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C v?i. 

XAbs 

XAbs 

Abs simplification rules 

absolute value — modulus — numerical value 

S.Wolfram 
Jul 1981 

R b s t S x S S x ] : : D b s I U ) A b s l S S x ] 

fib* t $ x - ( $ n _ f N a t P [ I n ] ) ] : P b t [ $ x ] - $ n 

D [ A b s [ $ x ] , j S x , l , $ y j ] : S i g n t S y ] 

Rbs [S i gn t$x_5= ( $ x ~ = 8 ) ] ] : 1 

• T h e t a ; S i g n ; R a « p ; D e l t a 

f l t l } t t <XRbs 

# 1 [ 2 ] : : R b s l a b - 2 c ] 

2 
#0 1 2 3 : R b s t a ] fibstb] R b s E c ] 

Warning: Redefines libs. 
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frbZ. 

XAck 

^ XAck 

Ackermann function 

generalized power — general recursion — recursive function theory 

C.Cole and S.Wolfram 

Jul 1981 

AckIx, yl 
An Ackermann function. 

ficlc[8,Sy] : nod tJy + 1 , 3 ] 
flcU$K,B) : Sx + 1 
flckISx,l] I Sx+2 
R c r [ $ x , 2 ] s 2Sx 
R c k [ $ x , 3 1 : 2~$x 
R c K t S x , 4 ] s : flrroM [ 2 , S x + 1 ] 
B c t C S x . S y ] t t Rck . [$x ,Sy] t Rett CRck [ $ x - l , Sy] , S y - 1 ] 

Arrow In, ml 
Knuth arrow function n~(n~(nr...))) with m powers. 

firrowt$n,8] : 1 
flrrou t $ n , 1 ] : Sn 
R r r o n t $ n , S | ] t t J n - f l r r o u t S n , $ » - l ] 

# I U ] t : <XRck 

| I t 2 1 t i R r t l 8 , f l r r o n t $ i , 2 3 ] 

#0 123: j l , 4 , 2 7 , 2 5 6 , 3 1 2 5 , 4 6 6 5 6 , 8 2 3 5 4 3 , 1 6 7 7 7 2 2 8 , 3 8 7 4 2 8 5 8 8 , 1 . * - 1 8 } 

f H 3 1 : : R c k t 2 , 5 1 

#0 1 3 ] : 16 

# I U ) i | R c k [ 3 , 5 ] 

• i M ww m — — p w 



XAII but 

_ XAIlbut 

List element deletion 

list element removal — complement — exclusion 

S.Wolfram 
Aug 1982 

A I I b u t Hist, el, e2, . . . ] 
yields list with all o c c u r r e n c e s of el, e2, ... de le t ed . 

RI Ibut tSI i s t , S S e ] :: ( L c l l t l i t t S l i s t ; Do [ i , L e n U i s t CSSe]] , \ 
t t O a l [ L i s t I S S e ] C i ] , t l ] ; t) 

Hisfeatures: untested 

m^k^mS.^JiM-^-i'-. -'"•*•'• •' • -' •' • * • ' •-,--**'• - j " ' > J u r " i ^ 3 B £ 5 l ^ & * * ^ 3 
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XAny 

XAny 

List element condition test 

scan — any — test for any elements — existence test 

S.Wolfram 
Jul 1981 

Any [temp, list] 
tests whether any of the elements of list yield "true" on application of the tem
plate temp. 

finy_: T i » r 
J n y t S i p ] : J B . l n f j 
R n y [ S t e « p , S I i s t I t : 1 n [ $ 1 _ * R p [ S t • e p , j S 1 j ] , S I i s t ] 

• P a s ; X S c a n 

f l t l l t l <Xflny 

# 1 1 2 ] : : R n y [ E v e n p . f l r [ 5 , P r l i t ] ] 

# 0 t 2 1 : 1 

,. 'ii' jii'-'.-^'sm 



XArperm 

^ 
XArperm 

Permutation generation 

reorderings — symmetr i e s 

S.Wolfram 
Jul 1981 

A r p e r • In, (spec:(oU))l 
yields a list of the permuations of n elements which exhibit the symmetries spec. 

R r p e r a t S n ] t: FI at tfir[Rr[Sn,Sn] ,L I s t , U n e q ] ,Sn] 

< X L i « t 8 
D r p i r k . : T i a r 
R r p a r a l l ] : j ( l { } 
flrpera [$n_s:Na t p [ Jin] ] t t B r p e r a t S n ] : \ 

F l a t t n a p l f l r t S n , I n s t S n , S % l , $ X 2 ] ] , f l r p e r a [ $ n - l ] ] , 1 ] 
flrpera l $ n , C y c I i c ] t : Rr [ S n , C y c t R r t S n ] , S X 1 ] ] 
flrpera [ S n , E v e n ] I I C a t [ R r [ Sn ! , R r p e r a t S n ] , E v e n p ] ] 
flrpera[Sn,Odd] i : C a t Cflr [ S n ! , R r p e r a [ Sn3 , 0 d d p ] ] 

# 1 [ 1 ] : : < X R r p e r a 

f M Z l l I R r p e r a C 3 3 

# 0 [ 2 ] : 1 ( 3 , 2 , 1 ) , j 2 , 8 , 1 J, { 2 , 1 , 3 } , J3, 1,2 j , { 1 , 3 , 2 } , } l , 2 , 3 } j 

f i t ! ! I I R r p e r a [ 3 , C y c I i d 

# 0 [ 3 J : ( { 2 , 3 , 1 } , ( 3 , 1 , 2 } , { 1 , 2 , 3 } } 

f l i t ] I I R r p e r a [ 3 , E v e n 3 

# 0 [ 4 ) t ( ( 2 , 3 , 1 } , { 3 , 1 , 2 } , ( 1 , 2 , 3 ) } 

# I [ S ] : t R r p e r a t 3 , O d d 3 

# 0 [ S ] i { ( 3 , 2 , 1 ) , ( 2 , 1 , 3 ) , ( 1 , 3 , 2 ) ) 

Prerequisites: X L i a 18 

-
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XBase 

XBase 

Number base conversion 

radix arithmetic — positional notation — binary — ternary 
octal — hexadecimal — scales of notation — integer conversion 

S.Wolfram 
Jul 1981 

Tol8Eccccc.nl 
converts the number ccccc from base n to base 10. ccccc represents an integer 
whose digits are characters in the symbol name ccccc. The "digit" 10 is 
represented by a, 11 by b and so on. 

T o l 8 _ j T i e r 
T o l 8 [ S « _ * S y a b p C S s ] , S b _ » N a t p [ S b ] ) t t ( L c l [ Z l l ; X I : E x p I t $ s ] ; \ 

S u a [ $ b ~ ( L a n [ X | ] - X i ) * X I [ X i ] , ( X i , l , L a n [ X I ] } ] > 

Froal0tx,n] 
converts the decimal integer x to a Base projection in base n. 

F r o » 1 8 _ s T i e r 
F r o a l B [ J n ^ N a tp [ $ n ] , S b _ j N a t p [ $ b - l ] ] t t < Lc I [ X t o t , %r e s , X i 3 ; \ 

F o r [ X i : l ; X r a « : S n , X r e s ^ 8 , I n c [ X U , X t o t [X i 3 : H o d [ X r a s , Sb3 j \ 
X r a s : F l o o r [ X r a s / S b ] ] ; I a p l [ R e v [ X t o t ] ] ) 

• XTarn 

# 1 [ 1 1 : : 

# 1 [ 2 ] : : 

# 0 [ 2 ] : 

# 1 [ 3 3 : t 

# 0 1 3 ] : 

# I [ 4 3 : t 

#0 143 t 

§1 [53 x : 

4HHS3: 

< X B a s e 

F r o a l B [ 1 4 5 2 , 2 : i 

" 1 8 1 1 8 1 8 1 1 8 8 " 

T o l 8 [ X , 2 3 

1 4 5 2 

F r o a l S t X , 1 6 3 

"5a c " 

T o l 8 [ X , 163 

1 4 5 2 

http://Tol8Eccccc.nl


XBel I 

X B e l l 

Bell numbers 

Stirling numbers - number of equivalence relations 
combinatorial functions 

S.Wolfram 
Sep 1982 

Be I I [ n ] 
n th Bell number. 

Be I I t J n _ f N a t p [Sn3 ] t t S u a [ S t i 2 [ Sn , X i ] , {X i , 1 , Sn j ] 

[Sloane: Handbook of Integer Sequences, sect. 3.12] 



XBer2V 

~ XBer2V 

Bernoull i polynomials 

S.Wolfram 
Feb 1982 

Definition of values for integer index. 

<XBerV 
B a r [ S n _ s N a t p [ $ n ] , S x 3 : : S u a [ B e r [ X k 3 C o a b [ $ n , X k ] S x ~ ( S n - X k ) , { X k , 8 , S n }] 

[MOSsect. 1.5.1] 

-



XBerV 

XBerV 

Bernoulli numbers 

S.Wolfram 
Feb 1982 

Definitions for special values of argument. 

Bar [83 : 1 

B a r m t - 1 / 2 

Ber[23 : 1/6 

B a r U l : - 1 / 3 8 

B e r [ $ a _ r 0 d d p [ S a ] ] : 8 

B a r [ $ a _ r N a t p [ S a / 2 3 ] : : ( L c I [ X a , X c 3 ; X c : 1 ; X a t 8 j O o [ X i , 8 , S a - 1 , X a : X a + Xc B e r [ % i 3 ; \ 
X c t X c ( S a + l - X i ) / ( X i + 1 ) ] ; Bar [Sa l : - X a / ( S a + D ) 

[AS 23.1.7] 
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X B i t 

XBit 

Bitwise operations 

binary — bitwise and — bitwise or — collate 

S.Wolfram 
Jul 1981 

Bits [ft] 
yields a list of binary bits corresponding to the integer n. 

B i t s _ s T i a r 
B i t s [ S n _ » N a t p I S r i ] ] l l ( L c I [ X t o t , X r a s , X i ] ; X i t 1 ; X r a s : Sn ; \ 

L o o p [ X r a s ~ * 8 , X t o t [ X i 3 t l 1 o d [ X r a « , 2 ] ; X r e s { F l o o r [ X r a « / 2 1 | I n c t X i 3 3 s \ 
R e v I X t o t ] ) 

I n t b i t llistl 
finds the integer corresponding to a list of bits. 

In tb i t [S I i i t j C n n t p tS I is t ] ] I t \ 
5 u » [ 2 * ( L t n [ l l l a t l - X I ) S l i s t t X i ] , ( X i , l , L e n [ S l i t t ] } ] 

Bl tand In, ml 
yields the bitwise conjunction of n. and m. 

B i t and __: C o a a 
B i t a n d t $ n _ s N a t p t S n ] , S * _ s ( N a t p [ S a 3 S $ a > S n ) 3 i t \ 

( L c I t X n . X a ] ; X n : B i t s [ $ n ] ; X a : B i t s [ S a ] ; \ 
I n t b i t [ R e v U d i s t [ R e v [ X n 3 6 Ar [ L a n [ X n l , R e v [ X a ] ] ] 3 1 ) 

B i t a n d [ S n _ * N a t p [ S n 3 , S n 3 : : $ n 

B i tor In , ml 
yields the bitwise disjunction of n and m. 

B i t o r _s C o a a 
B . t o r [ S n _ * N a t p [Sn3 , f a ^ - N a t p CSm] 3 : : \ 

I n t b i t [ R e v U d i s t [ R e v [ B i t s [ $ n 3 ] | Rav [ B i t s [ S a 3 3 3 3 1 

f i l l ] II <XBit 

# 1 ( 2 ] : : B i t s [ 1 2 3 3 

# 0 [ 2 3 : ( 1 , 1 , 1 , 1 , a , 1 , 1 ) 

# 1 1 3 3 : : I n t b i t ( X I 

#OC33: 123 

# 1 ( 4 3 : : B i t a n d [ 1 2 3 , 5 1 4 ] 

#0 [ 4 ] : 4 

f l t S l I I B i t o r [ 1 2 3 , 5 1 4 3 

# 0 t 5 1 : 635 

... i«u. IIUJMH l u B W W ' l J ' ^ - y a a M B j j f l i i B ) . ! ) iii,,i .̂iii ,v.->X£< j y j W V W P * 'W"*fj»lgfifgiP"Jpiip»a 



-XBox 

S s _ 
XBox 

Additional graphical objects 

geometrical figures — square — box — circle — plotting 
regions 

S. Wolfram 

Jul 1981 

Boxl[x,y]l 
represents a unit box centred at the point x,y. 

B o x [ { S x , S y ) 3 i t L i n e [ ( P t [ ( S x - 8 . 5 , S y - 8 . 5 } ] , P t [ ( $ x + 8 . 5 , S y - 8 . 5 } ] , \ 
P t [ ( S x + 8 . 5 , S y + 8 . 5 ) ] , P t [ ( S x - 8 . 5 , S y + 8 . S J ] , \ 

Pt [ ( S x - 8 . 5 , S y - 8 . 5 ) ] ) ] 

C i r c l e [ { x , y j ] 
represents a unit circle centred at the point x,y. 

C i r c l a [ { $ x , S y }3 s : ( C u r v e [ R r [ 2 8 , P t [ ( S x , $ y j + ( S i n [ 2 P i S l / 2 8 3 , \ 
Cos I 2 P i $ 1 / 2 8 3 ) ] ] 3 j 

-
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XCatalan 

XCatalan 

Catalan numbers 

convex polygon dissection — rooted planar trees 

S.Wolfram 
Sep 1982 

Catnum [ n l 
n th Catalan number. 

C a t n u a C S n ] I I CoBb [ 2 $ n , S n 3 / (Sn + 1 ) 

[Sloane: Handbook of Integer Sequences, sect. 3.5] 

-
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XCf 

XCf 

Continued Fract ion Numbers 

• ^ 

continued fraction representation 

S.Wolfram 
Aug 1982 

Cf0l\al,a2,.. .J] 
converts the continued fraction number with coefficients al, a2, 
form. 

to decimal 

C f D [ S I i s t _ * C o n t p [ S I i s t ] ] t t ( L c I [ 1 3 j 1 1 L a s t 19 I i s 1 3 ; \ 
l ) o [ l , L e n [ S l i s t 3 - l , l , - l , t : M t l / t + S l i s t [ i 3 3 ] ; t ) 

DCf In, ord] 
converts the decimal number n to a continued fraction form to order ord. 

DCf[[Sn,Sord_»NatptSord]33 t: \ 
<Lc I [n,ni, I ist] j niSn; list:jj; Dot i ,Sord,ni :F I oortn3 ; \ 

IiattCat [ I iat, {ni )3; n:N [ 1/(n-ni)33j list) 

f l d l 11 <XCf 

f l t Z l l l N[Phi3 

# 0 [ 2 3 : 1 . 6 1 8 8 3 

# I [ 3 3 i : DCMX.183 

# 0 1 3 ] : { 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 ) 

# I I 4 1 n CfD[X] 

# 0 ( 4 ] : 1 . 6 1 8 1 8 

# 1 1 5 ] : : DCf £N [P 13 , 183 

#0£53t ( 3 , 7 , 1 5 , 1 , 2 9 2 , 1 , 1 , 1 , 2 , 1 ) 

Future enhancements: Treat arbitrary precis ion numbers; may be included in C f 13 internal 
code. 
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XChar 

XChar 

Character manipulation 

text manipulation — character strings — ASCII — letters 
words 

S.Wolfram 
Jul 1981 

• 

Upperp Istrl 
yields 1 if the first character of the string str is an upper case letter, and 0 other
wise. 

U p p e r p t S s t r ] t : (1 Exp I [R3 [13 ) <« Exp I C S s t r ] [ 1] <e ( ! E x p I [23 [ 1 3 ) 

Lowerp Istrl 
yields 1 if the first character of the string str is a lower case letter, and 0 other
wise. 

LoMerp[$str3 tt ( tExp 1 [a] [13) O Exp I CSstr3 113 < ( <Exp I [z3 [13) 

To lower Istr l 
converts all upper case letters in str to lower case. 

T o l o y e r [ S s t r 3 t : l a p I [Hap [ S I - ( ! E x p I [ f l ] [ 1 3 - E x p I [ a ] [ 1 3 ) ,Exp I [ S s t r 3 , 1 , \ 
( ! E x p l [R3 [ I D <= $2 <= ( t E x p l [21 [13 )33 

(Mm 
# U 2 ] 

#om 

f l t l ] 

#0 t 3 ] 

#11*3 

#0 143 

# U 5 3 « 

# 0 [ 5 3 , 

f i l l ) l 

#0 163 : 

<XChar 

t l : " a aessaga " 

"a a e s s a g a " 

t i l "fl HESSRGE" 

"R HESSRGE" 

Louerp 1113 

1 

Lowerp [ t 23 

8 

To I oner I t23 

"a a e s s a g a " 
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XChi2 

XChi2 

Chi squared distribution 

probability functions - errors — statistics — normal distribution 
Gaussian distribution 

S.Wolfram 
Aug 1982 

QChi2[c/it£,nu] 
value of chi squared distribution at chxSynthnu degrees of freedom. 

Q C h i 2 [ [ $ c h i 2 , S n u 3 3 t t N [ G a a a a [ S n u / 2 , S c h i 2 / 2 3 / G a a a a [Snu/233 

[AS 26.4.1] 

s -
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X C I a s s 

XCIass 

Classified data statistics 

binned data — histograms 

C.Feynman 
Aug 1981 

CI ass [datum, cent, spacing! 
returns the number closest to datum which is equal to cent modulo spacing. This 
is the class mark (the location of the center of the class) of the class in which 
datum belongs, given an arrangement of classes of constant width (equal to spac
ing), one of which is centered on cent. 

CI ass[$x,Scant,Sspacal : Scant • -1»(SspaceaFIoor [1/2 + (Scant + -Sx)\ 
/Sspacal) 

CI ass i f y Id, cent, space] 
returns a list, the indices of which are the class marks of a set of classes whose 
spacing is space, and one of which is centered on cent. The elements of the list are 
the frequencies with which the numbers in the list d fall into the respective 
classes. The returned list is the smallest which will include all of d. 

C l a s s i f y [ $ d a t a , $ c , S s 3 i t P r o c I L c l I r i l t l ; r s l t t Rr [ { (C I ass [Rp [ H i n \ 
, S d a t a 3 , S c , S s ] , C l a s s [ f l p [ n a x , S d a t a ] , S c , S s ] , S s } ) , 8 ] ; t 1 a p [ r s l t [ C l a s s \ 
[ S y , S c , S s 3 3 t r s I t [ C I a s s [ $ y , $ c , S s 3 3 * l , S d a t a l \ 
; r s l t l 

diode[41 
returns a list consisting of the modes of the data in d, i. e. the class mark or 
marks of the most crowded class or classes. 

Cnode [ S d a t a ] : : Rp [Ca t , Pos [Rp [flax , Sda t a l , Sda t a] 3 

Cfleanlrf] 
returns the arithmetic mean of the data in d. 

Ct1ean[Sdata3 i : N [Sua [E I aa [Sda t a , {n )3 * I n d [Sda t a , n3 , (n , 1 , \ 
L a n [ S d a t a 3 } ] / B p I P I u s , S d a t a ] 3 

CSDIcfl 
returns the standard deviation of the data in d. 

CSD[Sd3 i t N I S q r t I C V a r t $ d 3 » f l p [ P I u s , S d 3 / ( f l p [ P I u s , $ d 3 + - 1 ) 1 3 

CVarErfl 
returns the variance of the data in d. 

CVar tSd ] i t H I ( S u a l l n d I S d . n l ~ 2 » E l e a l S d , (n {] , ( n , 1 , \ 
L e n [ $ d 3 j 3 + - l a (flp [P I us , Sd3 aCFIean [Sd3 ~2) ) / f lp [P I us , Sd3 3 

CApproxC&f] 
returns an Err projection whose mean and standard deviation are the same as 
those of d. 



U ^ \J 

I 

XCIass 

C f l p p r o x C S d ] i i E r r I C f l e a n [Sd3 ,CSD [Sd3 3 

criDid] 
re turns the mean absolute deviation of the data in d. 

C H D I S d ] t t ( L c l [ a a a n 3 { a a a n t C M e a n [ $ d 3 ; S u a [ R b s [ I n d [ S d , n l + - a e a n 3 \ 
• E l a a l S d , j n } ] , ( n , l , L a n [ $ d l ) 3 ) / f l p [ P l u s , S d 3 

U n c I a s s i f y I d ] 

returns a list of unclassified data, which, if classified, would produce d. This is the 
"inverse" of C I a s s i f y. It is of course not perfect, since much information is lost 
in the classification process. 

U n c l a s s i f y [ S d l t t P u r I f y [Rp [L I a t , f lap [ R a p I [ I n d [ S d , S x ] , E I a a [ S d , ( S x ) \ 
) ] , L i s t t l . . L e n U S d ] ] ] ] ] 
P u r i f y [ S I i s t l t t ( L c l [ r 3 ; r i { ) ; D o [ i , L a n [ S I i s t l , I f [ N u a b p [ E I e a t S I i s t , j i J l I , \ 
r t C a t I r . L i s t IE l e a I S I i s t , } i } 3 3 3 3 3 ; r ) 

CFracl ld,fl 
is a projection which is called only by CFr ac t . You should never need it. 

C F r a c l [ S d , S f r a c ] n I f [ $ f r a c > 8 , L c I [ n , t o t a I , u a n t a d ] ; \ 
F o r l n i 8 ; t o t a l I 8 ; w a n t e d I S f r a c a f l p [ P I u s , S d 3 , u a n t e d > t o t a l , \ 
n t n + l j t o t a l t t o t a l + E I o a [ S d , (n } l , n 3 + l , L c l [ n l ; n \ 
t 6 | L o o p t N u l l . n i n + 1 , E l e a l S d , (n }3 a 83 3 

CFract ld,f l 
returns the / f r ac t i l e of the data in d. 

