÝë
ê(�ºÝëêk'), a, b, c�(½5¼ê"ù�
��ÅCþY�þ�Ú���ëê�'XXeµ

E(Y ) = b′(θ)

Var(Y ) = a(φ)b′′(θ)

� 
 ¦ ^SAS/INSIGHT[ Ü 2 Â � 5 � ., 3

À“Analyze - Fit (Y X)”��, 3[Ü�é{µ¥k

À½ÏCþÚgCþ, ,�U“Method”UÜ, ÑyÀ

J�.�é{µ(ã4.9), 3ùp�±ÀÏCþ�©Ù
a.(Response Dist.), ÀéX¼ê, À�OºÝëê

��{"
�éX¼ê½ÂXeµ
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ã 4.9: 2Â�5�.

Identity ð�C�

Log g,éê

Logit g(µ) = log µ
1−µ, 0 < µ < 1

Probit g(µ) = Φ−1(µ), Ù¥Φ�IO�
�©Ù¼ê

Comp. Log-Log ­éêC�g(µ) = log(− log(1−
µ)), 0 < µ < 1

Power g(µ) =

 µλ λ 6= 0
log(µ) λ = 0

, λ3é

{µ�PowerÑ\µ�½"
�êx¥z��©Ùk��A½�éX¼ê, ¦

�η = g(µ) = θ, =^©Ù�Ï"�L«²;ëê, ù

��éX¼ê�²;(canonical)éX¼ê"��©Ù
�²;éX¼ê�ð�C�, _pd©Ù�-2g�C
�, ³ç©Ù�-1g�C�, Ñt©Ù�éêC�, �
�©Ù�Ü6C�(Logit)"5¿Logit!probit!­é
êC�Ñ�·^u��©Ù"

~X, SASUSER.INGOTS¥��
��ÒE��
êâ, §P¹
�1Ò�3�½�\9!E��m
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^�eÑy�ØUm©W��Ò�ê8"HEAT�
\9�m, SOAK�E��m, N�z1Ò���ê,
R�\9E��N�Ò�¥�ØUm©W��Ò�

ê"RATÑl��©Ù, Ù©Ùëê('~)�UÉ

\9!E��m�K�"Ïd, ·�[Ü±R�ÏC
þ, ±HEATÚSOAK�gCþ�2Â�5�., ÏC
þ©Ù���©Ù, ¦^²;éX¼ê(Logit¼ê)"
�.�

R ∼ B(N, µ)

log
µ

1− µ
= β0 + β1 · HEAT + β2 · SOAK

� 
 [ Ü ù � � � ., À“Analyze - Fit(Y
X)”, ÀR� Ï C þ, ÀHEATÚSOAK� g C þ,
U“Method”Ü, ÀÏCþ©Ù���©Ù(Binomial),
ÀCþN,�U“Binomial”Ü, ügOK�=�±��
�.[ÜI�"�±w�, ù��.´wÍ�, �C
þSOAKvkwÍK�"�KCþSOAK­#[Ü�

."HEAT�Xê�0.0807´�ê, `²\9�m�

�ØUW���ê�õ"�	[Ü(JI�e��
í�éý��ã�±uy3me�kn�É~:,
^M��{À½§�, �±w�, ùn�*ÿÑ´

o��k��Ò��, ¤±é��(J¿ÂØ�"
À“Edit - Observations - Exclude in Calculation”�±r

ùA�:üØ3	, uy(JÄ�ØC"
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4.2.4 ^̂̂REGLLL§§§???111£££888©©©ÛÛÛ

SAS/STAT¥Jø
A�£8©ÛL§, �)REG(£
8)!RSREG(�g�A¡£8)!ORTHOREG(¾�

êâ£8)!NLIN(��5£8)!TRANSREG(C�
£8)!CALIS(�5(��§Ú´»©Û)!GLM(�
��5�.)!GENMOD(2Â�5�.), ��"·
�ùp�0�REGL§, Ù§L§�¦^�ë�
5SASXÚööSAS/STAT^�¦^Ãþ6"

REGL§�Ä�^{�µ

PROC REG DATA=Ñ\êâ8 À�;
VAR �ë�ï��Cþ�L;
MODEL ÏCþ¸gCþL/ À�;
PRINT ÑÑ(J;
PLOT �äã/;

RUN;

REGL§´�pªL§, 3¦^
RUN�éJ�

eZ�L§Ú�é��±UY�Ù§�REGL§
Ú�é, J�$1, ��J�QUIT�é½m©Ù§L
§Ú½êâÚâª�"

~ X, · � éSASUSER.CLASS¥ �WEIGHT
^HEIGHT ÚAGE ï�, �±^Xe�{üREGL
§N^µ

proc reg data=sasuser.class;

var weight height age;

model weight=height age;

run;
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Ò�±3ÑÑI��)Xe(J, 5¿§SI��I

K1w«“PROC REG Running”L«REGL§�3$

1, ¿vkª�"

The REG Procedure

Model: MODEL1

Dependent Variable: weight Weight in pounds

Analysis of Variance

Sum of Mean

Source DF Squares Square F Value Pr > F

Model 2 7215.63710 3607.81855 27.23 <.0001

Error 16 2120.09974 132.50623

Corrected Total 18 9335.73684

Root MSE 11.51114 R-Square 0.7729

Dependent Mean 100.02632 Adj R-Sq 0.7445

Coeff Var 11.50811

Parameter Estimates

Parameter Standard

Variable Label DF Estimate Error t Value Pr > |t|

Intercept Intercept 1 -141.22376 33.38309 -4.23 0.0006

height Height in inches 1 3.59703 0.90546 3.97 0.0011

age Age in years 1 1.27839 3.11010 0.41 0.6865

ù
(J�SAS/INSIGHT���(J´���"Ó

�·�uyCþAGE��^ØwÍ, ¤±·���2

J�Xe�éµ

model weight=height;

run;

Ò�±��1���.(Jµ

Model: MODEL2
Dependent Variable: weight Weight in pounds
,,,,,,,,

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



204 1oÙ SAS�Ä�ÚO©ÛõU

¯¢þ, REGJø
gÄÀJ�`gCþf8

�À�"3MODEL�é¥\þ“SELECTION=ÀJ

� {”�À�Ò� ± g Ä ]Àg C þ, ÀJ � {
kNONE(� ^, ù ´ " �), FORWARD(Å Ú Ú \

{), BACKWARD(Å Ú G Ø {), STEPWISE(Å Ú

çÀ{), MAXR(� �R2O þ {), MINR(��R2O

þ{), RSQUARE(R2ÀJ{), ADJRSQ(?�R2ÀJ

{), CP(Mallows�CpÚOþ{)"'X, ·�^Xe

§Sµ

model weight=height age / selection=stepwise;

run;

���Xe(Jµ
The SAS System

The REG Procedure

Model: MODEL1

Dependent Variable: weight Weight in pounds

Stepwise Selection: Step 1

Variable height Entered: R-Square = 0.7705 and C(p) = 1.1690

Analysis of Variance

Sum of Mean

Source DF Squares Square F Value Pr > F

Model 1 7193.24912 7193.24912 57.08 <.0001

Error 17 2142.48772 126.02869

Corrected Total 18 9335.73684

Parameter Standard

Variable Estimate Error Type II SS F Value Pr > F

Intercept -143.02692 32.27459 2475.04718 19.64 0.0004

height 3.89903 0.51609 7193.24912 57.08 <.0001

Bounds on condition number: 1, 1

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

All variables left in the model are significant at the 0.1500 level.

ÚO^��§
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No other variable met the 0.1500 significance level for entry into the model.

Summary of Stepwise Selection

Variable Variable Number Partial Model

Step Entered Removed Label Vars In R-Square R-Square C(p)

1 height Height in inches 1 0.7705 0.7705 1.1690

Summary of Stepwise Selection

Step F Value Pr > F

1 57.08 <.0001

� � � k C þHEIGHT?\ 
 �., 
 Ù § C

þ(AGE)KØU?\�."
REGL§�Ñ�"�(J'��"^PRINT�é

ÚPLOT�é�±w«�	�(J"�
w«�.
�ýÿ�([Ü�)Ú95 ýÿ.�, ¦^�é

print cli;

run;

��Xe�(Jµ
The REG Procedure

Model: MODEL1

Dependent Variable: weight Weight in pounds

Output Statistics

Dep Var Predicted Std Error

Obs weight Value Mean Predict 95% CL Predict Residual

1 84.0000 77.2683 3.9633 52.1503 102.3863 6.7317

2 98.0000 111.5798 2.9953 87.0659 136.0936 -13.5798

3 90.0000 107.6807 2.7676 83.2863 132.0752 -17.6807

4 77.0000 76.4885 4.0423 51.3145 101.6624 0.5115

5 84.5000 90.1351 2.8892 65.6780 114.5922 -5.6351

6 112.0000 116.2586 3.3540 91.5388 140.9784 -4.2586

7 50.5000 56.9933 6.2512 29.8835 84.1032 -6.4933

8 112.5000 100.6625 2.5769 76.3612 124.9637 11.8375

9 102.5000 101.8322 2.5865 77.5263 126.1380 0.6678

10 112.5000 126.0062 4.2963 100.6456 151.3668 -13.5062

11 102.5000 104.5615 2.6445 80.2279 128.8951 -2.0615

12 133.0000 118.2081 3.5249 93.3827 143.0335 14.7919
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13 83.0000 80.3875 3.6593 55.4757 105.2993 2.6125

14 84.0000 100.6625 2.5769 76.3612 124.9637 -16.6625

15 99.5000 87.0159 3.0982 62.4451 111.5866 12.4841

16 150.0000 137.7033 5.6129 111.2225 164.1840 12.2967

17 128.0000 109.6302 2.8721 85.1821 134.0784 18.3698

18 85.0000 81.1673 3.5867 56.3025 106.0321 3.8327

19 112.0000 116.2586 3.3540 91.5388 140.9784 -4.2586

Sum of Residuals 0

Sum of Squared Residuals 2142.48772

Predicted Residual SS (PRESS) 2651.35206

��©O�*ÿSÒ(Obs), ÏCþ��(Dep Var),
ý ÿ �(Predicted Value), ý ÿ � � Ï"� � I O
Ø�(Std Error Mean Predict), ýÿ��95%�&«

m(95% CL Predict), í�(Residual, �ÏCþ�~ý
ÿ�)"3L�q�Ñ
í��oÚ(Sum of Residu-
als), í�²�Ú(Sum of Squared Residuals), ýÿí

��²�Ú(Predicted Resid SS (Press))"¤¢ýÿ

í�, ´3O�1iÒ*ÿ�í��l¢S�¥~�

�ý��´^�Ø1iÒ*ÿ��������.
�)�ý��, 
Ø´·���¤^�ýÿ�(¢
S´[Ü�)"1iÒ���ýÿí���±^ú
ªPRESSIDi = RESIDi/(1−hi)5O�, Ù¥RESIDi´
1i�í�§hi�lfÝ
H�1i�Ìé����"

^print cli�Ñ�´ýÿ���&«m, ��±�

Ñ�.þ���&«m, ¦^

print clm;

run;

� é " 3PRINT� é ¥ � ± � ½ � kACOV,
ALL, CLI, CLM, COLLIN, COLLINOINT, COOKD,
CORRB, COVB, DW, I, INFLUENCE, P, PARTIAL,
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PCORR1, PCORR2, R, SCORR1, SCORR2, SEQB,
SPEC, SS1, SS2, STB, TOL, VIF, XPX, ��"

éugCþ´����¹, �±3gCþÚÏCþ
�Ñ:ãþN\£8��Úþ��&.�"'X,

plot weight * height / conf95;

run;

ã 4.10: REGL§±ã

� ± � )4.10, 3 ã � þ � � Ñ 
 � . �
§, m � � � Ñ 
 * ÿ � ê !R2! ? �

�R2! � þ � Ø � " 3PLOT� é ¥ � ± ¦
^“PREDICTED.”!“RESIDUAL.”� A Ï ¶ i L «
ýÿ�!í��O�Ñ�Cþ, 'X, 3gCþ�õ
��Ã{�£8��, ~^��äãL�í�éýÿ

�ã, Ò�±^

plot residual. * predicted.;

run;
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±�"�
±�Æ)zí��ã/, �±^

plot rstudent. * obs.;

run;

£8©Û�Ù§^{9?�Ú��ä�{�ë�
k'ÚOÖ7ÚSAS¦^Ãþ"

4.2.5 ^̂̂Analyst???111£££888©©©ÛÛÛ

·� � ± ^Analyst � ã/.¡ N ^ £ 8 ©Ûõ
U"“Statistics - Regression”èüJø
n«£8µ
��£8!�5£8ÚLogistic£8"��£8�±

´Ï~����5£8§��±[Ü�g½ngõ
�ª"�5£8�±�¤REGL§��Ü©õU"
· � ±SASUSER.CLASSê â 8 � ~ " À


“Statistics - Regression - Linear”� � Ñ y X

ã4.11�é{µ§��½ÏCþÚgCþ"ù�é
{µ�ModelUÜ�±�½�.ÀJ�{9äNÀ
J�{�[!"StatisicsUÜ�±�¦ÑÑ��.[

Ü`ÝÚ�.�äk'�ÚOþ"Predictions�±�

¦O�éêâ8¥�*ÿ�ýÿ�!í��!ýÿ

.�§��±�½���¹�.gCþ�êâ8�

¦éÙ?1ýÿ"Plots�±�¦x�«£8�äã

/§Xí�ã!m\ã�"Save Data�±r�½�
(J���êâ8¥"

4.3 ������©©©ÛÛÛ\\\���

Ú OÆ¥ ^ � � ©Û5ïÄ© a C þ(¤¢“Ï

ÚO^��§
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ã 4.11: Analyst: �5£8

�”)éê�.Cþ(¤¢“�I”)�K�"Ì�8�
´ïÄ,
Ï�éu�IkÃwÍ�K�"ékw

ÍK��Ï�, ��F"éÑ�ÐY²"

4.3.1 ^̂̂ANOVALLL§§§???111üüüÏÏÏ���������©©©ÛÛÛ

ü Ï � � � ©Û´4.1.2¯K � � � g ,òY"
34.1.2¥, ·�k��©aCþr*ÿ©�ü|, ·
��ïÄùü|�þ�kvkwÍ�É"XJù�
©aCþ���Ø�ü�, Kù�4.1.2�u��{Ø

2·^, �·�Ó��)û�|þ�´ÄkwÍ�
É�¯K"XJ�|�mkwÍ�É, `²ù�Ï

�(©aCþ)é�I´kwÍK��, Ï��ØÓ�

�(��Y²)¬K���I���"
~X, êâ8SASUSER.VENEER´'ueZ«ý

f��Ü��F��¹êâ, CþBRAND�Á��
ýf, CþWEAR�Á����þ"�kÊ«ýf�
�Ü�, z«Á�
4�Á�"·�F"��ùÊ«

ýf�Ü����þkÃwÍ�O, XJÃwÍ�O

·�3À	�ÒØ7�Ä=���F�
�I�Ä

d��Ï�, �XJ(JkwÍ�ÉKA�Ä¦^F
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�5Ð�ýf"ùp, Ï�´�Ü��ýf, �I�

��þ, ��«ýf�Ü���þkwÍ�É�, `

²Ï����é�IkwÍ�K�"¤±, ��©Û
�(Ø´Ï�é�IkÃwÍK�"5¿, ²;��
�©Û��äÏ���Y²kÃwÍ�É, 
Ø+ü
�Y²�m´Äk�É, 'X`·��Ê�ýf=¦
ko�ýfvkwÍ�É, �k��ýf��Ü�'

ùo�ýf�ÑÐ, (Ø�´`Ï�´wÍ�, ½Ï

���Y²mkwÍ�É"
��©Ûr�I���©)�dÏ��ØÓ��

U
)º�Ü©, Ú�{�ØU)º�Ü©, ,�'

�üÜ©, �U^Ï�)º�Ü©²w�u�{�
Ü©�@�Ï�´wÍ�"��©Ûb½*ÿ´*

dÕá�, *ÿ���©Ù���, dÏ��Y²©
¤��|�����"3ù
b½÷v�, Ò�±

^ANOVAL§5?1��©Û"Ù���{�

PROC ANOVA DATA¸êâ8;
CLASS Ï�;
MODEL �I¸Ï�;

RUN;

'X, �
©ÛSASUSER.VENEER¥�«ýf�
�Ü��F�5kÃwÍ�O, Äk·�b½b�u

�¦^�u�Y²�0.05, �±¦^Xe§S?1�
�©Ûµ

proc anova data=sasuser.veneer;

class brand;

model wear=brand;

run;
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(JXeµ

The ANOVA Procedure

Class Level Information

Class Levels Values

brand 5 ACME AJAX CHAMP TUFFY XTRA

Number of observations 20

Dependent Variable: wear Amount of material worn away

Sum of
Source DF Squares Mean Square F Value Pr > F

Model 4 0.61700000 0.15425000 7.40 0.0017

Error 15 0.31250000 0.02083333

Corrected Total 19 0.92950000

R-Square Coeff Var Root MSE wear Mean

0.663798 6.155120 0.144338 2.345000

Source DF Anova SS Mean Square F Value Pr > F

brand 4 0.61700000 0.15425000 7.40 0.0017

(J�±©�o�Ü©, 1�Ü©´Ï�Y²�&
E, ·�w�Ï��k��BRAND, §k5�Y², ©
O ´ACME!AJAX!CHAMP!TUFFY!XTRA"
�k20�*ÿ"1�Ü©Ò´²;���©ÛL,
L c ¡ � ² 
 Ï C þ(� I)�WEAR, 1 � �“5

(Source)”`²���5
, ´�.(Model)�(�±

^��©Û�.)º�), Ø�(Error)�(ØU^�.
)º�), �´oÚ(Corrected Total)"1n��²�
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Ú, Ù���L
���5
�^���"1���

gdÝ"1o��þ�, =²�ÚØ±gdÝ"1Ê
�F�´FÚOþ��, ÙO�úª��.þ�Ø±

Ø�þ�, ^5u��.�wÍ5, XJØwÍ`²

�.é�I�Czvk)ºUå"18�´FÚO

þ�p�"duùpp��u0.05(·��u�Y²),
¤±�.´wÍ�, Ï�é�IkwÍK�"(J�
1nÜ©´�
��.k'�{üÚOþ, 1��´
E�'Xê²�, �£8�.��E�LoC�¥U

��.)º�'~, 1��´CÉXê, 1n�´�
þ�Ø�, 1o�´�I�þ�"(J�1oÜ©´
��©ÛL�[z, �Ñ
�Ï��²�ÚÚFÚO

þ, Ï�´üÏ�¤±ù�1�þ¡�“�.”�1�

Ó"

4.3.2 ^̂̂NPAR1WAY???111���ëëëêêêüüüÏÏÏ���������©©©ÛÛÛ

���©Û���©Ùb½½����b½ØU÷

v�, éüÏ�¯K, �±¦^¡�Kruskal-Wallisu
���ëê��©Û�{"ù«u�Ø�¦*ÿ5
g��©ÙoN, Ø�¦�|�����, $��I

�±´kSCþ(Cþ���k���©
vk�å
�Vg, 'X��þ�±©��!¥!�n�, �¾

�§Ý�±©�­!�!Ã, ��)"
NPAR1WAYL§�N^�ANOVAL§ØÓ, Ï�

§´üÏ���©ÛL§, ¤±��^CLASS�é
�Ñ©aCþ(Ï�), ^VAR�é�Ñ�IÒ�±
,
���ª�µ
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PROC NPAR1WAY DATA=êâ8 WILCOXON;
CLASS Ï�;
VAR �I;

RUN;

5¿ù���é�ª�4.1.2¥üÕá��'�
� � {�� � Ó"NPAR1WAYL § �“Ï �”k ü
�Y²�, �1Wilcoxon�Úu�, õ�Y²��

1Kruskal-Wallisu�"
'X,�
©Ûþ¡��Ü�~f¥�ýf�F�

5kÃwÍ�É, �½0.10�u�Y², �±^Xe

�NPAR1WAYL§µ

proc npar1way data=sasuser.veneer wilcoxon;

class brand;

var wear;

run;

��Xe(Jµ
The NPAR1WAY Procedure

Wilcoxon Scores (Rank Sums) for Variable wear
Classified by Variable brand

Sum of Expected Std Dev Mean
brand N Scores Under H0 Under H0 Score
-------------------------------------------------
ACME 4 40.0 42.0 10.483069 10.000
CHAMP 4 44.0 42.0 10.483069 11.000
AJAX 4 12.0 42.0 10.483069 3.000
TUFFY 4 69.0 42.0 10.483069 17.250
XTRA 4 45.0 42.0 10.483069 11.250

Average scores were used for ties.

Kruskal-Wallis Test
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Chi-Square 11.9824
DF 4
Pr > Chi-Square 0.0175

(J©�ü�Ü©, 1�Ü©´�|��Ú�
�¹, �)*ÿ�ê(N)!�Ú(Sum of Scores)!3

�|ÃwÍ�É�"b�e�Ï"�Ú(Expected
Under H0)!3 " b � e � I O �(Std Dev Under
H0)!²þ�(Mean Score, �� Ú Ø ± | S * ÿ

ê)"¤¢�(Rank)Ò´l���ü��¶g"e¡

�“Average scores were used for ties”´`�¶g�Ó

�(Xü�12¶)^¶g�²þ�((2+3)/2=2.5)"1
�Ü©�Kruskal-Wallisu��(J, �)Cq�χ2Ú

Oþ, gdÝ, u��p�(Prob > Chi-Square)"y

3p�0.0175�uý½�Y²0.10¤±(Ø´�«ý

f��Ü��F�5UkwÍ�É"5¿, Kruskal-
Wallisu�´�ëêu�, 3Ó�^�e�ëêu�

��'ëêu��õ�$, ¤±ùp�p�0.0175'

^ANOVAL§���p�0.0017��"

4.3.3 õõõ­­­'''���

��©Û�u��|´Ävk?Ûüü�m��É,
�Øu��.´=ü|�mkwÍ�É"3n�½
õ�|�m?1ü�½õ�'��u���õ­'

�"õ­'�3ÚOÆ¥vk��ú@�)û�{,

´Jø
eZ«u��{"Ï�õ­'��?1
Ø��g�'�, ¤±3õ­'��u�Y²kü
«µo�ØÇ(experimentwise error rate)Úüg'�
�ØÇ(comparisonwise error rate)"o�ØÇ´�¤
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k'�('X, Ê�|üü�m'�k10g)�o1�

a�ØVÇ, üg'��ØÇ´�z�g'��1�

a�ØVÇ"w,, o�ØÇ�'üg'��ØÇ

p"
3ANOVAL§¥¦^MEANS�é�±?1õ­

'�"�ªXeµ
MEANS Ï�/ À�;

XJØ¦^À�, KANOVAL§S�MEANS�é
�éÏ���Y²O��I�²þ�ÚIO�, '

Xµ
proc anova data=sasuser.veneer;

class brand;

model wear=brand;

means brand;

run;

K3Ï~���©Û(JÄ:þO\Xe(Jµ
The ANOVA Procedure

Level of -------------wear------------
brand N Mean Std Dev

ACME 4 2.32500000 0.17078251
AJAX 4 2.05000000 0.12909944
CHAMP 4 2.37500000 0.17078251
TUFFY 4 2.60000000 0.14142136
XTRA 4 2.37500000 0.09574271

�
?1üü'�, �±3MEANS�é�À�¥

�½u��{"SASJø
õ«�{"

���!!!^̂̂­­­EEEtuuu���������üüüggg'''������ØØØÇÇÇ

­Etu���{é{üµ3·��u�Y²e^ü
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��tu�é¤k|üü�m?1u�"���´z

g'��1�a�ØVÇ""�¦^0.05Y²"5
¿ù�u��o�ØÇò��puzg'���Ø

Ç"'X, 3þ¡§S�\\(ANOVA´�pªL§)

means brand / t;

run;

��Xe(Jµ

t Tests (LSD) for wear

NOTE: This test controls the Type I comparisonwise
error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 15
Error Mean Square 0.020833
Critical Value of t 2.13145
Least Significant Difference 0.2175

Means with the same letter are not significantly different.

t Grouping Mean N brand

A 2.6000 4 TUFFY

B 2.3750 4 XTRA
B
B 2.3750 4 CHAMP
B
B 2.3250 4 ACME

C 2.0500 4 AJAX

(Jk`²
u���I´CþWEAR, ,�`²


ù«u���üg'��1�a�ØVÇ
Ø´o
�1�a�ØVÇ"e¡�Ñ
u���
�I, '
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XY²(Alpha)�0.05(��üg'��1�a�ØV
Ç), gdÝ(df)�15, Ø��þ�(MSE, ´��©Û
L¥Ø��þ�)�0.020833, ü��tu��tÚOþ
��.�(Critical Value of t)�2.13, XJü��tu�

�tÚOþ�ýé��L�.�K@�ü|kwÍ�
É, ½ö�d/, XJü|�þ���ýé��u�
�wÍ�O(Least Significant Difference)0.2175�´k
wÍ�É"¤±ù�u���LSDu�"e¡�Ñ

u��(J, rÏ��Y²��I²þ�d���
ü�, ,�rüü'��(J^1���i15L

«, i1�Ó�Y²vkwÍ�É, i1ØÓ�Y²

kwÍ�É"¤±·�w�, ­Etu��(JrÊ
«ýf©¤
A!B!Cn�|, TUFFYüÕ´�|,
§���þ��¶XTRA!CHAMP!ACME´�|,
ùn«üü�mvkwÍ�É¶AJAXüÕ´�|,
Ù��þ��"

���!!!^̂̂Bonferroni tuuu���������ooo���ØØØÇÇÇ

Bonferroni tu�ÏLrzg'���ØÇ��é�
5��oØ�Ç"'X, �k10g'��, rzg

'���ØÇ��30.005Ò�±�yo�ØÇØ�
L0.05, �´, ù����¢So1�a�ØÇ�U�

'ý½�Y²��õ"3MEANS�é¥¦^BON�
é�±�1Bonferroni tu�, "�o�ØÇ��Y²

�0.05"éþ¡��Ü�êâO\Xe�éµ

means brand / bon;

run;
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(JXeµ

Bonferroni (Dunn) t Tests for wear

NOTE: This test controls the Type I experimentwise error rate,
but it generally has a higher Type II error rate than REGWQ.

Alpha 0.05
Error Degrees of Freedom 15
Error Mean Square 0.020833
Critical Value of t 3.28604
Minimum Significant Difference 0.3354

Means with the same letter are not significantly different.

Bon Grouping Mean N brand

A 2.6000 4 TUFFY
A

B A 2.3750 4 XTRA
B A
B A 2.3750 4 CHAMP
B A
B A 2.3250 4 ACME
B
B 2.0500 4 AJAX

(J k ` ² 
 u � a.Ú � I(C þWEAR),
, � ` ² 
 u � � � o 1 � a �ØÇ, � � �
'REGWQ�{�1�a�ØVÇp(u�õ��
$)"e ¡ � Ñ 
 A � u � ^ � �"� � � Ñ

Bonferroni tu��(J, k�Ó©|i1�Ï�

Y²mÃwÍ�É, ÄKkwÍ�É"·�w�,
TUFFY�XTRA!CHAMP!ACMEv k w Í � É,
�AJAXk w Í � É ¶XTRA!CHAMP!ACMEü
ü�mvkwÍ�É, 
��Ù§ü��Ñvkw

Í�É¶AJAX�TUFFYkwÍ�É, �Ù§n�
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vkwÍ�É"Ù©|´k���"���uy


TUFFYÚAJAX�mkwÍ�É"

nnn!!!^̂̂REGWQuuu���������ooo���ØØØÇÇÇ

^Bonferroni tu���o�ØÇLu�Å, õ��
$, Ø´uy¢S�3�wÍ�É"REGWQ�{�
±��o�ØÇ¿���'Bonferroni tu��Ð"
ù«�{�1õ�ã�u�, §éÏ�Y²��«f
8?1u�"3MEANS�é¥^REGWQÀ��±

?1REGWQu�"~X, 3c¡�~f�2$1

means brand/ regwq;

run;

(JXe

Ryan-Einot-Gabriel-Welsch Multiple Range Test for wear

NOTE: This test controls the Type I experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 15
Error Mean Square 0.020833

Number of Means 2 3 4 5
Critical Range 0.264828 0.2917322 0.2941581 0.31516

Means with the same letter are not significantly different.

REGWQ Grouping Mean N brand

A 2.6000 4 TUFFY
A
A 2.3750 4 XTRA
A
A 2.3750 4 CHAMP
A
A 2.3250 4 ACME
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B 2.0500 4 AJAX

� � § 'Bonferroni� { u y 
�õ � w Í �
É, Ø 
TUFFYÚAJAXE k w Í � É ±	, � u
yXTRA!CHAMP!ACME� Ñ �AJAXk w Í �
É"

MEANS�é�À��±Ó�¦^"3MEANS�
é¥ � ± ^ALPHA=Y ² � 5 � ½ u � � Y

²"ANOVAL§¥�Jø
Ù§�õ­'��{,
�gCë�k']�"

4.3.4 õõõÏÏÏ���������©©©ÛÛÛ

SASJ ø 
 e Z � � � ©ÛL §, � ± � Ä õ �
Ï�!k�p�^!ki@��¹���©Û"
^GLML§��±^���5�.5?n��©Û
¯K"3ùp·��0�XÛ^ANOVAL§?1þ
ï�O�õÏ���©Û"

~X, �
Jp�«���½r, �Än«ØÓ�
r?J(Ï�A)!o«ØÓ©þ��z (Ï�B)é
½r�K�, é���z«|Ü­EÁ�üg, o�
Á�
24g, ��L4.1�(J"

L 4.1: ����Á�êâ
B:�z 

A:r?J 1 2 3 4
1 31, 33 34, 36 35, 36 39, 38
2 33, 34 36, 37 37, 39 38, 41
3 35, 37 37, 38 39, 40 42, 44

ÚO^��§
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·�ÄkrêâÑ\�SASêâ8"Ñ\��{
�±´��Ñ\��*ÿ, ~Xµ

data rubber;

input A B STREN;

cards;

1 1 31

1 1 33

1 2 34

1 2 36

1 3 35

1 3 36

1 4 39

1 4 38

2 1 33

,,,,,
;

run;

��±¦^Xe���Ì����INPUTÖ�µ
data rubber;

do a=1 to 3;

do b=1 to 4;

do r=1 to 2;

input stren @@;

output;

end;

end;

end;

cards;

31 33 34 36 35 36 39 38

33 34 36 37 37 39 38 41

35 37 37 38 39 40 42 44

;

run;

Ù ¥INPUT� é � Ü � ü �@Î Ò L « õ
gINPUT� é � ± l Ó � 1 � Ö �(Ä K z
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gINPUT�é$1�gÄle�1m©Ö)"
�
ïÄü�Ï��Ì�AÚ�p�^, ¦^X

eANOVAL§µ

proc anova data=rubber;

class a b;

model stren = a b a*b;

run;

MODEL�é¥¥AL«Ï�A�Ì�A, BL«Ï

�B�Ì�A, A*BL«AÚB��p�^"(JX

eµ

The ANOVA Procedure

Class Level Information
Class Levels Values
a 3 1 2 3
b 4 1 2 3 4

Number of observations 24

Dependent Variable: stren
Sum of

Source DF Squares Mean Square F Value Pr > F
Model 11 193.4583333 17.5871212 12.06 <.0001
Error 12 17.5000000 1.4583333
Corrected Total 23 210.9583333

R-Square Coeff Var Root MSE stren Mean
0.917045 3.260152 1.207615 37.04167

Source DF Anova SS Mean Square F Value Pr > F
a 2 56.5833333 28.2916667 19.40 0.0002
b 3 132.1250000 44.0416667 30.20 <.0001
a*b 6 4.7500000 0.7916667 0.54 0.7665

(JÄk�Ñ
Ï�(Class)�Cþ¶Ú�Y²�,
*ÿê",�´o���©ÛL, �²�I�C

þSTREN, �Ñ
�.!Ø�!o²�Ú, FÚOþ
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�Úp�"lp����.´wÍ�"�
©Û��
^�wÍ5, w�¡��[���©ÛL, §�Ñ


�.¥��^(A!B!A*B)�²�ÚÚu��FÚO

þ�9p�"�±wÑ, ü�Ï��Ì�AÑ´wÍ

�, �p�^�AØwÍ"¤±, ·��±­#$

1ANOVAL§, Ø�½�p�^�Aµ

proc anova data=rubber;

class a b;

model stren = a b;

run;

ù��.�FÚOþC�30.53, Ï�AÌ�A�FÚO

þC�22.89, Ï�BÌ�A�FÚOþC�35.63, ÑO

�
"ü�Ï��Ì�AE´pÝwÍ�, `²§�

é½rÑkwÍK�"
�
é��Ð���, 3c¡�ANOVAL§�¦

^

means a b;

run;

�±O�Ñz«Y²e��I²þ�, Ï�A(r?
J)31nY²¦�I(½r)��, Ï�B(�z )3
1oY²¦�I��, ¤±�Ð���´µ1n«r

?J, 1o«�z ©þ"
ANOVA��±^5©Û���O�(J"~X,

�
Jp,«ÁJ�¬�ÂÇ(�I), �ÄXeA�
Ï�éÙK�µ
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A: �A§Ý 1 (50e) 2 (70e)
B: �A�m 1 (1��) 2 (2��)
C: 1�ßÝ 1 (17%) 2 (27%)
D: 1��/ 1 (U9) 2 (þ°)
E: ö��ª 1 (��) 2 (Ø��)

rùÊ�Ï��3L8(2
7)L�Ê�þ, ��Xe�

Á��Y9(J(�e¡�êâÚ)"^ANOVAL§
�±©Ûµ

data exp;

input temp time conc manu mix prod;

cards;

1 1 1 1 1 65

1 1 1 2 2 74

1 2 2 1 2 71

1 2 2 2 1 73

2 1 2 1 2 70

2 1 2 2 1 73

2 2 1 1 1 62

2 2 1 2 2 69

;

run;

proc anova data=exp;

class temp time conc manu mix;

model prod = temp--mix;

means temp--mix / t;

run;

^0.05Y², ����.´wÍ�(�.p��0.0250),
�Ï��u�(JXeµ

Source DF Anova SS Mean Square F Value Pr > F

temp 1 10.12500000 10.12500000 16.20 0.0565
time 1 6.12500000 6.12500000 9.80 0.0887
conc 1 36.12500000 36.12500000 57.80 0.0169
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manu 1 55.12500000 55.12500000 88.20 0.0111
mix 1 15.12500000 15.12500000 24.20 0.0389

��1�ßÝ!�/!ö��ª´wÍ�, 7Læ

^§���ÐY², §Ý!�mØwÍ, 3Ó�^�

e�±`kæ^§���ÐY²"lMEANS�é�
(J�±��, 1�ßÝ��ÐY²´Y²2(27%),
1��/��ÐY²´Y²2(þ°), ö��ª��
ÐY²´Y²2(Ø��), �A§Ý��ÐY²´Y

²1(50◦C), �A�m��ÐY²´Y²1(1��)"l

±þ©Û�±��Ð�)��Y"

4.3.5 ^̂̂Analyst���������©©©ÛÛÛ

Analyst �“Statistics - ANOVA”èüJø
Ô«�
�©Û�{§·�ùp�0�cn«µüÏ��
�©Û(One-Way ANOVA)!�ëêüÏ���©
Û(Nonparametric One-Way ANOVA)!õÏ���©
Û(Factorial ANOVA)"
� 
 éSASUSER.VENEER? 1 � � © Û §

À“Statistics - ANOVA - One-Way ANOVA), �ÑX

ã4.12�é{µ§·���½ÏCþ(Dependent§
= � I)Ú g C þ(Independent, = Ï �)"^ ù p
�TestsÜ�±ÀJ�
Ù¦�u�§'Xé�|
����b��u�§­è�Welch��\���
©Û�"MeansUÜ^5?1õ­'�§�±ÀJ

õ«'��{§�ã4.13"ù�èüN^�´PROC
ANOVA§¤±���(J�þ¡?§���(J�

�"
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ã 4.12: Analyst: üÏ���©Û ã 4.13: Analyst: õ­'�

^“Statistics - ANOVA - Nonparametric One-Way
ANOVA”� ± �Kruskal-Wallisu �"§ N ^PROC
NPAR1WAY"

^“Statistics - ANOVA - Factorial ANOVA”�±?
1õ���©Û"§N^PROC GLM§ù�L§
�ANOVA��O3u§#N�þï�O"éuþ
ï�OXþ¡���Á�ùp���(J�PROC
ANOVA���(J´���"

4.4 ���éééLLL©©©ÛÛÛ

þ¡¤ù��ÚO©ÛÌ��éê�.(«m)Cþ
?1"3¢Só�¥, lÑ���¶ÂCþ(X5
O!��!¬x)ÚkSCþ(XN�¿����Ó

¿!Ó¿!¥á!�é!r��é) �´�©~�

�, éùalÑCþ(q¡á5Cþ)�©Û�´ÚO

Æ�­��ïÄSN"ù�!·�ùãu�ü�l
Ñ���Cþ�Õá5��éLu��{, ¿0�k
SCþ�'é5þÝ"
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L 4.2: Æ)5O!5
©ÙL

I) å)
�/ 4 6
	/ 14 7

4.4.1 ���éééLLL���ÑÑÑ\\\������LLL

lÑCþ����±r��?1©a"'X, ·��
��´����Æ)�¹, �±�âÆ)�5Or*
ÿ©�I)Úå)ü�|"·���±�âÆ)�
5
r*ÿ©��/Æ)Ú	/Æ)ü�|"XJ
éÜ¦^ùü�Cþé*ÿ©a, Ò�±r*ÿ©�
o�|, ·��±ÚOz�|Æ)�<ê, ¿r(J
x¤��L�(L4.2)"

