i Bh#2HG $^$($,$- K\MxMQ$N<j0z$O!"6e=#Bg3XBg 7?7W;;5!%; %s%?!<$GMxMQ$G $-$k%W%m%0 %i%‘!&%i%$%V%i %j$NCf$G!" 1~MQ%W %m %0 %i %‘$K 4X $9 $k %, %$ %I%V%C %/ $G $9!# A0 2s 1976 G/ $K H/ 9T $5 $l $?2~ D{ Bh #2 HG 7G :\J, $K $D $$$F$O!"8=:_$N%7%9%F%‘$K$" $o$;$F;HMQJ} K!$r=q$-2~ $a!"99$KBh#2HG $G$O8=:_%5%]!< %HCf$N1~ MQ%W%m%0%i%‘$N>R2p$r9T$&$J$I!"A4LLE*$J2~D{$r$*$3$J$C$F$$$^$9!# !V2~ D{ Bh #1 HG $^ $( $,$-!W $N ;X E& DL $j!" 1976 G/ ;~ E@ $+ $i !V7W;; $K 4X $9 $k <{ MW $O!" :# 8e <A NL $H$b$KHs>o$K5^7c$KA}2C $7$F!W$f$-$^$7 $?!#%;%s%?!<$G %5%]!<%H$9$k %i%$%V%i%j$N Cf?H$b!"Ev ;~$+$iBg$-$/JQ$o$C$F$-$F$$ $^$9!#?tCM7W;; $dE}7W2r@O$K 4X$9$k%i%$%V %i%j$NM%$l$? $b$N$OE} 9g!"@0M}$5$l!"HFMQ%Q%C%1!<%8$H $7$FDs6!$5 $l$^$7$?!#$^ $?!"J8=q@07A%7 %9%F%‘$d?t <0=hM}%7 %9%F%‘ $, 8& 5f << $d <+ Bp $K 5o $J $, $i Mx MQ $G $- $k 4D 6- $K $J $j $^$7 $?!# $6$C $H!" 17 G/ A0 $+ $i <g N. $K $J$C$?%i%$%V%i%j$H!">C$($F $$$C$?%i%$%V%i %j$rD/$a$F $_$k$H!"<gN. $H$J$C$?%i%$%V %i%j$NBg $-$J FC D’ $O!" 7W ;; 5! 4D 6- $r A* $P $J $$ $H $$ $& $3 $H $G $9!# Nc $( $P!" E} 7W 2r @O %7 %9 %F %‘ SAS $O %Q!< %=%J%k!&%3%s%T%e!<%?$G$b%o!< %/%9%F!<%7%g%s $G$b%;%s%?!< $NHFMQ5! $G$bF0$-!"I, MW$J%G!<%? $O40A4$K8_49$, J]$?$l $F$$$^ $9!#$3$l $KBP$7!" FCDj$N 7W;;5! >e$NFC Dj$N OS $G$7$+ F0:n$7 $J$$ %i%$%V%i%j$O!"7W;;5!4D6-$N J,;6$H$H$b$K!" $=$N5!F0@- $N$J$5$,7gE@ $H$J$j!":GDc8B I,MW$J=P NO%G!<%?$N8_49@-$9$iJ]>Z$G$-$:!">C$($F$$$/1?L?$H$J$j$^$7$?!# $^ $?!" 8& 5f<< C1 0L $X $N 7W ;; 4D6- $N J, ;6 $H F1 $8$/ $7 $F!" Bg 5, LO ?tCM 7W ;; $N <{ MW $,5^ 7c $K A} 2C $7$F$$$^$9!#%9!<%Q!<%3%s%T%e!< %?$N5^B.$J BgMFNL2=!"9b B.2=$K$h$C$F!" G[Ns$,$?$/ $5$s<h$l $k$h$&$K$J$j$^$7$?!#G[Ns $,$?$/$5$s <h$l$l$P!"$h $j!VO"B3!W$K6a$E $/$3$H$,$G $-$^$9!#!VO" B3$K6a$$$b$N!W$,%3%s%T%e!<%? Fb$GI=8=$5$l $l$P!"8&5f<T $O$=$N7k2L $+$i!"$h$jB?$/ $N0UL#$" $k7k2L$rF3$-=P$9$3$H$, $G$-$^$9!#$3$N !VB.$$!W$H!V$G$+ $$!W$O7W;;5! $N@$3&$G$ONI $$$3$H$H $5$l$F$$$^$9!#3’$5$s$b!"2? $N:a$b$J$$ 0l@NA0$N%3 %s%T%e!<%?$rA0 $K!VCY$$$>!*!W$H GM@<$rMa $S$;$kCN$j9g$$$N;Q$r8+$?$3$H$,$"$k$H;W$$$^$9!# %W %m %0 %i %‘ 8@ 8l $N @$ 3& $G $O!" %; %s %?!< 3+ @_ Ev ;~ $+ $i %5 %]!< %H $5 $l $F $$ $k F ortran $O!" 4v $D $+$N 2~ D{ $r 7P $F!" 8= :_ $O C $N D) @o $r <u $1 $J $, $i $b!" 2J 3X 5; =Q 7W ;; $N <g Lr $N :B $r >y$C $F $$ $^ $; $s!#$= $7 $F!" $= $N G[ Ns $r $3 $M $/ $j $^ $o $9 1i ;; $H $N Aj @- $N $h $5 $r Ip 4o $K <! $N @$ 5* $r $‘ $+ $( $k $^ $G!" F ortran $,%9!<%Q!< %3%s%T%e!<%? $N<gNO8@ 8l$H$7$F 4hD%$k$3 $H$G$7$g$&!# %;%s%?!< $K:G$b 9W8%$7$?%i%$%V%i%j$H$7$F!"$3$3$K?4$+$i46<U$9$k<!Bh$G$9!# $3$NMxMQ$N<j0z$K4X$9$k0U8+!&<ALdEy$O2<5-$X$*CN$i$;2<$5$$!% � G[I[$K4X$9$kLd$$9g$o$;@h!’6&F1MxMQ3]!JFb@~ 2505 !K � FbMF$K4X$9$kLd$$9g$o$;@h!’%i%$%V%i%j<<!JFb@~ 2509 !K e-mail : f70029a@kyu-cc.cc.kyushu-u.ac.jp !XMxMQ$N<j0z!&%i%$%V%i%jJT!JBh#2HG!K!Y JT=8:n6H$O!$0J2<$N<T$,C4Ev$7$^$7$?!% 8&5f3+H/It : :4F# <~9T!$LZUi ?70l!$EOIt A1N4!$H* ;0@iBe!$6- M}7C;R 6&F1MxMQ3] : 3@Fb NI;R %7%9%F%‘1?MQ3] : 1:@n ?-<# %7%9%F%‘4IM}3] : ;3V? ?.9-!$HnEDLZ D>;R %M%C%H%o!<%/3] : B?5WEg CR ii 2~D{Bh#1HG $^$($,$- 6e =# Bg 3XBg 7? 7W ;; 5! %; %s %?!<$O!" Bg 3X $= $N B> $N8& 5f 5! 4X $K $* $1$k 3X =Q 8& 5f $N 4D6- @0 Hw $N $? $a$K!"F|K\3X=Q2q5D$N4+9p$N $b$H$K!"3FCO$K @_CV$5$l$? A49q6&F1MxMQ ;\@_$N0l$D$G $"$j$^$9!# @_CV0JMh!"B?$/$NJ}!9$KMxMQ$5 $l$FMh$?$N $G$"$j$^$9$,!" 7W;;$K4X$9 $k<{MW$O!":#8e <ANL$H$b $KHs>o$K5^7c$KA}2C$7$F$f $/$H;W$o$l$^ $9!#$7$?$,$C$FMx MQ<T$N7W;;0M Mj$r$$$+$K?W B.$K8zN( $h$/!"$7$+$b8xJ?$K=hM}$9$k$+$H$$$&$3$H$,%;%s%?!<$NBg$-$J2]Bj$G$"$j$^$9!# $=$3$G%;%s%?!<$H$7$F$O 1. $G$-$k$@$1B?$/$N?M$,!"5$7Z$KMxMQ$G$-$k$h$&$K$9$k$3$H!# 2. 7W;;5!MxMQ$N<A$*$h$VNL$NJQ2=$KB(1~$G$-$k$3$H!# 3. 8B$i$l$??&0w$HM=;;$G!"$=$N5!G=$r==J,H/4x$9$k$3$H!# $rL\I8$H$7$F$*$j$^$9!# $7$+$7!"$=$N$?$a$K$OMxMQ<T3F0L$N$4M}2r!"$46(NO$,$<$RI,MW$G$"$j$^$9!#%;%s%?!<$O \ A4 9q$N8&5f<T$N$? $a$N;\ @_ " $G $"$k$H $$$&G’ <1$O!"1? 1D$K$? $:$5$o $k<T$@$1 $G$J$/ $F!"MxMQ <T$K $b$R$H$7$/K>$^$l$k$H$3$m$G$"$j$^$9!# !VMx MQ $N <j 0z!W $O 0J>e $N <q ;] $K $h$C $F Dj $a $i$l $? %; %s %?!< Mx MQ $N $? $a $N<j B3 $- $H 7W ;; Mx MQ J}K!$r$^$H$a$?$b$N$G!"><OB 44 G/ 3 7n 1 F|$K=iHG 1 $rH/9T$7$^$7 $?!#$3$l$O$=$N8e$K$* $1$kA4 9q6&F1MxMQ%;%s%?!<H/9T$N$3 $N<o4)9TJ*$N 867?$H$J$C$? $b$N$G$"$k$H!" $$$5$5$+<+Ii $7$F$*$k $b$N$G$"$j$^$9!# $= $N 8e!" ?t 2s $N 2~ D{ $r9T $J$C $F 8= :_ $K ;j$C $F $* $j $^ $9 $,!" :# 2s!"$3 $l $^ $G $N %7 %9 %F %‘ $N JQ 99!"MxMQ5;=Q$N%l%Y%k%"%C%W$J $I$N$h$j2~A1 $5$l$?MxMQ J}K!$r@0M}$7 $F!"<!$N$h$&$K 5;=QE*$J %F!<%^JL$N!V@lLgJT!W$H$7$F2~JT $9$k$3$H$K $J$j$^$7$?!#5l HG0J>e$N$* Lr$KN)$D$3$H $rG04j$9 $k$b$N$G$"$j$^$9!# 1. <jB3$-JT 5. %i%$%V%i%jJT 2. 4pK\JT 6. TSS JT 3. @)8fJ8JT 7. XY %W%m%C%?!";f%F!<%WJT 4. %U%!%$%kJT $3 $N !VMx MQ $N <j 0z!W :n @.$K $" $? $j!" 4k 2h $* $h $S <9 I. $N G$ $K $"$? $i $l $? %; %s %?!< ?& 0w $N J}!9 $NO+$rB?$H$9$k$H6&$K!";qNA $N@0Hw!"9;@5$K B?Bg$N$46(NO $r$$$?$@$-$^ $7$?J!2,=w;R Bg3X$N9q =!??65<x!"6e=#Bg3X9)3XIt$N1v@n9@;0;a$K8|$/$*Ni?=$7>e$2$^$9!# ><OB 47 G/ 5 7n 6e=#Bg3XBg7?7W;;5!%;%s%?!< 9-Js650i0Q0w2q 1 6e=#Bg3XBg7?7W;;5!%;%s%?!<$K$O!"$3$N=iHG$,J]4I$5$l$F$$$^$;$s!#5.=E$J;qNA$G$9$N$G!"$b$7MxMQ<T$N J}$G 1969 G/H/9T$N=iHG$r$*;}$A$NJ}$,$*$i$l$^$7$?$i!"@’Hs%;%s%?!<$K4sB#$7$F$$$?$@$/$h$&$*4j$$$7$^$9!# iii OS $K$D$$$F � 6e =#Bg 3X Bg 7? 7W;; 5! %; %s%?!< $N 7W ;; 5!%7 %9 %F %‘$O!" 8= :_ %Y %/%H %k 1i ;; 5!9= $r ;} $D9b B. 1i ;;8~ $-$N F ujitsu VP{2600/10 $H!" HFMQBg 7?7W ;;5!$G $"$k F ujitsu M{1800/20 $* $h$SJB Ns 7W;; 5! CM5 $+$i 9=@. $5 $l$F $$ $^$9!# 7W;; 5! %7%9 %F%‘ $G $O!" MSP/EX $H UXP/M $N #2<oN‘$N%*%Z%l!<%F%#%s%0%7%9%F%‘$r1?MQ$7$F$$$^$9!# � MSP $H $O Multidimensional System Pro ducts $NN,$G!" 7W;;5! %7%9%F %‘$r8z N($h$/ 1?E> $9$k$?$a$N OS !J%*%Z%l!<%F%#%s%0%7%9%F%‘!K$G$9!#6qBNE*$K$O!"%7%9%F%‘$N4F;k!"%8%g %V@)8f$J$I$N5!G=$rDs6!$7$^$9!# { %*%Z%l!<%F%# %s%0%7%9 %F%‘$H $O!"%=%U%H %&%’%"$N0l <o$G!"%3%s %T%e!<%?$r 9=@.$7$F $$$k %O!<%I%&%’%" $H!"A‘:n$9 $k?M$H$N 4V$KN) $A!"?M$H%O!< %I%&%’%"$N 4V$G$N0U ;V$N $d$j<h$j$rCg2p$9$kLrL\$r2L$?$9$b$N$G$9!# � UXP $H$O UNIX Pro duct $NN,$G!" UNIX $N%*%Z%l!<%F%#%s%0%7%9%F%‘$G$9!# I=5-$K$D$$$F � %i %$ %V %i %j :n @. <T $N =j B0 $O EPO?Ev;~ $N =j B0 $G $9!# =j B0 $O 8= :_ JQ F0 $, $" $j $^ $9 $N $G $4 Cm 0U2<$5$$ . � %G!<%?%Y!<%9:n@.!"Ds6!<T$O!"8=:_$N=jB0$G$9!# %i%$%V%i%j$N;HMQ$K$D$$$F � %i%$%V%i%j$NMxMQ5Z$S7W;;7k2L$K4X$9$k@UG$$OMxMQ<T$,Ii$$$^$9!# � %i%$%V%i%j$rMxMQ$7$?8&5f7k2L$r8xI=$9$k>l9g!";XDj$5$l$?>r7o$K=>$$!"%W%m%0%i%‘L>!" :n@.<TL>Ey$rL@5-$7$F2<$5$$!# � %W %m%0 %i %‘ $NCx :n 8" <T$N >5 G’ $r F@$: $7 $F B>$N %7 %9 %F%‘ $X $N 0\?"!" Bh ;0 <T$X $N Ds 6!$r 9T $J $&$3$H$O6X$8$i$l$F$$$^$9!# iv 5-;v$K4X$9$kCm0UE@ � %= %U %H %&%’ %"!" %O!< %I %&%’ %"!" 5Z $S ;2 9M J8 8% $O!" A4 $F 1993 G/ 12 7nKvF| 8= :_ $N 4D 6- $G $9!#$=$N8e$NJQ99$O!"E,59%;%s%?!<%K%e!<%9!"9-JsEy$G$*CN$i$;$7$F$$$^$9!# � 1~ MQ%W %m %0 %i %‘$G!" ;H MQ J}K! $r >\ =R $7$? J8 8% $,4{ B8 $N $b $N$O!" K\ 5- ;v $G5! G= $N >R2p $N $_ 9T $J$C $F $$$^ $9!# ;H MQ J} K!$O ;2 9M J8 8%$r ;2 >H 2< $5 $$!#$^ $?!" ;H MQ J} K!$, A0 HG $K $7 $+7G :\ $5 $l $F$$ $J $+$C $? 0lIt $N %i %$%V %i %j $K $D$$ $F $O!" K\<j 0z $G >\ $7$$ ;H MQ J}K! $r 7G :\ $7$F $$ $^$9!# � UXP 4X 78$N ;29M J88%$G EY!9EP >l$9 $k!X UXP/M for the W orking Scien tists !Y$O!" 1993 G/$K9T$J$o$l$?!V UXP 9V=,2q!W$N;qNA$G$9!# 1993 G/ 12 7nKvF|CJ3,$G$^$@ publish $5$l $F$*$j$^$;$s!#$=$l$^$G$O!" T E X $N dvi %U%!%$%k$, UXP $N /usr/local/doc/ uxpguide.dvi $K $" $j $^ $9 $N $G ;2 >H 2< $5 $$!# %; %s %?!< $N %W %j %s %?!< $X $N =P NO J} K! $O 9- Js $N V ol.27, No.1, pp.9 !A $r8fMw2<$5$$!# %;%s%?!<H/9T$NMxMQ$N<j0z$K$D$$$F <!$N<j0z$,4{4)$G$9!#$4MxMQ 2<$5$$!#F~<jJ} K!$O!"3FO"Mm =j$rDL$7$F6& F1MxMQ3]$K?= $79~$_2< $5$$!# 4pK\JT TSS JT %P%C%A%8%g%VJT %M%C%H%o!<%/JT MSP %3%^%s%IJT MSP:TCP/IP JT %i%$%V%i%jJT � � I=;f$N<L?? 1968 G/ 6 7n 2 F|!$Bg7?7W;;5!%;%s%?!<$K DFMn1j>e$9$kJF735! . !X<L??=8 6e=#Bg3X;K 1911{1986 !Y ( 6e=#Bg3X=PHG2q ) $h$jE>:\ illustration Shoudai, Harumi and Hidaki, Naoko � � v 1. %W%m%0%i%_%s%08@8l 1 1.1 Assem bler : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 1.2 C, C/VP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 1.3 C++ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 1.4 C � : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 1.5 Cob ol85 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 1.6 F ortran77 EX, F ortran77 EX/VP : : : : : : : : : : : : : : : : : : : : : : : : 8 1.7 CM F ortran : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 1.8 Lisp : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 1.9 P ascal : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 1.10 PL/I : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 1.11 Prolog : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15 1.12 Ratfor : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16 2. %W%m%0%i%‘8@8l=hM};Y1g 17 2.1 Analyzer : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 2.2 bison : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 2.3 Debugger : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 21 2.4 f2c : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 22 2.5 lex : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 2.6 m4 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 24 2.7 p2c : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 2.8 sdb : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 26 2.9 T uner : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 27 2.10 y acc : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 28 2.11 Wisepac k : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 29 3. ?t<0=hM} 31 3.1 Mathematica : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 32 3.2 Reduce : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 34 4. ?tCM7W;;%5%V%k!<%A%s I 35 4.1 BLAS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 36 4.2 EISP A CK : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 37 4.3 LINP A CK : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 38 4.4 NUMP A C, NUMP A C/VP : : : : : : : : : : : : : : : : : : : : : : : : : : : : 39 4.5 SSL I I, SSL I I/VP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 46 5. ?tCM7W;;%5%V%k!<%A%s I I 55 5.1 CGJQ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 56 5.2 CGLQ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 58 5.3 DIFF1S, DIFF1D : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 60 5.4 MINMAX : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 63 5.5 PO WELL : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 67 5.6 PRESNL : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 71 vi 6. E}7W2r@O!$?tM}7W2hLdBj 73 6.1 AMPS, AMPS/VP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 74 6.2 ANAL YST : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 75 6.3 BMDP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 76 6.4 F A CEST, F A CR OT : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 77 6.5 PCAJCB, PCA QR : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 93 6.6 S : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 101 6.7 SALS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 102 6.8 SAS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 104 6.9 SPSSX : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 106 7. 2hA|=hM} 107 7.1 A VS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 108 7.2 FIVIS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 109 7.3 GDP/EX : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 110 7.4 GKS85 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 111 7.5 GRAPHMAN : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 112 7.6 gn uplot : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 113 7.7 gs : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 114 7.8 PHIGS89 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 115 7.9 PKS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 116 7.10 PBMPLUS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 117 7.11 tgif+ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 118 7.12 V OGLE : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 119 7.13 XV : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 120 8. EE;R%a!<%k 121 8.1 mailx : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 122 8.2 MH : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 123 8.3 MHS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 124 8.4 RMAIL : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 125 9. EE;R%K%e!<%9 127 9.1 Rn : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 129 9.2 Nn : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 130 9.3 gn us : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 131 10. Editor 133 10.1 EDIT : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 134 10.2 PFD/EDIT : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 135 10.3 ed, ex : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 136 10.4 emacs : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 137 10.5 ned : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 138 10.6 sed : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 139 10.7 vi : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 140 vii 11. J8=q=hM} 141 11.1 Ro� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 142 11.2 T E X : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 143 12. %G!<%?%Y!<%9 145 12.1 CXDB : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 146 12.2 GENEDB : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 147 12.3 %2!<%F!&%U%!%$%k , %H!<%^%9!&%^%s!&%U%!%$%k : : : : : : : : : : : : : : : : : : 148 12.4 INSPEC : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 149 12.5 JICST-J : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 150 12.6 :+Cn3X%G!<%?%Y!<%9 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 151 12.7 RAMBIOS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 152 12.8 F|K\8lC18l<-=q : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 153 13. J,;R50F;7W;; 155 13.1 Gaussian 88 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 156 13.2 GSCF3 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 158 13.3 JAMOL3 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 159 14. 86;R3KM}O@ 161 14.1 CA01 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 162 14.2 D A02 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 167 14.3 DB01, DB02, DB03 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 169 14.4 KNL1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 174 14.5 V AR1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 177 15. M-8BMWAGK! 183 15.1 AA COUST : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 184 15.2 MAR C, MENT A T : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 185 16. Other Application 187 16.1 BOB73 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 188 16.2 FSPICE, FSPICE/VP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 190 16.3 PR OP A TH : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 191 16.4 UNICS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 193

1 %W%m%0%i%_%s%08@8l %W%m%0%i%‘8@8lL> FCD’ MSP UXP CM5 C ANSI 5,3J=‘5r "% 1 !{ C/VP VP MQ C !{ C++ A T&T HG !{ C � JBNs7W;;MQ C !{ F ortran77 EX F ortran77 $N3HD%HG !{ !{ F ortran77 EX/VP VP MQ F ortran !{ !{ CM F ortran JBNs7W;;MQ F ortran !{ Ratfor F ortran %Y!<%9$N8@8l !{ Assembler %"%;%s%V%j8@8l !{ Cob ol ANSI Cob ol 1985 !{ Lisp Common Lisp =‘5r !{ !{ Pascal ISO HG=‘5r "% 2 "% 3 PL/I F|K\8l%G!<%?=hM}5!G=$r%5%]!<%H !{ Prolog DEC10 Prolog =‘5r !{ !{ "% 1 : 30ItL>$,#7J8;z$r1[$($F$O$J$i$J$$$J$I UNIX 7O$+$i$N0\?"$,:$Fq "% 2 : @)8B;v9‘$,B?$$ "% 3 : p2c $K$h$C$F C 8@8l$K0lEYJQ49$7$F=hM}$r9T$J$C$F$$$k 0l@NA0$N0lIt$N%;%s%?!<$,7W;;5!;q8;$r40A4$KFH@j$7$F$$$?4D6-$+$i!$%Q!<%=%J%k%3%s%T%e!< %? (PC) !$ %o!< %/ %9 %F!< %7%g %s (WS) $N =P 8= $H $H $b $K!$ 3F 8& 5f << C1 0L $X $N ;E ;v $N J, ;6 2= $, ?J $s $G$$ $k!% !VBg 7? 7W ;; 5!!W $G 9T $J $o $l $k ;E ;v $O!$ PC, WS $G <B 9T IT 2D G= $J !VBg 5, LO!W $J %G!< %? =hM}Cf?4$K$J $j$D$D $"$k!%=>$C $F!$:#8e $N%W%m %0%i %‘8@8l $O!$ OS $K 0MB8$7 $J$$0\ ?"@-$N 9b$$ $b$N$,MW5a$5$l$k!% $J$*!$%W%m%0%i%‘8@8l$N>R2p$O!X%3%s%T%e!<%?%=%U%H%&%’%";vE5!Y!J4]A1!K$K$h$C$?!%

1. %W%m%0%i%_%s%08@8l 2 1.1 Assem bler !Z35N,![ %3%s %T%e!< %? $, 2r <a 2D G= $J 5! 3# 8l (mac hine language) $O 0 $H 1 $G I= 8= $5 $l $? 2 ?J K! $G Dj 5A $5 $l$?L?Na$G$"$k!%%"%;%s%V%j8@8l$O!$5!3#8l$r?M4V$KM}2r$7$d$9$$$h$&$K2r<a$9$kL\E*$G 1950 G/Be A0 H> $K 3+ H/ $5 $l $? 5- 9f 8@ 8l (mnemonic co de) !% %" %; %s %V %j 8@ 8l $O!$ 5! 3# 8l $H 1 BP 1 $N BP 1~4X78$r;}$A!$L?Na%3!<%I$H memory $N%"%I%l%9$r5-9f$G5-=R$G$-$k!% %" %; %s %V%i $O %" %; %s %V%j 8@ 8l $r 5! 3#8l $K K] Lu $9 $k%W %m %0 %i %‘ $N$3 $H!% %" %; %s %V%j 8@ 8l $N 9M 0F$K$h$C$F!$$=$l$^$G5!3#8l%l %Y%k$G9T$J$C $F$$$?%W%m%0 %i%_%s%0$O $+$J$j3Z$K$J $j!$Aa$/@5 3N$J%W%m%0%i%_%s%0$,2D G=$H$J$C$?!%$7$+ $7!$%3%s%T%e!<%? $NCN<1$N$J $$?M$,$$$-$J $j%"%;%s %V%j8@8l$r=,F@$7!$%W%m%0%i %‘$r:n@.$9$k $3$H$OMF0W $G$J$$!%$3$N$? $a!$?M4V$N;H$& 8@8l$K;w $;$?%W%m%0%i%‘5-=RMQ8@8l !J$$$o$f$k9b?e =‘8@8l!K$,%"%; %s%V%j8@8l$N 8e$K3+H/$5$l $k$3$H$K $J$k!% !Z=hM}4D6-![ � MSP/M1800 command : ASM cataloged pro cedure : ASM � � * EXAMPLE OF FORMAT PROGRAM1 START , FIRST CONTROL SECTION R1 EQU 1 BASE EQU 13 BALR BASE, 0 SET BASE ADDRESS USING *, BASE ADDRESSABILITY LOOP1 L R1, SUM LOAD SUM A R1, DATA1 COUNT UP : � � assem bly language source !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV %"%;%s%V%iJ8K!=q!W (70SP-5651), IY;NDL3t<02q<R . � !V F A COM OS IV/F4 MSP %"%;%s%V%i;HMQ<j0z=q!W (79SP-3400), IY;NDL3t<02q<R . � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992. � HELP ASM

1. %W%m%0%i%_%s%08@8l 3 1.2 C, C/VP !Z35N,![ UXP , MSP $H$b$K ANSI(American National Standards Institute) 5,3J=‘5r C 8@8l!% C $O D.M.Ritc he $K $h$C $F 1972 G/ $K3+ H/ $5$l $? %W%m %0 %i%_ %s %08@ 8l!% M.Ric hards $,@_ 7W $7$?8@ 8l BCPL $r $b $H $K K.Thompson $, 1970 G/ $K @_ 7W $7$? 8@ 8l B $N 99 $J $kH/ E8 7? $G $" $k!% C $O Ev ;~ 3+ H/ Cf $G $"$C $? UNIX $N 3+ H/ $r 1_ 3j $K ?J $a $k $? $a $K F3 F~ $5 $l $?!% =>$C $F UNIX $N $[ $H$s $I $O C $G 5- =R $5 $l $F $$ $k!% 8= :_ UNIX $N @$ 3& $r Cf ?4 $H $7 $F!$ I8 =‘ 8@ 8l $H $7 $F 9- $/ N. DL $7 $F$$$k!% MSP $O I8 =‘ 5! G= $K 2C $( $F!$ F| K\ 8l =h M} $d %" %I %l %9 3H D% $J $I $N 5! G= $, DI 2C $5 $l $F $$ $k!% $? $@$7 MSP $N >l 9g 30 It L> $, #7 J8 ;z $r 1[ $( $F ;X Dj $G $- $J $$ $N $G UNIX $G N. DL $7 $F $$ $k C $N %W %m %0%i%‘$r MSP $G%3 %s %Q%$ %k$7 $h$& $H $7$F $b$[ $H$s $I $3$N @)8B $K0z$C $+ $j!$K] Lu$G $-$J $$ $N$G Cm0U!% C/VP $O VP 8~$1$N C 8@8l!% UXP $N$_$N%5%]!<%H!% !Z=hM}4D6-![ � MSP/M1800 command : CC, FCC � UXP/M1800, UXP/VP2600 command : cc(/usr/ccs/bin/cc), vcc � � #include <stdio.h> #include <math.h> main() { double x; for(x=-2;x<=10;x+=2) { int n; double y=frexp(x,&n); printf("%3g=% f*2^%d\n",x,y,n); } } � � C source !ZCm0U;v9‘![ � C/VP $K $h$C$F %Y%/ %H%k 2=$5 $l$k for %k!<%W $O!$0J 2<$N >r7o $rK~ $?$9 I,MW $,$" $k!J$+ $J $j87$7$$ : F ortran $N DO %k!<%W$KAGD>$KFI$_$+$($i$l$k$N$,BP>]!K!% 1. 0lHL$KJQ?t N, M, I $KBP$7$F0J2<$N$h$&$K=q$1$k!%JQ?t M $OJQ$o$C$F$O$$$1$J$$!%

1. %W%m%0%i%_%s%08@8l 4 for(i = N; i < M; i += I) { ...... } 2. <B9T3+;O;~$K7+$jJV$72s?t$,3NDj$7$F$$$k$3$H!%ESCf$NHt$S=P$7$O#12s$N$_2D!% 3. %k!<%WESCf$X$NHt$S9~$_$OIT2D!% !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V C 8@8lJ8K!=q!W (99SP-8050) !$IY;NDL3t<02q<R!% � !V OS IV C 8@8l;HMQ<j0z=q V12 !W (70SP-5631), IY;NDL3t<02q<R . � !V UXP/M C 8@8l;HMQ<j0z=q V11L10 MQ!W (94SP-5050), IY;NDL3t<02q<R . � !V OS IV C 8@8l%a%C%;!<%8@bL@=q V12 !W (70SP-5640), IY;NDL3t<02q<R . � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � !V Unix 4D6-$G%9!<%Q!<%3%s%T%e!<%F%#%s%0$r$9$k?M$N$?$a$N%,%$%I!W:4F# <~9T , 6e=#Bg 3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.4, pp.452{484, 1993. � man cc $G;2>H2DG= (UXP).

1. %W%m%0%i%_%s%08@8l 5 1.3 C++ !Z35N,![ A T&T HG $r %5 %]!< %H!% B> $N %7 %9 %F %‘ !J ex. GNU C++ !K $J $I $H 8@ 8l ;E MM!$ %i %s %? %$ %‘ %k!< %A %s$N?6Iq$$$,HyL/$K0[$J$k$N$GCm0U$,I,MW!% C++ $O A T&T %Y%k8&5f=j$N B.Stroustrup $K$h$j 1983 G/$K3+H/$5$l$?8@8l!%;EMM$O C 8@ 8l$r $[ $\ Jq 4^ $7 $? $b $N $G $" $k!% C 8@ 8l $K Hf $Y $F ?7 $? $K!$ %? %$ %W %A%’%C %/ 5! G=!$ %G!< %? Cj >] 2= 5!G=!$ 1i ;; ;R $N ov erloading !$%* %V %8%’ %/ %H ;X 8~ $N %W %m %0 %i %_ %s %0 $, 9T $J $( $k 5! G= $J $I $, DI 2C $5$l$F$$$k!% !Z=hM}4D6-![ � UXP/M1800 command : CC(/usr/uxp/CC) � � #include <stream.h> main(int argc,char *argv[]) { int iend=atoi(argv[1]); int i,sum=0; for(i=1;i<=iend;i++) { sum+=i; } cont << "SUM=" << sum "\n"; } � � C++ source !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V The C++ Programming Language !W B.Stroustrup, Addison W esley , 1989. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � man CC

1. %W%m%0%i%_%s%08@8l 6 1.4 C � !Z35N,![ JBNs7W ;;5! CM-5 $N $?$a $K 3+H/ $5 $l$? JB Ns C 8@ 8l!% ANSI C $N A4 $F$N 5! G=$r Jq 4^$9 $k!% JBNs =hM}5!G=$H$7$F!$JBNsJQ?t $N7A$NDj5A!$3F 2>A[%W%m%;%C %54IM}!$JBNs %G!<%?$N;2>H$, $"$2$i$l $k!% !Z=hM}4D6-![ � CM-5 command : cs � � #include <stdlib.h> main() { shape [8192]S; int:S source, sum; with(S) { source = prand() %% 100; sum = 0; [source]sum += 1; } } � � C � source !ZDs6!![ � Thinking Mac hines Corp oration !Z;29MJ88%![ � !V C � User’s Guide !W Thinking Mac hines Corp oration.

1. %W%m%0%i%_%s%08@8l 7 1.5 Cob ol85 !Z35N,![ Cobol(Common business orien ted language) $O 1959 G/ %" %a %j %+ 9q KI >J $, <g :E $7 $? CODA- SYL(The Conference On Data Systems Languages) 0Q0w2q$G$N5DO@$r$b$H$K3+H/$5$l$?;vL3 =hM}MQ $N 8@ 8l!% MSP >e $N Cob ol $O ANSI Cob ol 1985 $N 5! G= C1 0L$N :G 9b ?e =‘ $H!$$= $N B> $$ $/ $D$+$N 3HD% 5! G= $rJq 4^ $7$? Cob ol 85 $N J8 K! $K5r $k!% BgNL $G J# ;($J %G!< %? 9=B$ $r 07$& $? $a $K!$ BgMFNL%U%!%$%k$N8!:w$d99?7!$ J;9g5!G=$d J8;zNsA‘:n5! G=!$Js9p=q:n @.5!G=$J$I$N FCD’$r;}$C $F$$$k!% !Z=hM}4D6-![ � MSP/M1800 command : COBOL cataloged pro cedure : COBOL � � DATA DIVISION. FILE SECTION. FD IN-FILE RECORD IS VARYING IN SIZE. 01 IN-REC. 02 C-FIELD. 03 WIN PIC X(8). 03 FILLER PIC XX. 04 I1IN PIC X. 04 I2IN PIC X(20). 03 FILLER PIC X(100). 02 IN-MSG : � � Cob ol source !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV COBOL85 ;HMQ<j0z=q!W (70SP-5812), IY;NDL3t<02q<R!% � !V F A COM OS IV COBOL85 J8K!=q!W (70SP-5801), IY;NDL3t<02q<R!% � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � HELP COBOL

1. %W%m%0%i%_%s%08@8l 8 1.6 F ortran77 EX, F ortran77 EX/VP !Z35N,![ F ortran77/EX $O!$ F ortran77 $N3H D%8@ 8l!%<! 4|8@ 8l$G $"$k F ortran90 $X $N0\ 9TCJ 3,$K 0LCV $9 $k%W%m%0%i%_%s%08@8l=hM}BN7O!% F ortran77 EX/VP $O VP2600 >e$G9bB.<B9T$N$?$a$N<+F0%Y %/%H%k2=%3%s%Q%$%i!%<B9T$O%P%C%A $N$_$K8B$i$l $k!% F ortran(F orm ular T ranslation) $O 1957 G/$K J.W.Bac kus $i$K$h$C$F3+ H/$5$l$?2J 3X5;=Q?tCM 7W;;8@8l!%Ev ;~3+H/Cf$G $"$C$?%9!<%Q!< %3%s%T%e!< %? IBM 704 @l MQ $N 9b ?e =‘8@ 8l $H $7 $F @_ 7W $5 $l $?!% $= $N 8e!$ 8@ 8l $N=h M} 7O!$ @_ 7W $N M%=($5 $+ $i IBM <R$N B> $N 5! <o $* $h$S B> <R $N 5! <o $K$b :N MQ $5 $l!$ $5 $^$6 $^ $J 9b ?e =‘ 8@ 8l$N 5, HO $H$J$C$?!$ F ortran $N@.8y$rD>@\$N4pAC$H$7$?8@8l$K Algol, Cob ol, PL/I, Basic $J$I$,$"$k!% !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 command : FORT , cataloged pro cedure : FORT � UXP/M1800, UXP/VP2600 command : fort(/usr/local/bin/fort), frt(/usr/uxp/frt) � � PROGRAM TEST1 PARAMETER(MAXN=14) REAL*8 M(MAXN) WRITE(6,*) ’N=’ READ(5,*) N ! THIS IS COMMENT C DO 10 I=1,MAXN K=I*2 J=K-I-4 10 CONTINUE : � � F ortran77/EX source !ZDs6!![ � IY;NDL3t<02q<R !ZCm0U;v9‘![ � F ortran77/EX $O!$B>$N F ortran77 %3%s%Q%$%i$H4pK\E*$K8_49$G$"$k!%$?$@$7!$J8K!%A%’%C %/ $, Hs >o $K 87 $7 $$!% =>$C $F!$%Q %= %3 %s!$ %o!< %/ %9 %F!< %7%g %s $G 0l 8+ %( %i!<$J $7 $G F0 :n $7 $F $$ $? %W %m %0%i %‘ $,!$ %; %s %?!< $N F ortran77/EX $G $O %( %i!< %a%C%;!< %8 $r =P $7 $F <B 9T$, Cf CG $5$l $k >l 9g $, $"$k!% $3 $N >l 9g!$$[ $H $s $I $N%1!< %9 $, Mx MQ<T $N %W %m %0%i %‘ $N %P %0$G $" $k!% 0\9T $N:] $O== J,$J %A%’%C%/ $r $9$k $3$H!% 5U$K 8@$( $P!$ F ortran77/EX $r;H$C $F!$<+ J,$N%W%m%0%i%‘$N%A%’%C%/$,$G$-$k!%

1. %W%m%0%i%_%s%08@8l 9 !Z F ortran77/EX $NFCD’![ � F ortran90 $N0lIt@h9T:NMQ { J8;z ! $K$h$C$F!$9T$NESCf$+$iCm<a$,=q$1$k { 0EL[$N7?@k8@$,M^;_$G$-$k!% { 1Q>.J8;z$*$h$S%"%s%@!<%9%3%"!<!J2<@~!K$,;HMQ2DG= { L>A0!JJQ?tL>$dDj?tL>$J$I!K$N:GBgD9$O 31 J8;z � � program main ! %3%a%s%H$G$9 implicit none real a,b,c_ext real x12345678 end � � � #1J8$N7QB32DG=9T?t$O 99 9T!$4X?t$d%5%V%k!<%A%s$N0z?t$N:GBg8D?t$O 1000 8D!% � � function longlong(L1,L2,L3,L4,h) longlong= (-3*h*L1 - 2*L3)*L4**3/(18*h**6*L1**3*L3) + & L2**2*L3**2*(L2*L3 - L1*L4)/(6*h**6*L1**6) + : 7QB3$, 99 9T$^$G2DG= : & (-6*h*L1*L2**2*L3 - 10*L2**2*L3**2 + 3*h*L1**2*L2*L4 + & 8*L1*L2*L3*L4 - L1**2*L4**2)*Log(-L2 + L1*L4/L3)/(3*h**6) end � � !Z;29MJ88%![ � !V OS IV/MSP F OR TRAN77 EX ;HMQ<j0z=q!W (79SP-5031) !$IY;NDL3t<02q<R!% � !V OS IV/MSP F OR TRAN77 EX/VP ;HMQ<j 0z=q V12 MQ!W (79SP-5041) !$IY ;NDL3t <0 2q<R � !V OS IV F OR TRAN77 EX %a%C %;!< %8 @b L@ =q V12 MQ!W (70SP-5321) !$ IY ;N DL 3t <0 2q <R!% � !V F OR TRAN ?7 %3%s %Q %$ %i$N 8x 3+$K $D $$ $F!W C] @8 @/ ;q , 6e =# Bg3X Bg 7?7W ;; 5! %;%s %?!< 9-Js , V ol.25, No.1, pp.55{60, 1992. � !V MSP/F OR TRAN $r VP $G<B 9T $9$k $K $O!WHn ED LZ D>;R!$ EO It A1N4!$ 6e =#Bg 3X Bg7? 7W ;;5!%;%s%?!<9-Js , V ol.26, No.4, pp.397{451, 1993 � !V Unix 4D 6- $G %9!< %Q!< %3 %s %T%e!< %F%# %s %0 $r $9 $k ?M $N $? $a $N %, %$ %I!W :4 F# <~ 9T!$ 6e =# Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.4, pp.452{484, 1993.

1. %W%m%0%i%_%s%08@8l 10 � !V MSP/F OR TRAN Mx MQK!!W H* ;0 @i Be!$EO It A1 N4!$ 9q =! ??!$ HnED LZ D> ;R , 6e=# Bg 3X Bg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.3, pp.232{293, 1993. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � man frt (UXP) � HELP FORT (MSP) � !VMxMQ$N<j0z!& TSS JT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%M%C%H%o!<%/<< , 1993.

1. %W%m%0%i%_%s%08@8l 11 1.7 CM F ortran !Z35N,![ JBNs7W ;; 5! CM-5 $N $? $a $K 3+ H/ $5 $l $? JB Ns F ortran 8@ 8l!% F ortran77 $K F ortran90 $N G[ Ns =h M}ItJ,$rDI2C$7$?$b$N!%A4$F$N F ortran77 $NA‘:n!$8G M-4X?t$r:NMQ$7$F$$ $k!%JBNs7W;;MQ$NG[ Ns$N$?$a$N5!G=$H$7$F!$ %W%m%;%C%5$4 $H$KG[Ns$r J,3d$7!$JBNs $N%"%/%; %9$r9T$J$& $?$a$N CM G[Ns$,MQ0U$5$l$F$$$k!% !Z=hM}4D6-![ � CM-5 command : cmf � � PROGRAM TEST REAL C(0:100),F(0:100) PARAMETER(SCALE=9.0/5.0) PARAMETER(OFFSET=32.0) C Compute values of C and F: C=[0:100] F=SCALE*C+OFFSET C Output results: PRINT 10,(C(I),F(I),I=0,100) 10 FORMAT(F9.3,3X,F9.3) END � � CM F ortran source !ZDs6!![ � Thinking Mac hines Corp oration !Z;29MJ88%![ � !V CM F ortran Programming Guide !W Thinking Machines Corp oration.

1. %W%m%0%i%_%s%08@8l 12 1.8 Lisp !Z35N,![ Lisp =hM}7O$N9q:]I8=‘$H$J$j$D$D$"$k Common Lisp $N8@8l;HMQ$K=‘5r$7$?<BMQE*$JCN<1%7%9 %F%‘3+H/8@8l!% UTILisp $rJq4^!% Lisp $O 1950 G/Be8eH>$K!$ MIT $N J.McCarth y $K$h$C$F9M 0F$5 $l $?!% Lisp $N :G Bg $N FC D’ $O!$ 8@ 8l $= $l <+ BN $, FH N) $7 $? $b $N $G $O $J $/!$ BP OC 7? $N =h M} 7O $K AH$_9~$^$l$F$$$kE@$G$" $k!%%W%m%0%i%‘ $N:n@.!$%F%9 %H!$=$@5!$%3%s %Q%$%k!$<B9T$K ;j$k$^$G %W%m%0%i%‘3+H/$NA4$F$NB&LL$K$*$$$F=hM}7O$HBPOC$9$k$?$a$N8@8l$, Lisp $G$"$k!% !Z=hM}4D6-![ � MSP/M1800 command : LISP � UXP/M1800 command : lisp(/usr/uxp/lisp) � � : (defun sum (l) : (if (null l) : 0 : (+ (car l) (sum (cdr l))))) SUM : (sum ’(1 2 3 4)) 10 � � Lisp source !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !VIY;NDL LISP @bL@=q!W (99SP-4001) !$IY;NDL3t<02q<R!% � man lisp (UXP) � HELP LISP (MSP) � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

1. %W%m%0%i%_%s%08@8l 13 1.9 P ascal !Z35N,![ ISO HG P ascal 5,3J 0F$K=‘5r!% Pascal $O N.Wirth $K$h$j 1975 G/$K3+H/$5 $l$?%W%m%0 %i%_%s%0 650i MQ $N 8@ 8l!% 5- =R MM <0 $O Algol 60 $r 0z 7Q $.!$ 9= B$ 2= $5 $l $? %W %m %0 %i %‘ $r :n @. $9 $k $N $K E, @Z $J8@ 8l ;E MM $K $J$C $F $$ $k!% UXP $O p2c %3 %^ %s %I $K $h$C $F!$ P ascal %=!< %9 $r C %=!< %9 $K JQ 49 $7$?$N$A=hM}$r9T$J$C$F$$$k!% !Z=hM}4D6-![ � MSP/M1800 command : PASCAL cataloged pro cedure : PASCAL � UXP/M1800 command : pc(/usr/local/bin/pc) � � program test; var a,b : integer; ratio : real; begin a:=9; b:=7; ratio:=a/b; write(’Ratio=’,ratio); end. � � P ascal source !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV MSP P ASCAL ;HMQ<j0z=q!W (78SP-5551), IY;NDL3t<02q<R!% � !V F A COM OS IV P ASCAL J8K!=q!W (64SP-3340), IY;NDL3t<02q<R!% � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � HELP PASCAL

1. %W%m%0%i%_%s%08@8l 14 1.10 PL/I !Z35N,![ PL/I $O Programming Language one $N4JN,7A$G$"$j!$ 1965 G/$K IBM $K$h$C$F3+H/$5$l$?8@ 8l!%2J3X5;=Q7W;;$d;vL37W;; $r4^$s$@9-HO 0O$N%"%W%j %1!<%7%g%s$K;HMQ $G$-$k$h$&$J %W%m%0%i %_%s%08@8l$rL\E*$H$7$F$$ $k!%B?<o$N%G!<%? 9=B$$d$=$N >e$G$NA‘:n!$Nc 30=hM}$d%j%" %k%?%$%‘ =hM}$r5-=R$9$k5!G=$J$IK-IY$J5!G=$rHw$($k!% !Z=hM}4D6-![ � MSP/M1800 command : PLI cataloged pro cedure : PLI � � TEST : PROCEDURE OPTIONS(MAIN) ; DECLARE X ; ON ENDFILE(SYSIN) GO TO OWARI ; YOMU : GET LIST(X) ; PUT LIST(X) ; IF X>=0 THEN X=SQRT(X) ; ELSE X=SQRT(-X) ; PUT LIST(X) SKIP(2) ; GO TO YOMU ; OWARI : END TEST ; � � PL/I source !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV MSP PL/I ;HMQ<j0z=q!W (78SP-5412), IY;NDL3t<02q<R!% � !V OS IV PL/I J8K!=q!W (70SP-5404), IY;NDL3t<02q<R!% � !V F A COM OS IV TESTPLI ;HMQ@bL@=q!W (70SP-5420), IY;NDL3t<02q<R!% � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � HELP PLI

1. %W%m%0%i%_%s%08@8l 15 1.11 Prolog !Z35N,![ Prolog(Programming in logic) $O 1972 G/ $K3+ H/ $5$l $? %[!<%s O@ M}$K 4p $E$/ %W%m %0 %i%_ %s %08@ 8l!% DEC-10 Prolog $K=‘5r$7!$$$$/$D$+$N5!G=3HD%$r9T$J$C$F$$$k!% Prolog $O Lisp $HJB$S!$ J8;zNs$N8!:w$d=q49$KJXMx $G$"$j!$CN<1I= 8=$d?dO@$N%7 %9%F%‘$r:n$k $N$KMF0W$J$? $a!$?M9)CN G=8@8l$G$"$k$H0lHL$K$$$o$l$F$$$k!% !Z=hM}4D6-![ � MSP/M1800 command : PROLOG � UXP/M1800 command : prolog(/usr/uxp/prolog) � � love(kaihatsu,gyomu). love(gyomu,jimu). friend(X,Y) :- love(X,Y). friend(X,Y) :- love(X,Z),friend(Z,Y). | ?-friend(kaihatsu,jimu). � � � � � yes | ?-friend(jimu,gyoumu). � � � � � yes | ?-halt. � � � � � � � Prolog source !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !VIY;NDL PR OLOG <j0z=q!W (99SP4060), IY;NDL3t<02q<R!% � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � man prolog (UXP) � HELP PROLOG (MSP)

1. %W%m%0%i%_%s%08@8l 16 1.12 Ratfor !Z35N,![ Ratfort(Rational fortran) $O A T&T %Y %k 8& 5f =j $G 3+ H/ $5 $l $? F ortran $K 4p $E $/ %W %m %0 %i %‘ 8@ 8l!%%W%j%W%m %;%C%5J} <0$G $"$j!$ Ratfort 8l$G =q$+$l $?%W %m%0%i %‘$r %W%j%W %m%;%C %5$K$h$C $F F ortran 8l$N%W%m%0%i%‘$KK]Lu$7!$99$K F ortran %3%s%Q%$%i$GK]Lu!$<B9T$r9T$J$&!% !Z=hM}4D6-![ � UXP(M1800) !Z=hM}4D6-![ � UXP/M1800 command : ratfor(/usr/local/bin/ratfor) � � #program test defin(eof,11111) integer r 100 format(i5) for(read(5,*) n;n^=eof ; read(5,*)n){ if(n<=1) { #illegal input ? write(6,*) n } else if(n==2) { #n=2 ? write(6,*) n } : � � Ratfor source !ZDs6!![ � A T&T !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

2 %W%m%0%i%‘8@8l=hM};Y1g %W%m%0%i%_%s%08@8l=hM};Y1g$H$7$F!$<!$N%=%U%H%&%’%"$,$"$k!% %W%m%0%i%‘L> FCD’ MSP UXP Analyzer F ortran F0:n>u672r@O !{ !{ T uner F ortran %A%e!<%K%s%0;Y1g !{ !{ f2c F ortran %=!<%9$r C $KJQ49 !{ p2c P ascal %=!<%9$r C $KJQ49 !{ Debugger F ortran, C $N%G%P%C%0;Y1g !{ sdb %7%s%\%j%C%/%G%P%C%, !{ Wisepack F ortran %W%m%0%i%‘$N3+H/!&J]<i;Y1g !{ lex 4JC1$J;z6g2r@O%W%m%0%i%‘$N@8@. !{ yacc 9=J82r@O%W%m%0%i%‘@8@.%D!<%k !{ bison GNU Pro ject parser generator !{ m4 %^%/%m!&%W%m%;%C%5 !{

2. %W%m%0%i%‘8@8l=hM};Y1g 18 2.1 Analyzer !Z35N,![ F ortran %W %m %0%i %‘ $N F0:n >p Js$r <} =8$* $h $SJ, @O $7$F!$ %A%e!< %K%s %0 :n 6H!J%Y %/ %H%k 7W ;;5! >e $G$N<B9T@-G=$N2~A1:n6H!K$r;Y1g$9$k%D!<%k!% 0l HL $K %W%m %0 %i %‘ $N Cf $G :G$b <B 9T ;~ 4V $r Hq$d $9 It J, $O!$ %W %m%0 %i %‘ $N FC Dj $N>l =j $K JP $k!% %A%e!<%K%s%0:n6H$NBg$-$JL\E* $O!$$3$N<B9T ;~4V$,B?$/$+ $+$kItJ,$r 2~A1$9$k$3$H $K$"$k!%%" %J%i%$%6$O$=$N;Y1g$H$7$F!$ <B9TIQEY!$<B 9T2s?t!$<B9T;~ 4V!$%3%9%HCM $J$I$N%W%m%0 %i%‘F0:n >pJs$rDs6!$9$k!%$^$?!$ TSS $G$N%A%e!<%K%s%0;Y1g%D!<%k T uner $KEO$9>pJs$r:N<h$9$k!% !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 cataloged pro cedure : ANALYZE � UXP/M1800, UXP/VP2600 command : afrt(/usr/uxp/afrt) � � vectorize - total list --------------------------------------------------------------- name ex-count v-cost % s-cost % v-leng v-rate v-effect MAIN *1 *2206017 54.6 *2206017 4.3 *5 *0.0 *1.0- 1.0 SETTBL *1 *1210793 30.0 *33097172 65.1 *100 *99.8 *22.2- 34.0 SETLST *1 *526458 13.0 *13082014 25.7 *100 *99.4 *20.5- 30.2 CF22M *1 *42546 1.1 *1177955 2.3 *99 *99.8 *22.4- 34.6 CF23M *1 *39020 1.0 *1114065 2.2 *99 *99.9 *23.0- 35.9 SFOOM *1 *5460 0.1 *131016 0.3 *99 *99.2 *19.9- 29.0 CF2 *1 *3030 0.1 *16358 0.0 *84 *84.4 *5.2- 5.6 FFT2 *1 *2845 0.1 *4583 0.0 *67 *39.3 *1.6- 1.6 (total) --------- *4037726 100.0 *50868886 100.0 --------- *95.3 *11.4- 13.8 vectorize - routine list ------------------------------------------------------------- routine ex-count v-cost % s-cost % v-leng v-rate v-effect MAIN *1 *2206017 54.6 *2206017 4.3 *5 *0.0 *1.0- 1.0 isn ex-count true v-cost s-cost v o c--------1---------2---------3------ 00000001 IMPLICIT REAL*8 (A-H,O-Z) 00000002 PARAMETER (NMAX=5000,MMAX=12) 00000003 COMPLEX*16 C(NMAX),OMEGK(NMAX,MMAX,2),X(NMAX) 00000004 COMPLEX*16 C1(NMAX),C2(NMAX) 00000005 REAL*8 ER(NMAX) 00000006 INTEGER LIST(NMAX*MMAX) : � � Analyzer $K$h$k F ortran %W%m%0%i%‘2r@O>pJs

2. %W%m%0%i%‘8@8l=hM};Y1g 19 !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV/MSP %"%J%i%$%6;HMQ<j0z=q!J F OR TRAN,VP MQ!K V10L20 MQ!W (79SP- 5080) !$IY;NDL3t<02q<R . � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992. � !V MSP/F OR TRAN $r VP $G<B9T$9$k$K$O!W HnEDLZ D>;R!$EOIt A1N4!$6e=#Bg3XBg7?7W ;;5!%;%s%?!<9-Js , V ol.26, No.4, pp.397{451, 1993 � !V Unix 4D 6- $G %9!< %Q!< %3 %s %T%e!< %F%# %s %0 $r $9 $k ?M $N $? $a $N %, %$ %I!W :4 F# <~ 9T!$ 6e =# Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.4, pp.452{484, 1993. � man afrt (UXP)

2. %W%m%0%i%‘8@8l=hM};Y1g 20 2.2 bison !Z35N,![ 9=J82r@O%W%m%0%i%‘%D!<%k!% y acc $h$j$b6/NO$J5!G=$rM-$9$k!% Bison is a parser generator in the style of y acc(1). It should b e up w ardly compatible with input �les designed for y acc. Input �les should follo w the y acc con v en tion of ending in \.y". Unlik e yacc, the generated �les do not ha v e �xed names, but instead use the pre�x of the input �le. F or instance, a grammar description �le named parse.y w ould-pro duce the generated parser in a �le named parse.tab.c , instead of y acc’s y.tab.c . !Z=hM}4D6-![ � UXP/M1800 command : bison(/usr/local/bin/bison) !ZDs6!![ � GNU !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � nroff -man /usr/local/man/man1/bison.1|more

2. %W%m%0%i%‘8@8l=hM};Y1g 21 2.3 Debugger !Z35N,![ F ortran 8@8l!$ C 8@8l$G:n@.$7$?%m!<%I%b%8%e!<%k$rBP>]$K%G%P%C%0$r9T$&!% MSP $N DEBUGGER %3%^%s%I$r;HMQ$9$k$?$a $K$O!$$"$i$+$8 $a%G%P%C%,MQ $N>pJs$rIU 2C$7$?%m!<%I%b %8%e!<%k$r:n @.$9$kI,MW$,$"$k!% $^ $?!$ FORT %3 %^ %s %I$K GODBG %* %W %7%g%s $r ;X Dj$9 $k $3 $H$G editor Fb $+ $i%G %P%C %, $r5/ F0 $9$k$3$H$b$G$-$k!% !Z=hM}4D6-![ � MSP/M1800 command : DEBUGGER, DEB � � DBG TEST.LOAD(EX) � � � � � DEBUG/I B 200 IN(SUB) � � � � � DEBUG/I C � � � � � ’SUB’ $N NUM : 200 $GCfCG$7$^$7$?!% DEBUG � � debugger $rMQ$$$?%G%P%C%0Nc !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V OS IV %G%P%C%,;HMQ<j0z=q F OR TRAN,C 8@8lMQ!W (70SP-6430) IY;NDL3t<02q<R!% � !V%G%P%C%,5!G=$N>R2p!W EOIt A1N4!$J?Hx 9LFs!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.1, pp.1{47, 1993.