C F r a c t l S d _ , ( L e n [ S d 3 > 1 ) , S f r a c _» ( S f r a c > - 8 8 1 > - S f r a c ) ] t i \ 
H I ( L c I [ u h a r a , c , b I , f a , f a l . n n l ; w h e r e : C F r a c l [ S d , S f r a c ] ; c : I n d [ S d , \ 
23 + - I n d l S d , l ] ; b t I I n d [ S d , w h a r a ] + - l « c / 2 ; f a \ 
i E l e a t S d , J H h i n j ] ; f a l : flp [P I us , d a p [E I a a [Sd , (Sn )3 , \ 
( 1 . . H h a r a 4- - l j : i ] ; nn t R p [ P l u s , S d 3 i \ 
b l + c « ( n n * $ f r a c + - f a l ) / f a ) l 

CHedld] 
re turns the median of the data in d. 

C f l e d [ S d ] i t C F r a c t [ S d . 8 . 5 3 

CQ1 Idl 
returns the first quartile of the data in d. 

C Q U S d l t t C F r a c t [ S d , 8 . 2 5 3 

CQ3 Idl 
returns the third quartile of the data in d. 

C Q 3 t S d ] i t C F r a c t [ S d , 8 . 7 5 3 

err. nidi 
returns the minimum of the data in d. 

C f l i n T S d ] t i ( L c l [ n 3 j n : 8 ; I nd [ S d , L o o p [ N u I I , n i n + l , E l e a [ S d , \ 
( n ) 3 - 8 3 3 ) 

CMaxIdl 
re turns the maximum of the data in d. 



u *b 

XCIass 

_ 
CI1ax[Sd3 i t ( L c l [ n 3 ; n t Len tSd l + 1 j I n d [ S d , Loop [Nu I I , n : n + - 1 , \ 
E l e a t S d , }n )] a 8 ] ] ) 

# I ( 1 3 : t < x c l a s s 

# 1 1 2 ] : : C l a s s [ 2 . 4 3 , 8 , l ] 

# O C 2 3 : 2 

# 1 ( 3 3 : : C l a s s [ 2 . 4 3 , . 5 , 1 3 

# O t 3 3 : 2 . 5 

#1 [43 : : Classify! (22,15,35,45,36,25,16,35,29,38,28,45,36,33,28,25,15,9,48,42,| 

# 0 U 3 : {[7.53t 1, [12.53: 2, [17.53: 2, [22.53 l 3, (27.51: 2, [32.5]: 3, 

(37.51: 3, (42.53! 4, (47.53: l{ 

Rt this point, dua to a garbage collector bug, SUP Hint 
into an Infinita loop. Ua thus hava to start overt 

#1(13:: <axaapl 

This file contains an axaapta of classified data. It is the value 
of the var i ab I e a. 

#1 

#1 

#0 

#1 

#0 

#1 

#° 

(21 

[33 

(33 

[4] 

[43 

[53 

[53 

#1(6] 

#° 
#1 

#° 

(63 

(73 

(71 

6, (91: 5, [111: 6, 

<xc lass 

a 

((-31: 1, [-13: 2, (11: 8, [33: 2, (53: 4, (73 

(133: 4, [153: 2, [171: 1, (191: l) 

Cflode (al 

{MM 
CMaan [a] 

8.588235 

CS0(al 

4.991615 

Unclass i fy (al 

(-3,-1,-1,3,3,5,5,5,5,7,7,7,7,7,7,9,9,9,9,9,11,11,11,11,11,11,13,13, 

13,13,15,15,17,19) 
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XCode 

XCode 

Mixed radix operations 

APL encode /decode 

S.Wolfram 
Jan 1982 

Encode Iradix, listl 
encodes list according to the specified mixed radix. 

Encode(Sradix_»Listp(Srad ixl,SIist_* (Llata(SIIst] \ 
*Len (SI 1st!-Len [Sradix]+1)3 it \ 

( L c l [ Z t o t . Z i l ; Z t o t t S I i s t ( 1 3 ; Do ( Z i , 2 , L a n ( S I i s 1 3 , \ 
X t o t i Z t o t S r a d i x I Z i - 1 1 + S l i s t ( Z i l l ; Z t o t ) 

Decode [radix , n.] 
yields the number n in the specified mixed radix. 

J i c o d i [In i t ] t i OCTri 
D e c o d e ( S r a d i x _ » L i s t p I S r a d i x 3 , $ n _ * N a t p [ S n l 3 i t \ 

< L c l [ Z t o t , Z d i g , Z r a d , Z i ] } Z r a d : R e v [ f l a p [ f l p [ n ' u l t , S 1 3 , T r i [ S r a d i x 3 3 3 j \ 
X t o t i S n ; D o ( Z i , L a n ( $ r a d i x l , Z t o t : Z t o t - ( Z d i g ( Z i 1 t \ 

G i n t ( Z t o t / Z r a d l Z i l l ) Z r a d ( Z i 3 3 j C a t ( R a v [ Z d i g 3 , j l t o t J3 ) 

Hisfeatures: Decode definition is incorrect 

Decode definition not yet correct. 
Example: 

t i m e : ( 3 6 5 , 2 4 , 6 8 ) 
Encode I t i m e , ( 4 , 2 , 1 , 5 ) 1 
Decode Etime,%] 

-

i 



XCon 

XCon 

Tensor contraction 

6 UJ 

^ 

explicit tensors — inner products — generalized traces 

S.Wolfram 
Jul 1981 

Con Hist, ni, njl 
forms the contraction of the tensor list over its nith and njth indices. 

Con lS I i s t , S n i _ * N a t p (Sn i l ,Sn j _ j r N a t p [ S n j ! 3 : : \ 
( L c l I X t l ; Z t : T r a n s ( T r a n s ( S I i s t , ( l , S n i } 1 , ( 2 , S n j ) 3 ; \ 

flp(Plus,flr(Lan[Zt],Zt(SI,Sll33) 

#1(13 

#1123 

#012] 

# H 3 ] 

# 0 ( 3 1 

#1141 

#01*1 

#1151 

# 1 ( 6 1 

#0161 

<XCon 

u 3 : f l r t ( 2 , 2 , 2 } , f ) 

{ { j f ( 1 , 1 , 1 1 , f ( 1 , 1 , 2 1 ) , ( f ( 1 , 2 , 1 1 , f ( 1 , 2 , 2 1 j ) , 

{ { f ( 2 , l , l l , f ( 2 , 1 , 2 1 } , ( f ( 2 , 2 , 1 3 , f [ 2 , 2 , 2 3 ) ) ) 

C o n ( Z , l , 2 3 

{ f ( l , l , l l + f ( 2 , 2 , 1 1 , f [ 1 , 1 , 2 1 + f [ 2 , 2 , 2 l ) 

C o n ( H 3 , 2 , 3 3 

j f ( l , l , l ] + f ( 1 , 2 , 2 1 , f ( 2 , 1 , 1 1 + f ( 2 , 2 , 2 l ) 

n 4 i A r [ } 2 , 2 , 2 , 2 } , f 3 5 

C o n [ u 4 , 2 , 4 3 

( ( f ( l , 1 , 1 , 1 1 + f ( 1 , 2 , 1 , 2 1 , f ( 2 , 1 , 1 , 1 1 + f ( 2 , 2 , l , 2 l } , 

( f [ l , l , 2 , l l • f ( l , 2 , 2 , 2 3 , f ( 2 , 1 , 2 , 1 3 + f [ 2 , 2 , 2 , 2 3 } } 

-

• I n n e r ; Oute r 

- i. unBuMmuaM.-j , . * . - . : * * J . A ^ . . . . . . - • * « k S B P ? ' 



XConfus 

XConfus 

Confusing function 

S.Wolfram 

Jul 1981 

Conf [x l 

is a confusing function. 
C o n f [ S x _ v N u a b p ( S x l 3 i t Conf ( S x l i R a n d (3 

^ 

t ^ 

• I W ^ — I J ' IUMP—— IW ' 1 ••>•!• ' IL. • li 
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XConsSo 

_ XConsSoI 

Numerical solution of equations 

Newton's method — numerical inversion 

T.Shaw 
Feb 1982 

ConsSol lf.el=e2.v. {SSargsjl 
creates a top level smp function f[Z$args,guessl,guess2,acc] which returns the 
value of v (a variable in the el or e2) which solves the equation. The SSargrs are 
parameters to the equation. They must be generic symbols. When given to the 
consed function, all parameters must be numeric. This function may then be 
consed, for increased efficiency. 

_ C o n s S o I [ S a p ] i 8 
C o n s S o I _ | T i e r 

C o n s S o I ( S f j S y a b p [ S f 1 , S a l - $ e 2 , S v _ » S y a b p ( S v l ] i t \ 
C o n s S o l ( S f , S e l = $ e 2 , S v , ( ) l 

C o n s S o l [ S f _ » S y a b p [ S f ] , $ e l « S e 2 , S v _ F S y a b p [ $ v ] , S a r g s _ * L l s t p [ $ a r g s ] l : : \ 
( f lp ( S e t , ( P r o j [ S f , C a t [ S a r g s , ( S g l , S g 2 , S a c c ) ] ] , \ 

R p t ' ( Lc I [ x l , x 2 , y l , y 2 3 ; x l t S g l ; y l t Sg2 ; \ 
y l : $ 8 ; y2 : S I j \ 
L o o p ! f a b s ( y 2 - y l l > f a b s [ S a c c y 2 1 , L c l ( t a p ] ; \ 

t a p I x 2 - y2 * ( ( x 2 - x l ) / ( y 2 - y 1 ) ) ; \ 
x l : x 2 ; y l : y 2 ; x 2 : t a p ; y 2 : $ 2 1 ; \ 

x 2 ) , \ 
( S [ S a l - S e 2 , S v - > S g l ] , S [ S a l - S a 2 , S v - > S g 2 1 , S ( S e l - S e 2 , S v - > t a p ] j ] { ] ; $ f ) 

# 1 ( 1 

# H 2 

#012 

#113 

#0C3 

#114 

#01* 

# 1 ( 5 

#0 15 

# 1 ( 6 

# 0 ( 6 

# H 7 

# 0 ( 7 

# 1 ( 8 

#018 

O t C o n s S o I 

C o n s S o I [ f , C o s ( x l • Sy x , x , ( S y ) 3 

• f 

C o n s l f ] 

f »i 
f [ 1 , . 5 , 1 . 5 , . 8 8 8 1 3 

8 . 7 3 9 8 8 5 

N t C o s [ Z l l 

8 . 7 3 9 8 8 5 

f ( 5 , . 1 , . 9 , . 8 8 8 1 3 

8 . 1 9 6 1 6 4 

N [ C o s ( Z ] ] 

8 . 9 8 8 8 2 1 

5*66 

8 . 9 8 8 8 2 1 



2 XConsSoI 

. 
XCont i g 

Contiguous list generation 

^ 

pad — fill — make rectangular — make square — make cubical 
nil holes 

S.Wolfram 
Jul 1981 

Contig Hist, \nl,n2,. . .], elem.1 
renders list contiguous with ni entries at level i by inserting elem where neces
sary. 

C o n t i g ( S l i s t j L I s t p I S I i s t ] , $ n _ * L i s t p ( S n 3 , S e l e a 3 t t \ 
Cont i g8 [$ I i s t , S n , S e l e a , l l 

Cont ig8 [ $ l i s t , $ n , Se l e a , S l a v j S l e v X a n [Sn] 1 t S l l s t 
Cont ig8 [$ I j s t _ F ~ L i s t p IS I i s t ] , S n , S e l e a . S l o v l t S l i s t 
Cont ig8 IS I i s t _ * L i s t p I S I i s t l , S n , S e l e a , S I e v ) t t \ 

Rr ( S n [ S l e v 3 , I f ( P [ P r o j (S I i s t [ S 1 1 , { 8 ) 3 « P r o j 3 , \ 
$ e l a a , C o n t i g 8 [ S l i a t [ $ l l , S n , S e l e a , S l a v * 1 3 3 3 

# 1 ( 1 1 : : <XCont ig 

#1(23 : : t : ( ( 3 1 t a , (21 lb } 

# 0 ( 2 1 

#1131 

#013] 

#1141 

#01*1 

#1151 

#0(53 

# 1 1 6 1 : 

# 0 ( 6 1 : 

( [ 3 1 : a , (23 t b j 

Cont ig ( t , ( 4 ) , 8 ] 

( 8 , b , a , 8 { 

Cont I f I t , (8 j , x ] 

( x , b , a , x , x , x , x , x ) 

flr[((2,3),(3,4)},f] 

i123 s ( ( 3 ] i f ( 2 , 3 1 , 1*1 I f ( 2 , 4 3 ) , ( 3 1 t j ( 33 t f ( 3 , 3 1 , (41 i f ( 3 , 4 l ) } 

Cont i g l Z , ( 4 , 4 ) , 8 1 

( 8 , { 8 , 8 , f ( 2 , 3 1 , f ( 2 , 4 1 } , ( 8 , B , f [ 3 , 3 1 , f ( 3 , 4 3 ) , 8 { 

J!L .lipJafJJ 
I5K5E mBm J N g b ^ ^ j g ^ g - ^ ; V > - ^ V . - , ^ - ^ ^ -- - - -
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XD 

xo 

Derivatives 

S.Wolfram 
Jul 1981 

D t B e r [ $ n , S z l , ( S z . S a . S x { ] 

_ 

tt Snl/(Sn-Sa)laBer(Sn-Sa,Sxl 

ti Beta[Sz.Sy, 1) (Psi(Szl - Psi[$z + Sy3) 

tt Bata(Sx,Sz,ll (Psi(Szl - Psi [Sx + Sz]> 

t t Sn C h a U ( S n - l , S x l 
t t 2 ~ ( S a - l ) G a a a a [ S a ] Sn Gag ( S n - S a , S a , S x l 

t i 2 ~ S a S a l a G a g ( S n - S a , S a + 1 , S x 3 

D [ B e t a ( S x , S y , l l , { S x . l . S z j ] 
D ( B e t a [ $ x , S y , l l , ( S y . l . S z }3 

D ( C h e T [ S n , S z l , j S z . l . S x )1 
D ( C h e T [ S n , S z ] , ( S z . S a . S x ].] 

D [ C h e U [ S n , S z l , { S z , S a , S x } l 

D ( C h g ( S a , S c , S z 3 , ( S z , S a , S x }3 n \ 
P o c h ( S a , S a 3 Chg [Sa- f S a , S c + S a , S x l / P o c h ( S c , S a l 

D I C o s h i [ S z l , ( S z . l . S x )1 
D [ C o s i [ S z 3 , ( S z , l , S x ) } 

D ( E i ( S z l , ( S z , l , S x }] 

t t C o s h ( S x l / S x 
I I C o s ( S x ] / S x 

: i E x p ( S x l / S x 

D [El IK 
D [E l IE 

[ S i c , S t ] , ( S t , l , S 
[ S t c . S t l , ( S t , l , S 

D ( E r f [ $ z ] , { S z . l . S x } ] 
D ( E r f [ S z 3 , ) S z , S a , S x )3 

D ( E u I [ S n , S z l , { S z , S a , S x } l 

D ( E x p i ( l , S z l , ( S z , S a , S x { 3 
D [ E x p i [ S n , S z 3 , ( S z , l , S x ) l 

D ( F r e C [ S z ] , ( S z , l , S x j ) 
D ( F r e S [ S z l , ( S z , l , S x ) 3 

D [ G a a a a [ S z l , { S z . l . S x } ] 
D ( G a a a a [ S z . S a l , ( S z , l , S x )1 

0 ( G a g [ S n , S I , S z l , ( S z , S a , S x )3 

D ( H e r ( S n . S z l , ( S z , S a , S x } l 

t t ( l - S k - 2 S i n [ $ u l ~ 2 ) - ( - 1 / 2 ) 
t : S q r t [ l - S k S i n l S u ] - 2 3 

t t 2 E x p ( - $ x - 2 3 / S q r t ( P i 3 
i t - 2 ( - l ) - S a E x p ( - S x ~ 2 1 H e r ( S a - l , S x ] 

I I S n ! / ( S n - S a ) ! » E u I [ S n - S a , S x ] 

t : ( - l ) - S a E x p ( - S x l Chg ( 1 , 1 + S a , S x ] 
t : - E x p i I S n - 1 , S x ] 

i t Cos ( P i S x - 2 / 21 
t i S i n ( P i S x ~ 2 / 21 

t i G a a a a t S x ] P s i I S x . 1 ] 

i t - S a - ( S x - l ) E x p [ - S a l 

I t 2 ~ S a P o c h ( S I , S a l Gag [ S n - S a , S I + S a , S x l 

i t 2 ~ $ a S n ! / ( S n - S a ) I » H e r ( S n - S a , S x l 

D ( H g [ S a , S b , S c , S z l , ( S z , S a , S x )1 : : \ 
P o c h ( S a , S a l P o c h ( S b , S a l H g [ S a + S a , S b + $ a , S c + S a , S x l / P o c h [ S c , S a l 

D ( J a c P ( S n , S a , S b , S x ] , ( S z , S a , S x }1 : : \ 
P o c h I S a + S b + S c + 1 , S a ) J a c P [ S n - S a , $ a + S a , S b + S a , S x l / 2 ~ S « 

D [ J a c C n [ S z . S a ] , 
0 [ J a c C s ( S z . S a ) , 
D f J a c D c [ S z . S a ] , 
D [ J a c D n [ S z . S a l , 
D [ J a c D s [ S Z , S B 1 , 
D [ J a c N c t S z , S a 3 , 
D [ J a c N d t t z . S a ] , 
D [ J a c N s [ S z , S a l , 
D ( J a c S c ( S z , S a ] , 
D ( J a c S d ( S z , S a ] , 
D [ J a c S n [ S z , S a ) , 

D(JacZ(Sz,Sa3, (Sz,l,Sx)l 

S z , l , S x 
Sz, 1,S>: 
Sz , 1 , S>: 
Sz , 1,S>: 
$ Z , 1 , $ X 
S z . l . S x 
S z , l , S x 
S z , l , S x 
S z . l . S x 
S z , l , S x 
S z , l . S i c 

S z , l , S x 

J 

tt (Sa-1) JacSdfSx.Sa] JacNd(Sx,Sa] 
ti -JacSn(Sx,Sal JacDn[Sx,Sal 
ti -JacNs (Sx,Sal JacDs(Sx,Sal 
tt (l-Sa) JacSc(Sx,Sa] JacNc[Sx,Sal 
it -Sa JacSn(Sx,Sal JacCn(Sx,Sal 
t: -JacCs(Sx,Sa3 JacNs[Sx,Sal 
t: JacSc(Sx,Sa] JacDc[Sx,Sal 
it Sa JacSd(Sx,Sa] JacCd[Sx,Sa3 
II -JacDst$x,Sa3 JacCs(Sx,Sal 
it JacDc(Sx,Sal JacNc(Sx,Sa] 
tt JacCd[Sx,Sal JacNd(Sx,Sal 
tt JacCn[Sx,Sal JacDn(Sx,Sal 

tt JacDn[Sx,Sal ~2 

•ft'"".-* m ''' .»* 111 • 



XD 

0 t K u a U [ S a , $ c , S z ] , ( S z , S a , S x ) ] 

D [ L a g ( S n , S a , S z ] , ( S z . l . S x ) ] 

D ( L e g P ( S n , S z ] , ( S z , l , S x } ] 

D I L I I S n . S z l , ( S z , l , S x ) l 

D [ L o b [ S z l , ( S z , l , S x ) ] 

D [ L o g i [ S z l , ( S z , l , S x ) l 

D ( P s i [ S z l , { S z , l , S x ) ] 
D I P s i [ S z . S n ] , ( S z . l . S x J3 

D t S i n h i ( S z l , { S z , l , S x { ] 
D [ S i n i [ S z l , ( S z , l . S x j ) 

O l Z e t a [ S z . S a ] , ( S a , l , S b ) l 

t t ( - l ) - S a P o c h [ S a , S a l KuaU [Sa + S a , S c + $ a , S x l 

l i - L a g ( 1 - S n , 1 + S a , S x l 

i : Sn ( L a g P [ S n - l , S x l - S x L e g P [ S n , S x 3 ) / ( l - $ x - 2 ) 

i t L i ( S n - l . S x l / S x 

t: LogtSectSx]] 

it l/Log[Sxl 

it Psi(Sx,21 

it Ps i [Sx,Sn + 13 

I I S i n h ( S x l / S x 
i t S i n [ S x l / S x 

i t - S z Z a t a t $ z + l , S b 3 

^ 

iniMWij I^J..P'MI —•i a m f y ; i * 3 a » p jjiyi m" ~zr rr^a^t.'-
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XDSol 

XDSol 

Series solution of differential equations 

power series — Frobenius method 

J.Greif and S.Wolfram 
Oct 1981 

DSol leqn,y,x, ord, $ty[8] , y 1 t J , . . . | ] 
gives a series solution to the ordinary differential equation eqn with dependent 
variable y and independent variable x and specified boundary conditions, accu
rate to order x^ord. 

• XSarSo I 

# 1 ( 1 3 : : OCDSol 

§1(23:: e q : 0 t [ y , x ] + a y=8 

# 0 ( 2 1 : Dt ( y . x l + a y - 8 

#1 ( 3 1 : : DSol [ Z , y , x , 2 , { l }3 

# 0 ( 3 1 

2 2 
l x 



U l-

XOap 

s_ X D a P 

Directional application 

mapping — rotate — APL — column operations 

S.Wolfram 
Jul 1981 

Dap [/, list, nl 
applies the template / to "columns" of elements at level n in list. 

Dap [ S f , S I i s t_j=L I s t p [ S I i i t ] , S n _ j ( N a t p [ S n ] 8 S n > l ) 3 l l \ 
T r a n s ( H a p [ R p ( S f , S Z 1 1 , T r a n s ( S I i s t , S n l l , S n - l l 

D a p [ S I , S l l s t _ » L i s t p t S I i s t ] , 1 ] t i fip [ S f , S I i s 1 3 

MBjg H B B IPJlJ* l l"g !»gPaa» l w.iii^^uwBgyg<§^^ 
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XData 

XData 

Data input 

columnated input — data 

S.Wolfram 
Jul 1981 

Oata[file,(nlvne)l 
reads data from file for nline lines or until the end of file is encountered, taking 
columns to be separated by tabs, single or double spaces. 