ù��L�Ò���éL"§�Ñ
Uìü�C

þ��©a���z���a�*ÿ�ê"
�
��ù��L�, I�rêâÑ\�êâ

8"k�·����êâ´z��*ÿ�Cþ�

�, 'X, ·�kz��Æ)�5O(SEX)�¹Ú5

(FROM)�¹, �±Ñ\ù
�©êâ, Xµ

data class;

input sno sex $ from $;

label sex=’5O’ from=’5
’;

cards;

1 I �/
2 å 	/
3 I 	/
,,,,/* ¤kÆ)�P¹ */

;

,�^Xe�FREQL§�±xÑ�éLµ

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



228 1oÙ SAS�Ä�ÚO©ÛõU

proc freq data=class;

tables from * sex;

run;

(J´e¡�L�"
from(5
) sex(5O)

Frequency|
Percent |
Row Pct |
Col Pct |I |å | Total
---------+--------+--------+
�/ | 4 | 6 | 10

| 12.90 | 19.35 | 32.26
| 40.00 | 60.00 |
| 22.22 | 46.15 |

---------+--------+--------+
	/ | 14 | 7 | 21

| 45.16 | 22.58 | 67.74
| 66.67 | 33.33 |
| 77.78 | 53.85 |

---------+--------+--------+
Total 18 13 31

58.06 41.94 100.00

L�êâÑ\�,�«�¹´,·����êâÒ
®²´þ¡L�4.2@��N�(J
Ø´äN��

��¹, �±��rL�Ñ\��êâ8, �êâ8

¥�k���L*ÿê�Cþ, ~Xµ

data classt;

input from $ sex $ numcell;

label sex=’5O’ from=’5
’;

cards;

�/ I 4

�/ å 6

	/ I 14

	/ å 7

;

run;
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ù � � ê â � x � é L, I � 3FREQL
§ ¥ ¦ ^WEIGHT�é� ½ L « ­ E ê � C

þ(NUMCELL)µ

proc freq data=classt;

tables from * sex;

weight numcell;

run;

(JÚþ~�Ó"
3ÑÑ(J¥, ·�w�TABLES�é¥�c��

Cþ�^5«©1, ���Cþ�^5«©�"z

��f¥ko�êµFrequency(ªê, ��f�*ÿ

ê), Percent(z©'), Row Pct(1z©', L«�a
3�1¥Ó�z©', 'X�/I)k4�<, �1
k10�<, Ó�1�40.00%), Col Pct(�z©')"3

L�mýk1oO, 'X�/Æ)k10�<, ÓoÆ
)ê(31<)�32.26%"3L�eýk�oO, 'XI

)k18�<, ÓÆ)oê�58.06%"L�me�´o
ê(31)Úoz©'(100)"
�
��éL, N^FREQL§, ¦^TABLES�é

�½1CþÚ�Cþ, üö^(Ò©m, XJêâ�

�´L�êâ�I�^WEIGHT�é�½��L�
ü�*ÿê�Cþ"

� ± � Ñ { z � L �, 3TABLES�é¥ \

þNOFREQ!NOPCT!NOROW!NOCOL�À�Ò
�±³��A�ÚOþ�ÑÑ"~X, ^Xe§Sµ

proc freq data=classt;

tables from * sex / nopct norow nocol;
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weight numcell;

run;

Ò�±�)�kü�ê�L�"

4.4.2 ���éééLLLÕÕÕááá555uuu���

éuê�.Cþ, ·��ÄÙ�''X�Ï~��{
´O��'XêÚ?1£8©Û"XJ·��ïÄ
lÑ���¶ÂCþÚkSCþkÃ�', �~^�
u��{´�éLÕá5u�"�éLu��"b

�´üCþXÚY �pÕá, O���χ2ÚOþ, Ä
u�éL¥ªê���Ï"����, �χ2ÚOþé
��Ä½"b�"

~X, �
&?áë�ú5|í+ökÃ'X, N
�
339<, �¹Xeµ

�ú5|í+ö ��ú5|í+ö
áë 43 162
Øáë 13 121

��kü��ÅCþX, YµX�1L«áë, �2L

«Øáë, Y�1L«�ú5|í+ö, �2L«��"
"b��µ

H0 : X�Y�pÕá

�u�d"b�, k�½u�Y²0.05, N^PROC
FREQL §, 3TABLES�é¥ \ þCHISQÀ� =

�"e¡�~f¥�\\
EXPECTEDÀ�±w«
"b�e�Ï"ªê�µ
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data bron;

input smoke $ bron $ numcell;

label smoke=’áë’ bron=’ú5|í+ö’;

cards;

áë �¾ 43

áë �� 162

Øáë �¾ 13

Øáë �� 121

;

proc freq data=bron;

tables smoke*bron / nopct norow

nocol chisq expected;

weight numcell;

run;

(JXeµ

The FREQ Procedure

Table of smoke by bron

smoke(áë) bron(ú5|í+ö)

Frequency|
Expected |�¾ |�� | Total
---------+--------+--------+
Øáë | 13 | 121 | 134

| 22.136 | 111.86 |
---------+--------+--------+
áë | 43 | 162 | 205

| 33.864 | 171.14 |
---------+--------+--------+
Total 56 283 339
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Statistics for Table of smoke by bron

Statistic DF Value Prob
---------------------------------------------------
Chi-Square 1 7.4688 0.0063
Likelihood Ratio Chi-Square 1 7.9250 0.0049
Continuity Adj. Chi-Square 1 6.6736 0.0098
Mantel-Haenszel Chi-Square 1 7.4467 0.0064
Phi Coefficient -0.1484
Contingency Coefficient 0.1468
Cramer’s V -0.1484

Fisher’s Exact Test
----------------------------------
Cell (1,1) Frequency (F) 13
Left-sided Pr <= F 0.0041
Right-sided Pr >= F 0.9985

Table Probability (P) 0.0026
Two-sided Pr <= P 0.0069

Sample Size = 339

�éL¥�Ñ
L�ü�ªêÚ3"b�e�Ï

"ªê, �±wÑ, áë<¥�¾�ê8'Ï"ê
8�"u��(J��w�¡�ÚOþÜ©�Chi-
Square�1, Ù��7.4688, p��0.0063, ¤±AÄ½
"b�, �Ñ(Ø: áë��ú5|í+ö´ØÕá
�"

¦^χ2u��¦z�ü��Ï"ªêØ�u5"3

^�Ø÷v��ÿ��±¦^Fisher°(u�"éu
ü1ü��L�FREQL§gÄ�ÑFisher°(u�

�(J, ÙVýu�p��0.0069, Aáý"b�"
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4.4.3 ááá555CCCþþþ'''éééÝÝÝOOO���

éu«mCþ, ·��±O�üü��'Xê"á5
CþÏ�vkê�Vg¤±ØUO��'Xê, �é
uü�kSCþ·��±O�aqu�'Xê�'
é5þÝ"Ù¥�«'é5þÝ��Kendal Tau-bÚ

Oþ, ��3-1�1�m, ��Cu1L«�'é, �C
u-1L«K'é, �Cu0L«vk�''X"

e¡^~f`²XÛ3FREQL§¥O�Kendal
Tau-bÚOþ"�~�g5SASXÚ�Ä:ÚO©
Û6�Ö"b�·��ïÄEÚ«+���Ù�,

«[ÿ5;¾�'X"Ú��¾§Ý(DISEASE)©
�vk(0)!$(1)!p(2), Ú+��(HERDSIZE)©�
�(1)!¥(2)!�(3)"êâXeêâÚ¤«µ

data cows;

input herdsize disease numcell;

label herdsize=’Ú+��’

disease=’�¾§Ý’;

cards;

1 0 9

1 1 5

1 2 9

2 0 18

2 1 4

2 2 19

3 0 11

3 1 88

3 2 136

;

run;

^FREQL§3TABLES�é¥\þMEASURESÀ
�Ò�±O�Kendall Tau-bÚOþµ
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proc freq data=cows;

tables herdsize*disease / measures

expected nopercent norow nocol;

weight numcell;

title ’EÚ;¾êâ©Û’;

run;

(JXeµ

EÚ;¾êâ©Û

The FREQ Procedure

Table of herdsize by disease

herdsize(Ú+��) disease(�¾§Ý)

Frequency|
Expected | 0| 1| 2| Total
---------+--------+--------+--------+

1 | 9 | 5 | 9 | 23
| 2.9231 | 7.4615 | 12.615 |

---------+--------+--------+--------+
2 | 18 | 4 | 19 | 41
| 5.2107 | 13.301 | 22.488 |

---------+--------+--------+--------+
3 | 11 | 88 | 136 | 235
| 29.866 | 76.237 | 128.9 |

---------+--------+--------+--------+
Total 38 97 164 299

ÚO^��§



§4.4 �éL©Û 235

Statistics for Table of herdsize by disease

Statistic Value ASE
--------------------------------------------------
Gamma 0.4113 0.1009
Kendall’s Tau-b 0.2173 0.0606
Stuart’s Tau-c 0.1482 0.0436

Somers’ D C|R 0.2762 0.0780
Somers’ D R|C 0.1710 0.0482

Pearson Correlation 0.2816 0.0660
Spearman Correlation 0.2331 0.0656

Lambda Asymmetric C|R 0.0000 0.0000
Lambda Asymmetric R|C 0.1094 0.0794
Lambda Symmetric 0.0352 0.0264

Uncertainty Coefficient C|R 0.0990 0.0256
Uncertainty Coefficient R|C 0.1437 0.0375
Uncertainty Coefficient Symmetric 0.1172 0.0302

Sample Size = 299

� Ñ �Kendall Tau-bÚ O þ ��0.2173, ìCI O
Ø�(ASE)�0.0606, ^ Ú O þ � \ ~ ü � I OØ
���Kendall Tau-b�95%�&«m, ���(0.0961,
0.3385)3":m>, ¤±�@�EÚ�¾§Ý�«+

��k��'é"¯¢þ, ·�l�éL¥¢Sªê
�Ï"ªê�é'��±wÑ, ��«+�¾'Ï"

��, ��«+�¾'Ï"�­, =�¾§Ý�«+

��k��'é"

4.4.4 ^̂̂Analyst������éééLLL©©©ÛÛÛ

Analyst�“Statistics - Table Analysis”�±?1�é
L©Û"'X§éáë�³�êâ8BRONÀdè

ü§ÑyXã4.14�é{µ§ùp��½1Cþ!
�Cþ, XJêâ8¥®²´L�KI�Ñ\ü��
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ã 4.14: Analyst: Analyst: �éL©
Û

ã 4.15: Analyst: Analyst: �éLÚ

O

OêCþ(Cell Counts)"ùp�TablesUÜ^5�½
x�L�¥Ñy�SN§XkÃ�z©'!Ï"ª

ê�"ùp�StatisticsUÜ�½é�éL���©
Û§'XÕá5�χ2u�§O�'é5þÝ§?1
°(u�§��§�ã4.15¤«�é{µ"XJ�

éþ¡EÚ�~fO�'é5þÝÒ�^�ù�é
{µ"AnalystN^PROC FREQ?1O�§¤±(
J�þ¡?§�(J�Ó"

öööSSS

1. e¡´�|ú�U�j�pÝ�êâ, Áu�Ù

©Ù´Ä��"
15 3.5 3.5 7 1 7 5.75 27 15 8 4.75 7.5 4.25 6.25 5.75
5 8.5 9 6.25 5.5 4 7.5 8.75 6.5 4 5.25 3 12 3.75 4.75
6.25 3.25 2.5

2. keZ<ë\
��~�âõ, 3�c�ÿþ


¦���N��¹þ,(JXe(�N��¹þ�
z©ê)µ

ÚO^��§
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I5|µ13.3 19 20 8 18 22 20 31 21 12 16 12 24

å5|µ22 26 16 12 21.7 23.2 21 28 30 23

'�ù
<¥I5Úå5��N��¹þkÃ
wÍ�É"

3. eL�,Ä:ÚO�§üg�Á�Æ)¤1"
üg�Á�Ó���£"Á'�ùüg�ÁJ

´§ÝkÃwÍ�É"
ÆÒ 1 2 3 4 5 6 7 8 9 10

1�g 93 88 89 88 67 89 83 94 89 55
1�g 98 74 67 92 83 90 74 97 96 81

ÆÒ 11 12 13 14 15 16 17 18 19 20
1�g 88 91 85 70 90 90 94 67 87 83
1�g 83 94 89 78 96 93 81 81 93 91

4. �ïÄMÿsY²3��$��¾<��~<

�mkÃwÍ�É, ÿþ
�|¾<Ú�|�~
<�MÿsY², (J�eL"Áu�üö�M

ÿsY²kÃwÍ�É(Y²0.05)"
�$�¾<|µ0.2 10.4 0.3 10.9 0.4 11.3 1.1 12.4
2.0 16.2 2.1 17.6 3.3 18.9 3.8 20.7 4.5 24.0 4.8 25.4
4.9 40.0 5.0 42.2 5.3 50.0 7.5 60.0 9.8

éì|µ0.2 5.4 0.3 5.7 0.4 5.8 0.7 7.5 1.2 8.7 1.5 8.8
1.5 9.1 1.9 10.3 2.0 15.6 2.4 16.1 2.5 16.5 2.8 16.7 3.6
20.0 4.8 20.7 4.8 33.0

J«µ��Ä©Ù´Ä��"

5. �
�	ü«ÿþÈ¹þ��N�Û�{µI

O�{ÚpØ�{�ÿþ(JkÃwÍ�É, �
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10°Á�, z°©�ü�, ��^IO�{ÿ

þ, ��^pØ�{ÿþ, z�Á��ü�(J
XeL, Áu�ùü«z��{kÃwÍ�É(Y
²0.05)µ

IO 14.7 14.0 12.9 16.2 10.2 12.4 12.0 14.8 11.8 9.7
pØ 12.1 10.9 13.1 14.5 9.6 11.2 9.8 13.7 12.0 9.1

6. ¦^��57195�«l��5��É�¥, e

L�5�xU�É�Sí3�7��z©'y, �


10�É�, éêâ©O[Ü�5£8!K�ê
'Xy = Ae−bx, ¿¦^�«�ëê­�[Ü�{
[Ü­�"'��(J"

x 1 1 2 2 2 3 5 6 6 7
y 94.5 86.4 71 80.5 81.4 67.4 49.3 46.8 42.3 36.6

7. é êâ8SASUSER.GPA¥ � �ÆÆ� ²þ¤
1GPAï�, ^p¥¤1HSM!HSS!HSE��
gCþ"{ã£8�(J"ÁU?�."¦
^SAS/INSIGHTÚREGL§ü«�{"

8. �Á�,«zó�¬, 3n«ØÓ§Ý!o«Ø

ÓØåeÁ�, z�Y²|Ü­Eüg, ���
¬�ÂÇêâXe(%)µ

Øå
§Ý 1 2 3 4

1 52, 57 42, 45 41, 45 48, 45
2 50, 52 47, 45 47, 48 53, 30
3 63, 58 54, 59 57, 60 58, 59

Á30.05Y²e?1��©Û¿{ã(J"

9. �
�	{��û´Ä��w«xk', N�

326 �w��û�¹µ
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ç< x<

k� 17 19
Ã� 149 141

Á30.05Y²eu��û(J��w«x´ÄÕ
á"
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õ�ÚO©Û´ÚOÆ�­�A^óä§SAS¢
y 
Nõ ~ ^ � õ � Ú O ©Û� {"SAS^ u
õ C þ ©Û� L § kPRINCOMP(Ì © þ ©Û),
FACTOR(Ï f ©Û), CANCORR(;.� ' ©Û),
MDS(õ�IÝL§), MULTTEST(õ­u�), PRIN-
QUAL(½5êâ� Ì © þ ©Û), CORRESP(é A
©Û)§ ^ u � O ©Û� L § kDISCRIM(� O ©
Û), CANDISC(;.�O), STEPDISC(ÅÚ�O), ^
uàa©Û�L§kCLUSTER(ÌXàa), FAST-
CLUS(Kþ�¯�àa), MODECLUS(�ëêàa),
VARCLUS (Cþàa), TREE (xÌXàa�(J
ÌXã¿�Ñ©a(J)"·�ù�Ù0��~�

�õ�ÚO�{, ��[�]��ë�5SASXÚ

¨SAS/STAT^�¦^Ãþ6"

5.1 õõõCCCþþþ©©©ÛÛÛ

y¢¥�ÚOé�²~^õ��I5L«, 'X<�
Ê�, Ò�±k6¶!5O!Ñ)c�F!70!
´ÓG¹!¬x!�£¡m!/«�, è�N�, �
±kÀ]�!KÅ!J|!�ó<ê!���¹�
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�"õ��I(Cþ)�±©O?1©Û, �´, ·�

  F"nÜ¦^ù
�I, ù�, kÌ©þ©Û!
Ïf©Û��{�±rêâ��êü$, Ó�q¦þ
Ø��êâ¥�&E"

5.1.1 ÌÌÌ©©©þþþ©©©ÛÛÛ

���!!!nnnØØØ000���

Ì©þ©Û�8�´l�©�õ�Cþ�eZ�

5|Ü, U¦�Uõ/�3�©Cþ¥�&E"l

�©Cþ�#Cþ´����C�(�IC�)"�
kX =

(
X1 · · · Xp

)′
´��p��ÅCþ, k��

Ý, Pµ = E(X), Σ = Var(X)"�Ä§��5C�
Y1 = l′1X = l11X1 + · · · + lp1Xp

· · · · · · · · ·
Yp = l′pX = l1pX1 + · · · + lppXp

´�

Var(Yi) = l′iΣli
Cov(Yi, Yj) = l′iΣlj

i, j = 1, · · · , p

XJ�^Y1¦�Uõ/�3�©�X�&E, ²;
��{´¦Y1���¦�U�, ùI�é�5C��
Xêl1\��, ���¦§´ü �þ, =l′1l1 = 1"
Ù § � �Yi� F"¦� U õ / � 3X�&E, �
c ¡ �Y1, . . . , Yi−1® � 3 �&EÒØ 2 � 3, =

�¦Cov(Yi, Yj) = 0, j = 1, . . . , i − 1, Ó�éli�
kl′ili = 1��¦, 3ù��^�e¦Var(Yi)��"
����
Σ�A���λ1 ≥ λ2 ≥ · · · ≥ λp ≥ 0, �

ÚO^��§
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A�ü A��þ©O�a1, a2, . . . , ap(�A��k
­��ü A��þØ��)"ù�X�1i�Ì¤
©�Yi = a′iX , i = 1, . . . , p, �Var(Yi) = λi"PA =

( a1 · · · ap ), Λ =


λ1

. . .

λp

, Y = ( Y1 · · · Yp ),

KA���
, Y = A′X , Var(Y ) = Λ, �
∑p

1 λi =∑p
1 σii, Ù¥σii�Σ�Ìé����"
Ì©þYk��©CþXi��'Xêρ(Yk, Xi)¡�

Ï f K Ö þ(factor loading), � ± y ²ρ(Yk, Xi) =√
λkaik/

√
σii, k, i = 1, . . . , p,

∑p
i=1 σiiρ

2(Yk, Xi) = λk,∑p
k=1 ρ2(Yk, Xi) =

∑p
k=1 λka

2
ik/σii = 1"

�
 ~ � C þ � � ê, F"c A �YiÒ� ± �

LX��Ü©&E"½Âλk/
∑p

1 λi�Ì©þYk��z

Ç, ¡∑m
i=1 λi/

∑p
i=1 λi�Ì©þY1, . . . , Ym�\O�z

Ç"���m¦�\O�zÇ��70%¨80%±þ"
\O�zÇL«m�Ì©þlX1, . . . , Xp¥J�
õ
�&E, �vkL�^§5¡Ez��XiU¡Eõ
�, �d½Âm�Ì©þY1, . . . , Ymé�©CþXi�
�zÇνi, νi�XiéY1, . . . , Ym�E�'Xê²�, �
±^úªνi =

∑
λka

2
ik/σiiO�(5¿m = p�νi ≡ 1)"

cm�Ì©þY(m) = ( Y1 · · · Ym )′3X�m��5|
Ü¥UéX�Ð/�5%C"

3þ¡�Ì©þO��{¥, �����Cþ��

`k�3&E, ¢S¥�
�Øù«K�²~rCþ
IOz, =-

X∗i =
Xi − EXi√

Var(Xi)
, i = 1, . . . , p
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ù �X∗ = ( X∗1 · · · X∗p )��� � 
Ò´X�
� ' 
R"ù �, Ì © þ ��� � 
 ´Λ∗ =
diag(λ∗1, . . . , λ

∗
p), Ù ¥λ∗1 ≥ · · · ≥ λ∗p�R�

A � � ¶∑p
i=1 λ∗i = p¶X∗i � Ì © þY ∗k � � '

X ê(Ï f K Ö þ)�ρ(Y ∗k , X∗i ) =
√

λ∗ka
∗
ik, Ù

¥a∗ik = (a∗1k, . . . , a
∗
pk)�R� é Aλ∗k� ü A � �

þ¶∑p
i=1 ρ2(Y ∗k , X∗i ) = λ∗k¶∑p

k=1 ρ2(Y ∗k , X∗i ) = 1"
é uX� * ÿ � �, � 1tg * ÿ �x(t) =

(xt1, . . . , xtp), t = 1, . . . , n, rêâ�¤Ý
/ª�

X̃ =



x11 x12 · · · x1p

x21 x22 · · · x2p
... ... . . . ...

xn1 xn2 · · · xnp


dX̃��� � 
Σ� � OΣ̂Ú � ' 
R� � OR̂,
lΣ̂½R̂�±��Ì©þ©)"O�A��Úü A

��þ, EP�λ1 ≥ λ2 ≥ · · · ≥= λpÚa1, a2, . . . , ap,
^Yi = a′iX��X�1iÌ©þ, 
Y(t) = x(t)A¡�
1t�*ÿ�Ì©þ�©"(J���Ì©þ�©Ý

�Ỹ = XA"�±rỸ �cA����êØ ��
êâ"3SAS�PRINCOMP¥O�Ì©þ�©�X

JÌ©þ©)´^�'
���K�©gCþ�k

IOz(~�þ�¿Ø±IO�), XJ©)^�´�
��
KO�Ì©þ�©��é�©Cþ¥%z(~
�þ�)"

���!!!^̂̂PRINCOMPLLL§§§OOO���ÌÌÌ©©©þþþ©©©ÛÛÛ

SAS�PRINCOMPL§kXeõUµ

ÚO^��§
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• �¤Ì©þ©Û"

• Ì©þ��ê�±d^rgC(½, Ì©þ�¶

i�±^rgC5½, Ì©þ�©´ÄIOz�
gC5½"

• Ñ\êâ8�±´�©êâ8!�'
!��
�
½�È
"Ñ\��©êâ�, ^r��±

5½l���
Ñu�´l�'
Ñu?1©
Û"d���
Ñu�����Cþ3©Û¥

å�����^"

• O �(J k µ { ü Ú O þ, � ' 
 ½�� �

, l���üS�A��Ú�AA��þ,
z � Ì © þ)º � � � ' ~, \ O ' ~ �"
�)¤ü�ÑÑêâ8µ���¹�©êâ
9Ì©þ�©, ,���¹k'ÚOþ, a.
�TYPE=CORR½COV"

• ��«Cþm���'X"e,A��AO�
C0`²Cþ�5�', ù�^ù
Cþ�£8
gCþ�U���Ø�(J"

PRINCOMPL§Ì�¦^PROC PRINCOMP�é
�VAR�é"PROC PRINCOMP�é^55½Ñ\

ÑÑÚ�
$1À�, �)µ

• DATA=Ñ\êâ8, �±´�©êâ8, ��±

´TYPE=CORR,COV�êâ8

• OUT=ÑÑ�¹�©êâÚÌ©þ�©�êâ8

• OUTSTAT=ÚOþÑÑêâ8
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• COV �¦l���
ÑuO�Ì©þ""��
l�'
ÑuO�"

• N=�O��Ì©þ�ê""����"

• NOINT �¦3�.¥Ø¦^�å�"ù�ÚO

þÑÑêâ8a.�TYPE=UCORR½UCOV"

• STD �¦3OUT=�êâ8¥rÌ©þ�©I

Oz�ü ��"Ø5½�����AA�

�"

^VAR�é�½�©Cþ, 7L�ê�.(«mC

þ)"

nnn!!!AAA^̂̂ÞÞÞ~~~

~~~1©��ÚÔ�²þí§�Ì©þ©Û
3êâ8TEMPERAT¥��k{I�
¢½��

ÚÔ��²þí§"·�F"éùü�í§?1Ì

¤©©Û, F"^��Ú��§Ý5��o��'�
§Ý, ¤±?1Ì©þ©Û"§SXeµ

DATA TEMPERAT;

INPUT CITY $1-15 JANUARY JULY;

CARDS;

MOBILE 10.7 27.6

PHOENIX 10.7 32.9

LITTLE ROCK 4.2 27.4

SACRAMENTO 7.3 24.0

DENVER -1.2 22.8

HARTFORD -4.0 22.6

WILMINGTON 0.0 24.3

WASHINGTON DC 2.0 25.9

JACKSONVILLE 12.6 27.2

ÚO^��§
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MIAMI 19.6 27.9

ATLANTA 5.8 25.6

BOISE -1.7 23.6

CHICAGO -5.1 22.2

PEORIA -4.6 23.9

INDIANAPOLIS -2.3 23.9

DES MOINES -7.0 23.9

WICHITA -0.4 27.1

LOUISVILLE 0.7 24.9

NEW ORLEANS 11.6 27.7

PORTLAND, MAINE -5.8 20.0

BALTIMORE 0.8 24.8

BOSTON -1.6 22.9

DETROIT -3.6 22.9

SAULT STE MARIE -9.9 17.7

DULUTH -13.1 18.7

MINNEAPOLIS -11.0 22.2

JACKSON 8.4 27.6

KANSAS CITY -2.3 26.0

ST LOUIS -0.4 25.9

GREAT FALLS -6.4 20.7

OMAHA -5.2 25.1

RENO -0.1 20.7

CONCORD -6.3 20.9

ATLANTIC CITY 0.4 23.9

ALBUQUERQUE 1.8 25.9

ALBANY -5.8 22.2

BUFFALO -4.6 21.2

NEW YORK 0.1 24.8

CHARLOTTE 5.6 25.8

RALEIGH 4.7 25.3

BISMARCK -13.2 21.6

CINCINNATI -0.5 24.2

CLEVELAND -2.8 21.9

COLUMBUS -2.0 23.1

OKLAHOMA CITY 2.7 27.5

PORTLAND, OREG 3.4 19.5

PHILADELPHIA 0.2 24.9

PITTSBURGH -2.2 22.2

PROVIDENCE -2.0 22.3

COLUMBIA 7.4 27.3
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SIOUX FALLS -9.9 22.9

MEMPHIS 4.7 26.4

NASHVILLE 3.5 26.4

DALLAS 7.1 29.3

EL PASO 6.4 27.9

HOUSTON 11.2 28.5

SALT LAKE CITY -2.2 24.8

BURLINGTON -8.4 21.0

NORFOLK 4.7 25.7

RICHMOND 3.1 25.5

SPOKANE -3.7 20.9

CHARLESTON, WV 1.4 23.9

MILWAUKEE -7.0 21.1

CHEYENNE -3.0 20.6

;

PROC PRINCOMP COV OUT=PRIN;

VAR JULY JANUARY;

RUN;

Ì¤©�©ÑÑ�
êâ8PRIN¥§w«�ÑÑ(
JXeµ

The PRINCOMP Procedure

Observations 64

Variables 2

Simple Statistics

JULY JANUARY

Mean 24.22656250 0.052951389

StD 2.84867728 6.506907270

Covariance Matrix

JULY JANUARY

JULY 8.11496225 14.45317629

JANUARY 14.45317629 42.33984222

Total Variance 50.454804466

Eigenvalues of the Covariance Matrix

ÚO^��§
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Eigenvalue Difference Proportion Cumulative

1 47.6267305 44.7986565 0.9439 0.9439

2 2.8280740 0.0561 1.0000

Eigenvectors

Prin1 Prin2

JULY 0.343532 0.939141

JANUARY 0.939141 -.343532

(J�)*ÿê!Cþê§©ÛCþ�{üÚO

þ!���
§o���§���
�A��(�)
A��!A���m��!'~!\O'~)§A�

�þ"§S¥�COVÀ�´�¦^���

Ø´
�'
�A��§(J¥�
A��þ§·�Ò�
±��Ì©þ�©�O�úª�µ

PRIN1 = 0.343532 * (JULY - 24.23) + 0.939141 * (JANUARY - 0.05)
PRIN2 = 0.939141 * (JULY - 24.23) - 0.343532 * (JANUARY - 0.05)

XJvk^COVÀ�, �©Cþ¥%z��I�Ø±

IO�"dXê��, 1�Ì©þ´ü��°�\�

²þ, �L
��/��í§Y², 1�Ì©þXê
���K, �A
ÁGÚgG�í§�O"

3INSIGHT¥ � mWORK.PRIN, © O ± �JULY
éJANUARY!PRIN2 éPRIN1 �Ñ:ã(ã5.1)"l

ã�±wÑÌ©þ��©Cþ�����^="
~~~2©{I�«a.���Ì©þ©Û
3êâ8CRIME¥k{I��²��«a.��

���Çêâ"F"éù
��Çêâ?1Ì©þ
©Û±V)���¹"§SXeµ

DATA CRIME;
TITLE ’�²z��<���Ç’;
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ã 5.1: ��!Ô�í§�Ñ:ãÚÌ©þ�Ñ:ã

INPUT STATE $1-15 MURDER RAPE ROBBERY ASSAULT
BURGLARY LARCENY AUTO;

CARDS;
ALABAMA 14.2 25.2 96.8 278.3 1135.5 1881.9 280.7
ALASKA 10.8 51.6 96.8 284.0 1331.7 3369.8 753.3
ARIZONA 9.5 34.2 138.2 312.3 2346.1 4467.4 439.5
ARKANSAS 8.8 27.6 83.2 203.4 972.6 1862.1 183.4
CALIFORNIA 11.5 49.4 287.0 358.0 2139.4 3499.8 663.5
COLORADO 6.3 42.0 170.7 292.9 1935.2 3903.2 477.1
CONNECTICUT 4.2 16.8 129.5 131.8 1346.0 2620.7 593.2
DELAWARE 6.0 24.9 157.0 194.2 1682.6 3678.4 467.0
FLORIDA 10.2 39.6 187.9 449.1 1859.9 3840.5 351.4
GEORGIA 11.7 31.1 140.5 256.5 1351.1 2170.2 297.9
HAWAII 7.2 25.5 128.0 64.1 1911.5 3920.4 489.4
IDAHO 5.5 19.4 39.6 172.5 1050.8 2599.6 237.6
ILLINOIS 9.9 21.8 211.3 209.0 1085.0 2828.5 528.6
INDIANA 7.4 26.5 123.2 153.5 1086.2 2498.7 377.4
IOWA 2.3 10.6 41.2 89.8 812.5 2685.1 219.9
KANSAS 6.6 22.0 100.7 180.5 1270.4 2739.3 244.3
KENTUCKY 10.1 19.1 81.1 123.3 872.2 1662.1 245.4
LOUISIANA 15.5 30.9 142.9 335.5 1165.5 2469.9 337.7
MAINE 2.4 13.5 38.7 170.0 1253.1 2350.7 246.9
MARYLAND 8.0 34.8 292.1 358.9 1400.0 3177.7 428.5
MASSACHUSETTS 3.1 20.8 169.1 231.6 1532.2 2311.3 1140.1
MICHIGAN 9.3 38.9 261.9 274.6 1522.7 3159.0 545.5
MINNESOTA 2.7 19.5 85.9 85.8 1134.7 2559.3 343.1
MISSISSIPPI 14.3 19.6 65.7 189.1 915.6 1239.9 144.4
MISSOURI 9.6 28.3 189.0 233.5 1318.3 2424.2 378.4
MONTANA 5.4 16.7 39.2 156.8 804.9 2773.2 309.2
NEBRASKA 3.9 18.1 64.7 112.7 760.0 2316.1 249.1
NEVADA 15.8 49.1 323.1 355.0 2453.1 4212.6 559.2
NEW HAMPSHIRE 3.2 10.7 23.2 76.0 1041.7 2343.9 293.4
NEW JERSEY 5.6 21.0 180.4 185.1 1435.8 2774.5 511.5
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NEW MEXICO 8.8 39.1 109.6 343.4 1418.7 3008.6 259.5
NEW YORK 10.7 29.4 472.6 319.1 1728.0 2782.0 745.8
NORTH CAROLINA 10.6 17.0 61.3 318.3 1154.1 2037.8 192.1
NORTH DAKOTA 0.9 9.0 13.3 43.8 446.1 1843.0 144.7
OHIO 7.8 27.3 190.5 181.1 1216.0 2696.8 400.4
OKLAHOMA 8.6 29.2 73.8 205.0 1288.2 2228.1 326.8
OREGON 4.9 39.9 124.1 286.9 1636.4 3506.1 388.9
PENNSYLVANIA 5.6 19.0 130.3 128.0 877.5 1624.1 333.2
RHODE ISLAND 3.6 10.5 86.5 201.0 1489.5 2844.1 791.4
SOUTH CAROLINA 11.9 33.0 105.9 485.3 1613.6 2342.4 245.1
SOUTH DAKOTA 2.0 13.5 17.9 155.7 570.5 1704.4 147.5
TENNESSEE 10.1 29.7 145.8 203.9 1259.7 1776.5 314.0
TEXAS 13.3 33.8 152.4 208.2 1603.1 2988.7 397.6
UTAH 3.5 20.3 68.8 147.3 1171.6 3004.6 334.5
VERMONT 1.4 15.9 30.8 101.2 1348.2 2201.0 265.2
VIRGINIA 9.0 23.3 92.1 165.7 986.2 2521.2 226.7
WASHINGTON 4.3 39.6 106.2 224.8 1605.6 3386.9 360.3
WEST VIRGINIA 6.0 13.2 42.2 90.9 597.4 1341.7 163.3
WISCONSIN 2.8 12.9 52.2 63.7 846.9 2614.2 220.7
WYOMING 5.4 21.9 39.7 173.9 811.6 2772.2 282.0
;
PROC PRINCOMP OUT=CRIMCOMP;
RUN;

PROC SORT;
BY PRIN1;

PROC PRINT;
ID STATE;
VAR PRIN1 PRIN2 MURDER RAPE ROBBERY ASSAULT

BURGLARY LARCENY AUTO;
TITLE2 ’�²U1�Ì©þ��o��Çü�’;

PROC SORT;
BY PRIN2;

PROC PRINT;
ID STATE;
VAR PRIN1 PRIN2 MURDER RAPE ROBBERY ASSAULT

BURGLARY LARCENY AUTO;
TITLE2 ’�²U1�Ì©þ��7a����å��é'�ü�’;

GOPTIONS FTEXT=’yN’;
PROC GPLOT;

PLOT PRIN2*PRIN1=STATE;
TITLE2 ’cü�Ì©þ�Ñ:ã’;

PROC GPLOT;
PLOT PRIN3*PRIN1=STATE;
TITLE2 ’1�!nÌ©þ�Ñ:ã’;

RUN;

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



252 1ÊÙ SASõ�ÚO©Û

Ñ\êâ�, ^PROC PRINCOMPéêâ?1Ì

©þ©Û, (Jk�Ñ
�Cþ�{üÚOþ, Cþ
��'
, ÙA��ÚA��þ(JXeµ

Eigenvalues of the Correlation Matrix

Eigenvalue Difference Proportion Cumulative

1 4.11495951 2.87623768 0.5879 0.5879

2 1.23872183 0.51290521 0.1770 0.7648

3 0.72581663 0.40938458 0.1037 0.8685

4 0.31643205 0.05845759 0.0452 0.9137

5 0.25797446 0.03593499 0.0369 0.9506

6 0.22203947 0.09798342 0.0317 0.9823

7 0.12405606 0.0177 1.0000

Eigenvectors

Prin1 Prin2 Prin3 Prin4

MURDER 0.300279 -.629174 0.178245 -.232114

RAPE 0.431759 -.169435 -.244198 0.062216

ROBBERY 0.396875 0.042247 0.495861 -.557989

ASSAULT 0.396652 -.343528 -.069510 0.629804

BURGLARY 0.440157 0.203341 -.209895 -.057555

LARCENY 0.357360 0.402319 -.539231 -.234890

AUTO 0.295177 0.502421 0.568384 0.419238

Eigenvectors

Prin5 Prin6 Prin7

MURDER 0.538123 0.259117 0.267593

RAPE 0.188471 -.773271 -.296485

ROBBERY -.519977 -.114385 -.003903

ASSAULT -.506651 0.172363 0.191745

BURGLARY 0.101033 0.535987 -.648117

LARCENY 0.030099 0.039406 0.601690

AUTO 0.369753 -.057298 0.147046
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1�Ì©þ�zÇ�k59%, cü�Ì©þ\O�
zÇ��76%, �±^cü�Ì©þ"cn�Ì©
þ\O�zÇ®��87%, ¤±cn�Ì©þ�±

Ly��Ç��Ü©&E"1�Ì©þ�O�Xê
Ñ´�ê, ¤±§´��²���Ç���\�²

þ, �Lù�²�o����¹"1�Ì©þ3\

¿��(BURGLARY)!���(LARCENY)!ð��
�(AUTO)þk����Xê, 3*à(MURDER)!
rr(RAPE)!Ìð(ASSAULT)þk���KXê,
¤±�L
�å���Ù§����«é'"1
nÌ©þ�s !ð��������!\¿�
�!rr�é', Ù¿ÂØ´)º"
�
 w Ñ � ² U 1 � Ì © þ Ú 1 � Ì ©