2. %W%m%0%i%‘8@8l=hM};Y1g 22 2.4 f2c !Z35N,![ F ortran $N%=!<%9%W%m%0%i%‘ ( !A .f ) $r C( !A .c) $KJQ49$9$k!#JQ49$7$?%U%!%$%k$r;H$C$F<B9T%U%! %$%k$r:n$k>l9g!$%j%s%/$N:]$K%*%W%7%g%s -L/usr/local/lib -lF77 -lI77 $r;XDj$9$k$3$H!# F ortran MQ$N%i%$%V%i%j (SSL2 $J$I ) $r;H$C$?$b$N$O!$%j%s%/;~$K$=$l$b;XDj$9$k$3$H!% !Z=hM}4D6-![ � UXP/M1800 command : f2c(/usr/local/bin/f2c) !Z;HMQNc![ � Fortran %=!<%9%U%!%$%k a.f $r C %=!<%9%W%m%0%i%‘ a.c $KJQ49$9$k!%$5$i$K!$<B9T%U%! %$%k$r:n@.$9$k!% � � kyu-cc% f2c a.f � � � � � kyu-cc% cc a.c -L/usr/local/lib -lF77 -lI7 � � � � � � � !ZDs6!![ � A T&T !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

2. %W%m%0%i%‘8@8l=hM};Y1g 23 2.5 lex !Z35N,![ %F%-%9 %H $N 4JC1 $J ;z 6g 2r@O $r 9T $& %W%m %0 %i %‘ $r :n@. $9 $k!# F~ NO%U%! %$ %k �le ( >J N, ;~$O I8 =‘ F~ NO ) $O!$8!:w$NBP >]$G$"$kJ8;zNs$H<0!$ $*$h$SJ8;zNs$,8+ $D$+$C$?$H$-$K<B9T$9 $k C %W%m%0 %i %‘$N%F%-%9%H$r4^$‘!% lex $O lex.yy.c $H$$$&%U%! %$%k$r@8 @.$9$k!% lex.yy.c $r%3%s%Q %$%k$7 lex %i%$%V%i %j$H %j%s%/$9$k$H!$$3$N%W%m%0%i %‘$O;XDj$7$? J8;zNs$,8!=P $5$l$?>l9g$r =|$-!$F~NO$r=P NO$KJ#<L $9$k!%J8;zNs$,8!=P$5$l$?>l 9g$O!$BP1~$9 $k%W%m%0%i%‘!& %F%-%9%H$r <B9T$9$k!%0lCW $7$?<B:] $NJ8;zNs$O!$30ItJ8;zG[Ns yytext $KF~$k!% !Z=hM}4D6-![ � UXP/M1800 command : lex(/usr/ccs/bin/lex) !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � man lex � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

2. %W%m%0%i%‘8@8l=hM};Y1g 24 2.6 m4 !Z35N,![ C 8@8l!$%"%;%s%V%i8@8l!$$"$k$$$O$=$NB>$N8@8l$N%U%m%s%H!&%(%s%I$H$7$F;HMQ$9$k$?$a$N%^ %/%m!&%W%m%;%C%5!%0z?t$H$7$F ;XDj$5$l$? %U%!%$%k$O!$$= $N=g$K=hM} $5$l$k!%%U%!%$ %k$,;XDj $5$l $F $$ $J $$ >l 9g!$ $" $k $$ $O %U%! %$ %k L> $, - $G $" $k >l 9g $K $O I8 =‘ F~ NO $, FI $_ <h $i $l $k!% =h M} $5$l$?%F%-%9%H$OI8=‘=PNO$K=q$-9~$^$l$k!% !Z=hM}4D6-![ � UXP/M1800 command : m4(/usr/ccs/bin/m4) !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � man m4 � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

2. %W%m%0%i%‘8@8l=hM};Y1g 25 2.7 p2c !Z35N,![ UXP $G$O P ascal %3%s%Q%$%i$,Ds6!$5$l$F$$$J$$$N$G P ascal $N%=!<%9%U%!%$%k$O C $J$I$K$$$C $?$sJQ49$9$kI,MW$,$"$k!% p2c $O P ascal $N %=!<%9%W%m %0%i%‘ ( !A .p) $r C( !A .c) $KJQ49 $9$k!%JQ49 $7$?%U%! %$%k$r;H$C $F<B9T%U%!%$%k$r:n$k>l9g!$%j%s%/$N:]$K%*%W%7%g%s /usr/local/lib/libp2c.a $r;XDj$9$k$3$H!% !Z=hM}4D6-![ � UXP/M1800 command : p2c(/usr/local/bin/p2c) !Z;HMQNc![ � Pascal %=!< %9 %U%! %$ %k a.p $r C %=!< %9 %W %m %0 %i %‘ a.c $K JQ 49 $9 $k!% $5 $i $K!$ <B 9T %U%! %$%k$r:n@.$9$k!% � � kyu-cc% p2c a.p � � � � � kyu-cc% cc a.c /usr/local/lib/libp2c.a � � � � � � � !ZDs6!![ � Da v e Gillespie !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

2. %W%m%0%i%‘8@8l=hM};Y1g 26 2.8 sdb !Z35N,![ sdb(Sym b olic DeBugger) $O C, F ortran !$%"%;%s%V%iMQ$N%7%s%\%j%C%/%G%P%C%,!% sdb $O<B9T 2DG=%U%!%$%k$H%3%"!&%U%!%$%k $rD4$Y$k$N$K MxMQ$G$-$k!% $^$?@)8f$5 $l$?<B9T4D6- $K$*$$$F!$ <B9T Cf $N %W %m %; %9 $r D4 $Y $k $3 $H $b 2D G=!% 3F %U%! %$ %k $O %G %P%C %0 MQ $N %U %i %0 ( -g ) $r N) $F $F %3 %s %Q%$%k$9$k$3$H!% !Z=hM}4D6-![ � UXP/M1800 command : sdb(/usr/ccs/bin/sdb) !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � man sdb

2. %W%m%0%i%‘8@8l=hM};Y1g 27 2.9 T uner !Z35N,![ %A%e!<%J$O F ortran77 EX %W %m%0 %i%‘$r %Y%/ %H%k 7W;;5! (VP2600) >e $G$h$j 9bB. $KF0 :n$5 $;$k $?$a$N%A%e!<%K%s%0:n6H$r;Y1g$9$k%7%9%F%‘!% Analyzer 2r@O>pJs%U%!%$%kFb$N9‘L\$rI=<($7!$ %A%e!<%K%s%0$KM-8z$H$J$k%,%$%@%s%9%a%C%;!<%8$rI=<($9$k!% !Z=hM}4D6-![ � MSP/M1800 command : TUNER � UXP/M1800 command : tuner(/usr/uxp/tuner) !ZCm0U;v9‘![ � T uner $G%A%e!<%K%s%0:n6H$r9T$J$&$?$a$K$O!$$"$i$+$8$a Analyzer $K$h$C$F!$2r@OMQ$N %G!<%?$r<}=8$7$F$*$/I,MW$,$"$k!% !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V OS IV/MSP %A%e!<%J;HMQ<j0z=q!W (79SP-5041) IY;NDL3t<02q<R!% � !V%A%e!< %J$N 8x3+ $K $D$$ $F!W 6e=# Bg 3XBg 7?7W ;; 5!%; %s %?!<9- Js , V ol.25, No.3, pp.228{ 230, 1992. � !V%"%J%i%$%6$N8x3+$K$D$$$F!W 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.25, No.3, pp.231{ 232, 1992. � man tuner (UXP) � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

2. %W%m%0%i%‘8@8l=hM};Y1g 28 2.10 y acc !Z35N,![ J8L.<+ M3J8 K! $r!$ LALR(1) 9= J8 2r@O %" %k%4 %j %:%‘ $r <B9T $9 $k%*!< %H %^%H %s $N$? $a $N %F!<%V %k $KJQ49$9$k!%=PNO%U%!%$%k y.tab.c $O!$%W%m%0%i%‘ yyparse $r:n@.$9$k$?$a$K C %3%s%Q%$%i $G%3%s%Q%$%k $9$kI, MW$, $"$k!%$3 $N%W%m %0%i%‘ $O!$;z 6g2r@O %W%m%0 %i%‘ yylex $J $i$S$K main $H%( %i!< =h M} %k!< %A %s yy error $H $H $b $K %m!< %I $9 $k I, MW $, $" $k!% $3 $l $i $N %k!< %A %s $O!$ user $,6!5k$9$k!% y acc $,;HMQ$G$-$k;z6g2r@O%W%m%0%i%‘$N:n@.$K$O!$ lex $,JXMx!% !Z=hM}4D6-![ � UXP/M1800 command : yacc(/usr/ccs/bin/yacc) !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � man yacc

2. %W%m%0%i%‘8@8l=hM};Y1g 29 2.11 Wisepac k !Z35N,![ F ortran77 %W %m%0 %i %‘$r @EE* 2r@O $7!$%W %m%0 %i %‘$N 3+H/ J]<i $K$+ $+$o $k:n 6H $r;Y 1g$9 $k%7 %9%F %‘!%2r@O5!G=!$%I%-%e%a%s%H@8@.5!G=5Z$S%U%!%$%kA‘:n5!G=$rM-$9$k!% !Z=hM}4D6-![ � MSP/M1800 command : WISEPACK cataloged pro cedure : WISEPACK !ZDs6!![ � IY;NDL3t<02q<R � � � � Wisepack 5/F0%a%K%e!< !Z;29MJ88%![ � !V F A COM OS IV / F4 MSP WISEP A CK @bL@=q!W (78AR-3050) !$IY;NDL3t<02q<R!% � !V F OR TRAN %W %m %0 %i %‘ 3+ H/!& J] <i ;Y 1g %Q%C %1!< %8 WISEP A CK $N 8x 3+ $K $D $$ $F!W 6e =#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.21, No.2, pp.144{146, 1988. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992.

3 ?t<0=hM} UXP $N ?t<0=h M}%7%9 %F%‘$O%P%C %/%(%s %I$GF0 $$$F$$ $k!%$=$N$? $a!$ UXP $N %U%!%$%k $rMQ $$$k$?$a $K$O %P%C%/ %( %s%I $N%o!< %/%9 %F!< %7%g%s $H UXP $H $N 4V$G %U%!%$ %kE> Aw $r$* $3$J $&I, MW$,$"$k!% MSP $N Reduce $O M1800 >e$NF0:n!% %=%U%H%&%’%"L> FCD’ MSP UXP Mathematica Graphics I=<(5!G=$r;}$D !{ Reduce F|K\8lBP1~HG !{ !{

3. ?t<0=hM} 32 3.1 Mathematica !Z35N,![ Mathematica $O Stephen W olfram $K$h$j3+H/$5$l$?HFMQ?t3X=hM}%7%9%F%‘!%9bEY$J7W;;5!G=!$ ?t<0=hM}5! G=!$#2 <!85!$ #3<! 85%0 %i%U%#%C %/%9 5!G= $rM- $9$k!% $^$?!$ ?t<0 $O F ortran, C, T E X %=!<%9 $H $7 $F =P NO 2D G=!% %0 %i %U%#%C %/ %9 =P NO $O P ostScript %3!< %I $G =P NO $5 $l $k!% %0 %i %U%#%C %/%9 $O X Windo w %7 %9 %F %‘ $H T ektronix $N %0 %i %U%#%C %/ %7 %9 %F %‘ $K BP 1~ $7 $F $$ $k!# X-serv er $NL>A0$r;XDj$9$k$+!$ Tek.m $rFI$_9~$‘$3$H$GBP1~$G$-$k!% !Z=hM}4D6-![ � UXP/M1800( %P%C%/%(%s%I SUN4 >e$NF0:n ) command : math(/usr/local/bin/math), rmath(/usr/local/bin/rmath) � � � � Mathematica graphics 1 � � � � Mathematica graphics 2

3. ?t<0=hM} 33 !Z;HMQNc![ � Tektronix %0%i%U%#%C%/%9$rMQ$$$k!% � � kyu-cc% math � � � � � wait a moment ........ Input Your X-server host-name: Input <<Tek.m ,when your terminal is Tektro4014/4010 Terminal. Mathematica 2.0 for SPARC Copyright 1988-91 Wolfram Research, Inc. -- Terminal graphics initialized -- In[1]:= <<Tek.m � � � � � -- Tektronix graphics initialized -- In[2]:= � � !ZDs6!![ � W olfram Researc h, Inc. !Z;29MJ88%![ � !VHF MQ ?t <0 =h M} %D!< %k Mathematica $N >R 2p!W Hx :j 7I Fs!$ 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9-Js , V ol.24, No.5, pp.501{522, 1991. � !VLd Bj 2r 7h %D!< %k $H $7 $F $N ?t <0 =h M} %D!< %k Mathematica !W Hx :j 7I Fs!$ 6e =# Bg 3X Bg 7? 7W ;;5!%;%s%?!<9-Js , V ol.26, No.1, pp.48{63, 1993. � !V Mathematica: a system for doing mathematics by computer, 2nd ed. !W Stephen W olfram, Addison W esley , 1991. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

3. ?t<0=hM} 34 3.2 Reduce !Z35N,![ Reduce $O An thon y C.Hearn $, NL ;R EE <’ NO 3X $K $* $1 $k 7W ;; $N $? $a Lisp $r MQ $$ $F 1968 G/ $K :n @.$7 $? ?t <0 =h M} %7 %9 %F %‘!% %7 %9 %F %‘ $H 5! G= $, 4J AG $G $" $j!$ 1i ;; B. EY $b B. $$!% UXP $N Reduce $O%P%C%/ %( %s %I $G F0 $$ $F $$ $k $? $a!$ UXP $N %U%! %$ %k $r Reduce $G MQ $$$k $? $a $K $O %P%C %/ %( %s %I$H UXP $H$N4V$G%U%!%$%kE>Aw$r$9$kI,MW$,$"$k!% !Z=hM}4D6-![ � MSP/M1800 command : REDUCE , cataloged pro cedure : REDUCE33 � UXP/M1800( %P%C%/%(%s%I$N SUN4 >e$NF0:n ) command : reduce(/usr/local/bin/reduce) !Z;HMQNc![ � MSP/Reduce $K$O ’LIB.REDUCE33.XMPLIB’ $KK-IY$JF~LgMQ;HMQNc$,MQ0U$5$l$F$$$k!%$3 $N %G!<%?%;%C %H$O!$ REDUCE %3%^ %s%I $r<B 9T$5$; $k$H!$ DD L> XMPLIB $G<+ F0E*$K AH$_ 9~ $^$l$k$N$G!$Nc$N$h$&$K4JC1$K<B9T$G$-!$ Reduce $NMxMQJ}K!$rCN$k$3$H$,$G$-$k!% READY REDUCE � � � � � ** REDUCE 3.3 BEGIN ** SLISP : 4686424 BYTES REDUCE 3.3, 15-JAN-88... 1: IN XMPLIB( %a%s%PL> ); � � � � � !JNcBj<B9T3+;O!K %a%s%PL>$H$7$F$O ALGINT, ANUM, BFLOAT, COMPLEX, EXCALC, EZGCD, FACT, GENTRN, GROEBNER, INT, LESS1 !A LESS7, SOLVE, SPDE, TEST $,;HMQ$G$-$k!% !ZDs6!![ � IY;NDL3t<02q<R (MSP) � F orbs Co.(UXP) !Z;29MJ88%![ � !V REDUCE %f!<%6!<%:%^%K%e%" %k!JF|K\8lHG!K!W A.C. %O!< %sCx , %^%0%m%&%R %k%V%C%/ 3t<02q<R , 1988. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

4 ?tCM7W;;%5%V%k!<%A%s I ?t CM 7W ;; %Q%C %1!< %8$H $7 $F 0J 2< $N %i %$ %V %i%j $r Ds 6! $7 $F $$ $k!% 3F %i %$%V %i %j $H $b %5 %V %k!< %A%s 72 $G $" $j!% SSL2/VP , NUMP A C/VP $O!$ VP $N @- G= $r 0z $- =P $9 $h $& $K FC JL $K %A%e!< %K %s%0$5$l$F$$$k!% %Q%C%1!<%8L> 5!G= MSP UXP BLAS @~7ABe?tMQ%5%V%k!<%A%s72 !{ EISP A CK 8GM-CM4XO"%5%V%k!<%A%s72 !{ LINP A CK @~7ABe?tMQ%5%V%k!<%A%s72 !{ NUMP A C L>8E20Bg3XDs6!Am9g?tCM7W;;%Q%C%1!<%8 !{ !{ NUMP A C/VP NUMP A C $N VP HG !{ !{ SSL I I IY;NDL3t<02q<RDs6! !{ !{ SSL I I/VP SSL I I $N VP HG !{ !{ One dimensional Cellular Automata part 1

4. ?tCM7W;;%5%V%k!<%A%s I 36 4.1 BLAS !Z35N,![ BLAS $O@~7ABe?tMQ$N%5%V%k!<%A%s72!%<!$NJ,N‘$K$h$C$F9=@.$5$l$k!% � %Y%/%H%k � %Y%/%H%k$N%5%V%k!<%A%s72 (Lev el 1) setup Giv ens rotation, swap x in to y , sum of absolute v alues, etc. � G[Ns � %Y%/%H%k$N%5%V%k!<%A%s72 (Lev el 2) Matrix v ector m ultiply , Rank one(t w o) up date to a matrix, etc. � G[Ns � G[Ns$N%5%V%k!<%A%s72 (Lev el 3) Solving triangular matrix with man y righ t-hand sides, etc. !Z=hM}4D6-![ � UXP/M1800 !Z;HMQNc![ � BLAS Level1 %k!<%A%s$NAH$_9~$_!% kyu-cc% fort a.f -lblas � � � � � � BLAS Level2 %k!<%A%s$NAH$_9~$_!% kyu-cc% fort a.f -lblas2 � � � � � � BLAS Level3 %k!<%A%s$NAH$_9~$_!% kyu-cc% fort a.f -lblas3 � � � � � !ZDs6!![ � Dongarra Group !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

4. ?tCM7W;;%5%V%k!<%A%s I 37 4.2 EISP A CK !Z35N,![ Eispac k $O J.Dongarra $N %0 %k!< %W $, 3+ H/ $7 $? 8GM- CM 4X O" $N %k!< %A %s 72!% G\ D9 @: EY BP 1~$N Eis- pac k $,;HMQ2DG=!% !Z=hM}4D6-![ � UXP/M1800 !Z;HMQNc![ � EISPACK %k!<%A%s$rAH$_9~$‘!% kyu-cc% fort a.f -leispack � � � � � !ZDs6!![ � Dongarra Group !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

4. ?tCM7W;;%5%V%k!<%A%s I 38 4.3 LINP A CK !Z35N,![ LINP A CK $O Jac k Dongarra, Jim Bunc h, Clev e Moler and P ete Stew art $N %0%k!< %W$, :n@. $7$?@~7ABe?t$K4X$9$k%5%V%k!<%A%s%Q%C%1!<%8!% !Z=hM}4D6-![ � UXP/M1800 !Z;HMQNc![ � LINPACK $N%k!<%A%s$r;H$C$? Fortran %W%m%0%i%‘ a.f $G<B9T%U%!%$%k$r:n$k!% kyu-cc% fort a.f -llinpack � � � � � !ZDs6!![ � Dongarra Group !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

4. ?tCM7W;;%5%V%k!<%A%s I 39 4.4 NUMP A C, NUMP A C/VP !Z35N,![ NUMP A C(Nago y a Univ ersit y Mathematical P A Ck age) $O L> 8E 20 Bg 3X Bg 7? 7W ;;5! %; %s %?!< 8& 5f3+H/It5Z$SL>8E20Bg3X9) 3XIt?tCM2r@O 8&5f%0%k!<%W $r<g$H$7$F3+ H/$5$l$??tCM 7W;;%Q%C%1!< %8!%@~7ABe?t$+$iFC<l4X?t$K ;j$k9-HF$J NN0h$rJq4^$9 $k!%@:EY!$B.EY $H$b9b$$@-G= $rM-$9$k!% NUMP A C/VP $O VP MQ$N NUMP A C !% !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 � UXP/M1800, UXP/VP2600 !Z;HMQNc![ � MSP $N TSS $G NUMPAC $rAH$_9~$s$@ Fortran %W%m%0%i%‘$r<B9T$9$k!% VP HG$O ’LIB.NUMVP.LOAD’ $G$"$k$,!$ TSS $G$N<B9T$O=PMh$J$$!% READY FORT TEST.FORT LIB(’LIB.NUMPAC.LOAD’) � � � � � � UXP $G NUMPAC $rAH$_9~$s$@ Fortran %W%m%0%i%‘$h$j<B9T%U%!%$%k$r:n@.$9$k!% kyu-cc% fort a.f -lnumpac � � � � � !ZDs6!![ � L>8E20Bg3XBg7?7W;;5!%;%s%?!< !Z%5%V%k!<%A%s$N5!G=![ 3F%5 %V %k!< %A %s L> $O L\ E* JL $K $^ $H $a!$ BeI=$9$kI{%W%m%0%i%‘L>$N$_ $r 5- =R $7 $F $$ $k!% C1 @: EY !?G\@:EY Ey$N 7? $N6h JL$d!$ 6qBN E* $J;H MQJ} K!$O ;2 9MJ8 8%$r ;2>H $5 $l$? $$!%;2 9MJ8 8% $O MSP $N MANUAL %3%^%s%I$G=PNO2DG=!% 4pK\9TNs1i;; ADDMMV 9TNs$N2C8:;; MDETS 9TNs<0$N7W;; MNORMS 9TNs$N@55,2= MNRMBS %P%s%I9TNs$N@55,2= MNRSPS BP>NBP>N9TNs$N@55,2= MULMMV 9TNs$N>h;; MULMVV 9TNs$H%Y%/%H%k$N>h;;

4. ?tCM7W;;%5%V%k!<%A%s I 40 O"N)0l<!J}Dx<0 BUNCBS Bunc h K!$K$h$kBP>N%P%s%I9TNs78?tO"N)0l<!J}Dx<0$N2rK! BUNCHS Bunc h K!$K$h$kBP>N9TNs78?tO"N)0l<!J}Dx<0$N2rK! CGHTCS 6&Lr8{G[K!$K$h$kBP>N@5CMO"N)0l<!J}Dx<0$N2rK!!J05=L%b!<%I!K CHLBDC Cholesky K! , 2~D{ Cholesky K!$K$h$k Hermite BP>N@5CMO"N)0l<!J}Dx<0$N2rK! ( %P%s%I9TNs ) CHL VBS Cholesky K!$K$h$kBP>N@5CMO"N)0l<!J}Dx<0$N2rK!!J2DJQBSI}%P%s%I9TNs!$05=LI=8=!K CHOLCS Cholesky K! , 2~D{ Cholesky K!$K$h$kBP>N@5CMO"N)0l<!J}Dx<0$N2rK! ( L)9TNs , 05=LI=8= ) CHOLF C Cholesky K! , 2~D{ Cholesky K!$K$h$k Hermite BP>N@5CMO"N)0l<!J}Dx<0$N2rK!!JL)9TNs!K CHOLFS Cholesky K! , 2~D{ Cholesky K!$K$h$kBP>N@5CMO"N)0l<!J}Dx<0$N2rK!!JL)9TNs!K CHOLSK Cholesky K!$K$h$kBP>N@5CMO"N)0l<!J}Dx<0$N2rK! GA UELS LU J,2r$K$h$kO"N)0l<!J}Dx<0$N2rK! GSORSS SOR J,2r$K$h$kAB9TNs$NO"N)0l<!J}Dx<0$N2rK!!J05=LI=8=!K LAPLBS Fs<!85 Laplace J}Dx<0$N2rK! LEQBDS Gauss $N>C5nK!$K$h$k%P%s%I9TNs78?tO"N)0l<!J}Dx<0$N2rK! LEQLSS Householder JQ49$K$h$k0lHLO"N)0l<!J}Dx<0$N:G>.Fs>h2r$*$h$S:G>.%N%k%‘2r LEQLUS LU J,2r$K$h$kO"N)0l<!J}Dx<02rK! LSMNS FC0[CMJ,2r$K$h$k0lHLO"N)0l<!J}Dx<0$N2rK!:G>.Fs>h:G>.%N%k%‘2r PR CGFS A0=hM}IU$-6&Lr8{G[K!$K$h$kBP>N@5CMO"N)0l<!J}Dx<0$N2rK! PR CGSS A0=hM}IU$-6&Lr8{G[K!$K$h$kBP>N@5CMAB9TNs$NO"N)0l<!J}Dx<0$N2rK!!J05=LI=8=!K TRDSPS BP>N@5CM;09‘J}Dx<0$N2rK! TRIDGS ;09‘J}Dx<0$N2rK! 9TNs$N5UE> GINVS FC0[CMJ,2r$K$h$k0lHL2=5U9TNs MINVS 9TNs$N5UE> MINVSP BP>N@5CM9TNs$N5UE> Be?tJ}Dx<0!$Hs@~7AJ}Dx<0 BR O YDS Bro yden $NJ}K!$K$h$kHs@~7AO"N)0l<!J}Dx<0$N2rK! FLPO WS Da vidon-Fletc her-P o w ell K!$K$h$k4X?t$N:G>.2= GJMNKS Garside-Jarrat-Mac k K!$K$h$k<B78?tBe?tJ}Dx<0$N2rK! MINSXS Simplex K!$K$h$k4X?t$N:G>.2= NOLEQS Hs@~7AJ}Dx<0$N2rK! NOLLS1 Quasi-Newton K!$K$h$kHs@~7A:G>.Fs>hK!%5%V%k!<%A%s POLEQC J#AG78?tBe?tJ}Dx<0$N2rK! POLESB @EEE>l%b%G%k$K$h$kJ#AG78?tBe?tJ}Dx<0$N2rK! QUADR C J#AG78?tDc<!?tJ}Dx<0$N2rK! QUADRS <B78?tDc<!Be?tJ}Dx<0$N2rK! R TFNDS Hs@~7AJ}Dx<0$N2rK! @~7A7W2hK! LIPS Criss-Cross K!$rMQ$$$?@~7A7W2hLdBj2rK!%k!<%A%s SIMPLX Simplex K!$rMQ$$$?@~7A7W2hK! ?tNs$H5i?t$N2CB. A CCELS ?tNs$^$?$O5i?t$N<}B+$N2CB.

4. ?tCM7W;;%5%V%k!<%A%s I 41 8GM-CM2r@O CGHBSS Householder-Bisection K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O!J Hermite 9TNs!K CGHQIS Householder-QR-In v erse Iteration K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O!J Hermite 9TNs!K CGHQRS Householder-QR K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O!J Hermite 9TNs!K CGKLZS LZ K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O!JJ#AG9TNs!K CHEQIS QR K!$*$h$S5UH?I|K!$K$h$kJ#AG9TNs$N8GM-CM2r@O CHEQRS QR K!$K$h$kJ#AG9TNs$N8GM-CM2r@O CHOBSS Householder-Bisection K!$K$h$k Hermite 9TNs$N8GM-CM2r@O CHOQRS Householder-QR K!$K$h$k Hermite 9TNs$N8GM-CM2r@O CHQRIS Householder-QR- 5UH?I|K!$K$h$k Hermite 9TNs$N8GM-CM2r@O GHBSVS Householder-Bisection K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O GHQRIS Householder-QR- 5UH?I|K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O GHQR VS Householder-QR K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O HEQR VS Double QR K!$K$h$k<BHsBP>N9TNs$N8GM-CM2r@O HOBSVS Householder-Bisection K!$K$h$k<BBP>N9TNs$N8GM-CM2r@O HOQR VS Householder-QR K!$K$h$k<BBP>N9TNs$N8GM-CM2r@O HQRI IS Householder-QR- 5UH?I|K!$K$h$k<BBP>N9TNs$N8GM-CM2r@O JA COBS Threshold Jacobi K!$K$h$k<BBP>N9TNs$N8GM-CM2r@O JENNFS Jennings $NF1;~H?I|K!$K$h$k<BBP>N9TNs$N8GM-CM2r@O NGHOUS =‘D>@\K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O NGJENS Jennings K!$K$h$k Ax = �B x 7?$N8GM-CM2r@O NSHOUS =‘D>@\K!$K$h$k Ax = �x 7?$N8GM-CM2r@O NSJENS Jennings K!$K$h$k Ax = �x 7?$N8GM-CM2r@O RHBSVS Rutishauser-Bisection K!$K$h$kBP>N%P%s%I9TNs$N8GM-CM2r@O RHQR VS Rutishauser-QR K!$K$h$k<BBP>N%P%s%I9TNs$N8GM-CM2r@O SVDS FC0[CMJ,2r Jd4V!$J?3j2= A GFBS Briggs $NJ}K!$K$h$kIT5,B’J,I[%G!<%?$N3J;R2= CFS1A Spline $K$h$k6J@~$N$"$F$O$a CFS2A Spline $K$h$k6JLL$N$"$F$O$a DCOMD1 J#9gB?9‘<0$K$h$k6J@~$N$"$F$O$a DSCI1A #1JQ?t%9%W%i%$%sJd4V DSCI1D #2JQ?t%9%W%i%$%sJd4V HERM31 6hJ,E* Hermite Jd4V$K$h$k6J@~$N$"$F$O$a HERM32 6hJ,E* Hermite Jd4V$K$h$k6JLL$N$"$F$O$a LSAICS D>8rB?9‘<0$K$h$k:G>.Fs>h6a;w LSANLS Hs@~7A:G>.Fs>hK!$K$h$k6J@~$N$"$F$O$a TETPCK IT5,B’J,I[#3JQ?t4X?t%G!<%?$KBP$9$k C k 5iJd4VK! (0 � k � 1) TRIPCK IT5,B’J,I[#2JQ?t4X?t%G!<%?$KBP$9$k C k 5iJd4VK! (0 � k � 3) I=4X?t BERNO Bernoulli ?t BETNO � ?t EULNO Euler ?t F CTRL 3,?t$N7W;; GAMCO 1 = �( x ) $N T a ylor 5i?tE83+78?t HARMS � ( n ) = P n k =1 (1 =k ) ZETNO � ( n ) = P 1 k =1 (1 =k n )

4. ?tCM7W;;%5%V%k!<%A%s I 42 %U!<%j%(2r@O BITREV %S%C%H5UE>$K$h$k%G!<%?$NJB$YBX$( DR CH1S Cheb yshev 5i?t$NF34X?t!$ITDj@QJ, F CHB1S Cheb yshev B?9‘<0$K$h$k4X?t$N F ourier E83+ F COSCS 3+6h4V (0 ; � ) $GM?$($i$l$?4X?t$N5i?tE83+ F COSMS CfE@8x<0$K$b$H$E$/9bB. cosine, sine JQ49 F COSTS Bf7A8x<0$K$b$H$E$/9bB. cosine, sine JQ49 FFT2DC J#AG9bB. F ourier JQ49 (2, 3 <!85 ) FFT2DR <B9bB. F ourier 2r@O!$9g@. (2, 3 <!85 ) FFTC J#AG9bB. F ourier 2r@O FFTR <B9bB. F ourier 2r@O FFTRI <B9bB. F ourier 9g@. FFTS J#AG9bB. F ourier JQ49 FT235C %5%s%W%k?t$, 2 K 3 L 5 M $N7A$N9bB. F ourier 2r@O TRIGQP #2?J5U=g$KJB$Y$i$l$?;03Q4X?tI= V CHB1S Cheb yshev 5i?t V CHB2S Bh#2<o Chebyshev 5i?t V COSS cosine 5i?t , sine 5i?t ?tCMHy@QJ, A QCHYS Caucy <gCM@QJ,$KBP$9$k<+F0@QJ, A QCOSS ?6F0$9$k4X?t$NH>L58B<+F0@QJ, A QCP A CK J#AG?tCM4X?t$N<+F0?tCM@QJ, A QDCCS Clensha w-Curtis K!$K$h$k<+F0@QJ, A QIOSC J#AG?tCM4X?t$NL58B?6F0@QJ,$N<+F0@QJ, A QIOSS H>L58B6h4V?6F0@QJ,$N<+F0@QJ, A QMDS Ey:9?tNsE*$KI8K\?t$rA}$9Jd4V7?@QJ,$K$b$H$E$/<+F0B?=E@QJ, A QNDS <+F0B?=E?tCM@QJ, A QNN5S Newton-Cotes 5,7,9 E@B’$K$b$H$E$/E,1~7?<+F0@QJ, A QOSCS M-8B F ourier @QJ, DEFINS Fs=E;X?t4X?t7?8x<0$K$h$kM-8B6h4V@QJ, GASNS Gauss 7??tCM@QJ, HINF AS Fs=E;X?t4X?t7?8x<0$K$h$kH>L58B6h4V@QJ, INFINS Fs=E;X?t4X?t7?8x<0$K$h$kL58B6h4V@QJ, MQFSRS 40A4BP>NB’$K$h$kB?=E?tCM@QJ, MQNCDS Newton-Cotes B’$ND>@Q$K$h$kB?=E?tCM@QJ, MQPRRS D>@Q7?8x<0$K$h$kB?=E?tCM@QJ, QD APBS Ey:9?tNsE*I8K\E@$rA}$9Jd4V7?@QJ,K! R OMBGS Rom b erg @QJ, TNCOTS ?tCM@QJ,8x<0$N$?$a$N=EN($HJ,E@$NCM TRAPZS Bf7AB’$K$h$kL58B6h4V@QJ, >oHyJ,J}Dx<0 ODEBSS M-M}Jd30K!$K$h$kO"N)#13,>oHyJ,J}Dx<0$N=i4|CMLdBj$N2rK! RK4S #4<!8EE5E* Runge-Kutta K!$K$h$kO"N)#13,>oHyJ,J}Dx<0$N=i4|CMLdBj$N2rK! RKF4AS Runge-Kutta-F ehlb erg #4<!K!$K$h$kO"N)#13,>oHyJ,J}Dx<0$N=i4|CMLdBj$N2rK! RKM4AS Runge-Kutta-Merluzzi #4<!K!$K$h$kO"N)#13,>oHyJ,J}Dx<0$N=i4|CMLdBj$N2rK!

4. ?tCM7W;;%5%V%k!<%A%s I 43 =iEy4X?t ALANGV Langevin 4X?t ALOG1 log(1 + x ) ASINH 5UAP6J@~4X?t CABS1 jj z jj 1 = j x j + j y j ; z = x + iy COMB Fs9‘78?t EXP1 e x � 1 F ASTEE e $N9bB.9b@:EY7W;; F ASTPI � $N9bB.9b@:EY7W;; SINHP 0z?t � 2 x $KBP$9$k;03Q4X?t FC<l4X?t ABRM0 Abramo witz 4X?t!J 0 � 2 <!!K ABRMW @0?t<! Abramowitz 4X?t A CND N_@Q@55,J,I[4X?t$HM>4X?t$N5U4X?t AERF 8m:94X?t$*$h$SM>4X?t$N5U4X?t AICGAM IT40A4%,%s%^4X?t BETIC IT40A4%Y!<%?@QJ, BLAS Blasius J}Dx<0$N2r$HF34X?t CELI1 Bh 1, 2 <o40A4BJ1_@QJ, CGAMMA J#AGJQ?t$N%,%s%^4X?t CLASN Clausen $N@QJ, CND N_@Q@55,J,I[4X?t$HM>4X?t D A WSN Da wson $N@QJ, DEBYE Deb y e $N4X?t DIGAM Digamma 4X?t DILOG Dilogarithm ERF C1 M>8m:94X?t$N@QJ, EXI ;X?t@QJ, FRESS F resnel @589!$M>89@QJ, HYPGM D64v2?5i?t$H9gN.7?D64v2?5i?t ICEILS Bh#1 , #2<oIT40A4BJ1_@QJ, JA CELS Jacobian BJ1_4X?t PN %k%8%c%s%I%kB?9‘<0$*$h$S%k%8%c%s%I%kGfB?9‘<0 QN Bh#2<o%k%8%c%s%I%k4X?t$*$h$S%k%8%c%s%I%kGf4X?t QNOME BJ1_ � 4X?t$N Nome R GAMA %,%s%^4X?t$N5U?t SI @589@QJ,!$M>89@QJ, SPENC Sp ence 4X?t TMFRM Thomas-F ermi J}Dx<0$N2r$H$=$NF34X?t ZET A Riemann Zeta 4X?t

4. ?tCM7W;;%5%V%k!<%A%s I 44 D>8rB?9‘<0 PLEGE %k%8%c%s%I%kB?9‘<0 P n ( X ) PLEGA %k%8%c%s%I%kGf4X?t P m n ( X ) PLEGN 5,3J2=%k%8%c%s%I%kGf4X?t � P m n ( X ) PCHB1 Bh#1<o%A%’%S%7%’%UB?9‘<0 T n ( X ) PCHB2 Bh#2<o%A%’%S%7%’%UB?9‘<0 U n ( X ) PLA GU %i%2!<%kB?9‘<0 L n ( X ) PLA GG 0lHL%i%2!<%kB?9‘<0 L ( a ) n ( X ) PHERM %(%k%_!<%HB?9‘<0 H n ( X ) %Y%C%;%k4X?t AI Airy 4X?t$HF34X?t BER0 Kelvin 4X?t!J 0, 1 <!!K BESJF C J#AGJQ?t$NHs@0?t<!Bh 1 <o Bessel 4X?t BESJNC J#AGJQ?t$N@0?t<!Bh 1 <o Bessel 4X?t BESKNC J#AGJQ?t$N@0?t<!Bh 2 <oJQ7A Bessel 4X?t BESYNC J#AGJQ?t$N@0?t<!Bh 2 <o Bessel 4X?t BH0 Struv e 4X?t!J 0, 1 <!!K BI0 JQ7A Bessel 4X?t!J 0, 1 <!!K BI0I0 JQ7A Bessel 4X?t$N@QJ, BI0ML0 JQ7A Bessel 4X?t$HJQ7A Struv e 4X?t$N:9!J 0, 1 <!!K BIF Hs@0?t<!Bh 1 <oJQ7A Bessel 4X?t BIN @0?t<!JQ7A Bessel 4X?t BJ0 Bessel 4X?t!J 0, 1 <!!K BJ0I0 Bessel 4X?t$N@QJ, BJF Hs@0?t<!Bh 1 <o Bessel 4X?t BJN @0?t<! Bessel 4X?t BKF Hs@0?t<!Bh 2 <oJQ7A Bessel 4X?t BL0 JQ7A Struve 4X?t!J 0, 1 <!!K BYF Hs@0?t<!Bh 2 <o Bessel 4X?t J0Y0S Bessel 4X?t!J 0, 1 <!!K SI0 JQ7A5e Bessel 4X?t!J 0, 1 <!!K SIK @0?t<!JQ7A5e Bessel 4X?t SJ0 5e Bessel 4X?t!J 0, 1 <!!K SJN @0?t<!5e Bessel 4X?t ZBJ0 J 0 � J 15 $N@5$NNmE@ ZBJ0S Bessel 4X?t J 0 , J 1 $NNmE@$*$h$SF34X?t ZBJN J 0 � J 15 $N@5$NNmE@

4. ?tCM7W;;%5%V%k!<%A%s I 45 $=$NB> SETP A CK =89g1i;;%W%m%0%i%‘%Q%C%1!<%8 SOR TP A CK %9%+%i!<!$%Y%/%H%k%G!<%?$NFbIt%=!<%F%#%s%0 BITLOGIC 4-Byte %G!<%?4V$N%S%C%H$4$H$NO@M}1i;; IBITCT 4-Byte %G!<%?$N 2 ?JI=<($G$N 1 $N%S%C%H?t$N?t$(>e$2 IBITR V 4-Byte %G!<%?$N%S%C%H%Q%?!<%s$N5U=gJB$Y49$( IGCD Fs$D$N@0?t$N:GBg8xLs?t PRIME AG?tI=$N:n@. PRMF A C @0?t$NAG0x?tJ,2r RANDOM 0lMMMp?t$N@8@. R OUND <B?t$N#0<N#1F~ !ZCm0U;v9‘![ � NUMP A C $r ;HMQ $7$F F@ $i$l $?7k 2L $r8x I=$9 $k >l9g $O!$ NUMP A C 5Z $S ;HMQ %W%m %0 %i%‘ L>$K$D$$$F8@5Z$9$k$3$H!% !Z;29MJ88%![ � !V%i%$%V %i%j!&%W %m%0%i %‘MxMQ$N <j0z!J?t CM7W;; JT : NUMP A C !K!W L>8E20 Bg3XBg 7?7W ;;5!%;%s%?!< , 1989 !% � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

4. ?tCM7W;;%5%V%k!<%A%s I 46 4.5 SSL I I, SSL I I/VP !Z35N,![ SSL I I(Scienti�c Subroutine Library I I) $OIY ;N DL3t <0 2q<R Ds 6!$N ?t CM7W ;; %5%V %k!< %A%s %i %$ %V%i %j!% %" %k %4 %j %: %‘ $N LL $G $O @: EY E* $K 0B Dj $J <j K! $r :N MQ $7!$ %W %m %0 %i %_ %s %0 $N LL $G $O B. EY 8~>e$K=EE@$,$*$+$l$F $$$k!%;HMQ 8@8l$O F ortran $rMQ $$!$%3%s%Q%$ %i$N:GE, 2=5!G=$r:G Bg8B$K <u$1 $i $l $k $h $& %3!< %F%# %s %0 $5 $l $F $$ $k!% %^ %K%e %" %k $K $O 3F %5 %V %k!< %A %s $N <j K! 35 MW $, 5- $5 $l!$Nc Bj $b >\ $7 $$!% IY ;N DL $N 7W ;; 5! %^ %K%e %" %k $H $7 $F $O =P ?’ $N =P Mh $G $" $k!% MSP $N SSL I I $O LINK ;~ $K <+ F0 E* $K AH $_ 9~ $^ $l $k $N $G!$ Mx MQ <T $O %W %m %0 %i %‘ Fb $G %5 %V %k!< %A %s $r CALL $9 $k$@$1$G$h$$!% SSL I I/VP $O SSL I I $N VP HG!% !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 � UXP/M1800, MSP/VP2600 !Z;HMQNc![ � UXP $G SSL II %k!<%A%s$NAH$_9~$_$r$*$3$J$&!% MSP $G$O<+F0E*$KAH$_9~$^$l$k!% kyu-cc% fort a.f -lssl2 � � � � � !ZDs6!![ � IY;NDL3t<02q<R !Z%5%V%k!<%A%s$N5!G=![ 3F%5%V%k!<%A%s$O0lIt$r=| $-!$C1@:EY$HG\ @:EY$,$"$k!% #4G\@:EY$O %5%]!<%H$7$F$$ $J$$!%G\@: EY$OC1@:EY%5%V%k!<%A%s$NF,$K ’D’ $,$D$/!%6qBNE*$J;HMQJ}K!$O%^%K%e%"%k$r;2>H$5$l$?$$!% 9TNs3JG<%b!<%I$NJQ49 CGSM 9TNs3JG<%b!<%I$NJQ49!J0lHL%b!<%I "* BP>N9TNs!K CSGM 9TNs3JG<%b!<%I$NJQ49!JBP>N9TNs "* 0lHL%b!<%I!K CGSBM 9TNs3JG<%b!<%I$NJQ49!J0lHL%b!<%I "* BP>N%P%s%I9TNs!K CSBGM 9TNs3JG<%b!<%I$NJQ49!JBP>N%P%s%I9TNs "* 0lHL%b!<%I!K CSSBM 9TNs3JG<%b!<%I$NJQ49!JBP>N9TNs "* BP>N%P%s%I9TNs!K CSBSM 9TNs3JG<%b!<%I$NJQ49!JBP>N%P%s%I9TNs "* BP>N9TNs!K VMGGM 9TNs$N@Q!J<B9TNs!K!N3HD%5!G=!O

4. ?tCM7W;;%5%V%k!<%A%s I 47 9TNsA‘:n AGGM 9TNs$NOB!J<B9TNs!K SGGM 9TNs$N:9!J<B9TNs!K MGGM 9TNs$N@Q!J<B9TNs!K MGSM 9TNs$N@Q!J<B9TNs!&<BBP>N9TNs!K ASSM 9TNs$NOB!J<BBP>N9TNs!K SSSM 9TNs$N:9!J<BBP>N9TNs!K MSSM 9TNs$N@Q!J<BBP>N9TNs!K MSGM 9TNs$N@Q!J<BBP>N9TNs!&<B9TNs!K MA V <B9TNs$H<B%Y%/%H%k$N@Q MCV J#AG9TNs$HJ#AG%Y%/%H%k$N@Q MSV <BBP>N9TNs$H<B%Y%/%H%k$N@Q MSBV <BBP>N%P%s%I9TNs$H<B%Y%/%H%k$N@Q MBV <B%P%s%I9TNs$H<B%Y%/%H%k$N@Q O"N)0l<!J}Dx<0 LAX <B9TNs$NO"N)0l<!J}Dx<0!J%/%i%&%HK!!K LCX J#AG9TNs$NO"N)0l<!J}Dx<0!J%/%i%&%HK!!K LSX @5CMBP>N9TNs$NO"N)0l<!J}Dx<0!JJQ7A%3%l%9%-!<K!!K LSIX <BBP>N9TNs$NO"N)0l<!J}Dx<0!J%V%m%C%/BP3Q%T%\%C%F%#%s%0<jK!!K LSBX @5CMBP>N%P%s%I9TNs$NO"N)0l<!J}Dx<0!JJQ7A%3%l%9%-!<K!!K LSBIX <BBP>N%P%s%I9TNs$NO"N)0l<!J}Dx<0!J%V%m%C%/BP3Q%T%\%C%F%#%s%0<jK!!K LBX1 <B%P%s%I9TNs$NO"N)0l<!J}Dx<0!J%,%&%9>C5nK!!K LSTX @5CMBP>N#39‘9TNs$NO"N)0l<!J}Dx<0!JJQ7A%3%l%9%-!<K!!K L TX <B#39‘9TNs$NO"N)0l<!J}Dx<0!J%,%&%9>C5nK!!K LAXR <B9TNs$NO"N)0l<!J}Dx<0$N2r$NH?I|2~NI LCXR J#AG9TNs$NO"N)0l<!J}Dx<0$N2r$NH?I|2~NI LSXR @5CMBP>N9TNs$NO"N)0l<!J}Dx<0$N2r$NH?I|2~NI LSIXR <BBP>N9TNs$NO"N)0l<!J}Dx<0$N2r$NH?I|2~NI LSBXR @5CMBP>N%P%s%I9TNs$NO"N)0l<!J}Dx<0$N2r$NH?I|2~NI LBX1R <B%P%s%I9TNs$NO"N)0l<!J}Dx<0$N2r$NH?I|2~NI VLSX @5CMBP>N9TNs$NO"N)0l<!J}Dx<0!JJQ7A%3%l%9%-!<K!!K!N3HD%5!G=!O VL TX <B#39‘9TNs$NO"N)0l<!J}Dx<0!J%5%$%/%j%C%/!&%j%@%/%7%g%sK!!K!N3HD%5!G=!O VL TX1 Dj?t7?<B#39‘9TNs$NO"N)0l<!J}Dx<0!N3HD%5!G=!O VL TX2 Dj?t7?<B#39‘9TNs$NO"N)0l<!J}Dx<0!N3HD%5!G=!O VL TX3 Dj?t7?<B#39‘9TNs$NO"N)0l<!J}Dx<0!N3HD%5!G=!O VLAX <B9TNs$NO"N)0l<!J}Dx<0!J%V%m%C%-%s%0 LU J,2rK!!K!N3HD%5!G=!O 5U9TNs LUIV LU J,2r$5$l$?<B9TNs$N5U9TNs CLUIV LU J,2r$5$l$?J#AG9TNs$N5U9TNs LDIV LD L T J,2r$5$l$?@5CMBP>N9TNs$N5U9TNs VLUIV LU J,2r$5$l$?<B9TNs$N5U9TNs!N3HD%5!G=!O

4. ?tCM7W;;%5%V%k!<%A%s I 48 9TNs$N;03QJ,2r ALU <B9TNs$N LU J,2r!J%/%i%&%HK!!K CLU J#AG9TNs$N LU J,2r!J%/%i%&%HK!!K SLDL @5CMBP>N9TNs$N LD L T J,2r!JJQ7A%3%l%9%-!<K!!K SMDM <BBP>N9TNs$N M D M T J,2r!J%V%m%C%/BP3Q%T%\%C%F%#%s%0<jK!!K SBDL @5CMBP>N%P%s%I9TNs$N LD L T J,2r!JJQ7A%3%l%9%-!<K!!K SBMDM <BBP>N%P%s%I9TNs$N M D M T J,2r!J%V%m%C%/BP3Q%T%\%C%F%#%s%0<jK!!K BLU1 <B%P%s%I9TNs$N LU J,2r!J%,%&%9>C5nK!!K VSLDL @5CMBP>N9TNs$N LD L T J,2r!N3HD%5!G=!O V ALU <B9TNs$N LU J,2r!J%V%m%C%-%s%0 LU J,2rK!!K!N3HD%5!G=!O ;03QJ,2r$5$l$?O"N)0l<!J}Dx<0 LUX LU J,2r$5$l$?<B9TNs$NO"N)0l<!J}Dx<0 CLUX LU J,2r$5$l$?J#AG9TNs$NO"N)0l<!J}Dx<0 LDLX LD L T J,2r$5$l$?@5CMBP>N9TNs$NO"N)0l<!J}Dx<0 MDMX M D M T J,2r$5$l$?<BBP>N9TNs$NO"N)0l<!J}Dx<0 BDLX LD L T J,2r$5$l$?@5CMBP>N%P%s%I9TNs$NO"N)0l<!J}Dx<0 BMDMX M D M T J,2r$5$l$?<BBP>N%P%s%I9TNs$NO"N)0l<!J}Dx<0 BLUX1 LU J,2r$5$l$?<B%P%s%I9TNs$NO"N)0l<!J}Dx<0 VLDLX LD L T J,2r$5$l$?@5CMBP>N9TNs$NO"N)0l<!J}Dx<0!N3HD%5!G=!O :G>.Fs>h2r LAXL <B9TNs$N:G>.Fs>h2r!J%O%&%9%[%k%@!<JQ49!K LAXLR <B9TNs$N:G>.Fs>h2r$NH?I|2~NI LAXLM <B9TNs$N:G>.Fs>h:G>.%N%k%‘2r!JFC0[CMJ,2rK!!K GINV <B9TNs$N0lHL5U9TNs!JFC0[CMJ,2rK!!K ASVD1 <B9TNs$NFC0[CMJ,2r!J%O%&%9%[%k%@!<K!!$ QR K!!K 8GM-CM!$8GM-%Y%/%H%k EIG1 <B9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J#2CJ QR K!!K CEIG2 J#AG9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J QR K!!K SEIG1 <BBP>N9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J QL K!!K SEIG2 <BBP>N9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J%P%$%;%/%7%g%sK! , 5UH?I|K!!K HEIG2 %(%k%_!<%H9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J%P%$%;%/%7%g%sK!!$5UH?I|K!!K BSEG <BBP>N%P%s%I9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k BSEGJ <BBP>N%P%s%I9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J%8%’%K%s%0%9K!!K TEIG1 <BBP>N#3=EBP3Q9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J QL K!!K TEIG2 <BBP>N#3=EBP3Q9TNs$N8GM-CM5Z$S8GM-%Y%/%H%k!J%P%$%;%/%7%g%sK! , 5UH?I|K!!K GSEG2 <BBP>N9TNs$N0lHL8GM-CM5Z$S8GM-%Y%/%H%k!J%P%$%;%/%7%g%sK!!$5UH?I|K!!K GBSEG <BBP>N%P%s%I9TNs$N0lHL8GM-CM5Z$S8GM-%Y%/%H%k!J%8%’%K%s%0%9K!!K VSEG2 <BBP>N9TNs$N8GM-CM!&8GM-%Y%/%H%k!N3HD%5!G=!O VGSG2 <BBP>N9TNs$N0lHL8GM-CM!&8GM-%Y%/%H%k !N3HD%5!G=!O 8GM-CM HSQR <B%X%C%;%s%Y%k%09TNs$N8GM-CM!J#2CJ QR K!!K CHSQR J#AG%X%C%;%s%Y%k%09TNs$N8GM-CM!J QR K!!K TRQL <BBP>N#3=EBP3Q9TNs$N8GM-CM!J QL K!!K BSCT1 <BBP>N#3=EBP3Q9TNs$N8GM-CM!J%P%$%;%/%7%g%sK!!K

4. ?tCM7W;;%5%V%k!<%A%s I 49 8GM-%Y%/%H%k HVEC <B%X%C%;%s%Y%k%09TNs$N8GM-%Y%/%H%k!J5UH?I|K!!K CHVEC J#AG%X%C%;%s%Y%k%09TNs$N8GM-%Y%/%H%k!J5UH?I|K!!K BSVEC <BBP>N%P%s%I9TNs$N8GM-%Y%/%H%k!J5UH?I|K!!K $=$NB>$N8GM-CM7W;; BLNC <B9TNs$NJ?9U2= CBLNC J#AG9TNs$NJ?9U2= HES1 <B9TNs$N<B%X%C%;%s%Y%k%09TNs$X$NJQ49!J%O%&%9%[%k%@!<K!!K CHES2 J#AG9TNs$NJ#AG%X%C%;%s%Y%k%09TNs$X$NJQ49!J0BDj2=4pK\Aj;wJQ49!K TRID1 <BBP>N9TNs$N<BBP>N#3=EBP3Q9TNs$X$NJQ49!J%O%&%9%[%k%@!<K!!K TRIDH %(%k%_!<%H9TNs$N<BBP>N#3=EBP3Q9TNs$X$NJQ49!J%O%&%9%[%k%@!<K!!K BTRID <BBP>N%P%s%I9TNs$N<BBP>N#3=EBP3Q9TNs$X$NJQ49 HBK1 <B9TNs$N8GM-%Y%/%H%k$X$N5UJQ49$H@55,2= CHBK2 J#AG9TNs$N8GM-%Y%/%H%k$X$N5UJQ49 TRBK <BBP>N9TNs$N8GM-%Y%/%H%k$X$N5UJQ49 TRBKH %(%k%_!<%H9TNs$N8GM-%Y%/%H%k$X$N5UJQ49 NRML <B9TNs$N8GM-%Y%/%H%k$N@55,2= CNRML J#AG9TNs$N8GM-%Y%/%H%k$N@55,2= GSCHL 0lHL7A$+$iI8=‘7A$X$NJQ49!J<BBP>N9TNs$N0lHL8GM-CMLdBj!K GSBK 0lHL7A$N8GM-%Y%/%H%k$X$N5UJQ49!J<BBP>N9TNs$N0lHL8GM-CMLdBj!K Hs@~7A7W;; RQDR <B78?t#2<!J}Dx<0 CQDR J#AG78?t#2<!J}Dx<0 LOWP <B78?tDc<!Be?tJ}Dx<0!J#5<!0J2<!K RJETR <B78?t9b<!Be?tJ}Dx<0!J%8%’%s%-%s%9!&%H%i%&%W$NJ}K!!K CJAR T J#AG78?t9b<!Be?tJ}Dx<0!J%d%i%C%HK!!K TSD1 <BD61[J}Dx<0 f ( x ) = 0 !J%V%l%s%HK!!K TSDM <BD61[J}Dx<0 f ( x ) = 0 !J%^%i!<K!!K CTSDM J#AGD61[J}Dx<0 f ( z ) = 0 !J%^%i!<K!!K NOLBR O"N)Hs@~7AJ}Dx<0!J%V%l%s%HK!!K 6KCMLdBj LMINF #1JQ?t4X?t$N6K>.2=!JHy78?tITMW!$#2<!Jd4VK!!K LMING #1JQ?t4X?t$N6K>.2=!JHy78?tMW!$#3<!Jd4VK!!K MINF1 B?JQ?t4X?t$N6K>.2=!JHy78?tITMW!$2~D{=‘%K%e!<%H%sK!!K MING1 B?JQ?t4X?t$N6K>.2=!JHy78?tMW!$=‘%K%e!<%H%sK!!K NOLF1 4X?tFs>hOB$N6K>.2=!JHy78?tITMW!$2~D{%^%k%+!<%HK!!K NOLG1 4X?tFs>hOB$N6K>.2=!JHy78?tMW!$2~D{%^%k%+!<%HK!!K LPRS1 @~7A7W2hLdBj!J2~D{%7%s%W%l%C%/%9K!!K NLPG1 Hs@~7A7W2hLdBj!JHy78?tMW!$%Q%&%(%kK!!K

4. ?tCM7W;;%5%V%k!<%A%s I 50 Jd4V AKLAG %(%$%H%1%s!&%i%0%i%s%8%eJd4V AKHER %(%$%H%1%s!&%(%k%_!<%HJd4V SPL V #3<! spline Jd4V<0$K$h$kJd4V , ?tCMHyJ, BIF1 B-spline Jd4V<0 (I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIF2 B-spline Jd4V<0 (I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIF3 B-spline Jd4V<0 (I I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIF4 B-spline Jd4V<0 (IV) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIFD1 B-spline #2<!85Jd4V<0 (I-I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIFD3 B-spline #2<!85Jd4V<0 (I I I-I I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, AKMID #2<!85=‘%(%k%_!<%HJd4V<0$K$h$kJd4V INSPL #3<! spline Jd4V<0 AKMIN =‘%(%k%_!<%HJd4V<0 BIC1 B-spline Jd4V<0 (I) BIC2 B-spline Jd4V<0 (I I) BIC3 B-spline Jd4V<0 (I I I) BIC4 B-spline Jd4V<0 (IV) BICD1 B-spline #2<!85Jd4V<0 (I-I) BICD3 B-spline #2<!85Jd4V<0 (I I I-I I I) 6a;w LESQ1 :G>.Fs>h6a;wB?9‘<0 J?3j2= SMLE1 :G>.Fs>h6a;wB?9‘<0$K$h$kJ?3j2=!JEy4V3VN%;6E@!K SMLE2 :G>.Fs>h6a;wB?9‘<0$K$h$kJ?3j2=!JITEy4V3VN%;6E@!K BSF1 B-spline J?3j2=<0$K$h$kJ?3j2=!$?tCMHyJ,!$?tCM@QJ, BSC1 B-spline J?3j2=<0!J8GDj@aE@!K BSC2 B-spline J?3j2=<0!J@aE@DI2CJ}<0!K BSFD1 B-spline #2<!85J?3j2=<0$K$h$kJ?3j2=!$?tCMHyJ,!$?tCM@QJ, BSCD2 B-spline #2<!85J?3j2=<0!J@aE@DI2CJ}<0!K 5i?t FCOSF 6v4X?t$N cosine 5i?tE83+!J4X?tF~NO!$9bB. cosine JQ49!K ECOSP cosine 5i?t$N5aOB FSINF 4q4X?t$N sine 5i?tE83+!J4X?tF~NO!$9bB. sine JQ49!K ESINP sine 5i?t$N5aOB FCHEB <B4X?t$N%A%’%S%7%’%U5i?tE83+!J4X?tF~NO!$9bB. cosine JQ49!K ECHEB %A%’%S%7%’%U5i?t$N5aOB GCHEB %A%’%S%7%’%U5i?t$NF34X?t!$?tCMHyJ, ICHEB %A%’%S%7%’%U5i?t$NITDj@QJ,