Da ta_j T i ar 
0ata(Sfila3 tt Data [SfI I a,1888881 
Data (Sfi le,$nl ine_*Natp(Snl inal1 n \ 

(Let (Zt,Zn,Zrl; Sxsett" ",List,31;Sxsat[" ",List,31; \ 
S x t . t l " " . L i s t , 3 1 ; F o r ( Z l : ( } { Z n : l , Z r : R d ( , ( S f i l a , Z n ) 1 ; \ 
( N u a b p ( Z r l | L i s t p ( Z r l ) \ 
8 Z n < « S n l i n a , I n c ( Z n ] , Z I t C a t ( Z l , ( Z r }33 ; " " : > ; \ 
• " t « , " " i . • R e t l Z I l ) 

_ 

^ 



XData l 

XDatal 

Data input with conversion 

columnated input - data conversion 

J.Greif 
Aug 1982 

Cdata [file, {cols: Inf), (temp)l 
reads data from file file using the SMP input filter smp i n to convert Fortran E-
format numbers, if present, to SMP *" notation, and collect the data into a list of 
lists, each containing cols elements taken sequentially from the input. The tem
plate temp is applied to each sublist. 

C d a t a _ : T i e r 
_C 
C d a t a _ : T i e r 
_ £ d a t a ( S a p l : ( I n f , I n f , 8 { 
J d a t a d n i t l t i (OCUnF l a t ; < X S t r 8 ) 
Cdata [ S f i l a 3 : t C d a t a ( S f i l a , 1 8 8 8 8 8 8 1 
Cdata ( S f i l a , , S t a a p l i i C d a t a ( S f i l a , 1 8 8 8 8 8 , S t a a p l 
Cdata [ S f i l o , S c o l > 3 : t U n F l a t ( R u n [ C J o i n ( " s a p in - a k l i s t > « * < " , S f i l o 3 3 

• • • l a ] 
C d a t a [ S f i l a , S c o l s , S t a a p l i t n a p [ S t e a p , C d a t a [ S f i l a , S c o l s ] 3 

, \ 

- Cdat [Sfue,(Scols:SInf),(S#temp)] 

l***0^*iim&>Hi^ 
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X D i f f 

XDiff 

Finite differences 

Forward differences — difference equations — finite elements 

S.Wolfram 

Jul 1981 

Di f f [f,x,xO,nl 

yields the nth forward finite difference of / w i t h respect to x at the point x-xO. 

D i f f [ S f , S x , S x 8 , S n ] 11 S u a [ S ( S f , S x - > S x 8 + $ n - Z r l \ 
( - l ) - Z r C o a b ( S n , Z r l , ( Z r , 8 , $ n ) l 

f i d ) I l OCDif f 

# 1 ( 2 1 : : Di f f [ f ( x l , x , 8 , 3 ] 

# 0 ( 2 ) : - f 103 + I f 111 - 3 f ( 2 1 + f ( 3 1 

§1 (33 : : flr ( 5 , Ex (D i f f ( (x + a ) ~ 3 , x , 1 , S I ) ] ] 

2 
# O t 3 3 : (7 + 9a + 3 a , 1 2 + 6 a , 6 , 8 , 8 ) 

' 'Mi'muv *mmtmmmma^mr***m>jm*.mmimmt H I 
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X D i g 

XOig 

Digit manipulation 

text manipulation — positional notation — digit extraction 
number construction 

S.Wolfram 
Jul 1981 

Updated Aug 1982 

D i g ln,il 
yields the coefficient of 10~i in the number n. 

D l g [ S n _ » N u a b p ( S n ] , S i _ * I n t p IS i ) ) : i H o d [ F I o o r [ S n / 1 8 ~ S i 3 , 1 8 3 

LDIfltn] 
yields a list of the digits in the integer n. 

LDig ( S n _ * N a t p ( S n l l t : E x p l ( $ n ) 
_f ( E x t r , 'LD ig ] : i F L D i g 
J F L O i g d n i t l t : <XPad 
F L D i g [ ' F [ $ S x , S i l , S i 2 ] l : : F l a t [ n a p [ L P a d [ E x p l [ S l l , 8 , 4 ] , L i s t ( S S x ] ] ] 

makellistl 
converts a list of digits to an integer. 

Nf1aks[$l i s t ) : : HaK a [ I ap I [S I i s 13 3 

# 1 ( 1 3 : : <XDig 

# 1 1 2 3 : : D i g ( 4 5 6 1 2 3 . 3 2 1 , 4 1 

#0121 : 5 

# 1 1 3 3 : : D i g I 1 1 4 . 8 8 4 2 5 , - 3 ] 

#0 1 3 3 : 4 

# 1 1 4 1 : : LD i g [ 1 4 6 7 1 2 8 3 

f D ( 4 1 i ( 1 , 4 , 6 , 7 , 1 , 2 , 8 ) 

# I ( I 3 M N n a k a l Z ) 

# 0 1 5 1 : 1 4 6 7 1 2 8 

# 1 ( 6 1 : : N t P i . 2 8 3 

# 0 [ 6 1 i * ( 3 . 1 4 1 5 9 2 6 5 3 5 8 9 7 9 3 2 3 8 5 ) 

# I I 7 ) i : L D i g ( Z ] 

# 0 ( 7 ) i { 8 , 8 , 8 , 3 , 1 , 4 , 1 , 5 , 9 , 2 , 6 , 5 , 3 , 5 , 8 , 9 , 7 , 9 , 3 , 2 , 3 , 8 , 5 , 8 } 

Prerequisites: XPad 

•>»»»-T*...» 
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XDim 

XDim 

Dimensional analysis 

^ 

units — physical quantities — similarity 

S.Wolfram 
Jul 1981 

Fundamental dimensions: 
length 
mass 
t i me 
c u r r e n t 
t e m p e r a t u r e 
(luminous) i nten.si ty 
amount (of substance) 

Derived dimensions 

SDiatl] : 

SDiat21 : 

SDia(31 : 

SDia(4] i 

S0ia[51 : 

SDia(61 : 

SDi«t73 i 

SDia(8] : 

SDia(9] i 

SD i n [103 

SDiadll 

SDia(121 

SDia(131 

SDia(14] 

SD i M [ 153 

SDia(16] 

SDiatl7) 

SDia(183 

SD i• [19] 

SDia(28] 

SDIa(213 

SDia[221 

area -> length~2 

volute -> Ie n g t h-3 

frequency -> t I a a ~-1 

density -> aass/voluae 

concentration -> aaount/voIuaa 

velocity -> length/tiao 

acceleration -> length/tiae-2 

force -> m i length t i a e ~- 2 

pressure -> forca/area 

stress -> force/area 

viscosity -> pressure tiae 

•nergy -> force length 

uork -> force length 

heat -> force length 

pouar -> energy/tiae 

charge -> currant tiaa 

voltage -> pouar/currant 

•af -> voItaga 

field -> vo I taga/length 

resistance -> voltage/current 

conductance -> resistance~-1 

capacitance -> charge/voItaga 

dynamic viscosity 

electric field strength 

^jyj^«—:"'-'!'ytf .'i*"/^-*?*' V'.'A'Jl'ff.y '^"J '3'J!'iai 



XDim 

_ 
S D l a ( 2 3 ] : 

SDiB(241 : 

S D i a ( 2 5 ] : 

8 D i a [ 2 6 ) t 

S 0 i a ( 2 7 ] : 

S D i a ( 2 8 ] t 

S D i a [ 2 9 1 i 

S D i a ( 3 8 ] : 

f l u x - > v o l t a g e t i l l magnetic flux 

i n d u c t a n c a - > r e s i s t a n c e t i a e 

doss - > e n e r g y / B a s s 

a c t I v i ty - > t i a e - - l 

illuainance -> intensity steradian/area 

Irradiance -> pouer/area 

entropy -> energy/teaperature 

conductivity -> power teaperature/I ength 

thermal conductivity 

_ 
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S C O 

XDios 

XDios 

Solution of Diophantine equations 

integer equations 

S.Wolfram 
Jul 1981 

PDios [egn, \nl,\nlmax, (nlmin:8), (nlstep:l)\ \,.. .1 
tests all specified values for the ni, printing those sets found to satisfy the equa
tion or condition eqn. 

P O i o s ( S a q n , S S r l : : ( L c I [ Z v ] ; Zv : R r [ L e n ( Z v : L i s t ( S S r 3 3 , Z v ( S I , 1 1 ] ; \ 
F l a t ( f i r [ f l r ( L e n ( Z v l , L i s t ( S S r l [ S I , 2 ] 1 , P r ( S S l l ; L i s t ( S S l l , \ 
P [ N [ S [ S e q n , L d i s t [ Z v - X is t [SS23 3 3 3 3 3 , L e n ( Z v ] - l l ) 

# K l l t l <XDios 

#112) : : P D i o s ( x ~ 2 + y ~ 2 « z ~ 2 , (x , 18 ) , (y , 18 } , (z , 18 )l 

3 4 5 
4 3 5 
6 8 18 
8 6 18 

# 0 ( 2 3 : { ( 3 , 4 , 5 ) , ( 4 , 3 , 5 ) , ( 6 , 8 , 1 8 } , ( 8 , 6 , 1 8 ) } 

BI"^.3»«fBJBBBaBBBBBBBBBa| 



XD i sc 

_ XDisc 

Polynomial discriminants 

polynomial roots 

J.Greif 
Jul 1981 

Disc[a,xl 
forms the discriminant of the polynomial a in x, which must be zero if a has multi
ple roots. 

O l s c ( S a , S x _ » S y a b p [ S x ) ] t : R s I t ( E x p t ( S x , S a ) S a - S x D [ S a , S x ) , D ( S a , S x ) , S x l 



ycy 

XEqn 

^ XEqn 

„ Conversion to eqn format 

text-formatting — pretty-printing ^~ 

J.Greif 
May 1982 

Eqn lexpr, definitions, eqnumJ 
writes eqn definitions and expr in eqn format. If number is given, the output is 
between .EQ .EN delimiters, with equation number eqnum. (If eqnum<0, no equa
tion number is produced.) Otherwise, the output is placed between delimiters as 
an in-line expression. It restores the old print properties of functions read in 
from XEqnPr when finished with output. The print forms are read in as EQN pro
perties from XEqnPr, and are locally converted to Pr properties. The user adds 
his own eqn constructs by giving any function an EQN property as in XEqnPr , and 
adding the name of the function to the list Pr I i s t . The user adds his own eqn 
macros by adding them to the list Def, or adding the list Def to his own list. 

_ £ q n [ I n i t l : I O C E q n P r 
E q n _ j T i a r 
E q n [ S e x p r , S d e f s _ » L i s t p [ S d e f s l , S n u a l : i \ 

( L c l ( Z p , Z d ] ; Z p : L P r o p s a v ( P r I i s t , P r l ; \ 
L P r o p r a s t ( P r l i s t , P r , n a p [ _ S l ( E Q N l , P r l i s t ! ) ; \ 
Z d t C a t ( S d a f s l ; \ 

remove symbolic indices 

I f [ L e n ( Z d l > 8 , \ 
P r C . E Q " ) j D o ( i , l , L e n ( Z d ] , P r ( Z d [ i ] ) l ; P r C ' . E N "3 3 ; \ 
I f [ S n u a < 8 , P r [ " . E 0 " 3 , P r [ " . E Q " , S n u a ) , P r [ " . EQ " , S n u a ) ) } \ 
P r ( S e x p r 3 j P r ( " . E M " 3 ; L P r o p r e a t ( P r I i a t , P r , Z p 3 ; ) 

E q n [ S a x p r , S d e f s _ » L i s t p [ S d o f s 3 3 s ! \ 
( L c l ( Z p , Z d l ; Z p : L P r o p s a v [ P r l i s t , P r l ; \ 
L P r o p r e s t ( P r l i s t , P r , Flap [ _ J U (EQN) , P r I i s t l ) ; \ 
Z d : C a t ( S d e f s ) ; \ 
I f [ L e n [ Z d ) > 8 , \ 
P r C ' . E Q " ] ; Do ( i , 1 , L e n ( Z d ) , P r ( Z d ( i ) ) 1 j P r C ' . E N " 1 ) ; \ 
P r C © " , S a x p r , " O " ! ; L P r o p r e s t ( P r I i s t , P r , Z p ) ; ) 

initialize things 

E q n [ ] 

utilities, perhaps should go in XL Prop 

L P r o p s a v _ s L P r o p r a s t _ j T i a r 

save existing property, or Null if not set 

L P r o p s a v t S l i s t , S p r o p ] : t ( L c l ( Z | ] ; I I : f l a p [ _ J 1 t J p r o p ] , $ M i t ] , \ 
f lap ( I f (P ( H a t c h ( _ S Z x ( S p r o p ) , S l ] - 8 ) , S l , N u l l ] , Z I ] ) 

restore prop property to all items in list from o I d I s t 

- - — amn ._, . .) 'uti'-wawi l..iBWiL l̂lJ..UJ»gU..... 



2 XEqn 

L P r o p r e s t [ $ i i s t , S p r o p , S o l d l s t _ F ( L e n [ $ l i s t ] * L e n [ S o l d l s t ] ) ) : : \ 
R p [ S e t , ( n a p ( ' _ S l [ S p r o p ] , S l i s t ] , S o l d l s t ) ] 

# 1 ( 1 ) I I CCEqn 

# I ( 2 ) t t Rex [383 

2 2 
# 0 ( 2 3 : 2 x z ( IS 4 x l (216 + 324x + 188y - 648x z 

• 12y z (2 + x) (58 + y ) ) 

# I [ 3 1 i : E q n ( Z , D e f 3 

. E Q 
da I i a @@ 
d e f i n e c l n t # " \ o ' \ s + 6 \ ( I s \ s 8 \ ( c i • "# 
.EN 
@ 2 ( x ) sup ( 2 ) ( z ) sup ( 2 ) (16 + x ) 

• (216 •»• 324x + 188y - 648x z 

«• 12y z (2 + x> (58 + } y j sup ( 2 ) ) ) 

# 1 ( 4 ) : : Eqn[@2,Def ,33 

.EQ 
d e I I a ®@ 
d e f i n e c i n t # " \ o » \ s + 6 \ ( i s \ s 8 \ ( c i » " # 
.EN 
.EQ 3 
2 { x ) sup { 2 } { z ) sup { 2 ) (16 + x) 

• (216 + 324x -i- 188y - 648x z 

+ 12y z (2 + x) (58 + j y j sup ( 2 } )) 
.EN 

# 1 ( 5 3 : : <ond> 

Warning: This is a prototype only. It is incomplete and preliminary. 

© 

saasc: »• .• Jx*. . . J r ^ - M H ' ^ 3 " U . ^ " % 4 f ^ - . - * 
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XEqnPr 

XEqnPr 

Printing forms for eqn output 

typesetting - two-dimensional output - UNIX - TROFF 
text processing - word processing 

J.Greif 
Jun 1982 

L b : " ( " 
R b : " J " 
H i i n ip A n n it 
_Pou(EQN3 ( ( S a , S b 3 3 : F a t [ , L b , S a , R b , " sup " , L b , S b , R b l 
_Pou(EQNl [ [ S a , 1 / 2 1 1 i F a t [ , " s q r t " L b . S a . R b ) 
_Div IEQN] [ [ S a . S b l ) : F a t [ , L b , S a , R b , " over " , L b , S b , R b l 
.Sua (EQN) ( ( S e x , ( S v , S s t r t , S e n d ) ) 1 i \ 

F k t l , " I U I f r o a " , L b , S v « S s t r t , R b , " to " , L b , S e n d , R b , S e x ! 
.P rod (EQN) [ [ S e x , ( S v , S s t r t , S e n d ) ] 1 t \ 

F a t [ , " p r o d f r o a " , L b , S v - S s t r t , R b , " to " , L b , S a n d , Rb , Sax) 
_ I n t [EQN3 ( ( S e x , ( S v . S s t r t , S e n d }33 t \ 

F a t ( , " I n t f r o a " , L b , S s t r t , R b , " to " , L b , S e n d , R b , S e x , , " d " , S v 3 
_Dneq[EQN) [ [ S S x ] ) t S x [ " la " , ( S S x ) l 
J r r t E D N l [ [ S a , S b ] 3 : S x [ " + - " , ( S a , S b ) l 
_JJnion(EQN) ( (SSx) ] : F a t [, " u n i o n " , {SSx j) 
_ I n t e r [ E Q N ] ( ( S S x l ) i F a t [ , " i n t e r " , ( S S x j ] 
J ( E Q N ) [ ( S y , ( S x , S n , S z }1) i F a t ( , " l e f t " , N I , Lb , " par t i a I "-~Sn , Sy , Rb , " o var " , L b , \ 

" p a r t i a l " , S x - S n , R b , " r i g h t " , " | sub " , L b , $ x « S z , R b 3 

examples of user functions 

J s u a l E Q N J [SSxl t S x ( " c i p l u s " , (SSx }] d irect sum 
_ C i n t (EQN) t S a . S x ) s F i t l , " c i n t '', S a , , "d " , Sx3 contour integral 

example of user definitions 

Oaf ( c i n t 3 : "def ine c i n t # " " \ o ' \ s + 6 \ ( i s \ s 8 \ ( c i ' " " # " 
a contour integral sign 

O a f [ d e l i l l : "de l ia ©&" 

list of functions whose P r properties will be saved 

Pr I i s t : { ' P O M , ' 0 i v , ' S u a , ' P r o d , ' U n a q , ' E r r , ' U n i o n , ' I n t a r , ' 0 , ' D s u a , ' C i n t j 



XEulV 

XEulV 

Euler numbers and polynomials 

S.Wolfram 
Feb 1982 

Explicit forms for integer values of index. 

Eul (Sn_*Oddp(Sn33 : 8 

E u I [ S n _ * 0 d d p ( S n ) , S x ] : 8 

E u l [ S n _ * E v e n p [ S n 3 3 : 2~Sn E u l ( S n , 1 / 2 ] 

EuI t $ n _ * N a t p [ S n / 2 3 ,Sx3 t 2 - ( S n + 1 ) / ( S n + 1) (Bar (Sn + 1 , (Sx + 1) / 2 1 
Bar [$n + l , S x / 2 ] ) 

[MOS sect. 1.5.2] 

\ 

= s a ? •^^m*W^^i 
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XEulgam 

XEulgam 

Generalized Euler-Mascheroni constants 

S.Wolfram 
Feb 1982 

EuI gam[nl 
represents the n th generalized Euler-Mascheroni constant. 

E u l g a a t B ] i E u l a r 
N ( E u l g a a [ S n _ * S n > 8 ] ] : : \ 

N ( S u a U o q N l - S n / i , ( i , 1 , 28 } ] -Log (281 ~ ( S n +1) / (Sn +1) 1 

[AS sect. 23.2] 

• E u l a r 

Misfeatures: Numerical accuracy of sum should be investigated. 

BBM aeaaggsafal .•«.:*xsil!^-'."-;ag^ 
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XExDot 

XExDot 

Dot product expansion 

scalar products — distribution - reduction — vectors 
scalars 

S.Wolfram 
Jul 1981 

x_Scal 
declares x to be a scalar. 

Scalp [exprl 
tests whether expr contains only scalar objects. 

S c a l p ( S a x p r l 11 flp(And,Hap[P(_S1[Type) « S c a I ] , C o n t ( S a x p r ) I ] 

ExDot I expr] 
factors all declared scalars out of dot products. 

E x D o M S a x p r ] 11 S (Sexpr , SSx . ( $ a _ * S c a I p (Sa l ) . SSy — >Sa S S x . S S y , \ 
( S a _ F S c a l p ( S a ) ) . S S x - - > S a SSx, S S x . ( S a _ * S c a I p ( S a l ) - - > S a S S x , \ 
SSx. ( ( S a _ » S c a l p [ S a l > SSb) .SSy —>Sa S S x . S S b . S S y , \ 
( ( S a _ * S c a l p ( S a l ) SSb) . S $ x - - > S a SSb .SSx , \ 
S S x . ( ( S a _ * S c a I p [ S a l ) S S b ) - - > S a S S x . S S b , I n f ] 

ExtlDot [exprl 
sets all dot products of a matrix with its inverse to the identity. 

ExHDot ( S e x p r ) t t S ( S e x p r , M i n v [Sa l . S a - > 1 , S a , H i n v ( S a l - > 1 , I n f ] 

# 1 ( 1 1 : : <XExDot 

# 1 ( 2 ] : : x_u_Sca l 

# 0 ( 2 1 : Sea l 

# 1 ( 9 1 I I Sea Ip [ x + y - 2 + 13 

# 0 ( 3 1 : 1 

# 1 1 4 3 : : S c a l p t a + x 3 

# 0 ( 4 1 : 8 

# 1 ( 5 3 : : E x D o t ( a . ( x b ) . ( l + y ) . c l 

#0 (53 t x a . b . c ( 1 + y ) 

# 1 ( 6 1 : : E x n 0 o t [ a . f 1 i n v [ t . ] . b . n i n v ( a ) . c ] 

# 0 ( 6 ] : c 

»."•.. i *w w . i . a ^ j j u . » y j » ^ Stm^F^*™*... <•!!• 



v^ 

XFPow 

XFPow 

Functionals 

Functional powers — iterated functions — nested functions 

S.Wolfram 
Jul 1981 

FPout/, n,xl 
yields n nested applications of / to x. 

FPou_sT i ar 
_ F P o u [ S a p l : ( 8 , I n f , I n f } 
F P o u ( S f , $ n _ * N a t p [ $ n ] , $ x l i t ( L c I [ Z e l ; Z e : S x ; R p t ( Z e : flp(Sf , ( Z e } l ,Sn] ) 
F P o u ( S f , 8 , S x l t Sx 

# 1 ( 1 ) : : OCFPou 

# 1 ( 2 } 11 F P o u ( f , 1 8 , x ~ 2 3 

2 

# 0 [ 2 ) : f [ f [ f ( f ( f [ f ( f [ f ( f ( f (x ) ] ) ) ] ] ] ] ] ] 

# I [ 3 1 i : E x ( F P o u ( a Sx ( 1 - S x ) , 3 , x l 1 

3 3 2 4 2 4 3 4 4 5 2 5 3 5 4 
# 0 ( 3 1 : a x - a x + a x - 2 a x + a x + a x - 2 a x + a x 

6 3 6 4 6 5 6 6 7 4 7 5 
+ 2 a x - 6 a x + 6 a x - 2 a x + a x - 4 a x 

7 6 7 7 7 8 
+ 6 a x - 4 a x + a x 



XFib 

X ^ 
XFib 

Fibonacci numbers 

Golden ratio 

S.Wolfram 
Jul 1981 

F i b i n ] 
yields the nth Fibonacci number. 