þ d $ � p ü � � � ¹, k ^SORTL § ü 


S, , � ^PRINTL § � < 
(J((J Ñ)"
3 U 1 � Ì © þ üS¥, North Dakota!South
Dakota!West Virginiaü�3c, `²Ù��Ç�$,
Nevada!Californiaü�3�, `²Ù��Ç�p"
3U1�Ì©þü��(J¥, Mississippiü3�c,
`²Ù�å���p, Massachusetts��, `²Ù�

å���$"�¡^PLOTL§x
Ì¤©�Ñ:
ã"

ooo!!!^̂̂SAS / INSIGHT ÚÚÚAnalyst ???111ÌÌÌ©©©þþþ©©©ÛÛÛ

3SAS/INSIGHT¥�?1Ì©þ©Û"~X, éu
þ¡�WORK.CRIMEêâ8, 3INSIGHT¥�m§

�, À“Analyze - Multivariate ( Y’s)”, � ÑÀJ C

þ�é{µ, r���ÇCþÑÀ�YCþ, ,�

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



254 1ÊÙ SASõ�ÚO©Û

UOutputUÜ, À¥Ì©þ©Û(Principal Component
Analysis)EÀµ, OK�Ò��
õCþ©Û(J(�
)�©Cþ�{üÚOþ!�'
)ÚÌ©þ©Û
�(J(A��!\O�zÇ!A��þ)"é{µ
�MethodUÜ�±À´U���
O��´U�'

O�",	�x
cü�Ì©þ�Ñ:ã"

3Analyst ¥��±?1Ì©þ©Û"À“Statistics
- Multivariate - Principal Components” � ± � m
Ì © þ ©Û� é { µ § � ±À� ©Û� C þ,
ÙStatisticsUÜ�±ÀU���
©Û�´U�'

©Û"d.¡N^PROC PRINCOMP, ¤±���
(J�c¡�~f´���"

5.1.2 ÏÏÏfff©©©ÛÛÛ

���!!!nnnØØØ{{{000

Ì©þ©Û�p��©Cþ�m��5|Ü, ù
�

5|Ü3�©Cþ�¤km��5|Ü¥�±�Ð
/ý��©Cþ"Ïf©ÛéÌ©þ©Û?1
í

2, §^d3�m�“Ïf”5V)�©Cþ�&E,
ù
ÏfØ�½´�©Cþ��5|Ü"

�x�p × 1�Å�þ, Ùþ��µ, ���
�Σ =
(σij), ·�¡x÷vkk�Ïf��., exUL�

x = µ + Λf + u

Ù¥Λ : p × k´��~ê
, f : k × pÚu : p × 1�
�Å�þ"f¡�ú�Ïf, u��AÏÏf, Λ�Ï

f1ÖÝ
"ù��.�´£8©Û�., �´ù
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px´õ��ÅCþ
Ø´���ÅCþ���, f�

´�ÅCþ
Ø´���£8Xê"¦Ïf©)�

^��©Cþ���
Σ"Σ�ΛÚAÏÏf���
�
Ψ�Xe'Xªµ

Σ = ΛΛ′ + Ψ

úÏf�.©)´Ø���, Ï�XJΓ´���

�
, Kk

x = µ + (ΛΓ)(Γ′f) + u

ù�Γ′f´#�ú�Ïf, ΛΓ´#�Ïf1Ö
"
·��±|^ù�A:é���Ïf�.?1^=
±�)N´)º�Ïf"^=���Áã¦Ïf1

ÖXê�C�K1Ú0, ù�N´)ºÏf�|¤"

���!!!FACTORLLL§§§¦¦¦^̂̂

SAS/STAT�FACTORL§�±?1Ïf©Û!©þ
©ÛÚÏf^="éÏf�.�±¦^��^=Ú
��^=, �±^£8{O��©Xê, Ó�rÏf
�©��O�Ñ3ÑÑêâ8¥¶^FACTORL§
O��¤kÌ�ÚOþ�U�Ñ3ÑÑêâ8¥"

FACTORL§^{é{ü, Ì�¦^Xe�éµ

PROC FACTOR DATA= êâ8 À�;
VAR �©Cþ;

RUN;
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ÑÑ(J�)A���¹!Ïf1Ö!úÏf)º
'~, ��"�
O�Ïf�©, ��3PROC FAC-
TOR�é¥\��SCORE À�Ú“OUTSTAT=ÑÑ
êâ8”À�, ,�^Xe��©L§O�úÏf�
©µ

PROC SCORE DATA=�©êâ8

SCORE=FACTORL§�ÑÑêâ8

OUT=�©ÑÑêâ8;
VAR ^5O��©��©Cþ8Ü;

RUN;

nnn!!!~~~fff

êâ8SOCECON�âëÄ12�/«ÚO�Ê��
¬²L�Iµ<�oê(POP), ��§Ý(SCHOOL),
Ò�ê(EMPLOY), ÑÖ�<ê(SERVICES), ¥��
�d(HOUSE)"^FACTORL§�±?1Ì©þ©
Û"e~¥�SIMPLEÀ��¦O�Cþ�{üÚO

þ, CORR�¦ÑÑ�'
"

DATA SOCECON;

TITLE ’Ê�²L�I�©Û’;

INPUT POP SCHOOL EMPLOY SERVICES HOUSE;

CARDS;

5700 12.8 2500 270 25000

1000 10.9 600 10 10000

3400 8.8 1000 10 9000

3800 13.6 1700 140 25000

4000 12.8 1600 140 25000

8200 8.3 2600 60 12000

1200 11.4 400 10 16000

9100 11.5 3300 60 14000
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9900 12.5 3400 180 18000

9600 13.7 3600 390 25000

9600 9.6 3300 80 12000

9400 11.4 4000 100 13000

;

PROC FACTOR DATA=SOCECON SIMPLE CORR;

TITLE2 ’Ì©þ©Û’;

RUN;

(J�Ñ
Ê�Cþ�{üÚOþ, �'
, Ú�'

�A��!\O�zµ

Eigenvalues of the Correlation Matrix: Total = 5 Average = 1

Eigenvalue Difference Proportion Cumulative

1 2.87331359 1.07665350 0.5747 0.5747
2 1.79666009 1.58182321 0.3593 0.9340
3 0.21483689 0.11490283 0.0430 0.9770
4 0.09993405 0.08467868 0.0200 0.9969
5 0.01525537 0.0031 1.0000

2 factors will be retained by the MINEIGEN criterion.

cü�Ì©þ)º
93.4%���, Uì"��À
JÏf�ê�OKMINEIGEN, ��u1�A��, ¤

±�ü�Ïf"Ïf�ª
(factor pattern, ½¡Ïf
1Ö
)��­��(J��µ

Factor Pattern

Factor1 Factor2

POP 0.58096 0.80642

SCHOOL 0.76704 -0.54476

EMPLOY 0.67243 0.72605

SERVICES 0.93239 -0.10431

HOUSE 0.79116 -0.55818
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§�´^úÏfý��©Cþ�£8Xê"1�

Ì©þ(Ïf)3¤kÊ�CþþÑk��1Ö, ��

ù�Ïf�A
¢½5��K�"1�Ì©þ3<

�!Ò�þk���1Ö, 3��§ÝÚ4�d�þ

k��K1Ö, K1��Ïf���¢½<�õ�´
��§ÝÚ4�d�$"(J��Ñ
úÏf)º
Uå��Oµ

Final Communality Estimates: Total = 4.669974

POP SCHOOL EMPLOY SERVICES HOUSE

0.98782629 0.88510555 0.97930583 0.88023562 0.93750041

ùp�Ñ
úÏféz���©Cþ�)ºUå
�þÝ, ù´^�©CþéúÏf�E�'Xê
²�(�0�1m�)5O��"Communality Estimates:
Total´ù
E�'Xê²��oÚ"Ï�z��E
�'Xê²�Ñ'��, ¤±·��±@�ü�úÏ

f�±éÐ/)º�©Cþ¥�&E"�´·��
��Ïf)ºØ
�Ù, u´�Ä^Ù§�Ïf©Û
�{"
· � 5 ? 1 Ì Ï f © Û " ^FACTORL §

� Ì Ï f ©Û� � Ì © þ ©Û� Ø Ó � ´
O \ � �PRIORS=À�, � ± ^PRIORS¸SMC½
öMAX!ONE�"~Xµ

PROC FACTOR DATA=SOCECON priors=smc;

TITLE2 ’ÌÏf©Û’;

RUN;

ÌÏf{O�{�
��'
(��uΣ − Ψ�
�O)�A��, ¤±ÙA���U�K�"À�
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Ïf�ê�"�OK´PROPORTION=1, =\O

A����A��oÚ�100%"ù��
ü�Ï

f"(J�Ì©þ©Û�q"�
��Ð�Ïf
)º, ·�3þ¡�PROC FACTOR�é¥2\þ�

�ROTATE=PROMAX^=À�, ù�ò3��ÌÏ

f©Û�k�)������ý^=(VARIMAX),
�?1��^=, ¿\
��REORDERÀ�¦ÑÑ
�r�©CþÉ�ÓÏfK���3�åµ

PROC FACTOR DATA=SOCECON PRIORS=SMC

ROTATE=PROMAX REORDER;

TITLE2 ’ÌÏf©Û9PROMAX��^=’;

RUN;

3Ð©�ÌÏf(J��´����ý^=�(
J(�w«
^=
Ú^=��Ïf1Ö)µ

Orthogonal Transformation Matrix

1 2

1 0.78895 0.61446

2 -0.61446 0.78895

Rotated Factor Pattern

Factor1 Factor2

HOUSE 0.94072 -0.00004

SCHOOL 0.90419 0.00055

SERVICES 0.79085 0.41509

POP 0.02255 0.98874

EMPLOY 0.14625 0.97499

��1�Ïf�N
�d!��Y²!ÑÖ�<

ê, ù
AT�u�§Ýk'"1�Ïf�N
<�
ÚÒ��¹, �¢½5�k'"ù����Ïf®²
'�Ð^"
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·�2w��^=�(J, ùp��Ñ
^=��
Ïf1Ö
µ

Rotated Factor Pattern

(Standardized Regression Coefficients)

Factor1 Factor2

HOUSE 0.95558485 -0.0979201

SCHOOL 0.91842142 -0.0935214

SERVICES 0.76053238 0.33931804

POP -0.0790832 1.00192402

EMPLOY 0.04799 0.97509085

l(Jw���Ïf'��^=vkU?"Ï�

��^=��úÏf´�'�, ¤±(J¥��Ñ

úÏf��'
, ë�(�(Reference Structure, �
z��©Cþ�úÏf�ØÙ§úÏfK�� �

'), Ïf(�(Factor Structure, ��©Cþ�úÏf
m��'Xê)"
�
 � ) Ï f � ©, I� 3FACTORL § ¥ ¦

^SCORE À�ÚOUTSTAT= À�ÑÑ�©Xêê
â8¿N^SCORE L§"'X, �
O�����

��^=�ÌÏf�©, �±^Xe§Sµ

PROC FACTOR DATA=SOCECON PRIORS=SMC

ROTATE=VARIMAX REORDER SCORE OUTSTAT=OUTF;

TITLE2 ’ÌÏf©Û9VARIMAX��^=’;

RUN;

PROC SCORE DATA=SOCECON SCORE=OUTF OUT=OUTS;

TITLE2 ’ VARIMAX��^=��ÌÏf�©’;

RUN;
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5.2 ���OOO©©©ÛÛÛ

�O©Û�8�´é®�©a�êâïádê��

I�¤�©a5K, ,�rù��5KA^���©
a����©a"~X, ·�k
��ö�¾<Úè

x<��
z��I, Ò�±lù
z��Iuyü
a<�«O, rù««OL«����Oúª, ,�
é~¦��ö�<Ò�±�âÙz��I^�Oú
ª�ä"

5.2.1 ÚÚÚOOO���µµµ

�O©Û��{këê�{Ú�ëê�{"ëê�
{b½z�a�*ÿ5g(õ�)��©ÙoN, �a
�©Ù�þ�(¥%)�±ØÓ"�ëê�{Ø�¦

���a¤5goN�©Ù, §éz�a¦^�ëê
�{�OTa�©Ù�Ý, ,�âdïá�O5K"

PX�^5ïá�O5K�p��ÅCþ, S�Ü
¿���
�O, t1, . . . , G�|�eI, �kG�|"
Pnt�1t|¥Ôö����ê, mt�1t|�gCþ
þ��þ, St�1t|����
, |St|�St�1�ª,
qt�1t|Ñy�k�VÇ, p(t|x)�gCþ�ux�
*ÿáu1t|���VÇ, ft(x)�1t|�©Ù�Ý
3X = x?��, f (x)��^��Ý∑G

i=1 qtft(x)"
U ìBayesn Ø, g C þ�x� * ÿ á u 1t| �

��VÇp(t|x) = qtft(x)/f(x)"u´, �±rgC

þX����mRpy©�G�«�Rt, t = 1, . . . , G,
¦��X���xáuRt���VÇ31t|��, =
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p(t|x) = max
s=1,...,G

p(s|x),∀x ∈ Rt

ïá��O5K�µO�gCþx�z��|¥

%�2Â²�ål, ¿rx�\�C�a"2Â²�
ål�O��U¦^Ü¿����
�O½öüÕ
����
�O, ¿�k�VÇk', ½Â�

D2
t (x) = d2

t (x) + g1(t) + g2(t)

Ù¥

d2
t (x) = (x−mt)

′V −1
t (x−mt)

g1(t) =

 ln |St| æ^üa����
�O

0 æ^Ü¿���
�O

g2(t) =

 ln qt �ak�VÇØ�
0 �ak�VÇ��

Vt = St(¦^ü�a����
�O)½Vt = S(¦^
Ü¿����
�O)"mt�±^1t|�þ�X̄t�

O"3¦^Ü¿���
�,

D2
t (x) = (x− X̄t)

′S−1(x− X̄t)− 2 ln qt

= x′S−1x + (X̄ ′S−1X̄ − 2 ln qt)− 2x′S−1X̄t

Ù¥x′S−1x´�Ó��±Ø�Ä, u´3'�x�
�|¥%�2Â²�ål�, ��O��5�O

¼êD̃2
t (x) =

(
−1

2X̄
′
tS
−1X̄t + ln qt

)
+ x′S−1X̄t, �x�
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1t| � �5� O ¼ ê � � � rxé A * ÿ � \

1t|"XJ¦^ü�a����
�OVt = StK

ål¼ê´x��g¼ê, ¡��g�O¼ê"
��VÇ�±^2ÂålL«�

p(t|x) =
e−

1
2D2

t (x)

∑G
u=1 e−

1
2D2

u(x)

Ïd, ëê�{��O5K�µkû½´¦^Ü¿

���
�´ü�a����
, O�x��|�2
Âål, rx�\�C�|¶½öO�xáu�|�
��VÇ, rx�\��VÇ���|"XJx��
����VÇÑé�(�u���½�.�), Kr§

�\Ù§|"
� ë ê � O � { E ¦ ^Bayes� � V Ç � Ý

� ��5?1� O, � ù � 1t| 3x? � � Ý
�ft(x)Ø2äkëê/ª, Ø�ëê�{@��±

^mtÚSt(½S)L«Ñ5"�ëê�{^Ø�{½�
C��{5�OVÇ�Ýft(x)"

�C� � O Ú Ø � O � ÑI� ½ Â � m ¥

�ål"Ø 
 � ± ^ î ¼ål	, � � ± ^ ê

¼(Mahalanobis)ål, ½Â�µ

d2
t (x, y) = (x− y)′V −1

t (x− y)

Ù¥Vt�±e/ª��µ
Vt = S Ü¿���


Vt = diag(S) Ü¿���
�é�


Vt = St 1t|S����


Vt = diagSt 1t|����
�é�


Vt = I ü 
§ù�ål=ÊÏîªål
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5.2.2 DISCRIMLLL§§§������ééé`̀̀²²²

SAS/STAT�DISCRIML§�±?1ëê�O©Û
Ú�ëê�O©Û, Ù���ªXeµ

PROC DISCRIM DATA=Ñ\êâ8;
CLASS ©aCþ;
VAR �O^gCþ8Ü;

RUN;

Ù¥, PROC DISCRIM�é�À�¥“Ñ\êâ8”�
Ôöêâ�êâ8, �)��©aCþ(3CLASS�
é¥ ` ²)Ú ^ 5 ï á � O ú ª � g C þ 8

Ü(3VAR�é¥`²)"�±^“TESTDATA=êâ
8”À��½��u�êâ8, u�êâ87L�
¹�Ôöêâ8�Ó�gCþ8Ü, ^Ôöêâ
8�)�O5K�òéu�êâ8¥�z��*
ÿ�Ñ©a�, XJù�u�êâ8¥kL«ý

¢©a�Cþ�±3L§¥^“TESTCLASS ©a
Cþ”�é�½, ù��±u��O��JXÛ"
^“OUTSTAT=êâ8”�½ÑÑ�O¼ê�êâ
8, �¡�±2g^DISCRIML§rù�ÑÑ��

O¼ê��Ñ\êâ8(DATA=)Ö\¿^§5�

Ou�êâ(TESTDATA=)"^“OUT=êâ8”�½
��Ôö��9��VÇ!��(@©a�êâ
8"^“OUTD=êâ8”�½��Ôö��9©|
��Ý�O�êâ8"^“TESTOUT=êâ8”�½
��u�êâ���VÇ9©a(J�êâ8"
^“TESTOUTD=êâ8”ÑÑu�êâ9©|�Ý
�O"
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PROC DISCRIM�é�k�
�½�O©Û�{
�À�"^METHOD=NORMAL½NPARÀJëê
�{½�ëê�{"^POOL=NO½TEST½YESL

«Ø^Ü¿���
!ÏLu�û½´Ä¦^Ü¿

���
!^Ü¿���
"XJ¦^�ëê�{,
I��½“R=Ø�O�»”À�55½Ø�O�{½
ö�½“K=�C��ê”55½�C��O�{"

PROC DISCRIM�ék �
5 ½ w «(J �
À�"^LISTERRw «Ôö � � � � � * ÿ"
^CROSLISTERRw « ^�� Ø ¢ � { éÔö �

� � O � � � * ÿ"^LISTé z � * ÿ w «(
J"^NOCLASSIFY� � éÔö � � � © a u

�"^CROSSLISTw«éÔö�����Ø¢�
� O(J"^CROSSVALIDATE� ¦?1�� Ø
¢"� k ^“TESTDATA=”� ½ � u � êâ8 �
^TESTLISTÀ�w«u�êâ8�u�(J, �
kTESTCLASS�é�^TESTLISTERR�±�Ñu

������*ÿ, ^POSTERRÀ��±�<Ä
u©a(J�©aOK���VÇ�ØÇ�O"
^NOPRINTÀ��±��(J�w«"

3DISCRIML§¥��±¦^PRIORS�é�½
k�VÇqt��{"“PRIORS EQUAL”�½�k�

VÇ"“PRIORS PROPORTIONAL”�½k�VÇ�
�a�ê¤�'"“PRIORS VÇ�L”�±���

½�|�k�VÇ�"
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5.2.3 ~~~fff

^¥(�a�±©E�Ô�«a"CROPS´Ôöê
â8, Ù¥�¹
�Ô�¢S«a(CROP)Úo«�

a�ICþ(X1-X4)"êâ8¥�r�X1-X4Cþ�

����iÎ.CþÖ\5��1I£"

data crops;

title ’Ê«�Ô�aêâ��O©Û’;

input crop $ 1-10 x1-x4 xvalues $ 11-21;

cards;

CORN 16 27 31 33

CORN 15 23 30 30

CORN 16 27 27 26

CORN 18 20 25 23

CORN 15 15 31 32

CORN 15 32 32 15

CORN 12 15 16 73

SOYBEANS 20 23 23 25

SOYBEANS 24 24 25 32

SOYBEANS 21 25 23 24

SOYBEANS 27 45 24 12

SOYBEANS 12 13 15 42

SOYBEANS 22 32 31 43

COTTON 31 32 33 34

COTTON 29 24 26 28

COTTON 34 32 28 45

COTTON 26 25 23 24

COTTON 53 48 75 26

COTTON 34 35 25 78

SUGARBEETS22 23 25 42

SUGARBEETS25 25 24 26

SUGARBEETS34 25 16 52

SUGARBEETS54 23 21 54

SUGARBEETS25 43 32 15

SUGARBEETS26 54 2 54

CLOVER 12 45 32 54

CLOVER 24 58 25 34

CLOVER 87 54 61 21
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CLOVER 51 31 31 16

CLOVER 96 48 54 62

CLOVER 31 31 11 11

CLOVER 56 13 13 71

CLOVER 32 13 27 32

CLOVER 36 26 54 32

CLOVER 53 08 06 54

CLOVER 32 32 62 16

;

run;

^ e �DISCRIML § � ± � ) � 5 � O

¼ ê(METHOD=NORMAL5 ½ ¦ ^ ë ê � {,
POOL=YESÀ�5½¦^Ü¿���
, ù��
)��O¼ê´�5¼ê)"^OUTSTAT=À��

½
�O¼ê�ÑÑêâ8�CROPSTAT, ù�ê
â8�±���Y�DISCRIML§Ñ\^5�O

u�êâ8"À�LIST�¦�Ñz�*ÿ�(J,
CROSSVALIDATE� ¦�� Ø ¢"“PRIORS PRO-
PORTIONAL”=U�«aÑy�'~O��a�k

�VÇ, ID�é�½�Ñ�*ÿ�±�oCþ���
I£"

proc discrim data=crops outstat=cropstat

method=normal pool=yes

list crossvalidate;

class crop;

priors proportional;

id xvalues;

var x1-x4;

title2 ’¦^�5�O¼ê’;

run;

(JXe(!Ñ)µ
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The DISCRIM Procedure

Observations 36 DF Total 35

Variables 4 DF Within Classes 31

Classes 5 DF Between Classes 4

þ¡´�
Ä��¹"

Class Level Information

Variable Prior
crop Name Frequency Weight Proportion Probability

CLOVER CLOVER 11 11.0000 0.305556 0.305556
CORN CORN 7 7.0000 0.194444 0.194444
COTTON COTTON 6 6.0000 0.166667 0.166667
SOYBEANS SOYBEANS 6 6.0000 0.166667 0.166667
SUGARBEETS SUGARBEETS 6 6.0000 0.166667 0.166667

±þ��|�Ä��¹, ¿�Ñ
�|k�VÇ�"
Ï��½
“PRIORS PROPORTIONAL”¤±�|�
k�VÇU¢Sêâ¥�|'~O�"

Pairwise Generalized Squared Distances Between Groups

2 _ _ -1 _ _
D (i|j) = (X - X )’ COV (X - X ) - 2 ln PRIOR

i j i j j

þ¡��|þ�m2Âål²��úª, =D2
j (X̄i) =

(X̄i − X̄j)
′S−1(X̄i − X̄j)− 2 ln qj"

Linear Discriminant Function

_ -1 _ -1 _
Constant = -.5 X’ COV X + ln PRIOR Coefficient = COV X

j j j Vector j
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þ¡=�5�O¼ê�úª, �Ñ
�1ja��5
�O¼ê�~ê�ÚgCþ�Xê�þ�úª"e

¡äN�Ñ
�a��5�O¼ê��~ê�9X

ê�"

Linear Discriminant Function for crop

Variable CLOVER CORN COTTON SOYBEANS SUGARBEETS

Constant -10.98457 -7.72070 -11.46537 -7.28260 -9.80179
x1 0.08907 -0.04180 0.02462 0.0000369 0.04245
x2 0.17379 0.11970 0.17596 0.15896 0.20988
x3 0.11899 0.16511 0.15880 0.10622 0.06540
x4 0.15637 0.16768 0.18362 0.14133 0.16408

' X, * ÿ 
X1-X4� � s a � �5� O ¼ ê
�−11.46537 + 0.02462x1 + 0.017596x2 + 0.15880x3 +
0.18362x4"

e¡��O©ÛéÔöêâ8(Calibration Data)^
�5�O¼ê��O(J, k�Ñ
2Â²�ål¼
ê�úªÚz�*ÿáu�a���VÇ�úªµ

The DISCRIM Procedure
Classification Results for Calibration Data: WORK.CROPS
Resubstitution Results using Linear Discriminant Function

Generalized Squared Distance Function

2 _ -1 _
D (X) = (X-X )’ COV (X-X ) - 2 ln PRIOR
j j j j
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Posterior Probability of Membership in Each crop

2 2
Pr(j|X) = exp(-.5 D (X)) / SUM exp(-.5 D (X))

j k k

e¡Ò´z�*ÿ��O�¹, �)�5�=�

a(From CROP), ©\
=�a(Classified into CROP),
áu�a���VÇ�(Posterior Probability of Mem-
bership in CROP)"k(Ò�����*ÿ"

Posterior Probability of Membership in crop

Classified

xvalues From crop into crop CLOVER CORN COTTON SOYBEANS SUGARBEETS

16 27 31 33 CORN CORN 0.0894 0.4054 0.1763 0.2392 0.0897

15 23 30 30 CORN CORN 0.0769 0.4558 0.1421 0.2530 0.0722

16 27 27 26 CORN CORN 0.0982 0.3422 0.1365 0.3073 0.1157

18 20 25 23 CORN CORN 0.1052 0.3634 0.1078 0.3281 0.0955

15 15 31 32 CORN CORN 0.0588 0.5754 0.1173 0.2087 0.0398

15 32 32 15 CORN SOYBEANS * 0.0972 0.3278 0.1318 0.3420 0.1011

12 15 16 73 CORN CORN 0.0454 0.5238 0.1849 0.1376 0.1083

20 23 23 25 SOYBEANS SOYBEANS 0.1330 0.2804 0.1176 0.3305 0.1385

24 24 25 32 SOYBEANS SOYBEANS 0.1768 0.2483 0.1586 0.2660 0.1502

21 25 23 24 SOYBEANS SOYBEANS 0.1481 0.2431 0.1200 0.3318 0.1570

27 45 24 12 SOYBEANS SUGARBEETS * 0.2357 0.0547 0.1016 0.2721 0.3359

12 13 15 42 SOYBEANS CORN * 0.0549 0.4749 0.0920 0.2768 0.1013

22 32 31 43 SOYBEANS COTTON * 0.1474 0.2606 0.2624 0.1848 0.1448

31 32 33 34 COTTON CLOVER * 0.2815 0.1518 0.2377 0.1767 0.1523

29 24 26 28 COTTON SOYBEANS * 0.2521 0.1842 0.1529 0.2549 0.1559

34 32 28 45 COTTON CLOVER * 0.3125 0.1023 0.2404 0.1357 0.2091

26 25 23 24 COTTON SOYBEANS * 0.2121 0.1809 0.1245 0.3045 0.1780

53 48 75 26 COTTON CLOVER * 0.4837 0.0391 0.4384 0.0223 0.0166

34 35 25 78 COTTON COTTON 0.2256 0.0794 0.3810 0.0592 0.2548

22 23 25 42 SUGARBEETS CORN * 0.1421 0.3066 0.1901 0.2231 0.1381

25 25 24 26 SUGARBEETS SOYBEANS * 0.1969 0.2050 0.1354 0.2960 0.1667

34 25 16 52 SUGARBEETS SUGARBEETS 0.2928 0.0871 0.1665 0.1479 0.3056

54 23 21 54 SUGARBEETS CLOVER * 0.6215 0.0194 0.1250 0.0496 0.1845

25 43 32 15 SUGARBEETS SOYBEANS * 0.2258 0.1135 0.1646 0.2770 0.2191

26 54 2 54 SUGARBEETS SUGARBEETS 0.0850 0.0081 0.0521 0.0661 0.7887

12 45 32 54 CLOVER COTTON * 0.0693 0.2663 0.3394 0.1460 0.1789

24 58 25 34 CLOVER SUGARBEETS * 0.1647 0.0376 0.1680 0.1452 0.4845

87 54 61 21 CLOVER CLOVER 0.9328 0.0003 0.0478 0.0025 0.0165

51 31 31 16 CLOVER CLOVER 0.6642 0.0205 0.0872 0.0959 0.1322

96 48 54 62 CLOVER CLOVER 0.9215 0.0002 0.0604 0.0007 0.0173

31 31 11 11 CLOVER SUGARBEETS * 0.2525 0.0402 0.0473 0.3012 0.3588

56 13 13 71 CLOVER CLOVER 0.6132 0.0212 0.1226 0.0408 0.2023

32 13 27 32 CLOVER CLOVER 0.2669 0.2616 0.1512 0.2260 0.0943

36 26 54 32 CLOVER COTTON * 0.2650 0.2645 0.3495 0.0918 0.0292

53 08 06 54 CLOVER CLOVER 0.5914 0.0237 0.0676 0.0781 0.2392

32 32 62 16 CLOVER COTTON * 0.2163 0.3180 0.3327 0.1125 0.0206
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* Misclassified observation

e¡�Ñ
Ôöêâ�O�V¹, k�Ñ
2Â²

�ål�úªÚáuz�a���VÇ�úª(Ñ),
,�´z�a�\�a��êÚz©'µ

Number of Observations and Percent Classified into crop

From crop CLOVER CORN COTTON SOYBEANS SUGARBEETS Total

CLOVER 6 0 3 0 2 11
54.55 0.00 27.27 0.00 18.18 100.00

CORN 0 6 0 1 0 7
0.00 85.71 0.00 14.29 0.00 100.00

COTTON 3 0 1 2 0 6
50.00 0.00 16.67 33.33 0.00 100.00

SOYBEANS 0 1 1 3 1 6
0.00 16.67 16.67 50.00 16.67 100.00

SUGARBEETS 1 1 0 2 2 6
16.67 16.67 0.00 33.33 33.33 100.00

Total 10 8 5 8 5 36
27.78 22.22 13.89 22.22 13.89 100.00

Priors 0.30556 0.19444 0.16667 0.16667 0.16667

'X, CLOVER("h)��k11�*ÿ, �(�O

��6�, Ó54.55, k3����COTTON(�s), 2�
���SUGARBEETS(Yè)"���1��a�k

�VÇ"e¡��a���Ç(r,a���Ù§a
�gêz©')µ

Error Count Estimates for crop

CLOVER CORN COTTON SOYBEANS SUGARBEETS Total
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Rate 0.4545 0.1429 0.8333 0.5000 0.6667 0.5000
Priors 0.3056 0.1944 0.1667 0.1667 0.1667

��£O�Ð�´��, ���´�s"
e¡´éÔöêâ8?1��Ø¢�O��¹"

��Ø¢��{´, �
�ä*ÿi��O�(�Ä,
^íØ1i�*ÿ�Ôöêâ8�Ñ�O5K(¼ê),
,�^d�O¼ê5�O1i*ÿ"éz�*ÿÑ?
1ù���O"(Jk�Ñ
2Â²�ål¼êÚ
��VÇúª"ùpÏ�ïá�O5K�Ø¦^�

�O�*ÿ, ¤±úª¥^
X̄(X)jL«Ø�
X¤

3*ÿ��1j|�þ�, ^COV(X)L«Ø�X¤3

*ÿ����Ü¿���
�O"

The DISCRIM Procedure
Classification Summary for Calibration Data: WORK.CROPS

Cross-validation Summary using Linear Discriminant Function

Generalized Squared Distance Function

2 _ -1 _
D (X) = (X-X )’ COV (X-X ) - 2 ln PRIOR
j (X)j (X) (X)j j

Posterior Probability of Membership in Each crop

2 2
Pr(j|X) = exp(-.5 D (X)) / SUM exp(-.5 D (X))

j k k

�¡´é�a��Ø¢�O�V¹"

Number of Observations and Percent Classified into crop

From crop CLOVER CORN COTTON SOYBEANS SUGARBEETS Total

CLOVER 4 3 1 0 3 11
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36.36 27.27 9.09 0.00 27.27 100.00

CORN 0 4 1 2 0 7
0.00 57.14 14.29 28.57 0.00 100.00

COTTON 3 0 0 2 1 6
50.00 0.00 0.00 33.33 16.67 100.00

SOYBEANS 0 1 1 3 1 6
0.00 16.67 16.67 50.00 16.67 100.00

SUGARBEETS 2 1 0 2 1 6
33.33 16.67 0.00 33.33 16.67 100.00

Total 9 9 3 9 6 36
25.00 25.00 8.33 25.00 16.67 100.00

Priors 0.30556 0.19444 0.16667 0.16667 0.16667

^��Ø¢µdy311�"h�*ÿ��é
4�"
e¡´^��Ø¢O���a���Çµ

Error Count Estimates for crop

CLOVER CORN COTTON SOYBEANS SUGARBEETS Total

Rate 0.6364 0.4286 1.0000 0.5000 0.8333 0.6667

Priors 0.3056 0.1944 0.1667 0.1667 0.1667

ù��Ø������k43%���Ç"
y 3 b �·� k e Z � a êâ� 3 
 ê

â 8TEST¥, ¢ S ´ ® � � Ô a . �(3 C

þCROP¥), �´·�bCØ��,�^þ¡ïá
��5�O¼ê(®��3CROPSTATêâ8¥)é
ù
� a êâ?1� O, ù � � ± � � '��
* � � O�J � µ d"e ¡ §S¥ ^DATA=�

½ 
 � O ¼ ê êâ8(d þ � g �DISCRIML §
� )), ^TESTDATA=À� � ½ 
 u � êâ8

¶, ^TESTOUT=À��½
u�êâ8�O(
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J � Ñ Ñ êâ8, ^TESTLIST� ¦ � Ñ u �(
J"TESTID�é�½u�êâ8��*ÿ^�o

Cþ��5I£"

data test;

input crop $ 1-10 x1-x4 xvalues $ 11-21;

cards;

CORN 16 27 31 33

SOYBEANS 21 25 23 24

COTTON 29 24 26 28

SUGARBEETS54 23 21 54

CLOVER 32 32 62 16

;

proc discrim data=cropstat

testdata=test testout=tout testlist;

class crop;

testclass crop;

testid xvalues;

var x1-x4;

title2 ’u�êâ��O’;

run;

proc print data=tout;

title2 ’u�êâ��O(J’;

run;

(J�Ñ
z�*ÿ��O(JÚ�\za��
�VÇ, Ï�·���ý¢a, ¤±(J¥k��

´“From CROP”, XJØ��ý¢aK�U�Ñ�\

�a(Classified into CROPP)"

Posterior Probability of Membership in crop

Classified

xvalues From crop into crop CLOVER CORN COTTON SOYBEANS SUGARBEETS

16 27 31 33 CORN CORN 0.0894 0.4054 0.1763 0.2392 0.0897

21 25 23 24 SOYBEANS SOYBEANS 0.1481 0.2431 0.1200 0.3318 0.1570

29 24 26 28 COTTON SOYBEANS * 0.2521 0.1842 0.1529 0.2549 0.1559

ÚO^��§



§5.3 àa©Û 275

54 23 21 54 SUGARBEETS CLOVER * 0.6215 0.0194 0.1250 0.0496 0.1845

32 32 62 16 CLOVER COTTON * 0.2163 0.3180 0.3327 0.1125 0.0206

* Misclassified observation

e¡�Ñ
�a��OV¹£Ñ¤, ���z©'"
Error Count Estimates for crop

CLOVER CORN COTTON SOYBEANS SUGARBEETS Total

Rate 1.0000 0.0000 1.0000 0.0000 1.0000 0.6389
Priors 0.3056 0.1944 0.1667 0.1667 0.1667

����Çép(o��Ç�64 )"

5.3 àààaaa©©©ÛÛÛ

àa©ÛÚ�O©Ûk�q��^, Ñ´å�©a�
�^"�´, �O©Û´®�©a,�o(Ñ�O5
K, ´�«k���ÆS¶
àa©ÛK´k
�1

��, Ø��§��©a, $�ë©¤Aa�Ø��,
F"^,«�{r*ÿ?1Ün�©a, ¦�Ó�a
�*ÿ'��C, ØÓa�*ÿ���õ, ù´Ã�

��ÆS"
¤±, àa©Û�6ué*ÿm��C§Ý(å

l)½�q§Ý�n), ½ÂØÓ�ålþÝÚ�q

5þÝÒ�±�)ØÓ�àa(J"
SAS/STAT¥Jø
ÌXàa!¯�àa!Cþ

àa�àaL§"

5.3.1 ÌÌÌXXXàààaaa���{{{000���

ÌXàa´�«ÅgÜ¿a��{, ������à
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a���äàaã"Ù�{´, éun�*ÿ, kO

�Ùüü�ål����ålÝ
, ,�rl��
C�ü�*ÿÜ¿��a, u´·�y3��
n −
1�a(z�üÕ��Ü¿�*ÿ����a)"O�

ùn − 1�aüü�m�ål, é�l��C�ü�
aòÙÜ¿, Ò��e
n − 2�a, . . . . . . , ���e

ü�a, r§�Ü¿���a��"�,, ý�Ü¿

¤��aÒ��
àa�¿Â, ¤±þ¡�àaL§
AT3,�aY²ê(=�Ü¿�aê)Êe5, �ª

�aÒ�ù
�Ü¿�a"û½àa�ê´��é
E,�¯K"

�*ÿ�ê�n, Cþ�ê�ν, G�3,�àa
Y²þ�a��ê, xi�1i�*ÿ, CK´�c(Y
²G)� 1Ka, NK�CK¥ � * ÿ � ê, X̄�þ�

�þ, X̄K�aCK¥�þ��þ(¥%), ||x||�î¼
�Ý, T =

∑n
i=1 ‖xi − X̄‖2�ol�²�Ú, WK =∑

i∈CK
‖xi − X̄K‖2�aCK�aSl�²�Ú, PG =∑

WJ�àaY²GéA��a�aSl�²�Ú�
oÚ"b�,�ÚàaraCKÚaCLÜ¿�e�

Y²�aCM , K½ÂBKL = WM −WK −WL�Ü¿

���aSl�²�Ú�Oþ"^d(x, y)�Lü�
*ÿ�m�ål½��q5ÿÝ, DKL�1GY²�
aCKÚaCL�m�ål½��q5ÿÝ"
?1ÌXàa�, amål�±��O�, ��±

lþ�àaY²�ål4í��"*ÿm�ål�
±^î¼ål½î¼ål�²�, XJ^Ù§ål½
��q5ÿÝ��
��*ÿm�ålÝ
��±

��ÌXàa�{�Ñ\"

ÚO^��§
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�âamål�O��{�ØÓ, kõ«ØÓ�à
a�{"Ù¥A«0�Xeµ

���!!!aaa²²²þþþ{{{(METHOD=AVERAGE)

ÿþüazé*ÿm�²þål, =

DKL =
1

NKNL

∑
i∈CK

∑
j∈CL

d(xi, xj)

3d(x, y) = ‖x − y‖2�eaCKÚaCLÜ¿�e�Y

²�aCM , KÜ¿���aCMÚÙ¦�aCJ�m

ål�4íúª�

DJM = (NKDJK + NLDJL)/NM

���!!!­­­%%%{{{(METHOD=CENTROID)

­%{ÿþü�a�­%(þ�)�m�(²�)î¼å
l"=

DKL = ‖X̄K − X̄L‖2

�*ÿmål�²�î¼ål�k4íúª

DJM = (NKDJK + NLDJL)/NM −NKNLDKL/N 2
M

nnn!!!������ååålll{{{(METHOD=COMPLETE)

O�üa*ÿm���é�ål, =

DKL = max
i∈CK

max
j∈CL

d(xi, xj)

4íúª�

DJM = max(DJK, DJL)
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ooo!!!���áááååålll{{{(METHOD=SINGLE)

O�üa*ÿm�C�é�ål, =

DKL = min
i∈CK

min
j∈CL

d(xi, xj)

4íúª�
DJM = min(DJK, DJL)

ÊÊÊ!!!���ÝÝÝ���OOO{{{(METHOD=DENSITY)

�Ý�O{U�ëê�Ý5½Âü:m�åld∗"
XJü�:xiÚxj´C�(ü:ål�u,�½~ê
½xj3ålxi�C�eZ:S) Kål´ü:�Ý
�O��ê�²þ, ÄKål��Ã¡"�Ý�O

k�C��O(K=)!þ!Ø�O(R=)ÚWong·Ü
{(HYBRID)"

888!!!Ward������������{{{(METHOD=WARD)

�¡Wardl�²�Ú{"|mål�
DKL = BKL = ‖X̄K − X̄L‖2/(1/NK + 1/NL)

�*ÿmål�d(x, y) = ‖x− y‖2/2�4íúª�

DJM = ((NJ + NK)DJK + (NJ + NL)DJL −NJDKL) /(NJ+NM)

Ward�{¿a�o´¦�¿a���aSl�²�
ÚOþ��"

Ù § �àa � { � kEML {!� C a ²þ
{ (FLEXIBLE)!McQuitty � q ©Û{ (MCQUIT-
TY)!¥ mål { (MEDIAN)!ü�ã � Ý � O

{ (TWOSTAGE)�"

ÚO^��§
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5.3.2 ÌÌÌXXXàààaaaaaaêêê���(((½½½

ÌXàa�ª����àaä, �±r¤k*ÿà�
�a"�.ATr*ÿ©�Aa´��'�(J�
¯K, Ï�©a¯K��Ò´vk�½IO�, 'u
ù�:5¢^õ�ÚO©Û6(�Æ;!�t?, þ

°�EÑ��)1�Ù�Ñ
��éÐ�~f, =À

�ý�©a"·��±rÀ�ýUsÚ©a, U��
:©a, Uxý�psÚ$sÚ©a, ��"
û½aê��
�{5gÚO���©Û�g�,

·�3ùp��
0�"

���!!!R2ÚÚÚOOOþþþ

R2 = 1− PG

T

Ù¥PG�©aê�G�a��oaSl�²�Ú,
T�¤ k C þ � o l � ² � Ú"R2� �, ` ² ©
�G�a�z�aS�l�²�ÚÑ'��, �Ò
´©�G�a´Ü·�"�´, w,©a�õ, z�
a��, R2��, ¤±·��U�G¦�R2v
�,
�G��'��, 
�R2Ø2�ÌÝO\"

���!!!���   ���'''

3raCKÚaCLÜ¿�e�Y²�aCM�, ½Â�
 �'

� R2 =
BKL

T
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Ù¥BKL�Ü¿aÚå�aSl�²�Ú�Oþ, �
 �'��, `²ùü�a�ØATÜ¿, ¤±X

JdGaÜ¿�G − 1a�XJ� �'é�ÒAT
�Ga"

nnn!!!VVV¸̧̧555XXXêêê

b = (m2
3 + 1)/(m4 + 3(n− 1)2/((n− 2)(n− 3)))

Ù¥m3´ Ý, m4´¸Ý"�u0.555�b�(ù��
þ!©Ù)�«�UkV¸½õ¸>�©Ù"��

�1.0(��©Ù)l=�ü��oN��"

ooo!!!���FÚÚÚOOOþþþ

F =
(T − PG)/(G− 1)

PG/(n−G)

�FÚOþµd©�G�a��J"XJ©�G�a
Ün, KaSl�²�Ú(©1)AT��, am²�
Ú(©f)�é��"¤±AT��FÚOþ��
a
ê���àaY²"

ÊÊÊ!!!���t2ÚÚÚOOOþþþ

t2 = BKL/ ((WK + WL)/(NK + NL − 2))

^dÚOþµdÜ¿aCKÚaCL��J, T��`

²ØAÜ¿ùü�a, ¤±AT�Ü¿c�Y²"

ÚO^��§
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5.3.3 ^̂̂CLUSTERLLL§§§ÚÚÚTREELLL§§§???111ÌÌÌXXXàààaaa

���!!!CLUSTERLLL§§§^̂̂{{{

CLUSTERL§����ª�µ

PROC CLUSTER DATA=Ñ\êâ8

METHOD=àa�{ À�;
VAR àa^Cþ;
COPY E�Cþ;

RUN;

Ù¥�VAR�é�½^5àa�Cþ"COPY�é
r�½�CþE��OUTTREE¸�êâ8¥"

PROC CLUSTER�é�Ì�À�kµ

• METHOD=À�, ù ´ 7L� ½ �, dÀ�û
½·� � ^ �àa � {, Ì � d a mål ½
Âû½"�{kAVERAGE, CENTROID, COM-
PLETE, SINGLE, DENSITY, WARD, EML, FLEX-
IBLE, MCQUITTY, MEDIAN, TWOSTAGE�, Ù

¥DENSITY, TWOSTAGE��{���	�½
�Ý�O�{(K=, R=½HYBRID)"

• Ñ\DATA¸êâ8, �±´�©*ÿêâ8, �

�±´ålÝ
êâ8"

• OUTTREE=ÑÑÌXàaäêâ8, rÌXà
aäÑÑ���êâ8, �±^TREEL§±ã

¿¢S©a"

• STANDARDÀ�, rCþIOz�þ�0, IO
�1"
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• PSEUDOÀ�ÚCCCÀ�"PSEUDOÀ��¦O

��FÚ�t2ÚOþ, CCCÀ��¦O�R2!�
 R2ÚCCCÚOþ"Ù¥CCCÚOþ�´�«

�	àa�J�ÚOþ, CCC���àaY²´
�Ð�"

���!!!TREELLL§§§^̂̂{{{

TREEL § � ± rCLUSTERL § � )
�OUTTREE¸ êâ8 ��Ñ \, x Ñ Ì Xàa
�äã, ¿Uì^r�½�àaY²(aê)�)©a
(Jêâ8"���ªXeµ

PROC TREE DATA¸Ñ\àa(Jêâ8

OUT=ÑÑêâ8 GRAPHICS
NCLUSTER=aê À�;

COPY E�Cþ;
RUN;

Ù¥COPY�érÑ\êâ8¥�CþE��Ñ
Ñêâ8(¢Sþù
Cþ�7L3CLUSTERL§
¥^COPY�éE��OUTTREE¸êâ8)"PROC
TREE�é�­�À�kµ

• DATA¸ êâ8, � ½ lCLUSTERL § ) ¤
�OUTTREE¸êâ8��Ñ\"

• OUT¸êâ8, �½�¹��©a(J(z��
*ÿáu=�a, ^��CLUSTERCþ«©)�
ÑÑêâ8"

ÚO^��§
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• NCLUSTERS¸À�, d^r�½��r��*
ÿ©�õ��a"

• HORIZONTAL, xäã�î�x"

nnn!!!~~~fff

·� ± õ � ©Û¥ � �²; � êâ��~ f,
ù ´Fisher©ÛL � Ñ�s êâ, k n « Ø Ó

Ñ�s(Setosa!Versicolor!Virginica), « a&E �

\ 
 C þSPECIES, ¿ é z � « ÿ þ 
50� � ¿

�s��(PETALLEN), s�°(PETALWID), sç
�(SEPALLEN), sç°(SEPALWID)"ù�êâ®�

©a, ¿Øáuàa©Û�ïÄ��"ùp·��


«~, bCØ�����©a�¹(QØ��aê�

Ø��z��*ÿáu�aO), 4SAS�?1àa
©Û, XJ���aêÚ©a(JÎÜý¢��Ô©
a, ·�Ò�±��àa©Û�)
Ð�(J"

ùp·�b½êâ®Ñ\SASUSER.IRIS¥(�X

Ú�Ïèü�“SAS System Help - Sample Programs
and Applications - SAS/STAT - Documentation Example
3 from Proc Cluster”)"�
?1ÌXàa¿�)�
Ï(½aê�ÚOþ, ¦^XeL§µ

proc cluster data=sasuser.iris method=ward

outtree=otree pseudo ccc;

var petallen petalwid sepallen sepalwid;

copy species;

run;

�±w«Xe�àaL§(!Ñ)µ
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Cluster History

T

i

NCL -Clusters Joined-- FREQ SPRSQ RSQ ERSQ CCC PSF PST2 e

149 OB16 OB76 2 0.0000 1.00 . . . .

148 OB2 OB58 2 0.0000 1.00 . . 1854 . T

147 OB96 OB107 2 0.0000 1.00 . . 1400 . T

146 OB89 OB113 2 0.0000 1.00 . . 1253 . T

145 OB65 OB126 2 0.0000 1.00 . . 1183 . T

##########
25 CL50 OB57 7 0.0006 .982 .973 6.45 291 5.6

24 CL78 CL62 7 0.0007 .982 .972 6.43 294 9.8

23 CL68 CL38 9 0.0008 .981 .971 6.40 296 6.9

22 CL30 OB137 6 0.0009 .980 .970 6.35 298 5.1

21 CL70 CL33 4 0.0010 .979 .969 6.29 301 3.2

20 CL36 OB25 10 0.0011 .978 .967 6.21 303 9.8

19 CL40 CL22 19 0.0011 .977 .966 6.15 306 7.7

18 CL25 CL39 10 0.0012 .976 .964 6.08 309 6.2

17 CL29 CL45 16 0.0014 .974 .962 6.03 314 8.2

16 CL34 CL32 15 0.0015 .973 .960 5.98 318 9.0

15 CL24 CL28 15 0.0016 .971 .958 5.93 324 9.8

14 CL21 CL53 7 0.0019 .969 .955 5.85 329 5.1

13 CL18 CL48 15 0.0023 .967 .953 5.69 334 8.9

12 CL16 CL23 24 0.0023 .965 .950 4.63 342 9.6

11 CL14 CL43 12 0.0025 .962 .946 4.67 353 5.8

10 CL26 CL20 22 0.0027 .959 .942 4.81 368 12.9

9 CL27 CL17 31 0.0031 .956 .936 5.02 387 17.8

8 CL35 CL15 23 0.0031 .953 .930 5.44 414 13.8

7 CL10 CL47 26 0.0058 .947 .921 5.43 430 19.1

6 CL8 CL13 38 0.0060 .941 .911 5.81 463 16.3

5 CL9 CL19 50 0.0105 .931 .895 5.82 488 43.2

4 CL12 CL11 36 0.0172 .914 .872 3.99 515 41.0

3 CL6 CL7 64 0.0301 .884 .827 4.33 558 57.2

2 CL4 CL3 100 0.1110 .773 .697 3.83 503 116

1 CL5 CL2 150 0.7726 .000 .000 0.00 . 503

ù�ÑÑ�Ñ
r150�*ÿzgÜ¿üa, �Ü
¿149g�L§"NCL��½
àaY²G(=ù�Ú

�3�üÕ�aê)"“-Clusters Joined-”�ü�, �

²ù�ÚÜ¿
=ü�a"Ù¥OBxxxL«=�

��©*ÿ, 
CLxxxL«3=��àaY²þ�
)�a"'X, NCL�149�Ü¿�´OB16ÚOB76,
=16Ò*ÿÚ76Ò*ÿ, NCL�1(���gÜ¿)Ü¿

�´CL5ÚCL2, =aY²�5����aÚaY²

�2����a, CL5q´dCL9ÚCL19Ü¿���,
CL2´dCL4ÚCL3Ü¿���, ��"FREQL«ù
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gÜ¿���akõ��*ÿ"SPRSQ´� R2,
RSQ´R2, ERSQ´3þ!"b�e�R2�CqÏ

"�, CCC�CCCÚOþ, PSF��FÚOþ, PST2�
�t2ÚOþ, Tie�«ål���ÿÀaé´Äkõ
é"

Ï�·�bCØ��êâ�¢S©a�¹, ¤±·

�7Lé���Ün�©a�ê"�d, �	CCC!
�F!�t2Ú� R2ÚOþ"·��mINSIGHT.
¡, N\þ¡�)�OTREEêâ8, ±��ÚOþ
�ã/"Ï�aY²����&Evkõ�^?, ¤

±·�éOTREEêâ8�ÙaY²Ø�L30�*ÿ,
=µ

data ot;

set otree;

where _ncl_ <= 30;

run;

ã 5.2: àa©Û: CCCÚOþ ã 5.3: àa©Û: �FÚOþ

�ÚOþ�ã/�ã5.2¨ã5.5"CCCÚOþïÆ

�5a½3a(ÛÜ���), �FïÆ3a(ÛÜ���),
�t2ïÆ2½3a(ÛÜ���?´ØAÜ¿�, =ÛÜ
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ã 5.4: àa©Û: �t2ÚOþ ã 5.5: àa©Û: � R2

���?�aê\1), � R2ïÆ2½3a"dù
�

Iw'����´3a, Ùg´2aÚ5a"�
w�
�oØU²w/©�na, ·�éo�Cþ¦Ì©
þ, xÑcü�Ì©þ�Ñ:ã(�ã5.6)"�±w
ÑSetosa(�¬)�Ù§üa©�ém, 
Versicolor(�
n�)�Virginica(�n�)KØ´©m"

Ï�·� � � � © ¤3a, ¤ ±·� ^ X e

�TREEL§±�äã¿�)©a(Jêâ8µ

proc tree data=otree graphics

horizontal nclusters=3 out=oclust;

copy species;

run;

äã�ã5.7, Ï�*ÿLõ¤±ãw�,Ï"l

ã ¥ � � ± w Ñ, ©�ü a � ± © � é m, 
 ©
¤na�ålKØ
�"XJþ¡�TREEL§
�KÑÑêâ8�¦, �±^�¹���àaL
§�OTêâ85��Ñ\, �ã5.8"ù�TREEL
§ ^NCLUSTERS=3� ½ 
 © ¤3� a, (J êâ

ÚO^��§
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ã 5.6: àa©Û: IRISêâ�cü�Ì©þ

8OCLUST¥ k � �CLUSTERC þ � L ) ¤ � ©
a"

OB98OB121OB85OB49OB25OB122OB86OB117OB87OB77OB66OB38OB48OB19OB110OB67OB100OB43OB130OB71OB94OB141OB134OB99OB33OB14OB147OB109OB138OB76OB16OB91OB115OB8OB57OB63OB46OB34OB118OB12OB5OB120OB104OB106OB30OB119OB70OB129OB11OB95OB29OB22OB32OB83OB53OB9OB114OB131OB28OB142OB62OB143OB93OB3OB111OB105OB81OB78OB50OB90OB45OB24OB127OB74OB39OB21OB149OB35OB75OB20OB41OB103OB17OB23OB4OB148OB128OB13OB133OB124OB27OB7OB132OB84OB82OB15OB112OB123OB58OB2OB137OB59OB97OB44OB40OB10OB56OB113OB89OB55OB136OB64OB51OB102OB47OB31OB101OB69OB6OB88OB80OB72OB60OB61OB145OB140OB52OB139OB92OB144OB79OB125OB150OB116OB26OB135OB54OB42OB68OB18OB73OB37OB108OB126OB65OB146OB36OB107OB96OB1

Semi-Partial R-Squared

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ã 5.7: àa©Û: àaä

CL20

CL26

CL25

CL28

CL24

CL21

CL23

CL16

CL30

CL29

CL27

Semi-Partial R-Squared

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ã 5.8: àa©Û: {z�àaä

�
ÚO©a(J, �±^FREQL§�Lµ
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proc freq data=oclust;

tables species*cluster /

nopct norow nocol;

run;

�

Table of species by CLUSTER

species(Species) CLUSTER

Frequency | 1| 2| 3| Total
-----------+--------+--------+--------+
Setosa | 0 | 0 | 50 | 50
-----------+--------+--------+--------+
Versicolor | 49 | 1 | 0 | 50
-----------+--------+--------+--------+
Virginica | 15 | 35 | 0 | 50
-----------+--------+--------+--------+
Total 64 36 50 150

��Virginica�©���õ"
Öö�±gCÁ^Ù§�amål5àa, �±�

�ØÓ�(J"

öööSSS

1. éSASUSER.GPA¥�Cþ?1Ì©þ©Û¿Á
ã)º(J"

2. éSASUSER.GPA¥�Cþ?1Ïf©Û¿Á?
1^=, é���Ïf?1)º"

3. �kn�|, o�Cþ, êâ�L5.1"O��5
�O¼ê, {ãéÔö����O�¹"

ÚO^��§
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L 5.1: öS3�êâ
|O X1 X2 X3 X4

1 6 -11.5 19 90
1 -4 -15.0 13 54
1 0 -23.0 5 -35
1 -100 -21.4 7 -15
1 -5 -18.5 15 18
1 10 -18.0 14 50
1 -8 -14.0 16 56
2 90.2 -17.0 17 3
2 0 -14.0 20 35
2 -100 -21.5 15 -40
2 13 -17.2 18 2
3 -11 -18.5 25 -36
3 0.5 -11.5 19 37
3 -10 -19.0 21 -42
3 20 -22.0 8 -20
3 0.6 -13.0 26 21
3 -40 -20.0 22 -50

4. éL5.1¥�~fêâ8SOCECON�àa©Û"
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6.1 S¯̄̄���\\\���

6.1.1 ���µµµ000���

S�ó´dAT&T��¢�¿mu��«^5?1ê
â&¢!ÚO©Û!�ã�)º.�ó"§�´L
�êâa.(�þ!ê|!�L!é��)AOk|
u¢y#�ÚO�{, Ù�pª$1�ª9r��ã

/9�pã/õU¦�·��±�B/&¢êâ"
8cS�ó�¢y��Ì�´S-PLUS"§ÄuS�

ó, ¿dMathSoftúi�ÚO�ÆÜ?�Ú�õ"�
�ÚOÆ[9��ïÄ<
�Ï^�{óä�, S-
PLUSrNü«ã/!&¢5êâ©Û!ÚO�{!
mu#ÚOóä�O��{, ±9�*Ð5"

S-PLUS�±��^5?1IO�ÚO©Û��¤

I(J, �´§�Ì��A:´§�±�p/l��
�¡�uyêâ¥�&E, ¿�±éN´/¢y��
#�ÚO�{"

S-PLUSk�Å��Úó�Õ��, §´��û

� ^ �"Auckland�Æ�Robert Gentleman ÚRoss
Ihaka 9Ù¦��<
mu
��RXÚ, Ù�{
/ª�S�óÄ��Ó, �¢yØÓ, ü«�ó�§

291



292 18Ù S�ó0�

Sk�½�oN5"R´��GPLgd^�, y3

���´1.4.1�, §'S-PLUS��NõõU, �®

²äk
ér�¢^5"·�3ùp¦þ0�S-
PLUSÚRÑU¦^�õU, �±R�Ì"e¡·�

^SÚ¡S-PLUSÚR"

6.1.2 \\\���¢¢¢~~~

S�Ä�.¡´���pª·-I�, ·-J«Î´
���uÒ, ·-�(Jêþw«3·-e¡"S·

- Ì � k ü «/ª µ L � ª ½ D � $ �(^<-L

«)"3·-J«Î��\��L�ªL«O�d

L�ª¿w«(J"D�$�rD�Òm>��O

�Ñ5D��>�Cþ"�±^�þ1I�5é£
±c$1�·-2g$1½?U�2$1"

S´«©����, ¤±xÚX´ØÓ�¶i"
·�^�
~f5wS-PLUS�A:"b�·�®

²?\
S-PLUS(½R)��pªI�"Ñ\±e�
é(�uÒ´XÚJ«,Ø´gCÑ\�)µ

> x1 <- 0:100

> x2 <- x1*2*pi/100

> y <- sin(x2)

> plot(x,y, type=’l’)

ù
�é�±±��u­�ã"Ù¥, “<-”´D�

$�Î"0:100L«��l0�100���ê��þ"
l1���é�±wÑ, ·��±é�þ��?1
oK$�, O����x2´�þx1�¤k��¦±~
ê2*pi/100�(J"l1n��é�±w�¼ê�±

ÚO^��§
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±�þ�Ñ\, ¿�±ÑÑ���þ,(J�þy�z

��©þ´gCþx2�z��©þ��u¼ê�"
l�����é�±wÑ¼ê�N^�égd, �±

U ��ÑgCþ, ��±^“gCþ¶=”�/ª�

½gCþ�, ù��±¦^"��"
e¡·�w�wS�ÚOõU"

> marks <- c(10, 6, 4, 7, 8)

> mean(marks)

[1] 7

> sd(marks)

[1] 2.236068

> median(marks)

[1] 7

> min(marks)

[1] 4

> max(marks)

[1] 10

> boxplot(marks)

>

1���éÑ\eZêâ����þ, ¼êc()^5
rêâ|Ü����þ"�¡^
A�¼ê5O�

êâ�þ�!IO�!¥ ê!���!���"
���¼ê±�êâ�Ý/ã"~¥sd()´R¥âk
�¼ê, 3S-PLUS¥�^sqrt(var())5O�"3S·-

�ª¥�w«��L�ª�����\§"
�
ü«S� £ 8 O �, ·� rSAS¥ � ~

f êâSASUSER. CLASS Ñ Ñ � 
 � �©�©

�CLASS. TXT, SAS§SXeµ

data _null_;

set sasuser.class;

file ’class.txt’;
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put name sex age height weight;

run;

·�3R¥rù�©�Ö\����êâµ(data
frame, ��uSAS¥�êâ8), ¿?1£8, ±�ê
âÑ:ãÚ£8��"§S9(JXe, 5¿1�1
�\Ò´XÚ�Ñ�Y1J«"
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ã 6.1: ^R�)�£8ã/

> cl <- read.table("c:/work/class.txt", as.is=c(1),

+ col.names=c("Name", "Sex", "Age", "Height", "Weight"))

> cl

Name Sex Age Height Weight

1 Alice F 13 56.5 84.0

2 Becka F 13 65.3 98.0

3 Gail F 14 64.3 90.0

4 Karen F 12 56.3 77.0

5 Kathy F 12 59.8 84.5

6 Mary F 15 66.5 112.0

7 Sandy F 11 51.3 50.5
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8 Sharon F 15 62.5 112.5

9 Tammy F 14 62.8 102.5

10 Alfred M 14 69.0 112.5

11 Duke M 14 63.5 102.5

12 Guido M 15 67.0 133.0

13 James M 12 57.3 83.0

14 Jeffrey M 13 62.5 84.0

15 John M 12 59.0 99.5

16 Philip M 16 72.0 150.0

17 Robert M 12 64.8 128.0

18 Thomas M 11 57.5 85.0

19 William M 15 66.5 112.0

> attach(cl)

> plot(Height, Weight)

> fit1 <- lm(Weight ~ Height)

> fit1

Call:

lm(formula = Weight ~ Height)

Coefficients:

(Intercept) Height

-143.027 3.899

> abline(fit1)

>

(J�±�)ã6.1"·�lù�~f�±w�, ©
Ûd¼ê�¤, (J�´é�, �±��?�Ú©Û
�Ñ\"

S-PLUS�Jø
���O�õU"'X, ¦��
Ý
�_µ

> A <- matrix(c(1,2, 7,3), ncol=2, byrow=T)

> A

[,1] [,2]

[1,] 1 2
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[2,] 7 3

> Ai <- solve(A)

> Ai

[,1] [,2]

[1,] -0.2727273 0.18181818

[2,] 0.6363636 -0.09090909

��±?1Ý
$�, Xµ

> b <- c(2,3)

> x <- Ai %*% b

> x

[,1]

[1,] -2.220446e-16

[2,] 1.000000e+00

ù¢Sþ´)
���5�§|"“%*%”L«Ý


¦{"
� ± r e Z1· - � � 3 � �©�©�('

XC:\WORK\MYPROG.R)¥, ,�^source¼ê5$1�

�©�µ

> source("C:\\WORK\\MYPROG.R")

5¿iÎG¥���m��¤ü�"^sink()¼ê�
±r±��ÑÑl¶4I�=����	Ü©�©

�, ~Xµ

> sink("C:\\WORK\\MYPROG.OUT")

�¡EÑÑ�¶4I�, ¦^µ

> sink()
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3S¥�±^“?”Ò�¡���Î�¼ê5w«�
Ï&E, ~X

> ?c

> ?"=="

(�ÎA Ï Î Ò � ^ § Ò ) å 5)",	, 3MS
Windows��S-PLUS¥�±^Windows�Ï5��
� Ï, 
 3R¥ � ± ^HTMLè A ì 5 �Î�
Ï(^“help.start()¼ê½Help - R language (html)”é

Ä)"^ÐS�ó­���:Ò´�^ÙXÚ��Ï

õU, Ï�S��á½ÃþÑØU�Ñ¤k�[!, X

J�Ñ¤k[!KLu�¡
"
�òÑS-PLUS½R, �±^q()¼ê, ��±^èü

·-"R3òÑ�J¯´Ä���có��m, §�
±r�c½Â�¤ké�(k¶i��þ!Ý
!�

L!¼ê�)�����©�"S-PLUS�±ÀJ�

�@
é�"

6.2 S���þþþ

S�ó´Äué���ó, ØL§��Ä��êâ�
´�
ýk½ÂÐ�êâa., X�þ!Ý
!�

L(list)�"�E,�êâ^é�L«, 'X, êâµ
é�, �mS�é�, �.é�, ã/é�, ��"

S�óL�ª�±¦^~þÚCþ"Cþ¶�5K

´µdi1!êi!é:|¤, 1��iÎ7L´i
1, �Ývk��"���´ØÓ�"AO�5¿é
:�±��¶i�Ü{Ü©, 
3Ù§¡�é��ó
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¥é:²~^5©�é��¤
¶",	, ey�Ø

U^3¶i¥, Ï�§´D�ÎÒ“<-”� �"

6.2.1 ~~~þþþ

~þ�±<Ú/©�Ü6.!ê�.ÚiÎ.n«,
¢Sþê�.êâq�±©��.!ü°Ý!V°
Ý�, �AÏI�Ø7�'%ÙäNa."~X, 123,
123.45, 1.2345e30´ê�.~þ, ”Weight”, ”o²”´
iÎ.(^ü�V§Ò½ü�ü§Ò��)"Ü6

ý���T½TRUE(5¿«©���, �t½trueÑv

¿Â), Ü6b���F½FALSE"Eê~þÒ^3.5-
2.1iù���{L«"

S¥�êâ�±�"��, ^ÎÒNA�L"��"
¼êis.na(x)�£x´Ä"��(ý�´b)"

6.2.2 ���þþþ(Vector)���DDD���

�þ´äk�ÓÄ�a.���S�, �N��uÙ

¦�ó¥���ê|"¢Sþ3S¥Iþ��w�´
�Ý�1��þ"

½Â�þ��~^�{´¦^¼êc(), §reZ
�ê�½iÎG|Ü����þ, 'Xµ

> marks <- c(10, 6, 4, 7, 8)

> x <- c(1:3, 10:13)

> x

[1] 1 2 3 10 11 12 13

> x1 <- c(1, 2)

> x2 <- c(3, 4)

> x <- c(x1, x2)
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> x

[1] 1 2 3 4

3w«�þ��·�5¿��>oÑy��“[1]”,
ù´�LTw«1�1��ê�eI, ~Xµ

> 1234501:1234520

[1] 1234501 1234502 1234503 1234504 1234505 1234506 1234507 1234508 1234509 1234510

[11] 1234511 1234512 1234513 1234514 1234515 1234516 1234517 1234518 1234519 1234520

1 �1Ñ Ñ l 111� ê m ©, ¤ ± 31� > w

«“[11]”"
S¥^ÎÒ“<-”(ù´�uÒ;���~Ò)5�C

þD�",�«D���{´^assign¼ê, 'X

> x1 <- c(1, 2)

Ú

> assign("x1", c(1, 2))

�J�Ó"
¼êlength(x)�±O��þx��Ý"

6.2.3 ���þþþ$$$���

�±é�þ?1\(¦)~(−)¦(*)Ø(/)!¦�(^)$
�, Ù¹¿´é�þ�z����?1$�"~Xµ

> x <- c(1, 4, 6.25)

> y <- x*2+1

> y

[1] 3.0 9.0 13.5
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,	, %/%L«�êØ{('X5 %/% 3�1), %%L«¦

{ê(X5 %% 3�2)"
� � ± ^ � þ � � ¼ ê g C þ,

sqrt!log!exp!sin!cos!tan� ¼ ê Ñ � ± ^ �

þ�gCþ, (J´é�þ�z������A�¼
ê�, Xµ

> sqrt(x)

[1] 1.0 2.0 2.5

¼êminÚmax©O�gCþ�þ����Ú��

�, ¼êsumO�gCþ�þ���Ú, ¼êmeanO

�þ�, ¼ êvarO � � � � �, ¼ êsdO � I O
�(3Splus¥^sqrt(var())O�), ¼êrange�£�¹
ü����þ, 1���´���, 1���´�
��"~Xµ

> max(x)

[1] 6.25

XJ¦var(x)
x´n×pÝ
, K(J������

"

sort(x)� £x� � � l�� � üS�(J �

þ"order(x)�£¦�xl���ü����eI�

þ(x[order(x)]��usort(x))"
?Ûê�"���$�(JE�"��"~X,

> 2*c(1, NA, 2)

[1] 2 NA 4

> sum(c(1, NA, 2))

[1] NA
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6.2.4 ���)))kkk555ÆÆÆ���êêê���

3S¥ é N ´ � ) � � � � ê �"~ X, 1:n� )
l1�n��ê�, -2:3�)l-2�3��ê�, 5:2�)
���ê�µ

> n <- 5

> 1:n

[1] 1 2 3 4 5

> -2:3

[1] -2 -1 0 1 2 3

> 5:2

[1] 5 4 3 2

�5¿1:n-1Ø´�L1�n-1
´�þ1:n~�1, ù

´��~���Øµ
> 1:n-1

[1] 0 1 2 3 4

> 1:(n-1)

[1] 1 2 3 4

seq¼ê´������ê�¼ê"XJ��½
��gCþn>0, Kseq(n)��u1:n"�½ü�gC

þ�, 1�gCþ´m©�, 1�gCþ´(å�,
Xseq(-2,3)´l-2�3"S¼êN^���éÐ�A:
´§�±¦^ØÓ�ê�gCþ, ¼ê�±éØÓ

a.�gCþ�ÑØÓ(J, gCþ�±^“gC

þ¶=gCþ�”�/ª�½"~X, seq(-2,3)�±�
¤seq(from=-2, to=3)"�±^��byëê�½��
ê��O\�, ~Xµ

> seq(0, 2, 0.7)

[1] 0.0 0.7 1.4
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��±�¤seq(from=0, to=2, by=0.7)"këê¶�
ëê�gS?¿, Xµ

> seq(0, by=0.7, to=2)

[1] 0.0 0.7 1.4

� ± ^lengthë ê � ½ ê � � Ý, Xseq(from=10,
length=5)� )10�14"seq¼ ê � � ± ^ �

«seq(along=� þ ¶)� � ª, ù � � U ^ ù � �
ëê, �)T�þ�eIS�, Xµ

> x

[1] 1.00 4.00 6.25

> seq(along=x)

[1] 1 2 3

,��aq�¼ê´rep, §�±­E1��gC

þeZg, ~Xµ

> rep(x,3)

[1] 1.00 4.00 6.25 1.00 4.00 6.25 1.00 4.00 6.25

1 � � ë ê ¶�x, 1 � � ë ê ¶�times(­ E g

ê)"

6.2.5 ÜÜÜ666���þþþ

�þ�±�Ü6�, Xµ

> l <- c(T, T, F)

> l

[1] TRUE TRUE FALSE
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�,, Ü6�þ´��'��(J, Xµ

> x

[1] 1.00 4.00 6.25

> l <- x > 3

> l

[1] FALSE TRUE TRUE

���þ�~þ'���, (J�´���þ, �

��z�é'��(JÜ6�"
ü��þ��±'�, Xµ

> log(10*x)

[1] 2.302585 3.688879 4.135167

> log(10*x) > x

[1] TRUE FALSE FALSE

'�$�Î�)<, <=, >, >=, ==(��), !=(Ø�)"
ü�Ü6�þ�±?1�(&)!½(|)$�, (J´

éA��$��(J"éÜ6�þxO�!xL«�z

�����"~Xµ

> (x > 1.5) & log(10*x)>1.5

[1] FALSE FALSE TRUE

�ä��Ü6�þ´ÄÑ�ý��¼ê´all, Xµ

> all(log(10*x) > x)

[1] FALSE

�ä´ÄÙ¥ký��¼ê´any, Xµ

> any(log(10*x) > x)

[1] TRUE
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¼êis.na(x)^5�äx�z����´Ä"�"X

> is.na(c(1, NA, 3))

[1] FALSE TRUE FALSE

Ü 6 � � ± r � = ��� ê �, TRUEC ¤1,
FALSEC¤0"~X, ·�±age>65�Pc<, ÄK

�c�<, �±^c(”young”, ”old”)[(age>65)+1]ù�

�L«"�c#�u65�age>65�uTRUE, \1K

rTRUE=��ê�.�1, (J�2, u´�£1�
�eI?�“old”"ÄK�u0+1eI?�“young”"

6.2.6 iiiÎÎÎ...���þþþ

�þ���±�iÎG�"~Xµ

> c1 <- c("x", "sin(x)")

> c1

[1] "x" "sin(x)"

> ns <- c("Weight", "Height", "c#")

> ns

[1] "Weight" "Height" "c#"

paste¼ê^5r§�gCþë¤��iÎG, ¥

m^��©m, ~Xµ

> paste("My", "Job")

[1] "My Job"

ë��gCþ�±´�þ, ù��éA��ë�å

5, �ÝØ�Ó��á��þ�­E¦^"gCþ�
±´ê��þ, ë��gÄ=�¤·��iÎGL

«, ~Xµ
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> paste(c("X", "Y"), "=", 1:4)

[1] "X = 1" "Y = 2" "X = 3" "Y = 4"

©�^�iÎ�±^sepëê�½, ~Xe~�)e

Z�©�¶µ

> paste("result.", 1:6, sep="")
[1] "result.1" "result.2" "result.3" "result.4" "result.5" "result.6"

XJ�paste()¼ê�½
collapseëê, Kpaste()�
±r��iÎG�þ�����ë�¤��iÎG,
¥m^collapse�½��©�"'Xpaste(c(’a’, ’b’),
collapse=’.’)��’a.b’"

6.2.7 EEEêêê���þþþ

S|±Eê$�"Eê~þ��^3.5+2.1iù��
�ª=�"E�þ�z����Ñ´Eê"�±

^complex()¼ê)¤E�þ, X�½¢ÜÚJÜ�þ
½ÂEê�þµ

> x <- (0:100)/100*2*pi

> y <- sin(x)

> z <- complex(re=x, im=y)

> plot(z)

��±�½�ÚË�½ÂEê�þµ

> zz <- complex(mod=rep(1, 10), arg=(0:11)/12*2*pi)

> plot(zz)
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Re()O�¢Ü, Im()O�JÜ, Mod()O�Eê�,
Arg()O�EêÌ�, Conj()O��Ý"Ä��êÆ¼
ê�|±Eê$�, 'Xµ

> sqrt(-2+0i)

[1] 0+1.414214i

5¿gCþ´Eê�sqrt�¼êâ?1Eê$�"

6.2.8 ���þþþeeeIII$$$���

SJø
�©(¹��¯�þ��Ú�þf8�õ
U",������^x[i]��ª�¯, Ù¥x´��
�þ¶, ½����þ��L�ª, Xµ

> x

[1] 1.00 4.00 6.25

> x[2]

[1] 4

> (c(1, 3, 5) + 5)[2]

[1] 8

�±üÕUC������, ~Xµ

> x[2] <- 125

> x

[1] 1.00 125.00 6.25

¯¢þ, SJø
o«�{5�¯�þ��Ü©, �
ª�x[v], x��þ½�þ��L�ª, v´Xe�L«
eI�þµ
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���!!!���������êêê������eeeIII���þþþ