4. ?tCM7W;;%5%V%k!<%A%s I 51 JQ49 FCOST N%;67? cosine JQ49!JBf7A8x<0!$#24pDl FFT !K FCOSM N%;67? cosine JQ49!JCfE@8x<0!$#24pDl FFT !K FSINT N%;67? sine JQ49!JBf7A8x<0!$#24pDl FFT !K FSINM N%;67? sine JQ49!JCfE@8x<0!$#24pDl FFT !K RFT N%;67?<B%U!<%j%(JQ49 CFTM B?<!85N%;67?J#AG%U!<%j%(JQ49!J:.9g4pDl FFT !K CFT B?<!85N%;67?J#AG%U!<%j%(JQ49!J#8!$#24pDl FFT !K CFTN N%;67?J#AG%U!<%j%(JQ49!J#8!$#24pDl FFT !$5U=g=PNO!K CFTR N%;67?J#AG%U!<%j%(JQ49!J#8!$#24pDl FFT !$5U=gF~NO!K PNR %S%C%H5UE>$K$h$k%G!<%?$NCV49 LAPS1 %i%W%i%9JQ49!JJ#AG1&H>J?LL$G@5B’$JM-M}4X?t!K LAPS2 %i%W%i%9JQ49!J0lHL$NM-M}4X?t!K LAPS3 %i%W%i%9JQ49!J0lHL4X?t!K HR WIZ Hurwitz B?9‘<0$NH=Dj VCOS1 N%;67? cosine JQ49!J#24pDl FFT !K!N3HD%5!G=!O VSIN1 N%;67? sine JQ49!J#24pDl FFT !K!N3HD%5!G=!O VRFT1 N%;67?<B%U!<%j%(JQ49!J@-G=M%@h7?!$#24pDl FFT !K!N3HD%5!G=!O VRFT2 N%;67?<B%U!<%j%(JQ49!J%a%b%j!<@aLs7?!$#24pDl FFT !K!N3HD%5!G=!O VCFT1 N%;67?J#AG%U!<%j%(JQ49!J@-G=M%@h7?!$#24pDl FFT !K!N3HD%5!G=!O VCFT2 N%;67?J#AG%U!<%j%(JQ49!J%a%b%j!<@aLs7?!$#24pDl FFT !K!N3HD%5!G=!O ?tCMHyJ, SPL V #3<! spline Jd4V<0$K$h$kJd4V , ?tCMHyJ, BIF1 B-spline Jd4V<0 (I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIF2 B-spline Jd4V<0 (I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIF3 B-spline Jd4V<0 (I I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BSF1 B-spline J?3j2=<0$K$h$kJ?3j2=!$?tCMHyJ,!$?tCM@QJ, BIFD1 B-spline #2<!85Jd4V<0 (I-I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIFD3 B-spline #2<!85Jd4V<0 (I I I-I I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BSFD1 B-spline #2<!85J?3j2=<0$K$h$kJ?3j2=!$?tCMHyJ,!$?tCM@QJ, GCHEB %A%’%S%7%’%U5i?t$NF34X?t!$?tCMHyJ,

4. ?tCM7W;;%5%V%k!<%A%s I 52 ?tCM@QJ, SIMP1 #1<!85M-8B6h4V@QJ,!JEy4V3VN%;6E@F~NO!$%7%s%W%=%sB’!K TRAP #1<!85M-8B6h4V@QJ,!JITEy4V3VN%;6E@F~NO!$Bf7AB’!K BIF1 B-spline Jd4V<0 (I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIF2 B-spline Jd4V<0 (I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIF3 B-spline Jd4V<0 (I I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BSF1 B-spline J?3j2=<0$K$h$kJ?3j2=!$?tCMHyJ,!$?tCM@QJ, BIFD1 B-spline #2<!85Jd4V<0 (I-I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BIFD3 B-spline #2<!85Jd4V<0 (I I I-I I I) $K$h$kJd4V!$?tCMHyJ,!$?tCM@QJ, BSFD1 B-spline #2<!85J?3j2=<0$K$h$kJ?3j2=!$?tCMHyJ,!$?tCM@QJ, SIMP2 #1<!85M-8B6h4V@QJ,!J4X?tF~NO!$E,1~7?%7%s%W%=%sB’!K AQN9 #1<!85M-8B6h4V@QJ,!J4X?tF~NO!$E,1~7?%K%e!<%H%s!&%3!<%D#9E@B’!K AQC8 #1<!85M-8B6h4V@QJ,!J4X?tF~NO!$%/%l%s%7%g!<!&%+!<%A%97?@QJ,K!!K AQE #1<!85M-8B6h4V@QJ,!J4X?tF~NO!$Fs=E;X?t4X?t7?@QJ,8x<0!K AQEH #1<!85H>L58B6h4V@QJ,!J4X?tF~NO!$Fs=E;X?t4X?t7?@QJ,8x<0!K AQEI #1<!85A4L58B6h4V@QJ,!J4X?tF~NO!$Fs=E;X?t4X?t7?@QJ,8x<0!K AQMC8 B?<!85M-8BNN0h@QJ,!J4X?tF~NO!$%/%l%s%7%g!<!&%+!<%A%97?@QJ,K!!K AQME B?<!85@QJ,!J4X?tF~NO!$Fs=E;X?t4X?t7?@QJ,8x<0!K HyJ,J}Dx<0 RKG O"N)#13,>oHyJ,J}Dx<0!J%k%s%2!&%/%C%?!&%.%kK!!K HAMNG O"N)#13,>oHyJ,J}Dx<0!J%O%_%s%0K!!K ODRK1 O"N)#13,>oHyJ,J}Dx<0!J%k%s%2!&%/%C%?!&%t%!!<%J!<K!!K ODAM O"N)#13,>oHyJ,J}Dx<0!J%"%@%‘%9K!!K ODGE %9%F%#%UO"N)#13,>oHyJ,J}Dx<0!J%.%"K!!K

4. ?tCM7W;;%5%V%k!<%A%s I 53 FC<l4X?t CELI Bh#1<o40A4BJ1_@QJ, K ( x ) CELI2 Bh#2<o40A4BJ1_@QJ, E ( x ) EXPI ;X?t@QJ, E i ( x ) ; � E i ( x ) SINI @589@QJ, S i ( x ) COSI M>89@QJ, C i ( x ) SFRI @589%U%l%M%k@QJ, S ( x ) CFRI M>89%U%l%M%k@QJ, C ( x ) IGAM1 Bh#1<oIT40A4%,%s%^4X?t ( �; x ) IGAM2 Bh#2<oIT40A4%,%s%^4X?t �( � ; x ) IERF 5U8m:94X?t er f � 1 ( x ) IERFC 5UM>8m:94X?t er f c � 1 ( x ) BJ0 Bh#1<o#0<!%Y%C%;%k4X?t J 0 ( x ) BJ1 Bh#1<o#1<!%Y%C%;%k4X?t J 1 ( x ) BY0 Bh#2<o#0<!%Y%C%;%k4X?t Y 0 ( x ) BY1 Bh#2<o#1<!%Y%C%;%k4X?t Y 1 ( x ) BI0 Bh#1<o#0<!JQ7A%Y%C%;%k4X?t I 0 ( x ) BI1 Bh#1<o#1<!JQ7A%Y%C%;%k4X?t I 1 ( x ) BK0 Bh#2<o#0<!JQ7A%Y%C%;%k4X?t K 0 ( x ) BK1 Bh#2<o#1<!JQ7A%Y%C%;%k4X?t K 1 ( x ) BJN Bh#1<o@0?t<!%Y%C%;%k4X?t J n ( x ) BYN Bh#2<o@0?t<!%Y%C%;%k4X?t Y n ( x ) BIN Bh#1<o@0?t<!JQ7A%Y%C%;%k4X?t I n ( x ) BKN Bh#2<o@0?t<!JQ7A%Y%C%;%k4X?t K n ( x ) CBIN J#AGJQ?tBh#1<o@0?t<!JQ7A%Y%C%;%k4X?t I n ( z ) CBKN J#AGJQ?tBh#2<o@0?t<!JQ7A%Y%C%;%k4X?t K n ( z ) CBJN J#AGJQ?tBh#1<o@0?t<!%Y%C%;%k4X?t J n ( z ) CBYN J#AGJQ?tBh#2<o@0?t<!%Y%C%;%k4X?t Y n ( z ) BJR Bh#1<o<B?t<!%Y%C%;%k4X?t J � ( x ) BYR Bh#2<o<B?t<!%Y%C%;%k4X?t Y � ( x ) BIR Bh#1<o<B?t<!JQ7A%Y%C%;%k4X?t I � ( x ) BKR Bh#2<o<B?t<!JQ7A%Y%C%;%k4X?t K � ( x ) CBJR J#AGJQ?tBh#1<o<B?t<!%Y%C%;%k4X?t J � ( z ) NDF @55,J,I[4X?t � ( x ) NDFC M>@55,J,I[4X?t ( x ) INDF 5U@55,J,I[4X?t � � 1 ( x ) INDFC 5UM>@55,J,I[4X?t � 1 ( x ) 5?;wMp?t RANU2 0lMMMp?t (0 ; 1) $N@8@. RANU3 0lMMMp?t (0 ; 1) $N@8@.!J%7%c%U%k7?!K RANN1 @55,Mp?t$N@8@.!J9bB.7?!K RANN2 @55,Mp?t$N@8@. RANE2 ;X?tMp?t$N@8@. RANP2 %]%"%=%sMp?t$N@8@. RANB2 Fs9‘Mp?t$N@8@. RA TF1 0lMMMp?t (0 ; 1) $NIQEY%F%9%H RA TR1 0lMMMp?t (0 ; 1) $N>e>:!&2<9_O"%F%9%H

4. ?tCM7W;;%5%V%k!<%A%s I 54 !ZCm0U;v9‘![ � SSL I I $N%=!<%9$O3H D%5!G=J,$r=|$-8x3+$5$l$F$$ $k!% MSP $N LIBCOPY %3%^%s%I$rMQ$$ $F Mx MQ <T$N %G!< %? %;%C %H $K %3%T!< $, 2D G= $G $" $k$,!$ 6e =# Bg 3X Bg 7?7W ;; 5! %; %s %?!<0J 30 $N ;HMQ$O6X;_$5$l$F$$$k!%%3%T!<J}K!$O!XMxMQ$N<j0z!& MSP %3%^%s%IJT!Y;2>H!% !Z;29MJ88%![ � !V SSL I I ;H MQ <j0z =q !J2J 3X MQ %5 %V %k!< %A %s %i %$ %V %i %j!K!W !J 99SP{0050 !K , IY ;N DL 3t <0 2q<R!% � !V SSL I I 3H D% 5!G= ;HMQ <j 0z=q !J2J 3XMQ %5 %V%k!< %A%s %i %$%V %i %j!K!W!J 99SP{4070 !K , IY ;NDL3t<02q<R!% � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

5 ?tCM7W;;%5%V%k!<%A%s I I 6e =# Bg 3X Bg7? 7W ;; 5! %; %s %?!< $N 3+H/ 2] Bj $H $7 $F :n @.!$EP O? $7 $F $$ $k %i %$ %V%i %j $N Cf $G!$ ?t CM7W;;%i%$%V%i%j4X78$N>R2p$HMxMQ$N<j0z$r$"$2$k!% %i%$%V%i%jL> 5!G= MSP UXP CGJQ Gauss-Jacobi @QJ,8x<0$NJ,E@!$=E$_;;Dj !{ CGLQ Gauss-Laguerre @QJ,8x<0$NJ,E@!$=E$_;;Dj !{ DIFF1S 2r@O4X?t$N?tCMHyJ,!JC1@:EY!K !{ DIFF1D 2r@O4X?t$N?tCMHyJ,!JG\@:EY!K !{ MINMAX @~7AJ}Dx<0$N%_%K%^%C%/%92r !{ PO WELL n JQ?t4X?t$N6K>.CM !{ PRESNL 0lHL2=$5$l$?%U%l%M%k@QJ, !{ One dimensional Cellular Automata part 2

5. ?tCM7W;;%5%V%k!<%A%s I I 56 5.1 CGJQ Gauss-Jacobi @QJ,8x<0$N78?t (Co e�cien ts of Gauss-Jacobi Qauadrature F orm ula) %W%m%0%i%‘7A<0 %5%V%k!<%A%sI{%W%m%0%i%‘ :n@.<T 1v@n 9@;0 ( 6e=#Bg3X9)3XIt ) :n@.G/7nF| 1971 G/ 5 7n 1 F| %=!<%9$N8xI= ’QS.LIBSC(D1CGJQ)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800, VP2600) !Z 35MW ![ 1. L\E* (1 � x ) r (1 + x ) s $r=E$_4X?t$H$9$k Gauss-Jacobi @QJ,8x<0 Z 1 � 1 (1 � x ) r (1 + x ) s f ( x ) dx = 2 r + s +1 B ( r + 1 ; s + 1) n X k =1 H k f ( a k ) $NJ,E@ a k , =E$_ H k $r5a$a$k!% B ( r ; s ) $O%Y!<%?4X?t!% 2. 7W;;K! J,E@ a k $O n <!$N Jacobi P olynomial G r;s n ( x ) $NNmE@$G$"$k$3$H$rMxMQ$7!$E,Ev$J6a;wCM $r Newton $NJ}K!$K$h$j=$@5$7$F5a$a$k!%=E$_ H k $O<!<0$GM?$($i$l$k!% H k = 4 n � 1 B ( r + n; s + n ) B ( r + s + n; n )( r + n + 2 n � 1) B ( r + 1 ; s + 1) G r;s n � 1 ( a k ) d dx G r;s n ( a k ) !Z ;HMQJ}K! ![ 1. 8F=P$7J}K! CALL CGJQ(N,R,S,A,H,B,C,O,ILL) 2. %Q%i%a!<%? N : @0?t7?Dj?t$^$?$OJQ?tL>!%J,E@$N?t$rM?$($k!% R : G\@:EY<B?t7?Dj?t$^$?$OJQ?tL>!% =E$_4X?t$N (1 � x ) $N%Y%-$rM?$($k!% R � � 0 : 999 $H$9$k$3$H!% S : G\@:EY<B?t7?Dj?t$^$?$OJQ?tL>!% =E$_4X?t$N (1 + x ) $N%Y%-$rM?$($k!% S � � 0 : 999 $H$9$k$3$H!% A : G\@:EY<B?t7?G[NsL>!%Bg$-$5 N 0J>e$N0l<!85G[Ns!% J,E@$,CM$NBg$-$$J}$+$i=g$K%;%C%H$5$l$FLa$k!% A ( K ) > A ( L ) ( K < L ). H : G\@:EY<B?t7?G[NsL>!%Bg$-$5 N 0J>e$N0l<!85G[Ns!% J,E@$KBP1~$9$k=E$_$,%;%C%H$5$l$FLa$k!% B, C : G\@:EY<B?t7?G[NsL>!%:n6HNN0h$H$7$FMQ$$$kBg$-$5 N 0J>e$N0l<!85G[Ns!% O : <B?t7?Dj?t$^$?$OJQ?tL>!%J,E@$N<}B+H=DjCM$rM?$($k!%

5. ?tCM7W;;%5%V%k!<%A%s I I 57 O � 0 : 0 $G$"$l$P 10 � 16 $H$7$F7W;;$9$k!% ILL : @0?t7?JQ?tL>!%%5%V%k!<%A%s CALL ;~$K I LL < 0 $G$"$l$PJ,E@$N 6a;wCM$, A ( K ) $KM?$($i$l$F$$$k$H$7$F7W;;$r9T$J$&!% RETURN ;~$O%(%i!<=hM}$N%Q%i%a!<%? : ILL=0 { @5$7$/=hM}$5$l$F$$$k ILL > 0 { 0[>o=*N; 3. @)8B N � 1, R � � 0 : 999, S � � 0 : 999 $G $" $l $P 7W ;;$r 9T $& $,!$ N $,$" $^ $j Bg $- $$$H %*!< %P!<%U %m!<$r5/$3 $9!%$?$H$( $P!$ N = 100, R = � 0 : 998 !$ S = 30 $G%*!<%P!< %U%m!<$, 5/$-$?!% 4. %(%i!<=hM} <!$N>l9g$O ILL %Q%i%a!<%?$K$=$l$>$l$NCM$r%;%C%H$7$FLa$k!% � N � 0 $N$H$- I LL = 1000 � R < � 0 : 999 $^$?$O S < � 0 : 999 $N$H$- I LL = 2000 � a k $, 40 2sH?I|=$@5$7$F$b<}B+$7$J$$$H$- I LL = k � n X k =1 A ( K ) $,M}O@CM N ( S � R ) 2 N + S + R $H0[$J$k$H$- I LL = 3000 $$$:$l$b%(%i!<%a%C%;!<%8$O=P$5$J$$!% 5. ;HMQ%k!<%A%s D ABS !ZCm0U;v9‘![ � R , S $,$" $^ $j Bg $- $$ $H $-!$ N $, >. $5 $$ >l 9g!$ $^$? Bg $- $9 $. $k >l 9g $K@5 $7 $$ 2r $, F@ $i $l $J $$ $3 $H $, B? $$ !J$3 $N >l 9g!$ I LL = 3000 $K $J $k $3 $H $, B? $$!K!% <! $N >l 9g!$ $$ $: $l $b I LL = 3000 $H$J$C$?!% R = � 0 : 998 !$ S = 30 !$ N = 50 R = � 0 : 998 !$ S = 50 !$ N = 2 R = � 0 : 9 !$ S = 20 !$ N = 50 R = � 0 : 9 !$ S = 50 !$ N = 2 !Z;29MJ88%![ � A.H.Stroud and D.Secrest, Gaussian Quadrature F orm ulas, Pren tice-Hall !$ Inc !%

5. ?tCM7W;;%5%V%k!<%A%s I I 58 5.2 CGLQ Gauss-Laguerre @QJ,8x<0$N78?t (Co e�cien ts of Gauss-Laguerre Quadrature F orm ula) %W%m%0%i%‘7A<0 %5%V%k!<%A%sI{%W%m%0%i%‘ :n@.<T 1v@n 9@;0 ( 6e=#Bg3X9)3XIt ) :n@.G/7nF| 1971 G/ 5 7n 1 F| %=!<%9$N8xI= ’QS.LIBSC(D1CGLQ)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800, VP2600) !Z 35MW ![ 1. L\E* x s e � x $r=E$_4X?t$H$9$k Gauss-Laguerre @QJ,8x<0 Z 1 0 x s e � x f ( x ) dx � �( S + 1) n X k =1 H k f ( a k ) $NJ,E@ a k $H=E$_ H k $r5a$a$k!% 2. 7W;;J}K! J, E@ a k $O n <! $N Laguerre P olynomial L s n ( x ) $NNm E@$G $" $k$3 $H $rMx MQ$7!$ E, Ev$J 6a ;w CM$r Newton $NJ}K!$K$h$j=$@5$7$F5a$a$k!%=E$_ H k $O<!<0$rMQ$$$F5a$a$k!% H k = �( n + s + 1) a k n ! �( s + 1) f ( n + s ) L s n � 1 ( a k ) g 2 !Z ;HMQJ}K! ![ 1. 8F=P$7J}K! CALL CGLQ(N,S,A,H,O,ILL) 2. %Q%i%a!<%? N : @0?t7?Dj?t$^$?$OJQ?tL>!%J,E@$N?t$rM?$($k!% S : G\@:EY<B?t7?Dj?t$^$?$OJQ?tL>!%=E$_4X?t$N%Y%-$rM?$($k!% S � � 0 : 999 $H$9$k$3$H!% A : G\@:EY<B?t7?G[NsL>!%Bg$-$5 N 0J>e$N0l<!85G[Ns!% J,E@$,CM$N>.$5$$$b$N$+$i=g$K%;%C%H$5$l$FLa$k!% A ( K ) < A ( L ) ( K < L ) : H : G\@:EY<B?t7?G[NsL>!%Bg$-$5 N 0J>e$N0l<!85G[Ns!% J,E@$KBP1~$9$k=E$_$,%;%C%H$5$l$FLa$k!% O <B?t7?Dj?t$^$?$OJQ?tL>!%J,E@$N<}B+H=DjCM$rF~$l$F$*$/!% 0 � 0 : 0 $G$"$l$P 10 � 16 $H$7$F7W;;$9$k!% ILL : @0?t7?JQ?tL>!%%5%V%k!<%A%s CALL ;~$K 1 � I LL < N $G$"$l$P J,E@ a k ( k � I LL ) $N6a;wCM$, A ( K ) $KM?$($i$l$F$$$k$H$9$k!% I LL $,Ii$G$"$l$PA4$F$NJ,E@$N6a;wCM$,M?$($i$l$?$H$7$F7W;;$9$k!% RETURN ;~$O%(%i!<=hM}$N%Q%i%a!<%?$r%;%C%H$7$FLa$k!% ILL=0 { @5$7$/=hM}$5$l$F$$$k ILL > 0 { 0[>o=*N;!J%(%i!<=hM};2>H!K

5. ?tCM7W;;%5%V%k!<%A%s I I 59 3. @)8B N � 1, R � � 0 : 999 $G$" $l$P 7W;;$r 9T$& $,!$ N $, $"$^$j Bg$- $$$H%*!< %P!<%U %m!<$r5/ $3$9!%$?$H$($P!$ N = 100, S = � 0 : 998 $G%*!<%P!<%U%m!<$,5/$-$?!% 4. %(%i!<=hM} <!$N>l9g$O ILL %Q%i%a!<%?$K$=$l$>$l$NCM$r%;%C%H$7$FLa$k!% � N � 0 $N$H$- I LL = 1000 � S < � 0 : 999 $N$H$- I LL = 2000 � a k $, 40 2sH?I|=$@5$7$F$b<}B+$7$J$$$H$- I LL = k � n X k =1 A ( K ) $,M}O@CM N ( N + S ) $H0[$J$k$H$- I LL = 3000 5. ;HMQ%k!<%A%s D ABS !ZCm0U;v9‘![ � S $,Bg$-$$$H$-$O!$ N $,Bg$-$$>l9g$^$?$O >.$5$9$.$k>l9g$K@5$7$$2r$,F@$i$l$J $$!%$? $H$($P<!$N>l9g!$ I LL = 3000 $H$J$C$?!% S = 20 : 0 !$ N = 2 !$ N = 50 S = 50 : 0 !$ N = 5 !$ N = 40 � Z 1 0 x � e � x 2 f ( x ) dx = 1 2 Z 1 0 t � � 1 2 e � t f ( t 1 2 ) dt $G$"$k$+$i!$$3$N%5%V%k!<%A%s$r;H$C$F Gauss- Hermite @QJ,8x<0$NJ,E@!$=E$_$,7W;;$G$-$k!% !Z;29MJ88%![ � A.H.Stroud and D.Secrest, Gaussian Quadrature F orm ulas, Pren tice-Hall !$ Inc !%

5. ?tCM7W;;%5%V%k!<%A%s I I 60 5.3 DIFF1S, DIFF1D 2r@O4X?t$N?tCMHyJ, (Numerical Di�eren tiation of Analytic F unctions) %W%m%0%i%‘7A<0 %5%V%k!<%A%sI{%W%m%0%i%‘ :n@.<T 3Q =(5H ( 5WN1JF9b@l ) :n@.G/7nF| 1973 G/ 3 7n 10 F| %=!<%9$N8xI= ’QS.LIBSC(D4DIFF1S)’ (MSP) ’QS.LIBSC(D4DIFF1D)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800, VP2600) !Z 35MW ![ 1. L\E* 2r@O4X?t f ( z ) $NBh n <!F34X?t f ( n ) ( a ) $N7W;;!% 2. 7W;;J}K! f ( n ) = n ! 2 � i Z C f ( z ) ( z � a ) n +1 dz = n ! 2 � r n Z 2 � 0 f ( a + r e it ) e � int dt $G $" $k$+ $i!$ 3H D% $5$l $? Bf 7A8x <0 $K E, Ev$J =E $_ $r3] $1 2C $( $?J} K! $K $h$k!% $9 $J $o $AHy J, $9$kE@ a $rCf?4$H$7$F$$$/$D$+$NF1?41_<~>e$K3J;RE@$r$H$kJ}K!$G$"$k!% !Z ;HMQJ}K! ![ 1. 8F=PJ}K! CALL DIFF1S(F,NORDER,LCC,ZPOINT,RADIUS,ZVALUE,EPS) ( C1@:EY ) CALL DIFF1D(F,NORDER,LCC,ZPOINT,RADIUS,ZVALUE,EPS) ( G\@:EY ) 2. %Q%i%a!<%? F : C1@:EYJ#AG?t7?4X?tL>!% HoHyJ,4X?t f ( z ) $rJ84X?t$^$?$O4X?t%5%V%W%m%0%i%‘$GM?$($k!% 4X?t%5%V%W%m%0%i%‘$GM?$($?>l9g!$%a%$%s%W%m%0%i%‘$G$3$N %5%V%W%m%0%i%‘L>$r EXTERNAL @k8@$7$F$*$+$J$1$l$P$J$i$J$$!% NORDER : @0?t7?JQ?tL>$^$?$O@0Dj?t!% Bh n <!F34X?t f ( n ) ( a ) $N3,?t n $rI=$9!% LCC : @0?t7?JQ?tL>$^$?$O@0Dj?t!%HyJ,$9$kE@ a $rCf?4$H$9$kF1?41_$N8D?t!% ZPOINT : J#AG?t7?JQ?tL>$^$?$OJ#AGDj?t!%Bh n <!F34X?t f ( n ) ( a ) $NE@ a $rI=$9!% RADIUS : <B?t7?JQ?tL>$^$?$O<BDj?t!%F1?41_$N:GBg1_$NH>7B$rI=$9!% ZV ALUE : J#AG?t7?JQ?tL>!%Bh n <!F34X?t f ( n ) ( a ) $NCM$,%;%C%H$5$l$k!% EPS : <B?t7?JQ?tL>$^$?$O<B?t7?Dj?t!%AjBP8m:9$N<}B+H=DjCM$rM?$($k!% 3. @)8B;v9‘ (a) LCC $NCM$O 1 ; 2 ; 3 $N 3 <oN‘

5. ?tCM7W;;%5%V%k!<%A%s I I 61 (b) LCC=1 $N$H$- 1 � NORDER � 25 LCC=2 $N$H$- 1 � NORDER � 24 LCC=3 $N$H$- 1 � NORDER � 12 (c) EPS > 0 (d) RADIUS < R � HyJ,$9$kE@$HFC0[E@$H$N:GC;5wN% (e) f ( z ) $O2r@O4X?t$K8B$k!% 4. %(%i!<=hM} � LCC $NCM$, 1 ; 2 ; 3 $G$J$$$H$-!$<!$N$h$&$J%a%C%;!<%8$r=PNO$72?$b7W;;$7$J$$!% SUBROUTINE<DIFF1*>ILL CONDITION;0<LCC<4 � NORDER � 0 $G$"$l$P!$<!$N$h$&$J%a%C%;!<%8$r=PNO$7$F2?$b7W;;$7$J$$!% SUBROUTINE<DIFF1*>ILL CONDITION;NORDER>0 � EPS � 0 $G$"$l$P<!$N$h$&$JCM$,M?$($i$l$?$b$N$H$7$F7W;;$9$k!% DIFF1S : EPS=10 � 8 DIFF1D : EPS=10 � 18 5. ;HMQ%k!<%A%s DIFF1S : FLO A T, CMPLX, CEXP , CABS, MIN0 DIFF1D : DFLO A T, DCMPLX, CDEXP , CD ABS, SNGL, MIN0 6. @:EY @: EY $O %Q %i %a!< %? F, RADIUS, ZPOINT $K 4X 78 $7 $F $$ $k $,!$ Bg BN $N L\ 0B $H $7 $F RA- DIUS $rE,@Z$K<h$l$P DIFF1S $, 6 7e0L!$ DIFF1D $, 16 7e0L$G$"$k!% !ZCm0U;v9‘![ � LCC $NCM$O 1 $,I8=‘CM$G$"$m$&!% � Hy J, $9 $k E@ a $H f ( z ) $N FC 0[ E@ $H $N :G C; 5w N% $r R $H $9 $k $H $-!$ RADIUS � 2 3 R $G $"$C $F!$4X?t f ( z ) $NJ#;($5!$E@ a $N6aK5$N>uBV$r9MN8$7$F RADIUS $r7hDj$7$J$1$l$P$J$i $J$$!% � K\ %5%V %k!< %A %s $rMQ $$ $F F@$i $l $? 7k 2L$r 8x I= $9$k >l 9g $O!$ %W%m %0 %i %‘ L>$H :n @. <TL> $r L@ 5-$9$k$3$H!% � G\ @: EY %k!< %A %s DIFF1D $r MQ $$ $k $H $- F, ZPOINT, RADIUS, ZV ALUE, EPS $O G\ @: EY@k8@$7$J$1$l$P$J$i$J$$!% � %Q%i%a!<%? EPS $NFbMF$O1i;;8e$3$o$5$l$k$,%Q%i%a!<%?$O$=$N$^$^J]B8$5$l$k!%

5. ?tCM7W;;%5%V%k!<%A%s I I 62 e z e sin z + z 8 p 4 + sin x 1 3 � z e 1 3 � z e z cos 3 z + sin 3 z RADIUS 1.20 0.40 1.20 0.80 0.80 0.32 DIFF1S (real) 0 : 0 3 : 0 � 10 � 8 3 ; 0 � 10 � 8 0 : 0 2 : 5 � 10 � 8 0 : 0 (imaginary) 1 : 2 � 10 � 8 2 : 1 � 10 � 9 3 : 7 � 10 � 9 5 : 8 � 10 � 9 2 : 7 � 10 � 9 3 : 4 � 10 � 9 DIFF1D (real) 3 : 5 � 10 � 18 6 : 5 � 10 � 18 2 : 6 � 10 � 18 2 : 1 � 10 � 18 4 : 3 � 10 � 18 1 : 7 � 10 � 18 (imaginary) 8 : 3 � 10 � 19 8 : 8 � 10 � 19 8 : 2 � 10 � 19 4 : 9 � 10 � 19 1 : 1 � 10 � 18 6 : 2 � 10 � 19 DIFF1S (real) 1 : 8 � 10 � 7 3 : 0 � 10 � 8 5 : 1 � 10 � 7 2 : 6 � 10 � 7 4 : 8 � 10 � 8 9 : 3 � 10 � 8 (imaginary) 2 : 2 � 10 � 7 6 : 5 � 10 � 7 1 : 6 � 10 � 7 7 : 2 � 10 � 7 1 : 2 � 10 � 7 1 : 7 � 10 � 6 DIFF1D (real) 2 : 2 � 10 � 17 9 : 5 � 10 � 17 1 : 1 � 10 � 15 9 : 7 � 10 � 18 8 : 9 � 10 � 18 6 : 8 � 10 � 18 (imaginary) 6 : 9 � 10 � 18 1 : 3 � 10 � 16 8 : 3 � 10 � 17 2 : 1 � 10 � 17 7 : 5 � 10 � 18 6 : 0 � 10 � 17 a = 0, LCC= 1 7W;;7k2L!%>e$,3,?t#1!$2<$,3,?t#5!%?tCM$OAjBP8m:9$r$"$i$o$9!% !Z;29MJ88%![ � J.N.Lyness, Di�eren tiation F orm ulas for Analytic F unctions, Math.Comp.V ol.22, 1968, pp.352-362. � 3Q=(5H , 2r@O4X?t$N?tCMHyJ,8x<0 I, 5WN1JF9b@l8&5fJs9p , Bh 18 9f , 1971, pp.37{45. � 3Q=(5H , 2r@O4X?t$N?tCMHyJ,8x<0 I I, 5WN1JF9b@l8&5fJs9p , Bh 19 9f , 1972, pp.27{36.

5. ?tCM7W;;%5%V%k!<%A%s I I 63 5.4 MINMAX @~7AJ}Dx<0$N%_%K%^%C%/%92r (Minimax Solution to Ov erdetermined Linear Systems) %W%m%0%i%‘7A<0 %5%V%k!<%A%sI{%W%m%0%i%‘ :n@.<T ?\1J >HM: ( 6e=#Bg3X9)3XIt ) :n@.G/7nF| 1971 G/ 11 7n 27 F| %=!<%9$N8xI= ’QS.LIBSC(H1MINMAX)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800, VP2600) !Z 35MW ![ 1. L\E* @~7AJ}Dx<0 n X j =1 a ij x j = d i ; ( i = 1 ; 2 ; � � � ; m ) $K$*$$$F m > n $H$9$k$H!$;D:9 i ( x ) � n X j =1 a ij x j � d i ; ( i = 1 ; 2 ; � � � ; m ) $OA4$F%<%m$H$G$-$J$$!%$=$3$G!$;D:9$N:GBg max i j i ( x ) j $r:G>.$H$9$k2r ^ x B($A max i j i ( ^ x ) j � max i j i ( x ) j ; 8 x 2 R n $J$k ^ x 2 R n $r5a$a$k!% 2. 7W;;J}K! $3 $l$O K\ <A E*$K $O LP 2 $N Ld Bj $G$" $k $,!$<! $N <j=g $G 2r$1 $k $3 $H$, >Z L@$5 $l $F$$ $k !J;2 9MJ88%;2>H!K!%0J2< A i = ( a i 1 a i 2 � � � a in ) 2 R n $H$*$/!% � m = n + 1 $N$H$- (a) n +1 X i =1 � i A i = 0 $r2r$/!% (b) " � � n +1 X i =1 � i d i = n +1 X i =1 j � i j . (c) A i x = d i + "S i ; ( i = 1 ; 2 ; � � � ; n + 1) $r2r$/!% C"$7 S i � sg n ( � i ) : � m > n + 1 $N$H$- :G=i$N n + 1 8D$NJ}Dx<0$K$D$- m = n + 1 $N$H$-$N<j=g$G x $r5a$a$k!% (a) j � ( x ) j > j " j $N$&$A:GBg$N$b$N$r � $H$*$/!%$b$7$J$1$l$P Stop. (b) A � = n +1 X i =1 � i A i $r2r$/!% 2 Linear Programming : 8B $i$l $?@) Ls >r7o $h$j L\E* $K9g$C $?:G NI $N2r $rA* $V?t M}7W 2h K!$N 0l<o!% FC$K LP Ld Bj$O!$@)Ls>r7o$,@~7AITEy<0!$L\E*4X?t$,@~7A<0$GI=8=$5$l$kLdBj$r;X$9!%

5. ?tCM7W;;%5%V%k!<%A%s I I 64 (c) � � � S � � i � i $N$&$A:GBg$N i $r � $H$9$k!%C"$7 � � = sg n ( � ( x )), S = sg n ( " ). (d) A 1 ; � � � ; A � � 1 ; A � +1 ; � � � ; A n +1 ; A � $,?7 $7$$ reference set $H$J $k!% $3$l $r?7 $7 $$ n + 1 $NJ}Dx <0$H $7$F:F EY m = n + 1 $N;~$N <j=g $G2r$/!% 0J>e $N<j=g $r7+ $jJV$9!% !Z ;HMQJ}K! ![ 1. 8F$S=P$7J}K! CALL MINMAX(A,K,M,N,P,NN,X,KROW,EPS,ILL) 2. %Q%i%a!<%? A : <B?t7?G[NsL>!% A ( K ; L ) $J$kFs<!85G[Ns!% C"$7 K � M ; L � N + 1 $G$"$k$3$H ( ?^ 1 ;2>H ) !% K : @0?t7?JQ?tL>$^$?$O@0Dj?t!%G[Ns A $N9T?t$rM?$($k!% K � M . M : @0?t7?JQ?tL>$^$?$O@0Dj?t!%J}Dx<0$N?t$rM?$($k!% N + 1 � M � 400 : N : @0?t7?JQ?tL>$^$?$O@0Dj?t!%JQ?t$N8D?t$rM?$($k!% 1 � N � 80 : P : <B?t7?G[NsL>!% P ( N N ; L 0 ) $J$kFs<!85G[Ns!% %5%V%k!<%A%s$NCf$G:n6HMQ$NNN0h$H$7$FMQ$$$k!% N N � N + 1 ; L 0 � N + 1 $G$"$k$3$H ( ?^ 2 ;2>H ) !% NN : @0?t7?JQ?tL>$^$?$O@0Dj?t!%G[Ns P $N9T?t$rM?$($k!% N N � N + 1 : X : <B?t7?G[NsL>!% X ( N ) $+$i$J$k0l<!85G[Ns!% 7W;;7k2L$N%_%K%^%C%/%92r$,M?$($i$l$k!% KR O W : @0?t7?G[NsL>!% K R O W ( N + 1) $J$k0l<!85G[Ns!% reference set $N9THV9f$,M?$($i$l$k!% EPS : <B?t7?JQ?tL>!%;D:9$N:GBgCM j " j $,M?$($i$l$k!% ILL : @0?t7?JQ?tL>!%%5%V%k!<%A%s$+$iLa$C$?;~$N>uBV$,%;%C%H$5$l$k!% 0 | @5>o . 3000 | <!$N$$$:$l$+$N>uBV$N$H$-!% M � 1 ; M > 400 ; N � 0 ; N > 80 ; M � N ; K < M ; N N < N : 3. ;HMQ%k!<%A%s $3$N%5%V%k!<%A%s$G$O!$0J2<$N%5%V%k!<%A%s!$4pK\30It4X?t$r;HMQ$7$F$$$k!% � MINVS(SSL) � SIGN, ABS !Z;HMQNc![ � @~7AJ}Dx<0 8 > > > > > > > < > > > > > > > : 2 x 1 + 3 x 3 = 3 3 x 1 + x 2 = � 1 x 1 + 2 x 2 + x 3 = 2 � x 1 + 4 x 2 � 3 x 3 = 6 3 x 1 + x 2 + 2 x 3 = � 3 $N%_%K%^%C%/%92r$r5a$a$k!%

5. ?tCM7W;;%5%V%k!<%A%s I I 65

5. ?tCM7W;;%5%V%k!<%A%s I I 66 � � C TEST PROGRAM MINMAX REAL A(5,4)/2.0,3.0,1.0,-1.0,3.0,0.0,1.0,2.0,4.0,1.0, & 3.0,0.0,1.0,-3.0,2.0,3.0,-1.0,2.0,6.0,-3.0/ ! 9TNs$NDj5A REAL P(4,4),X(3),EPS INTEGER KROW(4),ILL CALL MINMAX(A,5,5,3,P,4,X,KROW,EPS,ILL) ! MINMAX $N call PRINT*,ILL PRINT*,EPS PRINT*,X(1),X(2),X(3) ! 2r$N=PNO END � � !Z;29MJ88%![ � R.H. Bartels & G.H.Golb, Stable Numerical Metho ds for Obtaining the Cheb yshev Solution to an Ov erdetermined System of Equations, Communications of the ACM, V ol.11, No.6, June, 1968, pp.401{406.

5. ?tCM7W;;%5%V%k!<%A%s I I 67 5.5 PO WELL 4X?t$N6K>.CM (Minimization of a F unction) %W%m%0%i%‘7A<0 %5%V%k!<%A%sI{%W%m%0%i%‘ :n@.<T C]ED 9( ( 6e=#Bg3X65M\It ) :n@.G/7nF| 1971 G/ 7 7n 1 F| %=!<%9$N8xI= ’QS.LIBSC(C7POWELL)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800, VP2600) !Z 35MW ![ 1. L\E* n 8D $N JQ ?t x 1 ; x 2 ; � � � ; x n $N 4X ?t f ( x 1 ; x 2 ; � � � ; x n ) $N 6K >.CM $H!$ $= $N 6K >. CM $r M? $( $k x i $NCM$r8m:9 e i ( i = 1 ; � � � ; n ) $NHO0O$G5a$a$k!% 2. 7W;;J}K! $$ $o $f $k PO WELL $N J} K! $K $h $k $,!$ $3 $l $O 35 N, <! $N $h $& $J J} K! $G $" $k!% x i $r :B I8 <4 $H$9 $k n <! 856u4V $r9M$( $k!%JQ ?t$K=i 4|CM$r M?$($k $H!$$3$N n <!85 6u4VFb $K 1 E@ !J=PH/ E@!K$,Dj$^$k!%$=$3$G$^$: x 1 $@$1$rJQ2=$5$;$F!J$9$J$o$A x 1 <4$KJ?9T$KF0$$$F!K6K>. E@ $r C5 $9!% $D $. $K Bh 2 !$ Bh 3 $N <4 $K J? 9T $K F0 $$ $F 6K >. E@ $r C5 $9!% $3 $N $h $& $K!$ $" $k D> @~ $K 1h$C $F F0 $$ $F 6K >. E@ $r 5a $a $k $3 $H $r !VD> @~ Av ::!W $H $h $V $3 $H $K $7!$ n 8D $N 3F J} 8~ $K 1 DL $j !VD> @~ Av ::!W $r 9T$C $? $i 1 2s $N !VAv ::!W $, =* $o$C $? $H $$ $&$3 $H $K $7 $h $&!% $3 $N !VD> @~Av::!W$O$*$h$=<!$N$h$&$K9T$&!% i HV L\ $N J} 8~$K!$ 4X ?t $,8: >/ $9 $k8~ $- $K >/ $7$: $D 0\ F0$7 $F!$ 3 $D $NE@ a !$ b !$ c $G$= $l $> $l 4X ?t CM f a , f b , f c $r5a $a $k!% f a , f b , f c $r 2 <! 6J @~ $G 7k$s $G $_ $F!$ $=$l $, >e $K FL$J $i $P$5$i $K0\F0$7!$2< $KFL$K$J$k $^$G0\F0$rB3 $1$k!%$3$N$H $-#12s$N0\F0 $N5wN%$O 30 e i $K $7 $F $"$k!% 2< $K FL $K $J$l $P #2 <! 6J@~ $G 7k $V $3$H $K $h$C $F 6K>. $N 0L CV $rM= A[ $9 $k!% $3$N M= A[6K>.E@$N 0LCV d $, a !$ c $NHO0O30$K $"$l$P$5$i$K0\F0$rB3$1!$ d $, a !$ c $NHO0OFb$K $/$k$h$&$K$9$k!% d $H b $H$N5wN%$,>r7o j x ib � x id j < 0 : 2 e i $rK~$?$;$P b E@$r6K>.E@$H$9 $k!% >r 7o $, K~ $?$5 $l $J $$ $H $- $O!$ Nc$( $P a < d < b $J $i $P a !$ d !$ b $r $= $l $> $l ?7 $7 $$ a !$ b !$ c $H$7$F>e$N>r7o$,K~$?$5$l$k$^$GM=A[6K>.E@$rC5$7B3$1$k!% $5 $F !VAv ::!W$, 1 2s =* $o$k $H!$ =P H/ E@ $H=* E@ $r 7k $V D>@~ $N J} 8~ $K>/ $7 F0 $$ $F $_$F!$ 8+ 9~ $_ $, $"$j $= $& $J$H $- $O $3$N J} 8~ $KD> @~ Av :: $r9T $$!$ F1 ;~$K A0 2s $ND> @~ Av ::$N Cf $G $3$N J} 8~ $K 0lHV 6a $$ J} 8~ $r!$$3 $N J} 8~ $KCV $- 49 $( $F<! $N Av :: $r;O $a $k!% 0J 2<$3 $l $r $/ $jJV $7!$ 1 2s$NAv::$K$D$$$F$N=PH/E@ x 0 $H=*E@ x $H$N5wN%$,!$>r7o j x i � x 0 i j < 0 : 5 e i ( i = 1 ; � � � ; n ) $rK~$?$7$?$H$-0l1~6K>.E@$,8+$D$+$C$?$H$_$J$9!%>l9g$K$h$C$F$O!J0z?t NTEST=0 $N $H$-!K$3$l$G=*$o $j$G$"$k$,!$ NTEST=1 $N$H$-$O!$ x i + 10 e i ( i = 1 ; � � � ; n ) $r?7$7 $$ =P H/ E@ $H $7 $F :F $S 7W ;; $r $d $j D> $7!$ Bh 2 $N 6K >. E@ $r 5a $a $k!% Bh 1 !$ Bh 2 $N 6K >. E@ $r 7k $V J} 8~ $K D> @~ Av :: $r 9T $$!$ Bh 3 $N 6K >. E@ $r 5a $a!$ $3 $l $,!$ Bh 1 !$ Bh 2 $N 6K >. E@ $N $I $A $i $K BP $7$F $b >r 7o $r K~$? $7 $F $$ $l$P!$ $3 $l $r :G8e $N 7k 2L $H$7!$ $b $7 $= $&$G $J $1 $l $P!$$3 $N Bh 3 $N6K>.E@$r=PH/E@$H$7$F:F$S;O$a$+$i$d$jD>$9!%

5. ?tCM7W;;%5%V%k!<%A%s I I 68 !Z ;HMQJ}K! ![ 1. 8F=P$7J}K! CALL POWELL(N,X,FVAL,F,E,MAX,NWRITE,NTEST,IRANG,KRANG) 2. %Q%i%a!<%? N : @0?t7?JQ?tL>$^$?$O@0Dj?t$GJQ?t$N?t$rF~$l$k!% 1 � N � 15 $H$9$k!% X : <B?t7?G[NsL>!% X ( I ) ( I = 1 !$ � � � ; N ) $KJQ?t$N=i4|CM$rF~$l$F$*$/!% $"$H$G6K>.E@$K$*$1$kJQ?t$NCM$,F~$k!% N = 1 $N$H$-$OC1=cJQ?t$G$h$$!% F A VL : 4X?tI{%W%m%0%i%‘L>!%JQ?t$NCM$rM?$($i$l$?$H$-4X?t$NCM$r7W;;$9$k$?$a$N 4X?tI{%W%m%0%i%‘$rMxMQ<T$,MQ0U$7$F$*$+$M$P$J$i$J$$!% $^$? EXTERNAL $N@k8@$,I,MW$G$"$k!% F : <B?t7?G[NsL>!%4X?t$N6K>.CM$,F~$k!% E : <B?t7?G[NsL>!%6K>.E@$K$*$1$kJQ?t$NCM x i $K5v$5$l$k8m:9$NCM$r E ( I ) $KF~$l$F$*$/!$ N = 1 $N$H$-$OC1=cJQ?t$G$b<BDj?t$G$b$h$$!% MAX : @0?t7?JQ?tL>$^$?$O@0Dj?t!% 0, 1, 2, 3 $N$$$:$l$+$rM?$($k!% 0 { %5%V%k!<%A%sFb$G$O%(%i!<%a%C%;!<%80J30$O2?$b=PNO$7$J$$!% 1 { 1 2s$NAv::$,=*$o$k$4$H$K$=$N;~E@$N X $H F $NCM$r=PNO$9$k!% 2 { 1 $D$ND>@~Av::$,=*$o$k$4$H$K7k2L$r=PNO$9$k!% 3 { 4X?t$NCM$r7W;;$9$k$4$H$K7k2L$r=PNO$9$k!% NTEST : @0?t7?JQ?tL>$^$?$O@0Dj?t!% 0 $^$?$O 1 $N$$$:$l$+!% 1 $N$H$-$O<}B+$NH=Dj$r$-$S$7$/$9$k!% $9$J$*$J4X?t$N$H$-$O 0 !$$=$&$G$J$$$H$-$O 1 $K$9$k . IRANG : @0?t7?JQ?tL>$^$?$O@0Dj?t!%JQ?t X ( I ) $NCf$K!$JQ0h$, > 0 $NHO0O$K 8B$i$l$k$b$N$,4^$^$l$k$H$-$O!$$=$N8D?t$rF~$l$k!% KRANG : @0?t7?G[NsL>!% KRANG(I) $K!$JQ0h$, > 0 $K8B$i$l$kJQ?tHV9f$rF~$l$k!% IRANG=0 $N$H$-$O KRANG $b 0 $H$7$F$h$$ . 3. =PNO%G!<%?$N7A<0 ESCf$N7W;;7k2L$O<!$N7A$G=PNO$9$k!% LFREQ=( Av::$N2s?t ) J=( D>@~Av::$NJ}8~ ) F=( 4X?tCM ) 3FJQ?t$NCM $^$: HAZIME $H0u ;z$7!$=PH/ E@$G$N7k 2L$r=PNO $9$k!%<!$K NWRITE=3 $J$i!$4X ?t$NCM $r 7W ;; $9 $k$? $S $K 7k 2L $r =PNO $9 $k!% 1 $D $N J}8~ $N D> @~ Av :: $,=* $o $k $H!$ NWRITE � 2 $J$i MINMUM ALONG THE j-TH DIRECTION $H=PNO$7!$$^ $?$=$N$H$-$N7k2L$r=q$- =P$9!% NWRITE=1 $N$H$- $O 1 2s$NAv ::$,=*$o$C $?$H$-$@$17k2L$r=PNO$9$k!% Bh 1 $N6K>.E@$,$_$D$+$k$H!$ NTEST=0 $J$i SAIGO NO KEKKA

5. ?tCM7W;;%5%V%k!<%A%s I I 69 $H0u;z$7!$7k2L$r0u:~$7!$$3$l$G=*$o$k!% NTEST=1 $J$i SYUREN NO TEST $H 0u ;z $7!$ Bh 2 $N 6K >. E@ $, 8+ $D $+ $k $^ $G $O A0 $H F1 $8 7A $N 0u :~ $r B3 $1 $k!% Bh 2 !$ Bh 3 $N 6K >.E@$,$_$D$+$C$F!$<}B+$N>r7o$,K~$?$5$l$F$$$l$P SAIGO NO KEKKA $H$$$&;z$H!$:G8e$N7k2L$r=PNO$9$k$,!$>r7o$,K~$?$5$J$1$l$P TEST DAME YARINAOSI $H=PNO$9$k!% 4. %(%i!<%a%C%;!<%8 � NFREQ IS OVER J=j j HV L\ $N J} 8~ $K D> @~ Av :: $7 $? $H $-!$ 30 2s 0\ F0 $7 $F $b 6K >. E@ $, 8+ $D $+ $i $J $+$C $? $H $-!$$3$N%a%C%;!<%8$r=P$9!%$7$+$77W;;$O<B9T$9$k$N$G!$$"$H$G$5$i$K<!$N%a%C%;!< %8$,=P$F$$$J$1$l$P5$$K$9$kI,MW$O$J$$!% � NO !% OF ITERATION EXCEEDS KFMAX MAX 2s Av ::$r $/ $jJV $7$F $b 6K>. E@ $,8+ $D$+ $i $J$+$C $? >l9g $G$" $k!% =PH/ E@ $rJQ $( $k$+!$ 5vMF8m:9 $rBg$-$/ $7$F:F7W ;;$;$M$P$J $i$L$,!$$3 $N%a%C%;!<%8 $NA0$KFC Dj$N J $NCM$KBP$7$F@h$N%a%C%;!<%8$,2?EY$b=P$F$$$k$H$-$O!$FC$K J HVL\$NJQ?t$N=i4| CM $H 5v MF 8m :9 $K Cm 0U $9 $Y $- $G $" $k!% :F 7W ;; $K :] $7 $F $O!$ $J $k $Y $/ NWRITE=3 $K $7$F=PNO%j%9%H$+$i4X?tCM$NJQ$o$j$0$"$$$,FI$_<h$l$k$h$&$K$7$?J}$,$h$$!% � F DOES NOT VARY $"$k 1 2s$NAv ::$NA08e$G4X ?tCM$,A4$/ JQ2=$7$J$+$C$? $H$-!%860x$H $7$F$O=PH/E@ $, 6vA3$K$b6K>.E@$K0lCW$7$F$$$?>l9g$H!$6K>.$,!V$J$YDl7?!W$N>l9g$H$,9M$($i$l$k!% NWRITE > 0 $G!$$3$N%a%C%;!<%8$NA0$K7k2L$,=PNO$5$l$F$*$j!$$=$l$, LFREQ > 1 $K $J$C $F $$ $k $J$i $P 4V 0c $$ $J $/ 8e <T$G $" $k!% LFREQ=1 $N $H $- $I $A $i$N >l 9g $+ $r 8+J, $1$?$1$l $P!$=PH/E@ $rJQ$($F :F7W;;$9$l $P$h$$!%$^ $?F1$8%a%C %;!<%8$,=P $l$P 8e<T$G$"$j!$A0<T$J$i$P$3$s$I$O!V:G8e$N7k2L!W$,=P$k$O$:$G$"$k!% 5. ;HMQ%k!<%A%s MO VE !Z;HMQNc![ � � x exp( � x ) 6K>.E@ x = 1 , 6K>.CM F = � 0 : 367879 (exact solution) x = 3 $+$i=PH/$7!$8m:9 e = 0 : 01 $H$7$F7k2L x = 1 : 0002 , F = � 0 : 367879 $rF@$?!%

5. ?tCM7W;;%5%V%k!<%A%s I I 70 � <!$N4X?t$r%F%9%H$7$?!% � 1 1 + ( x 1 � x 2 ) 2 � sin( � 2 x 2 x 3 ) � exp f� ( x 1 + x 3 x 2 � 2) 2 g exact $J6K>.E@$O x 1 = x 2 = x 3 = p 4 m + 1 ( m = 0 ; 1 ; 2 ; � � � ) , F = � 3 $G$"$k!% $3 $N 4X ?t $O , x 1 = 0 , x 2 = 1 , x 3 = 2 $+ $i =P H/ $9 $k $H ES Cf $G 0[ >o $J ?6 $k Iq $$ $r <( $9 $,!$ N T E S T = 1 $H$9$k$3$H$K$h$j!$<!$N7k2L$,F@$i$l$?!% x 1 = 1 : 0001 , x 2 = 1 : 0001 , x 3 = 0 : 9998 , F = � 3 : 00000 $?$@$78m:9$H$7$F$O e 1 = e 2 = e 3 = 0 : 003 $H$7$F$$$k!% !Z;29MJ88%![ � M.J.D.P o w ell, Computer J. 7, pp.155, 1964.

5. ?tCM7W;;%5%V%k!<%A%s I I 71 5.6 PRESNL 0lHL2=$5$l$?%U%l%M%k@QJ, (Generaized F resnel in tegral) %W%m%0%i%‘7A<0 %5%V%k!<%A%sI{%W%m%0%i%‘ :n@.<T EDB< 1QG7 ( 6e=#Bg3X9)3XIt ) :n@.G/7nF| 1971 G/ 4 7n 28 F| %=!<%9$N8xI= ’QS.LIBSC(C3PRESNL)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800, VP2600) !Z 35MW ![ 1. L\E* Z x 0 exp( j t p ) dt = C p ( x ) + j S p ( x ) ; j = p � 1 ; p = 1 � 1 $r 0l HL2= $5 $l $? %U%l %M %k @Q J,$H 8F $V !J p = 2 $, DL>o $N %U %l %M%k @Q J, $G $"$k $,!$ Dj 5A $N;E J} $G JQ ?t$H @Q J, CM $O Dj?t G\ $@ $1 0[$J $k!K!% $3 $N 7W ;;$r!$ %Y %- 5i ?t!$ A26a E8 3+ $N :G E,J; MQ >r7o$K$h$j7W;;$9$k!% 2. 7W;;J}K! x ! 0 $G$O%Y%-5i?t$r!$ x ! 1 $G$O A26aE83+$r;H$$!$N>J}K!$N8m:9 $,Ey$7$/$J$k x $G @Z$j$+$($r9T$&!%>\:Y$OJ88%$r;2>H$9$k$3$H!% !Z ;HMQJ}K! ![ 1. 8F=P$7J}K! CALL PRESNL(P,X,C,S) 2. %Q%i%a!<%? P : ;X?t p (1 � 1 ) $rM?$($kG\@:EY<B?t7?JQ?tL>$^$?$OG\@:EY<BDj?t!% X : FHN)JQ?t x > 0 $rM?$($kG\@:EY<B?t7?JQ?tL>$^$?$OG\@:EY<BDj?t!% C : 7k2L$N@QJ,CM$N<B?tIt$,%;%C%H$5$l$k!%G\@:EY<B?t7?JQ?tL>!% S : 7k2L$N@QJ,CM$N5u?tIt$,%;%C%H$5$l$k!%G\@:EY<B?t7?JQ?tL>!% 3. @)8B 1 < P < 1 ; X � 0 4. ;HMQ%k!<%A%s AH9~$_4X?t : D ABS !$ DLOG !$ DCOS !$ DSIN !$ DSQR T 5. @:EY P , X $K$h$C$F0[$J $k$,!$G\@: EY$N>l9g!$ 10 � 10 0J >e$,J]>Z$5 $l$k!% 20 $G:G$b8m:9 $,Bg $G$"$k$,!$ x p � 32, x p � 9 $G$O 10 � 15 DxEY$G$"$m$&!%

5. ?tCM7W;;%5%V%k!<%A%s I I 72 !ZCm0U;v9‘![ � %W %m%0 %i %‘ $N0l It $r JQ99 $9 $k $3 $H$K $h $j!$ 7W;; 5! $N 8lD9 $K 1~ $8$F @: EY :GNI $N >r 7o$G 7W ;; $,$G$-$k!% � DL>o$N%U%l%M%k@QJ,$NDj5A Z x 0 exp( j 2 � t 2 ) dt = C ( x ) + j S ( x ) $K$h$k C ( x ), S ( x ) $O$=$l$>$l!$ C ( x ) = s 2 � C 2 ( r � 2 x ) ; S ( x ) = s 2 � S 2 ( r � 2 x ) $G$"$k!% !Z;29MJ88%![ � ?98}$[$+ , ?t3X8x<0 I I I, pp22, pp261, 4dGHA4=q . � EDB< 1QG7 , 6e=#Bg3X9)3X=8Js!$ V ol.43, No.4 !$ pp.550, 1970.

6 E}7W2r@O!$?tM}7W2hLdBj E}7W2r@O!$?tM}7W2hLdBj!$%G!<%?2r@O%=%U%H%&%’%"$O<!$NDL$j!% %i%$%V%i%jL> 5!G= MSP UXP AMPS ?tM}7W2hLdBj$N:GE,2=%=%U%H !{ AMPS/VP AMPS $N VP HG !{ ANAL YST IY;NDLDs6!E}7W%G!<%?=hM}%Q%C%1!<%8 !{ BMDP E}7W2r@OHFMQ%W%m%0%i%‘%Q%C%1!<%8 !{ F A CEST 0x;RJ,@O { 0x;RIi2Y9TNs$N?dDj !{ F A CR OT 0x;RJ,@O { D>8r$*$h$S<P8r2sE>!$I>E@?dDj !{ PCAJCB <g@.J,J,@O { Jacobi K! !{ PCA QR <g@.J,J,@O { QR K! !{ S A T&T 3+H/$NHFMQE}7W2r@O%7%9%F%‘ !{ SALS :G>.Fs>hK!I8=‘%W%m%0%i%‘ !{ SAS HFMQE}7W2r@O%7%9%F%‘ Graphics 5!G=IU$- !{ SPSSX <R2q2J3X$N$?$a$NE}7W%Q%C%1!<%8 !{ <+8JF17?%U%i%/%?%k I

6. E}7W2r@O!$?tM}7W2hLdBj 74 6.1 AMPS, AMPS/VP !Z35N,![ AMPS(Adv anced Mathematical Programming System) $O!$ @~7A7W 2hLdBj $NB>!$:. 9g@0?t Ld Bj$J$I$N?tM}7W2hLdBj$N :GE,2=$r9T$J $&%=%U%H%&%’ %"!%%f!<%6!<%5%V %k!<%A%s$r%7%9 %F%‘$KAH $_9~$s$@$j!$%f!<%6!<%W%m%0%i%‘$+$i%7%9%F%‘$r5!G=JL$K8F$S=P$7$?$j$9$k$3$H$,2DG=!% AMPS/VP $O AMPS $N =h M} $r %Y %/ %H %k %W %m %;%C %5 VP2600 >e $G =h M} $9 $k $? $a $N %= %U %H!% AMPS/VP $N=hM}$O%P%C%A$N$_!% !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 command : AMPS cataloged pro cedure : AMPS !ZCm0U;v9‘![ � AMPS, AMPS/VP $O MPS/X $N8e7Q$K$"$?$k!% !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV AMPS @bL@=q!W!J 70SP-7190 !K!$IY;NDL3t<02q<R!% � !V AMPS, AMPS/VP $N8x3+!W 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.4, pp.503{ 508.