Fib($n_FNatp[Sn]) it FIoor(N[!N(Phi~Sn/Sqrt(53+1/2113 
Fib(Sn) tt N((Phi-~$n-(-Phi >~(-Sn) )/Sqrt [533 

^ 

mmmmmmmKKmmmmtmmftHKm! 'jaj^.^ii^^-#^i^j^^w^^ 
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XFierz 

XFierz 

Fierz transformations 

Dirac bilinear covariants — Dirac gamma matrices — fermion factors 
CUfford algebra — completeness relations 

S.Wolfram 
Jul 1981 

DIM 
denotes number of dimensions (default 4). 

Din t 4 

FXCJE.1] 
yields elements of the Fierz rearrangement matrix. 

F * ( S k , S I 3 t t ( - l ) - S I ( D i n - 2 S I ) / S l c F z ( S l c - l , S I ) - \ 
(D IH-S ic+2) /$k F z ( S l c - 2 , S l l 

F z ( 8 , S I 3 t t - 1 / 2 - F l o o r ( O i n / 2 ] 
F z t l . S M i t ( - 1 > ~ < S I + 1 ) ( 0 i n - 2 S I ) / 2 - F l o o r ( D i n / 2 ] 

Fierz [dim] 
yields the complete Fierz transformation matrix for any natural number of 
dimensions dim. 

F i a r z [ S d i B _ j p N a t p [ S d i a ] ] 11 ( L c l ( D i n ) ; D l n r S d i a ; \ 
I f l E v e n p [ D I H ] , f l r [ } } 8 , 0 I H J , j e , D I H J j , F z ] , \ 

flr[{(8,(Din-»-l>/2),(8,(DII1 + l > / 2 ) j , F z ] ] ) 

f t l l l t l < X F i a r z 

# l ( 2 ) i i F i e r z ( 3 1 

# 0 ( 2 1 : { ( 8 ) : { ( 8 ) i - 1 / 2 , (1 ) t - 1 / 2 , ( 2 ) i - 1 / 2 ) , 

( H i ( [ i l l : - 3 / 2 , t i l l 1 / 2 , t a i l 1 / 2 ) , 

( 2 ) 1 ( t i l ) : - 3 / 2 , ( 1 1 : 1 / 2 , (21 t 1 / 2 ) ) 

[T.Curtright (Univ. Florida)] 



Lc 

XFi t 

XFit 

Curve fitting 

linear fit — power fit — exponential fit — correlation coefficient 
least squares fit — parameter determination — data analysis 

smoothing — functional form 

S.Wolfram 

Jul 1981 

Fi t l \ \ x l , y l \ , \ x 2 , y 2 \ , . . . } , >>,y{] 

obtains a linear fit for the relation between x and y. 

F i t [S I 1 s t , ( S x . S y j ] i t R p ( S y > S l + S2 S x , f l p ( F i t 8 , T r a n s ( $ I is1333 

F i t 8 ( S x , S y 3 t t ( L c I ( Z b 8 , Z b l l ; Z b l i ( L a n ( S x 3 flp(Plus,Sx Sy] - \ 
flp[Plus,Sxl flp[Plus,Syl) / ( L e n ( S x l flp(PI u s , S x - 2 ) - \ 
flptPlus.Sx)"2) ; Zb8 : ( f l p [ P l u s , S y l - Z b l flp [P I u s , S x ) ) / L a n ( S x ) ; \ 

{ Z b 8 , Z b l ) ) 

F\tExp[\\xl,yl\, \x2,y2\,. . .\, [x,y\l 
obtains an exponential fit of the form y = a 6~x for the relation between x and y. 

F I t E x p [ $ l i s t , {Sx ,Sy {) n flp[N(Sy - E x p [ S l ) E x p [ S 2 ) ~ S x ) , \ 
flp(Fit8(SZl,N[Log(SZ2]]],Trans(SIist333 

X -

K -

r-\tPou[\\xl,yll, \x2,y2\,. . .\, \x.y\l 
obtains a power fit of the form y - a x~o for the relation between x and y. 

F I t P o u ( S I 1 s t , ( S x , $ y {] i t flp(N[Sy a E x p I S l l $ x - S 2 1 , \ 
flp[Fit8,N[Log[Trans[Slist]]]]] 

Corr [ \ \ x l , y l \ , \ x 2 , y 2 \ , . . \1 

yields the population correlation coefficient between the xi and yi. 

J o r r ( I n I t3 i t O t S t a t 
C o r r ( S l i s t 3 t : N (Lc I ( Z x , Z y ) j ( Z x , Z y } : T r a n s ( S I I s t l ; \ 
R p [ P l u s , ( Z x - N e a n [ Z x ] ) ( Z y - Haant%y3) / S q r t ( V a r ( Z x ] V a r [ Z y ] ] ] l 

#11111 I <XFit 

# I [ 2 ] : t t i R r [ 5 , N ( { S , 2 E x p [ S l ) ] ] 

#0 123: ( { 1 , 5 . 4 3 6 5 6 4 ) , ( 2 , 1 4 . 7 7 8 1 1 ) , ( 3 , 4 8 . 1 7 1 8 7 ) , ( 4 , 1 8 9 . 1 9 6 3 ) , ( 5 , 2 9 6 . 8 2 6 3 ) ) 

# 1 ( 3 1 i t F i t ( Z , ( x , y j ] 

#0(31: 189.8776 + y - 67.71977x 

#I(4)ti S(Z,x->3) 

#0(43 : y a 9 3 . 2 8 1 6 7 

# 1 ( 5 ] i : F i t P o u ( t , ( x , y )) 

2.421572 
#0(5): y - 3.953884 x 

# 1 ( 6 1 t i F l t E x a t t , { x , y {] 

x 
# 0 ( 6 ) i y - 2 2 . 7 1 8 2 8 2 

file:///x.y/l


8fc« 

X F i t 

# 1 ( 7 3 : : C o r r ( t ) 

# 0 ( 7 ) t . 3 2 7 8 7 8 6 

Future enhancements: Should give error bars on fitted parameters . 

_ 

. iu ' » " w i ' . i ....i.ii.. .ijimi ii 4««i.a i i i i i p i i • •; ' •• • • ... ... ii»-a^a-«aaa^aiaaa^sajaasBBj 



XFun 

XFun 

Function generation 

lambda expression — make generic — create function 
create pa t te rn 

S.Wolfram 
Jul 1981 

Fun [ expr , ( a, b, c, . . .} 1 
yields a list to be used as the value of a symbol whose projections give values for 
expr with filters corresponding to a,6,... in that order. 

F u n _ j T i a r 
F u n t S e x p r , S I i s t _ * L i s t p t S I 1 s t ] 3 n ( L c l I Z I . Z a ) ; Z I : N a p ( D u a a y , $ I i s t ] ; \ 

flp t S a t , f f l p [ Z a , Z I ) , S [ S e x p r , L d i s t ( S l i s t - > Z I ] ] } 3 ; R e t ( Z a ) ) 

D u a a y ( S s _ F 6 y a b p [ S s l l n a k e [ " S " , S s ) 

• ^ 
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XG 

XG 

Dirac algebra 

gamma matrix algebra — Chisholm identities — trace identities 
Feynman diagrams — electrodynamics — quantum field theory 

S.Wolfram 
Jul 1981 

G i nds 
is a list of all symbols assigned type G i nd. 

Ginds it Re I(Contt,_S1[Type!>Gindl 1 

VCon[exprl 
contracts any repeated pairs of indices in dot products in expr. 

Con(Sexpr) n S (Ex (Sexpr,,,,,In[ 'Vdot,$11), \ 
Vdot((SZau_» Jliu (Typel-G ind) ,SZau] ->Ndia, \ 
Vdot($Zau_j. _SZau(Typel-Gind.SZvll Vdot(SZau,SZv21 - > \ 

Vdot [$Zvl,SZv21, Inf] 

Transformations of products of Dirac gamma matrices. 
S G I l l : ( ' G [ $ S x , S p , S q _ * ( O r d ( S p , $ q ] <8) , S S y l ) - > 2 ( 'G (SSx , SSy 1 ) S p d l . S q d l - \ 

' G ( S S x , $ q , S p , S $ y ) 

SG(2) : C G ( S p , S q _ » (Or d ( S q , S p ) < 8 ) ] > — > 2 S p d l . S q d l - G [ S q , S p ] 

SGI33 t C G [ S S x , S p , S q _ » ( 0 r d [ S q , S p ] < 8 ) l ) - - > 2 S p d l . S q d l - G [ S S x , S q , S p ] 

SG(4] : ( ' G ( S p , S q j ( 0 r d [ $ q , S p ] < 8 ) ,SSx] ) - - > 2 S p d l . S q d l - G ( S q , S p , S S x l 

Chisholm's identity in four dimensions. 

SG[51 : ( ' C ( S B U _ » J i u (Type) -G i nd , SSx_»Oddp (Len [SSx] ) , Saul ) — > - 2 Rev(SSx l 

mfi^m-wrmmpmmm 
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XGFit 

XGFit 

General least squares fitting 

^ 

Regression — statistics — curve fitting — data analysis 
parameter fitting — function fitting 

S.Wolfram and P.Leyland 
Feb 1982 

GF\tl\\ml,yl\. [x2,y2\,. . \,form, \parl,par2,. . .\1 
finds values of t h e p a r a m e t e r s p a r i , par2, .. which yield t h e l eas t square deviat ion 
of t h e t e m p l a t e form f rom t h e curve specified by the po in t s \xl,yl\, [x2,y2\, ... 

GFf t _ » T i e r 
GF I t ( S I i « t _ » L i s t p [ $ l 1 s t ! , S f , S p a r s _ a L l s t p ( $ p a r s l 3 t t ( L c I [ Z d l ; \ 

Z d : f l p ( P l u s , (Nap [ S f , T r a n s (S I 1 s t ! d ) ] - T r a n s (S I is13 (23 >-21 ; \ 
S o l [ L d i s t [ f l r [ L e n [ S p a r s 3 , D ( Z d , S p a r s [ S 1 1 3 3 . 8 3 , S p a r s 3 [ 1 3 ) 

# 1 ( 1 1 : : <XGFi t 

# 1 ( 2 1 : : t : C a t [ f l r [ ( ( 8 , l , 8 . l ) } , ( $ l , N [ E x p [ S l ] ] ) ] ) 

# 0 ( 2 ] : j ( 8 , 1 ) , ( 8 . 1 ,1 .18517 { , ( 8 . 2 , 1 . 2 2 1 4 ) , ( 8 . 3 , 1 . 3 4 9 8 6 } , { 8 . 4 , 1 . 4 9 1 8 2 } , 

( 8 . 5 , 1 . 6 4 8 7 2 ) , ( 8 . 6 , 1 . 8 2 2 1 2 ) , ( 8 . 7 , 2 . 8 1 3 7 5 ) , ( 8 . 8 , 2 . 2 2 5 5 4 } , 

( 8 . 9 , 2 . 4 5 9 6 } } 

# 1 ( 3 ) : : f o r a : a 8 + a l S l + a 2 S l ~ 2 

2 

# 0 ( 3 ) : a8 + a l S I + a2 S I 

# 1 ( 4 ) : : p a r s : ( a 8 , a l , a 2 ) 

# 0 ( 4 1 : { a 8 , a l , a 2 } 

# 1 ( 5 ) : : G F i t ( t , f o r a , p a r s ) 

# 0 ( 5 ) : (a8 - > 1 . 8 8 6 4 , a l - > 8 . 8 8 9 8 6 , a 2 - > 8 . 7 9 7 6 4 } 

# 1 ( 6 1 : : G F i t t t , a 8 + a l S1 + a 2 S 1 - 3 , j a 8 , a 1 ,a2 \ 3 

# 0 ( 6 1 : ja8 - > 8 . 9 9 8 1 1 8 , a l - > 1 . 1 6 9 8 9 , a 2 - > 8 . 5 8 8 7 8 4 } 

Future enhancements: Errors etc . 

:%x. y^j*sm**mmim!*k ,^«^-:.fe—- r n" • *J*ittaMani.,r-j 
i CJ^XMk^J^VV "V im -. 
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XGQInt 

XGQInt 

Gaussian quadrature integration 

numerical integration — approximate integration — numerical quadrature 
symbolic-numeric interface 

GQInt [/, \x,lo,hi\,nptl 
forms the numerical integral of / with respect to x between lo and hi using npt-
point Gaussian quadrature. 

GQInt(Sf, {Sx.Slo,Shi ),Snpt_aIn($npt, (6,12,24 )13 :: \ 
It (Shi-Slo>/2 SuB(S[Sf,Sx-> \ 
((Shi-Slo)GOx(Snpt, 13 + (ShI+SIo))/2) GQu(Snpt,i3, \ 

|i,-Snpt/2,Snpt/2}]] 
GQx[6,83tGQu(6,81t8 
GQx [6,13 18.2386191868 
GQx(6,23iS.6612893864 
GQx [6,33 18.9324695142 
GQx t6,-13i-GQx (6,13 
GQx 16,-23 t-GQx(6,23 
GQx(6,-33:-GQ> [6,33 
GQH(6,1]tGQu(6,-13 t8.4679139345 
CQM(6,23:GQu[6,-23:8.3687615738 
GQu(6,33:GQu[6,-33:B.1713244923 

#1(11:: <XGQInt;GQInt: ;<XGQInt 

#1(21:: GQInt[f(xl, (x,-l,l },63 

#0(23: .1713245f(-.93246951 + .3687616f (-.66128941 + .4679139f [-.23861921 

« .4679139f(.23861921 + .3687616f [.66128941 

• . 1713245f (.93246951 

#1(31:: GQIntIx~2, (x,8,1 ),61 

#0[31t .3333333 



XGammaS 

XGammaS 

Gamma function 

Euler Gamma function — Euler integral of first kind 

S.Wolfram 
Feb 1982 

F u n c t i o n a l e q u a t i o n s 

Recurrence relations 

S G a a a a d . l ] : GaaaaCSz) - > ( S z - 1 ) GaaBa(Sz-13 

S G a a a a [ l , 2 1 : G a a a a [ S z l - > G a a a a I S z + 1 1 / S z 

CanGaai [ e x p r , repsl 

applies recurrence relations until the arguments of all Gamma functions in expr 
are canonical, and vanish when the replacements reps are applied. 

C a n G a a ( S a x p r , S S r e p s ] i t S [ S e x p r , G a a a a ( S l _ » N a t p [ E x ( S ( S I , SSreps l ] 1 ] — > \ 
( L c l [ Z z , Z n ) ; ZntEx [S [ S I , S S r e p s l 1 ; Z z : E x [ S l - Z n ] ; \ 
P r o d [ Z z + Z i , ( Z i , 8 , Z n - 1 )) Gaaaa [ Z z ] ) 3 

# 1 ( 1 1 : : <XGaaaaS 

#1 ( 2 1 : : 1 1 G a a a a ( 2 - a / 2 1 + G a a a a (4 + e lGaaaa t l - a 3 

# 0 1 2 1 : Gaaaa (2 - a / 2 1 + G a a a a d - a) G a a a a U + a) 

#1(3):: CanGaatt,e->83 

-e Gaaaa[-a/2) (1 - e/2) 

2 

2 

#0(3) 

- • G a i i a a [ - e l GaaaaCe) (1 + e) (2 + e ) (3 + e ) 

# 1 ( 4 ] t i C a n G a a ( t , e - > l l 

# 0 U ) : Gaaaa (2 - a / 2 1 + a G a a a a l - l • a l G a a a a d - a) ( - 1 + a ) ( 1 + a) (2 • 

• (3 + a ) 

• XGaaaaV 

, U « I I . . W ' - * L - J 5 L L - ; S u-.f...j.-i^w js»jL-jj.iJ—*uw^^m~**iM.m- -i^"*.» 
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XGammaV 

XGammaV 

Gamma function 

Euler Gamma function - Euler integral of first kind 

S.Wolfram 
Feb 1982 

Definitions for special values 

Gaaaad) t 1 

G a a a a m : 1 

G a a a a t S n _ * N a t p [ S n 3 3 I ( S n - l ) l 

G a a a a d / 2 1 : S q r t t P i ] 

G a a a a [ S n _ * N a t p [ S n - 1 / 2 3 3 : P i ~ d / 2 ) 2 ~ ( l / 2 - S n > ( 2 S n - 2 ) ! l 

G a a a a l - 1 / 2 ) t - 2 S q r t l P i l 

G a B a a [ S n _ * N a t p [ l / 2 - S n l l t ( - 2 ) ~ ( l / 2 - $ n ) S q r t ( P i 1 / ( - 2 S n ) ! I 

Derivatives 

DCGaaaaCSl], ( $ 1 , l , S x j l : G l i i i t S x ] PsI [Sxl 

[AS sect. 6.1; GR sect. 8.3; MOS sect. 1.1] 



XGenocchi 

^ XGenocch i 

Genocchi numbers 

S.Wolfram 
Sep 1982 

Genocchi Inl 
n th Genocchi number. 

G e n o c c h i [ $ n l i t 2 ~ ( 2 - 2 $ n ) Sn E u l [ 2 S n - l l 

[Sloane: Handbook of Integer Sequences, sect. 3.13] 

^ 

'-MH-* liiljjjajfiljlji^ljui 



XGenp 

XGenp 

Generic symbol test 

dummy symbol test — generic predicate 

S.Wolfram 
Jul 1981 

Genplexprl 
yields 1 if expr contains generic symbols, and 0 otherwise. 

G a n p ( S e x p r l n P [Len (Con t ( S e x p r , _JSZ1 [Gen] ] ] 1 

9^8 
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XGr 

^ XGr 

Basic graph theory 

network theory — nodes — arcs — incidence matrix 
adjacency matrix — graph representation — graph equivalence 

graph isomorphism — Euler circuits — graph traversibility 
Hamilton circuits 

S.Wolfram 
Jul 1981 

A non-directed graph is represented by its incidence matrix, which specifies the 
number of arcs (edges) connecting each pair of nodes. 

Nodes [ l ist ] 
gives the number of nodes in the graph represented by list. 

N o d e s ( S l i s t ) tt L e n l S l i s t ] 

Arcs l l is f ] 
gives the number of arcs in the graph represented by list. 

f ) r c s [ S l i s t ] : : flp (P I us , F I a t (8 I i s t ) ) / 2 

RegsUisf l 
gives the number of regions (faces) for planar graphs represented by list. 

R a g s [ S l i s t l M flrcs[$list] - N o d o s ( S l i s t ] + 2 

Degree [list,nl 
yields the degree of node n in the graph represented by list. 

D e g r e e l S I 1 s t , S n ) t t flp [P I u s , S I i st [Sn33 

ToArc [list] 
converts the incidence matrix list to a list of Arc projections representing arcs. 

ToArc tS I i s t ] t i N a p [ f l r c , F l a t ( f l r [ D i B ( S I 1 s t ) , \ 
Repl [ (S1 ,S2 j , S I i s t [ S 1 . S 2 3 3 3 , 1 3 3 

ToNode [listl 
converts a list of arcs to an incidence matrix. 

ToNode [$ I i s t 3 : : Br [flr [ 2 , *Bp [flax , F I a t (S ($ I i s t , Br c - X i s 11 1 1 1 , \ 
L a n ( P o s ( A r e ( L i s t ( S S x l ) , $ 1 i s t ] ] ] 

Eulerp Hist! 
tests whether the graph represented by the incidence matrix list is Euler travers
able. 

Eulerp[SI ist] it Np (PI us,Hap (Oddp,Nap[flp(PI u s , S I ) , S I i s t ) ] ) <- 2 

Hamp [listl 
tests whether the graph represented by list is Hamilton traversable. 

IIIWWina»WB)a1g|BBJBBBj| BUI _ -~.~- I B U I I 'XJUfS*"*1. I î aBBjBssBttag 
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2 XGr 

^ H a a p t S l i s t ) : i ( L e l ( Z u l j Zu : Br [ L e n [S I i s 11 , 8 ] ; Z u d l : l ; Haap 8 [S I i s t , 13 ) 
H a a p 8 ( S I i s t . S n l : : ( L c l [ Z t , Z i l ; Z t : Z i : 8 ; Loop 1%i<-Len[$ I i s t ] , \ 

I f ( Z u ( S I i s t [ S n , Z i ) ] , 8 , Z u [ Z i l : l ; I f [ ~ ( Z t : H a B p 8 [ S l i s t , Z i ) ) , \ 
Z u ( Z i l : 8 1 1 | I n e [ Z i l , ~ Z t ) ; Z t ) 

Re! ab Hist, perm! 
relabs the nodes in the graph represented by the incidence matrix list according 
to the permutation perm. 

_ 8 e l a b d n i t ) I I < X P e r a 8 
Re I a b t S I i s t , $ p e n i l : : B p p e r [ S p e r a , d a p [ f l p p a r ( S p e r a , S l l , S I i s 1 1 ] 

laop igrl, gr21 
tests for isomorphism of the graphs represented by incidence matrices grl and 
gr2. 