3x[v]¥, v����þ, ����31�length(x)�m,
��#N­E, ~X,

> x[c(1,3)]

[1] 1.00 6.25

> x[1:2]

[1] 1 125

> x[c(1,3,2,1)]

[1] 1.00 6.25 125.00 1.00

> c("a", "b", "c")[rep(c(2,1,3), 3)]

[1] "b" "a" "c" "b" "a" "c" "b" "a" "c"

���!!!���KKK���êêê������eeeIII���þþþ

3x[v]¥, v� � � � þ, � � � �

3−length(x)�−1� m, L « � Ø � A � � �

�"~Xµ
> x[-(1:2)]

[1] 6.25

nnn!!!���ÜÜÜ666������eeeIII���þþþ

3x[v]¥, v�Úx���Ü6�þ, x[v]L«�Ñ¤

kv�ý����, Xµ
> x

[1] 1.00 125.00 6.25

> x<10

[1] TRUE FALSE TRUE

> x[x<10]

[1] 1.00 6.25

> x[x<0]

numeric(0)
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��x[x<10]�Ñ¤k�u10���|¤�f8"
ù « Ü 6 � e I ´ � « r k å � u ¢ óä, ~
Xx[sin(x)>0]�±�Ñx¥¤k�u¼ê�����

�|¤��þ"
XJeIÑ´b�K(J´��"�Ý��þ, w

«�numeric(0)"

ooo!!!���iiiÎÎÎ...������eeeIII���þþþ

3½Â�þ��±���\þ¶i, ~Xµ

> ages <- c(Li=33, Zhang=29, Liu=18)

> ages

Li Zhang Liu

33 29 18

ù�½Â��þ�±^Ï~��{�¯, ,	��±

^��¶i5�¯��½��f8, ~Xµ

> ages["Zhang"]

Zhang

29

> ages[c("Li", "Liu")]

Li Liu

33 18

�þ��¶�±�\, ~Xµ

> ages1 <- c(33, 29, 18)

> names(ages1) <- c("Li", "Zhang", "Liu")

> ages1

Li Zhang Liu

33 29 18
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þ¡·�w�
XÛ�¯�þ�Ü©��"3S¥

��±UC�Ü©����, ~Xµ

> x

[1] 1.00 125.00 6.25

> x[c(1,3)] <- c(144, 169)

> x

[1] 144 125 169

5¿D���Ý7L�Ó, ~	´�±rÜ©��

D���Ú��µ

> x[c(1,3)] <- 0

> x

[1] 0 125 0

�r�þ¤k��D����Ó��
qØ�U
CÙ�Ý, �±^x[]��{µ

> x[] <- 0

5¿ù�“x <- 0”´ØÓ�, cöD���þ�Ý
ØC, �ö¦�þC�Iþ0"

UCÜ©����Eâ�Ü6�eI�{(Ü
�±½Â�þ�©ã¼ê, ~X, �½Ây=f(x)�
�x<0��1−x, ÄK�1+x, �±^µ

> y <- numeric(length(x))

> y[x<0] <- 1 - x[x<0]

> y[x>=0] <- 1 + x[x>=0]
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6.3 õõõ���êêê|||ÚÚÚÝÝÝ




6.3.1 êêê|||(array)ÚÚÚÝÝÝ


(matrix)

ê|(array)�±w¤´�õ�eI�a.�Ó��

��8Ü, ~^�´ê�.�ê|XÝ
, ��±k
Ù§a.(XiÎ.!Ü6.!E.ê|)"S�±é
N´/)¤Ú?nê|, AO´Ý
(��ê|)"

ê|k��A�á5���ê�þ(dimá5), �
ê�þ´�������ê���þ, Ù�Ý´ê|
��ê, 'X�ê�þkü����ê|���ê
|(Ý
)"�ê�þ�z�����½
TeI�
þ., eI�e.o�1"

�|��k½Â
�ê�þ(dimá5)�âU�w
�´ê|"'Xµ

> z <- 1:1500

> dim(z) <- c(3, 5, 100)

ù�z®²¤�
���ê�þ�c(3,5,100)�n�ê
|"��±r�þ½Â���ê|, ~Xµ

> dim(z) <- 1500

ê | � � � ü � g S " � � ¹ e ´ æ

^FORTRAN�ê|��gS(U�gS), =1�e

ICz�¯, ��eICz�ú, éuÝ
(��ê
|)K´U���"~X, b�ê|a����1:24,
�ê�þ�c(2,3,4), K���gS�a[1,1,1], a[2,1,1],
a[1,2,1], a[2,2,1], a[1,3,1], ..., a[2,3,4]"
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^ ¼ êarray()½matrix()� ± � � * / ½ Â ê
|"array()¼ê���¦^�array(x, dim=length(x),
dimnames=NULL), Ù¥x´1�gCþ, AT´��
�þ, L«ê|����|¤��þ"dimëê��,
�Ñ�����ê|(�ØÓu�þ)"dimnamesá
5�±�Ñ, Ø�Ñ�´���Ý��ê�Ó��

L(list, ��¡), �L�z�¤
����¶i"~
Xþ¡�z�±ù�½Âµ

> z <- array(1:1500, dim=c(3,5,100))

¼êmatrix()^5½Â�~^��«ê|µ��ê
|, =Ý
"Ù���ª�

matrix(data = NA, nrow = 1, ncol = 1,

byrow = FALSE, dimnames = NULL)

Ù¥1�gCþdata�ê|�êâ�þ("���

"��NA), nrow�1ê, ncol��ê, byrowL«ê
âW\Ý
�U1gS�´�gS, �½5¿"

��¹eU�gS, ù�·��Ý
�S.´ØÓ

�"dimnames"�´��, ÄK´���Ý�2��

L, �L1��¤
´�Ý�1ê���iÎ.�

þ, L«z1�I\, �L1��¤
´�Ý��ê
�Ó�iÎ.�þ, L«z��I\"~X, ½Â�

�314�, d1:12U1gSü��Ý
, �±^µ

> b <- matrix(1:12, ncol=4, byrow=T)

> b

[,1] [,2] [,3] [,4]

[1,] 1 2 3 4

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



312 18Ù S�ó0�

[2,] 5 6 7 8

[3,] 9 10 11 12

5¿3kêâ��¹e�I�½1ê½�ê�

�"�½�êâ�ê#N�u¤I�êâ�ê, ù�
Ì�¦^Jø�êâ"~Xµ

> b <- matrix(0, nrow=3, ncol=4)

)¤314����Ñ�0�Ý
"

6.3.2 êêê|||eeeIII

��¯ê|�,���, ���þ¡@��Ñê|¶

Ú�)ÒS^ÏÒ©m�eI=�, Xa[2,1,2]"
�?�Ú·���±3z��eI ����

eI�þ, L«éù���Ñ¤k�½eI��

�, Xa[1, 2:3, 2:3]�Ñ¤k1�eI�1, 1�eI

�2½3, 1neI�2½3���"5¿Ï�1��

�k��eI¤±òz
, ���´���ê�þ
�c(2,2)�ê|"

,	, X J Ñ�, ��� e I, K L « T�
�À"~ X, a[1, , ]� Ñ ¤ k 1 � e I�1�
��, ����/G�c(3,4)�ê|"a[ , 2, ]�

Ñ ¤ k 1 � e I �2� � � � � � � / G
�c(2,4)� ê | "a[1,1, ]K � U � � � � �
Ý �4� � þ, Ø 2 ´ ê |(dim(a[1,1, ])�

�NULL)"a[ , , ]½a[]ÑL«��ê|"'X

a[] <- 0
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�±3ØUCê|�ê�^�er��ÑD¤0"
�k�«AÏeI´éuê|�^��eI�

þ(´�þ, Ø´ê|), 'Xa[3:4], ù��Ñê|��
ê&E, reIL�ªw�´éê|�êâ�þ�f
8"

6.3.3 ØØØ555KKKêêê|||eeeIII

3S¥$��±rê|¥�?¿ �������

|�¯, Ù�{´^��Ý
��ê|�eI, Ý

�z�1´�����eI, ê|kA�eIÝ

�z�1ÒkA�"~X, ·��rþ¡�/G
�c(2,3,4)�ê|a�1[1,1,1], [2,2,3], [1,3,4], [2,1,4]Ò�
o��������N�¯, k½Â���¹ù
e

I��1���ê|:

> b <- matrix(c(1,1,1, 2,2,3, 1,3,4, 2,1,4),

ncol=3, byrow=T)

> b

[,1] [,2] [,3]

[1,] 1 1 1

[2,] 2 2 3

[3,] 1 3 4

[4,] 2 1 4

> a[b]

[1] 1 16 23 20

5¿�Ñ�´���þ"·���±éùA���

D�, Xµ

> a[b] <- c(101, 102, 103, 104)

> a

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



314 18Ù S�ó0�

½

> a[b] <- 0

> a

6.3.4 êêê|||oooKKK$$$���

ê|�±?1oK$�(+, −, *, /, ^), )º�ê|é
A���oK$�, ë\$��ê|��AT´�Ó

/G�(dimá5���Ó)"~X, b�A, B, C´n

�/G�Ó�ê|, K

> D <- C + 2*A/B

O����(J´A�z����Ø±B�éA�

�2¦±2,�\þC�éA�����Ó/G�ê
|"oK$��ÌÏ~�`k?5K"
/GØ����þÚê|3�ê�¹e��±?

1oK$�, ���5K´ê|�êâ�þéA��

?1$�, rá�Ì�¦^5�����, ¿¦�U

�3�Ó�ê|á5"~Xµ

> x1 <- c(100, 200)

> x2 <- 1:6

> x1+x2

[1] 101 202 103 204 105 206

> x3 <- matrix(1:6, nrow=3)

> x3

[,1] [,2]

[1,] 1 4

[2,] 2 5

[3,] 3 6

> x1+x3

[,1] [,2]
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[1,] 101 204

[2,] 202 105

[3,] 103 206

Ø�\�Ù/��5KA;�¦^ù���{(I
þ�ê|½�þ�oK$�Ø	)"

6.3.5 ÝÝÝ


$$$���

Ý
´��ê|, �Ï�ÙA^2�¤±é§½Â


�
AÏ�$�Úö�"
¼êt(A)�£Ý
A�=�"nrow(A)�Ý
A�1

ê, ncol(A)�Ý
A��ê"
Ý
�m?1ÊÏ�\~¦ØoK$�E�l�

��ê|oK$�5K, =ê|�éA���m?1
$�, ¤±5¿A*BØ´Ý
¦{
´Ý
éA��

�¦"
�?1Ý
¦{, ¦^$�Î%*%, A %*% BL«Ý


A¦±Ý
B(�,�¦A��ê�uB�1ê)"~
Xµ

> A <- matrix(1:12, nrow=4, ncol=3, byrow=T)

> B <- matrix(c(1,0), nrow=3, ncol=2, byrow=T)

> A

[,1] [,2] [,3]

[1,] 1 2 3

[2,] 4 5 6

[3,] 7 8 9

[4,] 10 11 12

> B

[,1] [,2]

[1,] 1 0

[2,] 1 0

[3,] 1 0
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> A %*% B

[,1] [,2]

[1,] 6 0

[2,] 15 0

[3,] 24 0

[4,] 33 0

>

,	, �þ^3Ý
¦{¥�±��1�þw�

��±����þw�, ù�w=�«*:U

?1Ý
¦{$�"~X, �x´���Ý�n��

þ, A´��n × nÝ
, K“x %*% A %*% x”L«�
g.x′Ax"�´, k��þ3Ý
¦{¥�/ ¿

Ø�Ù, 'X“x %*% x”ÒQ�UL«SÈx′x��U

L«n × n
x′x"Ï�cö�~^, ¤±SÀJL«
cö, �SÈ�Ð�´^crossprod(x)5O�"�L

«xx′, �±^“cbind(x) %*% x”½“x %*% rbind(x)”"
¼ êcrossprod(X, Y)L « � � ��� ¦ È(S

È)X ′Y , =X�z���Y�z���SÈ|¤�
Ý
"XJXÚYÑ´�þK´���SÈ"���

�ëêX�crossprod(X)O�Xg��SÈX ′X"
Ù§Ý
$��ksolve(A,b))�5�§|Ax =

b, solve(A)¦�
A�_Ý
, svd()O�ÛÉ�©),
qr()O�QR©), eigen()O�A��þÚA��"�

��Å�Ï, ~Xµ
> ?qr

¼êdiag()��^�6uÙgCþ"diag(vector)�
£ ± g C þ(� þ)� Ì é � � � � é � Ý

"diag(matrix)�£dÝ
�Ìé���|¤��

þ"diag(k)(k�Iþ)�£k�ü 
"
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6.3.6 ÝÝÝ


ÜÜÜ¿¿¿���...���

¼ êcbind()r Ù g C þ î � © ¤ � � �Ý
,
rbind()rÙgCþp�©¤���Ý
"cbind()�
gCþ´Ý
½öw���þ��þ, gCþ�pÝ
AT��(éu�þ, pÝ=�Ý, éuÝ
, pÝ=

1ê)"rbind�gCþ´Ý
½w�1�þ��þ,
gCþ�°ÝAT��(éu�þ, °Ý=�Ý, éu
Ý
, °Ý=�ê)"XJë�Ü¿�gCþ'Ù§

gCþáKÌ�Öv�Ü¿"~Xµ

> x1 <- rbind(c(1,2), c(3,4))

> x1

[,1] [,2]

[1,] 1 2

[2,] 3 4

> x2 <- 10+x1

> x3 <- cbind(x1, x2)

> x3

[,1] [,2] [,3] [,4]

[1,] 1 2 11 12

[2,] 3 4 13 14

> x4 <- rbind(x1, x2)

> x4

[,1] [,2]

[1,] 1 2

[2,] 3 4

[3,] 11 12

[4,] 13 14

> cbind(1, x1)

[,1] [,2] [,3]

[1,] 1 1 2

[2,] 1 3 4
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Ï �cbind()Úrbind()� ( J o ´ Ý 
 a
.(kdimá5����), ¤±�±^§�r�þL

«�n× 1Ý
(^cbind(x))½1× nÝ
(^rbind(x))"
�a´ � � ê |, � r § = z � � þ(�

KdimÚdimnamesá5), ��^¼êas.vector(a)�£
�Ò�±
(5¿¼ê�UÏL¼ê��£(J

Ø#N?U§�gCþ, 'Xt(X)�£X�=�Ý



X��¿�UC)",�«dê|��Ùêâ�þ
�{ü�{´¦^¼êc(), ~Xc(a)�(J´a�ê
â�þ"ù��,��Ð?´c()#Nõ�gCþ,
§�±rõ�gCþÑw¤êâ�þë�å5"~
X, �AÚB´ü�Ý
, Kc(A,B)L«rAU�gS
.���þ¿�rBU�gS.���þ�(Jë
�å5"�½5¿.��´U�gS.��"

6.3.7 êêê|||������¶¶¶iii

ê|�±k��á5dimnames�������eI

�¶i, "���NULL(=Ãdá5)"·�±Ý


�~, §kü��µ1�Ú��"'X, �x�213�

Ý
, §�1��±½Â���Ý�2�iÎ�þ�
�z1�¶i, §����±½Â���Ý�3��

þ��z��¶i, á5dimnames´���L, �L

�z�¤
´���¶i�iÎ�þ½NULL"~
Xµ

> x <- matrix(1:6, ncol=2,

+ dimnames=list(c("one", "two", "three"),

+ c("First", "Second")),

+ byrow=T)

> x
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First Second

one 1 2

two 3 4

three 5 6

·���±k½ÂÝ
x,�2�dimnames(x)D
�"

é u Ý 
, · � � � ± ¦ ^ á
5rownamesÚcolnames5�¯1¶Ú�¶"Xµ

> x <- matrix(1:6, ncol=2,byrow=T)

> colnames(x) <- c("First", "Second")

> rownames(x) <- c("one", "two", "three")

3½Â
ê|��¶�·�éù���eIÒ�
±^§�¶i5�¯, ~Xµ

> x[c("one","three"),]

First Second

one 1 2

three 5 6

6.3.8 êêê|||���			ÈÈÈ

ü�ê|aÚb�	È´da�z�����b�z�

�����3�å�¦����#��, ù���
���ê�þ�ua��ê�þ�b��ê�þëå

5�ê|, =ed�aÚb�	È, Kdim(d)=c(dim(a),
dim(b))"

aÚb�	ÈP�a %o% b"X

> d <- a %o% b
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��±�¤��¼êN^�/ªµ

> d <- outer(a, b, ’*’)

5¿outer(a, b, f)´����5�	È¼ê, §�
±ra�?�����b�?¿������å5�
�f�gCþO���#����, 	È´ü���

�¦��¹"¼ê�,��±´\!~!Ø, ½Ù§

��¼ê"�¼ê�¦È��±�ÑØ�"
~X, ·�F"O�¼êz = cos(y)/(1 + x2)3�

�xÚy���þ��^5±�n�­¡ã, �±^X

e�{)¤��9¼ê�µ

> x <- seq(-2, 2, length=20)

> y <- seq(-pi, pi, length=20)

> f <- function(x, y) cos(y)/(1+x^2)

> z <- outer(x, y, f)

> persp(x,y,z)

^ù���¼ê�±éN´/rü�ê|�¤k�

�Ñüü|Ü�H?1�½�$�"
e¡�Ä��k¿g�~f"·��Ä{ü�2×

2Ý


 a b
c d

, Ù��þ30,1,...,9¥��"b�o�

��a, b, c, dÑ´�pÕá�ÑllÑþ!©Ù��

ÅCþ, ·��{¦Ý
1�ªad − bc�©Ù"Ä
k, �ÅCþadÚbcÓ©Ù, §���d±e	ÈÝ

�Ñ, z�����VÇþ�1/100:

> d <- outer(0:9, 0:9)
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ù��é�)��10× 10�	ÈÝ
"
�
O�ad�100��(k­E)�bc�100���~

���10000�(J, �±¦^Xe	È¼êµ

> d2 <- outer(d, d, "-")

ù������ê�þ�c(10,10,10,10)�o�ê|,
z�����1�ª����U��, VÇ��©
��"Ï�ù
��¥kéõ­E, ·��±^�

�table()¼ê5O�z����Ñygê(ªê)µ

> fr <- table(d2)

���(J´���k��¶��þfr, fr���

¶�d2�����, fr�����d2T��Ñy�ª

ê"'Xfr[1]���¶�−81, ��19, L«�−813

ê|d2¥Ñy
19g"ÏLO�length(fr)�±��
�k163�ØÓ�"��±rù
�±���ªê©
Ùã(Ø±10000K�¢SVÇ), �ã6.2µ

> plot(as.numeric(names(fr)), fr, type="h",

+ xlab="Determinant", ylab="Frequency")

Ù¥as.numeric()r�þfr¥���¶q=�¤
ê
�., ^5���ã�î¶�I, fr¥����=ª

ê��p¶, type=”h”L«´xR�.ã"

6.3.9 êêê|||���222ÂÂÂ===���

�±^aperm(a, perm)¼êrê|a���Uperm¥

�½�#gS­#ü�"~Xµ
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−50 0 50

0
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0
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0

Determinant

F
re

qu
en

cy

ã 6.2: �ÅÝ
1�ª©Ù

> a <- array(1:24, dim=c(2,3,4))

> b <- aperm(a, c(2, 3, 1))

(Ja�12�C¤
b�11�, a�13�C¤
b�
12�, a� 11�C ¤ 
b� 13�"ù � ka[i1, i2,
i3]≡b[i2, i3, i1]"5¿c(i1, i2, i3)[2,3,1]=c(i2, i3, i1)"
��/, eb <- aperm(a, p), i´ê|a���eI�

þ, Ka[rbind(i)]≡b[rbind(i[p])], =a�����eI²
LpC��¤�b�éA���eI"

éuÝ
a, aperm(a, c(2,1))TÐ´Ý
=�"éu
Ý
=��±{ü/^t(a)L«"

6.3.10 apply¼¼¼êêê

éu�þ, ·�ksum!mean�¼êéÙ?1O�"
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éuê|, XJ·��éÙ¥��(½eZ�)?1,

«O�, �±^apply¼ê"Ù��/ª�µ

apply(X, MARGIN, FUN, ...)

Ù¥X���ê|, MARGIN´�½=
�ØC,
FUN´ ^ 5 O � � ¼ ê"~ X, �a´3 × 4Ý
,
Kapply(a, 1, sum)�¿Â´éa��1¦Ú(�31
��=1��eIØC), (J´���Ý�3��

þ(�1���Ý�Ó), 
apply(a, 2, sum)¿Â´
éa���¦Ú, (J´���Ý�4��þ(�1�
��Ý�Ó)"

XJ¼êFUN�(J´��Iþ, MARGIN�k
� � � �, Kapply�(J ´ � � � þ, Ù � Ý �
uMARGIN�½���Ý, ��u�½MARGIN�

½ � @ ��� z � � � 
 r Ù §�� Ñ �
� f ê | ½ � þ x \FUN¥ ? 1 $ � " X

JMARGIN� ½ 
 õ ��, K(J ´ � ��ê �

þ � udim(X)[MARGIN]� ê |"X J ¼ êFUN�
(J ´ � � � Ý�N� � þ, K(J ´ � ��ê
�þ�uc(N, dim(X)[MARGIN])�ê|, 5¿ù�
ØØ´é=��O�, (JÑ�3
1��"¤

±, ' X·� � r4×3Ý
a�3� © O üS, � �

^apply(a, 2, sort), ù�éz��üS�����
Ý�4��þ, ^1��5Ú^, (J���þ�c(N,
dim(a)[2])=c(4,3), �3
��, TÐ��¤I(J, $

1Xe~µ

> a <- cbind(c(4,9,1), c(3,7,2))

> a
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[,1] [,2]

[1,] 4 3

[2,] 9 7

[3,] 1 2

> apply(a, 2, sort)

[,1] [,2]

[1,] 1 2

[2,] 4 3

[3,] 9 7

>

�´, XJ�é1üS, Kapply(a, 1, sort)ra�z�

13���üS��(J^1��5Ú^, (J��
�þ�c(N, dim(a)[1])=c(3, 4), r�5��C¤
1,
¤±t(apply(a,1,sort))â´éa�z�1üS�(J"
Xµ

> apply(a, 1, sort)

[,1] [,2] [,3]

[1,] 3 7 1

[2,] 4 9 2

> t(apply(a,1,sort))

[,1] [,2]

[1,] 3 4

[2,] 7 9

[3,] 1 2

þ ¡·� � ^ 
Ý
(��ê |)��~ f ù

)apply�^{"¢Sþ, apply�±^u?¿�ê�
ê|, ¼êFUN��±´?¿�±�Â���þ½
ê|��1�gCþ�¼ê"'X, �x´���ê
�þ�c(2,3,4,5)�ê|, Kapply(x, c(1,3), sum)�±�
)��214��Ý
, Ùz���´x¥�½11�Ú
13�eI�Ñfê|¦Ú�(J"
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6.4 ÏÏÏfff

ÚO¥�Cþkü�­�aOµ«mCþÚ¶ÂC

þ!kSCþ"«mCþ�ëY�ê�, �±?1¦

Ú!²þ�$�"¶ÂCþÚkSCþ�lÑ�, �
±^ê��L��±´iÎ.�, ÙäNê�vk\

~¦Ø�¿Â, ØU^5O�
�U^5©a½öO

ê"¶ÂCþ'X5O!�°!��, kSCþ'X

�?¶g"
Ï�lÑCþk�«ØÓL«�{, 3S¥�Ú�

å�¦^Ïf(factor)5L«ù«©aCþ"�Jø

kSÏf(ordered factor)5L«kSCþ"Ïf´
�«AÏ��þ, Ù¥z������|lÑ�¥�
��, Ïfé�k��AÏá5levelsL«ù|lÑ

�"~Xµ

> x <- c("I", "å", "I", "I", "å")

> y <- factor(x)

> y

[1] I å I I å

Levels: I å

¼êfactor()^5r���þ?è¤���Ïf"
Ù��/ª�µ

factor(x, levels = sort(unique(x), na.last = TRUE),

labels, exclude = NA, ordered = FALSE)

� ± g1� ½ � l Ñ � �(Y ²levels), Ø � ½
�dx�ØÓ�5¦�"labels�±^5�½�Y

² � I \, Ø � ½ � ^ � l Ñ � � � é A i Î
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G"excludeëê^5�½�=��"��(NA)��

��8Ü"XJ�½
levels, KÏf�1i����
§�uY²¥1j������”j”, XJ§��v

kÑy3levels¥KéAÏf����NA"ordered�

ý��L«ÏfY²´kgS�(U?ègS)"~
Xµ

> f <- factor(c(1,0,1,1,0),

levels=c(1,0), labels=c("I","å"))

(JÚfâ��"
�±^is.factor()u�é�´ÄÏf, ^as.factor()r

���þ=�¤��Ïf"
Ïf�Ä�ÚO´ªêÚO, ^¼êtable()5O

ê"~X,

> sex <- factor(c("I", "å", "I", "I", "å"))

> res.tab <- table(sex)

> res.tab

sex

I å

3 2

L«I53<, å52<"table()�(J´�����

¶��þ, ��¶�ÏfY², ����TY²�Ñ
yªê"

lù�{ü~f·���±wÑS�SAS���«

OµSAS�(J���w«Ñ5, ���U��êâ
8�«a., ØBué¥m(J?�Ú?§?n¶

S�(JØ
�±w«	��Ñ´Sé�(Xùp�
�þ(J), �±é�B/?�Ú?n"
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�±^ü�½õ�Ïf?1��©a"'X, 5
O(sex)Ú��(job)��©|�±^table(sex, job)5
ÚOz���a�ªê, (J���Ý
, Ý
�k
1¶Ú�¶, ©O�ü�Ïf��Y²¶"

Ïf�±^5��,	�Ó�ÝCþ�©aC

þ"'X, b�þ¡�sex´5�Æ)�5O, 


> h <- c(165, 170, 168, 172, 159)

´ù5�Æ)��p, K

> tapply(h, sex, mean)

�±¦U5O©a��p²þ�"ù�^����
�Ïf�þé��ê��þ©|��{��Ø5K

ê|(ragged array)"�¡·���±w��õ�Ï

f�A^"

6.5 ���LLL(list)

6.5.1 ���LLL½½½ÂÂÂ

�L´�«AO�é�8Ü, §����dSÒ(e
I)«©, �´����a.�±´?¿é�, ØÓ�

�Ø7´Ó�a."����#N´Ù§E,êâ
a., 'X, �L������#N´�L"ù��
êâa.¡�´48(recursive)êâa."~Xµ

> rec <- list(name="o²", age=30, scores=c(85, 76, 90))
> rec
$name
[1] "o²"
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$age
[1] 30

$scores
[1] 85 76 90

�L��o�±^“�L¶[[eI]]”��ªÚ^"
~Xµ

> rec[[2]]

[1] 30

> rec[[3]][2]

[1] 76

�´, �LØÓu�þ, ·�zg�UÚ^����,
Xrec[[1:2]]�^{´Ø#N�"

5¿µ“�L¶[eI]”½“�L¶[eI��]”�^
{�´Ü{�, �Ù¿Â�^ü­)Ò�P{��Ø

Ó, ü­PÒ�Ñ�L�����, (J�T��a
.�Ó, XJ¦^�­)Ò, K(J´�L���f
�L((Ja.E��L)"

3 ½ Â � L � X J � ½ 
 � � � ¶ i(Xrec¥

�name, age, scores), KÚ^�L����±^§�
¶i��eI, �ª�“�L¶[[”��¶”]]”, Xµ

> rec[["age"]]

[1] 30

,�«�ª´“�L¶$��¶”, Xµ

> rec$age

[1] 30

ÚO^��§
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Ù¥“��¶”�±{���Ù§��¶U
«©�
�á§Ý, 'X“rec$s”�±�L“rec$score”"ù«�
{�B
�p$1, ?�§S���Ø^{�±�ü

$§S��Ö5"
¦^��¶�Ú^�{�±4·�Ø7P4,�

�eI�L@����, 
��^´P���¶5Ú

^��"¯¢þ, �þÚÝ
��±�½��¶!1
¶!�¶"

½Â�L¦^list()¼ê, z��gCþC¤�L�
����, gCþ�±^“¶i=�”��ª�Ñ, =

�Ñ�L��¶"gCþ���E���L��¥,
gCþXJ´Cþ¿Ø¬�T�L��ïá'X(U
CT�L��Ø¬UCgCþ��)"

6.5.2 ???UUU���LLL

�L����±?U, ��r��Ú^D�=�"
Xµ

> rec$age <- 45

$�

> rec$age <- list(19, 29, 31)

(�±?¿?U���L��)"XJ�D����

�5Ø�3, K�Lò�±�¹T#��"~X,
recy3�kn���, ·�½Â��#�·¶��,
K�L�ÝC�4, 2½Â18Ò��K�L�ÝC

�6µ

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



330 18Ù S�ó0�

> rec$sex <- "I"

> rec[[6]] <- 161

> rec

$name

[1] "o²"

$age

[1] 30

$scores

[1] 85 76 90

$sex

[1] "I"

[[5]]

NULL

[[6]]

[1] 161

1ÊÒ��Ï�vk½Â¤±Ù�´“NULL”, ù

´�é��PÒ"XJrec´���þ, KÙ���

�“NA”, ù´"���PÒ"lùp·���±N

¬“NULL”�“NA”�«O"
A��L�±^ë�¼êc()ë�å5, (JE�

���L, Ù����gCþ��L��"Xµ

> list.ABC <- c(list.A, list.B, list.C)

5¿3S¥é:´¶i�Ü{Ü©, ��vkAÏ¿

Â"
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6.5.3 AAA������£££���LLL���¼¼¼êêê

�L�­��^´r�'�eZêâ��3��ê
âé�¥, ù�3?�¼ê�·�Ò�±�£ù��

��¹õ�ÑÑ��L"Ï�¼ê��£(J�±

��/��3���L¥, ·��±UYé���(
J?1©Û, ù´S'SAS(¹���/�"e¡�
ÑA��£�L�~f"

���!!!AAA������ÚÚÚAAA������þþþ

¼ êeigen(x)é é ¡Ý
xO � Ù A � � Ú A � �

þ, � £(J�� � � L, � L � ü � ¤ 
(�
�)�valuesÚvectors"~Xµ

> ev <- eigen((1:3) %o% (1:3))

> ev

$values

[1] 1.400000e+01 0.000000e+00 -8.881784e-16

$vectors

[,1] [,2] [,3]

[1,] 0.2672612 0.8944272 -0.3585686

[2,] 0.5345225 -0.4472136 -0.7171372

[3,] 0.8017837 0.0000000 0.5976143

��n�A���k1��Ø�"(duê�O�

°Ý¤�, 1n�A��A�"�(J�´Cq�

")"A��þUÝ
��, z�����A��

þ"

���!!!ÛÛÛÉÉÉ���©©©)))999111���ªªª

¼êsvd()?1ÛÉ�©)X = UDV ′, Ù¥X´?
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¿n × m
, U�n × n��
, V�m × m��
,
D�n × mé�
(�kÌé����Ø�"��
K)"svd(x)�£kn�¤
d, u, v��L, d��¹
ÛÉ���þ(=D�Ìé����), u, v©O�þ¡

�ü���
"´�XJÝ
x´�
Kx�1�ª
�ýé��uÛÉ��¦È, ¤±µ

> absdetx <- prod(svd(x)$d)

½ö·��±�d½Â��¼êµ

> absdet <- function(x) prod(svd(x)$d)

nnn!!!���������¦¦¦[[[ÜÜÜ���QR©©©)))

¼êlsfit(x,y)�£���¦[Ü�(J"���¦�
�.��5�.

y = Xβ + ε

lsfit(x,y)�1��ëêx��.¥��O
X , 1��
ëêy��.¥�ÏCþy(�±´���þ��±

´��Ý
), �£���L, ¤
coefficients�þ¡

�.�β(���¦Xê), ¤
residuals�[Üí�,
¤
intercept^5�«´Äk�å�, ¤
qr��O


X�QR©), §���´���L"�.[Ü"

��¹k�å�, �±^intercept=FALSEÀ��½
Ã�å�"'u���¦[Ü��ë�ls.diag()¼
ê(�w�Ï)"

¼êqr(x)�£x�QR©)(J"Ý
X�QR©)
�X = QR, Q���
, R�þn�
"¼ê(J�

ÚO^��§
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���L, ¤
qr´Ø 
QÚR3S���Ý
, �
)é��3S�þn�Ü©�R, Q�&EØ ��
3en�Ü©"(J�Ù§¤
��
9Ï&E"
^qr.Q()Úqr.R()�±lqr()�(J¥J�QÚR"

6.6 êêêâââµµµ(data.frame)

êâµ´S¥aqSASêâ8��«êâ(�"§Ï

~´Ý
/ª�êâ, �Ý
���±´ØÓa.
�"êâµz�´��Cþ, z1´��*ÿ"

�´, êâµk����½Â"§´�«AÏ�
�Lé�, k����“data.frame”�classá5, ��

L¤
7L´�þ(ê�.!iÎ.!Ü6.)!Ï

f!ê�.Ý
!�L, ½Ù§êâµ"�þ!Ïf
¤
�êâµJø��Cþ, XJ�þ�ê�.K¬
�r�=��Ïf, 
Ý
!�L!êâµù��¤

�#êâµJø
ÚÙ�ê!¤
ê!Cþê�

Ó�ê�Cþ"��êâµCþ��þ!Ïf½Ý

7Läk�Ó��Ý(1ê)"
¦+Xd,·����´�±rêâµw�´�«

í2
�Ý
, §�±^Ý
/ªw«, �±^éÝ

�eIÚ^�{5Ú^Ù��½f8"

6.6.1 êêêâââµµµ)))¤¤¤

êâµ�±^data.frame()¼ê)¤, Ù^{�list()¼
ê�Ó, �gCþC¤êâµ�¤©, gCþ�±·

¶, ¤�Cþ¶"~Xµ
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> d <- data.frame(name=c("o²", "Üh", "�ï"),
+ age=c(30, 35, 28), height=c(180, 162, 175))
> d
name age height

1 o² 30 180
2 Üh 35 162
3 �ï 28 175

XJ���L���¤©÷vêâµ¤©��¦,
§�±^as.data.frame()¼êr�=��êâµ"'

X, þ¡�dXJk^list()¼ê½Â¤
���L, Ò
�±r����êâµ"

��Ý
�±^data.frame()=����êâµ, X

J§�5k�¶KÙ�¶���êâµ�Cþ¶, Ä
KXÚgÄ�Ý
���å��Cþ¶(XX1, X2)"

6.6.2 êêêâââµµµÚÚÚ^̂̂

Ú^êâµ����{�Ú^Ý
����{�Ó,
�±¦^eI½eI�þ, ��±¦^¶i½¶i�

þ"Xd[1:2, 2:3]"êâµ��Cþ��±^U�L

Ú^(=^V)Ò[[]]½$ÎÒÚ^)"
êâµ�Cþ¶dá5names½Â, dá5�½

´���"êâµ��1��±½Â¶i, �±

^rownamesá5½Â"Xµ

> names(d)

[1] "name" "age" "height"

> rownames(d)

[1] "1" "2" "3"

ÚO^��§
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6.6.3 attach()¼¼¼êêê

êâµ�Ì�^å´��ÚOï�I��êâ"S�
ÚOï�õUÑI�±êâµ�Ñ\êâ"·��

�±rêâµ�¤�«Ý
5?n"
3 ¦ ^ êâµ � C þ � � ± ^“êâµ ¶$C

þ ¶”� P {"� ´, ù � ¦ ^�æ �, SJ ø

attach()¼ê�±rêâµ“ë�”\�c�¶i�
m"~X,

> attach(d)

> r <- height / age

���éò3�có��mïá��#Cþr, §Ø

¬gÄ?\êâµd, �r#CþD��êâµ¥, �
±^

> d$r <- height / age

ù���ª"
�
��ë�, ��N^detach()(Ãëê=�)"
5¿µSÚR¥¶i�m�+n´'�ÕA�"§

3$1��±��Cþ|¢´»L, 3Ö�,�Cþ
��ù�Cþ|¢´»L¥dc���é, é��
c���¶3D��o´3 �1D�(Ø�AO�

½3Ù§ �D�)"attach()�"� �´3Cþ
|¢´»L� �2, detach()"��´�K �2"
¤±, S?§���~�¯K´�\Ø^
��gC

¿vkD��Cþ�k�UØÑ�, Ï�ù�Cþ®

3|¢´»¥,� �k½Â, ù�Ø|u§S�N
Á, I�3%ù��¯K"
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Ø
�±ë�êâµ, ��±ë��L"

6.7 ÑÑÑ\\\ÑÑÑÑÑÑ

6.7.1 ÑÑÑÑÑÑ

3S�p$1��w«,��é������\Ù¶

i=�, Xµ

> x <- 1:10

> x

[1] 1 2 3 4 5 6 7 8 9 10

ù¢Sþ´N^
print()¼ê, =print(x)"3��p
$1(§S)¥A¦^print()5ÑÑ"print()¼ê�±

���digits=ëê�½z�êÑÑ�k�êi ê,
�±���quote=ëê�½iÎGÑÑ�´Ä�ü
>�§Ò, �±���print.gap=ëê�½Ý
½ê
|ÑÑ���m�må"

print()¼ê´��Ï^¼ê, =§éØÓ�gCþ
kØÓ��A"é�«AÏé�Xê|!�.(J
�Ñ�±5½print�ÑÑ�ª"

cat()¼ê�^5ÑÑ, �§�±rõ�ëêë�å

52ÑÑ(äkpaste()�õU)"~Xµ

> cat("i = ", i, "\n")