6. E}7W2r@O!$?tM}7W2hLdBj 75 6.2 ANAL YST !Z35N,![ ANAL YST(Analyzer for Statistical Data) $O %( %s %I %f!<%6!< ;V 8~!$ 6H L3 =h M} ;V 8~ $NE} 7W %G!< %?=hM}%Q%C%1!<%8!%=hM}%b!<%I$H$7$F MSP >e$N%P%C%A=hM}%b!<%I$H2qOC=hM}%b!<%I$rHw$($k!% E}7W%G!<%?$N=hM}5!G=$H$7$F $O!$E}7W>pJs $N4IM}$d2C9)!& JT=8$r$O$8 $a!$=87W$dD"Jm :n@.$J$I $NE}7W%0%i%U%#%C%/%95!G=$^$G$NI}9-$$5!G=$rM-$9$k!% !Z=hM}4D6-![ � MSP/M1800 command : ANALYST cataloged pro cedure : ANALYST !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM ANAL YST 2r@b=q!W (99SG-7401) !$IY;NDL3t<02q<R!% � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992.

6. E}7W2r@O!$?tM}7W2hLdBj 76 6.3 BMDP !Z35N,![ BMDP $O<g$K @8J*0e3X $NJ,Ln$K E,$7$?E} 7W2r@O%7%9 %F%‘!% BMDP $N=hM}$r MxMQ<T$N F ortran %W%m%0%i%‘$H7k9g$7$F$*$3$J$&$3$H$b2DG=!%=hM}$O MSP $N%P%C%A$N$_!% !Z=hM}4D6-![ � MSP/M1800 cataloged pro cedure : BIMED, BIMEDT !Z;HMQNc![ � BMDP %W%m%0%i%‘ BMDP1D $rMQ$$$F2r@O$r9T$J$&!%2r@O%G!<%?$NF~NOJ}K!$O;29MJ88%;2>H!% � � //A79999A JOB CLASS=A // EXEC BIMED,PROG=BMDP1D //GO.SYSIN DD * ( %3%s%H%m!<%k>pJs!&2r@O%G!<%? ) // � � !Z<g$J BMDP %W%m%0%i%‘![ � F actor Analysis � Life T ables and Survivor F unctions � Un balanced Rep eated Measures Mo dels with Structured Co v ariance Matrices � General Mixed Mo del Analysis of V ariance Equal Cell Sizes � P olyc hotomous Step wise Logistic Regression � Histograms and Univ ariate Plots � Linear Scores for Preference P airs � Cluster Analysis of V ariables !ZDs6!![ � Univ ersit y of California !Z;29MJ88%![ � !V Statistical Soft w are Man ual 1990 Revision V ol.1, V ol.2 !W Univ ersit y of California Press. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992.

6. E}7W2r@O!$?tM}7W2hLdBj 77 6.4 F A CEST, F A CR OT � 0x;RJ,@O { 0x;RIi2Y9TNs$N?dDj (F actor Analysis { Estimation of Loading Matrix) � 0x ;R J,@O { D> 8r $* $h $S<P 8r 2s E>!$ 0x ;R I>E@ $N ?d Dj (F actor Analysis { Orthogonal and Oblique Rotation, Estimation of F actor Scores) %W%m%0%i%‘7A<0 %3%s%W%j!<%H%W%m%0%i%‘ :n@.<T Lx@n 6F!$9)F# F‘DE;R ( 6e=#Bg3XM}3XIt ) :n@.G/7nF| 1976 G/ 8 7n %=!<%9$N8xI= ’QS.LIBSC(G6FACEST)’ ’QS.LIBSC(G6FACROT)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800) !Z 35MW ![ (1) L\E* $?$H$($P!$;yF8$NCNG=DxEY$r 2rL@$9$k:]!$ 0lO"$N%F%9%H $,$J$5$l!$:N E@@.@S$,<($5 $l$k!%$7$+ $7!$$3$N%F%9%H$N0l$D0l$D $N@.@S$O!$7W ?tG=NO!$FI2r NO!$?dM}NO!$Cm0U NO$J$I!$CNG= $rI=$93F 0x;R$NMm$_9g$$!$$5$i$K$=$N ;~$ND4;R$J$I $K$h$k%P%i%D %-$,IU2C$5$l 4QB,$5$l$k$b $N$G$"$k!% $b$7CNG=$r7hDj$9$kFb0x0x ;R$r2?$i$+$N J}K!$G<h$j=P $9$3$H$,$G$- $k$J$i!$$=$7$F $3$l$i3F0x ;R$K$D$$$F3F8DBNKh$N0x;R I>E@$,$$$+$[ $I$G$"$k$+$r CN$k$3$H$,$G $-$k$J$i!$$‘$7 $m$=$NJ}$, 0lO"$N%F%9%H$N:NE@@.@S$r CN$k$3$H$h$j $b!$K>$^$7$$$H $$$($h$&!%0x;R J,@OK!$O$3$N $h$&$JMW K>$K1~$($kL\E*$G?4M}3X<T C#$K$h$C$F3+H/ $5$l$?!%$3$N$h $&$J9M$(J}$O B>$NJ,Ln$K$b E,MQ$5$l $k$b$N$G$"$j!$:#F|!$0x;RJ,@OK!$O?4M}3X<T$N$_$J$i$:B?$/$NJ,Ln$GI}9-$/E,MQ$5$l$F$$$k!% 0x ;R J, @OK! $G $O!$ 0x ;R Ii2Y 9T Ns $N $$ $/$D $+ $N MW AG $r%< %m $^ $? $O $"$k CM $K ;X Dj $7$F $* $$ $F ;D $j$N MW AG $r ?d Dj $9 $k 8!>ZE*$J>l9g (con�rmatory factor analysis) $H!$ 0x ;R Ii 2Y 9T Ns $N MW AG $K 2?$N2> Dj$b $* $+ $J$$ C5 :wE* $J >l 9g (exploratory factor analysis) $N Fs $D$N J} K!$, CN $i $l$F $$ $k $,!$K\%W%m%0%i%‘$O8e<T!$B($AC5:wE*$J>l9g$N%W%m%0%i%‘$G$"$k!% 0x;R J,@OK! $O8e $G=R$Y $k$h$& $K!$0x;R Ii2Y 9TNs$N ?dDj!$2s E> ( D>8r!$ <P8r ) $K $h$k 0x;R$N 2r <a$*$h$S0x;RI>E@$N?dDj$H $$$&;0CJ3,$h $j@.$C$F$$$k!% K\%W%m%0%i%‘ $G$O!$0x;RIi2Y 9TNs$N?d Dj$H!$2sE> ( D>8r!$<P8r ) $*$h$S0x;RI>E@$N?dDj$rJ,$1 � F actor Analysis { Estimation of Loading Matrix ( <B9T7A<0%W%m%0%i%‘L> : F A CEST) � F actor Analysis { Orthogonal And Oblique Rotations, Estimation of F actor Scores ( <B 9T7A<0%W%m%0%i%‘L> : F A CR OT) $N 40 A4 $K FH N) $7$? Fs $D $N %W %m %0 %i %‘ $K$* $5 $a $F $$ $k!% =>$C $F!$ 0x ;R J,@O $r $* $3 $J $& $K $O!$ $^$:A0<T$N%W%m%0%i%‘$G0x ;RIi2Y9TNs$N ?dDj$r9T$&$3 $H$K$J$k!%C5:w E*$J0x;RJ,@O K!$G$O?dDj $,IT2DG=$J>l9g!$ITE,Ev$J2r $,F@$i$l$k>l 9g$J$I$b@8$8 $k$N$G!$$3$NCJ 3,$GF@$i$l$k ?dDjCM$K $D$$ $F $O == J, 6c L# $7 $F $* $/ $3 $H $, I, MW $H $J $k!% $" $k >l 9g $K $O!$ FC @- CM ( %F %9 %H 9‘ L\ ) $N 2C 8:!$ F~$l49$($d!$6&DL0x;R?t$r@_ Dj$7D>$7$J$, $i!$2?EY$b7+ JV$7K\%W%m%0 %i%‘$r;HMQ$7!$ 0x;RIi2Y 9TNs$N:GE,$J?dDjCM$r5a$a $k$3$H$,I,MW $H$J$k!%8e<T$N %W%m%0%i%‘$G $O$3$N$h$&$K $7$FF@$i$l $??d Dj CM $r F~ NO %G!< %? $H $7 $F Mx MQ $7!$ 2s E> ( D> 8r!$ <P 8r ) $* $h $S 0x ;R I> E@ $N ?d Dj $r $* $3 $J $& $3

6. E}7W2r@O!$?tM}7W2hLdBj 78 $H$K$7$F$$$k!% (2) 0x;RJ,@OK!$N35@b 0x;RJ,@OK!$O<B<A2J3X$NB? $/$NJ,Ln$K 4XO"$7$F$$$k $?$a$K!$MQ8l $NITE}0l!$:.9g $,B?$$!%=>$C $F!$K\%W%m%0%i%‘$G<h$j07$&0x;RJ,@OK!$K$D$$$F!$$+$J$j>\$7$$35@b$r0J2<$KM?$($F$*$/!% 0x;R J,@O K!$O!$D4 $Y$? $$BP>] $N0x ;R9=B$ $r6& J,;69T Ns (co v ariance matrix) !$ $^$?$O Aj4X 9T Ns (correlation matrix) $N Fb It9= B$ $r D4$Y $k $3$H $K $h$C$F L@ $i$+ $K $9 $k!%$+ $+ $kJ} K! $K#2 $D $N @\6aK! $, $" $j!$ #1 $D $O <g @. J, J, @O K! (principal comp onent analysis) !$ B> J} $O 69 $$ 0U L# $G $N 0x ;RJ,@OK!$H8F$P$l$F$$$k!%K\%W%m%0%i%‘$O8e<T!$$7$+$b:GL‘K! (maxim um likelihoo d metho d !$ $"$k$$$O maxim un likelihoo d factor analysis) $H8F$P$l$F$$$kJ}K!$r:NMQ$7 $F$$$k!%:GL‘K!$O <!$N$h$&$K9T$o$l$k!% 1. p 8D $N FC@- CM ( p JQ NL ) $N %G!< %? ( x 1 ; x 2 ; � � � ; x p ) $r 3F MW AG$,!$ J? 6Q 0 !$J, ;6 1 $r ;} $D $h$& $K5, =‘2= $5$l$? p <!85 3NN( JQ?t ( X 1 ; X 2 ; � � � ; X p ) $N<B8= CM$H$_ $J$7!$ <!$N4p K\2>Dj $r$* $/!% 0 B B B B B @ X 1 X 2 . . . X p 1 C C C C C A = 0 B B B B B @ a 11 a 12 � � � a 1 k a 21 a 22 � � � a 2 k . . . . . . . . . . . . a p 1 a p 2 � � � a pk 1 C C C C C A 0 B B B B B @ f 1 f 2 . . . f k 1 C C C C C A + 0 B B B B B @ " 1 " 2 . . . " p 1 C C C C C A (1) $3$3$K!$ k $O;XDj$5$l$?Dj?t!$ f i $O X 1 ; X 2 ; � � � ; X p $N#2$D0J>e$K4^$^$l$k 6&DL0x;R (common factor)( 3NN(JQ?t ) !$ ( p � k ) 9TNs A = ( a ij ) $O!$ 0x;RIi2Y9TNs (factor loading matrix)( L$CNDj?t ) !$ " = ( " 1 ; " 2 ; � � � ; " p ) T $O8m:99‘ ( 3NN(JQ?t ) $G$"$k!% $5 $i $K!$ " 1 ; " 2 ; � � � ; " p $O 8_ $$ $K FH N) $G @5 5, J, I[ $K => $& $3 $H!$ " $H f = ( f 1 ; f 2 ; � � � ; f k ) T $,FHN)$G$"$k$H$$$&?t3XE*2>Dj$,$*$+$l$F$$$k!% 2. >e$N%b%G%k$r2>Dj$7$?;~!$ E ( f i ) = 0 V ar ( f i ) = 1 ( i = 1 ; 2 ; � � � ; k ) E ( " i ) = 0 ( i = 1 ; 2 ; � � � ; p ) $H $9 $k$3 $H $,$G $- $k!% $^$?!$ X = ( X 1 ; X 2 ; � � � ; X p ) T $N 6&J, ;6 9T Ns ( $3 $l$O!$ Aj 4X9T Ns $H Ey$7 $/$J $k ) $r �, f $*$h $S " $N J,;6 6&J, ;6 9TNs $r$= $l$> $l � $* $h$S ( $?$@ $7!$>e $N $3$H $h$j � $NBP 3QMW AG$O $9$Y $F 1 !$ $OBP 3QMW AG$r i ( i = 1 ; 2 ; � � � ; p ) $H$9 $kBP 3Q 9TNs$G$"$k ) $H$9$k$H!$4X78<0 � |{z} p � p = A |{z} p � k � |{z} k � k A T |{z} k � p + |{z} p � p (2) $,@.N)$9$k!% f 1 ; f 2 ; � � � ; f k $,$*8_$$$KL5Aj4X$J$H$-!$6&DL0x;R f 1 ; f 2 ; � � � ; f k $O D>8r0x;R (orthogonal factor) $H8F$P$l$F$$$k!%$3$N$H$- � $OC10L9TNs$H$J$j!$ (2) <0$O � = AA T + $H$J $k!% f 1 ; f 2 ; � � � ; f k $, D>8r 0x;R $G $J$$ $H$-!$ $$ $$$+ $($l $P f 1 ; f 2 ; � � � ; f k $, Aj4X 4X 78$r;}$D;~!$$3$l$i$O <P8r0x;R (oblique factor) $H8F$P$l$F$$$k!%

6. E}7W2r@O!$?tM}7W2hLdBj 79 0x;RJ,@OK!$NBh0lCJ3,$O!$ n 8D$N4QB,CM%Y%/%H%k ~ x 1 = ( x 11 ; x 21 ; � � � ; x p 1 ) T ; � � � ; ~ x n = ( x 1 n ; x 2 n ; � � � ; x pn ) T $, M? $( $i $l $? $H $-!$ � $N ?d Dj CM $G $" $k I8 K\ Aj 4X 9TNs R $r 5a $a!$4X 78 <0 (2) $r MxMQ $7 $F 0x ;RIi 2Y9T Ns A ( $* $h$S ) $N BEEv $J?d DjCM $r5a $a$k $3$H $G$" $k!%$H $3$m $G!$<0 (2) $N A $H � $O 4p K\ E* $K $O 0l 0U $KDj $^ $i $J $$ $H $$ $& @- <A $, $" $k!%$= $l $O!$ k <! 85 @5 B’ 9T Ns T $K$h$j4X78<0 A � A T = ( AT )( T � 1 � T T � 1 )( AT ) T $,@.$jN)$A!$>e$N$h$&$K$7$FF@$i$l$? A $N?dDjCM$O!$<B$O AT $N?dDjCM$G$"$k$+$b$7$l $J$$$+$i$G$"$k!%$3$N$3$H$O!$ 2sE>$K4X$9$k0x;R$NITDj@- $H$h$P$l$F$$$k!%=>$C$F!$I8 K\Aj4X9TNs R $+$i A $N?dDjCM$rDj$a$k$K$O!$$^$::G=i$K (2) <0$G � $rC10L9TNs$H$*$$ $?:G$b4JC1$J<0 � |{z} p � p = A |{z} p � k A T |{z} k � p + |{z} p � p (3) $rMxMQ$7$F A $N?dDjCM$r5a$a$k$3$H$,Bh0l$NL\E*$H$J$k!% (3) <0$NBP3Q@~MWAG$N4V$K$O 1 = k X � =1 a i� 2 + i ( i = 1 ; 2 ; � � � ; p ) $N4X78$,@.$jN)$D!% h 2 i = k X � =1 a i� 2 ; ( i = 1 ; 2 ; � � � ; p ) $O X i $N k 8D$N0x;R$G@bL@$5$l$k3d9g$rI=$7!$6&M-@- (comm unalit y) $H$h$P$l$k!% K\ %W %m %0 %i %‘ $G $O!$ >e $N CJ 3, $r F actor Analysis { Estimation of Loading Matrix $G 9T $&!% $^ $:!$ F~ NO %G!< %? $h $j Aj 4X 9T Ns $r 7W ;; $7 ( $" $k $$ $O Aj 4X 9T Ns $r F~ NO $9 $k ), =P NO $9 $k!% B3 $$ $F!$ 7+ JV $7 7W ;; $N 2s ?t!$ A $N ?d Dj CM $G $" $k Loading Matrix !$ BP 3Q 9T Ns $N BP 3Q MW AG $N ?d Dj CM $G $" $k PSI !$ $* $h $S 6& M- @- communalit y $r =P NO $9 $k!% $^ $?!$ ;X Dj $K $h$C $F $O Loading Matrix $r %G!< %? %;%C %H $K =P NO $5 $;!$ Bh #2 CJ 3, $X $N F~ NO $H $9 $k $3 $H $, $G$-$k!% 0x ;R J,@O K! $N Bh #2$N CJ 3, $O!$2s E> $K 4X $9$k 0x ;R $NIT Dj @- $r MxMQ $7 $F!$ >e$G F@ $? 0x ;RIi 2Y 9T Ns A $N ?dDj CM ^ A $r <B <A 2J 3X $N J, Ln$G 6q BN E* $J 2r <a $N $D $1$d $9 $$ 9= B$ $r ;}$C $? 0x ;RIi 2Y 9T Ns ^ AT $K JQ 49 $9 $k $3 $H $G $" $k!% 6& DL 0x ;R $, D> 8r 0x ;R $G $" $k $H $-!$ $3 $N $h $& $J JQ 49 $O!$ D>8r2sE> (orthogonal rotation) $H8F$P$l!$<P8r0x;R$N$H$-$O!$ <P8r2sE> (oblique ro- tation) $H 8F$P$l $k!% T $O JQ499TNs (transformation matrix) $H8F $P$l$F $$$k!% D>8r2s E> $rM?$($k T $OD>8r9TNs$G$"$k!%=>$C$F!$6&DL0x;R$ND>8r@-$O$3$NJQ49$K$h$C$FJQ$o$i$:!$ <0 (1) $O!$ ~ X = AT ( T T f ) + "

6. E}7W2r@O!$?tM}7W2hLdBj 80 $HF1 Ey$K$J$k!%$h$C $F!$ G = AT , f � = T T f $H$*$1 $P!$ ~ X $O5,=‘ 2=$5$l$F$$ $k$N$G!$ X $H f � $NAj 4X9TNs $O G $K$J$k!% $+$/ $7$F A $N?dDj CM ^ A $r D>8r2s E>$7 $FF@$i $l$? 0x;R Ii 2Y 9T Ns ^ G $H FC @-CM ( %F %9%H 9‘ L\ ) $H $N 4X 78 $rD4 $Y $l $P 0x ;R$N 2r <a $, 2D G=$H $J $j!$ 3F 0x ;R$KE,Ev$JL>A0$,$D$1$i$l$k$3$H$K$J$k!% K\ %W %m %0 %i %‘$G $O!$ D> 8r 2s E> $O F actor Analysis { Orthogonal and Oblique Rotation, Estimation of F actor Scores $NA0H>$G9T$o$l$k!% Orthogonal Rotation $,=PNO$5$l$?$" $H!$7+ JV$7 7W;;$N 2s?t!$ Loading Matrix $H$7 $F ^ G , comm unalit y , $*$h $S T ransforma- tion Matrix $H$7$F T $,=PNO$5$l$k!%<P8r2sE>$G$O!$ (1) <0$O ~ X = AT ( T 1 f ) + " $HF1Ey$K$J$k!%$h$C$F G = AT , f � = T � 1 f $H$*$1$P!$ ~ X $H f � $NAj4X9TNs$O C or r : ( ~ X ; f � ) = GE ( f � f � T ) = G ( T T T ) � 1 (4) $G$"$? $($i$l$k!%$h$C$F<P 8r2sE>$G$OD>8r 2sE>$H0[$J$j!$ ~ X $H f � $NAj4X9T Ns$OJQ49$5 $l$?0x;RIi2Y9TNs G $H0lCW$7$J$$!%$3$l$K$h$j!$<P8r2sE>$G$O!$0x;RIi2Y9TNs$H$$$&8@ MU$O0lHL$K;H$o$l$:!$ (4) >e<0$GM?$($i$l$k C or r : ( ~ X ; f � ) = G ( T T T ) � 1 = A ( T T ) � 1 $r0x;R9=B$9TNs (factor structure matrix) !$ ( T T ) � 1 $r$=$l$X$NJQ499TNs!$$3$l$^$G0x;R Ii 2Y9T Ns$H $h$s $@ G = AT $r 0x;R %Q%?!< %s9T Ns (factor pattern matrix) !$ T $r $=$l $X $N JQ 499T Ns $H $h $S!$ N><T $r 6h JL $9$k!% <P 8r 2s E>$G 0x ;R $N 2r<a $r 9T $& $K$O!$ %F %9 %H 9‘L\ $H 0x ;R 9= B$9T Ns $N BP 1~ $rD4 $Y $k $[ $&$, MF 0W $G $" $k!%<P 8r 2s E> $G $O!$0x ;R 9= B$!$ 0x ;R%Q %?!< %s$NB> $K (4) <0$N E ( f � f � T ) !$$$ $$$+$($l$P3F0x ;R$N0x;R4VAj4X 9TNs (factor correlation matrix), $* $h$S 3F 0x;R $N 0x;R <4 4V3Q EY (angle for eac h factor) $r D4 $Y$F $* $/$3 $H $b=E MW $G$"$k!%$^$?!$<P8r2sE>$G$O (3) <0$O � = G ( T T T ) � 1 G T + $HF1Ey$G$"$k!%>e<0$NBP3Q@~MWAG$N4V$K$O 1 = k X � =1 g i� 2 + k X � =1 k X � =1 g i� g i� t � + i ( i = 1 ; 2 ; � � � ; p ) $?$@$7!$ G = ( g ij ) ; ( T T T ) � 1 = ( t ij ) $N4X78$,@.N)$9$k!%=>$C$F!$6&M-@-$OD>@\4sM? (direct con tribution) $H$h$P$l$k9‘ P g 2 i� $HF1;~4sM? (joint con tribution) $H$h$P$l$k9‘

6. E}7W2r@O!$?tM}7W2hLdBj 81 k X � =1 k X � =1 g i� g i� t � $NOB$GI=$5$l$k!% K\ %W %m %0 %i %‘ $G $O!$ <P 8r 2s E> $O D> 8r 2s E> $H F1 $8 %W %m %0 %i %‘ $N Cf $G 9T $$!$ Oblique Rota- tion $r =P NO $7$? 8e!$ 7+ JV$7 7W ;;$N 2s ?t!$ 0x;R 4V Aj 4X9T Ns!$ 0x ;R<4 4V 3QEY 9T Ns!$ 0x;R 9= B$ 9T Ns $H $=$l $X $N JQ 49 9TNs!$ 0x ;R %Q %?!<%s 9T Ns $H $= $l$X $N JQ 49 9T Ns!$D> @\ 4s M?!$ F1 ;~4s M? $*$h$S6&M-@-$r=PNO$9$k!% D> 8r 2sE>!$ <P 8r 2s E>$N $$ $: $l$N 7k 2L $r :NMQ $9 $k $+$K $D $$ $F $O!$<B <A 2J 3X$h $j F@ $i $l$k 6& DL0x;R$KBP$9$kCN<1$r7W;;7k2L$N8!F$$K4p$$$F7hDj$9$l$P$h$$!% $5$F!$$3$N$h$&$K$7$FFb0x0x;R$N?dDj$H2r<a$,9T$o$l$k$H!$<!$KLdBj$K$J$k$N$O!$ 3F8DBN (individual) $,$=$l$i$N0x;R$r$I$l$[$I=jM-$7$F$$$k$+$H$$$&3F8DBN$N 0x;RI>E@ (factor scores) $r ?d Dj $9 $k $3 $H $G $" $k!% $3 $l $, 0x ;R J, @O K! $N :G =* CJ 3, $H $J $k!% K\ %W %m %0 %i %‘ $G $O!$0x ;R I> E@ $N ?dDj $O $= $l $>$l $N 2s E> $N D>8e $G 9T $$!$ D> 8r2s E>!$ <P 8r 2s E>$N 3F!9 $N>l9g$K$D$$$F!$ 0x;RI>E@78?t9TNs (co e�cien t matrix of factor scores) $*$h$S3F8DBN$N0x;RI>E@%Y%/%H%k (factor scores for individual) $r=PNO$7$F$$$k!% (3) 0x;RJ,@OK!$NLdBjE@ 0x;R J, @O K! $O!$ <g @. J, J, @O K! $H $O 0[ $J $j!$ $+ $J $j 87 $7 $$ 2> Dj $r @_ $1 $? >e $G Fb 0x 0x ;R $r <h $j =P $7!$$=$N2r<a$rM?$(!$3F8DBNKh $N0x;RI>E@$, $$$+$[$I$G$" $k$+$N?dDj$r @Q6KE*$KM?$( $kJ}K!$G $"$k!%=>$C$F!$2>Dj$,87L)$K@.N) $9$k$H$-!$0x ;RJ,@OK!$O$- $o$a$FK~B- $N$$$/7k2L$r $b$?$i$9 $3$H$K$J$k!%$7$+$7$J$,$i!$Fb 0x0x;R$rC5:w E*$KC5$j=P$9 0x;RJ,@O$NK\ Mh$NL\E*$r9M $($k$J$i $P!$$3$l$i$N2>Dj$O!$Fb0x0x;R $K4X78$7$F@_ N)$5$l$k$?$a $KB?$/$N>l9g 8!>Z$G$-$J$$ $N$,IaDL $G$"$k!%;DG0$J$3$H$K2>Dj$, @.N)$7$J$$$H $-!$0x;RJ,@OK! $OB?$/$NCWL? E*$JLdBj$r;} $D$3$H$, CN$i$l$F$*$j!$$=$NB?$/$OM} O@E*$K$^$@ 2rL@$5$l$F$$ $J$$!%$3$l$i $N2>Dj$r!V2>@b!W $K$*$-$+ $(!$0x;RJ,@OK!$r2>@b$N8!>Z $H$7$F0LCVIU $1!$;HMQ$9$k >l9g$bB?$$$h $&$G$"$k$,!$6K $a$F:Y?4 $NCm0U$,I,MW$G$"$k!%0x;RJ, @O$rE,MQ$9$k >l9g$O!$$^$::G =i$KLdBjE@$, >/$J$$<g@.J, J,@O$r9T $$!$BP>]$KBP$9$k==J,$JCN8+ $rF@$F$*$/$3 $H$,I,MW$G $"$k!%B?$/$N>l 9g!$0x;RJ,@O$r 9T$&$^$G $b$J$/!$<g@.J,J,@OK!$G==J, K~B-$N$$$/7k 2L$,F@$i$l$k $b$N$G$"$k!%0x ;RJ,@O$G$O0l EY$N7W;; $GK~B-$N$$$/7k2L$r4|BT$7 $J$$J}$,$h$$!% $?$H$(K~B-$N $$$/7k2L$,F@ $i$l$?$H$7$F $b!$$5$i$K %F%9%H9‘L\$N2C8:!$F~$l49$(!$ 0x;R?t$N6c L#$J$I;n9T:x 8m$rH?I|$7!$ @Q$_=E$M$k$3 $H$K$h$C$F =i$a$F!$NI$$7k2L$,F3$+$l$k $b$N$G$"$k!%<! $KK\%W%m%0 %i%‘$N4XO"$r 9MN8$7$D$D!$0x ;RJ,@OK! $N=EMW$JLdBjE@$r#2$D5s$2$F$*$/!% 1. 6&DL0x;R?t k $NLdBj (3) <0$K$h$j:8JU$N � $O ( p � p ) BP>N9TNs$G$"$k$+$i!$J}Dx<0$N8D?t$O p ( p + 1) = 2 8D!$$3 $l $KBP $7$F L$ CN?t $N8D ?t $OBP 3Q9T Ns $K p 8D!$ A $K 8+$+ $1 >e pk 8D $" $k$,!$ $3$N A $O 2sE>$N ITDj@-$h$j ( p � k ) D>8r 9TNs T $K$h$C$F!$ AT $H$b $*$-$+$($i $l$k$N$G!$$3 $l$r :9$70z$1$P<B:]$K$O!$ A $O pk � k ( k � 1) = 2 8D$NL$CNJl?t$,$"$k!%0x;RIi2Y9TNs A $,?d Dj 2DG= $G$" $k$? $a$K $O (3) <0$G M?$( $i$l $kJ} Dx<0 $N8D ?t$, L$CN Jl?t $N8D ?t$h $j$b B?$$ $3 $H$,I,MW$H$J$k!%$$$$$+$($l$P!$ p $H k $O<!$NITEy<0

6. E}7W2r@O!$?tM}7W2hLdBj 82 p ( p + 1) 2 � [ p + ( pk � k ( k � 1) 2 ) ] = ( p � k ) 2 � ( p + k ) 2 � 0 $rK~$?$5$J$1$l$P$J$i$J$$!%$3$NITEy<0$rK~$?$9 p $H k $N4X78$O<!I=$G<($5$l$k!% k = 1 3 6 10 15 21 � � � p > 3 6 10 15 21 28 � � � Ia DL!$ 4Q B, FC @- ( %F %9 %H 9‘ L\ ) $N 8D ?t p $O 6& DL 0x ;R ?t k $N >/ $J $/ $H $b #2 G\ $J $$ $7 #3 G\ $O I,MW$G$"$k!%$^$?!$EvA3$N$3$H$G$"$k$,!$4QB,%G!<%?$N8D?t ( 8DBN?t ) n $O!$ p $h$jBg$- $/$J$1$l$P$J$i$J$$!% K\ %W%m%0 %i%‘ $G$O!$ k $NCM $OF~ NO%G!< %?$H$7 $FM? $($k $h$&$K $J$C$F $$$k $N$G!$>e $N>r 7o $rK~$?$9$h$&$K k $NCM$r;XDj$9$k$3$H$,:GDc8BI,MW$G$"$k!%$7$+$7!$$?$H$( k $,>e$N>r 7o $r K~$? $7 $F$b!$ ;X Dj$5 $l $? k $,!V?? $N CM!W $+$i $+ $J$j N% $l $F$$ $k $H!$7W ;; $, ESCf $G B3 9T $G $- $J $/ $J$C $? $j!$ IT E, Ev $J 2r $, F@ $i $l $? $j $9 $k ;v $, CN $i $l $F $$ $k $N $G!$ F~ NO $9 $k k $N CM $K$D $$ $F $O!$<B <A 2J 3X$" $k $$ $O<g @. J, J, @O$N 7k 2L F@$i $l $k CN8+ $J $I $rMx MQ $7 $F$J $k $Y$/!V??$NCM!W$K6a$$$b$N$r;XDj$9$k$h$&?4$,$1$M$P$J$i$J$$!% K\%W%m %0%i%‘$G$O!$;X Dj$5$l$? k $NCM$K BP$7$F%b%G %k (1) $N2> @b8!Dj$r Bartlett $K$h$C $FM?$($i$l$? � 2 8!Dj$K$h$j4m81N( 5% $G9T$C$F$$$k!%=>$C$F!$=PNO$G NK IS REJECTED AT 5 PERCENT CRITICAL LEVEL $H0u:~$5$l$?$i6&DL0x;R?t k $NCM$r k � 1 $^$?$O k + 1 $K@_Dj$7D>$7!$:F%9%?!<%H$9$k!% :GE,$J k $O$3$l$r7+$jJV$9$3$H$K$h$C$FDj$a$l$P$h$$!% 2. ITE,Ev$J2r (improp er solution) $NLdBj IT E, Ev$J 2r $O!$ M} O@E* $* $h $S5; =Q E* $J LL$h $j @8 $:$k $3 $H $, CN$i $l $F $$$k!% M} O@ E* $JLL $G $O!$ ITE, Ev$J 2r$O <g%b %G%k (1) <0$* $h$S 2> @b$, K~$? $5$l $J$$ ;~@8 $8 $k!%FC $K!$0x ;RIi 2Y 9T Ns A $, FC <l $J 7? $r $7 $? 9T Ns $G $" $k $H $-!$ $^ $? f 1 ; f 2 ; � � � ; f k $N Cf $K FC @- CM ( %F %9 %H 9‘ L\ ) $N #2 $D 0J >e$K $o $?$C $F 4^$^ $l $k $b $N$, $J $$ $H $-!$$$ $$ $+ $($l $P f 1 ; f 2 ; � � � ; f k $NCf $K 6& DL 0x;R $G $J $$$b $N $, B8:_ $9 $k $H$- IT E, Ev $J2r $, F@ $i$l $k $3 $H$, CN $i $l$F $$ $k!% $3$l $r KI$0$K$O!$%F%9%H9‘L\$N2C8:!$F~$l49$(Ey$N9)IW$,I,MW$G$"$k!% K\ %W %m%0 %i %‘ $G $O!$5; =Q E* $JLL $G IT E, Ev$J 2r $, F@$i $l $k $3 $H$, $J $$ $h$& $K ?’!9 $J 9)IW $r 6E $i $7 :Y?4 $N Cm 0U $r J’$C$F $$ $k!% $7 $+$7!$ IT E, Ev $J 2r$, F@ $i $l $? $H$-!$ $= $l $, M} O@E* $J M} M3 $K$h $k $b $N$+!$ 5; =Q E*$J M} M3 $K$h $k $N $+8+ J, $1 $k $N$O :$ Fq $G$" $k!% DE B< ( J8 8% [4] ) $O!$ITE,Ev$J2r$,F@$i$l$?$i0x;RJ,@O$r$"$-$i$a$k$3$H$r4+$a$F$$$k!% K\ %W %m %0 %i %‘ $G $O!$ IT E, Ev $J 2r $, F@ $i $l $k $H!$ \ IMPROPER SOLUTION " $H =P NO $7!$ $3 $l $r M? $($k %F %9 %H 9‘ L\$r ;X Dj $9 $k$h $& $K $J$C $F$$ $k!% 0l HL $K!$C5 :w E* $J 0x;R J, @O K! $N=i 4| $K$OITE,Ev$J2r$,F@$i$l$k$3$H$,$+$J$jB?$$$HM=A[$5$l$k$N$G!$$?$H$(=PNO$G \ IMPROPER SOLUTION " $H =P NO $5 $l $F $b!$ %F %9 %H 9‘ L\ $N 2C 8:!$ F~ $l 49 $(!$ $^ $? $O 0x ;R ?t $N 6c L#$J $I $r 9T $$!$ :F%9 %?!< %H $7 $F$_ $k $[ $& $,$h $$!% $3 $N $h$& $J ;n 9T :x8m $r 7+ $j JV$7 $J $, $i!$ $J $* $+ $D improp er solution $, F@ $i $l $k $J $i $P!$ 0x ;R J, @O $O $" $- $i $a $k $Y $- $G $" $k!%

6. E}7W2r@O!$?tM}7W2hLdBj 83 (4) K\%W%m%0%i%‘$NGX7J$r$J$9M}O@$K$D$$$F 3FCJ3,$K$*$$$F!$B?MM$JM}O@ $H<jK!$,B? $/$N8&5f<TC# $K$h$C$F9M0F $5$l$F$$$k!%$3 $N$&$A!$K\ %W%m%0%i%‘$G:NMQ$7$?<jK! $O0J2<$N$H$* $j$G$"$k!%8D!9$N <jK!$N>\$7$$ @bL@$dM}O@$K $D$$$F$O 0zMQ$7$?;29MJ88%$r8+$F$$$?$@$-$?$$!% 1. 0x;RIi2Y9TNs$N?dDj 0x;RIi2Y9TNs A $N?dDj$O!$ La wley $K$h$C$FM?$($i$l$?:GL‘K! (maxim um lik eliho o d metho d) $r :N MQ$7 $?!% $3$N 9M $(J} $K $D $$$F $O [2] $K >\ $7$$!% $^ $?!$ ?dDj CM $r5a $a $k7+ JV $7 K!$K $h $k7W ;;$O J� oresk og [5] $K$h$C $FM? $( $i$l $?<} B+ $N$O $d$$ J} K!$r :NMQ $7 $?!%$3 $l $K$D$$$F$N4JC1$J@bL@$O [2], pp.31 !A 36 $NLu<TCm$G<j:]$h$/9T$o$l$F$$$k!%0x;RJ,@OK! $N M} O@!$$* $h $S 5; =Q$N N> LL $NLd Bj E@ $O A4$F $3 $N CJ3, $K $" $k $N$G!$ 0x ;R Ii2Y 9T Ns $N ?dDj M} O@ $r $h$/ M} 2r $7!$E, MQ 8B 3&$r F6 ;! $7$F $* $/ $3 $H$, 0x ;R J,@O $N @. 8y$r F3 $/ Hk7m $G $" $k$H $$ $($k!% 2. 0x;R$N2sE>$H2r<a D> 8r 2s E> $H $7 $F!$ Kaiser $K $h$C $F Ds >’ $5 $l $? %P%j%^%C%/%9K! (V arimax metho d), <P 8r 2sE>$H$7$F!$%+%$%6!<!&%G%#%C%/%^%sK! (Keiser-Dickman metho d) $r:NMQ$7$?!%N><T$N 7W;;$O!$7+JV$7K! (iteration metho d) $K$h$C$F9T$o$l$k$,!$7+JV$7$NBG$A@Z$j2s?t$r 30 2s!$<}B+$NH=Dj@:EY$r 1 : 0 � 10 � 4 $K8GDj$7$F$$$k!%%+%$%6!<!&%G%#%C%/%^%sK!$G$O ;29M0x;R9=B$ (reference factor structure) 9T Ns $H $= $N JQ 49 9T Ns $, 5a $a $i $l $k $,!$ K\ %W %m %0%i %‘$G$O:G=* E*$K$3$l$r :,850x;R9= B$ (primary factor structure) !$:,85 0x;R%Q%?!< %s (primary factor pattern) $KJQ49$7!$=PNO$7$F$$$k!%$3$N$3$H$rL@3N$K$9$k$?$a$K!$=PNO $G $O \ (PRIMARY) " $H =P NO $7 $F $$ $k!% $^ $? F1 ;~ $K!$ ;2 9M 0x ;R 9= B$ 9T Ns $* $h $S $= $N JQ 49 9T Ns $b Cf 4V7k 2L $H $7 $F \ (REFERENCE) " $H $7 $F =PNO $9 $k!% $3 $l $i$N J} K! $N 9M $( J}$* $h $S 0x ;R 2r<a$N M?$( J}$J $I$K $D$$$F $O!$J8 8% [1] $K >\$7 $$!%$J $*!$K\ %W%m %0%i%‘ $O [1] $N%W%m %0 %i%‘$rItJ,E*$K;2>H$7$?!% 3. 0x;RI>E@$N?dDj $3 $3$G $O!$ Bartlett $K $h$C$F M?$( $i$l $?:G >.#2 >h K!$r E,MQ $7$F 0x;R I>E@ $r?d Dj$9 $kJ} K! $r:NMQ$7$?!%$3$l$K$D$$$F$O!$J88% [1] $*$h$S [2] $K>\$7$$!%$J$*!$3FJ,Ln$G$N0x;RJ,@O $NE,MQNc$K$D$$$F$O [3] $*$h$S [1] $N4,Kv$G5s$2$i$l$?=tJ88%$K>\$7$$!% !Z ;HMQJ}K! ![ 35MW$G=R$Y$?$h$&$K!$K\%W%m%0%i%‘$O!$<!$N#2$D$N<B9T7A<0%W%m%0%i%‘$h$j@.$jN)$C$F$$$k!% � F actor Analysis { Estimation of Loading Matrix <B9T7A<0%W%m%0%i%‘ F A CEST � F actor Analysis { Orthogonal and Oblique Rotations, Estimation of F actor Scores <B9T7A<0%W%m%0%i%‘ F A CR OT $=$l$>$l$N%W%m%0%i%‘$N;HMQK!$r0J2<$K=R$Y$k!%

6. E}7W2r@O!$?tM}7W2hLdBj 84 F A CEST 1. %8%g%V@)8fJ8 � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=FACEST //GO.SYSGO DD * %G!<%? 1 9TL\ %G!<%? 2 9TL\ %G!<%? 3 9TL\ : //GO.FT01F001 DD DSN= %G!<%?%;%C%HL> <-- I,MW$K1~$8;XDj //GO.FT02F001 DD DSN= %G!<%?%;%C%HL> <-- I,MW$K1~$8;XDj // � � 2. F~NO%G!<%? (a) 0l9TL\ : FORMAT(3(1X,I1)) =gHV$K IN, IP , IOUT $rF~NO$9$k!% IN, IP , IOUT $O$=$l$>$lBP1~$9$k7e$NCM$K$h$C $F0J2<$N$h$&$J0UL#$r;}$D!% IN : F~NO%G!<%?$N6hJL$rI=$9 (2 7eL\ ) !% 0 { I8K\J,;66&J,;69TNs$rF~NO$9$k$3$H$r<($9!% 1 { 86%G!<%?$rF~NO$9$k$3$H$r<($9!% 2 { 86%G!<%?$r%G!<%?%;%C%H$+$iF~NO$9$k$3$H$r<($9!% IP : NP , NK $H5a$a$i$l$?0x;RIi2Y9TNs$N=PNO$r<($9 (4 7eL\ ) !% 0 { 7k2L$r=PNO$9$k!% 2 { 7k2L$r=PNO$9$k$H6&$K%G!<%?%;%C%H$K=PNO$9$k$3$H$r<($9!% IP=2 $r ;X Dj $7 $? ;~!$ =P NO $5 $l $k %G!< %? $O F A CR OT $N F~ NO %G!< %? $H $9 $k $3 $H $,$G$-$k!%$J$*!$ IP=2 $H;XDj$7$?;~$O5!HV#1$KBP$7$F //GO.FT01F001 DD DSN=&WORK1,UNIT=WORK,DISP=(,PASS), // SPACE=(TRK,(10,10),RLSE) $^$?$O //GO.FT01F001 DD DSN= %G!<%?%;%C%HL> ,DISP=SHR Ey$N DD J8$r%G!<%?$N8e$KA^F~$7$J$1$l$P$J$i$J$$!% IOUT : 86 %G!<%? $rF~NO $7$? >l9g!$$= $N86 %G!<%?$r %G!<%? %;%C%H$K =PNO $9$k $+H]$+ $r;XDj$9$k!% 0 { %G!<%?%;%C%H$K=PNO$7$J$$!% 1 { %G!<%?%;%C%H$K=PNO$9$k!% IOUT=1 $H ;X Dj $7 $? >l 9g %G!< %? %;%C %H $K =P NO $5 $l $? 86 %G!< %? $O!$ :F $S K\ %W %m %0%i%‘$NF~NO%G!<%?$H$9$k$3$H$,$G$-$k!% ( $3$N;~ IN=2, IOUT=0 $H$9$k ) $^

6. E}7W2r@O!$?tM}7W2hLdBj 85 $?$O!$ F A CR OT $K $*$$$F 0x;R I>E@ $r5a $a$k >l9g $NF~NO %G!<%? $H$9 $k$3 $H$b $G $-$k!%$J$*!$$3$N;~5!HV 2 $KBP$7$F //GO.FT02F001 DD DSN=&WORK2,UNIT=WORK,DISP=(,PASS), // SPACE=(TRK,(10,10),RLSE) $^$?$O!$ //GO.FT02F001 DD DSN= %G!<%?%;%C%HL> ,DISP=SHR Ey$N DD J8$r$rA^F~$7$J$1$l$P$J$i$J$$!% (b) Fs9TL\ : FORMAT(2I4,I6,2F10.0) =gHV$K NP , NK, ND, EPS, EX $rF~NO$9$k NP : JQNL ( %F%9%H9‘L\ ) $N?t p $rM?$($k (1 !A 4 7e ). 2 � N P � 50. NK : 6&DL0x;R?t k $rM?$($k (5 !A 8 7e ). 1 � N K < N P , ( N P � N K ) 2 � ( N P + N K ) � 0. ND : IN=1 $^$?$O 2 $N;~!$F~NO$9$k%G!<%?$NAH?t n $rM?$($k (9 !A 14 7e ). N P < N D � 999999 : EPS : 8G M- CM!$ 8G M- %Y %/ %H %k $r 5a $a $k >l 9g $N <} B+ H= Dj CM!$ 5U 9T Ns $r 5a $a $k >l 9g $N %T%]%C%H$NNmH=DjCM$rM?$($k (15 !A 24 7e ) !% 0 < E P S < 1 : 0 : DL>o$O 10 � 4 � 10 � 5 DxEY$rM?$($k!% EX : improp er solution $N 6- 3& $r M? $( $k!# B( $A!" ;D :9J, ;6 $N BP 3Q MW AG i ( i = 1 ; 2 ; � � � ; N P ) $r H? I| 7W ;; $G 5a $a $k >l 9g!$ i � E X $H $J$C $? >l 9g improp er solution $H$7$F=hM}$9$k!% ( i > 0). I8=‘E*$K$O EX=0 : 005 DxEY$NCM$rM?$($k (25 !A 34 7e ). $3 $l $i $N %G!< %? $r M? $( $k >l 9g $O!$ 1& 4s $; $G $J $1 $l $P $J $i $J $$!% (F ortran $N %G!< %? $O%V%i%s%/$N7e$r 0 $H$_$J$9$N$G ) (c) ;09TL\0J9_ : FORMAT(8F10.0) 0l9TL\$N IN $NCM$K1~$8$F<!$N$h$&$K%G!<%?$rM?$($k!% � IN=0 $N>l9g I8K\J,;66&J,;69TNs$^$?$OI8K\Aj4X9TNs R $N2<;03Q9TNs$r<!$N$h$&$KM?$($k!% 0 B B B B B B B B @ r 11 r 21 r 22 r 31 r 32 r 33 . . . . . . . . . . . . r p 1 r p 2 r p 3 � � � r pp 1 C C C C C C C C A ( r ij ; j = 1 ; 2 ; � � � ; i ) $r i = 1 ; 2 ; � � � ; p $K BP$7$F M?$( $k!%0l9T $K$O 10 7e$:$D 8 8D$^ $G M?$( $k!% i > 8 $N>l 9g$O ?t 9T$K $o$?$C $F F1$8 7A<0 $G M?$( $k!% i $,JQ $o$k ;~$OA0$N%G!<%?$,ESCf$G=*$o$C$F$$$F$b?7$7$$%G!<%?$+$iM?$($k!% � IN=1 $N>l9g 86 %G!< %? $r M? $( $k!% p 8D $N %F %9 %H 9‘ L\ $K BP $9 $k 86 %G!< %? $r 0l AH $: $D M? $( $k!% i

6. E}7W2r@O!$?tM}7W2hLdBj 86 AH L\ $N %G!< %? $r X ij ( j = 1 ; 2 ; � � � ; p ) $H $9 $k!% 0l 9T $K $O 10 7e $: $D 8 8D $N %G!< %?$rM?$(!$ p > 8 $N>l 9g$O0lAH$N %G!<%?$r?t9T $K$o$?$C$FF1 $87A<0$GM? $($k!% ?7$7$$ AH$_$N %G!<%?$rM? $($k;~ $O!$A0$N%G!< %?$,9T $NESCf$G =*$o$C$F $$$F$b I, $:?7$7$$9T$+$iM?$($k!% 3. =PNO%G!<%?7A<0 (a) F~NO $5$l$?!$$"$k $$$O86%G!< %?$+$i$N 7W;;$5$l$? I8K\J,;6 6&J,;69T Ns!J$^$?$O Aj4X 9T Ns!K $, =P NO $5 $l $k!% *** RESULTS OF THE CALCULATIONS *** $K 0z $- B3 $$ $F 7W ;;7k2L$,=PNO$5$l$k!% � prop er solution $, F@ $i $l!$ 6& DL 0x ;R ?t k $, 4m 81 N( 5% $G 4~ 5Q $5 $l $J $+$C $? >l 9g<!$N%a%C%;!<%8$,0u:~$5$l$k!% { NK=K IS ACCEPTED AT 5 PERCENT CRITICAL LEVEL { AFTER ( 7+JV$77W;;2s?t ) ITERATIONS { ;D:9J,;69TNs ( (3) <0 ) $NBP3QMWAG i ( i = 1 ; � � � ; p ) $,=PNO$5$l$k!% { 0x;RIi2Y9TNs A $,0u:~$5$l$k!% { 6&M-@- C i = P k j =1 a 2 ij $,0u:~$5$l$k!% � prop er solution $,F@$i$l$?$,!$0x;R?t k $,4m81N( 5% $G4~5Q$5$l$?>l9g NK=K IS REJECTED AT 5 PERCENT CRITICAL LEVEL TAKE NK=NK-1 OR NK=NK+1 AND START AGAIN $N%a%C%;!< %8$,0u :~$5$l!$@h $N>l9g $HF1MM7k 2L$,;2 9M$H$7$F 0u:~$5 $l$k!%$3 $N >l 9g $O 6& DL 0x ;R ?t k $r @_ Dj $7 $J $* $7 $F :F EY 7W ;; $r 9T $$ :G E, $J k $r Dj $a $k $3 $H $,I,MW$G$"$k!% � improp er solution $,F@$i$l$?>l9g *** IMPROPER SOLUTION *** $H=PNO$7$?8e$3$l$rM?$($k%F%9%H9‘L\$NHV9f$r =PNO$9 $k!%$3$N>l 9g$O%F %9%H9‘L\ $N2C8:!$ F~$lBX$(!$ 6&DL0x ;R?t$N6c L#$J$I $r 9T$$:FEY7W;;$9$k$3$H$,I,MW$G$"$k!% (b) %G!<%?%;%C%H=PNO7A<0 � F~ NO %G!< %? $H $7 $F IP=2 $r ;X Dj $7 $? >l 9g!$ %F %9 %H 9‘ L\ ?t p !$ 6& DL 0x ;R ?t k !$ 0x ;RIi2Y 9TNs A = ( a ij ) ( p � k ) $r %P%$%J%j!< 7A<0$G =PNO$9$k!% =PNO$N =g=x$O p , k $K 0z $- B3 $$ $F!$ a 11 ; a 12 ; � � � ; a 1 k ; a 21 ; a 22 ; � � � ; a 2 k ; � � � ; a pk � 1 ; a pk $N =g $K =P NO $5$l$k!%$3$N$H$-$N%G!<%?%;%C%H>e$N 7A<0$O DD J8$N;XDj $K$h$C$F7h$^$k!%$3 $l$O!$ F A CR OT $N F~NO %G!<%? $H$9 $k $3$H $,$G $-$k!% $?$@ $7!$%G!< %? %;%C%H $, J]B8 $5$l $k$+!$ $"$k $$$O F10l %8%g%V $N8e B3$N %8%g%V %9%F%C %W$G F A CR OT $, <B 9T$5$l!$$7$+$b%G!<%?%;%C%H$, P ASS $5$l$F$$$kI,MW$,$"$k!% � F~ NO %G!< %? $H $7 $F IN=1 $+ $D IOUT=1 $r ;X Dj $7 $? >l 9g!$ ND AH $N 86 %G!< %? $r %P%$%J %j!<7A<0 $G%G!<%?%;%C %H$K=P NO$9$k!% =PNO$N=g =x$O86 %G!<%?$N F~NO=g =x $HA4$/ F1$8$G$" $k!%$3$l $O!$:F$SK\ %W%m%0 %i%‘$NF~ NO%G!<%? $H$9$k$3 $H$,$G $- $k!% $3 $N ;~ IN=2 $+ $D IOUT=0 $H ;X Dj $9 $k!% $? $@ $7!$ %G!< %? %;%C %H $O J] B8 $5 $l$F$$$J$1$l$P$J$i$J$$!%$^$?!$ F A CR OT $G0x;RI>E@$r5a$a$k>l9g$NF~NO%G!< %?$H$9 $k$3$H $b$G$-$k!% $3$N;~!$ %G!<%?%;%C %H$OJ]B8 $5$l$F $$$k$+!$ $"$k$$ $O F10l%8%g%V$N8eB3$N%8%g%V%9%F%C%W$G F A CR OT $,<B9T$5$l!$$7$+$b%G!<%?%;%C %H$, P ASS $5$l$F$$$kI,MW$,$"$k!%

6. E}7W2r@O!$?tM}7W2hLdBj 87 4. @)8B;v9‘ $9$G$K=R$Y$?$h$&$K %F%9%H9‘L\?t NP $O 2 � NP � 50 !$6&DL0x;R?t NK $O 1 � NK � NP ; (NP � NK) 2 � (NP + NK) � 0, %G!<%?$NAH?t ND $O NP � ND � 999999, <}B+H=DjCM EPS $O 0 < EPS < 1 : 0, improp er solution $N6-3& EX $O 0 < EX < 1 : 0. 5. %(%i!<=hM} (a) @)8B>r7o$r$O$:$l$?>l9g , $9$J$o$A NP � 1 $^$?$O NP > 50, NK � 0 $^$?$O NK � NP $^$?$O (NP � NK) 2 � (NP + NK) < 0 ; ND � NP( $?$@$7!$ IN=0 $N;~$OL54X78 ), EPS � 0 : 0 $^$?$O EPS � 1 : 0, EX � 0 : 0 $^$?$O EX � 1 : 0 $N$$$:$l$+$rM?$($?;~$O!$<!$N%(%i!<%a%C%;!<%8$r0u:~$7$F2?$b7W;;$r9T$o$J$$!% STOP THIS CALCULATION BECAUSE INPUT DATA ERROR ** NP= NK= ND= EPS= EX= (b) 8G M-CM!$8GM- %Y%/%H%k$N 7W;; ( %5%V %k!<%A%s SHQS) $^$?$O5U 9TNs$N7W ;; ( %5%V%k!< %A %s MINVS) $N Cf $G 2r $, 5a $^ $i $J $+$C $? ;~ $O!$ <! $N %( %i!< %a%C %;!< %8 $r 0u :~ $7 $F 7W;;$rBG$A@Z$k!% *** ILL CONDITION IN SHQS * ILL= ** $3$N ;~$O!$ 1 $D $K$OI8K\J, ;66&J,;69TNs !J$^$?$OI8K\ Aj4X9TNs!K$K LdBj$,$"$k$H 9M $($i$l$k!%$b$& 1 $D$K$O<}B+>r7o$,87$7$9$.$?$3$H$b9M$($i$l$k!% F A CR OT 1. %8%g%V@)8fJ8 � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=FACROT //GO.SYSGO DD * %G!<%? 1 9TL\ %G!<%? 2 9TL\ %G!<%? 3 9TL\ : //GO.FT01F001 DD DSN= %G!<%?%;%C%HL> <-- I,MW$K1~$8;XDj //GO.FT02F001 DD DSN= %G!<%?%;%C%HL> <-- I,MW$K1~$8;XDj // � � 2. F~NO%G!<%?7A<0 (a) 0l9TL\ : FORMAT(4(1X,I1)) =g$K IO, JO, INP1, INP2 $rF~NO $9$k!% IO, JO, INP1, INP2 $O$= $l$>$lBP 1~$9$k 7e$NCM$K$h$C$F<!$N$h$&$J0UL#$r;}$D!%

6. E}7W2r@O!$?tM}7W2hLdBj 88 IO : Cf4V7k2L$N=PNO$r;X<($9$k (2 7eL\ ). 0 { Cf4V7k2L$r=PNO$7$J$$!% 1 { Cf4V7k2L$r=PNO$9$k!% JO : 0x;RI>E@$r5a$a$k$+H]$+$r;X<($9$k (4 7eL\ ). 0 { 0x;RI>E@$r5a$a$J$$!% 1 { 0x;RI>E@$r5a$a$k!% INP1 : %F%9%H9‘L\?t!$6&DL0x;R?t!$0x;RIi2Y9TNs$NF~NOJ}K!$r;X<($9$k (6 7eL\ ). 0 { %G!<%?$GF~NO$9$k!% 1 { %G!<%?%;%C%H$+$iF~NO$9$k ( 5!HV 1 $N%G!<%?%;%C%H ). INP1=0 $N>l 9g<!9T$h $j!$%F%9%H 9‘L\?t!$6& DL0x;R?t!$ 0x;RIi2Y 9TNs$r5- =R$9 $k!% INP1=1 $N>l9g!$%G!<%?$O F A CEST $G:n$i$l$?$b$N$H$7$FF~NO$7$F$$$k!% $^$?!$$3$N$H$- //GO.FT01F001 DD DSN=&WORK1,UNIT=WORK,DISP=(OLD,DELETE) $^$?$O //GO.FT01F001 DD DSN= %G!<%?%;%C%HL> ,DISP=SHR Ey$N DD J8$r%G!<%?$N8e$KA^F~$7$J$1$l$P$J$i$J$$!% INP2 : 0x;RI>E@$r7h$a$k>l9g (JO=1) !$86%G!<%?$NF~NOJ}K!$r;X<($9$k (8 7eL\ ). 0 { %G!<%?$GF~NO$9$k!% 1 { %G!<%?%;%C%H$+$iF~NO$9$k ( 5!HV 2 $N%G!<%?%;%C%H ). $^$?!$86 %G!<%?$O0l ;~E*$K5! HV 2 $N %G!<%?%;%C%H $K=q$-=P $7!$8e$N 7W;;$G;H$C $F$$$k$N$G //GO.FT02F001 DD DSN=&WORK1,UNIT=WORK, // SPACE=(TRK,(10,10),RLSE) Ey $N DD J8 $r %G!< %? $N 8e $K A^ F~ $7 $J $1 $l $P $J $i $J $$!% INP2=1 $N ;X Dj $7 $? >l 9g!$ 86 %G!< %? $O F A CEST $G :n $i $l $? $b $N $H $7 $F F~ NO $7 $F $$ $k!% $^ $?!$ $3 $N $H $- //GO.FT02F001 DD DSN=&WORK1,UNIT=WORK,DISP=(OLD,DELETE) $^$?$O //GO.FT02F001 DD DSN= %G!<%?%;%C%HL> ,DISP=SHR Ey$N DD J8$r%G!<%?$N8e$KA^F~$7$J$1$l$P$J$i$J$$!%$J$*!$ JO=0 $N$H$-!$ INP2 $O0UL#$r$b$?$J$$!% (b) Fs9TL\ : FORMAT(2I4) =g$K NP , NK $rF~NO$9$k!% NP { %F%9%H9‘L\?t p $rM?$($k (1 !A 4 7e ). 2 � N P � 50