Isop[Sgr1,Sgrll t 1 
Isop[Sgrl,Sgr2_sNodes[Sgrl] ~kNodes[Sgr21 1 I 8 
Isop[Sgr1,Sgr2_rArcs[Sgr13~=flrc«[$gr233 i 8 
Isop[Sgrl,Sgr2_aIsopl[Sgrll~*Isopl[$gr211 : 8 

IsopKSlist] it Sort [Nap [flp [P lus,Sll ,SI ist] 1 
Isop [Sgrl,Sgr2_»'M» dsop2 [Sgrll «Isop2 (Sgr21 ] 1 t 8 

Isop2[Slist3 ll Ex (Oat (SI ist-Zlaa Br[0ia (SIis1111) 

OCGr 

g:{ (8,2,8,8 {,(2,8,1,1 J, {8,1,8,1), (8,1,1,8}} 

((8,2,8,8), (2,8,1,1), {8,1,8,1}, (8,1,1,8}) 

Nodas [g3 

4 

Arcs tg3 

5 

Regs [g3 

3 

Degree(g,23 

4 

Toflrc (gl 

(flrc[(l,2J],Brc[{l,2{],flrc[{2,lj],flrc[{2,l)),flrc[{2,3)],flrc[J2,4}l, 

Brc[(3,2)],Brc[{3,4)],Brc[{4,2)],flrc[(4,3}]{ 

ToNodeIt! 

} {8,2,8,8), (2,8,1,1), (8,1,8,1), (8,1,1,8jj 

EuIerp [g] 

1 

Haaptg] 

# 1 ( 1 

# 1 1 2 

# 0 ( 2 

# H 3 

# 0 ( 3 

# 1 ( 4 

# 0 ( 4 

# 1 ( 5 

# 0 ( 5 

# H 6 

# 0 ( 6 

# H 7 

# 0 ( 7 

# I I « 

# 0 ( 8 

# 1 ( 9 

# 0 ( 9 

# 1 ( 1 8 1 : 

#0 [181 : 

#1 ( 1 1 ) : 

# 0 ( 1 1 ) : 

R e l a b ( g , ( 3 , 1 , 2 , 4 ) 1 

( ( 8 , 8 , 1 , 1 ) , ( 8 , 8 , 2 , 8 ) , { 1 , 2 , 8 , 1 ) , { 1 , 8 , 1 , 8 ) { 

u , w n j t , w » r w a i I M B in i n •aaaaaaaj ajaBBaajaaasaaaai 



XGr 

> -
# 1 ( 1 5 1 : : I s o p [ g , g l 

# 0 ( 1 5 1 : 1 

# I d 6 1 : : I s o p I g . S o r t [ g ] 1 

# 0 ( 1 6 ) : 8 *» 

_ 

•^%&Rfc3*-?^M&^T*2ilAi i EPWMPP Wgga^Bffi!!!̂ ^ i 
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XHalt 

XHalt 

Solution to halting problem 

insoluble problem — oracle — Church's thesis 

S.Wolfram 
Jul 1981 

Ha I tp [progl 
yields 1 if prog halts after a finite time. 

H a l t p t S p r o g ] : : ( S p r o g j l ) 

[Turing: A model for computation with applications to the ...] 



XHarm 

XHarm 

Harmonic sequence 

^ 

fe 

S.Wolfram 
Jul 1981 

Haralnl 
represents the nth partial sum of the harmonic sequence. 

H a r a ( S n ] i t S u a d / Z i , ( Z i , l , S n }] 

« V - "^"i 11i ITBMBJBSMT t "nm ISiSS^fiti&Wl^^i 
UXmjL. I 4MI m i • III W - : l-"-JRa-aJ -• 



6 I 5 « 

-•-» 

XH is t 

XHist 

Histogram generation 

data presentation — binning — discretization — quantization 

S.Wolfram 
Jul 1981 

H i s t [list,nbinl 
forms a histogram of the contents of list with nbin bins. 

H i s t ( S I i s t _ j r l . i s t p [S I i s t ] , $ n b i n _ * N a t p [Snb i n ! ] : : \ 
( L c l ( Z a i n , Z a a x , Zs t ep , Zh ! s t , Z i n d ] ; Z s t e p : N ( ( ( Z a a x : flp [ f l a x , S 1 i s t ] ) - \ 
( Z a i n : f l p [ n i n , S I i s t l ) ) / S n b i n ) ; Z h i s t t f l r [ ( ( Z a i n , Z a a x , Z s t e p j j , 8 1 ; \ 
Do ( Z i , L a n ( S I i s t l , Z i n d : Z a i n + Z s t a p F I o o r (S I i s t ( Z i 1 / Z s t a p ] ; \ 

Z h l s t ( Z i n d l : Z h i s t [ Z i n d ] + 1 1 j Z h i s t ) 

< X H i s t # I ( l ] t t < X H i s t 

# 1 ( 2 1 : : t : f l r ( 1 8 , P r i a a l 

# 0 ( 2 1 i { 2 , 3 , 5 , 7 , 1 1 , 1 3 , 1 7 , 1 9 , 2 3 , 2 9 } 

# 1 ( 3 1 : : H i s t [ t , 3 1 

# 0 ( 3 3 : { ( 2 3 : 4 , [ 1 1 1 : 3 , ( 2 8 1 : 2 , ( 2 9 1 : 1 

'•••'•"• || n • • I J—g—•—n—» *m*mm*'mmemmmmmm!immKm>~'**mmm 
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XHof 

XHof 

Hofstadter's recursive function 

double recursion — generalized Fibonacci sequence — recursion testing 

S.Wolfram 
Jul 1981 

HofliU 
gives a recursive function defined by Hofstadter, whose values have several pro
perties of randomness. 

C 

H o t [ 13 i H o f ( 2 1 i 1 
H o f ( S n _ » N a t p [ S n ) ] i t H o f [ S n 3 : H o i [ S n - H o f l S n - 1 3 3 + H o f [ S n - H o f [ S n - 2 3 3 

^W&^RSBB^BSSSte, 
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XHorn 

XHorn 

Horner representation 

numerical evaluation of polynomials — polynomial rearrangement 

S.Wolfram 
Jul 1981 

Horn [poly, xl 
constructs a Horner representation of the polynomial poly with respect to x. 

H o r n I S p o l y . S x ) l l ( L c l ( Z p , Z n ] j I f [ ( Z n : E x p t ( S x , S p o I y ] ) < = 1 , R e t [ S p o I y 1 1 ; \ 
Z p t C o e f [ S x ~ Z n , S p o l y l ; Do [ Z l , Z n - 1 , Z p : Z p Sx + C o e f ( S x ~ ( Z n - Z l ) , S p o I y ] 1 ; \ 
Sx Zp + S [ S p o l y , S x - > 8 ] ) 

# I ( l ] : t O t H o r n 

# 1 ( 2 3 : : t i x ~ 3 + 4 a x ~ 2 + 2 x + c 

2 3 

# 0 ( 2 3 l c • 2x + 4a x + x 

# 1 ( 3 3 : : H o r n ( Z , x 3 

#0 [ 3 1 : c + x ( 2 + x ( 4 a + x ) ) 

*_ 

U. ,..̂ ftSiw»»i'i,-.l.,,|*?».,J.w.',l,'.f*ai .m,iaiJ.L"•"*•••" '".-••• 
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v_ 

XInd 

XI nd 

List index manipulation 

S.Wolfram 
Jul 1981 

LlndUistl 
yields a list of the indices in list. 

L l n d l S l i s t l i t flr [ L e n C S I i s t l , I n d [ $ l i s t . S l ] ] 

ToL llistl 
writes entries in list as (index.value). 

T e L ( S l l s t ) t t flr [ L e n [ S I i s t l , ( I n d [S I i s t . S l ] , E l e a [ $ l i s t , ( $ 1 j ] }] 

Max ind [listl 
yields the maximal index in list. 

flaxind [S I ist_pContp[SI ist] ] 11 Lan(Slist] 
Haxind(SIistl ti flp (Nax,LInd(SI ist]] 

ToIndHfetl 
takes sublists (index,value) in list, and forms an indexed list [index]:value. 

T o I n d ( S l i s t ) t t ( L c d Z I l ; Nap (Z I ( S I ( 1 1 ) t S I [21 , S I I s t l ; Z l ) 

# 1 1 1 ] i : OCInd 

# 1 [ 2 1 : : t : ( ( a ) : x ~ 2 , (b) t x ~ 3 , ( c ) : x + y ) 

2 3 

# 0 ( 2 ) 1 ( ( a l t x , ( f a ) : x , t a l l x + y ) 

# I ( 3 1 t t L l n d ( Z ) 

# 0 ( 3 1 . ( « , b , c ) 

# I ( 4 ) t t T o L ( t ) 

2 3 

# 0 ( 4 ) 1 } { a , x ) , ( b , x J, { c , x + y ) { 

# I ( 5 ) t i T o I n d I Z ] 

3 2 
# 0 ( 5 ] t { ( c l i x • y , ( b l : x , ( a ) : x ) 

t 
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XIndep 

XIndep 

Independent variable declaration 

total derivatives — partial derivatives — differentials 
functional independence 

S.Wolfram 
Jul 1981 

lndep[\yl,y2, . . . J , \xl,x2,.. .\1 
defines the yi to be independent of the xj so that D t [fy i , tx j ] : 0. 

I n d e p I S y . S x ) i t N a p [ N a p ( 0 t [ S I , S 2 1 : 8 , S x l , S y ] 

# I d l i : <XIndep 

# I ( 2 ] i t D t ( j y l , y 2 , y 3 ) , x ] 

# 0 ( 2 3 t { D t ( y l , x l , D t { y 2 , x 3 , D t ( y 3 , x 3 } 

# I ( 3 ] t t I n d a p [ ( y l , y 2 ) , ( x , x p ) l 

# 0 ( 3 1 : { ( 8 , 8 ) , { 8 , 8 ) ) 

# 1 ( 4 1 : : D t ( ( y l , y 2 , y 3 } , x ] 

# 0 ( 4 1 : ( 8 , 8 , D t ( y 3 , x ) j 
r 

- . . in IIJ.I.. ' . I w w n n j » m _ w J ijmxm^f. i"» 1.1. _ ™ » i w 3 ; . ^ BJHSkgyy..,..' •. a "L'.WJ.."". • J - ' M S S - g g i 
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XInfo 

XInfo 

Basic information theory 

Shannon entropy — frequency — language analysis 

S.Wolfram 

Jul 1981 

Shan[probl 
represents the Shannon entropy for a language whose symbols have relative fre
quencies as given in the listprofo. 

Shan(Sprob_aListp[Sprobl 3 M -N[flp(PI us,Nap (Sx Log (Sx,2] ,Sprobi 3/ \ 
flp(Plus.Sprobll 

Freq [listl 
yields a list of the relative frequencies of symbols appearing as elements of list. 

F r e q ( S I i s t _ » L i s t p ( S I i s t 3 3 i t ( L c d Z f l j Nap (Z f ( S I [11 1 : $1 (21 , \ 
R e x ( S I i s t l ( 2 ) 1 ; Re I [Z f 1 ) 

# 1 ( 1 1 : : < X I n f o 

# 1 ( 2 1 : : flr[18,Sx-21 

# 0 ( 2 1 : ( 1 , 4 , 9 , 1 6 , 2 5 , 3 6 , 4 9 , 6 4 , 8 1 , 1 8 6 ) 

f l t S l t l S h a n ( Z ) 

# 0 ( 3 1 : - 5 . 8 1 7 6 8 3 

# 1 ( 4 ) : : ( a , a , b , c , a , c , d , e , a , b , c , b , b , e ) 

# 0 ( 4 1 : ( a , a , b , c , a , c , d , e , a , b , c , b , b , e ) 

f X I S l l I F r e q ( Z ] 

# 0 ( 5 1 : { [ e l : 2 , ( d l : 1 , t a i l 3 , ( b ) : 4 , ( a l : 4 ) 

i~j »• • . rrr . iajp: i 
•»•.. .i.ii—gaTaU ii >iiif3mtt i ̂ amimMCi 
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XIntp 

^ XIntp 

Integer testing simplification 

S.Wolfram 
Jul 1981 

I n t p ( ( S S x _ a I n t p [ S S x l ) + (Sy _ * I n t p ( S y l ) ] : 1 
I n t p [ ( S S x _ » I n t p [ S S x l ) < $ y _ * I n t p ( S y 3 ) 1 : 1 

I n t p [ (Sn_s=In tp [ S n l ) - ( S a _ s = N a t p [ S a ] )3 : 1 
I n t p [ ( S n _ » f l b s ( S n ] >1> ~ ( $ a _ * N a t p ( - S a ) ) ) : 8 

# 1 ( 1 1 : : <XIntp 

# I ( 2 1 : t I n t p l x l i l 

# 0 ( 2 ] : 1 

# I [ 3 1 : t I n t p ( x ~ 2 - 2 3 

# 0 ( 3 1 : 1 

^ 

mmi,,jLii.im 



Xlter 

^ Xlter 

General iterated forms 

replication — iteration — generalized sum — generalized product 

S.Wolfram 
Jul 1981 

I t er [£ expr. var. lo, hi! 
applies / to the set of values of expr attained when var takes on values lo, lo+l, 
io+2 hi. 

I ter _t T i er 
_Iter(Sap3: (8,8,8, Inf, Inf) 
I tar [Sf,Sexpr,Svar,S lo.Shi _»Intp[$hi-Slol 1 II \ 

Rp(Sf,flr ( j (Slo.Shi )),S[Saxpr,Svar->S13 3 3 

#1(13:: <XIter 

#1(21:: Iter[f,x+i~2,I,1,63 

#0(21: ftl + x,4 + x,9 + x,16 + x,25 + x,36 + x3 

m < a W " V a " * • , „ , • , ' • , , m , , ' , , - , l - - . - r • • • • - • - - , t _ _ • > - - . v T a i - . . _ _ * - • • . " - - • * * - * - . • — - • * £ • • " - - • • * * — - : T - _ - - • " • _ E t S l J 



u^s 

Xltp 

XI tp 

Lagrange interpolation of list values 

interpolation — smoothing — extrapolation 

S.Wolfram 
Jul 1981 

I t p Mis*, x l 
uses all the values given in list to yield an optimal estimate for the value 
corresponding to an index x. 

I t p _ j T l e r 
I t p I S I i s t , S x ) i ! ( L c l ( Z n 3 ; Z n : L e n (S I i s 1 1 ; \ 

S u a [ Z x : I n d ( S l i B t , i 3 ; P r o d [ S x - I n d [ $ l i s t , j l , ( j , l , Z n ) l / \ 
( ( S x - Z x ) P r o d l Z x - I n d l S I i s t , j ] , ( j , l , Z n , 1 , j ~ * i } l ) \ 

E l e a [ S l i s t , { i ) ] , ( i , 1 , L a n ( S I i s t 3 ) l ) 

# I ( l l t : < X l t p 

# 1 ( 2 3 : i t i f l r ( { ( 8 , 1 , 8 . 2 ) ) , N [ S i n ( S x l 3 3 

# 0 ( 2 1 : ( [ 8 3 : 8 , ( . 2 3 : . 1 9 8 6 6 9 3 , ( . 4 1 : . 3 8 9 4 1 8 3 , ( . 6 1 : . 5 6 4 6 4 2 5 , 

( . 8 1 : . 7 1 7 3 5 6 1 , ( 1 ) : . 8 4 1 4 7 1 ) 

# 1 ( 3 ) : : I t p ( Z , x ) 

# 0 ( 3 ) : 2 S . 8 6 8 4 x ( - 1 + x ) ( - 4 / 5 + x ) ( - 3 / 5 + x ) ( - 2 / 5 + x ) 

- 1 8 1 . 4 1 1 x ( - 1 + x ) ( - 4 / 5 + x ) ( - 3 / 5 + x) ( - 1 / 5 + x) 

+ 1 4 7 . 8 4 2 3 x ( - 1 + x) ( - 4 / 5 + x ) ( - 2 / 5 + x ) ( - 1 / 5 + x) 

- 9 3 . 4 8 5 7 4 x ( - 1 + x ) ( - 3 / 5 + x> ( - 2 / 5 + x ) ( - 1 / 5 + x ) 

+ 2 1 . 9 1 3 3 1 x ( - 4 / 5 + x ) ( - 3 / 5 + x ) ( - 2 / 5 + x) ( - 1 / 5 « x> 

# 1 ( 4 ] i : EM t i l 

2 3 4 
# 0 ( 4 1 : . 9 9 9 9 7 8 x • . 8 8 8 2 4 3 9 1 5 4 x - . 1 6 7 6 1 6 4 x + . 8 8 1 6 1 2 9 6 1 x 

5 

+ . 8 8 7 2 5 2 4 7 8 x 

# 1 ( 5 ) : : N ( S [ Z , x - > 8 . 8 ] ] 

# 0 ( 5 ) 1 . 7 1 7 3 5 6 1 

# I ( 6 ) t : N ( S i n ( 8 . 8 ] ] 

# 0 [ 6 1 i . 7 1 7 3 5 6 1 

• X L I t p 

' - ' ii.|iii..i.im.a uaans. i ,n wwwi»fwa»iriiiiii» i.|,ui|iw««aa)JW7aaw>pajaCTaw«ji.i.aia \,m>wm^*nmq/mi™!mmi!mmmmwm*J*m***fml** 



xtmno 

^ XKill lO 

Input/Output removal 

reclaim memory — conserve memory — save memory — forget past 
destroy input — destroy output - kill input — kill output 

kill labels — kill lines 

S.Wolfram 
Jul 1981 

Updated Aug 1982 

Ki 1110 [(ni:0) , (n£:Len [#11)1 
removes values assigned to #1 and #0 lines numbered nl through n2. 

Kill I0_iTlar 
KI I I I O I S n l _ » N a t p [ S n l ) , Sn2_»Natp (Sn21 1 t t \ 

( B r [ ( } S n l , S n 2 } ) , # I ( S Z 1 ] : # 0 [ S Z U :1 ; ) 
K H I I O d i t ( # I : # 0 : ) 

# 1 ( 1 ) : : OCKi I 110 

# I [ 2 1 t : t : x ; 

# 1 ( 3 ) : : R p t ( t : t ( 1 + t ) , 2 ] 

# 0 1 3 1 : x ( 1 + x ) ( 1 + x (1 + x>> 

# 1 ( 4 1 : : E x ( Z ] 
_ 

2 3 4 
#0 [4 ] : x + 2 x + 2 x + x 

# 1 ( 5 1 : : F a c ( Z l 

2 

# 0 ( 5 1 : x ( 1 + x ) ( 1 + x + x ) 

# 1 ( 6 1 : t KM 1 1 0 1 1 , 3 ) 

# 1 1 7 1 : : #0 
2 

# 0 ( 7 1 : ( ( 6 1 : ( ( 1 1 1 , ( 2 1 : , ( 3 1 : ) , (51 I x ( 1 + x ) ( 1 + x + X > , 

2 3 4 

( 4 1 : x • 2 x + 2 x + x , ( 8 ) : { " / u 1 / s a p / f l L L / s a p . i n i t " ) } 

# 1 ( 8 1 : : ICi I 1 1 0 ( 1 

# 1 1 9 1 : . #0 

# 0 ( 9 1 : { ( 8 1 : } 

# 1 1 1 8 1 : : #1 

# 0 ( 1 8 1 : ( ( 9 1 : : # 0 , ( 8 1 : : K i l l l O d ) 

Bjaaaaaaaasaaaaaaaaaaaaasjaaa^^ __ .IM _̂_ „ ._ .i III. , jag^ 
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^ 

XLAri th 

XLAr i th 

List arithmetic 

S.Wolfram 
Jul 1981 

LSua Hist! 
yields the sum of all elements in the list or set of nested lists list. 

L S u a ( S l i s t ) t : R p ( P l u s , F l a t ( S I i s t ] ] 

LProd [listl 
yields the product of elements in list. 

L P r o d t S l i s t l i t flpdlul t ,F l a t (SI i s t l l 

# I ( l ) l l O t L f i r i t h 

# I I 2 ) : i { ( a , b { , ( 1 , 2 , 3 ) , d } 

# 0 ( 2 3 : { { a , b ) , { l , 2 , 3 } , d ) 

# 1 ( 3 3 : : LSua(Z3 

# 0 ( 3 1 i 6 + a + b + d 

# 1 ( 4 ) 11 L P r o d ( © 2 ] 

# 0 ( 4 ) i 6a b d 

...m,.i ..., !kBmmi'm<i"n- i" i.^iiLpi^wiiipiiiii^ii |„. J£l,PIBfJ,Jii|i U.J|JilJ|||IL^ 



XLCM 

XLCN 

Lowest common multiple 

S.Wolfram 
Jul 1981 

LCr\lnl,n2, . . .1 
yields the lowest common multiple of nl,n2... 

LCN_sF la t 
LCH [ S n l , $ n 2 3 ( S n l S n 2 ) / G c d [ S n l , S n 2 1 



V - ' O 

_ 

XLChi2 

XLChi2 

List chi squared evaluation 
- -

goodness of fit — function fitting — curve fitting 
model comparison — model fitting 

S.Wolfram 
Jan 1982 

XLCh\2[list,form,il 
forms the chi squared between elements of list and form as a function of i. 

L C h i 2 ( S I i s t _ » L I s t p [ S I i s t ] , S f o r a . S i 1 t t \ 
Sua I N I (S i i s t ( i ) - S [ $ f o r a , S i - > i ] )-~21 , ( i , l , L e n ( S I i s t l ) l 

# I d ] t : <XLChi2 

#1 (23 : t flr ( 5 , N ( E x p ( $ 1 3 3 3 

#0(21: ( 2 . 7 1 8 2 8 , 7 . 3 8 9 8 6 , 2 8 . 8 8 5 5 , 5 4 . 5 9 8 2 , 1 4 8 . 4 1 3 ) 

# U 3 ] t : LCh i2 [%, l + x + x - 2 / 2 , x l 

# 0 ( 3 1 t 1 8 7 4 7 . 8 

• )suam is n wtiiwmpi^mBmm u iiui Ji.immmw*mmmmmmm*m™m**»'*''~~~ ,. •• ^ . , .^JH^^SKfSm 



s _ 
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XLDiff 

XLDiff 

Differences of list e lements 

^ 

forward differences — pairwise differences — pairwise subtraction 

S.Wolfram 
Jan 1982 

Updated Aug 1982 

LDiff fits*, (n : l ) ] 
yields a list of n th rank forward differences between successive entries of list. 