5¿¦^cat()��gC\þ�1Î”\n”"§r��

=�¤iÎG, ¥m�±��ë�å5, ,�w«"
XJ�¦^g½Â�©�Î, �±^sep=ëê, ~
Xµ

ÚO^��§



§6.7 Ñ\ÑÑ 337

> cat(c("AB", "C"), c("E", "F"), "\n", sep="")

ABCDEF

cat()��±�½��ëê“file=©�¶”, �±r(
J���½�©�¥, Xµ

> cat("i = ", 1, "\n", file="c:/work/result.txt")

XJ�½�©�®²�3K�5SN�CX"\þ

��append=TRUEëê�±ØCX�©�
´3©

�"�N\, ùé·^u$1¥�(JP¹"
cat()¼ ê Úprint()Ñ Øäk é r � g ½ Â � ª

õ U, �d � ± ¦ ^cat()�format()¼ ê � Ü ¢
y"format()¼ê���ê��þé��«�Ó�
w«�ª,�r�þ=��iÎ."~Xµ

> format(c(1, 100, 10000))

[1] " 1" " 100" "10000"

S-PLUS¥�format()¼êõU�r, äk�õ��
�ëê, �ë��Ï"R¥8cformat()¼êõUE

�f, �Rk��formatC¼ê�±JøaqC�ó
�printf�ªõU"formatCéÑ\�þ�z���

�üÕ?1�ª=�
Ø)¤Ú��ª, ~Xµ

> formatC(c(1, 10000))

[1] "1" "1e+004"

3formatC()¼ê¥�±^format=ëê�½C�ª
a., X”d”(�ê), ”f”(½:¢ê), ”e”, ”E”(�ÆP
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ê{), ”g”,”G”(ÀJ ê���ÑÑ�ª), ”fg”(½
:¢ê�^ëêdigits�½k� ê
Ø´o°Ý),
”s”(iÎG)"�±^width�½ÑÑ°Ý, ^digits�
½k� ê(�ª�e,E,g,G,fg�)½�ê:� ê(�
ª�f)�"�±^flagëê�½��ÑÑÀ�iÎG,
iÎG¥k”-”L«ÑÑ�éà, k”0”L«��x
^0W¿, k”+”L«�ÑÑ�KÒ, ��"~X, ·
�k��Ý
da¥��
n�FÏ�c!�!Fµ

> da

[,1] [,2] [,3]

[1,] 99 1 3

[2,] 96 11 9

[3,] 65 5 18

�
 Ñ Ñ ù n � F Ï, � ± ^apply¼ ê � ½
é z �1� ^ � � Ñ Ñ ¼ ê, d Ñ Ñ ¼ ê |
^cat()ÚformatC5��µ

> apply(da, 1, function(r)
+ cat(formatC(r[1], format=’d’, width=2, flag=’0’), ’-’,
+ formatC(r[2], format=’d’, width=2, flag=’0’), ’-’,
+ formatC(r[3], format=’d’, width=2, flag=’0’), ’\n’, sep=’’))
99-01-03
96-11-09
65-05-18
NULL

ùp·���apply¼ê1��ëê�½
��Ý

, 1��ëê`²é1ö��´é�ö�, 1n�
ëê´��¼ê, ùp·�¦^
��½Â��¼ê
��ëê��{"ÑÑ(J¥õ
��NULL¼ê,
ù´Ï�·�3�p$1, apply�(J����L

�ª��(NULL)¬�w«Ñ5"�;�w«, �±
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r(JD�����Cþ¶, ½ör��L�ª�
�invisible()¼ê�ëê, ù�Øw«L�ª�"

S�ÑÑ"�w«3�pI�"�±^sink()¼ê
�½��©�±r�Y�ÑÑ=��ù�©�, ¿�
^appendëê�½´Ä�3©�"�N\µ

> sink("c:/work/result.txt", append=TRUE)

> ls()

> d

> sink()

N^Ãëê�sink()rÑÑ¡E��pI�"
X J � r � � Ý 
xÑ Ñ � © � ¥, � ±

^write(t(x), file=”©�¶”, ncol=ncol(x))�/ª"ù

p�¤±�rx=��2ÑÑ´Ï�R¥Ý
´�`
k�, XJØ=�KÑÑ´U�ÑÑ�"XJØ�½
�êK"�¦^5�, =¦x��êõu½�u5"©
�¶"�¦^”data”"

� r � � ê â µdÑ Ñ � © � ¥, � ±

^write.table(x, file=”©�¶”), ÑÑ©�¥�¹C

þ¶LÞÚ1¶"

6.7.2 ÑÑÑ\\\

�
 l	Ü©� Ö \ � � ê �.� þ, SJ ø

scan()¼ê"XJ�½
fileëê(�´1�ëê),
Kl�½©�Ö\, "��¹eÖ\��ê��þ,
©�¥�êâ±�x©�, Ö�©����"~Xµ

> cat(1:12, ’\n’, file=’c:/work/result.txt’)

> x <- scan(’c:/work/result.txt’)
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X J©� ¥ ´ � � ^ � x © � �Ý
(½ ê
|), ·��±k^scan()r§Ö\����þ,�
^matrix()¼ê(½array()¼ê)=�"Xµ

> y <- matrix(scan(’c:/work/result.txt’),

ncol=3, byrow=T)

¢Sþ, scan()�U
Ö\��õ��L�, ��

^whatëê�½���L, K�Lz��a.�I�

Ö��a."^skipëê�±aL©��m©eZ
1ØÖ"^sepëê�±�½êâm�©�Î"��

�Ï"
scan()Ø�½Ö�©�¶�´�pÖ\, Ö\�^

���1(å"
X J � Ö � � � ê â µ, SJ ø 
 �

�read.table()¼ ê"§ � � � Ñ � �©� ¶, Ò
�±r©�¥^�x©��L�êâz1Ö\�ê
âµ��1"'X, ©�c:\work\d.txt¥SNX

eµ
Zhou 15 3

"Li Ming" 9 o²

Zhang 10.2 Wang

^read.tableÖ\µ
> x <- read.table(’c:/work/d.txt’,

+ colClasses=c(’character’, ’numeric’, ’character’))

> x

V1 V2 V3

1 Zhou 15.0 3

2 Li Ming 9.0 o²

3 Zhang 10.2 Wang
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Ö \(J�êâµ"¼ ê g Ä�êâµ C þ �

½“V1”!“V2”ù��Cþ¶, �½“1”!“2”ù��1
¶"�±^col.namesëê�½��iÎ.�þ��
êâµ�Cþ¶, ^row.namesëê�½��iÎ.
�þ��êâµ�1¶"¼ê�±gÄ£OL�´
ê�.�´iÎ., ¿3"��¹eriÎ.êâ=
��Ïf, ùp�1��Ú1n�·�¿Ø�=�,
¤±<�/\þ
��colClassesëê`²z���
êâa."

read.table()� ± Ö \ � k L Þ �©�, � � \

þheader=TRUEëê=�"�±^sepëê�½L1
���©�Î"~X, �
Ö\Xe�kLÞ�ÏÒ
©�©�c:\work\d.csvµ

Name,score, cn

Zhou,15,3

Li Ming, 9, o²

Zhang, 10.2, Wang

¦^Xe�éµ

> x <- read.table(’c:/work/d.csv’, header=T, sep=’,’,

+ colClasses=c(’character’, ’numeric’, ’character’))

> x

Name score cn

1 Zhou 15.0 3

2 Li Ming 9.0 o²

3 Zhang 10.2 Wang

Ù§�
^{��Ï"
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342 18Ù S�ó0�

6.8 §§§SSS������(((���

S´��L�ª�ó, Ù?Û���éÑ�±w¤
´��L�ª"L�ª�m±©Ò©�½^�1
©�"L�ª�±Y1, ��c�1Ø´��L�

ª('X"�´\~¦Ø�$�Î, ½k��é�)
Ò)Ke�1�þ�1�UY"

eZ�L�ª�±�3�å|¤��EÜL�ª,
����L�ª¦^"|Ü^�)ÒL«, Xµ

> {

> x <- 15

> x

> }

S�ó�Jø
Ù§p?§S�ó�k�©|!Ì
��§S��(�"

6.8.1 ©©©|||(((���

©|(��)if(�µ
if (^�) L�ª1

½
if (^�) L�ª1 else L�ª2

Ù¥�“^�”���Iþ�ý½b�, L�ª�±

´^�)Ò���EÜL�ª"kelsefé����
¤µ

ÚO^��§



§6.8 §S��(� 343

if(^�) {
L�ª|. . . . . .
} else {

L�ª|. . . . . .
}

ù���{�±¦elseØ�uølc¡�if"
~X, XJCþlambda�"��Ò�§D��"�

�, �^µ

if(is.na(lambda)) lambda <- 0.5;

q'X�O��þx�­éê, ù�k3��Ñ�
��éêÑ���âU��, ÏdI�ku�µ

if(all(x>0) && all(log(x))>0) {

y <- log(log(x));

print(cbind(x,y));

} else {

cat(’Unable to comply\n’);

}

5¿“&&”L«“�”, §´��á´$�Î, =1�

�^��b�ÒØO�1��^�, XJØù�d

~¥O�éêÒ�±kÃ��"3^�¥��±

^“||”(ü�ëY�ç�ÎÒ)L«“½”, §�´á´

$�Î, �1��^��ý�ÒØ2O�1��^

�"
5µéuO�­éê�¯K���äall(x>1)��

±, ~f´�
`²á´�"
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3^S?§S��½���OPS´���þ�ó,
A�¤kö�Ñ´é�þ?1�"
S¥�if�é%

´�����~	, §��ä^�´Iþ�ý�½b

�"'X, ·��½Â��©ã¼êf(x), �x���
�£1, ÄK�£0, êþ�±��^if�é¢yXeµ

if(x>0) 1 else 0

�x´Iþ�ù�½Â´k��, �´�gCþx´�

��þ�, '��(J�´���þ, ù�^�Ã{
¦^"¤±, ù�©ã¼êATù�?§µ

y <- numeric(length(x))

y[x>0] <- 1

y[x<=0] <- 0

y

kõ�if�é�else��C����é"�±¦
^“if · · · else if · · · else if · · · else · · ·” �õ­�ä(
�L«õ©|"õ©|��±¦^switch()¼ê"

6.8.2 ÌÌÌ���(((���

Ì�(�¥~^�´forÌ�, ´é���þ½�L�
Åg?n, �ª�“for(name in values) L�ª”, Xµ

s <- 0

for(i in seq(along=x)){

cat(’x(’, i, ’) = ’, x[i], ’\n’, sep=’’);

s <- s+x[i];

}
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ù � ~ f · � I � ¦ ^ e I � �, ¤ ±

^seq(along=x))¤
x�eI�þ"XJØI�e

I��, �±��Xd¦^µ
s <- 0

for(xi in x){

cat(xi, ’\n’)

s <- s + xi

}

� ,, X J � ´ � ¦ � � � � Ú, � � N
^sum(x)=�"lùp·���±wÑ, wª�Ì�
²~´�±;��, |^¼êéz���O��!¦
^sum�ÚO¼ê9apply!lapply!sapply!tapply�
¼ê  �±�OÌ�"Ï�Ì�3S¥´éú

�(S-PLUSÚRÑ´)º�ó), ¤±A¦�U;�¦
^wªÌ�"
·�2Þ��~f"'X,·��O�Ó)F�V

Ç"b���k365�)F(��Ä�!F), 
��
)F�VÇ´���(ùp�Ñ
cc��¹±9�
U�3�Ñ)FÏ©Ù�Øþ!)"����kn�
<, �n�u�u365���ü�<)F�Ó´7,

�m"�n�u365�, ·��±O�Pr{��kü<

Ó)F}= 1 - Pr{n�<)F*dØÓ}, ù�, n�
<�)F���ê�365n, 
n�<*dØÓ��U

ê�365¥�n��ü�ê, *dØÓ�VÇ�365 ×
364 × · · · × (365 − (n − 1)) = 365!/(365 − n)!"Ïd,
�
O�n=1, 2, . . . , 364��¹e�Ó)FVÇ, �
±^XeÌ�¢yµ

x <- numeric(364)

for(n in 1:364){
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x[n] <- 1

for(j in 0:(n-1)){

x[n] <- x[n] * (365-j)/365

}

x[n] <- 1 - x[n]

}

ùã§S$1
31¦"·��±¦þ^�þ$�5
¢y, �Ý�¯�õµ

x <- numeric(364)

for(n in 1:364){

x[n] <- 1 - prod((365:(365-n+1))/365)

}

ùã§S�^
Ø�1¦"5¿ØU���O�365!,
ù¬�Ñê�L«��"

,	�5¿¦^for(i in 1:n)�ª�OêÌ���;

���~��Ø, =�n�"½Kê�1:n´��l�

���Ì�, 
·�²~I��´�n�"½Kê�
ÒØ?\Ì�"���ù�:, �±3Ì�	��ä
Ì�(å�´Ä�um©�"

whileÌ�´3m©?�äÌ�^���.Ì�,
Xµ

while(b-a>eps){

c <- (a+b)/2;

if(f(c)>0) b <- c else a <- c

}

´�ã�©{)�§�§S, �¦¼êf(x)´üNþ

,�"�±éN´/rù�§S?U¤#Nf(x)üN
eü"
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��±¦^
repeat L�ª

Ì�, 3Ì�NS^breakaÑ"
3��Ì�NS^nextL�ª�±?\e�ÓÌ

�"
©|ÚÌ�(�Ì�^u½Â¼ê"

6.9 S§§§SSS���OOO

éuE,�
�O�¯K·�AT?�¤¼ê"ù

���Ð?´?��g�±­E¦^, ¿��±éN

´/?U, ,	�Ð?´¼êS�Cþ¶´ÛÜ�,
$1¼êØ¬¦¼êS�ÛÜCþ�����c�
ó��m, �±;�3�pG�e��D�½Âéõ
Cþ¦�ó��m,ÏÃÙ"

6.9.1 óóó������mmm+++nnn

c¡·�®²J�, S3$1��±��Cþ|¢´

»L, �Ö�,Cþ��g3d´»L¥�é, �£
é��1��¶�CþD��3|¢´»�1��
 �D�"�´, 3¼êSÜ, |¢´»L1�� 
�´ÛÜCþ¶�m, ¤±CþD�´ÛÜD�, �

D��Cþ�3¼ê$1Ïmk�"
^ls()¼ê�±�w�có��m���CþÚ¼

ê, ^rm()¼ê�±GØØ���é�"Xµ

> ls()

[1] "A" "Ai" "b" "cl" "cl.f" "fit1" "g1" "marks" "ns"

[10] "p1" "rec" "tmp.x" "x" "x1" "x2" "x3" "y"

> rm(x, x1, x2, x3)
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> ls()

[1] "A" "Ai" "b" "cl" "cl.f" "fit1" "g1" "marks" "ns"

[10] "p1" "rec" "tmp.x" "y"

ls()�±�½��patternëê, dëê½Â��
���ª, ��£ÎÜ�ª�é�¶"�ª�ª
´UNIX¥grep��ª"'X, ls(pattern=”tmp[.]”)�
±�£¤k±“tmp.”mÞ�é�¶"

rm()�±�½��¶�list�ëê�Ñ�íØ�é
�¶, ¤±rm(list=ls(pattern=”tmp[.]”))�±íØ¤k
±“tmp.”mÞ�é�¶"

6.9.2 ¼¼¼êêê½½½ÂÂÂ

S¥¼ê½Â����ª�“¼ê¶<- function(ëê
L) L�ª”"½Â¼ê�±3·-1?1, ~Xµ

> hello <- function(){

+ cat("Hello, world!\n")

+ cat("\n")

+ }

> hello

function(){

cat("Hello, world!\n")

cat("\n")

}

¼êN���EÜL�ª, �L�ª��m^�1
½©Ò©m"Ø�)ÒN^¼êw«¼ê½Â, 
Ø

´N^¼ê"
3·-1Ñ\¼ê§SéØ�B?U, ¤±·�

��´�m��Ù¦�?6§S(XWindows�P

¯�), Ñ\±þ¼ê½Â, ��©�, 'X���

C:\work\hello.r, ·�Ò�±^
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> source("c:\\work\\hello.r")

$1©�¥�§S"¢Sþ, ^source()$1�§S
Ø�u¼ê½Â, ?ÛS§SÑ�±^ù«�ª?Ð
2$1, �J�3·-1��Ñ\Ä��Ó, �ØL
ØgÄw«L�ª�"

éu��®k½Â�¼ê, �±^fix()¼ê5?U,
Xµ

> fix(hello)

ò�m��?6I�w«¼ê�½Â, ?U�'4I

�¼êÒ�?U
"fix()N^�?6§S"��P

¯�, �±^“options(editor=”?6§S¶”)”5�½
gCU��?6§S"

¼ê�±�ëê, �±�£�, ~Xµ

larger <- function(x, y){

y.is.bigger <- (y>x);

x[y.is.bigger] <- y[y.is.bigger]

x

}

ù�¼êÑ\ü��þ(�Ó�Ý)xÚy, ,�rx¥

'yéA������O��y¥éA��, �£y�
�"S�£��¼êN�����L�ª��, Ø

I�¦^return()¼ê"ØL, ��±¦^“return(é
�)”¼êl¼êN�£N^ö"
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6.9.3 ëëëêêê(gggCCCþþþ)

¼ê�±�Jëê(/ªgCþ)"S¼êN^�ªé
(¹, ~X, Xe¼êµ

fsub <- function(x, y) x-y

kü�JëêxÚy, ·�^§O�100 − 45, �±

N ^fsub(100,45), ½fsub(x=100,y=45), ½fsub(y=45,
x=100), ½fsub(y=45, 100)"=N^�¢ë�Jë�
±UgS(Ü, ��±���½Jë¶(Ü"¢ëk

��½
¶i�Jë(Ü, vk�½¶i�UgS�
�e�Jë(Ü"

¼ê3N^��±Ø�Ñ¤k�¢ë, ùI�3½
Â��Jë�½"��"~Xþ¡�¼êU�µ

fsub <- function(x, y=0) x-y

K N ^ � Ø 
 � ± ^ ± þ � � ª N ^	� � ±

^fsub(100), fsub(x=100)��ªN^, ��Ñvk"

���¢ë"
=¦vk�Jë�½"����±3N^��Ñ

,�Jë, ,�¼êNS�±^missing()¼ê�äd

Jë´ÄkéA¢ë, Xµ

trans <- function(x, scale){

if(!missing(scale)) x <- scale*x

#############
}

d¼ê��
scale���égCþx¦±d�, ÄK

�±��"ù«^{3Ù§�ó¥´4Ù���,
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S�±¢yù�:´Ï�S�¼êN^3^�ëê�
��â�O�ù�ëê��(¡�“Bý¦�”), ¤±

�±3N^�"�,
ëê
Ø�áý"
S¼ê��±k��AÏ�“...”Jë, L«¤kØ

U���¢ë, N^�XJkI��Ù§Jë(Ü�
¢ë7L^“Jë¶=”��ªÚ\"~Xµ

> f <- function(...){

+ for(x in list(...)){

+ cat(min(x), ’\n’)

+ }

+ }

> f(c(5,1,2), c(9, 4, 7))

1

4

6.9.4 ���^̂̂���

¼ê�Jë��´U�D4�, UCJë��ØUU
CéA¢ë��"~Xµ

> x <- list(1, "abc")

> x

[[1]]

[1] 1

[[2]]

[1] "abc"

> f <- function(x) x[[2]] <- "!!"

> f(x)

> x

[[1]]

[1] 1

[[2]]
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[1] "abc"

¼êNS�Cþ�´ÛÜ�, é¼êNS�CþD
��¼ê(å$1�Cþ�ÒíØ
, ØK��5Ó

¶Cþ��"~Xµ
> x <- 2

> f <- function(){

+ print(x)

+ x <- 20

+ }

> f()

[1] 2

> x

[1] 2

ù�~f¥�5k��Cþx��2, ¼ê¥�C

þxD�20, �¼ê$1���5�x�¿�Cz"�
´��5¿, ¼ê¥�w«¼êN^�ÛÜCþx�
vkD�, w«�´�ÛCþx��"ù´S?§'�
N´Ñ¯K�/�µ\^�
��ÛÜCþ��, \

vk¿£�ù�ÛÜCþ�vkD�, 
§S%vk
Ñ�, Ï�ù�Cþ®k�Û½Â"

6.9.5 §§§SSSNNNÁÁÁ

S-PLUSÚR8c�Ø�Ù§Ì6§S�O�ó@�

äküÚ�l!��ä:!*	L�ª�r§�N
ÁõU"NÁE,�S§S, �±^�
Ï^�§S
NÁ�{, ,	S�Jø
�
NÁ^¼ê"

é?Û§S�ó, �Ä��NÁÃã�,´3I�

�/�w«Cþ��"�±^print()½cat()w«"
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~X, ·��
NÁc¡½Â�larger()¼ê, �±w

«ü�gCþ��9¥mCþ��µ

larger <- function(x, y){

cat(’x = ’, x, ’\n’)

cat(’y = ’, y, ’\n’)

y.is.bigger <- (y>x);

cat(’y.is.bigger = ’, y.is.bigger, ’\n’)

x[y.is.bigger] <- y[y.is.bigger]

x

}

SJø
��browser()¼ê, �N^�§S6Ê, �
±^ls()�ÑÛÜCþ, ^r�±�wCþ½L�ª
��, ��±?UCþ"~Xµ

larger <- function(x, y){

y.is.bigger <- (y>x);

browser()

x[y.is.bigger] <- y[y.is.bigger]

x

}

·�$1d§Sµ

> larger(c(1,5), c(2, 4, 9))

Called from: larger(c(1, 5), c(2, 4, 9))

Browse[1]> x

[1] 1 5

Browse[1]> y

[1] 2 4 9

Browse[1]> y>x

[1] TRUE FALSE TRUE

Browse[1]> x[y.is.bigger]

[1] 1 NA

Browse[1]> c

[1] 2 5 9
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ò ÑR�browser()è ü � ^c(3S¥ ^return())"
3R�browser()G � e ^n· - � ±?\ ü Ú �1
G�, ^n½ö£��±UY, ^c�±òÑbrowser,
^Q�±�£�·-1G�"

RJ ø 
 � �debug()¼ ê, debug(f)� ± � m é
¼ êf()� N Á, �1� ¼ êf� g Ä?\ ü Ú

�1�browser()è ü, £ �Ò� ± ü Ú �1"
^undebug(f)'4NÁ"

6.9.6 §§§SSS���OOOÞÞÞ~~~

�OS§S´éN´�, 3ÐÆ�·���¦^·�

l��§S�O¥Æ5��£¿¿©|^S¥y¤�
�«�{9±ã¼êÒ�±
"�´, XJ�^S?

�O�þ���§S, ½ö§SI�uL, ÒI�5
¿�
S§S�O�E|"

^S�ómu�{, �­���:´�P4S´��
�þ�ó, O�AT¦þÏL�þ!Ý
$�5?
1, ½ö¦^SJø�y¤�¼ê, ;�¦^wªÌ
�"wªÌ�¬��ü$S�$��Ý, Ï�S´)º
�1�"

~~~1. 'X, �ÄØ£8¯K"Ø£8´�ëê£
8��«, b�CþY �CþX�m�'X�µ

Y = f (X) + ε

Ù ¥ ¼ êf��"* ÿ �XÚY� � | � �Xi, Yi,
i=1,...,n�, éf��«�O�µ

f (x) =
n∑

i=1
K

(
x−Xi

h

)
Yi

/
n∑

i=1
K

(
x−Xi

h

)
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Ù¥K��Ø¼ê, ��´���K�ó¼ê, �:
?�¼ê���, 3üý×�ªu""~X���Ý
¼ê, ½¤¢Vng¼êØµ

K(x) =


(
1− |x|3

)3 |x| ≤ 1

0

¼êdensity()�±?1Ø£8�O, ùp��Þ~
·�éù��{?1?§"k5?�VngØ¼ê
�§Sµ

kernel.dcube <- function(u){

y <- numeric(length(u))

y[abs(u)<1] <- (1 - abs(u[abs(u)<1])^3)^3

y[abs(u)>=1] <- 0

y

}

5¿þ¡©ã¼êØ^if�é
´æ^Ü6�þ�e

I��{, ù�½ÂÑ�¼ê#N±�þÚê|�g
Cþ"

b�·��xÑØ�O­�, ��·�����
���Xi���Ó��må�þx,�O��OÑ
�f (x)��"�*ÿêâgCþ��3�þX¥, Ï

Cþ��3�þY¥, KU·����§S�Og´,
�±�¤e¡�S§Sµ

kernel.smooth1 <- function(X, Y, kernel=kernel.dcube,

h=1, m=100, plot.it=T){

x <- seq(min(X), max(X), length=m)

fx <- numeric(m)

for(j in 1:m){

# O�1j��må:�£8¼ê�O�

fx[j] <- sum(kernel((x[j]-X)/h)*Y) /
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sum(kernel((x[j]-X)/h))

}

if(plot.it){

plot(X, Y, type="p")

lines(x, fx)

}

cbind(x=x, fx=fx)

}

5¿þ¡§S¥^
sum¼ê5;��­éi�Ì
�"�´, þ¡��{¥Ek�­éj�Ì�, ¦�
§S$1�ú"XÛU�§Srù�Ì����

Qº�{´rO�w¤´Ý
$�"Äk, XJx´
��Iþ, Kf(x)�±�¤µ

f (x) = (K · Y )/(K · 1)

Ù ¥K = K
(

x−X
h

)
´ � � �X� Ý � �(= � Ý

�n)�1�þ, 1´��1"y3, x¢S´���Ý
�m��þ, éx�z�����±O����Ý
�n�1�þK

(
x[j]−X

h

)
, rù
1�þþeÜ¿��

�Ý
K(m × n), KKY��Ý�m��þ, z��
��éAu��x[j]"Ü¿�Ý
�±^S�outer()¼
ê5O�µ

f <- function(u, v, kernel, h) kernel((u-v)/h)

K <- outer(x, X, f, kernel=kernel, h=h)

# outer()�1��gCþéAu(JÝ
�1,

# 1��gCþéAu�

©1�
�z�1�Ú��éKm¦1, u´(J
��O��þ�µ
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fx <- (K %*% Y) /

(K %*% matrix(1,ncol=1,nrow=length(Y))

ù �?Ukernel.smooth1� ± � � �°{ � ¼
êkernel.smooth2"

Ø£8¥I°h�ÀJ´'�J�, ·���Ø
£8¼êAT#N^rÑ\h����þ, é�þ
¥z��I°O��^[Ü­�¿x3ã¥, (J
��¼ê�£����"Öö�±��öS¢y

ù�¼ê, ¿�[XÚY�*ÿ,�xØ�O­�,
f (x)^sin(x)"éh·��U7L^Ì�5?n
"

~~~2. Daubechies�Å¼êO�

�Å´Cc5��2�5¿���êÆóä, �±
A^u�«êÆ©Û¯K"�Å¥��­��¼ê

��ºÝ¼ê(scale function), §÷v¤¢VºÝ�
§µ

φ(x) =
√

2
∑
k

hkφ(2x− k)

�«AÏ�ºÝ¼ê´�3k�«mþ�"�, ��
;|8�";|8ºÝ¼ê�±3�½{hk}�^±
eS�úª)¤µ

η0(x) = I[−0.5,0.5](x)

ηn+1(x) =
√

2
2N−1∑
k=0

hkηn(2x− k)

Ù ¥N´ � � ê, N=2�h0=0.482962913145,
h1=0.836516303738, h2=0.224143868042, h3 =
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−0.129409522551" ® �φ(x)� | 8(Ø � " � «
m)�[0, 2N−1], ηn(x)�|8�¹u[−0.5, 2N−1]¥"
��~f, ·�5?�O�φ(x)�S§S"

(1)Ï�φ(x)´¼ê, ¤±·��U��x3φ(x)�
|8¥��
�m�:þ�¼ê�"�
^S�O

�ù
�, ·�k�Ñ�{�S��è(Ä�§S(�
¦^S�{�,
E,ö�^g,�ó£ã)µ

Daubechies.phi <- function(nsample=256, nrep=20){

# nsample --- I�O��:��ê

# nrep --- S�gê

x <- I�O��x�I�þ
N <- 2

h <- c(0.482962913145, 0.836516303738,

0.224143868042, -0.129409522551)

y0 <- �þ, ��eta(x)3n=0��Ð�,

�x3[-0.5, 0.5]S��1,Ù§�0

for(r in 1:nrep){ # S�=Ì�

y <- �x�Ý�Ó�0�þ
for(k in 1:(2*N-1)){ # O�úª¥�¦Ú

yk <- eta(.)3gCþ�2x-k?��*sqrt(2),

^þ�Ú�y05L�

y <- y + yk

} # for k

y0 <- y # r#�eta(.)�?y0¥
# ��e�ÚS��m©�

} # for r

rxÚy��3x3[0, 2*N-1]¥�Ü©
�£xÚy��(x[i], phi(x[i])

}

(2)e¡·�ÅÚ[zù��{, ¿�âI�é�

{?17��?U"�x[i]=a+(i-1)/(nsample-1)*(b-
a), ·�uy, ù��{¥'�¯K´XÛr2x− k?

�¼ê�ly0¥��"n���¹´2*x[i]-kTÐ

ÚO^��§



§6.9 S§S�O 359

�u,��x[j], ù�eta(2*x[i]-k)=eta(x[j])=y0[j]"X

J2*x[i]-k3ü�x[j]�m, �±��C���x[j],�

¦^y0[j]"²Á�, ù���{ØU�yS�Âñ"
¤±, ATN��{¦�z��2*x[i]-kÑTÐá3,

�x[j]þ¡"ù�¦

2a +
2(i− 1)

n− 1
(b− a) = a +

j − 1

n− 1
(b− a)

Ù¥n�æ�:ê"í��

j = 1 + 2(i− 1)− (k + 1)
n− 1

b− a

¤±��n − 1U�b − a�Ø=�"�d, �a = −1,
b = 2N − 1, n = 1 + (2N)m, m��ê"�´, ù��

�n�:�¹
«m[−1, 0), 3���(J¥´�¿
ï�, ¤±XJæ����nsample�:�{AT�
yn*(2N-1)/(2N)�u�unsample"

(3) XJ7L�¦U�½�æ�:ê�(J�{�
±^�5��5��¤I�(J"�5���¼ê

�approx(x, y, n), Ù¥(x, y)�����Ñ:(ü��

þ), n´�¦�æ�:ê(lx��������þ!

æ�)"
(4) ���§SXeµ

# S-examp2.r

# Daubechies S�k�|8���ÅÄ�E

Daubechies.phi <- function(nsample=256, nrep=20,

plot.it=T, debugging=F,

nsample.exact=F){

# nsample: æ�:ê
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# plot.it: ´Äzg±ã

# debuggin: ´ÄÑÑNÁ&E

# nsample.exact: ´Äî��¦æ�:ê.

# �FALSE��±·���.

# 5¿: ¤keta(x)�| �¿8�[-0.5, 2N-1],

# ��
S��O��:Ñá3æ�:þ¤±�r

# �à:��-1, ræ��ê·���.

N <- 2

a <- -1

b <- 2*N-1 # æ�«m[-1, 2N-1]

ns <- ceiling((nsample*(2*N)/(2*N-1)-1)/(2*N))*(2*N) + 1

# ns: #�æ�:ê

m <- (ns-1)/(2*N)

# m: phi(x)�æ��Ý(x¶zü kõ��:)

h <- c(0.482962913145, 0.836516303738,

0.224143868042, -0.129409522551) * sqrt(2)

x <- seq(from=-1, to=2*N-1, length=ns)

# x: phi(x)�æ� �
y0 <- numeric(ns) # Ð©¼ê

cond1 <- (x>=-0.5 & x<=0.5)

y0[cond1] <- 1.0

y0[!cond1] <- 0.0

for(r in 1:nrep){ # S�gê

if(debugging && plot.it){

plot(x, y0, type="l", main=paste("Iteration", r))

#locator(n=1)

}

y <- numeric(ns) # S�(J
for(k in 0:(2*N-1)){

# ÄkO�eta(2x-k),

# 
xéAua, a+1/m, a+2/m, ..., b=a+(ns-1)/m

# �ns�:, ·���éÑ2x-kéA�eI=�.

# ù
eIp¡k
´Ñ.�,

# ��é31�nsS�=�.

yk <- numeric(ns) # ��eta(2x-k)

i <- seq(along=x)
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j <- 2*i - 1 - (k+1)*m

cond2 <- (j>=1) & (j<=ns)

yk[cond2] <- y0[j[cond2]]*h[k+1]

y <- y + yk

} # k

y0 <- y # #�S�Ð�
} # r

xphi <- x[(1+m):ns]

yphi <- y[(1+m):ns]

ns <- ns - m

# �cphi(x)l0�2N-1æ���ê.

# �K
[-1, 0)�m�:

if(plot.it){

plot(xphi, yphi, type="l",

main=expression(phi(x)), xlab="x", ylab="")

abline(h=0)

}

if(nsample.exact){

# 7L�¦nsample�:.

# ¦^�5��(approx, approxfun)

# ½�^��(spline, splinefun)

xy1 <- approx(xphi, yphi, n=nsample)

xphi <- xy1$x

yphi <- xy1$y

}

invisible(list(xphi=xphi, yphi=yphi))

}

(J�ã6.3"
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0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.
0

0.
5

1.
0

φ(x)

x

ã 6.3: N=2�Daubechies�ÅºÝ¼ê

6.10 ããã///

6.10.1 ~~~^̂̂ããã///

Skér�ã/õU, §�±^{ü�¼êN^×�

�Ñêâ��«ã/, �\ÙG
Sã/�Eâ��
��±�½Nõã/À�UgC��¦½�ã/"
§�,��AÚ´Ó��±ã¼êéØÓ�êâé
��±�ÑØÓ�ã/"~X, ^6.1.2Ö\�clêâ
µµ

> attach(cl)

> plot(Height)

> plot(Sex)

1 � �plot()± � � p � Ñ : ã(ã6.4), 1 �
�plot()±�5Oªê^/ã(ã6.5)"
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ã 6.4: �pÑ:ã

F M
0

2
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6
8
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ã 6.5: 5Oªê^/ã

� ~ ^ � ± ã ¼ ê�plot(), ^plot()� ü � C

þx�y�Ñ:ã, ¦^Xe~��{µ

> plot(Height, Weight, main="N­é�p�£8",

+ xlab="�p", ylab="N­")

�ã6.6"þ~�ü«
S¥XÛÑ\����éµ
���é²w/��¤('X, "m)Ò), XÚò�
Ñ��\Ò��Y1J«"XJÑ\“x <- 1+2”��


1, �±3D�Ò�
, �±3\Ò�2�m
, �
´XJ3x�
K�Uw«x��c�, XJ31�\

Ò�m
�Ur1D�x"
�
±�ë�ã, ��3plot()¼ê¥\type=”l”À

�, Xµ

> plot(((-50):50)/25, (((-50):50)/25)^3, type="l")

�ã6.7"�±±�Cþ�ª�ã, Xµ
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ã 6.6: N­é�pÑ:ã

−2 −1 0 1 2

−
5

0
5

((−50):50)/25

((
(−

50
):

50
)/

25
)^

3

ã 6.7: ngõ�ª­�

> stem(Height)

The decimal point is 1 digit(s) to the right of the |

5 | 1

5 | 67789

6 | 033344

6 | 557779

7 | 2

±���Cþ�Ý/ã, Xµ

> boxplot(Weight)

(J�ã6.8"�±±�A�Cþ¿ü�Ý/ã, '

XkO�WeightéHeight�£8r[Ü(J�\p1,
,�±�¿üÝ/ãµ

> fit1 <- lm(Weight ~ Height)

> p1 <- predict(fit1, cl)
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55
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ã 6.8: N­�Ý/ã ã 6.9: ¿üÝ/ã

> boxplot(list("N­"=Weight, "ý�"=p1))

�ã6.9"^hist()¼ê�±±���ã"~Xµ

> hist(Weight)

Histogram of Weight

Weight

F
re

qu
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cy

40 60 80 100 120 140 160

0
2

4
6

8

ã 6.10: N­���ã

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

−2 −1 0 1 2

60
80

10
0

12
0

14
0

Normal Q−Q Plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

ã 6.11: N­���VÇã
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�ã6.11"^qqnorm()¼ê±���VÇã, Xµ

> qqnorm(Weight)

> qqline(Weight, col="red")

�ã6.11"

6.10.2 ppp???ããã///¼¼¼êêê

S�ã/¼ê©�üaµp?ã/¼ê–��±�ã

/¿�gÄ)¤�I¶�Náã/��¶$?ã/
¼ê–�±?U®k�ã/½ö�±ã5½�
ÀJ

�"p?ã/¼êo´m©��#ã"e¡·�0
�~^�p?ã/¼ê, ±9^5?»ù
p?ã/
¼ê�~^�Àëê"

�~^�´plot()¼ê"'X, plot(x,y)(Ù¥x, y´
�þ)éü�CþxÑ:ã"^plot(z)(Ù¥z´��
½Â
xCþÚyCþ��L, ½ö��ü��Ý

)��±��Ó�8�"XJx´���mS�é
�(�mS�é�^ts()¼ê)¤), plot(x)±��mS
�­�ã"XJx´��ÊÏ�þ, K±�x��éÙ

eI�Ñ:ã"XJx´Eê�þK±�JÜé¢Ü

�Ñ:ã"XJf´��Ïf, Kplot(f)±�f�^/
ã(z�ÏfY²��ê)"XJf´Ïf, y´Ó�Ý
�ê��þ, Kplot(f,y)éf�z�ÏfY²±�y¥�

Aê��Ý/ã"XJd´���kê�.êâ�
êâµ, Kplot(d)éd�zü�Cþ�m�ã(Ñ:ã

�)"
XJX´��ê�.Ý
½êâµ, ^pairs(X)�±

±�zü��m�Ñ:ãÝ
"ù3Cþ�êØ�
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õ��±Ó�w�õ�Cþ�üü'X, Cþ�õ�
KJ±±�"
�Óã(coplot)´�«õCþ�&¢5©Ûã/"

Ù/ª�coplot(y ∼ x | z), Ù¥xÚy´ê�.�þ,
z´Ó�Ý�Ïf"éz�z�Y², ±��A|
�xÚy�Ñ:ã"X:

> attach(cl)

> coplot(Weight ~ Height | Sex)
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ã 6.12: ±5O�^��N­é�
p�Ñ:ã

x

y

z

ã 6.13: �����Ý­¡

�)ã6.12, éØÓ5O©O±�
N­é�p�
Ñ:ã"XJz´��ê�.Cþ, Kcoplot()kéz�
��©|, ,�éz�z�|��©O±ã"$��
±^Xcoplot(y∼ x | x1+x2)L«éx1Úx2�z�Y

²|Ü±ã"coplot()Úpairs()¼ê"�±�Ñ:ã,
��±^��panel=ëê�½Ù§�$?±ã¼ê,
Xlines, panel.smooth�"
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qqnorm(x), qqline(x), qqplot(x,y)�© ê-© ê
ã"qqnorm(x)é�þx���VÇ(p¶�gSÚO

þ�, î¶�éATgSÚOþ�IO��©Ù

© ê�)"qqline(x)3qqnorm(x)ãþ¡x�^[Ü
­�"qqplot(x,y)rxÚy�gSÚOþ©Ox3x¶

Úy¶±'�ü�Cþ�©Ù"
hist(x)� � þx� � � ã"" � � g Ä ( ½ ©

|, � � ± ^nclass=ë ê � ½ © | � ê, ½ ö

^breaks=ë ê � ½ � � © | : � þ"X J � ½

prob=TKp¶w«�Ý�O"

S��±�n�ã!���ãÚ��Úã, ¼ê
�persp(), contour() Úimage(), X:

−3 −2 −1 0 1 2 3

−
3

−
2

−
1

0
1

2
3

ã 6.14: ���ã ã 6.15: ��Úã

x <- seq(-3,3, length=100)

y <- x

f <- function(x,y,ssq1=1, ssq2=2, rho=0.5){

det1 <- ssq1*ssq2*(1 - rho^2)

s1 <- sqrt(ssq1)
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s2 <- sqrt(ssq2)

1/(2*pi*det1) * exp(-0.5 / det1 * (

ssq2*x^2 + ssq1*y^2 - 2*rho*s1*s2*x*y))

}

z <- outer(x, y, f)

persp(x, y, z)

contour(x, y, z)

image(x, y, z)

�ã6.13, ã6.14, ã6.15"

6.10.3 ppp???ããã///¼¼¼êêê���~~~^̂̂ÀÀÀ���

p?ã/¼êk�
�Ó�À�, ��¼ê��Àë

ê(gCþ)"~Xµ

> plot(x, main="Graph of x")

Ù¥�mainÒ´���Àëê, ^5�½ã/�I

K"vkdÀ��ã/ÒvkIK"L6.1�Ñ
ù

��À�"

6.10.4 $$$???ããã///¼¼¼êêê

p?ã/¼ê�±×�{B/±�~�a.�ã/,
�´, ,
�¹e\�UF"±��
kAÏ�¦�
ã/"'X, \F"�I¶UìgC��O±�, 3

®k�ãþO\,�|êâ, 3ã¥\\�1©�5
º, ±Ñõ�­��L�êâ�I\, ��"$?ã

/¼ê4\3®k�ã�Ä:þ?1V\"
L6.2�Ñ
~^�$?ã/¼ê"
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L 6.1: p?ã/À�
add=T ¦¼ê�$?ã/¼ê@�Ø´m©��#ã/
´3�ã

Ä:þV\"
axes=F 6Øx�I¶, ���±^axis()¼ê�°(/5½�I¶�

x{""��´axes=T, =k�I¶"
log=”x”
log=”y”
log=”xy”

rx¶, y¶½ü��I¶^éê�Ý±�"

type=
type=”p”
type=”l”
type=”b”
type=”o”
type=”h”
type=”s”
type=”S”
type=”n”

5½±ã�ªµ
±:
x�

±:¿3¥m^�ë�
±:¿x�BL�:
l:�î¶xR�

�F¼ê¶�ëY
�F¼ê¶mëY
Øx?Û:!�, �Ex�I¶¿ïá�IX, ·^u�¡

^$?ã/¼ê�ã"
xlab=”i Î
G”
ylab=”i Î
G”

½Âx¶Úy¶�I\""��¦^é�¶"

main=”i Î
G”

ã/�IK"

sub=”iÎG” ã/��IK, ^��iNx3x¶e�"

$?ã/¼ê��I��½ �&E, Ù¥��I

��´¤¢^r�I, =c¡�p?ã/¼ê¤ïá
��IX¥��I"�I�±^ü��þxÚy�Ñ,
��±d��ü��Ý
�Ñ"XJ�p�ã�±

^e¡0��locator()¼ê5�p/lã/¥��Ñ
\�I �"
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L 6.2: $?ã/¼ê
points(x,y)
lines(x,y)

3�cã/þU\�|:½�"�±¦^plot()�type=ë

ê5�½±��{, "��points() x:,lines()x�"
text(x,y, la-
bels, ...)