6. E}7W2r@O!$?tM}7W2hLdBj 89 NK { 6&DL0x;R?t K $rM?$($k (5 !A 8 7e ) !% 1 � N K < N P , ( N P � N K ) 2 � ( N P + N K ) � 0. $3$N9T$O INP1=1 $N>l9g$OITMW$G$"$k!% (c) ;09TL\0J9_ : FORMAT(6E12.5) 0x;RIi2Y9TNs A = ( a ij ) ( p � k ) $r<!$N$h$&$KM?$($k!% i 9TL\$NMWAG a i 1 ; a i 2 ; � � � ; a ik $r0l AH$H$7$F i = 1 ; 2 ; � � � ; p $KBP $7$FM? $($k!% 1 9T $K$O 6 8D$N%G!<%? $rM?$(!$ k > 6 $N >l 9g $O ?t 9T $K $o $?$C $F M? $( $k!% i $, JQ $o $k ;~ $O $= $l 0J A0 $N %G!< %? $, 9T $N ES Cf $G =* $o$C $F $$ $F $b ?7 $7 $$ 9T $+ $i M? $( $k!% INP1=1 $N >l 9g!$ $3 $l $i $N %G!< %? $O IT MW $G$"$k!% (d) 0x;RI>E@$r5a$a$k>l9g FORMAT(I6) $G 86%G!<%?$NAH ?t ND $rM? $($k!% JO=1 $G $"$l$P!$ INP2 $NCM$K$+$+ $o$i$:!$$3$N%G!<%?$OMQ0U$7$J$1$l$P$J$i$J$$!% JO=0 $N;~$OITMW$G$"$k!% (e) JO=1 $+$D INP2=0 $N>l9g FORMAT(8F10.0) $G86%G!<%?$rM?$($k!%86%G!<%?$NM?$(J}$O F A CEST $HF1$8!% JO=1 $+$D INP2=0 $N>l9g$KMQ0U$7$J$1$l$P$J$i$J$$!% 3. =PNO%G!<%?7A<0 (a) <!$N%?%$%H%k$r0u:~8e!$D>8r2sE>$N7k2L$,0u:~$5$l$k!% *** ORTHOGONAL ROTAION BY KEISERS VARIMAX METHOD *** � IO=1 $r;XDj$7$?>l9g!$=d2s$NCf4V7k2L$,=PNO$5$l$k!% INTERMEDIATE LOADING MATRIX(CYCLE =d2s$N2s?t ) � <!$N%a%C%;!<%8$r0u:~$7$?8e2sE>$N:G=*7k2L$,=PNO$5$l$k!% *** INTERATION IS CONVERGED =d2s2s?t CYCLES *** { 0x;RIi2Y9TNs ^ G $,=PNO$5$l$k!% { 6&M-@- C i = P k j =1 g ij ( i = 1 ; 2 ; � � � ; p ) $,=PNO$5$l$k!% { JQ499TNs T $,=PNO$5$l$k!% (b) <!$N%?%$%H%k$r0u:~$7$F<P8r2sE>$N7k2L$r=PNO$9$k!% ***** OBLIQUE ROTATION BY KEISER-DICKMAN METHOD ***** � IO=1 $N>l9g!$=d2s$NCf4V7k2L$r=PNO$5$l$k!% KEISER-DICKMAN SOLUTION(CYCLE =d2s$N2s?t ) { REFERENCE STRUCTURE $H =P NO $7 =d 2s ES Cf $N ;2 9M 9= B$ 2r 9T Ns W = ( w ij ) ( p � k ) $,=PNO$5$l$k!% { TRANSFORMATION MATRIX $H=PNO$7 =d2sESCf$N JQ499TNs T = ( t ij ) ( k � k ) $r=PNO$9$k!%

6. E}7W2r@O!$?tM}7W2hLdBj 90 � *** INTERATION IS CONVERGED =d2s2s?t CYCLES *** $H0u:~$7$?8e!$7k 2L$r=PNO$9$k!% { <P8r2sE>8e$N;29M0x;R9=B$9TNs$H$=$l$X$NJQ499TNs$r=PNO$9$k!% KEISER-DICKMAN SOLUTION REFERENCE STRUCTURE ( ;29M0x;R9=B$9TNs ) TRANSFORMATION MATRIX ( JQ499TNs ) { FACTOR CORRELATION MATRIX $r =PNO$7$? 8e!$0x;R4VAj 4X9TNs ( k � k ) $r =PNO$9$k!% { MATRIX OF ANGLE FOR EACH FACTOR $r=PNO$7$?8e!$0x;R<44V3QEY9TNs ( k � k ) $r=PNO$9$k!% { FACTOR STRUCTURE(PRIMARY) $r=P NO $7 $?8e!$ :, 85 0x;R 9= B$ 9T Ns ( p � k ) $r=PNO$9$k!% { TRANSFORMATION MATRIX OF FACTOR STRUCTURE $r =PNO $7$? 8e!$ JQ49 9T Ns ( k � k ) $r=PNO$9$k!% { FACTOR PATTERN(PRIMARY) $r=PNO$7$?8e!$:,850x;R%Q%?!<%s9TNs ( p � k ) $r=PNO$9$k!% { TRANSFORMATION MATRIX OF FACTOR PATTERN $r=PNO$7$?8e!$JQ499TNs ( k � k ) $r=PNO$9$k!% � JO=1 $N>l 9g!$$=$l $>$lD> 8r2s E>!$<P8r 2sE>$N =PNO 7k2L$N 8e$K3F!9 $N>l9g $K$D $$$F0x;RI>E@78?t9TNs C = ( c ij ) ( p � k ) $H3F8DBN$N0x;RI>E@%Y%/%H%k S = ( s i ) ( i = 1 ; � � � ; k ) $,=PNO$5$l$k!% { A COEFFICIENT MATRIX OF FACTOR SCORES $H0u:~ $7$?8e$K9TNs C $,=P NO$5$l$k!% { FACTOR SCORES FOR INDIVIDUALS $H0u;z$7$?8e$K ND 8D$N3F8DBN$K$D$$ $F%Y%/%H%k S $,=PNO$5$l$k!% 4. @)8B;v9‘ $3 $N %W %m %0 %i %‘ $O!$ F A CEST $N 7W ;; 7k 2L $H $7 $F F@ $i $l $? 0x ;R Ii 2Y 9T Ns $r $b $H $K 7W ;; $r ?J $a $F $$ $k $,!$ $3 $N 0x ;R Ii 2Y 9T Ns $O!$ F A CEST $r 7+ $j JV $7 <B 9T $5 $; $F == J, 6c L# $5 $l $? $b$N$G$"$k$3$H$rA0Ds$H$7$F$$$k!%$^$?!$$9$G$K=R$Y$?$h$&$K<!$N@)8B$,$"$k!% %F%9%H9‘L\?t NP $O 2 � NP � 50 6&DL0x;R?t NK $O 1 � NK � NP, (NP � NK) 2 � (NP + NK) � 0 86%G!<%??t ND $O NP < ND � 999999 5. %(%i!<=hM} � @)8B>r7o$r$O$:$l$?>l9g$9$J$o$A NP � 1 $^$?$O NP > 50 NK � 0 $^$?$O NK � NP $^$?$O (NP � NK) 2 � (NP + NK) < 0 $N$$$:$l$+$rM?$($?;~$O!$<!$N%(%i!<%a%C%;!<%8$r=PNO$7$F2?$b7W;;$r9T$o$J$$!%

6. E}7W2r@O!$?tM}7W2hLdBj 91 STOP THIS CALCULATON BECAUSE INPUT DATA ERROR ** IO= JO= INP1= INP2= NP= NK= � ND � NP $rM?$($?>l9g!$<!$N%(%i!<%a%C%;!<%8$r=PNO$7$F7W;;$rBG$A@Z$k!% STOP THIS CALCULATION BECAUSE ND.LE.NP !ZHw9M![ 1. $3$N %W %m %0 %i%‘ $G $O!$ %; %s%?!< $N %i %$ %V%i %j $H $7 $FEP O? $5 $l $F$$ $k <! $N %k!<%A %s $r ;H MQ $7$F$$$k!% F A CEST { JACOBS, MINVS F A CR OT { MINVS 2. F A CEST $N7W;;7k 2L$r%G!<%?%;%C %H$K=PNO!$$= $N7k2L$r F A CR OT $GF~ NO$9$k>l9g!$ <! $NFsDL$j$,$"$k!% (a) JL%8%g%V$G!$$=$l$>$l$K7W;;$r9T$&>l9g (b) F10l%8%g%VFb$G!$0lEY$K7W;;$r9T$&>l9g $=$l$>$l$N>l9g$G;H$$J}$,0[$J$k$N$G<!$K@bL@$9$k!% JL %8%g %V $G!$$= $l $> $l $K 7W ;;$r 9T $& >l 9g!$ %G!< %?%;%C %H $O J] B8 $5 $l$F $$ $J $1 $l $P$J $i $J $$!%=>$C$F!$ F A CEST $G7k2L$r%G!<%?%;%C%H$K=PNO$9$kA0$K%G!<%?%;%C%H$r ALLOCA TE $7$F$*$+$J$1$l$P$J$i$J$$!% � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=FACEST //GO.SYSGO DD * 0 2 1 .... /* //GO.FT01F001 DD DSN=A79999A.TMP.DATA,DISP=SHR // � � $3$3$G$O IP=2 $G5!HV#1$N4{B8%G!<%?%;%C%H$K=PNO$7$F$$$k!% � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=FACROT //GO.SYSGO DD * 0 0 1 .... /* //GO.FT01F001 DD DSN=A79999A.TMP.DATA,DISP=SHR // � �

6. E}7W2r@O!$?tM}7W2hLdBj 92 $3 $3 $G $O INP=1 $G 5! HV #1 $N %G!< %? %;%C %H $+ $i F~ NO $7 $F $$ $k!% 86 %G!< %? $r %G!< %? %;%C %H $K =P NO $7!$ F A CR OT $G F~ NO $9 $k >l 9g $b F1 MM $K $G $- $k $,!$ $3 $N >l 9g %G!< %? %;%C %H $O 5! HV 1 $N %G!< %? %;%C %H $H $O JL $N $b $N $r 3N J] $7 $F ;H $& I, MW $, $" $k!% <! $K!$ F1 0l %8%g %V Fb $G!$ 0l EY $K 7W;; $r 9T $& >l 9g!$F1 0l %8%g %V Fb$G 7W ;; $r =*$( $F!$ $= $N 7k2L $r 8e $G MxMQ $9 $k $3 $H$, $J $1$l$P0l;~%G!<%?%;%C%H$r;H$C$F$bNI$$!% � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=FACEST //GO.SYSGO DD * 1 2 1 .... /* //GO.FT01F001 DD DSN=&WORK1,DISP=(,PASS), // SPACE=(TRK,(10,10),RLSE) //GO.FT02F001 DD DSN=&WORK2,DISP=(,PASS), // SPACE=(TRK,(10,10),RLSE) //* // EXEC GO,PROG=FACROT //GO.SYSGO DD * 0 1 1 1 .... /* //GO.FT01F001 DD DSN=&WORK1,DISP=(OLD,DELETE) //GO.FT02F001 DD DSN=&WORK2,DISP=(OLD,DELETE) // � � IN=1, IOUT=1 $G86%G!<%?$rF~NO$7!$5!HV 2 $N%G!<%?%;%C%H$K=PNO$7$F$$$k!% IP=2 $G 5! HV 1 $N %G!< %? %;%C %H $K =P NO $9 $k $3 $H $r ;X <(!% JO=1, INP2=1 $G 86 %G!< %? $r 5! HV 2 $N %G!<%? %;%C%H$+ $iF~NO $9$k$3 $H$r ;X<(!% INP1=1 $G5!HV 1 $N%G!< %?%;%C%H $+$iF~ NO$9$k $3$H$r;X<( . DISP=(,PASS) $G8eB3$N%8%g%V%9%F%C%W$K%G!<%?$r0z$-7Q$0!% !ZCm0U;v9‘![ � K\ %i%$ %V %i %j$r MQ $$ $FF@ $i $l $? 7k2L $r 8x I=$9 $k >l 9g$O!$ %W %m %0%i %‘ L> $H3+ H/ <T L>$r L@ 5- $9$k$3$H!% !Z;29MJ88%![ [1] !V0x;RJ,@OK!DLO@!W @uLn D90lO: , 6&N)=PHG<R . [2] !V F actor Analysis as a Stutistical Metho d !W La wley-Maxw ell. !JK.Lu!’!V0x;RJ,@OK!!W5VK\@54F Lu , F|2J5;O" . !K [3] !VFC=8 - 0x;RJ,@O!W ?tM}2J3X , 1971, %@%$%d%b%s%I<R . [4] !V0x;RJ,@O$OM-MQ$+!W DEB< A1O: , 2J3X , 1971, V ol.41, No.8, pp.437{441, 4dGH=qE9 . [5] !V Some con tributions to Maximum Lik eliho o d F actor Analysis !W Joreskog,K,G, Psyc hometrik a 1967, V ol.32, No.4, pp.443{482.

6. E}7W2r@O!$?tM}7W2hLdBj 93 6.5 PCAJCB, PCA QR � <g@.J,J,@O { JA COBI K! (Principal Comp onen t Analysis { Jacobi Metho d) � <g@.J,J,@O { QR K! (Principal Comp onent Analysis { QR Metho d %W%m%0%i%‘7A<0 %3%s%W%j!<%H%W%m%0%i%‘ :n@.<T Lx@n 6F!$9)F# F‘DE;R ( 6e=#Bg3XM}3XIt ) :n@.G/7nF| 1973 G/ 2 7n 2~D{<T Lx@n 6F!$EDCf Lw;R ( 6e=#Bg3XM}3XIt ) 2~D{G/7nF| 1979 G/ 1 7n %=!<%9$N8xI= ’QS.LIBSC(G6PCAJCB)’ ’QS.LIBSC(G6PCAQR)’ (MSP) ;HMQ8@8l F ortran ;HMQ OS MSP(M1800) !Z 35MW ![ (1) L\E* n 8D $N %5 %s %W %k $K $D $$ $F $N k 8D $N FC @- CM ( k JQ NL ) $N %G!< %? $O!$ k <! 85 6u 4V $K ;6 I[ $9 $k n 8D $N E@$H$_ $J $9 $3 $H $, =P Mh $k!% $7 $+ $7$J $, $i , 4 <! 85 0J >e $N6u 4V $N E@ $N J, I[ >u BV $r D> 4Q E*$K $D $+ $^ $($k$3$H$O$-$o$a$FFq$7$$!%$=$3$G!$ k 8D$NFC@-CM4V$NAj4X$r$&$^$/MxMQ$7$F$J $k$Y$/>pJsNL $NB;<:$,>/$J$/$J$k$h $&$K k <!856u4V $r m ( m < K ) <! 856u4V$K<M 1F$9$kJ} K!$,9)IW$5 $l$F $*$j , <g@.J,J,@OK!$H$h$P$l$F$$$k!% <g @.J, J,@OK! $N9M $(J} $r4J C1$J Nc$G <($= $&!%2< ?^$O n 8D$N %5%s %W%k $K$D $$$F X 1 , X 2 $H$$ $&Fs$D$NFC@-CM$,$O$+$i$l $?7k2L$r<($7 $F$$$k!%$3$N;~!$ ?^$NMM$K:BI8 JQ49$r9T$$?7 $7$$:BI8 <4$r � 1 , � 2 $H$9$k$H 1. $3$N n 8D$N%G!<%?$K$D$$$F � 1 $H � 2 $H$N4V$NAj4X$O$[$H$s$I 0 $K$J$k!% 2. 2 <!85J?LL ( X 1 ; X 2 ) >e$GE@$N%P%i%D%-$NBg ItJ,$O � 1 <4 >e$G$NJQF0$K5"Ce$7!$ � 2 <4>e$G $NJQF0$O$[$H$s$IL5;k=PMh$k$[$I$K>.$5$/$J$k$3$H$,4|BT$5$l$k!%

6. E}7W2r@O!$?tM}7W2hLdBj 94 $3 $N $h$& $J � 1 , � 2 $N$3 $H $r Bh 1 <g @. J, , Bh 2 <g @.J, $H $h $V!%?^ $G BJ 1_$, == J,JP J? $J $i!JB( $AAj4X78?t$N@dBPCM$,Bg$N$H$-!K2f!9$O � 2 <4>e$NA4JQF0$r$^$C$?$/L5;k$7$F � 1 <4>e$K<M1F$5 $l$? n 8D $N E@ $N JQ F0 $N $_ $K Cm L\ $7 $F $b Bg $- $J 8m $j $O $* $+ $5 $J $$ $G $" $m $&!% $3 $N ;~ , 2 <! 85 $, 1 <!85$K8:$i$5$l$?$3$H$K$J$k!% $3$N $h$& $K<g@. J,J,@O $O4p K\E*$K $O:BI8 <4$N JQ49 ( J? 9T0\F0 , 2sE> ) $G$" $k$H$$ $($k!%$J $* , $3$3$G=R$Y$kMM$J<g@.J,J, @OK!$r@.J,J, @O , $^$?$O@.0x J,@O (Comp onen t analysis) $H$h $S , Bh 1 <g @. J, $N $_ $K Cm L\ $7 $F E} 7W 2r @O $r 9T $& >l 9g $r <g @. J, J, @O $H $h $V >l 9g $, $" $k $N $G Cm 0U $5 $l $? $$!% (2) 7W;;K! n 8D$N%5%s%W%k$K$D$$$F$N k 8D$NFC@-CM$N%G!<%?$r X 1 = 2 6 6 6 6 6 4 X 11 X 21 . . . X k 1 3 7 7 7 7 7 5 ; X 2 = 2 6 6 6 6 6 4 X 12 X 22 . . . X k 2 3 7 7 7 7 7 5 ; � � � ; X n = 2 6 6 6 6 6 4 X 1 n X 2 n . . . X k n 3 7 7 7 7 7 5 $H$9$k!%$3$N$H$- , I8K\J?6Q , I8K\J,;66&J,;69TNs , I8K\Aj4X9TNs$O<!<0$GM?$($i$l$k!% � I8K\J?6Q!’ � X = 1 n n X i =1 X i = 2 6 6 6 6 6 4 � X 1 � X 2 . . . � X k 3 7 7 7 7 7 5 ; � X i = 1 n n X � =1 X i� ; i = 1 ; 2 ; � � � ; k : � I8K\J,;66&J,;69TNs!’ S 2 = 1 n n X � =1 ( X � � � X )( X � � � X ) T = 2 6 6 6 6 6 6 6 6 4 S 11 S 12 S 13 � � � S 1 k S 22 S 23 � � � S 2 k S 33 � � � S 3 k . . . . . . S k k 3 7 7 7 7 7 7 7 7 5 ; S ij = 1 n n X � =1 ( X i� � � X i )( X j � � � X j ) : � I8K\Aj4X9TNs!’ R = 2 6 6 6 6 6 6 6 6 4 1 12 13 � � � 1 k 1 23 � � � 2 k 1 � � � 3 k . . . . . . 1 3 7 7 7 7 7 7 7 7 5 ; ij = S ij q S ii S j j ; ( C"$7 , S 2 , R $OBP>N9TNs )

6. E}7W2r@O!$?tM}7W2hLdBj 95 I8K\ J,;6 6&J,;6 9TNs S 2 $N8G M-CM $rBg$- $$J} $+$i � 1 � � 2 � � � � � � k $H $9$k!%$^ $? , � i $K BP1~$9 $k 8GM- %Y %/ %H%k $r i = ( 1 i ; 2 i ; � � � ; k i ) T ( i = 1 ; 2 ; � � � ; k ) $H $9 $k!% $3$N ;~ , Bh 1 <g@. J, , Bh 2 <g@. J,!$ � � � , Bh k <g @.J,$r $=$l$> $l � 1 ; � 2 ; � � � ; � k $H $9$k $H , � 1 ; � 2 ; � � � ; � k $O , <!<0 $G M?$($i$l$k!% � 1 = 11 ( X 1 � � X 1 ) + 21 ( X 2 � � X 2 ) + � � � + k 1 ( X k � � X k ) � 2 = 12 ( X 1 � � X 1 ) + 22 ( X 2 � � X 2 ) + � � � + k 2 ( X k � � X k ) . . . � k = 1 k ( X 1 � � X 1 ) + 2 k ( X 2 � � X 2 ) + � � � + k k ( X k � � X k ) : $3$N$H$- , � i $NJ?6Q$O 0, J,;6$O � i , � i $H � j ( i 6 = j ) $O$*8_$$$KL5Aj4X$K$J$k$3$H$,<( $5$l$k!% $^$? , 4X78<0 tr ( S 2 ) = � 1 + � 2 + � � � + � k $,<($5$l ( tr ( S 2 ) $H$O S 2 $NBP3QMWAG$NOB ) X $NA4 J,;6$H � $NA4J,;6$OEy$7$/$J$k!%$3$l$K$h$j , � i $O k <!856u4V$N%P%i%D%-A4BN$N � i = � i � 1 + � 2 + � � � + � k � 100% $r@bL@ $7 $F $$ $k $b$N $H $_ $J $9 $3 $H$, =P Mh $k!% � i $O � i $N4s M? N( $H $h $P $l$F $$ $k!% � i ; � 2 ; � � � ; � m $N4sM?N($O � m = � 1 + � 2 + � � � + � m � 1 + � 2 + � � � + � k � 100% $GM?$($i$l$k!%IaDL$O4sM?N( � m $, 70 !A 80% DxEY$K$J$k$h$&$K m $rDj$a , m 8D$N<g@.J, � i ; � 2 ; � � � ; � m $KCmL\$9$k!%$3$N;~>e<0$h$j X 1 � � X 1 = 11 � 1 + 12 � 2 + � � � + 1 m � m X 2 � � X 2 = 21 � 1 + 22 � 2 + � � � + 2 m � m . . . X k � � X k = k 1 � 1 + k 2 � 2 + � � � + k m � m : $,F@$i$l , X 1 ; X 2 ; � � � ; X k $,?7$7$$JQNL � 1 ; � 2 ; � � � ; � k $G@bL@$5$l$k$3$H$K$J$k!% :# , � � i = � i = p � i $K$h$j � i $r 4p=‘2= $7$F$* $/$H>e <0$+ $i , X 1 ; X 2 ; � � � ; X k $O J?6Q 0, J,;6 1 $r;}$DJQNL � � 1 ; � � 2 ; � � � ; � � k $K$h$j X 1 � � X 1 = � 11 � � 1 + � 12 � � 2 + � � � + � 1 m � � m X 2 � � X 2 = � 21 � � 1 + � 22 � � 2 + � � � + � 2 m � � m . . . X k � � X k = � k 1 � � 1 + � k 2 � � 2 + � � � + � k m � � m : $H=q $1 $k!% � i = ( � 1 i ; � 2 i ; � � � ; � k i ) $r 4p =‘ 2= $5 $l $? 8G M- %Y %/ %H %k (Standardized eigen v ector) $H$h$V!%$3$N%Q%?!<%s$OIaDL<g@.J,$N0UL#$E$1$K;H$o$l$k!%3F%5%s%W%k!J8D?M!K$K$D$$$F k 8D $NFC@-CM$KBP$9$k ( � 1 ; � 2 ; � � � ; � k ) $NCM$r8D?MF@E@ (individual scores) $H$$$&!% [ <g@.J,J,@O$K4X$9$kCm0U ] >e$G<( $5 $l $? $h $& $K , <g @. J, J, @O $N 7W ;; $O J, ;6 6& J,;6 9T Ns $N 8G M- CM , 8G M- %Y %/ %H %k $r $b $H $a $k $3$H$K$[$+$J$i$J$$!%$3$N>l 9g , X $NFC@-CM$NB, DjC10L$O$9$Y $FF10l$G$"$k $3$H$r2>Dj$7 $F$$ $k!%$b$7$=$l$,Aj0[$J$C$F$$$k >l9g$K$O<g@. J,J,@O$N@5 Ev@-$r<gD%$9 $k$3$H$O$‘$D $+$7$$!%$7

6. E}7W2r@O!$?tM}7W2hLdBj 96 $+$7$J$,$i , ?MBN B,Dj3X , 7WNL?4M} 3X , 7WNL7P:Q3XEy $G$O3FFC@-CM $O<!$N$h$&$K 4p=‘2=$5$l$F $$ $k$N$,IaDL$G$"$k!% Y ij = X ij � � X i q P n j =1 ( X ij � � X i ) 2 ; i = 1 ; 2 ; � � � ; k ; j = 1 ; 2 ; � � � ; n: $3$N$H$- , J,;66&J, ;69TNs S 2 $O Aj4X9TNs R $G$* $-$+$($i$l , R $N8GM-CM , 8G M-%Y%/%H%k$r 5a$a $k$3$H$K$J$k!% >e$HF1MM$K$7$F , Y 1 = ] 11 � ] 1 + ] 12 � ] 2 + � � � + ] 1 m � ] m Y 2 = ] 21 � ] 1 + ] 22 � ] 2 + � � � + ] 2 m � ] m . . . Y k = ] k 1 � ] 1 + ] k 2 � ] 2 + � � � + ] k m � ] m ; $3$3$K , ( ] 1 i ; ] 2 i ; � � � ; ] mi ) : R $N4p=‘2=$5$l$?8GM-%Y%/%H%k!$ � ] i : R $NBh i <g@.J,!% K\ %W %m %0 %i %‘ $O user $N ;X Dj $K 1~ $8 $F , S 2 $^ $? $O R $+ $i <g @. J, $r 5a $a$k $3 $H $, =P Mh $k!% 0l HL$K S 2 $+$i5a$a $?<g@.J,$H , R $+$i5a$a$?<g @.J,$O0lCW$7$J$$ $N$_$J$i$: , 4JC1$JJQ49$K $h$C $F0lJ}$+$iB>J}$r5a$a$k$3$H$b=PMh$J$$$3$H$KCm0U$5$l$?$$!% !Z ;HMQK! ![ K\%W%m%0%i%‘$O , 8GM-CM!&8GM-%Y%/%H%k$r5a$a$k$N$K , JA COBI K!$r MQ$$$k>l9g$H , QR K!$rMQ $$$k>l9g$N 2 DL$j$,$"$k!% JA COBI K! $O , QR K! $K Hf $Y $k $H <c 43 @: EY $O $h $$ $, , JQ NL ( FC @- CM ) $N 8D ?t k $, Bg $- $/ $J $k $H;~4V$, $+$+ $j$9 $.$k 7gE@ $r;}$C $F$$ $k!% QR K! $G$O , 8G M-CM $NBg $-$5 $, Cx$7 $/0[ $J$k >l9g $K $O>. $5 $$ 8G M- CM $N @: EY $, 0- $/ $J $k $, , JA COBI K! $K Hf $Y $k $H , 7W ;; ;~ 4V $O $+ $J $j >/ $J $/ $F $9 $‘!% ( k $, >. $5 $$ >l 9g $O $" $^ $j JQ $o $i $J $$ $, , Bg $- $/ $J $k $K $D $l $F , $+ $J $j :9 $, $G $k ) =>$C $F!$ k $NBg$-$5$K$h$C$F$3$l$i#2$D$r;H$$J,$1$k$H$h$$$H;W$o$l$k!% $^$? , 8GM-CM � E P S ( 8e=R$N<}B+H=DjCM ) $H$J$k;~$O , 4]$a8m:9$r9MN8$7$F8GM-CM$r5!3#E* $K 0 : 647713 E � 77 $HM?$($F$$$k$N$G , Cm0U$5$l$?$$!%$J$* , <B9T7A<0%W%m%0%i%‘L>$O , � JA COBI K!$rMQ$$$k>l9g | PCAJCB � QR K!$rMQ$$$k>l9g | PCA QR $G$"$k!%

6. E}7W2r@O!$?tM}7W2hLdBj 97 1. F~NO7A<0 � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=PCAJCB <--- $^$?$O PCAQR $r;XDj //GO.SYSGO DD * %G!<%? 1 9TL\ %G!<%? 2 9TL\ %G!<%? 3 9TL\ : /* // � � 2. F~NO%G!<%?7A<0 (a) 0l9TL\ : FORMAT(3(1X,I1)) =g HV $K I IN, ICAL, IOUT $r F~NO $9 $k!% I IN, ICAL, IOUT $O $= $l $> $lBP 1~ $9 $k 7e $NCM$K$h$C$F0J2<$N$h$&$J0UL#$r;}$D . I IN : F~NO%G!<%?$N6hJL$rI=$9 (2 7eL\ ) !% 0 { 86%G!<%?$rF~NO$9$k . 1 { I8K\J,;66&J,;69TNs$rF~NO$9$k . 2 { I8K\Aj4X9TNs$rF~NO$9$k . ICAL : <g@.J,$r2?$+$i5a$a$k$+$r;XDj$9$k (4 7eL\ ) !%$?$@$7 I IN=2 $N;~$O$3$N7e $O;XDj$7$J$/$F$h$$!% 0 { I8K\Aj4X9TNs$+$i5a$a$k . 1 { I8K\J,;66&J,;69TNs$+$i5a$a$k . IOUT : I IN=0 $N;~!$Cf4V7k2L$r=PNO$9$k$+$I$&$+$r;XDj (6 7eL\ ) !% 0 { =PNO$7$J$$!% 1 { =PNO$9$k!% =P NO $5 $l $k $N $O!$ I8 K\ J? 6Q!$ I8 K\ I8 =‘ JP :9!$ I8 K\ J, ;6 6& J, ;6 9T Ns $^ $? $O I8 K\ Aj4X9TNs . (b) Fs9TL\ : FORMAT(I3,I6,F8.0) =gHV$K K, ND, EPS $rF~NO$9$k!% K : JQNL!JFC@-CM!K$N8D?t$r<($9!J 1 !A 3 7e!K!% 2 � K � 100. ND : %G!<%?$NAH$_?t$rM?$($k!J 4 !A 9 7e!K!% 1 � N D � 999999. EPS : 8GM-CM!$8GM-%Y%/%H%k$r5a$a$k:]$N<}B+H=DjCM$r<($9!%!J 10 !A 17 7e!K!% 0 < E P S < 1 : 0. DL>o $O 10 � 5 DxEY$rM? $($k$,!$ K $,Bg$- $$>l9g$O B?>/ EPS $rBg$-$/$9$k$H$h$$!%$^$?!$$3$l$i$N%G!<%?$O1&$h$;$GF~NO$9$k$3$H!% (c) ;09TL\0J9_ : FORMAT(8F10.0) 0l9TL\$N I IN $NCM$K1~$8$F<!$N$h$&$K%G!<%?$rM?$($k!% � I IN=0 $N>l9g 86%G!< %? $rM? $($k!% k 8D$N 4Q B,FC @- $KBP $9$k 86 %G!<%? $r#1 AH $_$: $D M?$( $k!% i

6. E}7W2r@O!$?tM}7W2hLdBj 98 AH$_L\$N%G!<%?$r X ij ( j = 1 ; 2 ; � � � ; k ) $H$9$k!%#19T$K$O 10 7e$:$D 8 8D$N%G!< %?$rM?$(!$ k > 8 $N;~$OF1$87A<0$G?t9T$K$o$?$C$FF~NO$9$k!%?7$7$$%G!<%?$N AH$_$r M?$($k ;~$O!$A0$N %G!<%?$, 9T$NESCf $G=*$C$F $$$F$bI, $:2~9T $7!$?7$7 $$ 9T$+$i%G!<%?$rM?$($k!% � I IN=1 $^$?$O I IN=2 $N>l9g I8K\J,;66&J,;69TNs$^$?$OI8K\Aj4X9TNs A $N2<;03Q9TNs$r<!$N$h$&$KM?$($k!% 0 B B B B B B B B @ a 11 a 21 a 22 a 31 a 32 a 33 . . . . . . . . . . . . a k 1 a k 2 a k 3 � � � a k k 1 C C C C C C C C A ( a ij ; j = 1 ; 2 ; � � � ; i ) $r i = 1 ; 2 ; � � � ; k $K BP$7$FM? $($k!%0l9T $K$O 10 7e$:$D 8 8D$^ $G M?$( $k!% i > 8 $N>l 9g$O ?t 9T$K $o$?$C $F F1$8 7A<0 $G M?$( $k!% i $,JQ $o$k ;~$OA0$N%G!<%?$,ESCf$G=*$o$C$F$$$F$b?7$7$$%G!<%?$+$iM?$($k!% 3. =PNO%G!<%? (a) $^$: , %?%$%H%k$,=PNO$5$l$k!% (b) 8GM-CM , 8GM-%Y%/%H%k$N7W;;$rI8K\J,;66&J,;69TNs (Sample Co v ariance Matrix) $+ $i 9T$C $? $+ , I8 K\ Aj 4X 9T Ns (Sample Correlation Matrix) $+ $i 9T$C $? $+ $N 6h JL $, =P NO$5$l$k!% (c) JQNL ( FC@-CM ) $N8D?t K (NO.OF VARIABLES= ) , <}B+H=DjCM EPS (EPS= ) %G!<%?$NAH?t ND (SAMPLE SIZES= ) $,=PNO$5$l$k!%$?$@$7 , I IN > 0 $N;~$O , %G!< %?$NAH?t$O=PNO$5$l$J$$!% (d) i. I IN=0 $N;~ � IOUT=1 $N;~$O I8K\J?6Q (Sample Mean), I8K\I8=‘JP:9 (Sample Standard Deviation) ICAL=0 $N;~$O Sample Co v ariance Matrix !$ ICAL=1 $N;~$O Sample Correlation Matrix $,=PNO$5$l$k!% � <!$K1i;;$NBP>]$H$J$k ICAL=0 $N;~ , Sample Correlation Matrix ICAL=1 $N;~ , Sample Cov ariance Matrix $,=PNO$5$l$k!% ii. I IN 6 = 0 $N;~ � F~NO9TNs$,=PNO$5$l$k!% (INPUT DATA) � <!$K1i;;$NBP>H$H$J$k9TNs ICAL=0 $N;~ , Sample Correlation Matrix ICAL=1 $N;~ , Sample Cov ariance Matrix $,=PNO$5$l$k!% (e) 0J8e$, , 7W;;$N7k2L$N=PNO$G$"$k;]$,=PNO$5$l$k!% ***** RESULTS OF THE CALCULATION *****

6. E}7W2r@O!$?tM}7W2hLdBj 99 (f ) HV9f ( NO. ) n 8GM-CM ( EIGENVALUE ) � n N_@Q4sM?N( ( PERCENT ) P n 8GM-%Y%/%H%k ( EIGENVECTOR ) V ni ( i = 1 ; � � � ; k ) 5,=‘2=$5$l$?8GM-%Y%/%H%k ( STANDARDIZED EIGENVECTOR ) S V ni ( i = 1 ; � � � ; k ) ( n = 1 ; 2 ; � � � ; k ) $, 8GM- CM$N Bg$- $$=g $K , <! $N$h $&$J I=7A <0$G =P NO$5 $l$k!% =PNO 7A<0 $O , � n , P n , V ni , S V ni $O6&$K , M-8z7e?t 6 7e$N E 9TNs$G$"$k!% NO. 1 2 3 4 5 6 7 8 EIGENVECTOR � 1 � 2 � 3 � 4 � 5 � 6 � 7 � 8 PERCENT P 1 P 2 P 3 P 4 P 5 P 6 P 7 P 8 EIGENVECTOR V 11 V 21 V 31 V 41 V 51 V 61 V 71 V 81 V 12 V 22 . . . . . . . . . . . . . . . . . . V 1 k V 2 k V 3 k � � � � � � � � � � � � V 8 k STANDARDIZED S V 11 S V 21 � � � � � � � � � � � � � � � S V 8 k EIGENVECTOR S V 12 S V 22 � � � . . . . . . . . . . . . S V 1 k S V 2 k � � � � � � � � � � � � � � � S V 8 k 4. @)8B;v9‘ JQNL ( FC@-CM ) $N8D?t k $O 2 � k � 100 %G!<%?$NAH?t N D $O 1 � N D � 999999 <}B+H=DjCM E P S $O 1 < E P S < 1 : 0 $? $@$7 , $b$H $b$H $NM- 8z7e ?t$, 8 7e <e$7 $+$J $$$N $G , DL>o 10 � 5 DxEY (10 � 4 !A 10 � 6 0L ) $N CM$rM?$($l$P$h$$!% 5. %(%i!<=hM} � @)8B>r7o$r$O$:$l$?>l9g!%B($A k � 1 $^$?$O K > 100 N D � 0 ( $?$@$7 I IN 6 = 0 $N;~$OL54X78 ) E P S � 0 : 0 $^$?$O E P S � 1 : 0 $N$$$:$l$+$rM?$($?;~$O , <!$N%(%i!<%a%C%;!<%8$r=PNO$7$F , 2?$b7W;;$r9T$o$J$$ STOP THIS CAKCULATION BECAUSE INPUT DATA ERROR ** K= ND= EPS= � 8GM- CM , 8G M-%Y %/%H%k $N7W ;; ( %5 %V%k!<%A %s JA COBS $^$? $O SHQS) $NCf$G <}B+ $; $: , 2r$,5a$^$i$J$+$C$?;~$O , <!$N%(%i!<%a%C%;!<%8$r0u:~$7$F7W;;$rBG$A@Z$k!% **** ILL CONDITION IN XXXXXX **** $3$N ;~$O , 1 $D$K$O Sample Co v ariance Matrix $^$?$O Sample Correlation Matrix $KLd Bj$,$" $k;v$,9M $($i$l$k $N$G , $3$l$i $N9TNs $r8!F$$7 $F$_$kI, MW$,$" $k!%$^$? , 1 $D $K $O , <} B+ H= Dj CM EPS $N CM $, >. $5 $9 $. $? ( >r 7o $, $- $S $7 $9 $. $? ) $3 $H $b 9M $( $i $l$k!%

6. E}7W2r@O!$?tM}7W2hLdBj 100 6. ;HMQ%5%V%k!<%A%s $3 $N %W %m %0 %i %‘ $G $O , %; %s %?!< $N %i %$ %V %i %j $H $7 $F EP O? $5 $l $F $$ $k <! $N %k!< %A %s $r ;H MQ $7$F$$$k!% PCAJCB { JACOBS PCA QR { SHQS !Z;29MJ88%![ � !V0x;RJ,@OK!DLO@!W@uLn D90lO: , pp.19{48, 6&N)=PHG<R . � !VB?JQNL2r@O$NM}O@!W 0KF# 9’0l , pp.156{167, G]Iw4[ . � !VB?JQNL2r@OK!!&Bh#3>O!W 1|Ln Ci0l , Fs2J5;O" . � !V0x;RJ,@O!W?tM}2J3X ( FC=8 ), 1971, %@%$%d%b%s%I<R . � !V F actor Analy asis as a Statisical Metho ds, Capter 4 !W La wley Maxwell. !JK.Lu!’!V0x;RJ,@OK!!W5VK\ @54F Lu , LnK\2J3X5;=QO"LA . !K

6. E}7W2r@O!$?tM}7W2hLdBj 101 6.6 S !Z35N,![ S $O A T&T $N %Y %k 8& $G 3+ H/ $5 $l $? %G!< %? 2r @O $H %0 %i %U%#%C %/ %9 $N $? $a $N BP OC 4D 6-!% user in- terface $^ $G $b <M Dx $K F~ $l $? E} 7W %7 %9 %F %‘!% %0 %i %U%#%C %/ %9 $H $7 $F T ektronix C< Kv $H X Win- do w C< Kv!$ $* $h $S P ostScript %W %j %s %?!< $r %5 %]!< %H $7 $F $$ $k!% $3 $l $i 3 $D $O S $N %;%C %7%g %s $NCf$+$i@ZBX2DG=$G$"$k !Z=hM}4D6-![ � UXP/M1800 command : S(/usr/local/bin/S) !Z;HMQNc![ � X Window $r;HMQ$7$F S $r5/F0$9$k!%%[%9%HL>$, XXX $G$"$k$H$9$k!% kyu-cc% setenv DISPLAY XXX:0.0 � � � � � kyu-cc% S � � � � � > x11() � � � � � > ..... � � � � S graphics !ZDs6!![ � A T&T !Z;29MJ88%![ � !V New S Language !W R.A. Bec k er, J.M. Chambers and A.R. Wilks, W adsw orth & Bro oks/Cole Adv anced Bo oks & Soft w are, 1988 � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

6. E}7W2r@O!$?tM}7W2hLdBj 102 6.7 SALS !Z35N,![ SALS $O<+ A32J3X!$ 9)3X $r$O $8$aG@ 3X!$Lt 3X!$0e3X $J$I $5$^ $6$^$J J,Ln $K$*$$ $F!$B, Dj%G!< %? $r:G>.Fs>hK!$*$h$S$=$N2~NIK!$rMQ$$$F2r@O$9$k$?$a$NHFMQ%W%m%0%i%‘!&%Q%C%1!<%8!% %W %m%0 %i %‘$O!$ %5%V %k!< %A%s SALS $r D:E@ $H$7 $? Ls 140 8D $N %5%V %k!<%A %s $+$i 9=@. $5 $l$F $$$k!% Mx MQ <T $O SALS $r CALL $9 $k <g %W %m %0 %i %‘ $H %b %G %k $r 7W ;; $9 $k $? $a $N %5 %V %k!< %A %s $r MQ 0U $9 $k I, MW $, $" $k!% $^ $?!$ %5 %s %W %k %W %m %0 %i %‘!$ %=!< %9 %W %m %0 %i %‘ $r 0J 2< $N %G!< %? %;%C %H !J6hJ,JT@.!K$K8x3+$7$F$$$k!% %=!<%9%W%m%0%i%‘ { ’LIB.SALS.FORT’ %5%s%W%k%8%g%V { ’LIB.SALSTEST.CNTL’ !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 cataloged pro cedure : FORT !Z;HMQNc![ � SALS $r CALL $7$?<g%W%m%0%i%‘ ’A79999A.TEST.FORT’ $r<B9T$9$k!% SALS %G!<%?$O%8%g %V@)8fJ8$KM?$($k!% � � //A79999A1 JOB CLASS=A // EXEC FORT,STEP=CLG,OPT=E //FORT.SYSIN DD DSN=A79999A.TEST.FORT,DISP=SHR //GO.SYSIN DD * PROBLEM 2. 3. 4. 1. 7. 3. METHOD GAUNEW PARAMETER 4. : ENDSALS // � � !Z SALS %7%9%F%‘$N=hM}J}K!![ � @~7A:G>.Fs>hK! { =$@5 Gram-Sc hmit { Householder { FC0[CMJ,2r { Cholesky { 8GM-CMJ,2r

6. E}7W2r@O!$?tM}7W2hLdBj 103 � Hs@~7A:G>.Fs>hK! { Gauss-Newton { =$@5 Marquardt � E}7W=PNO { ;D:9Fs>hOB!$I8=‘JP:9!$>pJsNL4p=‘ AIC { %Q%i%a!<%??dDjCM$N8m:9!$8m:99TNs { ;D:9%0%i%U!$@55,3NN(%W%m%C%H !ZCm0U;v9‘![ � SALS $O 3X =Q 8& 5f $N ?. Mj @- 3N J] $H 3X =Q $N Ia 5Z!$ H/ E8 $N $? $a $K!$ %=!< %9 %W %m %0 %i %‘ $r 8x 3+ $7$F$$$k$,!$L5CG$G%3%T!<$7$FB>$N7W;;5!$K>h$;$k$3$H$O6X$8$i$l$F$$$k!% � SALS $r Mx MQ $7 $? 8& 5f$N O@ J8 H/ I= $K $O SALS $N L> A0 $H $H $b $K!$ 2< 5- ;29M J8 8% $N $$ $: $l $+ $r0zMQ$9$k$3$H!% � MSP $N MANUAL %3%^%s%I$G SALS user’s man ual( 1QJ8 ) $, NLP $K=PNO2DG=!% !ZDs6!![ � SALS %0%k!<%W !Z;29MJ88%![ � !V SALS F~Lg { <B83%G!<%?$N2r@O!W >.Lx 5AIW!$Cf@n E0!$El5~Bg3X=PHG2q . � !V:G>. Fs>h K!$K $h$k <B83 %G!<%? 2r@O %W%m %0%i %‘ SALS !W>. Lx 5A IW!$Cf @n E0!$El 5~Bg 3X =PHG2q . � !V Program System SALS for Nonlinear Least Squares Fitting in Exp erimen tal Sci- ences !W T otu Nak aga w a and Y oshio Oyanagi, Recen t Dev elopmen ts in Statistical In- ference and Data Analysis, K.Matusita, editor, pp.221{225, North Holland Publishing Compan y , Amsterdam, 1980.

6. E}7W2r@O!$?tM}7W2hLdBj 104 6.8 SAS !Z35N,![ SAS $O Statistical Analysis System $NN,$G!$ 1966 G/%"%a%j%+!&%N!<%9%+%m%i%$%J=#N)Bg3X$G!$ IBM Bg7?HFMQ%3%s%T%e!<%?MQ$K3+H/$5$l$?HFMQE}7W2r@O%7%9%F%‘!%8=:_$OBg7?HFMQ%3%s%T%e!< %?0J 30 $N %3 %s %T%e!< %? %7 %9 %F %‘ $X $N 0\ ?" $, 9- $/ 9T $J $o $l $F $$ $k!% SAS $N MQ ES $O!$ %l %]!< %H :n @.!$%0%i%UI=<(!$%G!<%?8!:w!$ M=B,!&%7%_%e %l!<%7%g%s!$2s5" J,@O$J$I$N 9bEY$JE} 7W2r@O!$;~ 7ONsJ,@O!$%*%Z%l!<%7%g%s%:!&%j%5!<%A!$IJ<A4IM}!$9TNs1i;;8@8l$J$I!$B?4t$K$o$?$k!% !Z=hM}4D6-![ � MSP/M1800 command : SAS, RSAS cataloged pro cedure : SAS � � � � SAS graphics 1 !Z %;%s%?!<$GMxMQ$G$-$k SAS %W%m%@%/%H ![ � Base SAS SAS %7%9%F%‘$N4pK\%W%m%@%/%H!% DMS (Displa y Manager System) $H8F$P$l$kE}9g2=A‘ :n4D6-$rDs6!$9$k!% DA T A %9%F%C%W!$%l%]!<%H:n@.Ey$N0lHLE*$J%G!<%?4IM}5!G=$r%5%]!< %H$9$k!% � SAS/ST A T E} 7W 2r @O 5!G= $r Ds 6! $9 $k!% 2s 5"J, @O!$ J, ;6 J, @O!$ B? JQ NLJ, @O!$ H= JL J, @O!$ %/ %i%9 %?!< J, @O!$ %+%F %4%j %+%k 2r@O!$ @8B8 ;~4V J,@O $J$I $r9T $J$&!% 2r@O 7k2L $O SAS/GRAPH $G %0%i %U2=2DG=!% � SAS/IML 9T Ns $rA‘ :n C1 0L $H$7 $F @~ 7ABe ?t $K 6a $$7A $G 1i ;;$r 9T $J $&!$ %$%s %? %W %j%?!< 7A <0 $N BPOC 7?

6. E}7W2r@O!$?tM}7W2hLdBj 105 9T Ns 1i ;; %W %m %@ %/ %H!% 0l HL 5U 9T Ns!$ 8G M- CM J, 2r!$ FFT Ey $N 9T Ns 1i ;; $, 4X ?t!& %5 %V %k!< %A%s7A<0$GAH$_9~$^$l$F$$$k!% QP $d;~7ONs%b%G%j%s%0<jK!$K:GE,$G$"$k!% � SAS/ETS ;~7ONs!&%7%9%F%‘%b%G%j%s%0$rDs6!$9$k%W%m%@%/%H!%;~7ONsM=B,!$<+8J2s5"%b%G%k!$ ARIMA %b%G%k!$ X11 5(@aD4@0!$%9%Z%/%H%kJ,@OEy$N;~7ONsJ,@O$H!$Hs@~7AJ}Dx<0%b%G %k$r%7%_%e%l!<%H$9$k5!G=$,$"$k!% � SAS/GRAPH 2r @O 7k 2L $N%0 %i %U 2=!$ ;q NA $N :n@. Ey $r 9T $J $& %0 %i %U%#%C%/ %W %m %@ %/ %H!% @^ $l@~!$ K@ @~!$ 1_!$#3<!85%0%i%U!$Ey9b@~!$CO?^%0%i%UEy$r%5%]!<%H!% PostScript 7A<0$N=PNO$b2DG=!% � � � � SAS graphics 2 !ZCm0U;v9‘![ � TSS $G SAS $r<B9T$9$k>l9g$O!$ LOGON ;~$K3HD%NN0h$r3NJ]$7$F$*$$$?J}$,$h$$!% LOGON TSS A79999A S(50) � � � � � !ZDs6!![ � SAS %$%s%9%F%#%A%e!<%H %8%c%Q%s !Z;29MJ88%![ � SAS Language : Reference, V ersion 6, First edition. � SAS Pro cedures Guide, V ersion 6, Third edition. � !V SAS system release 6.07J $K$D$$$F!W6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.3, pp.195{220, 1993.

6. E}7W2r@O!$?tM}7W2hLdBj 106 6.9 SPSSX !Z35N,![ SPSSX(Statistical P ac k age for the So cial Sciences/X) $O %"%a%j%+ SPSS <R $G3+H/$5$l$?HFMQ E}7W2r@O%Q%C%1!<%8!%%G!<%?JQ49 5!G=$H!$3F<oE} 7W%W%m%0%i %‘$N$b$D2r @O5!G=$r0l$D $NBg$-$J M-5!E*%7%9%F%‘$H$7$F$^$H $a!$3F<o$N%G!<%? =hM}$d7W;; $r0l$D$N%8%g%V $NCf$GO"B3E* $K<B9T$G $-$k$3$H$+$i!$@$3&E*$K9b$$I>2A$r<u$1$F$$$k%=%U%H%&%’%"!% !Z=hM}4D6-![ � MSP/M1800 command : SPSSX cataloged pro cedure : SPSSX !Z<g$J SPSSX %W%m%0%i%‘![ PEARSON CORR : %T%"%=%s@QN(Aj4X78?t P AR TIAL CORR : JPAj4X78?t ANO V A : B?<!85G[CVJ,;66&J,;6J,@O ALSCAL : B?<!85<\EYK! ONEW A Y : 0l85G[CVJ,;6J,@O PR O XIMITIES : 5wN%9TNs:n@. REGRESSION : 2s5"J,@O NONP AR CORR : =g0LAj4X78?t PR OBIT : %W%m%S%C%HJ,@O RELIABLITY : ?.Mj@-2r@O F A CTOR : 0x;RJ,@O REGRESSION : =E2s5"J,@O CLUSTER : %/%i%9%?!<J,@O DISCRIMINANT : H=JLJ,@O QUICK CLUSTER : %/%$%C%/!&%/%i%9%?!<J,@O MANOV A : B?JQNLJ,;6J,@O HA Y ASI : NS$N?tNL2=M}O@ BOX-JENKINS : ;~7ONs%G!<%?2r@O !ZDs6!![ � SPSS 3t<02q<R !Z;29MJ88%![ � !V SPSS/X user’s guide 2nd ed !W , SPSS Inc. � !V?7HG SPSS/X I 4pACJT!W ;0Bp 0lO:!$;3K\ 2E0lO: , ElMN7P:Q?7Js<R . � !V?7HG SPSS/X I I 2r@OJT 1, 2 !W ;0Bp 0lO:!$;3K\ 2E0lO:!$?b?e 6&G7!$@>OF Fs0l!$ @PED @iBe;R!$>.Ln;{ 9’5A , ElMN7P:Q?7Js<R . � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992. � !V SPSSX Bh 3.0 HG$K$D$$$F!W ;0Bp 0lO:!$;3K\ 2E0lO: , >.Ln;{ 9’ 5A!$6e=#Bg3XBg7? 7W;; 5!%;%s%?!<9-Js , V ol.24, No.2, pp.127{158, 1991.

7 2hA|=hM} %i%$%V%i%jL> 5!G= MSP UXP CM5 A VS HFMQ2D;k2=%=%U%H%&%’%" !{ FIVIS 2hA|>pJs%7%9%F%‘!$IY;NDLDs6! !{ GDP/EX ?^7AJT=8=PNO%7%9%F%‘ !{ GKS85 ISO 5,3J%5%V%k!<%A%s !{ !{ GRAPHMAN BPOC<0?^7A=hM}%7%9%F%‘ !{ gn uplot X Windo w, PostScript, T ektronix $r%5%]!<%H !{ gs F|K\8l P ostScript $N X Windo w >e%(%_%e%l!<%? !{ PHIGS89 ISO 5,3J?^7A=hM}%=%U%H%&%’%" !{ PKS ?^7A0u:~=PNO%5%V%k!<%A%s !{ PBMPLUS format JQ49%D!<%k !{ Mathematica X Windo w, PostScript $r%5%]!<%H "% S X Windo w, PostScript $r%5%]!<%H !{ SAS/GRAPH P ostScript $r%5%]!<%H !{ tgif+ X Windo w >e$N:n?^%D!<%k . F|K\8lHG !{ V OGLE 3 <!85%0%i%U%#%C%/%9%i%$%V%i%j !{ XV X Windo w >e$N image �le I=<(%f!<%F%#%j%F%# !{ "% : %P%C%/%(%s%I$N%o!<%/%9%F!<%7%g%s>e$NF0:n Mathematica, SAS/GRAPH, S $O 6/NO $J %0 %i%U%#%C %/ %9 5!G= $, $" $j!$2< <j $J@l Lg %= %U%H $h $j ;H$$>!<j$b$$$$!% Mathematica, SAS/GRAPH, S $K4X$7$F$O $=$l$>$l!V?t<0=h M}!W!$!VE}7W =hM}!W$N9‘$r;2>H!%

7. 2hA|=hM} 108 7.1 A VS !Z35N,![ A VS(Application Visualization System) $O2J3X5;=QJ,Ln8~$1$N#3<!85%0%i%U%#%C%/%7%9%F%‘!% 3J;RE@$N%9%+%i!<!$%Y%/%H %k%G!<%?$dHs 9=B$3J;R%G!< %?!$%8%*%a %H%j!$%$%a!<%8!$ J,;R%G!<%? Ey$rF~NO$H$7!$3F<o%=%U%H %&%’%"ItIJ$rAH $_9g$o$;$F %M%C%H%o!<%/$K AH$_9~$‘$3$H $K$h$j!$FH <+$N2D;k 2=%" %W%j %1!<%7%g %s$, :n@. $G$- $k!%%; %s%?!< Fs3, $N%o!< %/%9 %F!<%7%g %s qvisa $G $N$_ $NF0:n!%$^$?!$ CM5 $rMQ$$!$%P%C%/%0%i%&%s%I$G=hM}$b2DG=!% !Z=hM}4D6-![ � qvisa command : avs !ZHw9M![ � AVS $O 7W ;; 2= 3X!$ 0e NE!$ 9= B$ NO 3X!$ N. BN NO 3X!$ 5$ >] 3X Ey $N 7W ;; $G F@ $i $l $? %G!< %? $r JQ 49 $7!$9bEY$J%0%i%U%#%C%/%9I=<($r<B8=$9$k!%A‘:n$OBPOCE*$K%^%&%9A‘:n$K$h$C$F9T$J$&!% � 2hA| =hM}%= %U%H!$ <L??Ey $N%$%a!< %8%9 %-%c%J!<=P NO!$ paint %= %U%H=P NO$J $I$N%$ %a!<%8 %G!<%?$N=hM}$b2DG=!% � %"%K%a!<%7%g%s!$%7%_%e%l!<%7%g%s5!G=$r%5%]!<%H!% !ZDs6!![ � KUBOT A computer !Z;29MJ88%![ � A VS User’s Guide

7. 2hA|=hM} 109 7.2 FIVIS !Z35N,![ FIVIS(F ujitsu In tegrated Visual Infomation System) $OIY ;N DL3t <0 2q<R $, 3+H/ $7 $?2h A| >pJs %7%9%F%‘!%<!$N%=%U%H%&%’%"$,$"$k!% IPEX Image Pro cessing EXp ert system 2hA|%G!<%?$NF~=PNO!$2hA|=hM}!$2hA|2r@O%7%9%F%‘!% PR OSID I I PR Ocessing System for Image Data I I %j%b!<%H%;%s%7%s%02hA|%G!<%?=hM}%7%9%F%‘!% VIPL Visual Information Pro cessing Library 2hA|=hM}MQ%5%V%k!<%A%s%i%$%V%i%j!% CGMS Computer Graphics and Mo vie System ?tCM%G!<%?$N?^7A2=!$%$%a!<%82=$9$k%7%9%F%‘!% !Z=hM}4D6-![ � MSP/M1800 !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV/F4 MSP CGMS @bL@=q!W (78AR-3060), IY;NDL3t<02q<R!% � !V F A COM OS IV PR OSID I I @bL@=q!W (70AR-5630), IY;NDL3t<02q<R . � !V F A COM IPEX ;HMQ<j0z=q!W (99AR-5030), IY;NDL3t<02q<R .

7. 2hA|=hM} 110 7.3 GDP/EX !Z35N,![ GDP/EX(Graphic image Dra wing P ac k age/Extended) $O 3F <o $N ?^ 7A =h M} %W %m %0 %i %‘ $G :n @. $7$??^7A$^$?$O%0%i%U$rI=<(!$JT=8!$0u:~!$J]B8$9$k%f!<%F%#%j%F%#!% PKS $G :n @. $5 $l $? %0 %i %U%#%C %/ %U%! %$ %k ( GOUT( � ) 5Z $S KEEP $r ;X Dj $7 $? $H $- $K :n @. $5 $l $k ) $d EGRET/DRA W $G:n@.$5$l$?J]B8?^7A$rC<Kv$KI=<(!$$"$k$$$O NLP $K=PNO$9$k!% !Z=hM}4D6-![ � MSP/M1800 command : GDP !ZHw9M![ � GDP/EX $O member, page, graph C10L$GI=<(!$2sE>!$=L>.!$3HBg!$0u:~Ey$NA‘:n$,$G$- $k!% � %W%j%s%?!<$X$N=PNO$O!$ NLP !$ CLP $N A4, B4 HG!J=D2#!K$,2DG=!% !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V OS IV GDP/EX @bL@=q V10L20 MQ!W (70SP-3651) !$IY;NDL3t<02q<R!% � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V PKS $NMxMQK!!W3@Fb NI;R!$B?5WEg CR!$;3V? ?.9-!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.6, pp.637{682, 1993.