L D i f f d S l i s t _ » L i s t p [ S I i s t ] ] ] t t flr [Len [SI i s t ] - 1 , SI i s t [ $ l + l ] - S I i s t ($11 1 
LD i f f t [S I i s t , 1) I t : L D i f f [ S l i s t l 
L O i f f [ ( S I i s t , S n _ » N a t p ( S n 3 3 3 n L O I f f ( L D I f f t S I i s t , S n - 1 1 ] 

# 1 ( 1 1 : 

# H 2 ) : 

# 0 ( 2 ) : 

# I [ 3 1 : 

#0 (31 : 

# 1 ( 4 1 : 

#01*3 

#1151 

#0151 

#1161 

#0(61 

< X L 0 i f f 

flr ( 5 , f l 

( f (11 , f (21 , f ( 3 ) , f (41 , f (51 ) 

L D i f f ( Z l 

{ - f d l + f ( 2 ] , - f [ 2 1 • f [ 3 1 , - f [ 3 1 + f ( 4 ] , - f ( 4 ] + f ( 5 1 j 

L 0 i f f ( Q 2 , 2 3 

( f d l - 2 f ( 2 1 + f ( 3 1 , f ( 2 3 - 2 f ( 3 1 + f ( 4 1 , f ( 3 ] - 2 f ( 4 1 + f (51 ) 

B r ( 1 8 , S l ~ 3 - 4 S l ~ 2 + 7 ] 

{ 4 , - 1 , - 2 , 7 , 3 2 , 7 9 , 1 5 4 , 2 6 3 , 4 1 2 , 6 8 7 } 

Rr ( 3 , L D i f f (Z .S113 

( ( - 5 , - 1 , 9 , 2 5 , 4 7 , 7 5 , 1 8 9 , 1 4 9 , 1 9 5 ) , ( 4 , 1 8 , 1 6 , 2 2 , 2 8 , 3 4 , 4 8 , 4 6 ) , 

( 6 , 6 , 6 , 6 , 6 , 6 , 6 ) } 

• a a - -.n.aw,n,-Tpa—wan »» m aaja aaaewaaaaaaaaj 



9-8 

XLI tp 

XLItp 

Interpolation of contiguous list values 

Lagrangian interpolation — function evaluation 

S.Wolfram 
Jul 1981 

-

LI tp (Hat,*] 
uses all the values given in list to find an interpolated value for an element with 
index x. 

LItpISI ist_*Contp (SI 1st) ,$xl II \ 
(Lcl(Zn); ZntLen($l istl ; \ 
Sua[$l ist[k + Floor [ (Zn + 1)/2)] (-1) ~(F I oor [Zn/23 +k ) \ 

/((k+Floor((Zn-1)/21) !s(F I oor (Zn/21-k) !»($x-Floor ((Zn*l)/21-k)> \ 
Prod[Sx-Oddp(Zn]-t, (t, Evenp (Znl , 2F I oor (Zn/21 j) ,\ 
jfc,-Floor( (Zn-1)/23,FIoor(Zn/2 3 )3) 

LI tp2 [list, xl 
uses two-point (linear) interpolation to yield an estimate for an element of list 
with index x. 

L I t p 2 ( S I i s t , S x _ » ( l <a Sx <= L e n t S l i s t ] ) ] : : \ 
( L c t [ Z x 3 ; Z x : F l o o r (Sx l ; (1 -Sx + Zx) SI i s t (Zx) + (Sx-Zx> S l i s t ( Z x + l l ) 

LItp31ii5.-i.xl 
uses three-point Lagrange interpolation to estimate the value of an element of list 
with index x. 

L I t p 3 ( S I i s t , S x _ » ( 2 <- Sx <- Len (S I i s t ] - 1 ) 1 : : \ 
( L c l [ Z x , Z p l ; Z p : S x - ( Z x : F l o o r [ S x l ) ; \ 
Z p ( Z p - l ) / 2 S l i s t ( Z x - l l + ( l - Z p - 2 ) S l i s t [ Z x l + \ 

Zp (Zp + l ) / 2 SI I s t (Zx + 11) 

# 1 ( 1 ) : : < X L I t p 

# 1 ( 2 1 

# 0 ( 2 1 

#1131 

# 0 ( 3 1 

# 1 ( 4 1 

# 0 1 * 1 

# 1 ( 5 1 

#0151 

# 1 ( 6 1 

# 0 ( 6 1 

#0(71, 

tiflr[6,Sx-41 

(1,16,81,256,625,1296} 

LItp[t,3.5] 

158.8625 

3.5-4 

158.8625 

LItp2(t,3.51 

168.5 

L I t p 3 ( t , 3 . 5 1 

1 5 4 . 7 5 

# I [ 7 1 t : L I t p I f l r (31 , x ) 

( - 3 + x ) ( - 2 + x) 

2 
2 ( - 3 + x) ( -1 + x) + 

3 ( - 2 + x) ( - 1 + x) 

http://LItp31ii5.-i.xl


XLItp 

#1181 

# 0 ( 8 ) 

E x I Z l 

x 

V ^ 



XLPart 

XLPart 

i 

Subpart position lists 

power set 

S.Wolfram 
Jul 1981 

LPart fezpr l 
yields a list of the positions of all subparts of expr. 

L P a r t ( S e x p r ) : : Pos ( $ 1 , S e x p r ) 

APart[exprl 
yields a list of all subparts of expr, together with the positions at which they 
appear. 

flPart(Saxpr) i t P o s ( S I , S e x p r , L I s t ( S e x p r ( S S x l , 1 1 s t ( S S x l 1 ] 

# l d l t : < X L P a r t 

# 1 1 2 1 : : t i R a x d 

2 3 
# 0 ( 2 1 : 2x (2 + 2x ) + ( - 1 - 2 x ) (3 + y + - ) 

x 

# 1 ( 1 ) 1 1 L P a r t ( t ) 

# 0 ( 3 ) 1 ( ( 1 , 1 ) , ( 1 , 2 , 1 ) , ( 1 , 2 , 2 ) , ( 1 , 2 ) , ( 1 ) , { 2 , 1 , 1 } , ( 2 , 1 , 2 , 1 ) , { 2 , 1 , 2 , 2 } , ( 2 , 1 , 2 } , 

( 2 , 1 j , ( 2 , 2 , 1 ) , ( 2 , 2 , 2 ) , ( 2 , 2 , 3 , 1 j , ( 2 , 2 , 3 , 2 ) , ( 2 , 2 , 3 j , ( 2 , 2 } , ( 2 } , 

# 1 ( 4 1 I I fiPartttl 

#0(411 { { x , ( 1 , 1 ) ) , ( 2 , ( 1 , 2 , 1 ) } , (2x , { 1 , 2 , 2 } } , (2 + 2 x , ( l , 2 } {, }2x (2 * 2 x ) , ( l } j , 

2 
( - 1 , { 2 , 1 , 1 ) } , (x , ( 2 , 1 , 2 , 1 ) ) , ( 2 , ( 2 , 1 , 2 , 2 ) ) , j - 2 x , ( 2 , 1 , 2 ) } , 

2 
{-1 - 2 x , ( 2 , 1 ) } , ( 3 , ( 2 , 2 , 1 ) } , (y , ( 2 , 2 , 2 ) ) , ( 1 , ( 2 , 2 , 3 , 1 ) ) , 

3 3 
( x , ( 2 , 2 , 3 , 2 } } , ( - , ( 2 , 2 , 3 ) ) , (3 • y + - , { 2 , 2 ) j , 

x x 

2 3 
( ( - 1 - 2 x ) (3 • y • - ) , { 2 } ) , (• P l u s , ( 8 ) } ) 

x 

, t t m m , • ' " • > " • " ' • * ' ' « " * » W " B 3 W B J B » J W B ^ ^ 



XLProp 

_ 

XLProp 

List property assignment 

multiple assignment — property — distribution over lists 

J.Greif 
Jul 1982 

LProp Hist, prop, (value : 1)1 
assigns value to the prop property of each element of list. 

L P r o p _ i T I e r 
L P r o p [S I i s t _ v L i s t p [ $ l i s t ] , S p r o p ) : : Hap [ P r u t [ S I , S p r o p ) , $ I i s t ) 
L P r o p ( S l i s t _ » L i s t p [ $ l i s t l , S p r o p , S v a l _ » N u a b p [ S v a | ] ] : : \ 

flp ( S a t , ( H a p l P r o p t S l , S p r o p ] , S I i s t ] , S v a I ) ] 
L P r o p [ S l i s t _ * L i s t p [ S I i s t ] , S p r o p , S v a l ] : : f l p [ S e t d , ( n a p C P r o p [ $ l , S p r o p ] , \ 

SI Ist] ,Sval }1 

fltllit <XLProp 

#I(2]i: LProp[ (s,t,u ),Trace,Lprl 

#0(2): ' Lpr 

# 1 ( 3 ) : : s t a + b I ] / t l u ( a + P s ( E x p [ - x ~ 2 1 , x , 8 , 11 1 - 7 * ~ 4 5 6 ) 

B ( C X ( a , b l ] 
u t l + a l 
u d + a ] 
u d • a ) 
u t l + a ) 
t ( u [ P s d , x , 8 , ( 8 , 3 ) , { ( 8 1 : 1 + a , t i l l 8 , ( 2 1 : - 1 , ( 3 1 : 8 } l l + A ( - 7 , 4 5 6 1 1 

s ( a + b I I 
# 0 ( 3 1 : « 

# 1 ( 4 3 i : 

# 0 ( 4 ) 1 

# 1 1 5 ] : : 

t ( u ( ( l + a ) - x ] + - 7 a ~ 4 5 6 1 

L P r o p ( ( s , t , u ) , L d i s t l 

( L d i s t , L d i s t , L d i s t ] 

• t ( x , y , z ) ] 

{ • ( x l , s ( y l , s ( z l { 
• tx ] 
s t y ] 
s ( z l 

# 0 ( 5 1 : ( s ( x l , s ( y l , s ( z l ) 

# 1 ( 6 3 : : < a n d > 



\JLV 

XLUP 

XLUP 

LUP matr ix methods 

linear algebra — linear equation — determinant — matrix 
matrix inverse 

J.Greif 
Jul 1982 

< X H a t 3 ; < X P e r a 8 ; < X P e r a l 

Ldet [ml 
finds determinant of matrix m by the LUP decomposition. 

L d e t I S a _ » S q a a t p t $ a ] ] 11 ( L c l t Z I ) ; I f [ ( Z I t L u p ( S a l ) - 8 , Z I , \ 
T r [ Z l (23 , f 1 u l t 3 * S i g ( Z I (33 3 , T r ( Z I (23 , N u l t 3 * S i g [ Z I ( 3 3 3 3 ) 

Lainv [ml 
finds inverse of matrix m by the LUP decomposition. 

L a l n v ( S a _ * S q a a t p [ S a 3 3 I I ( L c l ( Z I 3 ; I f IP ( ( Z I : L u p [ S a l ) - 8 ) , L a i n v ( S a l , \ 
T r u n c [ P B a t [ P i n v [ Z I [ 3 ] ] ] . T i n v [ Z I [ 2 ] ] . T i n v [ Z I ( l ] ] , L a n [ S a ] ] ] ) 

Lad i v [mat, rhsl 
solves the matrix equation mat.x = rhs for x by the LUP decomposition. 

L a d J v [ S a a t _ F S q B a t p [ S a a t ] , S r h s _ F ( C o n t p [ S r h s ] 8 L o n [ S r h s ] « L a n ( S a a t ] ) ] : : \ 
( L c l ( Z l , Z d , Z y l ; I f [ P ( ( Z I : L u p [ S a a t ] ) > 8 ] , L a d i v [ S a a t , S r h s l , \ 
Z d - E a b e d ( T r a n s ( S r h s ] l ; \ 
Z y : B s u b t Z l t l ] , Z d l ; T r u n c t B s u b t Z I [ 2 ) . P a a t [ Z I ( 3 ) ] , Z y ] , L e n [ S « a t ] ] ) 

L a d i v t S a a t - j S q a a t p ( S a a t l , S r h s _ » ( f 1 a t p [ S r h s ] 8 L e n [ $ r h s ] - L e n [ S a a t l ) ] : : \ 
( L c l [ Z l . Z d . Z y l ; I f IP t ( Z l : L u p ( S a a t l ) « 8 ) , L a d i v ( S a a t , S r h s l , \ 
Z d « E a b e d ( $ r h s l ; \ 
Z y i B s u b t Z I ( 1 3 , Z d l { T r u n c t B s u b ( Z I ( 2 1 . P a a t (Z I ( 3 1 ] , Z y l , 0 i a ( S r h s ) 1 ) 

Paat [perml 
converts a list denoting a permutation into the appropriate matrix. 

P a a t ( S p _ r P a r a p [ S p l ] : : f l r t ( L e n t S p ] , L e n [ S p ] j , S j - S p [ $ i ] ] 

Eabedlmo/l 
embeds an n x m matrix into an identity matrix of dimension 1 x Max[m,l] where 1 
is the first power of two not less than n. 

E a b . d t S a j B a t p I S a ] ] n ( L c l t Z I , Z d ) ; Z d : D i a [ S a ] j Z i t l ; \ 
L o o p [ Z i < X d [ l l , Z i : 2 * Z i , ] ; I f [ P t Z i = Z d d ] ] , S m , \ 
flr ( ( Z i , N a x ( Z i , Z d ( 2 1 ] } , I f [ S l < . Z d d l 8 S 2 < = Z d t 2 ] , Sa ( $ 1 , $ 2 1 , S I - $ 2 ) 1 ) 

Trunc [mat, dim! 
extract from a matrix mat the entries within the bounds given by dim. If dim is a 
number, extract the corresponding square matrix, otherwise extract according to 
the dimension list. 

t r u n c _ ] T I a r 
t r u n c [ S a _ » n a t p [ S a ) , S d _ » N a t p [ S d ] 1 t i flr [ ( S d , S d ) , a ( S i , S j ] ) 
t r u n c t S a _ * n a t p t S a ] , S d _ » L I s t p [ S d ] ) n flrt (Sd 11) , S d 121 ) , S a ( S i , S j 1 ] 

Hinu.imimii im.i..iWpililLLiixii|Bi.. HH!B i iwaa IULIHIII I — w u u w u m a j n i i i MI sp I I in rajpBaajwaayaaaaaaBgeaaaaj 



I. 2 XLUP 

T i n v l m l 
finds inverse of upper or lower triangular matrix m. See lemmas 6.5, 6.6 of refer
ence below. 

T l n v t $ B _ * S q a a t p C S a 3 3 t i ( L c I [ Z a , Z d , Z p , Z I p 3 t \ 
I f [ P ( L e n ( S a l > 1 1 , ( ( l / S a t l , 1 3 ) ) , \ 
Z a : Q t r C . a b a d t S a ) ) j Zd : T I n v [ Z a ( 4 1 1 ; Zp : T I n v ( Z a [ 11 1 ; Z I p : Len [ Z p ] >\ 

flr [ } 2 * Z l p , 2 » Z l p } , S e l ( S K - Z I p 8 S j < - Z I p , Zp ( S i , S j 1 , S i >Z I p&S j >Z I p , \ 
Z d [ S i - Z l p , S j - Z l p ) , S i > Z l p , < - Z d . Z a t 3 ] . Z p ) [ S i - Z l p , S j l , \ 
X j > Z l p , ( - Z p . Z a t 2 ) . Z d ) ( S i , S j - Z l p ] ) ] ] ) ; 

Lup [ m l 
finds LUP decomposition of matrix m, returned as (L.U.P) where P is in the form 
of a permutation (contiguous list). 

Lup _• T i a r 
L u p [ S B _ * t 1 a t p [ S B ] ] t t L u p [ S a , L o n ( S a ] , L e n ( S a d ) ] ] 
L u p t $ a , S n _ , N a t p C S n 3 , S p _ » N a t p t S p 3 3 i t ( L c I ( Z b , Z d , Z q , Z h , Z I , \ 

X n , Z p , Z p 3 , Z f a , Z l u p l , Z l u p 2 , Z u l ; Z n t S n / 2 ; \ 
X b i f l r ( ( Z n , S p , S a l ; I f t P t ( Z I up 1 : I u p t Z b , Z n , S p ] ) = 8 1 , 8 , \ 
X d t f l r [ } Z n , S p , S a ( Z n + $ 1 , $ 2 1 1 . P a a t ( P i n v ( Z I up 1 ( 3 1 1 ] ; \ 
B and D in notation of reference. F.(E~-1) follows\ 
X f e i f l r t { X n , Z n ) , Z d l . T I n v ( f l r [ } Z n , Z n ) , Z I u p l [ 2 , $ i , S j ] 1 1 j \ 
Z q : X d - X f e . X l u p l [ 2 ] ; \ 
decompose G' and build up ansTrer\ 
I f ( P ( ( Z l u p 2 i L u p [ f l r ( { Z n , S p - Z n ) , X | [ S I , Z n + S j ] ] , Z n , S p - Z n l ) - 8 1 , \ 

R e t ( 8 1 , \ 
find P3, H, L, U, P as matrix and convert latter to perm\ 
X p 3 t f l r ( S p , I f [ S l < . Z n , S l , Z n + X l u p 2 ( 3 , S l - Z n ] 1 1 ; \ 
X h : X I u p l ( 2 1 . P a a t ( P i n v [ Z p 3 1 ) j Z p : P a a t ( Z p 3 ) . P a a t [ Z I u p l ( 3 1 1 ; \ 
X I : C a t [ f l r ( ( Z n , S p } , I f ( S 2 0 X n , Z I u p l [ 1 , S I , $ 2 1 , 8 1 1 , \ 
B r ( ( Z n . S p j . I f ( $ 2 < - X n , X f a ( S I , $ 2 1 , Z I u p 2 d , S I , S 2 - Z n l 1 ] 1 ; \ 
X u : C a t t Z h , f l r [ ( Z n . S p { , I f [ S 2 < - Z n , 8 , Z I u p 2 ( 2 , S I , S 2 - Z n l ) 3 3 ; \ 
( X I , X u , J l p . f l r t L e n t Z p l l ) l 1 > 

L u p t S a , l , S p _ p N a i p t S p ] ) : : ( L c I ( Z j , Z p l ; \ 

find non-zero column and perm making it first\ 
Z p : A r [ S p ] 5 F o r (Z j : 1 , Sa [ 1 , Z j 1 - 8 8 X j O S p , , I n e (Z j 1 ) ; \ 
S a l ( Z I > S p , e , Z j . l , { ( ( 1 j ) , S a , Z p ) , l , Z p [ l l : Z j j Z p [ Z j ] : l ; \ 
( ( ( l ) l , S a . P a a t [ Z p ] , Z p ) ] ) 

Bsub [ml, m21 
backsubstitutes to find solution x of matrix equation ml.x=m2where ml is upper 
or lower triangular. TEMPORARY — do in ordinary way 

B a u b [ S a _ * S q a a t p t S a ) , S r _ * f l a t p [ S r ] ] : : f 1 d i v ( S r , S a ] 

Qtr Cm.] 
partition a 2~n by 2"n matrix m into quarters, returning [mlI,ml2,m21,m22] 
where each element is one of the quarters. 

Qtr tSajSqaatptSa) 1 it (Lcl(Zn3; Zn t Len (Sal /2j \ 
(flr ( (Zn.Zn ),Sal ,flr((Zn,Znj,Sa(Sl+Zn,S21),flr [(Zn,Zn ),Sa[SI,S2 + Znl1,\ 
flrt ( Z n . Z n { , S a ( S l + X n , S 2 + X n ) ) ) ) 

[Aho, Hopcraft and Ullman, The Design and Analysis of Computer Algorithms, Addison-
Wesley, Reading, MA, 1974] 

^ L I U - I P ^ P L ^ 
•**l»s^s»tS!99S 



ZLS 

•* 

t XLap 

XLap 

Laplace transforms 

operational methods — differential equations 

S.Wolfram 
Jul 1981 

Lap lexpr, t, si 

represents the Laplace transform of expr from the t domain to s domain. 

GaaaatSn_»NatptSnl 3 t (Sn-l)l 

Lap_tTlar 

L a p I S n _ * N u B b p I S n ] , S t , $ s 3 I S n / S s 

L a p t S t . S t . S s l i 1 / S s ~ 2 

L a p t S t ~ S p , S t , S s ] t G a a a a t S p + l l / $ s - ( S p + l ) 

L a p t S x + S S x , S t , S s l t i L a p [ S x . S t , S s 3 + L a p ( S S x , S t , S s l 

L a p t S x S S x , S t _ » ~ I n ( S t , S x ] , S s l : : Sx L a p ( S S x , S t , S s l 

L a p [ $ x / S y , S t _ » ~ I n ( S t , S y ] , S s l 11 L a p ( S x , S t , S s l / S y 

L a p ( $ x » S y , S t , S s l t i L a p ( S x , S t , S s l - L a p [ S y , S t , S s l 

L a p t ' D I S y , ( S x , S n , S t j ] , S t , S s ] I I \ 
S s - S n L a p ( S ( S y , S x - > S t ] , S t , S s l - \ 

S u B ( 0 ( S y , ( S x , i - 1 , 8 j l S s - ( S n - i ) , ( i , l , S n ) l 

Lap[Exp[8«at],tj=~In[t,SSo],s] :: l/(s-8Sa)ns 

Lap[Exp[t],t_?~In[*,88a],s]: l/(s-l)8Sa 

Lap{Exp{SSa St] SSx,SU?~In[St,SSa],Ss] :: Lap[SSz,St.Ss-SSa] 

Lap[(St+S$a}-9p,9t-^~fnltt,lSSa,»pn,Ss] :: \ 

Qamma[Sp+l,SSa Ss] Exp\SSa Ss]/Ss~(Sp+l) 

Lap[Log[St],St,Ss] :: -Log[Euler Ss]/Ss 

Lap[St~Sp LogiSt],St,Ss] :: GammolSp+1] (PsilSp+l]-Log[Ss])/Ss~(Sp+l) 

Lap[Log[St]~2.St,Ss] : (Zeta[2] + Log[Euler Ss]~2)/Ss 

Lap[Sin[88at],tj:~In[r,(S8a{]>s] : 88a/(s~2 + 88a~2) e 
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XLatsum 

XLatsum 

Lattice sums 

Madelung sums — crystal energies — zeta functions 

S.Wolfram 
Jul 1981 

Latsum [Jj sped 
sums the results of applying the template / to the sets of lattice points specified 
by spec. 