3 d � IxÚy� Ñ �   � I Ñ dlabels� ½ � i Î
G"labels�±´ê�.½iÎ.��þ,labels[i]3x[i],y[i]?
IÑ"

abline(a, b)
abline(h=y)
abline(v=x)
abline( lm.obj)

3 � c ã/þ x � ^ � �"ü � ë êa, b© Ù � Ñ�
åÚ�Ç"� ½h=ë ê � ± � Y ² �,� ½v=ë ê � ±
�R��"±�����¦[Ü(Jlm.obj��ëê�
dlm.obj�$coefficients ¤
�Ñ����åÚ�Ç"

polygon(x, y,
...)

U�þx�Ñ�î�IÚ�þy�Ñ�p�I(½º:±�

õ>/"�±^col=ëê�½��ôÚW¿õ>/SÜ"
legend(x, y,
legend, ...)

legend¼ê^53�cã/��½�I �±�ã~"ã~
�`²©id�þlegendJø"��e¡�v���Ñ±(

½�é�oã~?1`², v´�Ý�legend�Ó��þ"
legend(, an-
gle=v)

angleëê�½A«ÒK��"

legend(, den-
sity=v)

densityëê�½A«ÒK�Ý"

legend( ,
fill=v)

fillëê�½A«W¿ôÚ"

legend(, col=v) colëê�½A«ôÚ"
legend(, lty=v) ltyëê�½A«�."
legend(,
pch=v)

pchëê�½A«Ñ:ÎÒ"�iÎ.�þ"

legend(,
marks=v)

marksëê��½A«Ñ:ÎÒ,�¦^Ñ:ÎÒê��

Ò,�ê�.�þ"
title(main,
sub)

±�dmain�½�IKÚdsub�½��IK"

axis(side, ...) ±��^�I¶"ù�c�±ã¼ê7L®²^axes=FÀ
�³�
gÄ��I¶"ëêside �½3=�>±��I

¶,���1�4,1�e>,,�_��ê"�±^at=ëê�½
�Ý �,^labelsëê�½�Ý?�I\"
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6.10.5 ���pppããã///¼¼¼êêê

S�$?ã/¼ê�±3®kã/�Ä:þV\#S

N, ,	, S�Jø
ü�¼êlocatorÚidentify�±4

^rÏL3ã¥^àI:Â5(½ �"
¼êlocator(n, type)$1�¬Êe5��^r3

ã¥:Â, ,��£ã/¥àI:Â� ���
I"��:Â�^àIm�:Â�±ÀJÊ��
�, á=�£"ëên�½:Âõ�g�gÄÊ�,
"��500g¶ëêtypeXJ¦^K��½±:a.,
�plot()¼ê¥�typeëê^{�Ó, 3àI:Â?±
:(�!R�, ��)"locator()��£�´���L,
kü�Cþ(��)xÚy, ©O��:Â ��î�I

Úp�I"
~X,�
3®²±��­�ã¥é���/�I

þ�1©�, ��¦^Xe§Sµ
> text(locator(1), "Normal density", adj=0)

text()¼ê�adjëê^��êiL«©�G�é
u�½��I�x{, adj=0L«�½�I�©�G

�ý��I, adj=1L«�½�I�©�Gmý��
I, adj=0.5L«�½�I�©�G¥m��I"

¼êidentify(x, y, labels)3$1��¬Êe5��

^r:Â, ��U
àIm�, ,��£^r3ã/
¥^àI:Â�:�SÒ, :Â�é:Â�:\I

\"ëêxÚy�Ñ�£O���:��I"labelsë
ê�½:Â,�:��3�>±��©�I\, "�
�IÑd:�SÒ, XJ�I��£�
Ø�x?Û
IPK�±3N^d¼ê�\��plot=Fëê"5
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¿identify()�locator()ØÓ, locator()�£ã¥?¿:
Â ���I, 
identify()��£l:Â ��C�
:�SÒ"

~X, ·�3�þxÚy¥keZ�:��I, $1
Xe§Sµ

> plot(x, y)

> identify(x, y)

ù�w«=£�ã/I�, ?\��G�, ^r�±

:Âã¥AO�:, T:�SÒÒ¬3�>IÑ"�

(å, ��üÂm�¿ÀJÊ�"�£(J�\:
Â���:�SÒ"

6.10.6 ããã///ëëëêêê���¦¦¦^̂̂

c¡·�®²w�
XÛ^main=, xlab=�ëê5
5½p?ã/¼ê��
��"3¢S±ã, AO´
±�^uü«½Ñ��ã/�, S^"���±��
ã/  ØU÷v·���¦"�´, SJø
�X

�¤¢ã/ëê, ÏL¦^ã/ëê�±?Uã/w

«�¤k��¡���"ã/ëê�)'u�.!
ôÚ!ã/ü�!©�éà�ª��«��"z�
ã/ëêk��¶i, 'Xcol�LôÚ, col=”red”L

«ùÚ"z�ã/��k�@üÕ�ã/ëê"
��ã/ëê©�ü«µ[È�������"

[È��¦^par()¼ê?1��, ���3òÑc�

��±k�¶����K´3ã/¼ê¥\\ã/
ëê, Xþ¡�~fµ
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> text(locator(1), "Normal density", adj=0)

¥�adjëê"
par()¼ê^5�¯½?U�cã/���ã/ë

ê"XJØ�ëêN^, Xµ

> par()

$adj

[1] 0.5

$ann

[1] TRUE

#################

$ylog

[1] FALSE

(J����L, �L����¶�ã/ëê�¶

i, �����Aã/ëê���"
XJN^��½��ã/ëê¶��þ��ëê,

K��£��½�ã/ëê��Lµ

> par(c("col", "lty"))

$col

[1] "black"

$lty

[1] "solid"

N^��½¶i�ã/ëê¶�k¶ëê, K?U
�½�ã/ëê, ¿�£����Lµ
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> oldpar <- par(col=4, lty=2)

> oldpar

$col

[1] "black"

$lty

[1] "solid"

Ï�^par()?Uã/ëê´�±�òÑ±cÑk
��, 
�=¦´3¼êSd?UE´�Û�, ¤±

·��±|^Xe�.^{, 3�¤?Ö�¡E�5
�ã/ëêµ

> oldpar <- par(col=4, lty=2)

###### (I�?Uã/ëê�±ã?Ö)

> par(oldpar) # ¡E�©�ã/ëê

Ø
�þ¡@�^par()¼ê[È?Uã/ëê,·
���±3A�?Ûã/¼ê¥�½ã/ëê��
k¶ëê, ù��?U´���, �éd¼êå�
^"~Xµ

> plot(x, y, pch="+")

Ò^ã/ëêpch�½
±Ñ:�ÎÒ�\Ò"ù�
�½�éù�Üãk�, é±��ã/vkK�"

6.10.7 ããã///ëëëêêê���)))

�u±�kAÏI��ã/´S���r�, 
¦^
ã/ëê´�¤da?Ö�­�Ãã, ·�3ùp�
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�[/0�S��«ã/ëê"ù
ã/ëê�±�

Nþ©�±e�A��a, ·�ò©O0�µ

• ã/����

• �I¶��I�Ý

• ã/>�

• ��õã

���!!!ããã///������

ã/d:!�!©�!õ>/����¤"e��
ã/ëê^5��ã/���±�[!µ

• pch=”+” � ½ ^ u ± � Ñ : � Î Ò"± �

� :  Ñ p u ½ $ u � ½ � � I �,�
kpch=”.”vkù�¯K"

• pch=4 XJpch���l0�18�m���ê
i,ò¦^AÏ�±:ÎÒ"e~�±w«¤k
AÏ±:ÎÒµ

> plot(c(0, 100), c(0, 100), type="n",

+ axes=F, xlab=’’, ylab=’’)

> legend(10,90, as.character(0:9), pch=0:9)

> legend(50,90, as.character(10:18), pch=10:18)

• lty=2 �½x�^��.""��lty=1´¢
�"l2m©´�«J�"

• lwd=2 �½�o[,±IO�o[�ü "ù

�ëêK�êâ­���°±9�I¶��

°"e~±��u­�ãµ
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> oldpar <- par(lwd=2)

> x <- (0:100)/100*2*pi

> plot(x, sin(x), type="l", axes=F)

> abline(h=0)

> abline(v=0)

> par(oldpar)

• col=2 �½ôÚ,�A^u±:!�!©�!W

¿«�!ã�"ôÚ���±^�”red”,”blue”
ù��ôÚ¶�½"

• font=2 ^5�½iN��ê"��font=1´�

N,2´çççNNN, 3´�N,4´ççç���NNN"

• font.axis, font.lab, font.main, font.sub ©O^5
�½�I�Ý!�I¶I\!IK!�IK¤

^�iN"

• adj=-0.1 �½©��éu�½�I�éà�
ª"�0L«�éà,�1L«méà,�0.5L«Ø
¥"dëê��¢S�L�´Ñy3�½�
I�>�©��'~, ¤±adj=-0.1��J´©
�Ñy3�½�I ��m>¿�Ñ��u©
�10%�Ý�ål"

• cex=1.5 �½iÎ���ê"

���!!!���III¶¶¶������III���ÝÝÝ

Nõp?ã/�k�I¶, ��±kØx�I¶,�
^axis()üÕ\"¼êbox()^5x�I«�o±�µ
�"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



378 18Ù S�ó0�

�I¶�)n�Ü�µ¶�(^lty�±���.),
�Ý�, �ÝI\"§��±^Xe�ã/ëê5�
�µ

• lab=c(5, 7, 12) 1��ê�x¶F"xA��Ý
�,1��ê�y¶F"xA��Ý�,ùü�ê
´ïÆ5�¶1n�ê´�I�ÝI\�°Ý
�õ��iÎ,�)�ê:,ù�ê��¬¦�Ý
I\o�Ê\¤����"

• las=1 �I�ÝI\���"0L«o´²1
u�I¶,1L«o´Y²,2L«o´R�u�I

¶"

• mgp=c(3,1,0) �I¶�Ü�� �"1���

���I¶ ���I¶I\�ål,±©�1
p�ü "1������I¶ ���I�
ÝI\�ål"1n�����I¶ ��¢
Sx��I¶�ål,Ï~´0"

• tck=0.01 �I¶�Ý��Ý,ü ´±ã«�
��,��Ó±ã«��'~"tck�u0.5�x¶

Úy ¶��Ý�òÚ���Ó��Ý"�1�=

x�f�"�K���Ý�x3±ã«��	
¡"

• xaxs=”s”, yaxs=”d” � �x¶ Úy¶ � x ¶ �
{"
���”s”£=standard¤½”e”£=extended¤�
�ÿêâ����3���ÝÚ���Ý�

m"�”e”�XJkêâ:�©�C>�¶��

ÚO^��§
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�¬Ñ�*�"ù«x¶�ªk�¬3¶��

>3e����x"
���”i”£=internal¤½”r”£d�"�¤¦�
�Ý�Ñá3êâ��SÜ,
”r”�ª¤3�>

���"
����”d”�¬£½d�I¶,�Y�ã/Ñ¦
^�§���Ó��I¶, ù3�)¤�X��
'��ã/��ÿ´k^�"�)Ø£½I�

rù�ã/ëê��Ù§�"

nnn!!!ããã///>>>���

S¥��üÕ�ãd±ã«�(±ã�:!��x3

ù�«�¥)Ú��±ã«��>�|¤, >�¥�
±�¹�I¶I\!�I¶�ÝI\!IK!�I

K�, ±ã«�����I¶��"�ã6.16"
>����dmaiëê½marëê��, §�Ñ´o

�����þ, ©O5½e�!��!þ�!m��
>���, Ù¥mai���ü ´=�, 
mai���

ü ´©�1pÝ"~Xµ

> par(mai=c(1, 0.5, 0.5, 0))

> par(mar=c(4, 2, 2, 1))

ùü�ã/ëêØ´Õá�, �½��¬K�,�

�"S"��ã/>�~~��, ±�uk�ã/I

����>�Ó
��ã/�é��Ü©"Ï~·
��±��m>�, ¿�3Ø^IK��±�� �
þ>�"~Xe~�±)¤�©;n�ã/µ
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ã 6.16: ã/>�

> oldpar <- par(mar=c(2,2,1,0.2))

> plot(x,y)

3���¡þxõ�ã�>�gÄ~�, �·� 

 �I�?�Ú~�>�âU¦õ�ãk¿Â"
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ooo!!!������õõõããã

R�±3Ó��¡meZ�U1!�ü��I�, 3

z�I�¥�±��Ìã"z�ãkgC�>�, 

¤kã�	¡�±���“	>�”, �ã6.17"

ã 6.17: ��õã

��õã^mfrowëê½mfcolëê5½, Xµ

> par(mfrow=c(3,2))

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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L«Ó��kn1ü��8�ã, 
�gS�U1W

�"aq/,

> par(mfcol=c(3,2))

5½�Ó�I�(�, �´gS�U�W�, =kW

÷1���n�2W1��"�����õã��

2$1

> par(mfrow=c(1,1))

=�"
"��Ã	>�"�
5½	>���, �±

3par()¥^omiëê½omaëê"omiëê¦^=�

�ü , omaëê±©�1p�ü , ü�ëêþ�
o�����þ, ©O�Ñe!�!þ!m��>�
��"Xµ

> par(oma=c(2,0,3,0))

¼êmtext^53	>�\©iI5"Ù^{�

mtext(text, side = 3, line = 0, outer = FALSE)

Ù ¥text�� \ �©� S N, sideL « 3 = �

>�(1�e, 2��, 3�þ, 4�m), lineL « > �
l p �	ê � 1 A1, � p ¡ � �1´ 10Ò,
outer=TRUE�¦^	>�, ÄK¬¦^�cã�>

�"~Xµ

ÚO^��§
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> par(mfrow=c(2,2), oma=c(0,0,3,0), mar=c(2,1,1,0.1))

> plot(x);plot(y);boxplot(list(x=x,y=y));plot(x,y)

> mtext("Simulation Data", outer=T, cex=1.5)

3õã�¸¥��±^mfgëê5��a�,��
I�, 'X

> par(mfg=c(2,2,3,2))

L«3n1ü��õã�¸¥��a�1�11�
� �"mfgëê��ü�L«õã�¸�1!�

ê, cü�L«�a�� �"
�±Ø¦^õã�¸
��3�¡¥�?¿ �

�)��I�5±ã, ëê�fig, Xµ

> par(fig=c(4,9,1,4)/10)

dëê����þ, ©O�ÑI���!m!e!þ

>�� �, ���Ó��¡�'~, 'Xþ¡�~
f3�¡�me�m��I��ã"

6.10.8 ããã///������

S� ã | ± � « ã/� �, Ù ¥ ~ ^ � ´ w « ì

ÚPostScript�<Å"3��S$1Ïm�±kõ�
ã/��Ó��3"3R¥, ^

> x11()

�mã/I�±ã, 3S-PLUS¥, ^
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> win.graph()

�mã/I�±ã"2gN^ù��¼êò�m
1��ã/I�"^

> dev.list()

�w«±�m�ã/����L"
�'4��ã/��, ^

> dev.off()

ù�±¦�ã/�±�¤, ~Xéupostscript��'
4�����¤�<½��"^graphics.off()¼ê�
±'4¤k�m�ã/��"

MS Windowse�R�±rw«I�¥�ã/E�

�}b�½���«�ª�ã/©�, �)WMF,
PostScript, PDF, PNG, BMP, JPEG, ù�·��±

^R)¤¤Iã/,���I���ª"MS Win-
dowse�S-PLUS�äkaqõU"

����RÚS-PLUSÑ|±)¤PostScriptã/�
õU, )¤�ã/�±��^uLATEXü�"XJ
^MS Wordü�K�r¶4ã/��WMF��ª"
)¤PostScript©�����±^Xe¼ê�mµ

> postscript(file="result1.ps",

+ horizontal=FALSE, width=5, height=3)

ù � ^ ã / · - ) ¤ � � � ¡ � ã

/, , � ^dev.off()' 4 � �, K � ) ¤ ©

ÚO^��§
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�result1.ps"postscript()¼ ê ¥horizotalë ê �

½ ´ Ä ò ã^=90Ý ¦ �x¶ ²1u � � � >,
widthÚheight5½ã�°Úp, ü ´=�(1=�

¸2.54f�)"
3�m
õ�ã/����±^dev.set()¼ê5À

J�c��, dev.next()Údev.prev()©O�£e��
Úþ��ã/��"'Xdev.set(dev.prev())ÀJþ

��ã/��"

6.11 S���ééé���

S´�«¡�é���ó"��`5, S�é��¹

eZ�����Ùêâ, ù
����ê��d

é���Ý(length), ù
����Ó�a.��d

é���ª(mode)",	, é���±�¹�
AÏ
êâ, ¡�á5(attribute), X�L�z��¤
(�
�)Ñ�±kCþ¶, ù
Cþ¶|¤�iÎ.�þ
�d�L�namesá5"

S�¡�é�Uå�6uéaá5�¦^"S�
é�k�´{üé�, ù��é�vka(class)á
5, �±@�Ùa�"�a(default)¶k�´áu
,�a�é�, ù
é�k��a(class)á5, Óa
�é�äk�Ó�A�, �±�Óa�é�½Â�

éù�a�AÏö�(Xw«!±ã), 3¡�é�

â�¥���{"'X, �þ´{üé�, §vk
aá5¶êâµ�´é�, �´êâµk��aá
5class=data.frame"
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6.11.1 ���kkkááá555µµµmodeÚÚÚlength

Sé � Ñ k ü � Ä � � á 5(attribute)µ a
.(mode)á5Ú�Ý(length)á5"

Sé��©�üX�(atomic)ÚEÜ�(recursive)ü
«, ü X é � � ¤ k � � Ñ ´ Ó � « Ä � a
.(X ê �!i Î G), � � Ø 2 ´ é �, ù � �
é � � a.(mode)klogical(Ü 6.)!numeric(ê �

.)!complex(Eê.)!character(iÎ.)��¶E
Üé�����±´ØÓa., z����´�

� é �, ù � � é � � ~ ^ � ´ � L"~ X, �

þ(vector)´üXé�, §�¤k��Ñ7L´�Ó

a., ê�.�þ�¤k��7L�ê�., iÎ
.�þ�¤k��7L�iÎ.¶�L(list)´EÜ
é�, a.(mode)��L(list), �L�z����(C
þ)Ñ�±´��Sé�, 'X�L���±���
ê, ��iÎG, ���þ, $����L"

Sé � k � « A O � � � a., � k � � A Ï
�NULL��ù « a., L « v k �(Ø Ó uNA,
NA´�«AÏ�, 
NULL��vké��)"
�
 � ä é � � a., S½ Â 
Nõ � a q

uis.numeric()ù��¼ê"'X, is.numeric(x)^5
u � é �x´ Ä ê �., � £ � � Ü 6.I þ(
J¶is.character()u�é�´ÄiÎ., ��"

�Ýá5L«Sé�����ê, 'Xlength(2:4)�
u3"5¿�þ#N�Ý�0, ê�.�þ�Ý�"L

«�numeric()½numeric(0), iÎ.�þ�Ý�"L

«�character()½character(0)"
S�±r�?1a.=�, ~X

ÚO^��§
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> z <- 0:9

> digits <- as.character(z)

> digits

[1] "0" "1" "2" "3" "4" "5" "6" "7" "8" "9"

> d <- as.numeric(digits)

> d

[1] 0 1 2 3 4 5 6 7 8 9

1��D�rê�.�z=��iÎ.�digits"1
n�D�rdigitsq=��
ê�.�d, ù�dÚz´
���
"S�kNõù��±as.mÞ�a.=�
¼ê"

S#Né�Ñé��Ý�eID�, ù�é��
ÝgÄ��±�)deI, �D�����"�
�(NA), ~Xµ

> x <- numeric()

> x[3] <- 100

> x

[1] NA NA 100

� áé���ÝqNo�Qº���§D��
f8Ò�±
"~Xµ

> x <- 1:4

> x <- x[1:2]

> x

[1] 1 2

6.11.2 ���¯̄̄ééé���ááá555

é � á5´ é � � ¹ � êâ¥ Ø � � ±	� A

Ï êâ, z � á5k � � á5¶, k � � á5
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�"S½Â
ü�¼êattributesÚattr5�¯é��
á5"attributes(object)�£é�object��AÏá5
|¤��L, Ù¥Ø�)�ká5modeÚlength"~
Xµ

> x <- c(apple=2.5, orange=2.1)

> attributes(x)

$names

[1] "apple" "orange"

�±^attr(object, name)�/ª��é�object�
¶�name�á5"~Xµ

> attr(x, "names")

[1] "apple" "orange"

��±rattr()¼ê�3D���>±UCá5�

½½Â#�á5, ~Xµ

> attr(x, "names") <- c("apple", "grapes")

> x

apple grapes

2.5 2.1

> attr(x, "type") <- "fruit"

> x

apple grapes

2.5 2.1

attr(,"type")

[1] "fruit"

> attributes(x)

$names

[1] "apple" "grapes"

$type

[1] "fruit"

ÚO^��§
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ù«é��¼êD���{´3Ù§�ó¥4

����, 
S¥K²~¦^ù���{"¢Sþ,
attr(x, ”names”)3ùpØATw¤´��¼ê�, 

ATw¤´^5��é�x�namesá5�Cþ¶"

6.11.3 ééé������aaa

S^a(class)á55|±¡�é��?§º�"é�

�aá5«©é��a, éuÓ�a�é��±½Â

�|AÏö�, ù�:ÚÙ§¡�é��óaq"¡

�é�º���­��A:Ò´êâÄ��µC"
¤¢êâÄ��µC´�é��^r��¯½?U
é��UÏLé�Jø�ÑÖ5?1, ^rØUw�
é�SÜ�¢y[!"ù�^rØ¬��?Ué�

�êâl
�o
êâ���5, 
�^r�I�

��é�Jø
=
ÑÖ, =¦é�SÜ�¢yUC


, ����ØCK^r§SØ7UC"ù���{
�±Jp§S�S�5Ú�­^5"

~��¡�é��ó��k½Â��a, ù�a½
Â
�
êâ(�, ,�k�
¼ê��“�{”�±

ö�ù
êâ"¤¢é�, ´d,�a)¤�¢~,
Ùêâ(�d¤á�a½Â, 
¢S�;�êâK´
áué����"é�PkÙ¤áa�¤k�{, �
{3N^�ö��´áuù�é��êâ"

S�|±¡�é�?§, �´�{�~��¡�é
��óké��O"Sé��adÙa(class)á5�

½, z��aÑ�±½Â�a�ÑÖ, ÑÖ±¼ê/
ª½Â, N^�ª�“¼ê¶(é�, Ù§gCþ)”"
��S�aÅ�´'�tÑ�, §Ø�~��¡�é
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��ó@�7Lk½Âa�¤kêâ(���{, 

´�±��½Â¼ê��aé��ÑÖ",	, S�
½Â
�X��¤¢“Ï^¼ê(general functions)”,
Ï^¼ê�´é�Jø�ÑÖ, �ØÓa�é�Ñ�
±¦^�Ó�Ï^¼ê¶iN^, Ó��Ï^¼ê�
±�éØÓa�é�å��q��^"^r�I�

PÁé��A�Ï^¼ê�¶i, Ò�±éA�¤

ké�N^ù
¼ê"'X, Ï^print()¼ê^5w

«é�, §�±w«�þÚÝ
, �w«�{ØÓ¶
Ï^¼êplot()¼ê^5xé��ã/, é���þ
xãplot()xÑ:ã, p¶�����, î¶���e

I¶é���mS�é�xãplot()òx�^�mS
�­�, ¿^c��IP�m¶"

S�z��Ï^¼ê¢S´�|¼ê, k���
Ó�¶i, 3N^��âgCþ�a(class)�ØÓ

û½N^�|¥�=��¼ê"~X, é�þxN
^print(x)¢SN^�´print.default(x), éêâµxN
^print(x)K¢SN^�´print.data.frame(x)"XJ
gCþvkaá5, ½ödÏ^¼êvk�dagC

þ�OAÏ�ö�, Ï^¼êok��"��{�±

N^(Xprint.default)"Ï^¼ê�é,�a�é�

�AÏ¼ê�·¶�“Ï^¼ê¶.a¶()”"
é,�«a�é�kAÏö��Ï^¼ê�±k

éõ�, 'X, édata.framea�é�½Â
AÏö�
�Ï^¼êÒkµ

[, [[<-, any, as.matrix,

[<-, model, plot, summary,

��"XJédata.framea�é�dN^plot(d), ¢S

ÚO^��§
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N^�¼ê´plot.data.frame(d)"��Ñ¤ké,a
kAÏö��Ï^¼ê, �±^

> methods(class="data.frame")

[1] "Math.data.frame" "Ops.data.frame"

###########
[27] "summary.data.frame" "t.data.frame"

[29] "transform.data.frame" "xpdrows.data.frame"

Ù¥t.data.frameÒ´N^t(d)�¢SN^�¼ê"
��±�Ñ,Ï^¼ê�é�a�AÏ½Â, ~

Xµ

> methods(plot)

[1] "plot.data.frame" "plot.default" "plot.density" "plot.factor"

[5] "plot.formula" "plot.function" "plot.histogram" "plot.lm"

[9] "plot.mlm" "plot.mts" "plot.new" "plot.POSIXct"

[13] "plot.POSIXlt" "plot.table" "plot.ts" "plot.window"

[17] "plot.xy"

'X, plot.factor´éÏfé�N^plot()¼ê´¢S

N^�¼ê"
�
6��K��ka�é��classá5, �±¦

^unclass(object)¼ê"

6.12 SÐÐÐ���ÚÚÚOOO

S-PLUSÚR¥®²8¤
~^�ÚOõU, �
'�
#�ÚO�{���
¢y"

N^S¼ê�±�¤Ä��ÚO"ùp·�0�X

Û^S?1£ãÚO!&¢5êâ©Û!©ÙïÄ!
~��b�u�"
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6.12.1 üüüCCCþþþêêêâââ©©©ÛÛÛ

é � 3 � þ ½ ê â µ ¥ � C þ · � � ±

^summary()¼ê5O�A�£ãÚOþ"~X:

> summary(cl)

Name Sex Age Height Weight

Length:19 F: 9 Min. :11.00 Min. :51.30 Min. : 50.50

Mode :character M:10 1st Qu.:12.00 1st Qu.:58.25 1st Qu.: 84.25

Median :13.00 Median :62.80 Median : 99.50

Mean :13.32 Mean :62.34 Mean :100.03

3rd Qu.:14.50 3rd Qu.:65.90 3rd Qu.:112.25

Max. :16.00 Max. :72.00 Max. :150.00

éê�.CþO�
²þ�, ��!���, ¥ ê,
o©��Úo©�n© ê¶éÏfO�
ªêÚ

O"
éê�.Cþx��±^mean, sd, var, median, min,

max� ¼ ê O � Ù { ü Ú O þ"� ± ^stem(x)±
�x�ª�ã, ^hist(x)x��ã, ^boxplot(x)xÝ/
ã, ^qqnorm(x)Úqqline(x)x��QQã"
�
�Oê�.Cþ�©Ù�Ý, Ø
^hist()x

��ã	��±^density()¼ê?1�ëê�Ý�
O"~X:

plot(density(Height), main="Height density")

�ã6.18"��±�{r�Ý­�\���ãþ,
Xµ

h1 <- hist(Height, prob=T, plot=T)$density

h2 <- density(Height)

hist(Height, prob=T, ylim=range(h1, h2$y))

lines(h2)

ÚO^��§
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�ã6.19"
éÏf(©aCþ)f�±^table(f)ÚOÙªê©Ù,

^plot(f)xÙªê©Ùã"X

> table(Sex)

Sex

F M

9 10

·��±½Â¼ê5xÑ~��&¢5êâ©Û
ã/"éëY.Cþ�±x��ã!Ý/ã!©Ù

�Ý�OãÚ��VÇã"élÑ.Cþ��xÙ

©Ùªê^/ã=�, ©Ùªê^table¼êO�"ï
ÄS��'5�±��mS�ãÚg�'¼êã"
Ï�ù
ã²~­E¦^, ·�r§�½Â�¼ê,
3Ó��¡xÑµ

eda.shape <- function(x) {

oldpar <- par(mfcol = c(2, 2),

mar=c(2,2,0.2,0.2), mgp=c(1.2,0.2,0))

hist(x, main="", xlab="", ylab="")

plot(density(x), xlab = "x",

ylab = "", main="")

boxplot(x)

qqnorm(x, main="", xlab="", ylab="")

qqline(x)

par(oldpar)

invisible()

}

 
eda.ts <- function(x) {

oldpar <- par(mfrow=c(2,1),

mar=c(2,2,1,0.2), mgp=c(1.2, 0.2, 0))

plot.ts(x, main="", xlab="")

acf(x, main="", xlab="")

par(oldpar)
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invisible()

}

¼ê¥���invisible()L«3·-1N^d¼ê�
Ø�w«?Û�£�"¼êdensity^5�Ø�Ý­

��O"

6.12.2 bbb���uuu���

R�ctest§S�(library)J ø 
 ~ � � b � u � õ
U"�
 N ^ §S� ¥ � ¼ ê Ú êâ, I� k

^library(�¶)r§N\:

> library(ctest)

�
�w���¥�SN�±3§Jø�HTML�
Ï¥�w, ��±^R·-help(package=�¶)�w"
~X

> help(package=ctest)

�
u���5, ��N^shapiro.test()¼êÒ�
±Shapiro-Wilku�µ

> shapiro.test(Height)

Shapiro-Wilk normality test

data: Height

W = 0.9791, p-value = 0.9312

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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���pêâ���5éÐ"
¼êt.test()�±?1üoN�tu�!üÕáoN

�tu�Ú¤étu�"~X,e¡§Su��pþ�

´Ä�µ = 60:

> t.test(Height, mu=60)

One Sample t-test

data: Height

t = 1.9867, df = 18, p-value = 0.06239

alternative hypothesis: true mean is not equal to 60

95 percent confidence interval:

59.86567 64.80801

sample estimates:

mean of x

62.33684

"�?1�´Výu�"�
?1üýu��±�

½alternative=”greater” ½”less”"X:

> t.test(Height, mu=60, alternative="less")

One Sample t-test

data: Height

t = 1.9867, df = 18, p-value = 0.9688

alternative hypothesis: true mean is less than 60

95 percent confidence interval:

-Inf 64.3765

sample estimates:

mean of x

62.33684

éu^©|CþL«©|�ü�Õá|, �±

^t.test(©ÛCþ∼ ©|Cþ)�N^/ª?1Õá
ü|�tu�"Xµ

ÚO^��§
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> t.test(Height ~ Sex)

Welch Two Sample t-test

data: Height by Sex

t = -1.4513, df = 16.727, p-value = 0.1652

alternative hypothesis:

true difference in means is not equal to 0

95 percent confidence interval:

-8.155098 1.512875

sample estimates:

mean in group F mean in group M

60.58889 63.91000

5¿þ¡^�´ØI�b½ü|�����Welchu

�"XJb½ü|�����±3¼êN^¥\ë

ê var.equal=TRUE"XJü�Õá|�3
ü�C

þX1ÚX2¥K�±��^ t.test(X1, X2)?1'�"
^wilcox.test(©ÛCþ∼ ©|Cþ) ½wilcox.test

(X1, X2) �±?1Õáü|�Wilcoxon �Úu�"
é u ¤ é * ÿ � C þX, Y,� ' � � �

^t.test(X, Y, paired=TRUE)"^wilcox.test(X, Y,
paired=TRUE)�±?1WilcoxonÎÒ�u�"

6.13 SÚÚÚOOO���...{{{000

ù�!·�{ü0�S�ÚO�."S¥¢y
A�
¤k~��ÚO�., 
�õ«�.�±^�«Ú�

�*:L«Ú?n"ù�¡S-PLUS��¡, §¢y


Nõ�#�ÚOïÄ¤J, RÏ�´g�Ã�ó�
¤±ÚO�.Ü©��é�j""¯¢þ, NõÚO
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Æ[�ïÄÑ�ÚO�{Ñ±S-PLUS§SuL, Ï

�S�ó´�«AOk|uÚOO�?§��ó"
ÆSù�!I�·�ä��.�.!�.£8!