7. 2hA|=hM} 111 7.4 GKS85 !Z35N,![ GKS85 $O 9q :] I8 =‘ 2= 5!9= ISO $, 1985 G/ $K @) Dj $7 $? GKS(Graphical Kernel System) $K =‘ 5r $7$??^7A=hM}4pK\%=%U%H%&%’%"!% F ortran $+$i8F$S=P$5$l$k%5%V%k!<%A%s%i%$%V%i%j!% !Z=hM}4D6-![ � MSP/M1800 command : GKS85 !ZHw9M![ � :n@.$5$l$??^7A$O!$%a%?%U%!%$%k$GJ]B8$5$l$k!%7A<0$O CGM(IS 8632 Computer Graphics Metafile) $K=‘5r!% � IY;NDLDs6!$N3HD%5!G=$H$7$F!$F|K\8lJ8;z4XO"%5%V%k!<%A%s$,DI2C$5$l$F$$$k!% !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !VIY;NDL GKS85 J8K!=q (F OR TRAN77 JT ) !W (99SP-4040) !$IY;NDL3t<02q<R!% � !V F A COM GKS85 ;HMQ<j0z=q V10 MQ!W (99SP-4080) !$IY;NDL3t<02q<R!% � !V GKS F~Lg!W6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.22, No.5, pp.446{468, 1989. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993.

7. 2hA|=hM} 112 7.5 GRAPHMAN !Z35N,![ GRAPHMAN(Graphic Man-mac hine System F or Scien ti�c Calculation Results) $O?^7A=hM} $rBPOCE*$K9T$&$3$H$G!$8&5f <T!$5;=Q<T$K$H$C $F$N?^7A:n 2h$N$?$a$NJ# ;($J:n6H$+$i 2rJ|$9$k $3$H$rL\E*$H$7$F3+H/$5 $l$?%7%9%F %‘!%%0%i%U%#%C%/ %G%#%9%W%l%$$r ;HMQ$7$F!$$" $?$+$b%=!< %9%W%m%0%i%‘$N%F%-%9%HJT =8$r$9$k$+$N $h$&$K!$?WB.$+ $DMF0W$K?^7A JT=8$*$h$S?^ 7AI=<($,$G $-$k!% BCOPY %G!<%?%;%C%H$N%W%j%s%?!<$X$N=PNO$O GOUT %3%^%s%I$G9T$J$&!% ?^7A%Q%?!<%s$O0J2<$NDL$j!% � 4X?t y = f ( x ) $NI=<( � #2<!85%a%C%7%e?^!$N.$l?^ � 4X?t z = f ( x; y ) $NEy9b@~?^!$D;bW?^ � #3<!85J*BN$NF);k?^ � @^$l@~%G!<%?Ey$N:n@.!$JT=8 � � � � Graphman Graphic !Z=hM}4D6-![ � MSP/M1800 command : GRAPHMAN cataloged pro cedure : GRAPHMAN !ZCm0U;v9‘![ � =hM}%G!<%?$,Bg $-$$>l9g$O!$ GRAPHMAN $G;HMQ$9$kJQ?t NN0h (Named Storage) $NBg $-$5$rBg$-$a$K;XDj$9$k!%>JN,CM$O 80KB !% READY GRAPHMAN NS(2000) � � � � � <--- JQ?tNN0h$r 2,000KB ;HMQ$9$k$3$H$r;XDj !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OS IV/F4 MSP GRAPHMAN @bL@=q!W (78AR-5170), IY;NDL3t<02q<R . � !V GRAPHMAN $r;H$C$F$_$^$;$s$+ !? !W66AR Ao!$;{ED N<;R!$6e=#Bg3XBg7?7W;;5!%;%s %?!<9-Js , V ol.23, No.2, pp.67{101, 1990. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993.

7. 2hA|=hM} 113 7.6 gn uplot !Z35N,![ GNUPLOT $O command-driv en in teractiv e function plotting program. X Window !$ P ostScript !$ T ektronix $r %5 %]!< %H!% ;H MQ J} K! $O /usr/local/doc/gnuplot.dvi $K ;29M J8 8% $, T E X $N dvi %U%!%$%k$H$7$F$"$k$N$G!$;2>H$5$l$?$$!% !Z=hM}4D6-![ � UXP/M1800 command : gnuplot(/usr/local/bin/gnuplot) !Z;HMQNc![ � GNUPLOT $G:n?^$7$?%G!<%?$r PostScript %U%!%$%k$KJ]B8$9$k!% kyu-cc% gnuplot � � � � � gnuplot> set terminal postscript portrait � � � � � gnuplot> set outout ‘‘file’’ � � � � � : :n?^$N%3%^%s%I : gnuplot> q � � � � � � � � � gn uplot graphics !ZDs6!![ � Gershon Kelley , etc. !Z;29MJ88%![ � !V GNUPLOT : An In teractiv e Plotting Program !W Thomas Williams & Colin Kelley .

7. 2hA|=hM} 114 7.7 gs !Z35N,![ F|K\8l P ostScript $N X Windo w >e$G$N%(%_%e%l!<%? Ghostscript $r5/F0$9$k!% !Z=hM}4D6-![ � UXP/M1800 command : gs(/usr/local/bin/gs) !Z;HMQNc![ � gs $r5/F0$7 PostScript %U%!%$%k tmp.ps $r%(%_%e%l!<%H$9$k!% kyu-cc% gs tmp.ps � � � � � � � � � ghostscript sample !JCf1{!K !ZDs6!![ � Aladdin En terprise !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

7. 2hA|=hM} 115 7.8 PHIGS89 !Z35N,![ PHIGS(Programmer’s Hierarc hical Interactiv e Graphics System) $O 9q :] I8 =‘ 2= 5! 9= ISO $N @)Dj$7$??^7A=hM}$N9q:]I8=‘5,3J!% PHIGS $O 3 <! 85 ?^ 7A =h M} 1~ MQ %W %m %0 %i %‘ $N 3+ H/ $K Mx MQ $5 $l $k %= %U %H %&%’ %"!% ?^ 7A %G!< %? $N:n@.!&JT=8!$=PNO!$?^7A%G!<%?$NJ]B8!&I|85!$BPOCF~NO$J$I$NK-IY$J5!G=$,$"$k!% !Z=hM}4D6-![ � MSP/M1800 command : PHIGS89 !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V OS IV PHIGS89 ;HMQ<j0z=q V10L11 MQ!W (70SP-4430), IY;NDL3t<02q<R . � !V PHIGS 35@b (I) !W :4F# <~9T!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V oL.25, No.5, pp.393{ 404, 1992. � !V PHIGS 35@b (I I) !W:4F# <~9T!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V oL.25, No.6, pp.507{ 529, 1992. � !V PHIGS 35@b (I I I) !W:4F# <~9T!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V oL.26, No.3, pp.221{ 231, 1993. � !V PHIGS 35@b (IV) !W:4F# <~9T!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V oL.26, No.5, pp.555{ 562, 1993.

7. 2hA|=hM} 116 7.9 PKS !Z35N,![ PKS(Plotter Kernel System) $O CALCOMP @= HCBS(Host Computer Basic Soft w are) $H8_ 49@-$N$"$k%5%V%k!<%A%s%i%$%V%i%j!% PSP(Plotter Subroutine Library) 8_ 49 %b!< %I$, $" $j!$ PSP $r;H$C $? 1~ MQ %W%m %0 %i %‘ $r$= $N$^$^ PKS 2<$G<B9T$9$k$3$H$,$G$-$k!% !Z=hM}4D6-![ � MSP/M1800 command : PKS, PKSCL, PKSGO catalogued pro cedure : PKS !ZCm0U;v9‘![ � PKS $O%G%P %$%9%I%i%$%P!<$r ;}$D$N$G!$D>@\=P NOAuCV$K=PNO2D G=!%$?$@$7!$2hLL$K I=<( $9 $k >l 9g $O %0 %i %U%#%C %/!& %G!< %? %;%C %H $K 0l C6 %G!< %? $r =P NO $7!$ GDP/EX $r 5/ F0 $9 $k $3$H$K$h$C$F2hLL$K?^7A$rI=<($9$k!% !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !VIY;NDL PKS J8K!=q V10 MQ!W (99SP-7200) !$IY;NDL3t<02q<R . � !V F A COM PKS ;HMQ<j0z=q V10 MQ!W (99SP-7210) !$IY;NDL3t<02q<R . � !V PKS $NMxMQK!!W3@Fb NI;R!$B?5WEg CR!$;3V? ?.9-!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.6, pp.637{682, 1993.

7. 2hA|=hM} 117 7.10 PBMPLUS !Z35N,![ %0%i%U%#%C%/%9%7%9%F%‘$N=PNO%U%)!<%^%C%HJQ49%D!<%k!% /usr/local/doc/pbmplus 2<$K do c- umen t $,$"$k$N$G;2>H$5$l$?$$!% %D!<%k$O /usr/local/bin/pbmplus 2<$K$"$k!%JQ49$ONc$($P kyu-cc% giftoppm file1.gif > file2.ppm � � � � � $H$7$F9T$J$&!% <g$J7A<0$O<!$NDL$j!%5U$NJQ49$b=PMh$k>l9g$,$"$k!% � PBM( %S%C%H%^%C%W7A<0 ) $X$NJQ49 { Sun raster { X11 bitmap { MacP ain t { X11 window dump � PGM( %b%N%/%m!&%0%l%$%9%1!<%k7A<0 ) $X$NJQ49 { TIFF { P ostScript image data { Encapsulated PostScript { X11 window dump � PPM(24 %S%C%H%U%k%+%i!<7A<0 ) $X$NJQ49 { color Sun raster { GIF { Color Encapsulated P ostScript { Color X11 windo w dump !Z=hM}4D6-![ � UXP/M1800 !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

7. 2hA|=hM} 118 7.11 tgif+ !Z35N,![ tgif+ $O X windo w $rMQ$$$F2qOCE*$K?^7A$N:n@.!& A‘:n$r9T$J$&:n?^%D!<%k$G$"$k tgif $rF|K\ 8l2= + &A$7 $?$b $N!% L a T E X $G=q $+$l $?J8 =qFb $K<h $j9~ $‘$3 $H$, 2DG= $J7A <0$N PostScript %U%! %$%k!J encapsulated P ostScript !K$r@8@.$7$?$j$9$k$3$H$b2DG=!J%+%i!<$b%5%]!<%H!K!% IA 2h %W %j %_ %F%# %V $H $7 $F $O!$ %F %- %9 %H!$ ;M 3Q 7A!$ BJ 1_!$ %] %j %i %$ %s!$ %] %j %4 %s!$ BJ 1_ 8L!$ 3Q4];M3Q7A!$%S%C %H%^%C%W $,$"$k X windo w dump(xwd) $N 7k2L$O!$ %S%C%H %^%C%W$K JQ49$9 $k $3$H$G?^Cf$K<h$j9~$a$k!% ;H MQ J} K! $O /usr/local/doc/tgifman $N 2< $K %^ %K%e %" %k $N %=!< %9 ( J L a T E X) !$ dvi $, $" $k $N$G!$;2>H$5$l$?$$!% !Z=hM}4D6-![ � UXP/M1800 command : tgif+ (/usr/local/bin/X11/tgif+) � � � � tgif+ $rMQ$$$F$N:n?^ !ZDs6!![ � William Chia-W ei Cheng & >>ED 980l !Z;29MJ88%![ � !V:n?^%D!<%k tgif+ $N;H$$J} { F|K\8l2= + &A$5$l$? tgif { !W>>ED 980l . � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

7. 2hA|=hM} 119 7.12 V OGLE !Z35N,![ V OGLE(A V ery Ordinary Graphics Learning En vironmen t) $O GL %i%$%/$N 3 <!85%0%i%U%#%C %/%9%i%$%V%i%j$*$h$S$=$N%f!<%F%#%j%F%#%3%^%s%I72 . 2 <!85!$ 3 <!85?^7A , %"%K%a!<%7%g%s$N @8@. , I=<($,2DG= . X Windo w, P ostScript, T ektronix $r%5%]!<%H . /usr/local/doc/VOGLE 2<$N%I%-%e%a%s%H$r;2>H!% !Z=hM}4D6-![ � UXP/M1800 !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � � � � X Windo w >e$G$N Graphics $NI=<(

7. 2hA|=hM} 120 7.13 XV !Z35N,![ X Window >e $GF0 :n $9$k %$%a!< %8 %U%!%$ %k (GIF,TIFF $J$I ) $NI= <( %f!<%F%# %j %F%# . Sa v e ;~ $N format $O0J2<$N%9%?%$%k$,A*Br$G$-$k!% GIF PBM(ra w) X11 Bitmap PBM(ascii) Sun Raster�le TIFF P ostScript JPEG PM !Z=hM}4D6-![ � UXP/M1800 command : xv(/usr/local/bin/X11/xv) !Z;HMQNc![ � xv $r5/F0$7 tiff %U%!%$%k tmp.tif $rI=<($9$k!% kyu-cc% xv tmp.tif � � � � � � � � � xv $G$N image data $NI=<(Nc !ZDs6!![ � John Bradley !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � 40A4$K%a%K%e!<7A<0$J$N$G!$$H$j$"$($:5/F0$7$F$_$l$PJ,$+$k!%

8 EE;R%a!<%k 1993 G/ 1 7n8=:_!$EE;R%a!<%k$, E~C#2DG=$J9q$OLs 120 %+9q$G$"$k!%;f$NJ8=q$O!$IuE{$KF~ $l$F08@h$r=q$-!$M9JX6I$KEO $9$H!$08@h$r$b $H$KM9JX6I $,G[Aw$r9T$J $$!$Aj<j$KFO$1 $k$3$H$, $G$-$k!%$3$l$HF1$8$h$&$K!$ %3%s%T%e!<%?$N %U%!%$%k$H$7 $F:n@.$7$? J8=q$b!$08@h $r;XDj$7!$ EE;R%a!<%kG[Aw%7%9%F%‘$KEO $;$P!$08@h$r $b$H$KEE;R%a!< %kG[Aw%7%9 %F%‘$,G[Aw$r 9T$J$$!$Aj <j$KFO$1$k$3$H$,$G$-$k!% %i%$%V%i%jL> 5!G= MSP UXP mailx tt y 7O%a!<%k%$%s%?!<%U%’%$%9 !{ MH Emacs $+$i5/F02DG= !{ MHS CCITT 4+9p$K4p$E$/9q:]I8=‘ !{ RMAIL Emacs $+$i5/F0$9$k !{ EE;R%a!<%k$K$O!$<j;f$K$O$J$$FCD’$,$"$k!% :B$C$?$^$^$G$h$$ <j ;f $N >l 9g!$ 4y $N A0 $K :B $j!$ J8 ;z $r =q $-!$ <j ;f $r Iu E{ $K F~ $l!$ 8R IU $1 $7!$ @Z <j $r E= $j!$ %] %9 %H $N $"$k $H $3 $m $^ $G Jb $-!$Ej H! $9 $k!% 30 $, Bf Iw $N>l 9g $d 8+ CN $i $L EZCO $G %] %9 %H $N :_ =h $, $o$+$i$J$$>l9g$,$"$k$3$H$J$I$r9MN8$9$k$H!$AjEv$JEXNO$,I,MW$K$J$k>l9g$,$"$k!%$3$l$KBP$7!$ EE ;R %a!< %k $O!$ $3 $l $H F1 $8 $3 $H $r $9 $k $N $K!$ %3 %s %T%e!< %? $N A0 $K :B$C $F ;X $r F0 $+ $9 $@ $1 $G $h $$!% :G=i$O$I$&;X$rF0$+$9$+$o$+$i$:$K6lO+$9$k$+$b$7$l$J$$$,!$47$l$F$7$^$&$HHs>o$K3Z$G$"$k!% 08@h$,J#?t=q$1$k <j ;f $K J# ?t $N 08 @h $r =q $/ $H $O $G $- $J $$ $,!$ EE ;R %a!< %k $N >l 9g!$ 08 @h $r J# ?t =q $/ $3 $H $,$G$-!$F1;~$KJ#?t$N?M$K%a!<%k$rAw?.$9$k$3$H$,$G$-$k!% %3%T!<$,MF0W 5! 3# 2D FI $J J8 =q $O!$ ;f $N J8 =q $H Hf $Y $F!$ %3 %T!< $, Hs >o $K MF 0W $G $" $k $H $$ $& FC D’ $r ;} $D!% $7 $? $,$C $F!$ B> ?M $NJ8 >O $r 0z MQ $9 $k $3 $H $bMF 0W $G $" $k!% $7 $P $7 $P J8 L.$r L5 ;k $7!$ 0l It $N J8 >O $@ $1 $r0zMQ$7$?5s$2B-<h$j$,2#9T$9$k$N$bEE;R%a!<%k$NFCD’$G$"$k!%$4MQ?4!% J8=q0J30$rAw<u?.$G$-$k EE;R%a!<%k$G%P%$%J%j!<%G!<%?$rAw<u?.$9$l$P!$%W%m%0%i%‘!$2hA|!$2;@<$J$I!$ %F%-%9%H$K94$i$J$$!V%G!<%?!W$N$d$j$H$j$,2DG=$G$"$k!% $=$NB> %;%-%e%j%F%#!$G[Aw$NB.$5!$G[Aw$N3N<B$5$J$I$b<j;f$H$O0[$J$k!%

8. EE;R%a!<%k 122 8.1 mailx !Z35N,![ BP OC 7? %a%C %;!< %8 =h M} %7 %9 %F %‘!% mailx $O EE ;R %a!< %k $N Aw ?.!$ <u ?. $N $? $a $N 2w E, $G =@ Fp $J 4D 6-$r Ds 6! $9 $k!% %a!< %k $r FI $_ <h $k $H $- $K $O!$ mailx $O %a%C %;!< %8 $N J] B8!$ :o =|!$ $* $h $S %a%C %;!<%8 $X $N 1~ Ez $r MF 0W $K $9 $k $? $a $N %3 %^ %s %I $r Ds 6! $9 $k!% mailx $K $h$C $F %a!< %k $r Aw ?. $9 $k $H$-$O!$%a%C%;!<%8$rF~NO$7$J$,$iJT=8!$8+D>$7!$$*$h$S$=$NB>$NJQ99$r$9$k$3$H$,2DG=!% !Z=hM}4D6-![ � UXP/M1800 command : mailx(/usr/bin/mailx) !Z;HMQNc![ � a79999a $KM=$a:n@.$7$?%U%!%$%k letter.txt $rAw?.$9$k!% kyu-cc% mailx a79999a < letter.txt � � � � � !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � man mailx � !V UXP $K $* $1 $k EE ;R %a!< %k F~ Lg !JEE ;R %a!< %k 9V =, 2q ;q NA!K!W 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!<!&%M%C%H%o!<%/<< . � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

8. EE;R%a!<%k 123 8.2 MH !Z35N,![ MH $O%a!<%k%O%s%I%i!<$H8F$P$l!$ %a!<%k$r@0M}$9$k5!G=$,=<<B$7$F$$$k$? $a!$ mailx $HJB$s $GBeI=E* $J %$%s %?!< %U%’%$ %9 $N0l $D $H$7 $F 9-$/ ;HMQ $5 $l$F $$ $k!% Emacs >e $G MH $r;H $& $?$a $N%U%m%s%H%(%s%I%W%m%;%C%5 mh-e $b$"$k!% !Z=hM}4D6-![ � UXP/M1800 command : /usr/local/bin/mh 2<$N%3%^%s%I72 !Z;HMQNc![ � Emacs $rDL$7$?%a!<%k$NFI$_=q$-$r9T$J$&!% kyu-cc% emacs -f mh-rmail � � � � � !ZCm0U;v9‘![ � MH $rMxMQ$9$k;~$O%Q%9$N@hF,$K /usr/local/bin/mh $rDI2C$9$k$3$H!% � Emacs Fb$+$i MH $r;H$&>l9g$O!$%[!<%‘%G%#%l%/%H%j$N2<$K .mh_profile $,$"$k$3$H!% !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � !V UXP $K $* $1 $k EE ;R %a!< %k F~ Lg !JEE ;R %a!< %k 9V =, 2q ;q NA!K!W 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!<!&%M%C%H%o!<%/<< .

8. EE;R%a!<%k 124 8.3 MHS !Z35N,![ 9q:]5, 3J (CCITT 4+ 9p X.400) $K 4p $E $/ MHS(Message Handling System) J} <0 $G $N EE ;R %a!< %k%7%9%F%‘!% MHS %a!<%k%7%9%F%‘$O9q:]I8=‘$NEE;R%a!<%k$G!$8=:_ 7 $D$NBg7?7W;;5!%;%s%?!< $H3X=Q>pJs%;%s%?!<$r7k $s$G1?MQ$, 9T$o$l$F$$ $kEE;R%K%e!<%9!$ EE;R%a!<%k$N %f!<%6!<!&%$%s %?!<%U%’%$%9$H$7$F!$IY;NDL3t<02q<RDs6!$N FINES %7%9%F%‘$rMxMQ$7$F$$$k!% !Z=hM}4D6-![ � MSP/M1800 comamnd : MHS !ZCm0U;v9‘![ � MHS %7%9%F%‘$h$j!$ BITNET !$ JUNET $d3$30$H$N%a!<%k$NAw<u?.$,2DG=!% � EE;R%K%e!<%9$N8!:w!$Ej9F$b$G$-$k!% !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V MHS %a!<%k%7%9%F%‘$NMxMQK!!W 86ED @90l!$@nV? @5;R!$IY;3 <B!$C]@8 @/;q!$>>1d 1I <# , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.24, No.6, pp.580{625, 1991. � !VIY;NDL FINES ;HMQ<j0z=q!JEE;R%a!<%k!$EE;R%K%e!<%9%7%9%F%‘!K!W (78AR-1670), IY ;NDL3t<02q<R!% � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993.

8. EE;R%a!<%k 125 8.4 RMAIL !Z35N,![ Emacs $N;}$D%a!<%kAw<u?.5!G=!% Rmail $O5/F0$5$l$k$H!$%^%7%s$N%9%W!<%k$+$i<+J,08$N%a!< %k$r<h$j9~$_!$%[!<%‘%G%#%l%/%H%j$K$"$k RMAIL %U%!%$%k$K3JG<$9$k!% !Z=hM}4D6-![ � UXP/M1800 !Z;HMQNc![ � Emacs $rDL$7$?%a!<%k$NFI$_=q$-$r9T$J$&!% kyu-cc% emacs -f rmail � � � � � !ZDs6!![ � Satoru T om ura � � � � RMAIL $rMQ$$$?EE;R%a!<%k!JFbMF$H ID $OL54X78!K !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � !V UXP $K $* $1 $k EE ;R %a!< %k F~ Lg !JEE ;R %a!< %k 9V =, 2q ;q NA!K!W 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!<!&%M%C%H%o!<%/<< .

9 EE;R%K%e!<%9 MSP , UXP $GEE ;R%K%e!<%9%7%9 %F%‘$N%5!<%S %9$r9T$J$C $F$$$k!%EE;R %K%e!<%9%H%T%C %/%9 Kh$K News Group $KJ,$1$i$l$k!%8=:_ comp, sci, so c, rec $J$I$N9q:]E*$J%K%e!<%9%0%k!<%W$H F|K\9qFb$G<g$KN.$l$F$$$k fj %K%e!<%9%0%k!< %W$,<g$J$b$N!% 6e=#BgFbIt$G N.$l$F$$$k kyush u- u 2<$N%K%e!<%9%0%k!<%W$b$"$k!% %K%e!<%9$NFI$_=q$-$O!$0J2<$N%$%s%?!<%U%’%$%9$G9T$J$&!% %i%$%V%i%jL> 5!G= MSP UXP MHS %K%e!<%9FI$_!?Ej9F5!G= !{ Rn %3%^%s%I rn, Pnews !{ Nn 5-;v$,A*BrE*$KFI$a$k !{ gnus emacs $+$i5/F0$9$k !{ <g$J%K%e!<%9%0%k!<%W$O$D$.$NDL$j!% (1) kyushu-u !J6e=#Bg3X$NOCBj ; Kyushu University !K kyushu-u.general ; 6e=#Bg3XA4BN$K4X78$9$k0lHLE*$JOCBj kyushu-u.q-and-a ; #Q!u#A!$<ALd$r$9$k$HC/$+$,2sEz$7$F$/$l$k!J$+$b$7$l$J$$!K kyushu-u.archives ; 6e=#Bg3X$N anonymous ftp %5!<%P$GF~<j2DG=$J%=%U%H!$%G!<%?>pJs kyushu-u.cc ; Bg7?7W;;5!%;%s%?!<$K4X78$9$kOCBj!J<ALd!$%;%s%?!<%K%e!<%9$J$I!K kyushu-u.ec ; >pJs=hM}650i%;%s%?!<$K4X78$9$kOCBj kyushu-u.csce ; >pJs9)3X2J$K4X78$9$kOCBj kyushu-u.cslabs ; >pJs9)3X2J7W;;5!8&5f%0%k!<%W$K4X78$9$kOCBj kyushu-u.is ; Am9gM}9)3X8&5f2J$N>pJs%7%9%F%‘3X8&5f%0%k!<%W$K4X78$9$kOCBj kyushu-u.theorynet ; ‘‘Theory Net’’ %a!<%j%s%0%j%9%H$N>pJs$r5-;v$H$7$F7G:\$7$F$$$k kyushu-u.test ; 5-;vEj9F$N%F%9%H$d%7%9%F%‘F0:n$N%F%9%H kyushu-u.misc ; 6e=#Bg3X$K4X78$9$k$,>e5-$N$I$l$K$bEv$F$O$^$i$J$$OCBj (2) kudpc( 5~ETBg3XBg7?7W;;5!%;%s%?!<$NOCBj ; Kyoto University, Data Processing Center) kudpc.consult ; %;%s%?!<$KBP$9$kAjCL$J$I kudpc.news ; %;%s%?!<%K%e!<%9 kudpc.announce ; %;%s%?!<$+$i$N%"%J%&%s%9 kudpc.general ; %;%s%?!<A4BN$K4X78$9$k0lHLE*$JOCBj kudpc.bugs ; %7%9%F%‘$d%i%$%V%i%j$N%P%0$K4X$9$k>pJs

9. EE;R%K%e!<%9 128 (3) tains !JElKLBg3X$N3XFb LAN $NOCBj ; Tohoku university Academic/All-round/Advanced tains.net ; 3XFb LAN $K4X$9$k5DO@ tains.q-a ; #Q!u#A tains.misc ; tains $K4X78$9$k$,>e5-$N$I$l$K$bEv$F$O$^$i$J$$OCBj (4) fj !JF|K\A49q5,LO$N%K%e!<%9%0%k!<%W ; From Japan !K fj.announce ; $9$Y$F$N?M$KBP$9$k0lHLE*$J%"%J%&%s%9 (Moderated) fj.binaries.mac ; %F%-%9%H2=$5$l$?%P%$%J%j$N Macintosh MQ%W%m%0%i%‘ (Moderated) fj.binaries.msdos ; %F%-%9%H2=$5$l$?%P%$%J%j$N MS-DOS MQ%W%m%0%i%‘ (Moderated) fj.binaries.msdos.d; fj.binary.msdos $KEj9F$5$l$?5-;v$K4X$9$kOCBj fj.books ; 3F<o=q@R$K$D$$$F$NOCBj!% fj.comp.image ; #C#G!$%"!<%H!$%"%K%a!<%7%g%s!$2hA|=hM} fj.comp.printers ; %W%j%s%?!$%O!<%I!$%=%U%H fj.editor.emacs ; Unix $N%(%G%#%?$H$7$FM-L>$J EMACS $K4X$9$kOCBj fj.followup ; fj.general $N5-;v$KBP$9$k%U%)%m!<%"%C%W fj.forsale ; $5$C$HFI$a$F$*$$$7$$!VGd$j$^$9Gc$$$^$9!W fj.general ; =EMW$+$D%?%$%‘%j!<$J$9$Y$F$N?M$KBP$9$k%"%J%&%s%9 fj.guide.general ; Junet $N<j0z!$5,B’!$4F=$$J$I (Moderated) fj.guide.newusers ; ?75,%f!<%6$KBP$9$k@bL@ (Moderated) fj.lan ; %m!<%+%k%(%j%"%M%C%H%o!<%/$N%O!<%I$H%=%U%H$K4X$9$kOCBj fj.lang.c ; #C8@8l$K4X$9$k5DO@ fj.lectures ; %K%e!<%99XFI<T$,8F$s$G$?$a$K$J$kOC fj.living ; F|>o@83h$K4X$9$k?’!9$J$3$H$K4X$9$kOCBj fj.meetings ; 2q5D$d%o!<%/%7%g%C%WEy$N%"%J%&%s%9 fj.misc ; F|K\9qFb$NOCBj$@$,!$B>$N$I$N%0%k!<%W$K$bEv$F$O$^$i$J$$OCBj fj.news.group ; %K%e!<%9%0%k!<%W$N%j%9%H$H%K%e!<%9%0%k!<%W$K4X$9$k5DO@ fj.news.lists ; %K%e!<%9$K4X78$7$?E}7W>pJs$d%j%9%H fj.os.msdos ; MSDOS $K4X$9$kOCBj fj.sci.bio ; @8J*3X$K4X$9$kOCBj fj.soc.men-women ; CK=wJ?Ey!$CK=wF18"$J$I$K4X$9$kOCBj fj.sources ; %=!<%9%W%m%0%i%‘ fj.sys.sun ; SUN %o!<%/%9%F!<%7%g%s$K4X$9$k5DO@ fj.test ; JUNET A4BN$G%K%e!<%9$NF0:n$r3NG’$9$k$?$a$K;H$o$l$k!% ........ ........ !JCm0U!K (2)kudpc (3)tains $K$OEj9F$G$-$J$$!%

9. EE;R%K%e!<%9 129 9.1 Rn !Z35N,![ Rn $O%3%^%s%I rn $G%K%e!<%9$rFI$_!$ Pnews $G5-;v$rEj9F$9$k!% !Z=hM}4D6-![ � UXP/M1800 command : rn(/usr/local/bin/rn), Pnews(/usr/local/bin/Pnews) !Z;HMQNc![ � Bg7?7W;;5!%;%s%?!<$K4X$9$k%K%e!<%9%0%k!<%W kyushu-u.cc $N%K%e!<%9$rFI$‘!% kyu-cc% rn kyushu-u.cc � � � � � !ZCm0U;v9‘![ � follo w 5- ;v $O rn %3 %^%s %I $N 5- ;v A*Br $G %5 %V %3 %^ %s%I F $^ $? $O f $r MQ $$ $FEj 9F $9 $k $[ $& $,JXMx!% !ZDs6!![ � Larry W all !Z;29MJ88%![ � !V UXP $K $* $1 $k EE ;R %a!< %k F~ Lg !JEE ;R %a!< %k 9V =, 2q ;q NA!K!W 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!<!&%M%C%H%o!<%/<< . � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

9. EE;R%K%e!<%9 130 9.2 Nn !Z35N,![ Nn(No News is go o d news) $O 5- ;v $r A* Br E* $K FI $‘ $3 $H $K E, $7 $F $$ $k!% Nn $r 5/ F0 $9 $k $H %a %K%e!<7A<0$H $J$j!$ I,MW $J5- ;v$r A* Br$9 $k!% nngrab $H $$$& 9bB. $J %-!<%o!< %I8! :w%W %m%0 %i%‘ $,MQ0U$5$l$F$$$k!% !Z=hM}4D6-![ � UXP/M1800 command : /usr/local/bin 2<$N%3%^%s%I72 Nn $N%3%^%s%I$O<!$NDL$j!% nn : FI$‘ nnpost : Ej9F$9$k nngrab : 5-;v8!:w nngrep : news group 8!:w nngoback : :FEYL$FI$K$9$k nnusage : %K%e!<%9>u678!:w nntidy : .newsrc 4IM} nncheck : L$FI5-;v!$%0%k!<%W8!:w !Z;HMQNc![ � EE;R%K%e!<%9$rFI$‘ kyu-cc% nn � � � � � !ZDs6!![ � Kim F abricius Storm !Z;29MJ88%![ � !V UXP $K $* $1 $k EE ;R %a!< %k F~ Lg !JEE ;R %a!< %k 9V =, 2q ;q NA!K!W 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!<!&%M%C%H%o!<%/<< . � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

9. EE;R%K%e!<%9 131 9.3 gn us !Z35N,![ Emacs >e$G%K%e!<%9$rFI$_!$Ej9F$9$k%D!<%k!% emacs -f gnus $^$?$O Emacs $NCf$G ESC gnus $r<B9T$9$k$3$H!% !Z=hM}4D6-![ � UXP/M1800 !Z;HMQNc![ � gnus $rMQ$$$?%K%e!<%9$NFI$_=q$-$r9T$J$&!% kyu-cc% emacs -f gnus � � � � � <g$J%5%V%3%^%s%I$O<!$NDL$j!% 6uGr : %0%k!<%W$NA*Br a : 5-;v$NEj9F n : <!$N%0%k!<%W$X f : %U%)%m!<%"%C%W p : A0$N%0%k!<%W$X r : 5-;v$X$NJV;v (mail $G ) j %0%k!<%WL> : %0%k!<%W$N;XDj q : gnus $rH4$1$k !ZDs6!![ � Masanobu Umeda !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � !V UXP $K $* $1 $k EE ;R %a!< %k F~ Lg !JEE ;R %a!< %k 9V =, 2q ;q NA!K!W 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!<!&%M%C%H%o!<%/<< .

10 Editor editor $O %3 %s %T%e!< %? $G :n 6H $r $9 $k $? $a $K I, MW IT 2D 7g $N %i %$ %V %i %j $G $" $k!% $I $l $+ 21 $( $k I,MW$,$"$k!% editor L> FCD’ MSP UXP EDIT EDIT %3%^%s%I$G5/F0 !{ PFD/EDIT %W%m%0%i%‘3+H/;Y1g%7%9%F%‘ !{ ed, ex line editor !{ emacs vi $HJB$S UNIX $NI8=‘ editor !{ ned IY;NDLDs6! full screen editor !{ sed stream editor !{ vi emacs $HJB$S UNIX $NI8=‘ editor !{ <+8JF17?%U%i%/%?%k#2

10. Editor 134 10.1 EDIT !Z35N,![ %=!<%9%W%m%0%i%‘$d%G!<%?$J $I$+$i$J$k=g JT@.!$$^$?$O 6hJ,JT@.%G!< %?%;%C%H$r:n@. $*$h$SJT =8$9$k!% EDIT %3%^ %s %I $O8@ 8l %W%m %;%C %5 $NF~ NO %=!< %9%W %m %0%i %‘ $d %"%W %j %1!< %7%g%s %W %m%0 %i%‘$G;HMQ$9$k%G!<%?%;%C%H $N:n@.!$JQ99!$J] B8!$8!:w$r9T $&$?$a$NK- IY$J%5%V%3%^ %s%I$,MQ 0U$5$l $F$$ $k!% EDIT %3%^ %s %I $G5/ F0 $5$l $k 9T%( %G%# %? $O!$%U %k %9%/ %j!< %s 5!G= $r ;}$? $J $$C< Kv$G$b MxMQ 2D G= $G$" $k!% %U %k%9 %/ %j!< %sC< Kv $G %G!<%? %;%C %H $NJT =8 $r9T $J $& >l9g $O!$ PFD $N EDIT 5!G=$rMQ$$$?J}$,JXMx$G$"$k!% !Z=hM}4D6-![ � MSP/M1800 command : EDIT !Z;HMQNc![ � Fortran %=!<%9%W%m%0%i%‘MQ%G!<%?%;%C%H$r:n@.$7!$JT=8$9$k!% READY EDIT TEST.FORT NEW � � � � � !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � HELP EDIT � !VMxMQ$N<j0z!& TSS JT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%M%C%H%o!<%/<< , 1993. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V OS IV/MSP TSS/E %3%^%s%IJ8K!=q!W (79SP-4091) !$IY;NDL3t<02q<R!%

10. Editor 135 10.2 PFD/EDIT !Z35N,![ PFD(Programming F acilit y for Displa y users) $O%U %k %9 %/ %j!< %s7? C< Kv $r BP >]$K @_ 7W $5 $l $? %W%m %0 %i %‘ ;Y 1g %D!< %k!% PFD %3 %^ %s %I $K $h$C $F 2h LL I= <( $5 $l $k %a %K%e!< $+ $i I, MW ;v 9‘ $r A* Br $9$k J} <0 $K $h $j!$ TSS $N 8z N( E* $J Mx MQ $, 2D G= $H $J $k!% PFD $O %G!< %? %;%C %H $r ;X Dj $7 $F :n 6H $r9T$J$&5!G= !J PFD %3%^ %s%I$G 5/F0!K$H!$ %G!<%?%;%C %H0lMw $rI=<( $7$?>e $G%3%^ %s%I$r ;XDj$7 $F:n6H$r 9T $J$& 5! G=!J PFD/E $H 8F $P$l PFDE %3%^ %s %I$G 5/F0!K $, %5%]!< %H $5$l $F $$$k!% 0l HL $K$O PFD $N %* %W %7%g %s $G5/ F0 $5 $l $k editor $r MQ$$ $F MSP >e $N :n 6H $r 9T$J $&!% 4X O" %3 %^ %s %I $H$7$F PFDE, ED $,$"$k!% !Z=hM}4D6-![ � MSP/M1800 command : PFD, PFDE, ED !Z;HMQNc![ � F|K\8l$r4^$‘%G!<%?%;%C%H TEST1.TEXT $rJT=8$9$k!% READY ED TEST1.TEXT NI � � � � � !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V PFD $H PFDE $N ;H MQ K!!W J? Ln 9- 9,!$ 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js , V ol.25, No.2, pp.119{165, 1992.

10. Editor 136 10.3 ed, ex !Z35N,![ ed $O JT =8 $9 $k %U%! %$ %k $r %P%C %U%! $H $$ $& 0l ;~ %U%! %$ %k $K J# <L $7!$ A‘ :n $r <B 9T $9 $k!% 0l ;~ %U%! %$%k$K2C$($i$l$?JQ99$O=q $-9~$_%3%^%s %I$rF~NO$9$k $^$G!$JT=8$9$k %U%!%$%k$KBP$7 $F$O2?$N 1F6A$b5Z$\$5$J$$!%%P%C%U%!$O 1 $D$G$"$k!% ex $O ed $N5!G=$r$9$Y$F4^$_!$2hLLJT=85!G=$r;}$D3HD%HG!% ASCI I J8;z$HF1MM$KJd=u%3!< %I!&%;%C%H$NJ8;z$r07$&$3$H$,$G$-$k!% !Z=hM}4D6-![ � UXP/M1800 comamnd : ed(/usr/bin/ed), ex(/usr/bin/ex) !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � man ed � man ex � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

10. Editor 137 10.4 emacs !Z35N,![ C1$J$k editor $G $O$J$/!$B?$/$N 3HD%@-$r$b$D 5!G=$,DI2C$G $-!%Am9gE* user in terface $H$J$C$F $$$k!% GNU Emacs $KF|K\8l5!G=$rDI2C$7$F$$$k!% !Z=hM}4D6-![ � UXP/M1800 comamnd : emacs(/usr/local/bin/emacs) � � � � emacs 2hLL !ZDs6!![ � Ric hard Stallman !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � !V=i$a$F;H$& GNU Emacs !WLp?a F;O:!$5\>k ;KO/!$7<3X=PHG , 1992.

10. Editor 138 10.5 ned !Z35N,![ F6262 7? C< Kv 8~ $1 $K @_ 7W $5 $l $? full screen text editor !% ned $N 6/ NO $J 5! G= $N 1 $D $O $= $N @5 5, I=8=$N%^%C%A%s%0=hM}$K$" $k!%@55,I=8=$H $O%U%!%$%kCf $N%G!<%?9T$N ItJ,$H%^%C%A%s %0$r$H$k $?$a$NJ8;zNs%Q%?!<%s!%@lMQC<Kv (F6262 7?C<Kv ) $,I,MW!% ed $d vi $N $h $&$J B> $N editor $H $O 0[ $J$j!$ ned $O I8 =‘F~ NO $r JT=8 %U%! %$ %k$H $7 $F <u$1 <h $k $3$H$,$G $- $k!%=>$C $F ned $O pg $N Be $o$j $K!$ %Q%$ %W %i%$ %s Fb$G $N :G=* %3%^ %s %I$H $7 $F;H MQ $G $-$k!% !Z=hM}4D6-![ � UXP/M1800 comamnd : ned(/usr/uxp/ned) !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � man ned � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

10. Editor 139 10.6 sed !Z35N,![ sed $O stream editor !%;XDj$7$? �le ( >JN,;~$OI8=‘F~NO ) $r%3%^%s%I!&%9%/%j%W%H$K=>$C$FJT=8 $7!$I8=‘=PNO$K J#<L$9 $k!% -f %* %W%7%g%s $r;XDj $9$k$H %9%/ %j%W%H $O%U%!%$ %k s�le $+$i <h$i$l $k!%$3 $N %* %W %7%g %s $r J# ?t ;X Dj $9 $k $H $= $l $i $, $^ $H $a $i $l $F 1 $D $N %9 %/ %j %W %H $H $J $k!% -e %* %W%7%g%s$, 1 $D$@$1$G -f %*%W%7%g%s$r;XDj$7$J$$>l9g$K$O%U%i%0 -e $O>JN,$7$F$b9=$o$J$$!% -n %*%W%7%g%s$r;XDj$9$k$H>JN,;~=PNO$,M^@)$5$l$k!% !Z=hM}4D6-![ � UXP/M1800 comamnd : sed(/usr/bin/sed) !ZDs6!![ � A T&T !Z;29MJ88%![ � man sed � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

10. Editor 140 10.7 vi !Z35N,![ vi(visual) $O4pAC$H$J$k Line editor ex $K4p$E$/%G%#%9%W%l%$;X8~$N text editor !% vi Fb$+$i ex $N%3%^ %s%I!& %b!< %I $r;H MQ $9 $k$3 $H $b!$ $=$N 5U $b 2DG=!% vi ;H MQ Cf%U%! %$ %k $KBP $9 $k user $K $h $kJQ99$OC<Kv2hLL>e$NI=<( $KH?1G$5$l$k!% 2hLL>e$N%+!< %=%k$N0LCV$O %U%!%$%kFb$G$N 0LCV$r<( $9!# vi $O0l4S $7$? user interface $r;HMQ$7$F Jd=u%3!<%I!&%;%C%H$NJ8 ;z$r=hM}$7!$I=<($9$k $3 $H$,$G$-$k!% !Z=hM}4D6-![ � UXP/M1800 comamnd : vi(/usr/bin/vi) � � � � vi 2hLL !ZDs6!![ � UCB !Z;29MJ88%![ � man vi � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

11 J8=q=hM} :G 6a $O %N!< %H 7? %Q!< %= %J %k!& %3 %s %T%e!< %? $G $= $3 $= $3 $N memory , harddisk $r Ek :\ $7 $? $b $N$,=P 2s $j!$ J8 =q =h M} 4D 6- $,!$ EE <V $N Cf $d =P D% @h $K ;} $A 9~ $^ $l $k ;~ Be $G $" $k!% $7 $+ $7!$ UXP $G9T$J$& T E X $N%3%s%Q%$%k$NAa$5$b<N$FFq$$!% %i%$%V%i%jL> FCD’ MSP UXP Ro� A T&T 3+H/$NJ8=q=hM}%7%9%F%‘ !{ T E X NTT JT E X $r%5%]!<%H !{ !{ � � � � J L a T E X $rMQ$$$F$NO@J8:n@.Iw7J

11. J8=q=hM} 142 11.1 Ro� !Z35N,![ Ro�(Run o� ) $OJ8>O$r;XDj$7$?7A<0$K@0$($F=PNO$9$kJ8=q:n@.%7%9%F%‘!% 1960 G/Be$K A T&T $G3+ H/ $5 $l $?!% Ro� $N F~ NO %=!< %9 $O <+ M3 7A <0 $N 1Q J8 %F %- %9 %H $H =P NO $N =q <0 $r @) 8f $9 $k %3 %^ %s %I$, :. :_ $7 $? 7A $K $J$C $F $$ $k!% Unix $N %* %s %i %$ %s %^ %K%e %" %k $N %=!< %9 $O Ro� 7A <0 $G =q $+ $l $F$$$k!%$J$*!$ UXP $N Ro� $OF|K\8l$N;HMQ$,=PMh$J$$!% !Z=hM}4D6-![ � UXP/M1800 :n6HFbMF %3%^%s%I F ormat troff(/usr/ucb/troff) Preview nroff(/usr/ucb/nroff) Prin t out lp(/usr/bin/lp) , psroff(/usr/local/bin/psroff) Utilit y eqn(/usr/ucb/eqn) tbl(/usr/ucb/tbl) refer(/usr/ucb/refer) Ro� F amily >\$7$$;HMQJ}K!$O2<5-;29MJ88%$^$?$O man %3%^%s%I$r;2>H!% !Z7A<0$NJQ49![ Ro� 7A<0$X$N!J$+$i$N!KJQ49%D!<%k$H$7$F!$<!$N%3%^%s%I$,$"$k!% plain2(/usr/local/bin/plain2) %F%-%9%H7A<0$r Ro� 7A<0$KJQ49 tr2tex(/usr/local/bin/tr2tex) Ro� 7A<0$r T E X 7A<0$KJQ49 !ZDs6!![ � A T&T, IY;NDL3t<02q<R !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � man %3%^%s%I

11. J8=q=hM} 143 11.2 T E X !Z35N,![ T E X $O!$%9 %?%s%U%)!< %IBg3X $N Donald E. Kn uth $,3+ H/$7$? 9bIJ<A AHHG%W %m%0%i %‘!%$b$H $b $H Kn uth ;a $N<+ Cx The A rt of Computer Pr o gr amming $r!$3h HG0u :~$K $h $i$: $K%3 %s%T%e!< %?$GAHHG$9$kL\E*$G3+H/$5$l$?$?$a!$?t<0$Ne:No$5$OB>$N@6=q%=%U%H$K$J$$$b$N$G$"$k!% T E X $O American Mathematical So ciet y $N >& I8 $G $" $j!$ M} 2J 7O $N 8& 5f <T $G $O!$ <B <A O@ J8 869F $N I8 =‘ $H $J$C $F $7 $^$C $F $$ $k!% O@ J8 ;( ;o $N 7G :\ @h $+ $i!$ !V T E X $N %=!< %9 $r Aw$C $F $/ $l!W $H8@$o$l$?$j!$:G6a$OEE;R%a!< %k$G4JC1$K 3$30$H>pJs$, 8r49$G$-$k $N$G!$$$$-$J$j !V$3$l$rFI $s$G 46 A[ $r J9 $+ $; $m!W $H $$ $& J8 LL $H 6& $K 0l LL <1 $b $J $$ 8& 5f <T $+ $i T E X $N %=!< %9 $r Aw $j $D $1 $i $l$F:$$C$??M$b$$$k$@$m$&!% L a T E X $O!$ DEC <R $N Leslie Lamp ort $, :n @. $7 $? T E X $N %^ %/ %m !J3H D% L? Na!K =8!% L a T E X $OJ8=q @0 7A $N $? $a $N%3 %^ %s %I $h $j $b %F %-%9 %H 9= B$ $K ?@ 7P $r =8Cf $5 $; $k $3 $H $G!$ user $,AH HG $K $+$1 $k <j 4V $r >J $1 $k $h $& $K DI 2C $5 $l $? %3 %^ %s %I 72 $G $" $k!% FC $K ?t <0 $d ?^ I= $r =q $+ $J $$ >l 9g $G $b!$LLE]$J$3$H$O>!<j$K L a T E X $,@6=q=hM}$r$7$F$/$l$k4JJX$5$H!$J8=q$N7A<0$r5,Dj$9$k st yle �le $,!$ O@ J8 MQ $@ $1 $G $J $/!$ <j ;f MQ!$ 5D ;v O? MQ!$ %F!< %W %i %Y %k MQ!$ F AX MQ $H =P 2s$C $F $$ $k $3 $H$+ $i!$ ?t <0 $r ;H MQ $7 $J $$ >l 9g $G $b!$ %o!< %W %m %= %U %H $H $7 $F L a T E X $r Mx MQ $9 $k ?M $b B? $$!% %; %s%?!<$N T E X $O!$ NTT HG J T E X $r%5%]!<%H$7$F$$$k!%%"%9%-!<HG$NF|K\8l T E X $H$OHs8_49$, $"$k$N$GCm0U!% !Z=hM}4D6-![ � MSP/M1800 command : TEX, LATEX, RTEX, RLATEX � UXP/M1800 command : jlatex, jtex , etc MSP $N T E X 4D6-$OL$@0Hw$G$"$k!%$3$3$G$O UXP $rCf?4$K2r@b$r9T$J$&!% :n6HFbMF %3%^%s%I 5!G= F ormat jlatex J L a T E X $N5/F0 jtex J T E X $N5/F0 amstex ?t3XO@J8MQ T E X %^%/%m Preview dvi2tty tt y C<Kv dvi2vdu T ektronix C<Kv xdvi X Windo w Prin t out dvi2ps P ostScript =PNO Utilit y makeindex :w0z:n@. texdraw 4JC1$J?^:n@. jbibtex J88%%G!<%?%Y!<%9 T E X family

11. J8=q=hM} 144 >e5- T E X %i%$%V%i%j$O!$A4$F /usr/local/bin G[2<$N%U%!%$%k!% !Z=PNONc![ K\=q$r%Q %i%Q %i $a$/ $k!%I= ;f!$N" I= ;f$r =|$$ $FA4 $F UXP >e$N J L a T E X $G :n @.$7 $F$$ $k!%A^ F~ $5$l $F $$ $k ?^ $O PostScript 7A <0 $G %U%! %$ %k $K J] B8 $7 $? $b $N $r J L a T E X $K AH $_ 9~ $s $@ $b $N $G $" $k!%;f$N@Z$jD%$j$O0l@Z$J$$!% !Z7A<0$NJQ49![ T E X 7A<0$X$N!J$+$i$N!KJQ49%D!<%k$H$7$F!$<!$N%3%^%s%I$,$"$k!% plain2 -tex(/usr/local/bin/plain2) %F%-%9%H7A<0$r T E X 7A<0$KJQ49 tr2tex(/usr/local/bin/tr2tex) Ro� 7A<0$r T E X 7A<0$KJQ49 dvi2tty(/usr/local/bin/dvi2tty) T E X $N dvi %U%!%$%k$r%F%-%9 %H7A<0$KJQ49!%%=!<%9 %U%!%$%k$,2?$i$+$N86 0x$G>C$($F$7 $^$C$?>l9g$NI|3hK!$H$7$FMxMQ$G$-$k!% !ZHw9M![ � T E X $N Style file $O!$ /usr/local/lib/tex/inputs 2<$K$"$k!% � J L a T E X $N F~ Lg =q $O ;T HN $K Bg JQ M% $l $? $b $N $, $" $k!% ;2 9M J8 8% $N :G 8e $N #3 :} $r A4 $F B7 $( $l $P!$%=%U%H$NF~<j!$%Q%=%3%s$X$N%$%s%9%H!<%kJ}K!$+$i!$<+J,$N9%$_$K$"$C$?7A<0$K Style file $r=$@5$9$kJ}K!$d%U%)%s%H$N:n@.J}K!$^$GA4$FJ,$+$k!%C"$7!$$*6b$, 8,000 1_Dx$+$+$k!% !Z;29MJ88%![ � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993. � !V The T E Xb o ok !W Donald E. Kn uth, Addison W esley Publishing Company , 1984. � !VJ8=q =hM} %7%9 %F %‘ L a T E X !W Leslie Lamp ort Cx , Edgar Co ok e, AR Bt NI0l 4F Lu!$Bg Ln =S<#!$>.Jk GnF;!$F#1: $O$kH~ Lu!$%"%9%-!<=PHG6I , 1990. � !V L a T E X H~ J8=q :n @.F~ Lg { %Q%= %3 %s$K $h$k J8 =q%l %$%" %& %H!W 1| B< @2 I’!$ 5;=Q I>O@ <R!$ 1991. � !V L a T E X <+M3<+:_!W 0k:j =(<y!$%5%$%(%s%9<R , 1992.

12 %G!<%?%Y!<%9 %G!<%?%Y!<%9L> FCD’ MSP UXP CXDB M-5!5Z$SM-5!6bB02=9gJ*$N7k>=9=B$%G!<%? !{ GENEDB %L%l%*%/%A%I!$CAGr<AG[Ns%G!<%? !{ !{ %2!<%F!&%U%!%$%k %2!<%FA4=8$N5!3#2DFI2= !{ %H!<%^%9!&%^%s!&%U%!%$%k %H!<%^%9!&%^%sA4=8$N5!3#2DFI2= !{ INSPEC IEE Ds6!$N>pJs%5!<%S%9 !{ JICST-J F|K\2J3X>pJs%;%s%?!<Ds6!$N2J3X5;=QJ88%%U%!%$%k !{ K ONTHU :+Cn3X;(;o$+$i$N=q;o>pJs !{ RAMBIOS J,;R@8J*2J3X$N%l%S%e!<J88% !{ F|K\8lC18l<-=q 3HD% B LZ$K$h$k8!:w !{ 7W ;; 5! $N Mx MQ $O!$ ?t CM 7W ;; E* $J B& LL $H!$ 5- 21 $5 $l $? >p Js $r @0 M} $7!$ I, MW $J $b $N $r 8! :w $9 $k B& LL $H $, $" $k!% M- 5! E* $K AH ?% $5 $l $? Bg 5, LO $J %G!< %? $N =8 9g !J%G!< %? %Y!< %9!K $N Cf $+ $i!$ ;X Dj $5 $l $? >r 7o $r K~ $? $9 >p Js $r E* 3N $+ $D ?W B. $K A* $S =P $9 8! :w J} K! $d <} G< J} <0 $r 9M $( $k J, Ln $r !H%G!< %? =h M} (data pro cess- ing) !I $H8F $V!% =jA’ M- 8B8D $N%G!< %? $@$H In$C $F$O$$$1$J$$!%J,N‘$r9T$J$&A‘:n$N<j4V$O!$ MW AG $N 8D ?t $K C1 =c $K Hf Nc $9 $k $N $G $O $J $/!$ 2< <j $r $9 $l $P MW AG $N 8D ?t $K ;X ?t E* $K Hf Nc $7 $F A} Bg $9 $k $N $G $" $k!% =P $7 $? <A Ld $, !H$? $i $$ 2s $7!I $K $5 $l $F!$ L5 8B %k!< %W $K 4Y $k 4m 81 $b$"$k!%%G!<%?=hM}$N8&5f<T$O!$7W;;5!%O!< %I %&%’ %" $K 4X $9 $k CN <1 $O $b $A $m $s!$ %0 %i %U M} O@!$ AH $_ 9g $o $; M} O@!$ 99 $K $O Be ?t 3X A4 HL $K ?< $$ B$ 7X $N $" $k ?M $? $A $G $" $k!% B: 7I $7 $F 2<$5$$!%

12. %G!<%?%Y!<%9 146 12.1 CXDB !Z35N,![ CXDB $O!$1Q 9q$N Cam bridge Crystallographic Data Cen tre, Univ ersit y Chemical Lab ora- tory(CCSC) $, A4 @$ 3& E* 5, LO $G =8 @Q!& G[ I[ $r 9T $J$C $F $$ $k 7k >= 9= B$ %G!< %?!% X @~ Kt $O Cf @- ;R $N2s@^6/EYB,Dj$K$h$k7k>= 9=B$2r@O$rJs 9p$7$?O@J8$+ $i$H$i$l$F$* $j!$BP>]$H$J$k 2=9gJ*$OCA Gr<A$H9bJ,;R2=9gJ*$r=|$/M-5!2=9gJ*!$M-5!6bB02=9gJ*5Z$S6bB04V2=9gJ*$G$"$k!% !Z=hM}4D6-![ � UXP/M1800 command : xdt(/usr/local/bin/xdt) !Z%G!<%?%Y!<%9:n@.![ � %1%s%V%j%C%87k>=%G!<%?%;%s%?!< !Z%G!<%?%Y!<%9Ds6!![ � 2OLn =E><!J6e=#=w;R3X1!C;4|Bg3X!K !Z;29MJ88%![ � !V7k >= 9= B$ %G!< %? %Y!< %9 %7 %9 %F %‘ XDT $N ;H MQ K! !J;C Dj HG Bh 0l Js!K!W 2O Ln =E ><!$ 9b LZ Mx 5W!$ Fs B< >M 0l!$ >> Hx J8 @Y!$ 54 DM @i Be ;R , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js , V ol.16, No.1, pp.32{53, 1983. � !V7k >= 9= B$ %G!< %? %Y!< %9 %7 %9 %F %‘ XDT $K $D $$ $F !JAn 9g HG!K!W 2O Ln =E ><!$ 9b LZ Mx 5W!$ Fs B< >M 0l!$ >> Hx J8 @Y!$ 54 DM @i Be ;R , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js , V ol.16, No.6, pp.556{604, 1983. � !V XDT MQE}7W%W%m%0%i%‘$K$D$$$F!W2OLn =E>< , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.17, No.2, pp.67{74, 1984. � !V7k>= 9= B$%G!< %?%Y!< %9%7 %9%F %‘ XDT $N%G!< %?DI 2C$K $D$$ $F!W 6e=# Bg3X Bg7? 7W;; 5! %; %s%?!<9-Js , V ol.20, No.5, pp.482, 1987. � !V7k>= 9= B$%G!< %?%Y!< %9%7 %9%F %‘ XDT $N%G!< %?DI 2C$K $D$$ $F!W 6e=# Bg3X Bg7? 7W;; 5! %; %s%?!<9-Js , V ol.21, No.6, pp.584, 1988. � !V%1%s%V%j%C%87k>=9=B$%G!<%?%Y!<%9MQ%W%m%0%i%‘ QUEST88 $N;HMQK!!W2OLn =E>< , 6e =#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.23, No.3, pp.186{202, 1990. � !V%1 %s %V%j%C %8 7k >= 9= B$ %G!<%? %Y!< %9 $N 99 ?7$H 5! G= DI 2C $K $D$$ $F!W 6e =# Bg 3X Bg7? 7W ;; 5! %;%s%?!<9-Js , V ol.24, No.6, pp.634{636, 1991.