_ L a t s u a t S a p ] t ( 8 , I n f ) 
L a t s u a t S f , S s p a c l 11 D p ( P I u s , F I a t [ f l r ( S s p e c , S f 1 ] ] 

# 1 ( 1 1 : : <XLatsua 

#1121 : : L a t s u a t l / ( S l ~ 2 + S 2 - 3 ) , ( 5 , 4 }1 

# 0 ( 2 1 : 1 . 4 2 8 2 8 5 

# 1 ( 3 1 : : S u a ( S u a [ l / ( i ~ 2 + j ~ 3 ) , | j , 1 , 4 ) 1 , } i , l , 5 j l 

# 0 ( 3 1 : 1 . 4 2 8 2 8 5 

^^MS^ ^^^^^^m^mi^^m,^ -r^aaa 



VLV 

XLdEq 

^ XLdEq 

Equation list distribution 

matrix equations — sets of equations — simultaneous equations 

S.Wolfram 
Jul 1981 

LdEq[exprl 
distributes Eq over lists in expr, thus converting equations involving lists into lists 
of equations. 

L d E q t S e x p r l l l L d i s t t S e x p r , ' E q 3 

# 1 ( 1 ) 1 1 <XLdEq 

# 1 ( 2 ) 1 1 ( { a , b } , { c , d j { . ( 1 , 2 ) . ( 5 , - 3 } 

# 0 ( 2 ) i (a + 2 b , c + 2 d ) a { 5 , - 3 } 

# 1 ( 3 } : : L d E q [ Z ] 

# 0 ( 3 ) : (a + 2b a 5 , 3 + c + 2d = 0 j 

niBjisnii m j,u niijj i mmmmmmmmmmmmmmmwm 
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XLenex 

XLenex 

Expanded length estimation 

expansion - estimated size — total length — memory requirement 

S.Wolfram 
Jul 1981 

Lenex[exprl 
yields an upper limit on the length of the expression resulting from expansion of 
expr. 

Lanex(Sx + SSxl 11 Lenex (Sxl+Lenex [SSxl 
LenextSx SSxl it LenextSx] LenextSSxl 
Lenex[$x~$n_*Natp[Sn] 1 11 CoabtLenex ISx3+Sn-1,Sn3 
Lanex[(Sx SSx)/Sy] it LenextSx! LenextSSxl 
Lenex(Log(Sx SSxl) LanextSx3+Lenext$$x] 
LenextSx! i 1 

S i z e ; L e n 

# 1 ( 1 ) 1 , 

# I I 2 ) i i 

# 0 ( 2 ] : 

# 1 1 3 ) : : 

# 0 I 3 1 i 

# 1 ( 4 1 : , 

< X L e n e x 

t : ( l + x + x ~ 2 ) ( a + b + l ) ~ 3 

3 2 
( 1 + a + b ) ( 1 + x + x ) 

L a n e x ( Z l 

3 8 

E x i t ] 

2 2 2 2 
# 0 ( 4 1 t 1 + 3a + 3b + x + 6a b + 3a x + 3a b + 3a x + 3b x + 3b x + 3 a b 

2 2 2 3 3 2 2 2 2 3 3 2 
+ 3 a x + 3 a x + a x + a x + 3 b x + 3 b x + b x + b x 

2 2 2 2 2 2 2 
+ 6 a b x + 6 a b x + 3a b x + 3a b x + 3 a b x + 3 a b x 

2 3 2 3 2 
+ 3 a + a 4 3 b + b + x 

# 1 1 5 1 i t 

# 0 t S l t 

# 1 ( 6 1 I I 

# 0 ( 6 1 i 

L o n t Z l 

3 8 

L e n e x I t ~ 5 3 

2 8 5 6 

< 

» 

*^as^*mr^pwm**mmmmagmsmfss^=^s?i 
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XLer 

XLer 

Lerch transcendent 

S.Wolfram 
Jul 1981 

S L e r t l l : L a r d , Ss , 11 - > Z e t a t S s l 

S l a r ( 2 1 i L o r d , S s , S a l - > Za t a (Ss , Sal 

S L e r ( 3 1 : L e r t S z . S s . l l - > L i ( S s , S z l / S z 

S L e r U l i Lar (Sz , Ss , Sal - > I Sz~-Sa Gaaaa 11-Ss 3 ( 2P i ) - ( S s - 1 ) \ 
( E x p t - 1 Pi S s / 2 1 L e r [Exp ( - 2 Pi I S a l , 1 - S s , L o g ( S z l / ( 2P i 1 )1 \ 
- E x p d Pi ( S s / 2 + 2 S a ) ) L e r (Exp I2P i I Sa] , 1 - S s , 1 -Log ( S z l / (2P i 1 ) 1 ) 

[MOS pp. 33-4] 

IJ BBĵ injujjntijaiipaniaiMi |BBBBBBaaaajaaeaaaaaaa^^ 
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XLev 

XLev 

Level isolation 

part extraction — structural operation — domains — depth 

S.Wolfram 
Jul 1981 

Lev [expr, nl 
yields a list of parts of expr on level n. 

La v _ : T i a r 
L a v ( S a x p r , S n l I I ( L c l t X I l ; Z l : ( j ; N a p t Z I : C a t ( Z I , ( $ 1 j l , S e x p r , (Sn } ] ; Z l ) 

Len lev [expr, nl 
finds the number of parts of expr at level n. 

L e n I i v j T i e r 
L a n I e v [ S e x p r , S n ) i : ( L c l t Z n ) ; Z n : 8 ; Flap [ v I nc ( Z n l , S e x p r , ( $ n } l ; Z n ) 

# 1 ( 1 ) : : <X L e v 

# 1 ( 2 1 : : t : R e x ( l 

2 
#0121 : 56 x (x + z> 

# 1 ( 3 1 : : L e v t Z . l l 

2 

# 0 ( 3 1 : j x , x + z j 

# 1 1 4 1 : : L e v t @ 2 , 2 3 

# 0 ( 4 1 : ( x , 2 , x , z ) 

# 1 ( 5 1 : : L e n l e v t @ 2 , 2 3 

# 0 t 5 ) : 4 

paa1. v swrmrri 
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XLevi 

Levi-Civita tensor generat ion 

totally antisymmetric tensor — basis tensor — epsilon tensor 

S.Wolfram 
Jul 1981 

Lev i I n ! 
yields the Levi-Civita total antisymmetric epsilon tensor in n dimensions. 

L e v i [ S n _ * N a t p ( S n l 1 n flr[flr(Sn,Sn],Si|] 

i n M.nm 
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XListe 

XList0 

Basic list manipulations 

head — LISP CAR — beginning — prepend — catentate 
append — tail — take — select — part — insert — remove 

replicate — repeat 

S.Wolfram 
Jul 1981 

F i r s t [listl 
yields the first entry in list. 

F I r s t _: T i ar 
F i r s t ( S I i s t _ » L i s t p ( S I i s t ] 1 n E I e a ( S I i s t , ( 1 j ] 

Prep lelem, listl 
prepends elem to the beginning of list. 

Prap_; Tier 
Prap [Selea,SI ist_»Listp(SI istl] II Cat [ (SaIea ),S I is11 

• Cat 

App [elem, listl 
appends elem to the end of list. 

flpp_s T i e r 
flpp tSe I e a . S I i st._jrL i s t p t S l i s t l 3 t t Ca t IS I i s t , (Se I ea }l 

Tk [n, listl 
takes the first n or last -n entries in list. 

Tk _s Ti er 
T k t S n _ » N a t p ( $ n ) , S I i s t _ » L i s t p ( S I i s t ] ] i t flrtSn,S I i s13 
T k ( S n _ » N a t p [ - S n l , $ l i s t _ » L i s t p [ S I i s t ] ] i t \ 

C a t ( f l r t { L e n [ S l i s t ) + ( S n + l , 8 } } , S l i s t ] ] 

lns[elem,list,il 
inserts the entry elem into list at position i. 

I n s _ i T i or 
I n s t S e l e a , S I i s t _ » C o n t p [ S I i s t l , S n _ * N a t p ( S n + 1 1 1 : : \ 

C a t [ R r [ S n - l , S l i 8 t ] , ( S e l e a j , f l r [ ( ( S n , L e n [ S l i s t ] } ) , S l i s t ] ) 

RuHist,n! 
removes the n th entry from list. 

Ra_j T i ar 
R a t S I i s t _ F L i s t p ( S I i s t l , S n _ r N a t p ( S n l ] : : C a t t f l r ( S n - 1 , S I I • t ) , \ 

flr[}(Sn+l,Len[Slistl } j , S I i s t l 1 
R a t S I i s t j C o n t p I S I i s t l , S n _ » N a t p t $ n l ] i t \ 

Cat ( f l r (Len (S I i s t l , S I i B t , S Z l ^ S n l ] 

wmmwmmimm«mm^iL jaW-HP U „ ^•'•u.,,i»iH| ...i>m i
:
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XLis te 
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Lrpt Hist,n! 
yields a list consisting of n repetitions of list. 

L r p t _ j T i a r 
L r p t tS I i s t j C o n t p tS I i s t ) , S n ^ N a t p (Sn) ] I I \ 

Cat (Ropl ( S I i s t , S n l 1 

# 1 ( 1 ) t t O C L i s t S 

# 1 ( 2 ) : : t : (a , b , c , d , a , f , g ) 

# 0 ( 2 ] : } a , b , c , d , a , f , g ) 

# 1 ( 3 ) : : F i r s t t t ] 

# 0 ( 3 ] i a 

# U 4 ) : i L a s t ( t ) 

# 0 [ 4 1 t g 

# 1 ( 5 1 : : P r e p t l , t l 

# 0 ( 5 1 : } l , a , b , c , d , a , f , g } 

# 1 ( 6 1 : : flppd.tl 

# 0 ( 6 ) : ( a , b , c , d , e , f , g , l j 

# 1 ( 7 ) : : T k ( 4 , t l 

# 0 1 7 ] : ( a . b . c . d } 

# I [ 8 1 t : T k [ - 4 , t l 

# 0 ( 8 1 : j d , e , f , g ) 

# 1 ( 9 1 : : I n s ( l , t , 4 1 

# 0 ( 9 1 : ( a , b , c , l , d , a , f , g } 

# 1 ( 1 8 1 : : R e t t , 4 3 

# 0 1 1 8 3 : ( a , b , c , e , f , g ) 

# 1 ( 1 1 1 . 1 L r p t ( { a , b , c } , 4 ] 

Hft 1 1 1 ) i ( a , b , c , a , b , c , a , b , c , a , b , c ) 

^ -



X L i s t l 

XListl 

Sublist manipulation 

lists — list substitution — sublist positions — sequence positions 

S.Wolfram 
Jul 1981 

LPos [sub, listl 
find positions at which the sublist sub appears in list. 

LPos t S s u b _ j C o n t p t S s u b ) , S I i s t j C o n t p IS I i s t ] ] I t \ 
( L c l ( Z I , Z 2 1 ; Z l : ( } | O o t Z l , L e n t S I i s t l - L e n t S s u b l + 1 , \ 
F o r ( Z 2 : 8 , P [ S s u b I Z 2 + 1 3 * S I i s t t Z 1 + Z 2 3 1 8 Z 2 < L e n ( S s u b l , \ 
I n c [ Z 2 1 , l ; I f ( Z 2 « L e n [ S s u b ) , Z I : C a t ( Z I , ( Z l } l 1 1 ; Z l ) 

L P o s ( S s u b _ » ( C o n t p ( $ s u b 3 8 L e n [ S s u b 3 « 1 ) , S I i s t _ » C o n t p t S I i s 1 3 3 t : \ 
F l a t ( P o s ( S s u b ( 1 1 , S I i s t , 2 3 3 

LSub [list2, listl, listl 
substitutes list 2 tor all occurrences of the sublist listl in list. 

L S u b t S I i s t 2 , S I i s t l . S I i s t ) : i ( L c l t Z f ) ; Z f _ s F l a t ; \ 
S I S t f l p t Z f , S M s t ] , f l p t Z f , S l i s t l ] - > f l p [ Z f , $ l i s t 2 ] , l , I n f 3 , Z f - > L i s t ] ) 

LS Hist, repi,rep2,... 1 
applies successively the replacements repi specified for sublists in list. (The repi 
may contain patterns.) 

L S t S I i s t , S $ r e p s ) : i ( L c l t Z I ) ; Z l i S l i s t ; \ 
Flap [ Z l i L S u b ( S l [ 2 1 , S l d l , Z l l , L i s t ( S S r e p s l , 1 , \ 

( S 2 ( 8 ] - ' R e p > | ( 8 2 ( 8 1 - ' R e p d ) l j Z l ) 

LI n [list 1, listl 
yields 1 if listl is a sublist of list, and 0 otherwise. 

L I n ( S I i s t l . S l i s ' l l t t ( L c l t Z f ] ; Z f _ j F I a t ; ~P t ~fl a t c h t Rp t % f , \ 
C a t ( ( S S Z l } , S I i s t l , { S S Z 2 j l ] , f l p t Z f , S I i s 1 1 ] 1 ) 

< X L l s t l 

t t ( a , b , c , a , b , d , e , a , c ) 

{ • . * > . c , a , b , d , e , a , c ) 

L P o s ( ( a , b } , t l 

L S u b ( j g , h , i ) , ( a , b ) , t ) 

| g , h » I » c , g , h , i , d , a , a , c } 

L S ( t , ( a , b ) - > ( g , h , i ) , ( a j - > { r , s ) ) 

( g . " » I i C , g , h , I , d , r , s , a , e ) 

L i n t ( a , b j , t ] 

1 

# 1 ( 1 ) 1 

# I t 2 1 

# 0 1 2 1 

# 1 1 3 ] 

# 0 13) 

# I t 4 ] 

# 0 ( 4 ] 

# 1 ( 5 1 

# 0 ( 5 1 

#1(81 

# 0 [ 6 1 i 

# I ( 7 ] i t L I n t ( a , d j , t l 

m <••». .jarrv- - , ^ « r ~ , - ** *• "~r<B'*'^£.?*-*+i*t Z . i**ieaR vv "-
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XLogi c 

XLog i c 

Elementary propositional calculus 

C.Feynman 
Aug 1981 

Note p=q represents the logical biconditional "if and only if p then q". 

Absorption laws 
Sp 
Sp 
Sp 
* p 
* p 
* p 
* p 
Sp 
Sp 
Sp 
Sp 
tp 

( S p 8 S S q ) : Sp 
(Sp | S S q ) i Sp 

( S p | S S q ) t t ~Sp 8 O r ( S S q ) 
( S p 8 S S q ) i Sp 8 ~SSq 

(Sp | | S q ) I Sp 8 ~Sq 
( S p | | S q ) t Sp | Sq 
<~Sp 8 S S q ) t : Sp | flnd(SSq) 
(~Sp | S S q ) t Sp 8 O r ( S S q ) 

(~Sp | S S q ) : 1 
(~Sp 8 S S q ) : 1 

(~Sp | | S q ) t Sp 8 Sq 
(~Sp j j S q ) t Sp | ~Sq 

Commutative and associative laws built in. 

Distributive laws 
SLog led! 1 
SLog i c 123 : 

smpotence 

Sp 8 Sp : Sp 
*P 1 Sp : Sp 
Sp || Sp : 8 

Sp | (SSq 8 Sr) 
Sp 8 (SSq | Sr) 

— > (Sp I flnd(SSql) 8 ( S p | S r ) 
- - > (Sp 8 Or ( S S q ) ) | (Sp 8 S r ) 

Identity laws built in. 

Complement laws 
fp : Sp 

Sp | ~Sp : 1 
Sp 8 ~Sp t 8 
Sp | | ~ * p t 1 
Sp • > ^ p t "-Sp 

w 

DeMorgan's laws 
~ ( S S p | S q ) t ( ~ S S p ) 8 ( ~ S q ) 
~ ( S S p 8 S q ) : ( ~ * $ p > | (~Sq> 
~ ( S p | | S q ) : ( S p - S q > 

Reflexive law 
Sp « > Sp t 1 

Antisymmetric law 

~j^^^^S^j^S'^^^s^^emsaem 
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XLogi c 2 

(Sp » > S q ) 8 (Sq - > S p ) I S p - S q 

Transitive law 

(Sp -> Sq) 8 (Sq -> Sr) i (Sp>>Sr) 8 (Sp«>Sq) 8 ($q->$r> 

Consensus 

SLog i c (31 
SLogic t4) 

(Sp|SSq)8(~Sp|SSr> --> (Sp|SSq)8(~Sp|SSr>8(SSq|SSr) 
(SpSSSq) | (~Ip&SSr) --> (Sp8S$q) | (~Sp&SIr) | (SSq&SSr) 

\ ~ 

Complete sum and product 

CdisjtSr) i SIS t$r,SLog ic til , Inf] ,SLog ict21 , Inf] 
CconjtSrl i SIS(Sr,SLogic (21 , Inf1 ,SLogic (1] , I nf1 

Alternate expressions 

SLog i c (51 
SLog i c (61 
SLog ic [73 

$p = >$q — > Sq | "*p 
Sp||Sq --> (Sp | Sq) 8 (~Sp | ~Sq) 
Sp j |Sq --> Sp 8 ~Sq | ~Sp 8 Sq 

Misfeatures: Loops infinitely on input. 

ui in,—ww^we^Twwi—^—wwniiiipiump pwiaaaaaa <^WF 



XLogic2 

XLog i c2 

Elementary logic with quantifiers 

C.Feynman 
Aug 1981 

Quant [ql, q2,. . ..stat! 
represents the s tatement stat subject to the quantifiers ql, q2, ... 

A11 tx , (I: (aU))l 
represents the quantifier "for all x in the list I". The second argument is optional; 
if it is not supplied the quantifier "for all x" is represented. In this case, automatic 
simplification is not possible 

S o n e [ x , ( l : ( o U ) ) ] 
represents the quantifier "for some x in the list I". The second argument may be 
omitted; in this case the quantifier "there exists an x such that" is represented. 
In this case, automatic simplification is not possible. 

Quant (SSq,Quant(SSrl1 i Quant [SSq,SSr] 
Quant(Ss) : Ss 

DeMorgan's law 

" • f luent ( f l l I ( S x l , S S q , S s l t Quan t t S o a e ( S x l , " C u m t (SSq , S s l 1 
" O u l n t t S o a e ( S x l , S S q , S s l : Q u a n t [ f l l I ( S x l , ~ Q u a n t ( S S q , S s l ] 

Simplification of restricted-range quantifiers 

Misfeatures: THESE HAVE NOT BEEN FULLY TESTED, DUE TO A BUG IN THE SIMPLIFIER WHILE 
THEY WERE BEING WRITTEN. If you use them and something goes wrong, it might be my 
fault. 

Q u a n t ( S S x , f l l I ( S y , S z _» ( L i s t p ( S z ) 8 ~ P ( S z - j j ] ) ) , S p r o p ] i t Q u a n t [ S S x , \ 
Rp t f l n d , f lap IS t S p r o p . S y - > S q 3 , S z 3 3 3 

Q u a n t ( S S x , S o a e ( S y , S z _» ( L i s t p I S z l 8 ~ P ( S z - { { ] ) ] , S p r o p ] : : Q u a n t ( S S x , \ 
flptOr,HaptStSprop.Sy - > S q 3 , S z 3 3 1 

"^ 

,^ju^?ivi^«a^ ,w&ii>#*&^ 



XLog i cPr 

3 --> Q 

XLogicPr 

Logical t ru th table generation 

Boolean algebra — state table — first-order logic 

S.Wolfram 
Jul 1981 

PrTFEexprl 
prints a table giving the values of the logical expression expr for all possible truth 
values of symbols appearing in it. 