��©Û�Ä��£"

6.13.1 ÚÚÚOOO���...���LLL«««

éõÚO�.�±^���.�.5L«µ

yi =
p∑

j=0
βjxij + ei, ei ∼ iidN(0, σ2), i = 1, 2, . . . , n

�¤Ý
/ª�

y = Xβ + e

Ù¥y�ÏCþ, X��.Ý
½¡�O
, ��

�x0, x1, . . . , xp ��gCþ, x0~~´��1, ½Â�

��.�å�"
3S¥�.´�«é�, ÙL�/ª����ú

ª(formula), ·�kÞA�~f5w�w"b½y, x,
x0, x1, x2, . . . ´ê�.Cþ, X´Ý
, A, B, C, . . . ´
Ïf"

• y ∼ x, y ∼ 1+x ü�ªfÑL«yéx�{ü�

��.£8"1��ªf�kÛ¹��å�,

1��ªfr�å�wª/�
Ñ5"

• y ∼ −1+x, y ∼ x−1 ÑL«yéx�ÏL�:�
£8,=Ø��å��£8"

• log(y) ∼ x1 + x2 L«log(y)éx1Úx2���£
8,�kÛ¹��å�"

ÚO^��§
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• y ∼ poly(x, 2), y ∼ 1 + x + I(x^2) L«yéx�
���gõ�ª£8"1�«/ª¦^��õ
�ª,1�«/ª��¦^x���g"

• y ∼ X + poly(x,2) ÏCþ�y�õ�£8,�.
Ý
�)Ý
X,±9x��gõ�ª���"

• y ∼ A �«�ª©|���©Û,�I�y,©|
Ï��A"

• y ∼ A + x �«�ª©|����©Û,�I

�y,©|Ï��A,�k�Cþx"

• y∼A*B, y∼A + B + A:B, y∼ B %in% A, y∼A/B
��\üÏ���©Û�.,�I�y,A,B´ü�
Ï�"cü�úªL«�Ó���©a�O,�
ü�úªL«�Ó�i@©a�O"

• y ∼ (A + B + C)^2, y ∼ A*B*C − A:B:C L«
nÏ�Á�,��Äüü�p�^
Ø�Än�
Ï�m��p�^"ü�úª´�d�"

• y ∼ A * x, y ∼ A / x, y ∼ A / (1 + x) - 1 ÑL

«éÏfA�z�Y²[Üyéx��.£8,�
n�úª�?è�ªØÓ"���«/ªéA�
z�Y²Ñ©O�O�å�Ú�Ç�"

• y ∼ A*B + Error(C) L « k ü � ? n Ï

�AÚB,Ø�©�dÏ�C(½��O

3S¥∼$�Î^5½Â�.úª"����.�

.�úª/ª�
ÏCþ∼ 1��[±] 1��[±] 1n�[±] . . .

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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Ù¥ÏCþ�±´�þ½Ý
, ½ö(J��þ½
Ý
�L�ª"[±]´\Ò+½ö~Ò−, L«3�.
¥\\��½�K��, 1��c¡XJ´\Ò�±

�Ñ"
úª¥����±��µ

• �����þ½Ý
�L�ª, ½1"

• ��Ïf

• ��“úªL�ª”, d“úª$�Î”rÏf!�

þ!Ý
ë�
¤"

z��½Â
�\\�.Ý
½l�.Ý
¥íØ
�eZ�"��1L«���å��, Ø�wª/í

Øo´Û¹/�)3�.úª¥"
“úª$�Î”�½ÂÚGlim!Genstat^�¥�½

Âaq, ØL@p�“.”$�ÎùpU¤
“:”, Ï�

3S¥é:´¶i�Ü{iÎ"eL�Ñ
�$�Î
�{�`²"

• Y ∼M Y��ÏCþdM)º"

• M1 + M2 \\M1ÚM2"

• M1 −M2 \\M1��KM2�½��"

• M1 : M2 M1ÚM2�ÜþÈ"XJü�Ñ´Ï

f,K�Ïf��p�^"

• M1 %in% M2 �M1 : M2aq��.Ý
?è�
ªØÓ"

• M1 ∗M2 �uM1 + M2 + M1 : M2"

ÚO^��§
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• M^n M¥¤k��±9¤k�n�����
p�^�"

• I(M) òM�l,¦�M¥�$�ÎUì�5�
�â$�Î)º
Ø´Uúª$�Î)º"L

�ªM�(J��úª���"

5¿3¼êN^�)ÒS�L�ªUÊÏoK$

�)º"¼êI()�±r��O�L�ªµCå5�
��.���¦^"

5¿S��.L«��Ñ
ÏCþÚgCþ9gC

þm�'X, ù��(½
�.�.��.Ý
, 

�.ëê�þ´Û¹�, ¿vk��.úª¥NyÑ
5"ù«�{·^u�5�., �ØäkÊH5, ~
X��5�.ÒØUù�L«"

6.13.2 ���555£££888���...

[ÜÊÏ��5�.�¼ê�lm(), Ù{ü�^{
�µ

fitted.model <- lm(formula, data=data.frame)
Ù ¥data.frame�� C þ ¤ 3 � êâµ, formula�
�.ú ª, fitted.model´ �5�.[ Ü(J é
�(Ùclassá5�lm)"~Xµ

mod1 <- lm(Weight ~ Height + Age, data=cl)

�±[Ü��yéx1Úx2���£8(�kÛ¹�
�å�), êâ5gêâµproduction"[Ü�(J
�\
é�mod1¥"5¿ØØêâµproduction´

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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Ä±^attach()ë�\�c$1�¸Ñ��lm()¦
^"lm()�Ä�w«�©{öµ

> mod1

Call:

lm(formula = Weight ~ Height + Age, data = cl)

Coefficients:

(Intercept) Height Age

-141.224 3.597 1.278

�w«
N^�úªÚëê�O(J"

6.13.3 JJJ���&&&EEE���ÏÏÏ^̂̂¼¼¼êêê

lm()¼ ê � � £ � � � � . [ Ü ( J é
�, � � þ ´ � � ä k a á 5 �lm� � L,
kmodel!coefficients!residuals� ¤ 
"lm()�(J
w«�©{ü, �
¼��õ�[Ü&E, �±¦
^élmaé�kAÏö��Ï^¼ê, ù
¼ê�
)µ

add1 coef effects kappa predict residuals
alias deviance family labels print summary
anova drop1 formula plot proj
e¡�Ñ
lma([Ü�.a)~^�Ï^¼ê�

{ü`²"

• anova(é�1,é�2) r��f�.���.'

�,)¤��©ÛL"

• coefficients(é�) �££8Xê(Ý
)"�{�
�coef(é�)"

ÚO^��§
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• deviance(é�) �£í�²�Ú,Xk�­K\

�"

• formula(é�) �£�.úª"

• plot(é�) ±��.�ä�A«ã, Xí�é
ýÿ�ã"

• predict(é �,newdata=êâµ), predict.gam (é
�,newdata=êâµ) k
�.[Ü(J�é
#êâ?1ý�"�½�#êâ7L�ï��
^�êâäk�Ó�Cþ(�"¼ê(J�é
êâµ¥z�*ÿ�ÏCþý�(J(��þ½
Ý
)"
predict.gam()�predict()�^�Ó�·^5�2,
�A^ulm!glmÚgam�[Ü(J"'X,�õ
�ªÄ¼ê^
��õ�ª�, \\
#êâ�
���õ�ªÄ¼êUC, ^predict.gam() ¼ê
�±;�ddÚå� �"

• print(é�) {üw«�.[Ü(J"��Ø

^print()
���\é�¶5w«"

• residuals(é�) �£�.í�(Ý
),ek�­

K·�\�"�{��resid(é�)"

• summary(é�) �w«��[��.[Ü(
J"

6.13.4 ������©©©ÛÛÛ

� � � � ©Û´ïÄ� l Ñ � � Ï � é � � ê
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�.�I�K��²;óä"S?1��©Û�
¼ê´aov(), �ª�aov(úª, data=êâµ), ^{
�lm()aq, J�&E��Ï^¼êEk�"
·�±c¡^L�ØÓýf7���'��êâ

�~"b�veneerêâµ��
Têâµ

> veneer

Brand Wear

1 ACME 2.3

2 ACME 2.1

3 ACME 2.4

4 ACME 2.5

5 CHAMP 2.2

6 CHAMP 2.3

7 CHAMP 2.4

8 CHAMP 2.6

9 AJAX 2.2

10 AJAX 2.0

11 AJAX 1.9

12 AJAX 2.1

13 TUFFY 2.4

14 TUFFY 2.7

15 TUFFY 2.6

16 TUFFY 2.7

17 XTRA 2.3

18 XTRA 2.5

19 XTRA 2.3

20 XTRA 2.4

Äk·�rz�ýf�7�����¹xÝ/ã

¿��3Ó��¡¥, �ãXeµ

plot(Wear ~ Brand, data=veneer)

�ã6.20"ù«ã�±�*/'���Cþ3õ�
|�©Ù, ½ö'�A�aq�Cþ"lã¥�±w
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Ñ, AJAXýf�Ð, TUFFY��, Ù§n�ýf�O

Ø²w"

ACME AJAX CHAMP TUFFY XTRA

2.
0

2.
2

2.
4

2.
6

Brand

W
ea

r

ã 6.20: ØÓ¬ý7���þ'�

�
u�ýfù�Ï�é�I��þkÃwÍK
�, ��^aov()¼êµ

> aov.veneer <- aov(Wear ~ Brand, data=veneer)

> summary(aov.veneer)

Df Sum Sq Mean Sq F value Pr(>F)

Brand 4 0.61700 0.15425 7.404 0.001683 **

Residuals 15 0.31250 0.02083

---

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

��Ï�´wÍ�"

6.14 ÚÚÚOOO©©©ÛÛÛ¢¢¢~~~

e¡·�±6.1.2¥�@�Æ)���¹�~?1�


©Û"·�F"
)N­!�p!c#!5O�
Cþ�Ä��¹9p��m�'X"
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6.14.1 êêêâââÑÑÑ\\\

b�êâ�3
©�©�c:\work\class.txt¥, vk�

IK, �Cþþeéà"·�krêâÖ\��Sê
âµé�¥µ

> cl <- read.table("c:/work/class.txt",

+ col.names=c("Name", "Sex", "Age", "Height", "Weight"),

+ row.names="Name")

> cl

Sex Age Height Weight

Alice F 13 56.5 84.0

Becka F 13 65.3 98.0

Gail F 14 64.3 90.0

#######
William M 15 66.5 112.0

6.14.2 &&&¢¢¢555êêêâââ©©©ÛÛÛ(EDA)

Äk·�kïÄ�Cþ�©Ù�¹, w©Ù´Ä�C
��, kÃ²w�É~�, kvk²w�S��', �
�"

k^6.12.1¥½Â�eda.shape()¼ê55ïÄ�ê
�.Cþ�©Ù�¹"3N^ckrêâµclë�
\�c�|¢´»¥±��¦^cl¥�Cþ¶µ

> attach(cl)

> summary(cl)

> eda.shape(Age)

> eda.shape(Height)

> eda.shape(Weight)

> tab.sex <- table(Sex)

> barplot(tab.sex)

ÚO^��§



§6.14 ÚO©Û¢~ 407

50 55 60 65 70 75

0
1

2
3

4
5

6

50 55 60 65 70 750.
00

0.
02

0.
04

0.
06

55
60

65
70

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

−2 −1 0 1 2

55
60

65
70

ã 6.21: �p©Ù&¢5êâ©Û

Ï�êâ´ Ø Ó � N � * ÿ ¤ ± Ø � U kS�

�', �x�mS�ã"ùp�Ñ
�p�©Ù

ã(ã6.21)"�±wÑ, �pÚN­Ñ���C��

�Ã²w�É~:, N­Ï��lÑ�¤±��ãØ

�C��, �lØ�Ý�O­�wE�����?

n"
�
ïÄê�.CþWeight!Height!Agem�'

X, ·�x§��Ñ:ãÝ
µ

> pairs(cbind(Height, Weight, Age))

lÑ:ãÝ
(ã6.22)�±wÑn�Cþ�mÑ�U

k�5�''X"
�
ïÄÏfSexéÙ§Cþ�K�, �±xSexØ

ÓY²þ�Cþ�Ý/ã, Xµ

> oldpar <- par(mfcol=c(1,3))

> boxplot(Weight ~ Sex, ylab="Weight")
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ã 6.22: �p!N­!c#�Ñ:ãÝ


> boxplot(Height ~ Sex, ylab="Height")

> boxplot(Age ~ Sex, ylab="Age")

> par(oldpar)

lã6.23�±wÑ, Iå�N­!�pk²w�
�O, 
c#K�OØ²w"·���±©ØÓ

5Oé,�Cþ©O�ã½O�, ùp��¦^
�Weight[Sex==”F”], Weight[Sex==”M”]ù���f
8��{Ò�±r*ÿ©|"�?�Ú��±^¼
êtapply��U��Ïfé*ÿ©|,��^,�¼
êµ

> tapply(Weight, Sex, hist)

�
ïÄÏfSex�ØÓY²éÙ§Cþm��'
'X�K�, �±��Óãµ

> coplot(Weight ~ Height | Sex)
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ã 6.23: 5OéÙ¦Cþ�K�

(Jã6.12vk�N²w��O"

6.14.3 |||mmm'''���

·�5©ÛIå��pkÃwÍ�É, ù´ü|'�
�¯K"þ¡EDAÜ©�¿üÝ/ã®²J«Iå

�pk²w�É, ùp·�^ÚOb�u��ÑÚO

(Ø"
Iåü|�±@�´Õá�, 
�z|S�*ÿ�

�±@�´�pÕá�"�âEDA(J�±@�ü
|Ñ5g��oN"ù�, ·��±¦^ü��tu
�"Ï���´Ä����, ·�Zy^Ø�¦��
���Cqü��tu�µ

> t.test(Height ~ Sex)

(Jp��0.1652, U·���æ^�0.05Y²´Øw
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Í�"¤±lù|��wIå��pvkuywÍ

�É"
aq�±?1IåN­�'�, p��0.06799, �Ø

wÍ"

6.14.4 £££888©©©ÛÛÛ

e¡·�ïÄéN­�ý�"lÑ:ãÝ
w, N­

��p�mk²w��5�', ¤±·�k[Ü��
N­é�p����5£8�.µ

> lm.fit1 <- lm(Weight ~ Height, data=cl)
> lm.fit1

Call:
lm(formula = Weight ~ Height, data = cl)

Coefficients:
(Intercept) Height

-143.027 3.899

> summary(lm.fit1)

Call:
lm(formula = Weight ~ Height, data = cl)

Residuals:
Min 1Q Median 3Q Max

-17.6807 -6.0642 0.5115 9.2846 18.3698

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) -143.0269 32.2746 -4.432 0.000366 ***
Height 3.8990 0.5161 7.555 7.89e-07 ***
---
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 11.23 on 17 degrees of freedom
Multiple R-Squared: 0.7705, Adjusted R-squared: 0.757
F-statistic: 57.08 on 1 and 17 DF, p-value: 7.887e-007

[ Ü � �.� §�Weight = -143.0269 + 3.8990×

ÚO^��§
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Height, E�'Xê²��0.7705, u��.��Ç

�0�p��7.887e−007, ���.´wÍ�"éu�

�£8, ·��±3ÏCþégCþ�Ñ:ãþU\

£8��5w£8[Ü��Jµ

> plot(Weight ~ Height)

> abline(lm.fit1)

��/, lm[Ü(Jé��plot()¼ê�±�Ñe

ZÜu�[Ü�J�ã/, R�±�o�ãµí�é
[Ü�ã!í����VÇã!IOzí�ýé�

²��é[Ü�ã!Cookålã"

> oldpar <- par(mfrow=c(2,2),

+ mar=c(2.5,2,1.5,0.2), mgp=c(1.2, 0.2, 0))

> plot(lm.fit1)

> par(oldpar)
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ã 6.24: £8�äã

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



412 18Ù S�ó0�

�ã6.24"XJ�z�ãÑ^�I�5wKØ�

��ã/ëê"o�ã¥, í�é[Ü�ã�±�
Ní�¥í3�(�, XJ�.¿©�{í�AT
´�ÅCzvk?Û�ª�"í����VÇã�
±u��5£8b�u��­�b½—Ø��Ñl

��©Ù´ÄÜn, �±wÑí��©Ù­�!�

�!� !m ��¹"IOzí�ýé�²��
é[Ü�ã�±uyí��É~�:, =[Ü��
�:"Cookålïþz�*ÿé[Ü(J�K��

�, ê����rK�:"ã¥gÄIÑ
�âÑ�
:"

llm.fit1�£8�äãwí�vk²w��ª, �
í�©Ùk����"vk²w�É~�:"

e¡·�w\\Ù§CþUÄ?�ÚUõ�.�
ý�Uå"^add1¼ê�±�ä\\#�Cþ�±

Uõ�.µ
> add1(lm.fit1, ~ . + Age + Sex)

Single term additions

Model:

Weight ~ Height

Df Sum of Sq RSS AIC

<none> 2142.49 93.78

Age 1 22.39 2120.10 95.58

Sex 1 184.71 1957.77 94.07

add1�(Jw«����©ÛL, �1¥<none>�

1�Ø \ C þ � � ¹, Age�1�\ \ � � C

þAge���¹, Sex�1�\\��CþSex��

¹"��¥DF�dCþ�gdÝ, Sum of Sq�T
CþéA�²�Ú, RSS�\\TCþ��í�²�

ÚO^��§
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Ú, AIC�\\TCþ��AICÚOþ�"AIC���
�.��Ð�, ¤±XJ\\,�Cþ��AIC~

�Ò�±\\dCþ"ùp\\AgeÚ\\SexÑ
¦AICC�, ¤±ØA\\ùü�Cþ"

XJ�m©Ò\\
¤kCþ, �±^drop1()¼ê
�	�K��Cþ�AIC´Ä�±C�µ

> lm.fit2 <- lm(Weight ~ Height + Age + Sex, data=cl)
> summary(lm.fit2)

Call:
lm(formula = Weight ~ Height + Age + Sex, data = cl)

Residuals:
Min 1Q Median 3Q Max

-19.6540 -6.5737 0.4602 7.6708 20.8515

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) -125.1151 33.9038 -3.690 0.00218 **
Height 2.8729 0.9971 2.881 0.01142 *
Age 3.1131 3.2362 0.962 0.35132
SexM 8.7443 5.8350 1.499 0.15472
---
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 11.09 on 15 degrees of freedom
Multiple R-Squared: 0.8025, Adjusted R-squared: 0.763
F-statistic: 20.31 on 3 and 15 DF, p-value: 1.536e-005

> drop1(lm.fit2)
Single term deletions

Model:
Weight ~ Height + Age + Sex

Df Sum of Sq RSS AIC
<none> 1844.01 94.93
Height 1 1020.61 2864.62 101.30
Age 1 113.76 1957.77 94.07
Sex 1 276.09 2120.10 95.58

lsummary()� ( J wAgeÚSexÒ Ø w Í "
^drop1()u y � KAge� ± ¦AICl94.93C �
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�94.07, ¤±AT�KAge"é�KAge���.2

^drop1()uySex�AT�K"¤±·������
�.´lm.fit1"

3?U�.½êâUC�­#[Ü���±¦
^update¼ê, 'X�llm.fit2¥�KAgeÒ�±^µ

> lm.fit3 <- update(lm.fit2, . ~ . - Age)

3gCþ�ê�õ�SJø
��step()¼ê^5
?1ÅÚ£8, §l��Ð©�.m©gÄ�äO\

½�KCþ, �����Ð��.µ
> lm.fit0 <- lm(Weight ~ 1, data=cl)

> lm.step <- step(lm.fit0, ~ . + Height + Age + Sex)

Start: AIC= 119.75

Weight ~ 1

Df Sum of Sq RSS AIC

+ Height 1 7193.2 2142.5 93.8

+ Age 1 5124.5 4211.2 106.6

+ Sex 1 1681.1 7654.6 118.0

<none> 9335.7 119.7

Step: AIC= 93.78

Weight ~ Height

Df Sum of Sq RSS AIC

<none> 2142.5 93.8

+ Sex 1 184.7 1957.8 94.1

+ Age 1 22.4 2120.1 95.6

- Height 1 7193.2 9335.7 119.7

��·���.±�,·��±^�.?1[Ü½
ý�"[Ü��é�.[Ü(J^predict()¼ê, X:

> predict(lm.fit1)

ÚO^��§
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é#êâXJ��ý�, ��3predict¼êN^�
\\#êâ�êâµ��ëêµ

> new.data <- data.frame(Height=c(50, 51.2, 68, 69.7))

> predict(lm.fit1, new.data)

1 2 3 4

51.92459 56.60343 122.10714 128.73549

6.15 ^̂̂S������ÅÅÅ���[[[OOO���

��ÚOó�ö, ·�Ø
�±^S×�¢y#�Ú

O�{, ��±^S?1�Å�["�Å�[�±�

y·���{!'�ØÓ�{��`":!uyU
?ÚO�{���, ´?1ÚOïÄ��kå�O�

óä��"
�Å�[�Ä��I�´�)��Åê, S¥®J

ø
�õê~^©Ù���Åê¼ê, �±�£�

���ÅêS��þ"ù
��Åê¼ê±i1rm
Þ, 'Xrnorm()´����Åê¼ê, runif()´þ!

©Ù��Åê¼ê, Ù1��gCþ´��ÅêS�

�Ýn"'uù
¼ê�±ë�6.16±9XÚ�Ï©

�"e~�)1000�IO����Åêµ

> y <- rnorm(1000)

ù
��Åê¼ê��±�½�©Ùk'�ëê,
'Xe~�)1000�þ��150!IO��100��

���Åêµ

> y <- rnorm(1000, mean=150, sd=100)
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�)��ÅêS�´Ø­E�, ¢Sþ, S3�)
��Åê�l��«fÑu, ØäS��#«f, ¤

±�)eZ�Åê�SÜ��Åê«fÒ®²UC


"k�·�I��[(J´�­E�, ù��·�

���c��Åê«f, ,�3zg�)��ÅêS
��cr�Åê«f�����=�µ

> the.seed <- .Random.seed

######
> .Random.seed <- the.seed

> y <- rnorm(1000)

��~f,·�5�)Ñl��{ü��5£8�
êâ"

# {ü�5£8��[

lm.simu <- function(n){

# k)¤gCþ"b�gCþx�����
# 3150�180�m,��Ñl��©Ù"
x <- rnorm(n, mean=165, sd=7.5)

# 2)¤�.Ø�"b�ÑlN(0, 1.2)©Ù

eps <- rnorm(n, 0, 1.2)

# ^�.)¤ÏCþ
y <- 0.8 * x + eps

return(data.frame(y,x))

}

SvkJøõ��ÅCþ��[§S, ùp�Ñ�

�?1n����ÅCþ�[�~f"b���)
n����Å�þX ∼ N(µ, Σ)�n�Õá*ÿ, �
±k�)n�Ñln�IO��©Ù�*ÿ, �3�

�n13��Ý
¥µ

U <- matrix(rnorm(3*n), ncol=3, byrow=T)

ÚO^��§
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�±@�Ý
U�z�1´��IO�n���©
Ù�*ÿ"�Ý
Σ�Choleski©)�Σ = A′A, A�
þn�Ý
, e�Å�þξ ∼ N(0, I), Kµ + A′ξ ∼
N(µ, Σ)"Ïd, µ + A′U ′����n1n��Ý
z

��Ñ´ÑlN(µ, Σ)©Ù�, ����mÕá"²
L=�, �)�X

X <- matrix(rep(mu,n), ncol=3, byrow=T) + U %*% A

´��n1n��Ý
"
k��[I��O�þé�, õ��ÿ$��O�

AU��m"éuù«¯K·��õur¯K
©
¤�±üÕO���¯K, ,�üÕO�z��¯
K, r(J��3Sé�¥½©�©�¥, ��nÜ�

��(J���ª(J"
XJ,��¯KI��O��m'��,·�3?

§��±æ^±e�E|µz��½�mÒw«�

e?Ö�?Ý, ±�O�®²Ñ�½?\kÌ��Ø

��¶ATr¥m(Jz��ã�mÒP¹���
©�©�¥(cat()¼ê�±���fileëêÚappendë

ê, éù«P¹�{Jø
|±), XJI�¥ä§
S, ¥m(J�U´k^�, k
�¹e��±�â
P¹�¥m(Jl§S¥ä�/�UY�1"

Ï�S´ � �)º.�ó, ¤ ± k
I� �

þ S � � ?ÖX ^S? §�Ç é $"�d·�

� ± r Ì � Ü © ^S? §, rI� S � � Ü ©
^C!FORTRAN½C++?§, 3S¥N^dÙ¦�
ó?È���DLL¥"ùp�{ü0�XÛ3MS
Windows � � �R¥ N ^C? È � � �DLL¥"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html



418 18Ù S�ó0�

5 ¿Borlandú i � ¤ J ø 
 � �MS Windowse
�C++?È§S, k��gd^��DevC++8¤?

§�¸��±?1CÚC++?6Ú?È"
b�·��
��O�òÈ�C§S:

void convolve(double *a, int *na,

double *b, int *nb, double *ab){

int i, j, nab = *na + *nb - 1;

for(i = 0; i < nab; i++)

ab[i] = 0.0;

for(i = 0; i < *na; i++)

for(j = 0; j < *nb; j++)

ab[i + j] += a[i] * b[j];

}

5¿C¼ê�¤kgCþÑ´��, ù´Ï�S�
Ä�êâa.´��ê|"b�dC§S?È¤

��DLL¥testdll.dll�3�có�8¹"5¿?

È��)¤Windows����DLL
Ø´I��¸
�DLL"3]
+nì¥�w�±uyDLL¥ÑÑ

¼ê‘convolve’"�
3R¥N^ù�C¼ê, I�

XeÚ½µ
conv <- function(a, b){

dll.filename <- file.path(paste("testdll", .Platform$dynlib.ext, sep=""))

if(!is.loaded(symbol.C("convolve"), PACKAGE="testdll")){

dyn.load(dll.filename)

}

.C("convolve", as.double(a), as.integer(length(a)),

as.double(b), as.integer(length(b)),

ab=double(length(a)+length(b)-1))$ab

}

ù �S¼ ê rC¼ ê“convolve”?1
 � C"Ù ¥,
¼ êis.loaded(symbol.C(¼ ê ¶))u �DLL¥ �C¼

ÚO^��§
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ê ´ Ä ®²N \ 
R¥, X J v k N \Ò�

^dyn.load(DLL©�¶)N\"Ï�3Windows�¸
e ÚUnix�¸eDLL¥ � * Ð ¶ Ø Ó ¤ ± é©�

¶�
oN5?n"�
N^C¼ê, ¦^“.C”¼
ê"“.C”¼ê�1��ëê´DLL¥�C¼ê¶(5
¿�U�ey�), Ù¦ëê´C¼ê�gCþ"¤k
lRD�C�gCþÑ�^as.doubleÚas.integer�K
å5"“.C”¼ê�£���L,�L���D\�g
Cþ²L¼ê$1���, XJN^“.C”��,
g
Cþ\
¶i(Xþ¡�ab)K�£��L¥ò¦^
ù
¶i"

éu�EN^�¼ê�±�{ýkN\Ä�ó�
¥
Ø´zg3¼êS�ä"

6.16 S~~~^̂̂¼¼¼êêêëëë���

ù�!©a�Ñ~^�¼ê, I���±ëw�Ï"

6.16.1 ÄÄÄ���

���!!!êêêâââ+++nnn

vector:� þ numeric:ê � . � þ logical:Ü
6 . � þ character:i Î . � þ list:�
L data.frame:ê â µ c:ë � � � þ ½ �

L length:¦ � Ý subset:¦ f 8 seq,
from:to, sequence:� �S� rep:­ E NA:"
�� NULL:�é� sort, order, unique, rev:ü
S unlist:Ð ² � L attr, attributes:é � á5
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mode, typeof:é��;�ª�a. names:é��
¶iá5

���!!!iiiÎÎÎGGG???nnn

character:i Î.� þ nchar:i Î ê substr:�
fG format, formatC:ré�^�ª=��iÎG

paste, strsplit:ë�½
© charmatch, pmatch:iÎ
G�� grep, sub, gsub:�ª���O�

nnn!!!EEEêêê

complex, Re, Im, Mod, Arg, Conj:Eê¼ê

ooo!!!ÏÏÏfff

factor:Ïf codes:Ïf�?è levels:Ïf��
Y²�¶i nlevels:Ïf�Y²�ê cut:rê
�.é�©«m=��Ïf table:��ªêL

split:UÏf©| aggregate:O��êâf8�V
)ÚOþ tapply:é“Ø5K”ê|A^¼ê

6.16.2 êêêÆÆÆ

���!!!OOO���

+, -, *, /, , %%, %/%:oK$� ceiling, floor,
round, signif, trunc, zapsmall:�\ max, min, pmax,
pmin:����� range:���Ú��� sum,
prod:�þ��Ú, È cumsum, cumprod, cummax,
cummin:\\!\¦ sort:üS approxÚapprox
fun:�� diff:�© sign:ÎÒ¼ê

ÚO^��§
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���!!!êêêÆÆÆ¼¼¼êêê

abs, sqrt:ýé�, ²�� log, exp, log10, log2:éê
��ê¼ê sin, cos, tan, asin, acos, atan, atan2:n
�¼ ê sinh, cosh, tanh, asinh, acosh, atanh:V
­ ¼ ê beta, lbeta, gamma, lgamma, digamma,
trigamma, tetragamma, pentagamma, choose, lchoose:�
� © ¼ ê!³ ç ¼ ê!| Ü ê k ' � A Ï ¼ ê
fft, mvfft, convolve:L|�C�9òÈ polyroot:õ
�ª¦� poly:��õ�ª spline, splinefun:�
^�� besselI, besselK, besselJ, besselY, gamma-
Cody:Bessel¼ê deriv:{üL�ª�ÎÒ�©½
�{�©

nnn!!!êêê|||

array:ïáê|matrix:)¤Ý
 data.matrix:rê
âµ = ��ê �.Ý
 lower.tri:Ý
 � e n

�Ü© mat.or.vec:)¤Ý
½�þ t:Ý
=
� cbind:r�Ü¿�Ý
 rbind:r1Ü¿�

Ý
 diag:Ý
 é�� � � þ ½ ) ¤ é�Ý

 aperm:ê|=� nrow, ncol:O�ê|�1
êÚ�ê dim:é����þ dimnames:é�

��¶ row/colnames:1¶½�¶ %*%:Ý


¦{ crossprod:Ý
��¦È(SÈ) outer:ê
|	È kronecker:ê|�KroneckerÈ apply:é
ê|�,
�A^¼ê tapply:é“Ø5K”ê|
A^¼ê sweep:O�ê|�V)ÚOþ ag-
gregate:O�êâf8�V)ÚOþ scale:Ý
I
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Oz matplot:éÝ
��±ã cor:�'
½�
�
 Contrast:éìÝ
 row:Ý
�1eI8

col:¦�eI8

ooo!!!���555���êêê

solve:)�5�§|½¦_ eigen:Ý
�A��

©) svd:Ý
�ÛÉ�©) backsolve:)þn

�½en��§| chol:Choleski©) qr:Ý


�QR©) chol2inv:dCholeski©)¦_

ÊÊÊ!!!ÜÜÜ666$$$���

<, >, <=, >=, ==, !=:'�$�Î !, &, &&, |,
||, xor():Ü6$�Î logical:)¤Ü6�þ all,
any:Ü6�þÑ�ý½�3ý ifelse():�öJ�

match, %in%:�é unique:éÑpØ�Ó���

which:é�ý�eI8Ü duplicated:é�­E�

�

888!!!`̀̀zzz999¦¦¦���

optimize, uniroot, polyroot:��`z�¦�

6.16.3 §§§SSS���OOO

���!!!������(((���

if, else, ifelse, switch:©| for, while, repeat, break,
next:Ì� apply, lapply, sapply, tapply, sweep:O�

Ì��¼ê"
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���!!!¼¼¼êêê

function:¼ ê ½ Â source:N ^©� call:¼ ê
N^ .C, .Fortran:N^C½öFortranf§S�Ä
�ó�¥" Recall:48N^ browser, debug,
trace, traceback:§SNÁ options:�½XÚëê
missing:�äJë´ÄkéA¢ë nargs:ëê�
ê stop:ª�¼ê�1 on.exit:�½òÑ��1
eval, expression:L�ªO� system.time:L�ªO

�O� invisible:¦CþØw« menu:ÀJè

ü(iÎ�Lèü)

Ù§�¼êk'��k:delay, delete.response, de-
parse, do.call, dput, environment, , formals, format.info,
interactive, is.finite, is.function, is.language, is.recursive,
match.arg, match.call, match.fun, model.extract, name,
parse, substitute, sys.parent, warning, machine"

nnn!!!ÑÑÑ\\\ÑÑÑÑÑÑ

cat, print:w « é � sink:Ñ Ñ = � � � ½©�

dump, save, dput, write, write.table:ÑÑé� scan,
read.table, load, dget:Ö\

ooo!!!óóó������¸̧̧

ls, objects:w«é��Lrm, remove:íØé� q,
quit:òÑXÚ .First, .Last:Ð©$1¼ê�òÑ$

1¼ê" options:XÚÀ� ?, help, help.start,
apropos:�ÏõU data:�Ñêâ8
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6.16.4 ÚÚÚOOOOOO���

���!!!ÚÚÚOOO©©©ÙÙÙ

z�«©Ùko�¼ê:d—density(�Ý¼ê), p—©
Ù¼ê, q—© ê¼ê, r—�Åê¼ê"'X, ��

©Ù�ùo�¼ê�dnorm, pnorm, qnorm, rnorm"
e¡·��Ñ�©Ù�M, c¡\cMd!p!q½rÒ
�¤¼ê¶:

norm:� �, t:t© Ù, f:F© Ù, chisq:k
�(� ) � ¥ %), unif:þ !, exp:� ê,
weibull:% Ù �, gamma:³ ç, beta:� ©,
lnorm:éê��, logis:Ü6©Ù, cauchy:�Ü,
binom:��©Ù, geom:AÛ©Ù, hyper:�A

Û, nbinom:K � �, pois:Ñ t, signrank:Î
Ò�, wilcox:�Ú, tukey:Æ)z4�

���!!!{{{üüüÚÚÚOOOþþþ

sum, mean, var, sd, min, max, range, median, IQR(o©
 må)��ÚOþ, sort, order, rank�üSk', Ù

§�kave, fivenum, mad, quantile, stem�"

nnn!!!ÚÚÚOOOuuu���

R¥ 3ctest� ¥ ® ¢ y � kshapiro.test, t.test,
wilcox.test, chisq.test, prop.test, ��"

ooo!!!õõõ���©©©ÛÛÛ

cor, cov.wt, var:�� � 
 9 � ' 
 O � bi-
plot, biplot.princomp:õ � êâbiplotã cancor:;
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K�' princomp:Ì¤©©Û hclust:ÌXàa
kmeans:k-þ�àa cmdscale:²;õ�IÝ

Ù§kdist, mahalanobis, cov.rob"

ÊÊÊ!!!���mmmSSS���

ts:�mS�é� diff:O��© time:�mS�

�æ��m window:�mI

3ts�¥¢y
acf�¼ê"

888!!!ÚÚÚOOO���...

lm, glm, aov:�5�.!2Â�5�.!��©Û

öööSSS

1. (a) �Ñ���3, -1.5, 3E-10��þ"
(b) �Ñl3m©zgO\3,�Ý�100��þ"
(c) �Ñ(0, 2)­E10g��þ"
(d) é � þx,�Ñ Ù � � � u � u0�u1� ^

�"
(e) é�þx,�ÑÙ��Ñ�u0�^�"
(f) �Ñ�¹12��°¶¡��þ"
(g) )¤���¹©�¶tab1.txt�tab18.txt�i

ÎG�þ"
(h) �Ñ�¹�§z6 = 1����þ,¿�ÑÙÌ
��{uÚ�u�"
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2. �x�� � �100� � ê � þ"' X, x <−
floor(10*runif(100))"

(a) w«x121�30Ò��"
(b) rx131,35,39Ò��D��0"
(c) w«x¥Ø
11ÒÚ150Ò����	�f

8"
(d) �Ñx¥� ê�u3���"
(e) �Ñx¥� ê�u3����eI �"
(f) �x�z����\þ¶i, �x1�x100"
(g) ¦x�²þ�¿¦z����~�²þ��

�l�, O�x�l�²�Ú9���²�
Ú"

(h) rxl � ��üS"O �x�10%© ê
�90%© ê�m�ål"

3. ½ Â � ��ê�(3, 4, 2)� ê | Ù 1 � �(1
neI�1)�l1m©�Ûê, 1���l2m
© � ó ê"w « z � � � 121� �"r
1(1,1,1),(2,2,2), (2, 2, 1)Ò��D��""r1
��\þ100,r1��\þ200"©OO�1�

�Ú1���²þ�"

4. é �5�.Y = Xβ + ε,�Ñ �X÷ � � O

�β�SL�ª"�Ñ�Oε����SL�ª"

5. rSASUSER.GPAêâ¥�SEX, SATM, SATV©
OÑ\�S¥"O�ØÓ5O�<ê, ¿O�z

�|�²þSATM©"rù
Cþ|Ü¤���

L"rSASUSER.GPAêâÑ\�S�êâµ"
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6. r�éx <− floor(runif(100))¤)¤��þ��

���©�©�¥, êâ�^��Ú�1©�"
ld©�¥Ö\êâ��þy¥"

7. �x´���Ý�n��þ,��ã§S,O�x�
�Ý�s�wÄÚµ

Sx(t) =
s−1∑
i=0

xt−i, t = s, s + 1, . . . , n

8. ���AR(1)��[¼êµ

xt = a + bxt−1 + εt, t = 1, 2, . . . , n, Var(εt) = σ2

¼ ê � ë ê�n!a!b!x0Úσ, " � �n=100,
a=0, b=1, x0=0, σ=1"

?Í: oÀº http://www.math.pku.edu.cn/teachers/lidf/index.html
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