12. %G!<%?%Y!<%9 147 12.2 GENEDB !Z35N,![ %G!<%?%Y!<%9 GENEDB $O<!$N%G!<%?$+$i9=@.$5$l$F$$$k!% � %h!<%m%C %Q J,;R @8J* 3X8& 5f=j EMBL(Europ ean Molecular Biology Lab oratory) $N Nu- cleotide Sequence Data Library $N1v4pG[Ns%G!<%?!% � Georgeto wn Bg 3X $N NRBF(National Biomedical Researc h F oundation) $N Protein Se- quence Database $N%G!<%? � %"%a%j%+ Los Alamos 9qN)8&5f=j$,4F =$$7$F Bolt Beranek and Newman(BBN) <R$,:n @=!$G[I[$7$F$$$k0dEA;R%G!<%?!<%Y!<%9 GenBank(R) $N1v4p%G!<%? %G!<%?%Y!<%9$KBP$9$k8!:w5Z $S!$1~MQ%W%m %0%i%‘$K$h $k=hM}$O!$>e 5-%G!<%?%Y!<%9 $HG[Ns%G!< %?2r@O%W%m%0%i%‘$H$r%G!<%?%Y!<%94IM}%7%9%F%‘ Adbis $K$h$C$FE}9g$7$?%7%9%F%‘ GENAS $K $h$C$F9T$J$&!% !Z=hM}4D6-![ � MSP/M1800 command : GENAS, TSUNO � UXP/M1800 command : genas(/usr/local/bin/genas) !Z%G!<%?%Y!<%9:n@.![ � EMBL, NBRF, Los Alamos 8&5f=j !Z%G!<%?%Y!<%9Ds6!![ � :g 2BG7!J6e=#Bg3X0dEA>pJs<B83;\@_!K !Z;29MJ88%![ � !V3K ;@ 1v 4p G[ Ns %G!< %? %Y!< %9 GENAS $N ;H MQ K! (1) !W 5W 86 E/!$ :g =; G7!$ 9b LZ Mx 5W!$ >> Hx J8 @Y!$Fs B< >M 0l!$ 54 DM @i Be ;R!$ 6e =#Bg 3X Bg 7? 7W ;;5! %; %s %?!< 9-Js , V ol.16, No.5, pp.497{521, 1983. � !V3K;@1v 4pG[Ns %G!<%?%Y!<%9 GENAS $N;H MQK! (2) !W 5W86 E/!$:g =; G7!$9bLZ Mx5W!$>> Hx J8@Y!$FsB< >M0l , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.18, No.6, pp.533{551, 1985. � !V3K;@1v4pG[Ns%G!<%?%Y!<%9%7%9%F%‘ GENAS $N;HMQK! (3) !W 8E;T 7CH~;R!$>>Hx J8@Y!$ 9b LZ Mx 5W!$ Fs B< >M 0l!$ :g =; G7!$ 5W 86 E/ , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js , V ol.24, No.1, pp.1{18, 1991. � !V?7 GENAS $N8x3+!W6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.26, No.3, pp.321{326, 1993.

12. %G!<%?%Y!<%9 148 12.3 %2!<%F!&%U%!%$%k , %H!<%^%9!&%^%s!&%U%!%$%k !Z35N,![ %F%-%9%H!&%G!<%?%Y!<%9!V%2!<%F!&%U%!%$%k!W$O J.W.v.Go ethe(1749-1832) $N%O%s%V%k%/HG%2!< %FA4 =8 !JA4 14 4,!K $N %F %- %9 %H !JLs 6,800 JG!K 5Z $S!$ %o %$ %^ %k HG %2!< %F A4 =8 $N Bh #4 It =q 4J =8 #1 !A#4 #0 4, !JLs 12,000 JG!K $h $j 9= @. $5 $l $F $$ $k!% !V%H!< %^ %9!& %^ %s!& %U%! %$ %k!W $O S. Fisc her =qE9$h$j=PHG$5$l$? Thomas Mann A4=8$NA4 13 4,$r5!3#2DFI2=$7$?$b$N$G$"$j!$ 11,410 JG!$ Ls 40 K|9T$N%G!<%?!<NL$G$"$k!% Mx MQ $O %F %- %9 %H!& %G!<%? %Y!< %9 4I M} %7 %9 %F %‘ SIGMA $G9T $J $&!% SIGMA $O B? ?t $N %F %- %9 %H%U%!%$%k$r4IM}!&8!:w!&JT =8$9$k5!G= $r;}$C$F$*$j!$ J88%%G!<%?%Y!< %9$N:n@.$d 8!:w!$<+A3 8@8l$N2r@O$J$I$K3hMQ$5$l$F$$$k!% !Z=hM}4D6-![ � MSP/M1800 command : SIGMA !Z%G!<%?%Y!<%9:n@.!$Ds6!![ � Hu8} Ci<#!J6e=#Bg3X8@8lJ82=It!K !ZCm0U;v9‘![ � !V%2!< %F!& %U%! %$ %k!W !V%H!< %^ %9!& %^ %s!& %U%! %$ %k!W $N %=!< %9 %G!< %? <+ BN $N %3 %T!< $r :n $k$3$H$OG!2?$J$kL\E*$N$?$a$G$"$C$F$b!$$3$l$r6X;_$9$k!% !Z;29MJ88%![ � !V%F%- %9%H %G!<%? %Y!<%94I M}%7 %9%F %‘ SIGMA Bh 2 HG $K$D$$ $F!W M- @n @aIW!$<D 86 Ip!$ IpC+ =T0l!$BgEg 0lI’!$868} @?!$Gr@P =$Fs!$<r0f 9@!$5\86 E/9@!$;3K\ >OGn!$0f>e ?N!$ @n :j MN 9@!$ Er @u 42 ;R , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js , V ol.20, No.6, pp.517{581, 1987. � !V%F%-%9%H!&%G!< %?%Y!<%9!X%2!<%F!&%U%!%$ %k!Y$N8x3+!W Hu8} Ci<# , 6e=# Bg3XBg7?7W;; 5!%;%s%?!<9-Js , V ol.21, No.3, pp.167{176, 1988. � !V%2!<%F!&%U%!%$%k$NDI2C$K$D$$$F!W Hu8} Ci<# , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.24, No.6, pp.637{639, 1991. � !V8xMQ%G!<%?%Y!<%9 %H!<%^%9!&%^%s!&%U%!%$%k!? SIGMA $N8x3+!WHu8} Ci<#!$<D86 Ip , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.16, No.4, pp.379{393, 1983. � !V8x MQ %G!< %? %Y!< %9 !X%H!< %^ %9!& %^ %s!& %U%! %$ %k!Y $N %U%! %$ %k DI 2C $K $D $$ $F!W Hu 8} Ci <#!$<D86 Ip , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.18, No.2, pp.73{79, 1985. � !V%F%-%9%H %G!<%?%Y!<%9!X%H!< %^%9!&%^%s!&%U%! %$%k!Y$N40@. $H:FJT@.$K$D $$$F!W Hu8} Ci<#!$<D86 Ip , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.20, No.6, pp.582{596, 1987.

12. %G!<%?%Y!<%9 149 12.4 INSPEC !Z35N,![ INSPEC(Information Service in Ph ysics, Electrotechnology and Con trol) $O!$%$%.%j%9 IEE (Institution of Electrical Engineers) $NDs 6!$9 $k>p Js%5!< %S%9!% Fs<! J88% !JJ88% FbMF $NMW Ls!K >pJs $O INSPEC %F!< %W $H 8F $P $l $k <’ 5$ %F!< %W $N 7A $G Aw $i $l $k!% Fb MF $O >6 O? ;o $K BP 1~ $7 $F!$ J, N‘%3!<%I A, B, C, D $r;}$D!%%;%s%?!<$G$N%5%]!<%H$O<!$NDL$j!% %G!<%?%Y!<%9L> %G!<%?%Y!<%9$NFbMF INSPECA J*M}3X$NJ88%>pJs 1969 G/0J9_ INSPECB EE5$!&EE;R9)3X$NJ88%>pJs 1969 G/0J9_ INSPECC @)8f9)3X!$7W;;5!2J3X!$>pJs9)3X$NJ88%>pJs 1969 G/0J9_ INSPECJ INSPEC ;(;o%G!<%?$N>\:Y 1992 G/HG !Z=hM}4D6-![ � MSP/M1800 command : AIR !Z%G!<%?%Y!<%9:n@.![ � %$%.%j%9EE5$3X2q (IEE) !Z%G!<%?%Y!<%9Ds6!![ � 6e=#Bg3XBg7?7W;;5!%;%s%?!< !Z;29MJ88%![ � !V>pJs 8!:w%7 %9%F%‘ AIR $N2~ D{$K$D $$$F!W<D 86 Ip!$FsB< >M0l!$ >>Hx J8@Y , 6e=#Bg 3XBg 7?7W;;5!%;%s%?!<9-Js , V ol.20, No.3, pp.221{238, 1987. � !VMxMQ $N <j0z $-!&>p Js 8!:w %7%9 %F%‘ AIR |AIR $rMQ $$$? J8 8%>p Js$N 8!:w | !W6e =# Bg3X Bg7?7W;;5!%;%s%?!<!&%G!<%?%Y!<%9<< , 1993.

12. %G!<%?%Y!<%9 150 12.5 JICST-J !Z35N,![ JICST-J $O F| K\ 2J 3X 5; =Q >p Js %; %s %?!< (JICST) Ds 6! $N 2J 3X 5; =Q J8 8% %U%! %$ %k!% >p Js 9) 3X 4X 78 $NOBJ8Fs<!J88%>pJs$r4^$‘%G!<%?%Y!<%9!% JICST-J $r 8! :w $G $- $k $N $O JICST $H $N 7@ Ls $K $h $j!$ 6e =# Bg 3X $N Mx MQ <T $K 8B $i $l $F $$ $k!% $?$@$7!$6e=#Bg3X0J30$NMxMQ <T$G$b6e=#Bg 3XBg7?7W;;5! %;%s%?!<$NC<Kv $+$iMxMQ$9$k $N$O:9$7 ;Y$($J$$!% !Z=hM}4D6-![ � MSP/M1800 command : AIR !Z%G!<%?%Y!<%9:n@.![ � F|K\2J3X5;=Q>pJs%;%s%?!< (JICST) !Z%G!<%?%Y!<%9Ds6!![ � 6e=#Bg3XBg7?7W;;5!%;%s%?!< !Z;29MJ88%![ � !V>pJs 8!:w%7 %9%F%‘ AIR $N2~ D{$K$D $$$F!W<D 86 Ip!$FsB< >M0l!$ >>Hx J8@Y , 6e=#Bg 3XBg 7?7W;;5!%;%s%?!<9-Js , V ol.20, No.3, pp.221{238, 1987. � !VMxMQ $N <j0z $-!&>p Js 8!:w %7%9 %F%‘ AIR |AIR $rMQ $$$? J8 8%>p Js$N 8!:w | !W6e =# Bg3X Bg7?7W;;5!%;%s%?!<!&%G!<%?%Y!<%9<< , 1993.

12. %G!<%?%Y!<%9 151 12.6 :+Cn3X%G!<%?%Y!<%9 !Z35N,![ !V:+Cn 3X %G!< %? %Y!< %9 (K ONCHU) !W$O :+ Cn 3X $K 4X $9 $k 1900 G/ 0J 8e $N 9q Fb <g MW :+ Cn 3X ;( ;o $r $b$H$K$7$?%G!<%?%Y!<%9!%C1 $J$kJ88%%G!< %?%Y!<%9$G$O $J$/!$:+Cn$N MM!9$JB0@-$r %G!<%?$H$7 $F4^$‘?7$7$$%U%!%/%H!&%G!<%?%Y!<%9$H$7$F$N@-3J$r$b$D!% Mx MQ $O %F %- %9 %H!& %G!<%? %Y!< %9 4I M} %7 %9 %F %‘ SIGMA $G9T $J $&!% SIGMA $O B? ?t $N %F %- %9 %H%U%!%$%k$r4IM}!&8!:w!&JT =8$9$k5!G= $r;}$C$F$*$j!$ J88%%G!<%?%Y!< %9$N:n@.$d 8!:w!$<+A3 8@8l$N2r@O$J$I$K3hMQ$5$l$F$$$k!% !Z=hM}4D6-![ � MSP/M1800 command : SIGMA !Z%G!<%?%Y!<%9:n@.!$Ds6!![ � B?EDFb =$!J6e=#Bg3XG@3XIt!K !Z;29MJ88%![ � !V%F%- %9%H %G!<%? %Y!<%94I M}%7 %9%F %‘ SIGMA Bh 2 HG $K$D$$ $F!W M- @n @aIW!$<D 86 Ip!$ IpC+ =T0l!$BgEg 0lI’!$868} @?!$Gr@P =$Fs!$<r0f 9@!$5\86 E/9@!$;3K\ >OGn!$0f>e ?N!$ @n :j MN 9@!$ Er @u 42 ;R , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js , V ol.20, No.6, pp.517{581, 1987. � !V SIGMA $K $h $k 8x MQ %G!< %? %Y!< %9 :+ Cn 3X %G!< %? %Y!< %9 (K ONCHU) $N 8x 3+ $H $= $N Mx MQ K!!WB?EDFb =$ , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.20, No.6, pp.597{614, 1987.

12. %G!<%?%Y!<%9 152 12.7 RAMBIOS !Z35N,![ RAMBIOS(Review Articles in Molecular Biosciences) $O!$ @8 2= 3X!$ @8 J* J* M} 3X!$ J, ;R @8 J* 3X!$J,;R@8M}3X$rCf?4$H $7$?J,;R@8 J*2J3X$N%l %S%e!<J88%$r<} O?$7$?%G!<%? %Y!<%9!%%-!<%o!< %I!$%-!< %U %l %$ %: $K G[ N8 $r 2C $(!$ @- 3J 8l !JJ8 8% $N @- 3J $r I= $9 $? $a $N 8l!K $r IU M? $9 $k $3 $H $K $h $j!$%l%S%e!<J88%$N8!:w$,MF0W$G$"$k!%8!:w$O>pJs8!:w%7%9%F%‘ AIR $K$h$j9T$J$&!% !Z=hM}4D6-![ � MSP/M1800 command : AIR !Z%G!<%?%Y!<%9:n@.![ � RAMBIOS 4)9T2q !Z%G!<%?%Y!<%9Ds6!![ � 6e=#Bg3XBg7?7W;;5!%;%s%?!< !Z;29MJ88%![ � !V>pJs 8! :w%7 %9%F %‘ AIR $K $h$k RAMBIOS $N 8!:w!W LZ86 M5!$Fs B< >M 0l!$2O DE =(Mx!$ NS 7r;y!$OBED @5H~!$6? ?.9( , 6e=#Bg3X Bg7?7W;;5!%;%s %?!<9-Js , V ol.18, No.6, pp.497{ 506, 1985.

12. %G!<%?%Y!<%9 153 12.8 F|K\8lC18l<-=q !Z35N,![ F|K\ 8l 5! 3# <- =q $N 4p K\ 8l It J, !J<+ N) 8l Ls 8 K| 3 @i 8l!K $K IU B0 8l <- =q !J7A <0 L> ;l!$ Jd =u MQ 8@!$ <+N)8l$N3hMQ8lHx$r4^$‘!K$H J8@aFb$K$*$1 $kFsC18l4V$N @\B38!DjMQ%F!< %V%k$h$j9=@. $5$l$k8x MQ%G!<%?%Y!<%9!%%5%V%k!<%A%s$H$7$F1~MQ%W%m%0%i%‘Fb$+$i8F$S=P$9$3$H$G5/F0$9$k!% !Z=hM}4D6-![ � MSP/M1800 !Z%G!<%?%Y!<%9:n@.![ � 0p1J 9IG7!J6e=#7]=Q9)2JBg3X!K !Z%G!<%?%Y!<%9Ds6!![ � F|9b C#!J6e=#Bg3X9)3XIt!K !Z;29MJ88%![ � !V8xMQ %G!<%? %Y!<%9 F| K\8l C18l <-=q $N;H MQ$K $D$$ $F!W5H ED >-!$F| 9b C#!$ 0p1J 9I G7!$ED Cf IpH~!$5HB< 8-<#!$6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.16, No.4, pp.335{361, 1983. Graphics in this section: Konomi, Shin ’ichi

13 J,;R50F;7W;; 0J2<$N%i%$%V%i%j$,MxMQ2DG=!% %i%$%V%i%jL> FCD’ MSP UXP Gaussian 88 Gaussian Inc. Ds6! !{ GSCF3 Gauss 7?4pDl ab initio J,;R50F;K! !{ JAMOL3 ab initio LCA O MO SCF Calculation !{ cyclohexane

13. J,;R50F;7W;; 156 13.1 Gaussian 88 !Z35N,![ @lLgMQ8l$,MpH/$7$F8mLu$7$=$&$J$N$G!$%^%K%e%"%k$+$i5!G=$r1QJ8$GH4?h$9$k!% Gaussian 88 is a connected system of programs for p erforming semiempirical and ab initio molecular orbital (MO) calculations. The capabilities o d the Gaussian 88 system include: � Calculation of one- and t w o-electron in tegrals o v er s, p, d, and f con tracted gaussian functions. � Self-consisten t �eld calculations for restricted closed-shell (RHF), unrestricted op en- shell (UHF), and op en-shell restricted (R OHF) Hartree-F o c k w a v efunctions as well as those t yp es of m ulticon�gurational w a v efunctions that fall within the Generalized V alence Bond-Perfect P airing (GVB-PP) formalism. � Ev aluation of v arious one-electron prop erties of the Hartree-F o c k, MP2, and CI ener- gies and w a v efunctions, including Mullik en p opulation analysis, multipole moments, and electrostatic �elds. � Semi-empirical calculations using the CNDO, INDO, MINDO/3, MNDO, and AM1 mo del Hamiltonians. � Automated geometry optimization to either minima or saddle p oints, n umerical dif- feren tiation to pro duce force constan ts, p olarizabilities, and dip ole deriv ativ es, and reaction path following. � Correlation energy calculations using Moller-Plesset p erturbation theory carried to second, third, or fourth order. � Correlation energy calculations using con�gulation interaction (CI) using either all double excitations (CID) or all single and double excitations (CISD). � Correlation energy calculations using coupled cluster theory with double substitutions (CCD), and Quadratic Con�guration using single and double substitutions (QCISD). Cite (QCISD) � Analytic computation of the n uclear co ordinate gradien t of the RHF, UHF, R OHF, GVB-PP , MP2, R CID and R CISD energies. � Computation of force constan ts(n uclear co ordinate second deriv ativ es), p olarizabili- ties h yp erp olarizabilities, dip ole deriv ativ es, and p olarizabilit y deriv ativ es analytically for RHF and UHF energies, and n umerically for RHF, UHF, MP2, CID and CISD energies. � Harmonic vibrational analysis. � Determination of in tensities for vibrational transitions at the HF, MP2, and CI lev els.

13. J,;R50F;7W;; 157 � T esting the SCF wa v e functions for stabilit y under release of constrains. !Z=hM}4D6-![ � MSP/M1800 cataloged pro cedure : GAUSSIAN !Z;HMQNc![ � %8%g%V@)8fJ8$O<!$N$h$&$K5-=R$9$k!% � � //A79999AA JOB CLASS=F // EXEC GAUSSIAN //SYSIN DD * # HE/STO-3G (-)-EPICATECHIN DXCX1=180 0 1 X C 1 1.387 C 1 1.388 2 60.0 C 1 1.386 3 60.0 2 180.0 C 1 1.386 4 60.0 3 180.0 C 1 1.406 5 60.0 4 180.0 C 1 1.397 6 60.0 3 180.0 X 2 1.0 1 90.0 7 90.0 X 3 1.0 1 90.0 2 90.0 X 4 1.0 1 90.0 3 90.0 X 5 1.0 1 90.0 4 90.0 : /* // � � !ZDs6!![ � Gaussian, Inc. !Z;29MJ88%![ � User’s Guide and Programmer’s Reference, Australian National Univ ersit y F acilit y . � Gaussian88 User’s Guide and Programmer’s Reference (Revision C V ersion), Multi o w Computer Inc. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992.

13. J,;R50F;7W;; 158 13.2 GSCF3 !Z35N,![ GSCF3 $O3F<oJ,;R$NEE;R>uBV$r%,%&%97?4pDl ab initio J,;R50F;K!$K$h$j7W;;$9$k%7%9%F%‘!% d 50F;$^$G (Cartesian %?%$%W$G 6 4X?t ) 07$(!$@)8B7? SCF(RHF) K!$HHs@)8B7? SCF(UHF) K! $NN>J}$,<B9T2DG=!%Aa$$<}B+@-$r<B8=$7!$Ne5/>uBV$KBP$9$k SCF 7W;;$b2DG=!% 8=:_El5~ Bg3XBg7?7W;;5!%; %s%?!<$G8x3+Cf$N GSCF3 $N SCF ItJ,$r6e=#Bg3X Bg7?7W;;5!%; %s%?!<$K 0\ ?" $7 , EE ;R 4V H? H/ @Q J, 7W ;; It J,$K $D $$ $F $O %Y %/ %H %k 7W ;;5! MQ $K :G E, 2= $5 $l $? %W %m%0 %i%‘$rDI2C$7$F$$$k!% %W%m%0%i%‘7A<0 %3%s%W%j!<%H%W%m%0%i%‘ :n@.<T >.?y ?.Gn ( El5~Bg3X9)3XIt ) :n@.G/7nF| 1985 G/ 0\?"<T H,?R =(0l!$8"F# 63I’!J6e=#Bg3XM}3XIt!K 0\?"G/7nF| 1990 G/ 11 7n ;HMQ8@8l F ortran ;HMQ OS MSP(M1800, VP2600) !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 command : GSCF3 catalogued pro cedure : GSCF3 !ZHw9M![ � ;H MQ$K :] $7 $F $OEl 5~ Bg 3XBg 7? 7W ;; 5!%; %s %?!< H/9T $N Mx MQ $N<j 0z $H!$ 6e =#Bg 3X HG $rMx MQ $9 $k$?$a$N2r@b5-;v$,I,MW!J2<5-;29MJ88%!K!% !ZCm0U;v9‘![ � GSCF3 $r MQ $$ $F F@ $i $l $? 7k 2L $r 8x I= $9 $k >l 9g $O!$ 3+ H/ <T L> $* $h $S %W %m %0 %i %‘ L> $r L@ 5- $9$k$3$H!% !Z;29MJ88%![ � !V GSCF3 MxMQ$N<j0z$-!J SCF ItJ,!K!W El5~Bg3XBg7?7W;;5!%;%s%?!< , 1986. � !VJ,;R 50 F;7W ;;%7 %9%F %‘ GSCF3 !J SCF ItJ,!K $N MxMQ K!$H %Y%/ %H%k %^%7 %s %"%k %4%j %:%‘ $N F3 F~ $K $D $$ $F!W H, ?R =( 0l!$ 8" F# 63 I’ , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js , V ol.23, No.6, pp.597{610, 1990. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993.

13. J,;R50F;7W;; 159 13.3 JAMOL3 !Z35N,![ JAMOL3 $O ab initio LCA O MO SCF Calculation $N $?$a $N J,;R 50 F;7W ;; %W %m%0 %i %‘%7 %9 %F %‘!%B?86J,;R$NGHF04X?t$r Ro othaan $NJ}K!!$B($A LCAO SCF MO (Linear Combination of A tomic Orbitals, Self Consiten t Field, Molecular Orbital) K!$K$h $j5a$a$k!% JD3L$*$h $S3+3L EE;R>u BV $NJ, ;R 50 F; 7W;; $O Hs 7P 83E* $K 9T $J$$!$ p opulation analysis $d #1 EE ;R1i ;; ;R $N 4|BT CM $N7W ;; $b 2D G=!% n EE ;R 7O $N GH F0 4X ?t $r n 8D $N %9 %T %s 50 F; $N @Q $N 7A $r $7 $? 4X ?t $N @~ 7A 7k 9g $G $" $i$o$9!%6e=#Bg3XHG$H$7$F!$2A EE;R$N$_$r<h $j07$$!$A4EE ;R$r9MN8$7$? 7W;;$r==J,$J @:EY$G:F 8=$9$k%b%G%k%]%F%s%7%c%kK!$K$*$1$k%]%F%s%7%c%k!&%Q%i%a!<%?5Z$S basis sets $, JAMOL %W %m%0%i%‘$K%G!<%?%Y!<%9$H$7$FAH$_9~$^$l$F$$$k!% %W%m%0%i%‘7A<0 %3%s%W%j!<%H%W%m%0%i%‘ :n@.<T GpLZ 9@!$9bED =SOB ;09% 1J:n!$>.86 HK ( KL3$F;Bg3XM}3XIt ) :n@.G/7nF| 1977 G/ 8 7n 2~D{<T <r0f 2E;R!J6e=#Bg3X65M\It!K ;09% 1J:n!JJ!2,;u2JBg3X!K 2~D{G/7nF| 1986 G/ 7 7n ;HMQ8@8l F ortran ;HMQ OS MSP(M1800) !Z=hM}4D6-![ � MSP/M1800, batc h =hM} !ZHw9M![ � ;H MQ$K :] $7$F $O MSP $N MANUAL %3 %^ %s%I $G %^ %K%e%" %k !J1QJ8!K $r NLP $K=P NO $7$F ;2 >H $5 $l$?$$!% READY MANUAL JAMOL3 � � � � � � =P NO $5 $l $k %^ %K%e %" %k $K %* %j %8 %J %k HG $H 0[ $J $k 6e =# Bg 3X HG $N note !$ %F %9 %H MQ %8%g %V @) 8fJ8$,4^$^$l$F$$$k!% !ZCm0U;v9‘![ � JAMOL3 $r MQ $$ $F F@ $i $l $? 7k 2L $r 8x I= $9 $k >l 9g $O!$ 3+ H/ <T L> $* $h $S %W %m %0 %i %‘ L> $r L@ 5-$9$k$3$H!% !Z;29MJ88%![ � !V JAMOL3 MANUAL !W ( MANUAL %3%^%s%I$G NLP $K=PNO2D ).

14 86;R3KM}O@ %i%$%V%i%jL> FCD’ MSP UXP CA01 7WNL=$@5$K$h$k4X?t$N6K>.E@H/8+ !{ D A02 BCS J}Dx<0 !{ DB01 Clebsc h-Gordan 78?t !{ DB02 Racah 78?t !{ DB03 9-J 78?t !{ KNL1 D>8r>r7oLO7?$N@QJ,3K !{ V AR1 Hy@QJ,J}Dx<0$N;6Mp6-3&>r7o2r !{ GCGG

14. 86;R3KM}O@ 162 14.1 CA01 7W;;=$@5$K$h$k4X?t$N6K>.E@H/8+ (V ariable Metric Metho d for Minimization) %W%m%0%i%‘7A<0 %5%V%k!<%A%s%W%m%0%i%‘ :n@.<T 2,0f KvFs ( El5~Bg3X86;R3K8&5f=j ) :n@.G/7nF| 1969 G/ 6 7n 2~D{<T >eB< @59/!J6e=#Bg3XM}3XIt!K 2~D{G/7nF| 1971 G/ 9 7n ;HMQ8@8l F ortran %=!<%9$N8xI= ’QS.LIBSC(Y3CA01)’ ;HMQ OS MSP(M1800, VP2600) !Z35MW![ Hs@~7A B? JQ ?t 4X ?t $N 6K >. E@ $r V ariable metric metho d $r MQ $$ $F 5a $a $k%W %m %0 %i %‘ $G $" $k!% $3 $N%W%m%0%i%‘$G$OJQ?t$NJQ 0h$r;XDj$9$k $3$H$,$G$-$k!% $^$?4JC1$JJ} K!$K$h$j!$$"$k <c438D$N JQ?t$r8GDj$7$F4X?t$N6K>.E@$r5a$a$k$3$H$,=PMh$k!% $3 $N %W%m %0 %i %‘ $O phase shift analysis $d optical mo del analysis Ey$K $* $1 $k b est-�t pa- rameters $N searc h program $H$7$F;HMQ$G$-$k$3$H$rG0F,$K$*$$$F:n$i$l$?!%4{$K$=$l$>$l$N J,@O$N40@.%3!<%I$,$"$k>l 9g!$$3$lEy$N%3!< %I$r$"$^$j JQ99$7$J$$ $G!$%5%V%k!<%A%s 7A<0$GM? $($i$l$F$$$k$3$N%W%m%0%i %‘$r!$$?$H$($P %a%$%s%W%m%0 %i%‘$K=q$-D> $7$F;HMQ$9$k J}$,NI$$$+ $b$7$l$J$$!% !Z;HMQK!![ 1. 8F=PJ}K! CALL HUNTER(N,X,FX,IPRINT,NCUT,DELTA) � 0z?t$K$h$kF~NO N : @0?t!$%Q%i%a!<%? ( FHN)JQ?t ) $N?t X : 0l<!85G[Ns<B?t!$3F%Q%i%a!<%?$N=i4|CM ( ?dDjCM ) IPRINT : @0?t!$ iteration Kh$N%Q%i%a!<%?$H4X?tCM$N=PNO$NM-L5$r;XDj 1 { =PNO$9$k 2 { =PNO$7$J$$ NCUT @0?t!$ iteration $N>e8B DEL T A : <B?t!$6K>.E@$+$i4v$i$NH>7BFb$KF~$l$PNI$$$+$r;XDj � 0z?t$K$h$k=PNO X : 0l<!85G[Ns<B?t!$6K>.E@$K$*$1$k%Q%i%a!<%?$NCM FX : <B?t!$6K>.E@$K1w$1$k4X?t$NCM � COMMON $K$h$kF~NO COMMON/XDATA/XMAX(20),XMIN(20),JOKEN

14. 86;R3KM}O@ 163 XMAX : 0l<!85G[Ns<B?t!$3F%Q%i%a!<%?$K$D$$$F$NJQ0h$N>e8B XMIN : 0l<!85G[Ns<B?t!$3F%Q%i%a!<%?$K$D$$$F$NJQ0h$N2<8B JOKEN : @0?t!$@5$N@0?t$G$J$$$H!$JQ0h$N>e2<8B;XDj$OL58z$K$J$k � COMMON $K$h$k=PNO COMMON/HDATA/H(20,20),KOUNT,IFN,INDEX,ISPILL H : Fs<!85G[Ns<B?t!$6K>.E@$K$*$1$k error matrix K OUNT : @0?t!$ iteration $N current n um ber IFN : subroutine FUNDER $X$NF~$j8}$, 3 %+=j$"$k!% 3FF~8}$O INF $NCM ( � 1 ; � 2 ; � 3) $G6hJL$5$l$k INDEX : @0?t!$ K OUNT $, NCUT $r1[$($k$HIi$N@0?t$K$J$k ISPILL : @0?t!$ O VERFL $d D V CHK $, on $N$H$-@5$N@0?t!% 2. =PNO%G!<%?$N7A<0 (a) IPRINT=1 $N$H$-!$ FX $H ( X(I), I = 1 ; � � � ; N ) $N current v alues $,<!$N7A<0$G 0u:~$5$l$k!% CYCLE F ( X ( I ) ; I = 1 ; � � � ; N ) � � � iteration KOUNT 4X?t$NCM %Q%i%a!<%?$NCM I4 E16.5 (5E16.5) (b) 3F %Q%i%a!<%? $K$D$$$FJQ 0h$N>e2< 8B$N;XDj $r$7$?$H$-!$ 6K>.E@$, ;XDj$NNN0h 30$K$" $k$3$H$,L@$i$+$J;~!$<!$N7A<0$G;X<($5$l$k!% MINIMUM OUTSIDE OF X(I)=E12.5 $3$N$3$H$+$i!$$I$NJQ?t$N>e8B0h$O2<8B$,LdBj$J$N$+$,H=$k!% 3. %(%i!<!&%a%C%;!<%8 (a) iteration K OUNT $,$=$N>e8B NCUT $r1[$($?$H$- OVER NCUT= F~NO$G;XDj$5$l$??tCM $r =PNO$7 $F calling program $K JV$k!% $3$N86 0x$H $7$F NCUT $,>.$5 $9$. $k$3$H $, 9M$($i$l$k$,!$BgDq FX, GX $N7W;;$+%j%s%/$N4V0c$$$K$h$k!% (b) OVERRFL $"$k$$$O D V CHK $,5/$3$C$?$H$-!$<!$N%a%C%;!<%8$r=PNO$7!$ calling program $KJV $k!%$3 $N$H $- subroutine FUNDER $NFb MF$H!$ $=$N %j%s %/$N;E J}$K $D$$$F:F8!F$$,4|BT$5$l$k!% OVERFL TROUGH FNDR DVCHK TROUGH FNDR 4. =jMW;~4V 6K >. E@$r 5a $‘ $Y $-4X ?t $N J#;( $5 $N EY 9g$$ $K 1~ $8$F 7h $^ $k!% BgBN $N L\ 0B$H $7 $F %5 %V%k!< %A %s FUNDER $N7W ;;$K MW$9 $k;~ 4V$r t 0 (sec) $H $9$k $H!$=j MW;~ 4V t $O t � 4 t 0 � NCUT (sec) DxEY$G$"$k!%C"$7 NCUT $OBg$-$J N $KBP$7$F$O 2N DxEY$G=<J,$G$"$k!%

14. 86;R3KM}O@ 164 5. @:EY @: EY $O!$ MQ $$$i $l $k computer $N M-8z 7e ?t $H!$ error matrix $+ $i 7h Dj$5 $l $k I8 =‘ JP :9 $N N> J} $+ $i 7h $^ $k!% 0l HL $K %Q %i %a!< %? $N ?t CM $O!$ <! 85 ( $" $k @. J, $O D9 $5!$ $" $k @. J, $O %( %M %k %.!< $N <! 85 Ey ) $, 0[ $J $k $? $a $K!$ order $, 0[ $J$C $F $$ $k!% 3F %Q %i %a!< %? $N ?t CM $r!$ $9 $Y $F order 1 $K 5, 3J 2= $7 $F $* $/ $3 $H $O $- $o $a $F K> $^ $7 $$!% DL >o DEL T A=0.01 $" $k $$ $O 0.001 DxEY!$$D$^$j 1% $"$k$$$O 0.1% $N@:EY$K;XDj$7$F$*$/J}$,0BA4$G$"$k!% 6. @)8B;v9‘ %Q%i%a!<%? N $N>e8B$O!$$3$N%W%m%0%i%‘$G$O 20 $H;XDj$7$F$"$k$,!$ 20 0J>e$KJQ99$7$F $b :9 $7 ;Y$( $J $$!% $? $@ $7!$4X ?t $, 4J C1$J >l 9g $r =| $-!$M> $j 46 ?4 =P Mh$J $$!% 4X ?t $N 4JC1 $5 $N5,=‘$O t 0 $H t $NCM$GH=CG$9$k!%$3$N 20 $H$$$&@)8B$O!$<g$H$7$F computer $N7W;;B.EY $HM-8z7e?t$K$h$C$F7h$^$k!% 7. ;HMQ%k!<%A%s (a) 6K>.E@$r5a$a$h$&$H$9$k4X?t$O!$ user $,=‘Hw$7$J$/$F$O$J$i$J$$!%$3$N HUNTER %k!<%A %s$O!$%Q%i %a!<%?$NCM $,M?$($i $l$?$H$-!$ 4X?t$NCM $H!$0l<!JP HyJ,78?t $NCM $r7W;;$9$k%5%V%k!<%A%s!&%5%V%W%m%0%i%‘ SUBROUTINE FUNDER(N,X,FX,GX) $rMW5a$9$k!%0z?t$O$9$Y$FC1@:EY!% � 0z?t$K$h$kJQ?t$NF~NO N : HUNTER $N N $HF1$8 X : HUNTER $N X $HF1$8$G$"$k$,!$$3$3$G$O4X?t$N curren t v alues � 0z?t$K$h$kJQ?t$N=PNO FX : HUNTER $N FX $HF1$8$G$"$k$,!$$3$3$G$O4X?t$N curren t v alues GX : 0l<!85G[Ns<B?t!$0l<!85JPHyJ,78?t$N curren t v alues � COMMON/HDATA/ $NCf$N IFN $NMxMQJ}K!!% FUNDER %k!<%A%s$NCf$G!$$5$i$K:Y$+$$Cf4V7k2L$r=PNO$7$?$$$H$-!$ IFN $O =PNO$5$l$?0lAH$NCf4V7k2L$N iden ti�cation $H$7$FLr$KN)$D!% (b) $3$N HUNTER %k!<%A%s$K$O$5$i$K 2 $D$N%5%V%k!<%A%s$,AH$_9~$^$l$F$$$k!% i. SUBROUTIN PRINT(LINE) � 0z?t$K$h$kF~NO ( @0?t ) LINE : WRITE L?Na$ND>A0$K$"$C$F!$$=$NL?Na$G0u;z$5$l$k9T?t!% � COMMON/DATE/NUMRUN(5),NPGS,KLINE $K$h$kF~NO %a%$%s!&%W%m%0%i%‘$G=‘Hw$5$l$k$Y$-$b$N$G$"$k!% NUMRUN(1) : @0?t$G!$G/$r<($9!%Nc$($P 1994 $H$9$k NUMRUN(2) : @0?t$G!$7n$r<($9!%Nc$($P!$ 8 $H$9$k NUMRUN(3) : @0?t$G!$F|$r<($9!%Nc$($P!$ 25 $H$9$k NUMRUN(4) : @0?t ( < 1000) $G3F<o7W;;$NHV9fIU$1$KMQ$$$k!% NUMRUN(5) : @0?t ( < 1000) $G3F<o7W;;$NHV9fIU$1$KMQ$$$k!% NPGS : @0?t$G!$JG?t$r<($9!% %a%$%s!&%W%m%0%i%‘$K NPGS=0 $,$"$l$P=<J,

14. 86;R3KM}O@ 165 KLINE : @0?t$G!$0lJG$K0u:~$5$l$kA47e?t ( $3$3$G$O 60 $H;XDj$7$? ) %a%$%s!&%W%m%0%i%‘$K KLINE=60 $,$"$l$P=<J, ii. SUBROUTINE SPILL O VERFL $H D V CHK $N c hec k 8. Hw9M (a) 6K>.E@$r5a$a$h$&$H$9$k4X?t$O;j$k=j non-negative $G$J$1$l$P$J$i$$!% (b) FUNDER %k!<%A %s$G0l <!JPHy J, GX $r 5a$a$k $,!$$3 $lEy$N CM$O6K >.E@ 6aK5$G $OHs >o $K >. $5 $/ $J $k $N $G!$ %W %m %0 %i %‘ $r :n $k $H $- FC $K 6K >. E@ $G $N @: EY $K N1 0U $7 $F M_ $7 $$!% (c) %Q%i %a!<%? $N$" $kFC Dj$N@. J,!$Nc $($P I HV L\$N @.J,$r 8GDj $7$? $$$H $-$O!$ $=$N @.J, $KBP$9$kJPHyJ,78?t GX(I) $r zero $K reset $9$k$H$h$$!% reset $O$b$A$m$s FUNDER %k!<%A%s$G9T$J$&!%4{$K7W;;$5$l$? GX(I) $r8fGK;;$K$9$k7A$r<h$l$PNI$$!% (d) FUNDER %k!<%A%s$N%F%9%HJ}K!$K$D$$$F 0l HL $K!$ <h $j 07 $& 4X ?t f ( x ) $N %W %m %0 %i %‘ $r :n $k $H $-!$ IT Cm 0U $K F~ $k 4V 0c $$ $O 6K $a $F5)$G$"$k$,!$ f ( x ) $N gradien t g ( x ) $N4V0c$$$O0U30$KB?$$!$=>$C$F FUDER %k!< %A %s $N %A%’%C %/ $N <g $J L\ E* $O g ( x ) $K 4X 78 $9 $k L? Na $, @5 $7 $/ :n F0 $7 $F $$ $k $+ $I $& $+ $H $$$&E@ $K$+$+$C $F$$ $k!%:#!$ x 0 $r G$0UE@ $H$7!$ � $r$" $kJ} 8~$rM? $($kG$ 0U%Y %/ %H%k $H$9$k!% f ( x 0 + � ) $O!$ � $rJQ $($F$f$1 $P!$$I$3$+ !J � min !K$G6K >.$K$J$k!% B( $A f ( x 0 + � min � ) $G$O � $K$D $$ $F Hy 78?t $O Nm $K $J$k!% $3 $N ;v <B$r MQ $$ $k $J $i$P f ( x ) $N gradien t g ( x ) $N%W%m%0%i%‘$,@5$7$/:nF0$7$F$$$k;v$r3NG’=PMh$k!% 6qBNE*$K$O � G$0U$NE@ x 0 $G4X?t f ( x 0 ) $H$=$N gradient g ( x 0 + � ) $r5a$a$k!% � � = � g ( x 0 ) $H $* $-!$ f ( x 0 + � ) ( � f � ) 5Z $S g ( x 0 + � ) $r 5a $a $k!% C" $7 0 < � � 1. � G$0U$N CM � $K BP$9$k f ( x 0 + � ) $NHy 78?t$O %9%+ %i!<@Q g � = � g ( x 0 + � ) $G M?$($i$l$k!% � $$$/$D$+$N$N � $KBP$9$k f � , g � $r5a$a!$%0%i%U$H$7$F plot $9$k!% � %0%i%U$+$i!$ f � $N6K>.E@$H g � = 0 $J$kE@$,!$L\$G8+$F=<J,0lCW$7$F$$$k$H$- $O g ( x ) $O@5$7$/:nF0$7$F$$$k$H9M$($F$h$$!% !ZCm0U;v9‘![ � K\ %i%$ %V %i %j$r Mx MQ $7$F F@ $i $l $?7k 2L $r 8xI= $9 $k >l9g!$ %W %m %0%i %‘ L> $H3+ H/ <T L>$r L@ 5- $9$k$3$H!% � 86 ;R 3K %i %$ %V %i %j $G 0J 2< $N $b $N $O!$ 1993 G/ 3 7n Kv F| $G 1? MQ $r Dd ;_ $7!$ %=!< %9 %W %m %0 %i %‘$r2~D{<T$KJV5Q$7$F$$$k!%MxMQ$rK>$^$l$kJ}$O2~D{<T$KO"Mm$5$l$?$$!% { AA01, AA02 { D A03 { DB05 { SHL1 !A SHL5

14. 86;R3KM}O@ 166 f ( x ) $N gradient g ( x ) $N:nF03NG’

14. 86;R3KM}O@ 167 14.2 D A02 BCS J}Dx<0 (BCS equation) %W%m%0%i%‘7A<0 %5%V%k!<%A%s%W%m%0%i%‘ :n@.<T Bg@> D>5# ( El5~Bg3X ) :n@.G/7nF| 1969 G/ 9 7n 2~D{<T >eB< @59/!J6e=#Bg3XM}3XIt!K 2~D{G/7nF| 1971 G/ 9 7n ;HMQ8@8l F ortran %=!<%9$N8xI= ’QS.LIBSC(Y3DA02)’ ;HMQ OS MSP(M1800, VP2600) !Z35MW![ P airing force $,0l Dj$N >l9g $N Gap J} Dx<0 $r2r $/ . B($A coupling constan t G $HN3 ;R?t N( C"$7 6v?t$K8B$k ) $,M?$($i$l$F$$$k$H$-!$ 2 G = X � =1 1 q ( " � � � ) 2 + � 2 N = X � =1 0 @ 1 � " � � � q ( " � � � ) 2 + � 2 1 A $J$k O"N)J} Dx<0$r K~B-$9 $k � (Chemical P oten tial) $H � (Gap Energy) $r5a$a $k . C"$7!$ " � $O 2 $D$:$DBP$K=LB‘$7$? Single particle Energy $G!$$=$N level $N?t$O 8D$G$"$k . !Z;HMQK!![ 1. 8F=PJ}K! CALL BEQ(ESP,NOTLT,NPT,GT,EPS3,DELTA,RAMDA,ET,U,V) � 0z?t$K$h$kF~NO ESP : " v , Single particle Energy ( DIMENSION EPS(100) ). NOTL T : , level ?t NPT : N, N3;R?t GT : G, coupling constan t EPS3 : <}B+>r7o!$35MW$NFs$D$N<0$,$I$NDxEY$N@:EY$GK~B-$9$k$+$r;XDj � 0z?t$K$h$k=PNO DEL T A : �, Gap Energy RAMD A : � , Chemical p oten tial ET : E � , Quasi-P article Energy ( DIMENSION ET(100) ). U : U � � r 1 2 � 1 � " � � � E � � , u -factor ( DIMENSION U(100) ). V : V � � r 1 2 � 1 � " � � � E � � , v -factor ( DIMENSION V(100) ).

14. 86;R3KM}O@ 168 � Cm0U ) " v $N CM$,%l%Y%k $N3Q1?F0 NL j $N z @.J, m $K $D$$$F=L B‘$7$F$$$k >l9g!$ " � $N F~NO$O (2 j + 1) = 2 $:$DF1$8CM$r$/$j$+$($7$F input $9$k$3$H$K$J$k . 2. Hw9M N $, 6v?t $G!$ G $, $"$^$j >.$5 $9$.$k $H!$ trivial $J FCJL 2r � = 0 0J30 $KK> $‘2r$, B8:_$7 $J $$>l 9g$, $"$k . $= $l$O � = 0 $G " � � 1 $H " � $N4V $K x (� ; � ) $K$* $$$F $N saddle p oin t $,$"$j!$$=$NE@ (� s ; � s ) $G$N x $NCM$, 2/G $h$j>.$5$1$l$P2r$OB8:_$7$J$$ . $3$N2r$NB8 :_$9$k$+$I$&$+$O%W%m%0%i%‘$N:G=i$G%A%’%C%/$7$F$"$k . $b$7!$2r$,B8:_$7$J$$;~$K$O � = � s ; � = 2 � 10 ( C"$7 � s $O35MW$N#2HVL\$N<0$rK~B-$9$k x (� ; � ) $N saddle p oin t $N � ) E � = j " � � � s j U � >� s = 1 � 2 � 21 ; V � >� = 2 � 10 U � <� s = 2 � 10 ; V � >� = 1 � 2 � 21 $r$$$l$F RETURN $9$k . !ZCm0U;v9‘![ � K\ %i%$ %V %i %j$r Mx MQ $7$F F@ $i $l $?7k 2L $r 8xI= $9 $k >l9g!$ %W %m %0%i %‘ L> $H3+ H/ <T L>$r L@ 5- $9$k$3$H!%

14. 86;R3KM}O@ 169 14.3 DB01, DB02, DB03 � %/%l%V%7%e!&%4%k%@%s78?t ( Clebsc h-Gordan Co e�cien t ) � %i%+!<78?t ( Racah Co e�cien t ) � 9-J 78?t ( Nine - J Sym b ol ) %W%m%0%i%‘7A<0 4X?t%W%m%0%i%‘ :n@.<T EDB< B@O: ( El5~Bg3X ) 2~D{<T 1 HDAR <i!JEl5~Bg3X!K 2~D{G/7nF| 1969 G/ 4 7n 23 F| 2~D{<T 2 >eB< @59/!J6e=#Bg3XM}3XIt!K 2~D{G/7nF| 1971 G/ 5 7n 1 F| ;HMQ8@8l F ortran %=!<%9$N8xI= ’QS.LIBSC(Y3DB01)’ ’QS.LIBSC(Y3DB02)’ ’QS.LIBSC(Y3DB03)’ ;HMQ OS MSP(M1800, VP2600) !Z35MW![ Clebsh-Gordan 78?t!$ Racah 78?t5Z$S 9-J Sym b ol $r7W;;$9$k4X?t7?%5%V%W%m%0%i%‘$G$"$k!% $3$l$i$N%3!<%I$O=PMh$k$@$1 <jC;$+$K!$$^$? M}2r$70W$$ $h$&$KAH$s$@ $D$b$j$G$"$k!% $3$l$i$N %3!< %I $O!$ Argumen t $, Hs >o $K Bg $- $$ >l 9g !JBg BN 200 Dx EY $^ $G!K $K ;H $( $k $h $& $K $7 $F $" $k!% =>$C$F!$=E$$N3;R$K$h$k;6Mp!$H?1~$H$+!$ High-energy pro jectiles $K$h$kH?1~!$;6Mp$N>l9g$K $b;HMQ$9$k$3$H$,$G$-$k!% !Z;HMQK!![ 1. ED B< B@ O: ;a :n @. $N CLEB !$ RAC7 !$ NINEJ $O!$ %5 %V %k!< %A %s 7? $N %5 %V %W %m %0 %i %‘ $G $"$C$?$,!$;HMQIQEY!$5Z$S;HMQ>e$NJXMx$N$?$a$K4X?t7?$N%5%V%W%m%0%i%‘$K=q$-D>$7$?!% $^$?!$ Argument $,E,Ev$G$J$$>l9g$K$O!$%(%i!<%a%C%;!<%8$r=q$-=P$7$F!$$=$NCM$r 0 : 0 $H=PNO$9$k$h$&$K$7$?!% $3$l $i$N%W%m %0%i%‘$OIW!9 F unction T yp e $G$"$k $+$i!$7W;; <0$NESCf $K Arra y name $H F1 $8 $h$& $K ;H MQ $G$-!$ C1 @: EY<B ?t 7? $N @5$7 $$ CM $r$= $N $^ $^ ;HMQ $9 $k $3$H $, =P Mh $k!%<! $K Argumen t $NJB$YJ}$r@bL@$9$k!% (a) FUNCTION CLEB(FJ1,FM1,FJ2,FM2,FJ3,FM3) $3$N Program $O!$ Clebsh-Gordan 78?t (FJ1,FM1,FJ2,FM2 j FJ3,FM3) B($A ( j 1 ; m 1 ; j 2 ; m 2 j j 3 ; m 3 ) $N CM $r 7W ;; $9 $k $b$N $G $" $k!% T yp e $O A4 $F C1 @: EY <B ?t!% IW!9 $N Argument $N=g=x$O

14. 86;R3KM}O@ 170 Argumen ts Ph ysical meaning FJ1 j 1 FM1 m 1 FJ2 j 2 FM2 m 2 FJ3 j 3 FM3 m 3 (b) FUNCTION RAC7(FJ1,FJ2,FJ,FJ3,FJ12,FJ23) $3$N%W%m%0%i%‘$O Racah 78?t W(FJ1,FJ2,FJ,FJ3 ; FJ12,FJ23) !$B($A W ( j 1 ; j 2 ; J; j 3 ; j 12 ; j 23 ) $NCM$r7W;;$9$k$b$N$G$"$k!% T yp e $OA4$FC1@:EY<B?t!%IW!9 $N Arguments $N=g=x$O Argumen ts Ph ysical meaning FJ1 j 1 FJ2 j 2 FJ J FJ3 j 3 FJ12 j 12 FJ23 j 23 (c) FUNCTION U9J(FJ1,FJ2,FJ3,FJ4,FJ5,FJ6,FJ7,FJ8,FJ9) $3$N%W%m%0%i%‘$O 9j 78?t 8 > > < > > : F J 1 F J 2 F J 5 F J 3 F J 4 F J 6 F J 7 F J 8 F J 9 9 > > = > > ; B($A 8 > > < > > : j 1 j 2 j 5 j 3 j 4 j 6 j 7 j 8 j 9 9 > > = > > ; = 8 > > < > > : j 1 j 2 j 12 j 3 j 4 j 34 j 13 j 24 J 9 > > = > > ; $NCM $r7W;;$9$k $b$N$G$" $k!% T yp e $OA4 $FC1@:EY <B?t!%$=$l$> $l Argumen t $N=g=x $O Argumen ts Ph ysical meaning FJ1 j 1 FJ2 j 2 FJ3 j 3 FJ4 j 4 FJ5 j 12 FJ6 j 34 FJ7 j 13 FJ8 j 24 FJ9 J

14. 86;R3KM}O@ 171 2. %(%i!<%a%C%;!<%8 $3 $l$i $N %W%m %0 %i%‘ $O Argumen t $NF~ $l J}$, E, Ev$G $J $$$H $-$K <! $N%( %i!< %a%C%;!< %8 $r =q$-=P$7!$=PNO$r 0 : 0 $H$7$F Return $9$k!% � FUNCTION CLEB(FJ1,FM1,FJ2,FM2,FJ3,FM3) { j 1 , j 2 , j 3 $N$I$l$+$NCM$KIi$N<B?t$,F~$C$F$$$k>l9g ERROR*THERE ARE SOME NEGATIVE A.M.IN CLEB*J1= .... { m 1 + m 2 � m 3 $NCM$, 0 $K$J$i$J$$>l9g ERROR*SUM OF MAGNETIC QUANTUM NUMBER IS NOT ZERO IN CLEB*M1= .... { j 1 + j 2 + j 3 $,@0?t$K$J$i$J$$>l9g ERROR*SUM OF ANGULAR MOMENTUM IS NOT INTEGER IN CLEB*J1= .... { j 1 , j 2 , j 3 $,;03Q>r7o$rK~$?$5$J$$>l9g ERROR*TRIANGULAR CONDITION IS BIOLATED IN CLEB*J1= .... { m j > j i $J$k Argumen ts $,F~$C$F$$$?>l9g ERROR*ABS(M.Q.N).GT.A.M IN CLEB*J1=.... { ( j i + m i ) $,@0?t$K$J$i$J$$$b$N$,$"$k>l9g ERROR*INVARID USE OF (J.M) PAIRS IN CLEB*J1= ..... � FUNCTION RAC7(FJ1,FJ2,FJ,FJ3,FJ12,FJ23) { Argumen ts $N$I$l$+$KIi$N<B?t$,F~$C$F$$$k>l9g ERROR*SOME ARGUMENTS ARE NEGATIVE IN RAC7*J1= .... { Argumen ts $NAH$K;03Q>r7o$rK~$?$5$J$$$b$N$,$"$k ERROR*INVARID TRIANGULAR CONDITION IN RAC7*J1= ..... � FUNCTION U9J(FJ1,FJ2,FJ3,FJ4,FJ5,FJ6,FJ7,FJ8,FJ9) { Argumen ts $N$I$l$+$KIi$N?t$,F~$C$F$$$k>l9g ERROR*SOME ARGUMENTS ARE NEGATIVE IN UNINEJ***** J1=.... { Argumen ts $NAH$K;03Q>r7o$rK~$?$5$J$$$b$N$,$"$k ERROR*TRIANGULAR CONDITION IS INVALID IN UNINEJ***** J1= .... 3. @:EY M-8z?t;z 6 7e0J>e 4. @)8B;v9‘ $3$l$i$N%W%m%0%i%‘$O3KH?1~$N7W;;$K;HMQ$5$l$k$3$H$rG0F,$K$*$$$F$"$k$N$G Argument $NCM$,Bg$-$$>l9gB?>/@:EY$OMn$A$k$h$&$G$"$k!%%F%9%H$N9‘;2>H!% 5. ;HMQ%k!<%A%s U9J $r ;H MQ $9 $k >l 9g $K $O RA C7 $r F1 ;~ $K ;H MQ $9 $k $3 $H!% RA C7 !$ CLEB $O IW!9 C1 0l!$ FHN)$N%k!<%A%s$G$"$k!% 6. Hw9M !V CLEB !$ RAC7 $N7W;;$K$O!$ log e ( n !) $NOB$N7W;;$,J,;R!$J,Jl$N$=$l$>$l$KF~$k$N$G!$ Argumen ts $,Bg$- $9$.$k>l 9g$K$O!$ %*!<%P!<%U%m!< $9$k4m 81$,$" $k!W$HEDB< ;a$OCm 0U$7 $F$$$k$,!$IaDL$N;H$$J}$r$9$k>l9g$K$O$[$H$s$I$=$N4m81@-$O$J$$$b$N$H;W$o$l$k!%

14. 86;R3KM}O@ 172 !Z;HMQNc![ � ( j 1 ; m 1 ; j 2 ; m 2 j j 3 ; m 3 ) = (2 ; 1 ; 3 ; � 2 j 4 ; � 1) $NCM$,I, MW$J>l 9g$K$O!$ $3$NCM$N I,MW$J 2U=j $K$*$$$F CLEBSH=CLEB(2.0,1.0,3.0,-2.0,4.0,-1.0) $H$*$$$F CLEB $r8F$Y$P CLEBSH $K$O 0 : 59160817 $NCM$,JV$C$F$/$k!% � W ( a; b; c; d ; e; f ) = W (2 ; 3 ; 3 = 2 ; 5 = 2; 3 ; 1 = 2) $N CM $, I, MW $J >l9g $K $O!$ $3 $N CM $N I, MW $J2U =j$K$*$$$F RACAH=RAC7(2.0,3.0,1.5,2.5,3.0,0.5) $H$*$$$F RAC7 $r8F$Y$P RACAH= � 0 : 4638501 $NCM$,JV$C$F$/$k!% � P = (2 ; 1 ; 3 ; � 2 j 4 ; � 1) !& W (2 ; 3 ; 3 = 2 ; 5 = 2; 3 ; 1 = 2) $NCM $,I, MW$J >l 9g!$$3 $NCM $N I,MW $J2U =j$K$*$$$F P=CLEB(2.0,1.0,3.0,-2.0,4.0,-1.0)*RAC7(2.0,3.0,1.5,2.5,3.0,0.5) $H$*$$$F CLEB $H RAC7 $r8F$Y$P P $K$O � 0 : 08660257 $NCM$,JV$C$F$/$k!% � <B?t Q $NCM$H$7$F Q = 8 > > < > > : 1 = 2 2 3 = 2 3 = 2 3 5 = 2 2 3 4 9 > > = > > ; !& 8 > > < > > : 1 = 2 2 3 = 2 3 = 2 3 5 = 2 2 3 3 9 > > = > > ; $NCM$,I,MW$J>l9g$K$O!$$3$NCM$NI,MW$J2U=j$K$*$$$F Q=U9J(0.5,2.0,1.5,3.0,1.5,2.5,2.0,3.0,4.0) *U9J(0.5,2.0,1.5,3.0,1.5,2.5,2.0,3.0,3.0) $H$*$$$F U9J $r8F$Y$P Q $K$O � 0 : 00001283 $NCM$,JV$C$F$/$k . � <B?t R $NCM$H$7$F R = W (2 ; 3 ; 3 = 2 ; 5 = 2; 3 ; 1 = 2) !& 8 > > < > > : 1 = 2 2 3 = 2 3 = 2 3 5 = 2 2 3 4 9 > > = > > ; $NCM$,I,MW$J>l9g$K$O!$$3$NCM$NI,MW$J2U=j$K$*$$$F R=RAC7(2.0,3.0,1.5,2.5,3.0,0.5) *U9J(0.5,2.0,1.5,3.0,1.5,2.5,2.0,3.0,4.0) $H$*$$$F RAC7 $H U9J $r8F$Y$P R $O 0 : 00058451 $NCM$,JV$C$F$/$k .

14. 86;R3KM}O@ 173 !ZCm0U;v9‘![ � K\ %i%$ %V %i %j$r Mx MQ $7$F F@ $i $l $?7k 2L $r 8xI= $9 $k >l9g!$ %W %m %0%i %‘ L> $H3+ H/ <T L>$r L@ 5- $9$k$3$H!% !Z;29MJ88%![ � M.E.Rose !$ Elemen tary Theory of Angular Momen tum. � A.R.Edmond !$ Angular Momen tum in Quantum Mec hanics. � A.De-Shalit and I.T almi !$ Nuclear Shell Theory . � T.Inoue !$ T able of the Clebsh-Gordan Co e�cien ts. � T.Ishidzu et al !$ T able of the Racah Co e�cien ts. � K.Smith and J.W.Stev enson !$ A T able of Wigner 9j Co e�cien ts for Integral and Half In tegral V alues of the P arameters, ANL-5776 & 5886.

14. 86;R3KM}O@ 174 14.4 KNL1 @8@.:BI8J}<0$K$h$kD>8r>r7oLO7?$N@QJ,3K (Kernels of the Orthogonalit y Condition Mo del) %W%m%0%i%‘7A<0 %5%V%k!<%A%s%W%m%0%i%‘ :n@.<T >eB< @59/!J6e=#Bg3XM}3XIt!K :n@.G/7nF| 1976 G/ 7 7n ;HMQ8@8l F ortran %=!<%9$N8xI= ’QS.LIBSC(Y3KNL1)’ ;HMQ OS MSP(M1800, VP2600) !Z35MW![ J#9gN3;R4V;6Mp$K$*$1$kD>8r>r7oLO7?$NHy@QJ,J}Dx<0 q 1 � K L ( T L + V ( N ) D ( R ) + V ( C ) D ( R ) � E cm ) q 1 � K L u L = 0 T L = � h 2 2 � d 2 dR 2 + hL ( L + 1) 2 �R 2 $r@8 @. :B I8 J} <0 $N ;n 9T 4X ?t $r MQ $$ $F Kohn-Hulthen JQ J, 86 M} $K $h$C $F 2r $/ (V AR1 $r MQ $$ $k ) $H$-I,MW$J@QJ,3K (k ernel) H L ( S i ; S j ) = Z 1 0 Z 1 0 � L ( R ; S i ) q 1 � K L ( T L + V ( N ) D + V ( C ) D ) q 1 � K L �( R 0 ; S j ) dRdR 0 N L ( S i ; S j ) = Z 1 0 Z 1 0 � L ( R; S i )(1 � K L )� L ( R 0 ; S j ) dR dR 0 � L ( R; S ) = R e � � ( R 2 + S 2 ) I L (2 �S R ) : I L ( z ) $O mo di�ed Bessel $r7W;;$9$k%5%V%k!<%A%s%W%m%0%i%‘!% p 1 � K L $r � L $G$*$-$+$($?$b$N$b5a$a$k$3$H$,$G$-$k!%<~CN$N$h$&$K7k2L$N phase shift $OF1$8$G$"$k!% 1 � K L (= � L ( R ; R 0 ) � K L ( R; R 0 )) $O norm k ernel !$ � L (= � L ( R ; R 0 )) $O%Q%& %j86M}$K$h$kAjBP1?F0$N6X;_>uBV$rGS=|$9$k op erator !% � � � , � � 16 O , 16 O � 16 O , � � 40 C a 7O$K$D$$$F$O 1 � K L $rFbB"$7$F$$$k!%$=$NB>$N>l9g$K$D$$$F$O!$E,@Z$K ( E,Ev$K ) 6X;_>uBV$N ?t$rF~NO$7$F � L $rMQ$$$F2r$/$3$H$K$J$k!% V ( N ) D ( R ) , V ( C ) D ( R ) $O n uclear direct p oten tial $* $h$S coulom b direct p oten tial. $3 $l$K $O Hy;k E*$K 5a $a$? 7k 2L$r MQ$$ $k $3$H $b!$$^ $? 8=>] O@ E* $KE,Ev$J4X?t7A$rM?$($k $3$H$b$G$- $k!%>e5- 4 7O$K$D$$ $F$OHy;kE*$K 5a$a$?$b$N (H.O. 7? L-S JD3L$r2>Dj ) $rFbB"$7$F $$$k$N$G M-8z = BN NO$r;XDj$9 $l$P7W;;$9 $k!%$?$@$7 M-8z!aBNNO $H$7$F $O!$ V olk o v No.1, No.2 7?!$ Brink-Bo ec k er 7?!$ Hasega w a-Nagata-Y amamoto 7?$rFbB"$7$F $$$k!% !Z;HMQK!![ 1. 8F=PJ}K! CALL OCM1(FORCE1,PARAME,VDNFNC,VDCFNC,AM1,AM2,KAKU,L,ALAM, NDX,SS,IMAX,HH,ANN,NDIM)

14. 86;R3KM}O@ 175 2. %Q%i%a!<%? 0J 2< $K $* $$ $F!$ I, L, N $G ;O $a $k JQ ?t $O $9 $Y $F @0 ?t 7? JQ ?t $G $" $j!$ $= $N B> $O $9 $Y $F G\ @: EY<B?t7?JQ?t$G$"$k!% AM1, AM2 : ;6Mp$9$k#2$D$N3K$N<ANL?t!% 16 O $N<ANL$r 16 $H$9$kC10L 1 <ANL � C 2 = 931 : 478 M eV . 1 $H 2 $N=gITLd KAKU : FbB"$7$F$$$k 1 � K L 7W;;MQ%5%V%k!<%A%s$rF/$+$;$k$?$a$N;X<( KAKU=11 : � � � KAKU=12 : � � 16 O KAKU=22 : 16 O � 16 O KAKU=13 : � � 40 C a $3$l0J30$N>l9g$O KAKU=0 $H;XDj$7!$2<$N ND X $rM?$($k$3$H$K$h$j � L $r:n$k!% L : 3Q1?F0NL L ALAM : %,%&%9JQ49$K$"$i$o$l$k%5%$%:%Q%i%a!<%? � !%C10L f m � 2 1 BND4OB?6F0;R$N%5%$%:%Q%i%a!<%?$r � = mw =h $H$9$k$H$-DL>o � = � = 2 � AM 1 � AM 2 = ( AM 1 + AM 2) $NCM$r$H$C$F$*$/!% $3$N � $r%5%$%:%Q%i%a!<%?$H$9$kD4OB?6F0;RGHF04X?t ( / e � � 2 R 2 ) ’ N L $rMQ$$$F � L :n$C$?$j 1 � K L $rE83+$7$?$j$9$k!% ND X : KAKU=0 ;XDj$N;~ � L $r:n$k:]$KMW$9$k6X;_>uBV$N?t (L $K0M$k ) $rI=$9!% $J$$$H$-$O 0 $H$9$k!% � L = P N D X � 1 N =0 j ’ N L >< ’ N L j KAKU 6 =0 ;XDj$N;~ p 1 � K L $rD4OB?6F0;RGHF04X?t$GE83+$9$k$H$-$N8D?t$rI=$9!% $9$J$o$A!$ p 1 � K L = P N D X � 1 N =0 N j ’ N L >< ’ N L j KAKU 6 =0 ;XDj$N$H$-$G$b KAKU=0 ;XDj$N$H$-$HF1MM$K ND X $H$7$F 6X;_>uBV$N?t$rF~NO$9$k$H � L $rMQ$$$k k ernel $,5a$^$k!% ND X � 30. NDX $r6X;_>uBV$N?t$H0lCW$5$;$k$J$i$P p 1 � K L $N BX$o$j$K � L $rMQ$$$k$3$H$K$J$k!% HH : k ernel H L ( S i ; S j ) $rI=$9 HH(I,J) $J$kG[Ns!% ANN : k ernel N L ( S i ; S j ) $rI=$9 ANN(I,J) $J$kG[Ns!% NDIM : @5J}G[Ns HH , ANN $N%a%$%s%W%m%0%i%‘$G@k8@$7$?Bg$-$5!% NDIM � 20 F OR CE1 : V ( N ) D ( R ) $rHy;kE*$K5a$a$k:]$KMQ$$$i$l$kFsBN3KNO$NL>A0$rI=$9 function I{%W%m%0%i%‘L>!%FbB"$7$F$$$k 4 <o$NFsBN3KNO$K$O<!$NL>A0$,$D$1$F$"$k!% V olk o v No.1 | V OLKV1 V olk o v No.2 | V OLKV2 Brink Bo ec k er | BRINK Hasega w a-Nagata-Y amamoto | HNY EXTERNAL VOLKV1 Ey$N@k8@$,I,MW$G$"$k!% Hy;kE*$K V ( N ) D ( R ) $r7W;;$7$J$$>l9g (w o o ds-saxon $rMQ$$$k$J$I ) $O!$ $3$l$KHw$($F2?$b$7$J$$ FUNCTION FREE(PARAME) $J$k$b$N$r FbB"$7$F$$$k$N$G!$ EXTERNAL FREE @k8@$r$7$F!$ FOR CE1 $K FREE $r Ev$F$O$a$k$HNI$$!%>e5-0J30$NFsBN3KNO$rMQ$$$k>l9g$O!$ FUNCTION FORCE1(PARAME) $N7A<0$GDj5A ( G\@:EY ) :n@.$9$k$3$H!%

14. 86;R3KM}O@ 176 EXTERNAL FORCE1 @k8@$,$$$k P ARAME : >e$N FUNCTION FORCE1(PARAME) $N0z?t!% F OR CE1 $, V OLKV1, V OLKV2 $N>l9g$O!$ ma jorana mixture parameter $N m $rI=$9!% HNY $N>l9g$OBh 2 range p oten tial $N 31 P @.J, (singlet-ev en) $N6/$5$rA}8:$9$k parameter !%C10L$O MeV !$0zNO$rDI2C$9$k$J$i$P PARAME < 0 !% BRINK $N>l9g$O free parameter $O$J$$$N$GG$0U$N?t$r$$$l$F $*$1$P$h$$!% FREE $N>l9g$bG$0U$N?t$rF~$l$F$*$1$P$h$$!% 0lHL$K F OR CE1 $r<+:n$9$k>l9g$O!$ 1 $D$N parameter $O$3$N PARAME $r MQ$$$F$bNI$$$,!$B>$N parameter $K$D$$$F$O!$%a%$%s%W%m%0%i%‘$H F OR CE1 5Z$S<!$N V ( N ) D ( R ) $rI=$9 VDNFNC $N#3$D$N%W%m%0%i%‘$N4V$r COMMON $G$D$J$0I,MW$,$"$k!% VDNFNC : V ( N ) D ( R ) !$ V ( C ) D ( R ) $rI=$9 FUNCTION I{%W%m%0%i%‘L>!% VDCFNC FUNCTION VDNFNC(R) , VDCFNC(R) $N7A<0$GDj5A ( G\@:EY ) :n@.$9$k$3$H %a%$%s%W%m%0%i%‘$G EXTERNAL VDNFNC , VDCFNC $N@k8@$,I,MW$G$"$k!% $3$N%W%m%0%i%‘$K$O!$ � � � , � � 16 O , 16 O � 16 O , � � 40 C a 7O$K$D$$$F$O H.O. JD3L3KGHF04X?t$rMQ$$$FHy;kE*$K5a$a$k$b$N$,FbB"$5$l$F$$$k!% FUNCTION L>$O!$ � � � $G$O!$ VDNAA !$ VDCAA !$ � � 16 O $G$O VDNAO !$ VDCA O !$ 16 O � 16 O $G$O VDNOO, VDCOU, � � 40 C a $G$O VDNA CA, VDCA CA $G$"$k!% 3. ESCf=PNO =PNO%j%9%H$N$O$8$a$N%Z!<%8$K<!$,=PNO$5$l$k!% (a) R = 0 : 25 f m !A 10 : 0 f m , � R = 0 : 25 f m $G V ( N ) D ( R ) !$ V ( C ) D ( R ) $NCM!% (b) norm k ernel 1 � K L = P N D X � 1 N =0 � N j ’ N L >< ’ N L j $H $9 $k $H $- $N � N ( N = 0 ; � � � ; N D X � 1 ) $NCM!% (c) ESCf$N?tCM@QJ,$N8m:9$NL\0B$N$?$aF10l mesh $G Z 1 0 ’ N D X � 1 L ( R ) ’ N ( R ) R 2 dR; ( N = 1 ; � � � ; N D X � 1) $r?tCM@QJ,$7$?CM$,=P$k!% ( N = N D X � 1 $N $H$- 1 $r0z$$$?$b$N ). 0 $+$i$N$:$l $,8m:9$NL\0B$rM?$($k!% 4. @:EY M-8z?t;z 10 7eDxEY (HH, ANN $K$D$$$F ).

14. 86;R3KM}O@ 177 14.5 V AR1 Hy @Q J, J} Dx <0 $^ $? $O @Q J, J} Dx <0 $N JQ J, 86 M} $K $h $k ;6 Mp 6- 3& >r 7o 2r (Scattering Solution of In tegro-Di�eren tial or In tegral Equation b y Using V ariational Principle) %W%m%0%i%‘7A<0 %5%V%k!<%A%s%W%m%0%i%‘ :n@.<T >eB< @59/!$8+8M 5A1Q!J6e=#Bg3XM}3XIt!K :n@.G/7nF| 1976 G/ 7 7n ;HMQ8@8l F ortran %=!<%9$N8xI= ’QS.LIBSC(Y3VAR1)’ ;HMQ OS MSP(M1800, VP2600) !Z35MW![ Kohn-Hulth � en JQJ,86 M}$K$h$j!$<! $N7A$NHy@Q J,J}Dx<0$^ $?$O@QJ,J} Dx<0$r;6Mp 6-3&>r7o$N $b $H$K2r$-!$ ;6Mp 9TNs S -matrix $r5a $a$k %W%m %0%i %‘$G $"$k!% 2r K!$O :n@. <T$K $h$k ;29M J88% $G=R $Y$F$"$k!%$3$3$G07$&J}Dx<0$OHy@QJ,J}Dx<0 L L � u L � Z 1 0 L L ( R ; R 0 ) u L ( R 0 ) dR 0 L L ( R ; R 0 ) = " � h 2 2 � d 2 dR 2 + h 2 L ( L + 1) 2 �R 2 + V ( N ) D ( R ) + V ( C ) D ( R ) � E cm # � ( R; R 0 ) + G L ( R ; R 0 ) � E cm N ( ex ) L ( R ; R 0 ) $^$?$O$3$l$H Z � L ( R; S ) L L ( R ; R 0 )� L ( R 0 ; S 0 ) dR dR 0 = H L ( S; S 0 ) � E cm N L ( S; S 0 ) u L ( R ) = Z 1 0 � L ( R ; S ) f L ( S ) dS � L ( R ; S ) = Re � � ( R 2 + S 2 ) I L (2 �S R ) $N4X78$K$"$k ( Ey2A ) Hill-Wheeler 7?@QJ,J}Dx<0 Z 1 0 [ H L ( S; S 0 ) � E cm N L ( S; S 0 )] f L ( S 0 ) dS 0 = 0 $G$"$k!% I L ( z ) $O mo di�ed Bessel function. 6-3&>r7o$O u L (0) = 0 ; �R � 1 $G u L ( R ) � [ G L ( �R ) � iF L ( �R )] � e 2 i� L [ G K ( �R ) + iF L ( �R )] $GM?$( $k!% $3 $3 $K!$ F L ( �R ), G L ( �R ) $O %/ %m!< %s 4X ?t!$ h 2 � 2 = 2 � = E cm . e 2 i� L $O ;6 Mp S 9T Ns!% ;n9T4X?t$O ~ u L = i max X i =1 ~ c i � L ( R ; S i ) + u ( � ) L ( �; R ) � ~ S L u (+) L ( �; R ) $N7A$GM?$($k [ �R � 1 $G u ( � ) L ( �; R ) � G L ( �R ) � iF L ( �R ) !$3KFb$G$N7A$OJ88%;2>H ] !% mesh E@ S i $NE,@Z$J<h$jJ}$OJ8;z$I$*$j \ ;n9T " 7P83$K$h$k$,!$$=$NL\0B$OJ88%$NNcBj$K$h$C$FFI$_ $H$k$3$H$,$G$-$h$&!%

14. 86;R3KM}O@ 178 $3 $N %W %m %0 %i %‘ $G $O H L ( S i ; S j ), N L ( S i ; S j ) ( i; j = 1 ; � � � ; i max ) $r F~ NO $9 $k I, MW $, $" $k!% $3$N Kernel( @8@.:B I87A<0 ) $O 85$NB?BN Hamiltonian $+ $iD>@\5a $a$i$l$F$$ $k>l9g$b $"$m$&$7 (Brink N. ) !$ dynamical :BI8$GI=$5$l$? L L ( R ; R 0 ) $+$i%,%&%98r49$rDL$7$F5a$a$i$l$F$$$k>l 9g$b$"$m$&!% 3K NO$H %/!<%m %sNO $K$h $k direct p otential V N D ( R ), V C D ( R ) $N 4X ?t7A $,J, $+$C$F $$$k $H!$7W ;;$, sp eed up $5$l$k (mesh E@ S i $N30B&$,$$$/$D$+>J$1$k ) $N$G$3$l$bF~NO$9$k$HNI$$!% $3$N%W%m%0%i%‘$G$O!$;6Mp S 9TNs$NHF4X?t J [ ~ u L ] = ~ S L + i � h� Z 1 0 Z 1 0 ~ u L ( R ) L L ( R; R 0 ) ~ u L ( R 0 ) dR dR 0 $r!$JQJ, %Q%i %a!< %? ~ C i , ~ S L $rF0 $+ $9$3 $H $K $h$C$F Dd N1$5 $;!$ S 9TNs $N DdN1 E@ ( � S L ) $H Dd N1 CM ( S L ) $r5a$a$k!%A0<T$O!$;n9T4X?t$N8m:9$K$D$$$F 1 <!!$8e<T$O 2 <!$N order $G$"$k ( 8e<T$NJ} $,@:EY$,9b$$ ) !% J88%$G>\=R$7$?$h$&$K!$ � S L $H S L $H$N:9!$$*$h$S j � S L j $H j S L j $H$N:9$N 1(unitarit y) $+$i $N$:$l$, 7W;; $N@: EY$D $^$j ;n9T 4X?t !J mesh E@ S i !K$N E,@Z $5$r H=Dj $9$k $?$a $KHs >o$K M-8z $G$" $k!%$3$N$h$&$K!$7W;;$N?.Mj@- $r<+8JH=CG$G $-$k7A$K$J$C $F$$$k$N$,$3 $N%W%m%0%i%‘ $NBg$-$J MxE@$N 1 $D$G$"$k!% $3$N%W%m%0%i%‘$N=PNO$O 1. � S L , S L , j � S L j , j S L j $H � S L = j � S L j e 2 i � � L , S L = j S L j e 2 i� L $+$i5a$^$k real phase shift � � L , � L 2. Bound-state 6a;w$K$h$kJ}Dx<0$N8GM-%(%M%k%.!< ( i max X j =1 [ H L ( S i ; S j ) � E cm N L ( S i ; S j )] f j = 0 $H$$$&8GM-J}Dx<0$NBP3Q2= ) $G$"$k!% <!$N3HD%$OJL$N%W%m%0%i%‘$H$7$FEPO?$5$l$k � P auli 86M}$K$h$k6X;_>uBV$rGS=|$7$?7A$GGHF04X?t$r5a$a$k$3$H � V ( N ) D ( R ) $d G L ( R; R 0 ) $rJ#AG%]%F%s%7%c%k$K$9$k$3$H � G L ( R ; R 0 ) $d p 0 N ( ex ) L ( R ; R 0 ) !$ V ( N ) D ( R ) !$ V ( C ) D ( R ) $r \ 4X?t7A " $^$?$O \ ?tCM " $GM?$($l $P<+F0E*$K H L ( S i ; S j ), N L ( S i ; S j ) $r5a$a$F2r$r=P$9$3$H!% $J $*!$ $3 $N %3!< %I 3+H/ $K $D $$ $F $O!$ 6e =# Bg 3XBg 7? 7W ;; 5! %; %s %?!< %i %$ %V%i %j 3+ H/ 5Z $S >< OB 50 G/EY=E%$%*%s2J8&Hq \ =E%$%*%s2J3X " $h$j7W;;Hq$=$NB>$N1g=u$rD:$-$^$7$?!% !Z;HMQK!![ 1. 8F=P$7J}K! CALL KOHN1(VDNFNC,VDCFNC,HH,ANN,NDIM,AM1,AM2,ZZ,L,ALAM,SS,IMAX, EMIN,ED,NEMAX,KBOUND,ICHECK,PHASE,PHASEJ,SABS,SABSJ) 2. %Q%i%a!<%? 0J2<$K$* $$$F I, K, L, N $G;O$^$kJQ?t$O A4$F@0?t7?JQ?t $G$"$j!$$=$NB>$O G\@:EY<B?t7? JQ?t$b$7$/$OF1G[NsL>$G$"$k!%

14. 86;R3KM}O@ 179 AM1, AM2 ;6Mp$9$k#2$D$N3K$N<ANL?t!% 16 O $N<ANL?t$r 16 $H$9$kC10L!% 1 <ANL?t � C 2 = 931 : 478 M eV !% 1 $H 2 $N=gITLd!% ZZ #2$D$N3K$NEE2Y?t$N@Q!% L 3Q1?F0NL L !% ALAM %,%&%9JQ49$H;n9T4X?t$KMQ$$$i$l$F$$$k%5%$%:%Q%i%a!<%? � !%C10L f m � 2 !% 1 BN D4 OB ?6 F0 ;R$N %5 %$ %: %Q%i %a!< %? $r � = mw =h $H $9$k $H $-!$ DL >o!$ � = � = 2 � AM 1 � AM 2 = ( AM 1 + AM 2) DxEY$NCM$r$H$C$F$*$/!%$@$@$7!$ k ernel H L ( S i ; S j ), N L ( S i ; S j ) $, B? BN %O %_ %k %H %K %" %s $H H? BP >N 2= $K $h$C $F Hy ;k E* $K F3 =P $5 $l $F $$ $k ;~ $O!$I,$:>e$N4X78$,$$$k!% SS ;n 9T4X ?t $N � L ( R ; S i ) $H k ernel H L ( S i ; S j ), N L ( S i ; S j ) $K$* $1 $k$- $6$_ E@ S i $rI= $9 SS(I) $J $kG[ Ns!% C10L f m !%:G 30 B&$N R C = ( S i max � 1 + S i max ) = 2 $NE@ $G A26a 7A $K$D$J$0$N$G S i max $N0LCV$KCm0U$rMW$9$k!% ( J88%5Z$SCm0U;v9‘;2>H ) IMAX S i $N>e8B$r<($9 i max !% S 1 < S 2 < � � � < S i max $HF~NO$9$k$3$H!% EMIN, ED, NEMAX =E ?4 7O F~ <M %( %M %k %.!< E cm $r JQ 2= $5 $; $k :] $N!$ $= $l $> $l!$ =P H/ CM!$ $- $6 $_ !JIi $G $b2D!K!$$-$6$_$N2s?t (1 E@$J$i 1) !%C10L M eV !% KBOUND Bound state 6a;w$rMQ$$$FF~NO$7$? k ernel $N%(%M%k%.!<8GM-CM$r5a$a$k$+$I$&$+$N ;XDj!% 0 : 5a$a$J$$!% 1 : 5a$a$k!% ICHECK S i max $D$^ $j SS(IMAX) $N$H $jJ} $NE,!$IT E,$r%A%’%C %/$9 $k$?$a $N7W ;;$r$7!$ =PNO $r9T$&$+$I$&$+$N;XDj!% ICHECK=0 : 9T$o$J$$!% ICHECK=1 : 9T$&!% 7W;;$5$l$k$N$O energy surface H L ( S i ; S j ) = N L ( S i ; S j ) $H$3$l$KAjEv$9$k direct part $N energy surface (3 $NCm0U;v9‘;2>H ) PHASE, PHASEJ 5a$^$C$? phase shift !%C10L$O degree $G 0 � � 180 � $N4V$NCM$G=P$9!% PHASE= � � L , PHASEJ = � L !% ( 8e <T$N J}$, @: EY$, NI$$!$ ;n9T 4X ?t$N 8m:9 $K BP$7 $F#2 <! $N order, A0 <T $O #1 <! $N order) !% $7 $? $,$C $F j � � L � � L j $+ $i 8m :9 $N #1 <! $N order $, FI $_ $H $l $h $&!% PHASE(I), PHASEJ(I) , ( I = 1 ; � � � ; NEMAX) $J$kG[Ns!% NEMAX 2s$N%(%M %k%.!<JQ2=$K$h$k � � L , � L $rCy$a$?$b$N$,JV$C$F$/$k!%

14. 86;R3KM}O@ 180 SABS, SABSJ 5a $^$C$? S 9TNs $N@d BP CM!%7W ;;$, 100% exact $J $i 1(unitarit y) $K $J $k$Y $-NL $G$" $k!%JQ J,K!$G$O%"%W %j%*%j$K$O 1 $K$O$J $i$J$$$,!$5U$K $=$l$+$i$N $:$l$+$i7W;; $N ?. Mj @- $r FI $_ $H $k $3 $H $, $G $- $k!% SABS= j S L j $N 1 $+ $i $N $: $l $, 8m :9 $N 1 <! $N or- der !$ SABSJ= j � S L j $N 1 $+$i$:$l$,8m:9$N 2 <!$N order !$ � S L = j � S L j e 2 i � � L , S L = j S L j e 2 i� L . SABS(I) , SABSJ(I) , ( I = 1 ; � � � ; NEMAX) $J$kG[Ns!% VDNFNC, VDCFNC n uclear direct p oten tial V ( N ) D ( R ) $*$h$S Coulom b direct p oten tial $rI=$9 FUNC- TION I{ %W %m %0 %i%‘ L>!% FUNCTION VDNFNC(R) $* $h $S FUNCTION VDCFNC(R) $N 7A<0$GDj5A!JG\@:EY!K!$:n@.$9$k$3$H!%%a%$%s%W%m%0%i%‘$G EXTERNAL VDNFNC , VDCFNC $N @k 8@ $, I, MW $G $" $k!% $3 $N V ( N ) D ( R ) , V ( C ) D ( R ), $N 4X ?t 7A $r F~ NO $7 $J $/ $H $b!$ H L ( S i ; S j ), N L ( S i ; S j ) $, 7W ;; $G $- $F $$ $l $P Ld Bj $r 2r $/ $3 $H $, $G $- $k!% $3 $N >l 9g $O VDNFNC, VDCFNC $H $7 $F I, $:!$ $= $l $> $l VN000 , VC000 $H $$ $& FUNC- TION L>$rMQ$$!$ EXTERNAL VN000, VC000 @k8@$r$9$l$PNI$$!% FUNCTION VN000(R) $H VC000(R) $O $= $l $> $l 0 !$ Z Z 0 e 2 =R $G $" $j ( 7W ;; $K I, MW $J NN0h$O R > R C ) !$$3$N%W%m%0%i%‘$KFbB"$5$l$F$$$k (3 $NCm0U;v9‘$HHw9M;2>H ) !% HH k ernel H L ( S i ; S j ) $rI=$9 HH(I,J) $J$kG[Ns!% in trinsic energy ItJ, E in !& _ N L ( S i ; S j ) $r7+$j9~$s$G$$$k$3$H$KCm0U!% ANN Norm Kernel N L ( S i ; S j ) $r I=$9 ANN(I,J) $J $kG[ Ns!% N L ( S i ; S j ) $K $+ $+$C$F $$ $k 78?t$OA4%(%M%k%.!<$G$J$/ E cm (= E total � E in ) !% NDIM @5J}G[Ns HH, ANN $N%a%$%s%W%m%0%i%‘$G@k8@$7$?Bg$-$5!% NDIM � 20 3. ESCf=PNO$*$h$SCm0U;v9‘ ;n 9T 4X ?t$N $H $j J} ( $D $^ $j SS(I), I=1, � � � , IMAX $N $H $j J}!K$N E, @Z $5 $r H= CG$9 $k $N $K Lr N) $D ES Cf =P NO $K $D $$ $F =R $Y $k!% >e 5- $N ICHECK=1 $N >l 9g!% :G =i $N =P NO $O L, AM1, AM2, ZZ, ALAM, IMAX, (SS(I), I=1, � � � , IMAX), R C, WIDTH, HALF-WIDTH $G$" $k!% RC $O >e5- R C = ( S S ( I M AX � 1) + S S ( I M AX )) = 2 !$ WIDTH $O e � � ( R � S i ) 2 $, e � 16 $K8:>/$9$k j R � S i j $NCM!$ HALF-WIDTH $OF1$8$/ 1/2 $K8:>/$9$k j R � S i j $NCM!% C10L f m !% S i $N4V3V$, 8e<T$h$j$b Bg$-$/$J $k$H;n9T4X ?t$O$+$J$j 0-$/$J$k!% (� L ( R; S i ) $O$[$\ R !& e � � ( R � S i ) 2 $N$h$&$J7A$r$7$F$$$k ) !% <! $N =P NO $O ‘ENERGY SURFACE CHECK’ $G $" $k!% $3 $3 $G $O!$ S, E, ED, N, C, T, HH, ANN, () $H$$ $&J8;z $KB3$$ $F$=$l$> $l?t;z $,=PNO $5$l$k!% IMAX 9T$K$o $?$k!% S = S i , E $O energy surface E = H L ( S i ; S j ) = N L ( S i ; S j ) ED $O direct part $K4X$9$k energy sur- face, $D$^$j E D = Z 1 0 � L ( R; S i ) " � h 2 2 � d 2 dR 2 + h 2 L ( L + 1) 2 �R 2 + V ( N ) D ( R ) + V ( C ) D ( R ) # � L ( R; S i ) dR Z 1 0 � L ( R ; S i )� L ( R ; S i ) dR S i = S i max $G j E � E D j < � 1 = 4 M eV $H $J$C $F $* $l $P S i max $N >l =j $O ==J, E, @Z $H $$ $( $h $& !J G L ( R ; R 0 ) ; N ( ex ) L ( R; R 0 ) $N 4s M? $, L5 ;k $G $- $k $3 $H $r <( $9!%!K j E � E D j $, $[ $\ 0 $G $"

14. 86;R3KM}O@ 181 $k I, MW $, $J $$ M} M3 !JMx E@!K $O J8 8% $G =R $Y $F $" $k !J;n 9T 4X ?t $N R > � R C 6a K5 $N :n $j J} $N 9* L/$5$K$h$k!K!% V ( N ) D ( R ) !$ V ( C ) D ( R ) $N4X?t7A$,F~NO$7$F$J$$>l9g ( VN000, VC000 $r;H$C $?>l9g ) $O ED $N7W;;$G$O V ( N ) D ( R ) = 0 !$ V ( C ) D ( R ) = Z Z 0 e 2 =R $H$*$/!% j E � E D j < � 1 = 4 M eV $rK~$?$;$P!$ R > R C $G$N G L ( R ; R 0 ) !$ N ( ex ) L ( R; R 0 ) !$ V ( R ) D ( R ) !$ V ( C ) D ( R ) � Z Z 0 e 2 =R $N4sM?$,L5;k$G$-$k$3$H$r<($9!% B3$$$F N $O ED $NFb V ( N ) D ( R ) $+$i$N4sM?!$ C $O V ( C ) D ( R ) $+$i$N4sM?!$ T $O � ( h 2 = 2 � ) d 2 dR 2 + h 2 L ( L + 1) = 2 �R 2 $+$i$N4sM?$rI=$o$9!% E, ED $O3K30$G T+C $K 6a $E $-!$ S i ! 1 $G T = 3 4 h 2 � � (= 3 4 hw ) $K $J $k $O $: $N $b $N $G $" $k!% HH= H L ( S i ; S i ), ANN= N L ( S i ; S i ), B3$/!J !KFb$O Norm Kernel $N direct part (ED <0$NJ,Jl ) $rI=$9!% KBOUND=1 $N ;~$N=PNO $O!$$^$:;29M $N$?$a N L ( S i ; S j ) = AN N ( I ; J ) $N 9TNs$N8G M-CM $, =P NO $5 $l $k!% <! $K E cm $K Aj Ev $9 $k %( %M %k %.!< 8G M- CM $, IMAX 8D Dc $$ $[ $& $+ $i =P NO $5 $l$k!%C10L$O M eV !% 4. @:EY ;n 9T 4X ?t$N <h $j J} $K 0MB8 $9 $k!% 6q BNNc $O J8 8% $K $"$k!% 7W ;; $N ?. Mj@- %A%’%C %/ $K $D $$$F $O 4{$K=R$Y$?!% !ZHw9M![ � V ( N ) D ( R ) , V ( C ) D ( R ) , $rI= $9 FUNCTION VDNFNC(R), VDCFNC(R) $H $7$F � � � , � � 16 O , 16 O � 16 O , � � 40 C a 7O $K$D $$ $F $O H.0. JD 3L 3KGH F0 4X ?t $r MQ $$ $FHy ;k E* $K 5a $a $? $b$N $,$3$N%W %m%0%i%‘ $K$OFbB" $5$l$F $$$k!%$=$l $>$l$N>l 9g$K$D$$ $F V ( N ) D ( R ) $K4X$7 $F $O!$ VDNAA, VDNAO, VDNOO, VDNACA $H$$$&L>A0$,IU$$$F$*$j!$ V ( C ) D ( R ) $K4X$7$F$O!$ VDCAA, VDCA0, VDCOO, VDCACA $H $$ $& L> A0 $, IU $$ $F $$ $k!% $3 $l $i $N V ( N ) D ( R ) $N 7W ;; $K$OFsBN3KNO$N>pJs$,I,MW$G$"$k!% � Volkov No.1, No.2, Brink-Bolcker, Hasegawa-Nagata-Yamamoto %]%F%s%7%c%k$K $D $$$F $O , $3 $N%W %m %0%i %‘$K Fb B"$5 $l $F$$ $k!%$= $l $>$l G\ @:EY <B?t 7? 4X?t !J0z?t $b G\@: EY$H$7$F!K FUNCTION VOLKV1(PARAME),VOLKV2(PARAME),BRINK(PARAME),HNY(PARAME) $H $$ $& FUNCTION L> $, $D $1 $F $" $k!% 0z ?t PARAME $O $3 $l $i $N %] %F %s %7%c %k $K 8= $l $k!% %Q %i%a!<%?$G!$ Volkov No.1, No.2 $G$O Majorana mixture %Q%i%a!<%? m $rI=$o$7!$ Hasegawa-Nagata-Yamamoto $G$OBh#2 range %]%F%s%7%c%k$N 31 P @.J, (singlet-even) $N6/$5$rA}8:$9$k%Q%i%a!<%?!%C10L$O M eV !%0zNO$rDI2C$9$k$J$i PARAME < 0. Brink-Bolcker $G$O free parameter $O$J$$$N$GG$0U$NCM$G$h$$!% CALL KOHN1 J8$NA0 $G!$ 1 2s $3 $l $i $N Fs BN 3K NOMQ FUNCTION $r 8F $s $G $* $/ I, MW $, $" $k!% $3 $l $K $h $j Cf $G Dj 5A $5$l$F$$$k COMMON $rDL$7$FI,MW$J>pJs$, VDNAA Ey$KAw$i$l$k!%$J$*!$ KNL1 $N OCM1 $G H L ( S i ; S j ) , N L ( S i ; S j ) $r:n$k>l9g$=$NCf$G4{$K>e5-$N COMMON %Q%i%a!<%?@_Dj$O:Q$s$G $$$k!% !ZCm0U;v9‘![ � K\ %i%$ %V %i %j$r Mx MQ $7$F F@ $i $l $?7k 2L $r 8xI= $9 $k >l9g!$ %W %m %0%i %‘ L> $H3+ H/ <T L>$r L@ 5- $9$k$3$H!%

14. 86;R3KM}O@ 182 !Z;29MJ88%![ � Y.Mito and M.Kamim ura , Prog. Theor. Ph ys. 56, No.2, pp.583{598, 1976.

15 M-8BMWAGK! %i%$%V%i%jL> FCD’ MSP WS AA COUST 7zC[2;6A2r@O%i%$%V%i%j !{ MAR C 9=B$2r@O%i%$%V%i%j !{ MENT A T MAR C $N%W%j!?%]%9%H=hM}!$ SUN4 >e$NF0:n !{

15. M-8BMWAGK! 184 15.1 AA COUST 7zC[2;6A2r@O%i%$%V%i%j AA COUST %W%m%0%i%‘7A<0 %5%V%k!<%A%sI{%W%m%0%i%‘ :n@.<T BgDa E0 ( BgJ,Bg3X9)3XIt7z@_9)3X2J ) :n@.G/7nF| 1993 G/ 3 7n 1 F| %=!<%9$N8xI= EvLL8xI=$7$J$$ ;HMQ OS MSP(M1800, VP2600) !Z35MW![ AA COUST(subroutine program library for A rc hitectural Acoust ics ) $O!$ 7z C[ 2; 6A 4X O" J, Ln$G $N ;H MQ $r <g 4c $H $9 $k M- 8B MW AG 2r @O $N $? $a $N %5 %V %k!< %A %s %W %m %0 %i %‘ %i %$ %V %i %j!% 8= :_ $N V er.1.0 $K$O!$ << $d CF @-JI BN $K 4X$o $k 4p ACE* $J 2r @O$K MQ $$ $k 3F%^ %H %j %/%9 ;; Dj %5%V %k!< %A %s#3 <o$H!$<<$N307A$+$i3FMWAG$N @aE@$N0LCV >pJs$r;;Dj$9 $k%5%V%k!<%A %s#1<o!$JB$S$K!$ $=$l$i$N ;;Dj$N:]$KMQ$$$k%9%l!<%V %5%V%k!<%A%s$+ $i9=@.$5$l $k!%J#;($J%a%C %7%eJ,3d$N=hM} Ey$K4X$7 $F$O!$%o!<%/%9%F!<%7%g%s$d%Q %=%3%sEy%0 %i%U%#%/%9$K $h$k%$%s%?!< %U%’!<%9$N=<<B $7$?5!4o $rMQ$$!$MWAG$N%a%C%7%e%G!<%?Ey$r :n@.$7$?8e!$ $=$N%G!<%?$HK\ %i%$%V%i%j$r MxMQ$7$F VP >e $GBg 7? ?t CM 2r @O $r <B ;\ $7 $F $b $h $$ $G $7$g $&!% $7 $+ $7 C1 =c $J #2 $^ $? $O #3 <! 85 %a%C %7%e $N 2r @O $G $O!$K\%i%$%V%i%j$N%5%V%k!<%A%s$N$_$K$h$C$?2r@O$NJ}$,MF0W$H$J$k>l9g$b$"$k!% %5%V%k!<%A%sL> 5!G= KEMEP4 4 @aE@ 12 <+M3EYHD6J$2MWAG$N;;Dj KEAIR8 8 @aE@ 8 <+M3EY2;6AMWAG$N;;Dj MEAIR8 8 @aE@ 8 <+M3EY%"%$%=%Q%i%a%H%j%C%/2;6AMWAG$N;;Dj NODE8 6 LLBN$NEyJ,3d%a%C%7%e@8@. AA COUST %5%V%k!<%A%s$N5!G= !ZCm0U;v9‘![ � K\%W%m%0%i%‘$r;HMQ$7$FF@$i$l$?7k2L$r8xI=$9$k>l9g!$%W%m%0%i%‘L>$rL@5-$9$k$3$H!% !Z;29MJ88%![ � !V7z C[ 2; 6A 2r @O %i %$ %V %i %j AACOUST !&Mx MQ $N <j 0z!W Bg Da E0!$ 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s%?!<9-Js , V ol.26, No.5, pp.549{554, 1993.

15. M-8BMWAGK! 185 15.2 MAR C, MENT A T !Z35MW![ MAR C %W %m %0 %i %‘ $O!$ NASTRAN, ADINA $H F1 MM!$ :# F| @$ 3& E* $K 9- $/ Mx MQ $5 $l $F $$ $k HF MQ M-8BMWAGK!2r@O%W%m%0%i%‘!% 9=B$2r@O$r $O$8$a$H$7$F!$ G.EAF32r@O!$ 2;6A2r@O!$@EEE >l2r@O$J $I$N5!G=$r$b$C$F$*$j!$K-IY$J %i%$%V%i%j72 $+$iI,MW$J$b $N$rA*Br$7$F <+M3EY$N9b$$ 2r@O=hM} $r9T$J$&$3$H$,=PMh$k!$FC$KHs@~7A2r@O$,@:EYNI$/9T$J$($k$N$,FCD’!% MENT A T %7%9%F%‘$O MAR C %W%m%0%i%‘$N$?$a$N2qOC7?%W%j!&%]%9%H%W%m%;%C%5$G$"$j!$ %0%i%U%#%C%/!&%G%#%9%W%l%$>e$G %$%s%?%i%/ %F%#%V$JF~NO %G!<%?$N:n@.!& JT=8$*$h$S 2r@O7k2L $NI=<($,=P Mh$k!% MAR C %W%m %0%i %‘$O %Y%/ %H%k%W %m%;%C %5$K!$ MENT A T %7 %9%F%‘ $O%o!< %/ %9%F!<%7%g%s$K%$%s%9%H!<%k$5$l$F$$$k$N$G!$N>5!4V$G$N%G!<%?E>Aw$,I,MW$G$"$k!% !Z=hM}4D6-![ � MSP/VP2600 cataloged pro cedure : MARCGO, MARCCLG � qviss(SUN4) !Z;HMQNc![ � MARC1.DATA $h$j%G!<%?$rF~NO$7$F MARC %W%m%0%i%‘$r5/F0$9$k!% � � //A79999AA JOB CLASS=V // EXEC MARCGO //MARC.SYSIN DD DSN=A79999A.MARC.DATA,DISP=SHR // � � � MxMQ <T$N %5 %V%k!< %A%s MARC.FORT $rMx MQ$7 $F MARC $N2r @O$r 9T$&!% :n6H MQ%U%! %$%k $H$7 $F SSU(System Storage Unit) $r3d$jEv$F$k!% � � //A79999AB JOB CLASS=V // EXEC MARCCLG //FORT.SYSIN DD DSN=A79999A.MARC.FORT,DISP=SHR //MARC.SYSIN DD DSN=A79999A.MARC.DATA,DISP=SHR //MARC.FT11F001 DD UNIT=SSU,SUBSYS=(VPCS,’SPACE=10M’),DISP=(NEW,DELETE) //MARC.FT12F001 DD UNIT=SSU,SUBSYS=(VPCS,’SPACE=15M’),DISP=(NEW,DELETE) //MARC.FT13F001 DD UNIT=SSU,SUBSYS=(VPCS,’SPACE=10M’),DISP=(NEW,DELETE) // � �

15. M-8BMWAGK! 186 � � � � MARC/MENT A T $K$h$k9=B$2r@O !ZDs6!![ � F|K\ MAR C 3t<02q<R !Z;29MJ88%![ � !V S.S.Rao, The Finite Elemen t Metho d in Engineering 2nd Edition, P ergamon Press, 1989 !W � !VF|K\ %^!< %/!$ MAR C %W %m%0 %i %‘%f!< %6!&%^ %K%e%" %k!JF| K\8l!K A JT { %W%m %0%i %‘ 5! G=!$ B JT { MWAG%i%$%V%i%j!$ C JT { F~NO%G!<%?!$ D JT { %f!<%6!&%5%V%k!<%A%s!$ 1990 !W � !V MAR C/MENT A T MxMQ$N<j0z$-!W ;3@. Ui , 6e=#Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.25, No.1, pp.1-31, 1992. � !V SSU $N MAR C $K$h $k@-G= I>2A!W ;3@. Ui , 6e=#Bg 3XBg7? 7W;;5! %;%s%?!< 9-Js , V ol.26, No.4, pp.485-487, 1993. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992.

16 Other Application %i%$%V%i%jL> FCD’ MSP UXP BOB73 Ge(Li) %,%s%^@~%9%Z%/%H%k2r@O !{ FSPICE EE;R2sO)2r@O !{ FSPICE/VP FSPICE $N VP HG !{ PR OP A TH N.BN$NG.J*@-CM%W%m%0%i%‘!&%Q%C%1!<%8 !{ !{ UNICS 7k>=9=B$2r@O%W%m%0%i%‘%7%9%F%‘ !{

16. Other Application 188 16.1 BOB73 Ge(Li) %,%s%^@~%9%Z%/%H%k$N2r@O (The Analysis of Ge(Li) Gamma-Ray Sp ectra) %W%m%0%i%‘7A<0 %3%s%W%j!<%H%W%m%0%i%‘ :n@.<T GO>l 9(!$2,2< 9(!$GO>l @!;R ( F|K\86;RNO8&5f=j ) :n@.G/7nF| 1973 G/ 2~D{<T 9bEg NI@5!$Cf;3 M4Je!$I4Eg B’9,!$Bg:j ?J!J6e=#Bg3XM}3XIt!K :n@.G/7nF| 1978 G/ 2 7n 1 F| ;HMQ8@8l F ortran %=!<%9$N8xI= ’QS.LIBSC(Y0BOB73)’ ;HMQ OS MSP(M1800) !Z35MW![ � Ge(Li) H>F3BN8!=P4o$K$h$k&C@~%9%Z%/%H%k%G!<%?$N2r@OMQ%W%m%0%i%‘$G$"$k!% � %,%&%96J@~$K:G>.<+>h6a;w$r9T$J$C$F$$$k!% � F|K\86;RNO8&5f=j@=B$It GO>l 9( $i$,:n@.$7$?!% � 6e=#Bg3XM}3XIt 9bEg NI@5$i$,6e=#Bg3XBg7?7W;;5! %;%s%?!< M1800 $GMxMQ$G$-$k $h$&$K 2~D{$7$?!% � 86%W%m%0%i%‘$N7W;;$OA4$F2DG=$G$"$k!% � 7W;;5!$N5!<o$*$h$S;HMQ5!4o$N5!<o$NAj0c$N$?$a!$0lIt=$@5$7$?!% � 86%W%m%0%i%‘$K4^$^$l$F$$$J$$%G!<%?%;%C%H$+$i$NB,Dj%G!<%?F~NO$r2DG=$K$7$?!% ;HMQJ}K!$K4X$7$F$O!$;29MJ88%$r;2>H!$ !Z;HMQNc![ � %G!<%?$rD>@\F~NO$9$k � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=BOB73 //GO.SYSGO DD * %G!<%?$NF~NO /* // � �

16. Other Application 189 � B,Dj%G!<%?$r%G!<%?%;%C%H D1.DATA $+$iF~NO$9$k!% � � //A79999A1 JOB CLASS=A // EXEC GO,PROG=BOB73 //GO.FT01F001 DD DSN=A79999A.D1.DATA,DISP=SHR //GO.SYSGO DD * 7W;;>r7o@_Dj$N%G!<%?F~NO /* // � � !Z;29MJ88%![ � Usage of the BOB7-series Programs for the Analysis of Ge(Li) Gamma-Ra y Sp ectra, F|K\86;RNO8&5f=jJ|<M@-F10LBN@=B$;qNA -1200, JAERI-M70117, Marc h, 1977.

16. Other Application 190 16.2 FSPICE, FSPICE/VP !Z35N,![ FSPICE(F ujitsu Simulation Program for In tegrated Circuit Ev aluation) $OEE ;R 2sO) 2r @O $N $?$a $N %" %W %j %1!< %7%g %s %W %m %0 %i %‘!% %+ %k %U%) %k %K %" Bg 3X $G 3+ H/ $5 $l $? 2s O) 2r @O %W %m %0 %i %‘ SPICE $K $$ $/ $D $+ $N 5! G= $r DI 2C $7 $F $$ $k!% 2r @O 7k 2L $O GRAPHMAN $K $h$C $F ?^ 7A =P NO $5 $l $k!% FSPICE %3 %^ %s %I $O M1800 $N $_ $N F0 :n $G $" $k $,!$ %P%C %A %8%g %V $K $h$C $F VP2600 >e $G 9b B.$J=hM}$,2DG=$G$"$k!% !Z=hM}4D6-![ � MSP/M1800, MSP/VP2600 command : FSPICE catalogued pro cedure : FSPICE, FSPICEVP !Z;HMQNc![ � ?^7A=PNO$r9T$&=PNO@)8fJ8$K$h$j=PNO$5$l$?2r@O7k2L$N?^7A$r PDB $K3JG<$9$k!% FSPICE $G$N=hM}8e!$ GRAPHMAN $r5/F0$7$F?^7A=PNO$r9T$&!% READY FSPICE GRPH GRA1(G1.DATA) GRA2(G2.DATA) M(MACGO) IND(IN.DATA) + � � � � � B3$-$rF~NO$7$F$/$@$5$$!% F(FILE.DATA) INC(INC.DATA) � � � � � <<<FSPICE>>> - - 2r@O7k2L - READY !ZDs6!![ � IY;NDL3t<02q<R !Z;29MJ88%![ � !V F A COM OSIV/F4 FSPICE 2r@b=q!W (78AR-7700) !$IY;NDL3t<02q<R!% � !V FSPICE !JHF MQ EE;R 2s O)2r @O %W%m %0 %i%‘!K $N 8x 3+$K $D $$$F!W 6e =#Bg 3X Bg7? 7W ;;5! %; %s %?!<9-Js , V ol.22, No.5, pp.517{524. 1989. � !VMxMQ$N<j0z!&%P%C%A%8%g%VJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1992. � !VMxMQ$N<j0z!& MSP %3%^%s%IJT!W6e=#Bg3XBg7?7W;;5!%;%s%?!<!&%i%$%V%i%j<< , 1993.

16. Other Application 191 16.3 PR OP A TH PR OP A TH $O4X?t7?$NHF MQG.J*@-CM%W%m %0%i%‘%Q%C%1!<%8!%Mx MQ<T$,<+?H$N%W %m%0%i%‘C1 0L$K $* $$ $F J* <A L> $r ;X Dj $9 $l $P!$ $= $N J* <A $K BP $9 $k 3F <o $N G. J* @- CM $, ;X ?t 4X ?t $d ;0 3Q 4X ?t $N $h$&$J4JJX$5 $G5a$a $i$l$k!% 1984 G/$K %W%m %Q%9Bh 1.1 HG$r 8x3+$7 1993 G/$K 8.1 HG$, 8x3+$5 $l $?!%G.J*@-CM$d Dj?t$r M?$( $k%W%m %0%i%‘ $O$9$Y $F4X ?t$G$" $k . $=$l$i $N0z ?t$OC1 @:EY<B ?t$+J8 ;z7?$G$"$j , 4X?t$NCM$OC1@:EY<B?t$+J8;z7?$G$"$k . %W%m%0%i%‘7A<0 4X?t7?%W%m%0%i%‘ :n@.<T PR OP A TH Group BeI=!’0KF# LT9(!J6e=#Bg3X9)3XIt!K :n@.G/7nF| 1984 G/ (1.1 HG ) ;HMQ8@8l F ortran ;HMQ OS MSP , UXP(M1800) PR OP A TH Bh 8.1 HG $G $O!$?7 $?$J J* <A$H $7 $F!$?e (IF C 1967-ITS 1990) !$ O;$U$C 2= N22+!$ F C-C318( %U%m%s C318) !$ CFC-113( %U%m%s 113) !$ HCF C-123( %U%m%s 123) !$ HF C-134a( %U%m%s 134a) !$%O%m%s 1211( %U%m%s 12B1) !$%U%m%s 500 !$%U%m%s 503 !$<>$j6u5$ ( M}A[5$BN:.9gJ* ) $*$h $S<> $j 6u 5$ ( <B :_ N. BN ) $N 4X ?t $r DI 2C $7!$ Bh 7.1 HG $^ $G $K <} O? $5 $l $F $$ $? J* <A $K $D $$ $F $b 4X ?t $N?t$r<c 43DI 2C$7 $?!%Bh 8.1 HG$N %i%$ %V%i %j!&%G!< %?%;%C %HL> $*$h $S%7 %s%0 %k%7%g%C %H!&%W %m %0%i%‘$N%=!<%97A<0$N%G!<%?%;%C%HL>$O!$<!$N$h$&$K$J$C$F$$$k!% %X%j%&%‘ 4 Helium 4 LIB.P8HE4.LOAD %M%*%s Neon LIB.P8NE.LOAD %"%k%4%s Argon LIB.P8ARG.LOAD %/%j%W%H%s Krypton LIB.P8KR.LOAD %-%;%N%s Xenon LIB.P8XE.LOAD n- ?eAG n-Hydrogen LIB.P8H2.LOAD 1vAG Chlorine LIB.P8CL2.LOAD CbAG Nitrogen LIB.P8N2.LOAD ;@AG Oxygen LIB.P8O2.LOAD 6u5$ Air LIB.P8AIR.LOAD Fs;@2=C:AG Carb one Dioxide LIB.P8CO2.LOAD ?e (IFC 1967-IPTS1968) W ater(IF C 1967-IPTS1968) LIB.P8H2O.LOAD ?e (IFC 1967-ITS1990) W ater(IF C 1967-ITS1990) LIB.P8H2O90.LOAD ?e (IAPS 1984) W ater(IAPS 1984) LIB.P8HGK.LOAD =E?e Hea vy W ater LIB.P8D2O.LOAD %"%s%b%K%" Ammonia LIB.P8NH3.LOAD O;$U$C2=N22+ Sulfur Hexa uoride LIB.P8SF6.LOAD %a%?%s Methane LIB.P8CH4.LOAD %(%A%l%s Eth ylene LIB.P8C2H4.LOAD %(%?%s Ethane LIB.P8C2H6.LOAD %W%m%T%l%s Propylene LIB.P8C3H6.LOAD %W%m%Q%s Propan LIB.P8C3H8.LOAD F C-C318( %U%m%s C318) FC-C318(R C318) LIB.P8RC318.LOAD CF C-12( %U%m%s 12) CF C-12(R12) LIB.P8R12.LOAD CF C-113( %U%m%s 113) CFC-113(R113) LIB.P8R113.LOAD CF C-114( %U%m%s 114) CFC-114(R114) LIB.P8R114.LOAD HCF C-22( %U%m%s 22) HCFC-22(R22) LIB.P8R22.LOAD

16. Other Application 192 HCF C-123( %U%m%s 123) HCF C-123(R123) LIB.P8R123.LOAD HF C-134a( %U%m%s 134a) HF C-134a(R134a) LIB.P8R134A.LOAD %O%m%s 1211( %U%m%s 12B1) Halon 1211(R12B1) LIB.P8R12B1.LOAD %O%m%s 1301( %U%m%s 13B1) Halon 1301(R13B1) LIB.P8R13B1.LOAD %U%m%s 500 Refrigeran t 500 LIB.P8R500.LOAD %U%m%s 502 Refrigeran t 502 LIB.P8R502.LOAD %U%m%s 503 Refrigeran t 503 LIB.P8R503.LOAD <>$j6u5$ ( M}A[5$BN ) Moist Air (Ideal Gas) LIB.P8MAIG.LOAD <>$j6u5$ ( <B:_N.BN ) Moist Air (Real Fluid) LIB.P8MARF.LOAD =cJ*<A$N%7%s%0%k%7%g%C%H!& Single Shot PR OGRAM LIB.P8PURESS.FORT %W%m%0%i%‘ for Pure Substance <>$j6u5$ ( M}A[5$BN ) $N Single Shot PR OGRAM for Moist LIB.P8MAIGSS.FORT %7%s%0%k%7%g%C%H!&%W%m%0%i%‘ Air as Mixture of Ideal Gas <>$j6u5$ ( <B:_N.BN ) $N Single Shot PR OGRAM for Moist LIB.P8MARFSS.FORT %7%s%0%k%7%g%C%H!&%W%m%0%i%‘ Air as Real Fluid !Z%^%K%e%"%k$K$D$$$F![ PR OP A TH Bh 8.1 HG$NMxMQ$N<j0z$O!$ L a T E X $N%=!<%9%U%!%$%k!$ D VI %U%!%$%k$G8x3+$7$F$$ $k!J ASCI I F| K\ 8l T E X !K!% %; %s %?!< #2 3, $N %*!< %W %s << $K %U %m%C %T!< %G%# %9 %/ (MS-DOS for- mat) $,CV $$$F$" $k$N$G 3F<+$G %3%T!<$7 $F7k9= $G$"$k!% %=!<%9%U%! %$%k!$ DVI %U%!%$ %k$N=h M} J}K! $O!$ README.DOC $r ;2 >H!% $? $@ $7!$ %U %m%C %T!< $N L a T E X $O ?^ I= $N It J, $, <h $j 9~ $^ $l $F $$ $^$;$s!%I,MW$JJ}$O!$%i%$%V%i%j<<$^$G8fO"Mm2<$5$$!%%3%T!<$rAwIUCW$7$^$9!% !Z;29MJ88%![ � !V PR OP A TH N.BN $N G. J*@- CM %W%m %0 %i %‘!&%Q%C %1!< %8 Bh 8.1 HG!W %W%m %Q %9!& %0%k!< %W , 1993. � !V PR OP A TH N.BN $NG.J*@-CM%W%m%0%i%‘!&%Q%C%1!<%8 Bh 8.1 HG , ?7HG 8x3+$N$*CN$i$;$H Bg7?7W;;5!MxMQ<T$N$?$a$NJd0d!W %W%m%Q%9!&%0%k!<%W , 1993. � !V UXP/M for the W orking Scien tists !W:4F# <~9T , 1993.

16. Other Application 193 16.4 UNICS UNICS(Univ ersal Crystallographic Computation Program System) $O F|K\ 7k>=3X 2q$, A4 9q$NBg3X!$8&5f=j$G3+H/$5$l $?%W%m%0%i%‘ $rE}9g@0Hw$7 $F:n@.$7$?7k >=9=B$2r@OMQ %f%K%P!<%5 %k!&%W%m%0%i%‘%7%9%F%‘!%6e=#Bg3XHG$O!$0\?"<T$K$h$kDI2C3+H/J,$r4^$‘!% %W%m%0%i%‘7A<0 %3%s%W%j!<%H!$%5%V%k!<%A%s%W%m%0%i%‘ :n@.<T F|K\7k>=3X2q 2~D{<T 2OLn =E><!J6e=#=w3X1!C;Bg!K :n@.G/7nF| 1983 G/ ;HMQ8@8l F ortran %=!<%9$N8xI= ’QS.LIBSC(Y3*****)’ ;HMQ OS MSP(M1800) !Z;HMQNc![ � %W%m%0%i%‘ FILEIN $K$h$j!$ CRYSTAL DATA FILE $r:n@.$9$k!% READY ALLOC F(FT01F001) DA(XTAL.DATA) � � � � � ALLOC F(FT02F001) DA(RD.DATA) � � � � � FREE F(FT05F001) � � � � � ALLOC F(FT05F001) DA(PO.DATA(FILEIN)) � � � � � UNICS FILEIN � � � � � !Z;29MJ88%![ � !V UNICS I I $N ;H MQ K! $K $D $$ $F!W 2O Ln =E >< , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js V ol.13, No.1, pp.39{50, 1980. � !V UNICS I I I $N ;H MQ K! $K $D $$ $F!W 2O Ln =E >< , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9- Js V ol.16, No.2, pp.113{154, 1983.