P r T F t S e x p r l I I ( L c l ( Z p ) ; flp ( P r , C a t t i p : C o n t ( S e x p r 1 , { S e x p r j ] 1 ; \ 
flr I R r t L e n t%p3 , x j J8, 1 J J3 , \ 

B p t P r . S t C a t ( Z p , (Sexpr J3 , L d i s t ( Z p - X i s t (SS133333 > 

#1(11 <XLog icPr 

P r T F [ ( p 8 r > . X q | ~ i > ) ] 

r p 8 r => q I ~ P 

#0 [21 ( [ 8 1 : ( [ 8 1 : ( [ 8 1 : 1 , [ 1 1 : l j , ( 1 1 : ( ( 8 1 : 1 , t i l l l j j , 

( H i ( [ 8 1 : ( ( 8 1 : 1 , [ 1 1 : 8 j , ( 1 1 : ( [ 8 1 : 1 , ( 1 1 : l j j ) 

"""'•''.^^MPPWIW mn&m^mm^mmmwmm^m -1 im iiiyjwjtBipiif)jp,iw.qiL. as ••mi " 
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XLor 

XLor 

Lorentz vectors 

relativistic mechanics - four vectors - Minkowski space 

S.Wolfram 
Jul 1981 

Ldot Hist 1, list2! 
forms the contraction of two Lorentz vectors with a metric of signature —+ 

Ldot (SI istl,SIiatZl ti (-1,-1,-1,1j. (SI istl Slist2) 

^ 
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XMKS 

XttKS 

MKS/SI units 

physical quantities — dimensional analysis — physical constants 
units conversion — CGS units 

S.Wolfram 

Jul 1981 

O t D i a 

Units for fundamental dimensions 

S S I t 8 , l ) i l e n g t h - > a e t r e 

S S I t e . 2 1 t M I I - > K i l o g r a a 

SSI [ 8 , 3 1 i t i a a - > second 

S S I ( 8 , 4 ] t c u r r e n t - > a a p a r e 

S S I I 8 , 5 1 t t e a p a r a t u r e - > K e l v i n 

S S I t B , 6 1 i i n t e n s i t y - > c a n d e l a 

S S I ( 8 , 7 1 i aaount - > a o l a 

fundamental units 

SSI [1,13 t aetre -> length 

SSI(1,23 i Kilogram - > a a s s 

r- SSId,31 I second -> tiaa 

SSI 11 , 4] i aapare -> currant 

SSII1,53 t Kelvin -> teaparature 

SSI(1,61 t candela -> intensity 

SSId,7] : aole -> aaount 

derived units 

SSI(2,11 t hertz -> frequency 

8SI(2,21 i nauton -> force 

SSI(2,31 t pascal -> pressure 

SSI [2,43 i joule -> energy 

SSIt2,51 t watt -> pouar 

SSI(2,61 t couloab -> charge 

SSI(2,7) t volt -> voltage 

SSIt2,8) i oha -> resistance 

SSI(2,91 i Bleaans -> conductance 



XMKS 

S S I t 2 , 1 8 1 : 

SSI 12, 111 : 

S S K 2 . 1 2 1 t 

S S K 2 . 1 3 ] : 

S S I ( 2 , 1 4 1 : 

S S I ( 2 , 1 5 ) : 

S S I ( 2 , 1 6 ] : 

S S I ( 2 , 1 7 ) : 

SSI ( 2 , 181 : 

multipliers 

S S I ( 2 , 1 1 : 

1 1 1 ( 2 , 2 1 i 

S S I t 2 , 3 ) i 

SSI 12 , 4) : 

S S I t 2 , 5 ) t 

S S I t 2 , 6 1 : 

1 8 1 ( 2 , 7 ] : 

SSI 12,83 : 

SSI t 2 , 9 ) : 

S S I [ 2 , 1 8 3 

SSI ( 2 , 1 1 1 

SSI 12, 12) 

S S I I 2 , 1 3 3 

SSI ( 2 , 1 4 3 

S S I t 2 , 1 5 ) 

SSI ( 2 , 1 6 1 

aho -> conductance 

farad -> capacitance 

waber -> fIux 

tesla -> ueber/area 

hanry -> inductance 

gray -> dose 

becquerel -> activity 

luaen -> intensity steradian 

Iux -> I I Iua inance 

axa -> 1*"18 

pata -> 1»"1S 

tera -> l*~12 

g i ga -> 1»~9 

aaga -> 1*~6 

Kilo -> 1*~3 

hecto -> 1*~2 

deca -> 18 

deci -> 8.1 

cent i -> 1*^-2 

ai I I i -> l«~-3 

aicro -> l»"-6 

nano -> l*~-9 

p ico -> 1«^-12 

faato -> l*->-15 

at to -> la~-18 

. . . . I * ! * ! I I * i — J - K * WPffaHS^Pral am.iw^g^^^^*^^^ 
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XMOrd 

XMOrd 

Multiplicative orders 
coding theory — arithmetic over finite fields 

S.Wolfram 
Oct 1982 

OCLCn 
Prerequisites: XLCH 

r10rdtx,nl 
yields the multiplicative order of k modulo n. (Smallest j such that UTj = 1 
modulo n). * 

H O r d _ j T i e r 
n O r d ( S K , S n _ » ( L e n [M f ac ( S n l 1 - 1 ) ) i t ( L c l t i , t ] ; F o r d t l ; t : B ( S K l , \ 

Htflodtt , S n l ] ~.l, I n c t i ] , t i t B I S K ] ] ; R e t t i l ) 
H 0 r d t $ K , $ n _ » ( G c d ( S K , $ n l ~ * 1 ) ] : 8 
f 1 0 r d ( S K , S n ) : : R p t L C n , n a p tt10r d tSK , S I 113 - 5 1 t2 3 3 , N f a c t S n 3 3 3 
n O r d ( S K , l l : 8 

GflOrdfx, [nl,n2, . . . | ] 
generalized multidimensional multiplicative order of k. 

GHOrd _s Tier 
C n O r d ( $ K , S I ist_*(L istp [Sllitl 8 flp [flnd , Ld i s t (Gcd (SK , S I i s t3 - 1)))) iK, 

( L c l ( t , i 3 ; F o r t i : l ; t : B ( S K l , flp [find,N (Ldist [Hod (t,S I is11~*1111 , \ 
Ine I i 3 , tit B tSK) 3 ; Ret t i) ) 

~_ 

Misfeatures: Test in GMOrd should Ldist before failing Eq test 

^-^amd^^i-ii^m-rrTrir'jjfK'-rr^m^WT'.«,- mmmf.-;\im:^i^->»rr^..VKW^>.':j99v-i'^~ .. '*m"f mt*W*9 **^•|i-»'»a«aataaBBBjpa»sBi« 



XMSet 

XMSet 

Automatic memo definition 

dynamic programming — look-up 

T.Shaw 
Jul 1981 

gxpr : : vol 
assigns the value vol to the projection expr in such a way as to store explicitly 
each form of expr requested. 

H S e t _ s T i e r 
_BSet ( S a p ) : 8 
_ B S e t t P r ) [ S e x p r , S v a l ) : : S x t " : : : " , ( S e x p r , S v { , 4 ) 
S x s a t ( " t t i ", l1Set , 4 ] 
Sexpr tit Sval :t Sexpr :: Saxpr : Sval 

ocnsat 

f(81 :f (11 :1 

1 

f ( S x l : t t S x f [ S x - 2 3 

' f ( S x l : Sx f ( S x - 21 

f 

( ( 8 1 : 1 , ( 1 1 : 1 , [ S x l : : f (Sx l : Sx f [Sx - 23 J 

f ( 6 ) 

48 

f 

( [ 6 1 : 4 8 , (41 : 8 , (211 2 , ( 8 ) t 1 , ( 1 ) : 1 , 

(Sx) i t f (Sx) i Sx f l S x - 2 1 { 

f d l ] 

18395 

f 

( ( 1 1 1 : 1 8 3 9 5 , ( 9 1 : 9 4 5 , ( 7 1 : 1 8 5 , ( 5 ) t 1 5 , ( 3 ) t 3 , ( 6 ) : 4 8 , ( 4 3 : 8 , 

(23 : 2 , ( 8 3 : 1 , [ 1 1 : 1 , ( S x l : : f [ S x ] : Sx f [ S x - 2 3 } 

#1(11 

#1(21 

# 0 ( 2 ] 

# I " 1 

#0(31 

#1(41 

#ot*i 
#1(53 

#0(51 

#1163 

#0 163 

#1(73 

#0173 

#1(81 

#0(81 

wa&jL- -J»...I.II,I.I..L . L-L'-ll'Mjiiijiiu,_jnLW,pa,i iPBjJMt. JIl.Ljaj, jaaajwaaaaag-awi,! . • m * e j i ^ _ ^ s i a , „ j m » J ^ . ' - " 1 ." !'.••i'*-'1-.""-JIT • 



L/ ^ O 

XMask 

XMask 

List element masking 

select — choose — extract — remove 

S.Wolfram 
Aug 1962 

flask Imask, listl 
masks out those elements of list for which the corresponding elements of mask 
are not determined to be true. 

HasK t (SaasK_jaContp (Saaskl ,$l ist_»Contp (SI istl 1 ] :: \ 
Cat (flr [Lan (SIistl,$1 ist.SaasK (SZlll) 

#111):: <XdasK 

# I [ 2 1 : i flr(18] 

# 0 ( 2 1 : ( 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 8 } 

# 1 ( 3 1 : : n a p ( E v e n p , X ] 

# 0 [ 3 1 : ( 8 , 1 , 8 , 1 , 8 , 1 , 8 , 1 , 8 , 1 } 

# 1 ( 4 1 : : flask [©3,623 

# 0 ( 4 1 : ( 2 , 4 , 6 , 8 , 1 8 ) 



V -

XMatl 

XMatl 

Matrix input and generation 

enter matrix — interactive matrix input - diagonal matrices 

S.Wolfram 
Jul 1981 

w 

MRd [n, ml 
reads in turn each entry of an n * m matrix. 

t1RdtSn,Sa3 t : flr ( (Sn , Sa } , Pr [ ( $ 1 , S2 } , ": "3 ; Rd (3 3 

D i ag Hist! 
yields a matrix with diagonal list and all other entries zero. 

0 iag (Si i s t _ * C o n t p [ S l i s t l ] t i flr ( f lr (2 , v L i n (S I i s 11 1 , \ 
I f ( S Z 1 « S Z 2 , S I i s t ( S Z 1 ) , 8 1 ) 

f l t l l i i < X H a t l 

# 1 ( 2 ] : : flRd(2,21 

1 ,1} : a l 
1 ,2 : a l 
2 . 1 : b l 
2 . 2 : b 2 

# 0 t 2 1 : } ( a l , a 2 ) , ( b l , b 2 } { 

f l ( 3 ) i i 0 i a g ( ( 3 , 2 , a }] 

# 0 t 3 1 i ( ( 3 , 8 , 8 } , ( 8 , 2 , 8 } , ( 8 , 8 , a } } 

j 

m , M m r n g J . , . j " m w , i » > < > r i • . „ I U J B B W I f ^ . J ^ J U J J B j I H g . J J l J g J J W . . . . " l . " U [ U i 

3Srr*rri,5i^S 



XMat2 

XMat2 

. Structural matrix operations 

diagonals — minors 

S.Wolfram 
Jul 1981 

<Xf1at3 

t708 

LD i ag [mail 
yields a list of the elements on the leading diagonal of mat. 

LDlag t S a a t ^ t l a t p ( S a a t l 1 l l flr t M i n t D i a t Saa t ] 113 , D i a [ Saa 13 t 2 3 3 , \ 
Saat [ S Z l . S Z l l l 

TDiagfmat ] 
yields a list of the elements on the trailing diagonal of mat. 

TD lag t S a a t ^ n a t p tSaat) ] :: flr In i n ID i a t Saa 13 113 , D i a t Saa t 3 12 3 3 , \ 
Saat ISZ1.D latSaatl I21-SZ1 + 111 

M i nor [expr, i,jl 
forms the ij t h minor of the matrix expr. 

_fl inor [ I n i t ) : : < X L i s t 8 
fi inor ( S a a t j n a t p [ S a a t l , S i _»Natp ( S i ) , S j _ » N a t p ( S j ) ) : : \ 

n a p [ R a ( S Z l , S j ) , R a ( S a a t , S i ] 1 

# 1 ( 1 1 i t <Xnat2 

# 1 ( 2 1 : : a : f l r ( ( 3 , 3 { , f l 

# 0 ( 2 3 : ( ( f [ l , 1 3 , f [ l , 2 3 , f [ l , 3 ] } , j f [ 2 , l ] , f [ 2 , 2 ] , f [ 2 , 3 ] } , ( f [ 3 , l ] , f [ 3 , 2 1 , f [ 3 , 3 ] } 

# 1 ( 3 ) : : LOiagt t i ) 

# 0 ( 3 1 : ( f 1 1 , 1 1 , f ( 2 , 2 3 , f ( 3 , 3 3 } 

# 1 ( 4 3 : : T D i a g t a ) 

#0 (43 : ( f ( 1 , 3 3 , f ( 2 , 2 3 , f ( 3 , 1 3 } 

#1 t i l l l t l inor t a , 2 , 3 ] 

# 0 ( 5 3 : ( ( f ( 1 , 1 3 , f ( 1 , 2 3 { , ( f ( 3 , 1 3 , f ( 3 , 2 3 { } 

•—- . .nmwm *• ~ —~**wm 



XMat3 

XI1at3 

Matrix character tests 

square matrix — symmetric matrix — antisymmetric matrix 
diagonal matrix - projection matrix — matrix classes 

matrix types 

S.Wolfram 
Jul 1981 

Matp[expr! 
yields 1 if expr represents a matrix (rank 2 tensor). 

d a t p t S e x p r l t : F u I I p ( S e x p r , 2 3 

Sqmatp lexpr! 
yields 1 if expr represents a square matrix. 

S q a a t p ( S e x p r ) i t M a t p t S a x p r ) 8 P 1 0 i a ( S e x p r ) t i l a 0 i a [ S e x p r 3 ( 2 3 1 

Symp [exprl 
yields 1 if expr represents a symmetric matrix. 

S y a p t S e x p r ) i t M a t p t S a x p r ] 8 P ( S e x p r • T r a n s [ S e x p r 1 1 

Asyap[exprl 
yields 1 if expr represents an antisymmetric matrix. 

flsyap[Sexpr] I I H a t p t S e x p r l 8 P t S e x p r = - T r a n s [ S e x p r 1 1 

Diagp[expr] 
yields 1 if expr represents a diagonal matrix. 

DiagpISaxprl 11 natp(Sexpr) 8 \ 
P [Sexpr-0 iag (LDiag tSexpr]]-flr IDia[Sexpr,2),831 

Projeep[exprl 
yields 1 if expr represents a projection matrix. 

P r o j e c p [ S e x p r 1 11 H a t p t S e x p r l 8 Ex ( S e x p r . $ e x p r » $ e x p r ] 

,a...pwi.juuiiiugAmii^^^^ sBjpisf?^' -?trSS**^9&rj*s 



ycy 

XMat4 

Xi1at4 

Algebraic matrix operations 

matrix power — repeated transformation — hermitean adjoint 
matrix adjoint — characteristic polynomial — eigenvalue equation 

generalized trace 

S.Wolfram 
Jul 1981 

<Xf1at3 

Mpou [mat, n l 
yields the n t h power of the matrix mat (for integer n). 

H p o u t S a a t _ * S q a a t p t S a a t ] ,83 l l flrtflr[2,Len ( S a a t ] ) ] 
llpow f Saa t _ jSqaa t p tSaa t ] , Sn_rNa t p tSn) 3 : : Do t [Rap I (Saa t , Snl 1 
n p o H [ S a a t _ F S q a a t p [ S a a t ] , S n _ * N a t p [ - S n ] ] : : D o t t R e p l t f l i n v t S a a t l . - S n ] ] 

Adj Iexpr l 
forms the Hermitean adjoint of expr. 

fldjtSaxpr) t i C o n j [ T r a n s ( S e x p r 3 ) 

Cof [expr, i,j! 
forms the ij t h cof actor of the matr ix expr. 

_ T o f ( I n i t ) : : <XHat2 
Cof [ S a x p r . j T I a t p ( S e x p r ) , Si _ F N a t p [ S i l , S j _*Ha tp (S j 1 ] : : \ 

O e t t f l i n o r t S a x p r , $ i , S j l ] 

Charpol[expr , var! 
forms the characteristic polynomial for the matrix expr with respect to var. 

Charpo I t S a x p r _ r f l a t p t S e x p r ] , S v a r ) t t O e t t S e x p r - Svar flr ( 0 i a [ S e x p r 1 ) 1 

Gentr [expr,k l 
forms the k t h order t race of the matrix expr. 

Gentr tSexpr_»t1atp I S e x p r ) ,SK_»Natp ISK13 I I ( L c l t Z l a a ) ; \ 
C o e f ( Z l a a ~ S K , E x [ C h a r p o l [ S e x p r , Z I a a l 1 1 ) 

# I [ l ) t ! <Xnat4 

# I ( 2 3 t t a : ( j a l , a 2 j , ( b l , b 2 { } 

# 0 ( 2 3 : ( ( a l , a 2 { , ( b l , b 2 } { 

f M S l i i C o f ( a , l , l l 

# 0 ( 3 1 : b2 

#1 ( 4 1 : t Charpo I t a . x l 

# 0 ( 4 ) t - a 2 b l + ( a l - x ) (b2 - x ) 

# 1 ( 5 1 t i En t i l 

2 
# 0 1 5 ) : a l b 2 - a l x - ft! b l - b 2 x • x 

-' ' "BWMBiBBBaBsaajaaBaB^ i JH.II I I mm-r*immm*mBm**mf~* [. f^WWill^W:'Wiim!.>>l^M}'Sx.±-A „ ,g»"BgSSBaas 
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XMat4 

~ # I ( 6 1 t i G a n t r [ a , 2 1 

# 0 t 6 ) t 1 

# 1 ( 7 ) 1 ! G e n t r ( a , l ) 

# 0 t 7 ] t - a l - b2 

• XPar 

-

v . 

lUBgaBMtoMLP.W.'a.--1 i, *k*tm£mia 



Hob 

XMathPR 

^ XMathPR 

Special printing forms for 
mathematical functions 

S.Wolfram 

Jul 1981 

_ E x p l P r ) I S x 3 t t F a t [ { ( 8 , 8 } , ( 1 , 1 { } , E , S x ) 

_ L o g ( P r l [ [ S x . S y l l i t F a t [ ( ( 8 , 8 } , ( 1 , - 1 } , ( 2 , 8 } , ( 3 , 8 } , ( 4 , 8 } j , L o g , S y , " [ " , S x , " 1 "1 

_ P o c ( P r l [ [ S x , S n l ] t i F a t [ ( ( 8 , 8 { , ( l , 8 { , ( 2 , 8 } , ( 3 , - 1 } } , " ( " , S x , " > " , S n ) 

_ C o a b ( P r ) [ ( S n . S B ) ] . t t F a t ( ( ( 8 , 8 j , ( 8 , - 1 } , ( 8 , 1 { , ( 8 , 2 { , ( l , 8 1 , ( 2 , 8 } , (2 , 1 } , \ 

J 3 ; 8 } , ( 4 \ e j , } 4 , ^ l } , ( 4 , l } , ( 4 , 2 } } , ' , | / , . ' V ' , " | " , ' V " , \ 
n 11 ^ . ^ » . . f i ft H i it tt j it H i I I l i v i» i 

i»B,Sn, , I , / , I , \ 1 

Not optimal 

_ E x p i I P r ) d S n . S z ] ) t i Fa t [ j ( 8 , 8 1, ( l , - 1 j , (2 , 8 } , (3 , 8 { , (4 , 8 } } , \ 
E , S n , " ( \ $ z , "1 ''3 

_ P s l ( P r ] ( [ S z , S n ] ] i t F a t ( ( ( 8 , 8 } , } l , 1 } , ( 2 , 1 { , ( 3 , 1 } , ( 4 , 8 { , ( 5 , 8 } , ( 6 , 8 } j , \ 
P s i , " ( ' ' , $ n , ") " , " ( " , S z , "3 ''3 

J . i ( P r 3 [ [ S z ) ] i t F a t ( J ( 8 8 } , } 1 , - 1 } , ( 2 8 } , ( 3 , e j , J 4 , e } } , L i 2 , " [ " , S z "3"3 
_ L I ( P r 3 ( [ S n , S z 3 3 t i Fa t [ ( ( 8 , 8 } , j 1 , - 1 { , (2 , 8 { , (3 , 8 j , (4 , 8 } { , L i , Sn , " [ ", Sz , "3 "3 

J i r t P r l [ ( S n l l n Fa t [ ( (8 , 8 } , ( 1 , - 1 } } , B , Snl 

_Eul I P r l [ [ S n l ] : : Fat ( ( ( 8 , 8 } , ( 1 , - 1 } j , E , S n l 



XMaxind 

XMax i nd 

Find maximal index 

S.Wolfram 
Jul 1981 

flaxind [ f e l l 
yields the maximal index in list. 

M a x i n d t $ l i s t _ * C o n t p I S I i s t l ] : : L e n t S l i s t l 
f l ax ind (S I i s t ] i : flp (flax , flr (Len tS I i s 11 , Ind ($ I i s t , $11 1 1 

# 1 ( 1 ) 1 1 O d l a x i n d 

# I ( 2 ) i : I t f 1 4 ) l f t , t i l I k , ( 2 3 t e , 1 1 1 l f t \ 

# 0 ( 2 3 : ( [ 4 3 : a , ( 5 3 : b, ( 2 1 : c , t i l l d } 

# 1 1 3 1 : : f l a x i n d l t l 

# 0 ( 3 1 : 5 

*UL±~Jrj£JZ*** 
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XMorse 

; V . XMorse 

Morse code translator 

S.Wolfram 
Jul 1981 

Deciphers Morse code (international version). 
I I _ n I I 

: * D ; —•—. : • c : —•• : « o ; • : • a ; • 
— . " i - " g " ; " * ' : « " h " ; ". . " i - " i "i ". — "i = "j "; " - . - " t - " K " ; " . - . . " i - " l "i 
— "t - "a7 ' i " - . "t » "n " i " — - ": - "o "; " . — . " ! « "p "; " — . - ": - "q "; " . - . ": « "r "} 
. . . " t - " « " t " - " ! - " t " } ". . - " l » " u " l " . . . - " t - " v " t " . - - " l - " u " j " - . . - " t - " x " j 

" l » " y " f " " t » " 2 " ; 

# I ( l ) t l Od lorse 

# 1 ( 2 ) 1 ! . . . . 

# 0 ( 2 ) : sap 

IW!r>^»ft8^'.-^-«^..il!!l.lB,<"iJ.JIJBJ»JI . (liLlTrTTT: 



XN 

XN 

Number type conversion 

arbitrary precision — fixed precision — arbitrary accuracy 
fixed accuracy - type casting — type coercion — type conversion 

S.Wolfram 
Aug 1982 

FN [ n u m b e r ! 
converts number from arbitrary to fixed precision form. 

F N t F t $ l , S 2 , S 3 , S S , S e , $ a ) ] t i ( S I + (S2 + S 3 / 1 8 * ~ 3 ) / 1 8 * - 3 ) * - ( S e - 4 ) 
FN(Sn_aNuabp[Sn ) ] : Sn 
FN(Sx) I Sx 

NF [number! 
converts number to 12-digit precision form. 

N F [ S n _ a N u a b p ( S n l ] n Sn F d l 
N F ( $ n l : Sn 

# 1 ( 1 1 : : <X N 

# 1 ( 2 1 : : N t P i l 

# 0 1 2 1 : 3 . 1 4 1 5 9 

# 1 1 3 1 : : N F t Z l 

#0(31:* (3.14159265359) 

#1(41:: FNtXl 

# 0 1 4 1 : 3 . 1 4 1 5 9 

Misfeatures: These coercions should be done automatically when they are required, making this 
file redundant. 



XNAT 

XNAT 

Natural units 

S.Wolfram 
Jul 1981 

Basic constants : 
Qc velocity of light in vacuo 
Qhbar Planck's constant 
Qk Boltzmann's constant 
Qalpha Dimensionless fine structure constant 
QG Newton's constant of gravitation 
QN Avogadro's number. 

OCDia 

1. Conversion from system with Qhbar : Qc : Qk : 1 

S N f l T ( l , l ) : l e n g t h - > Q h b a r / ( Q c a a s s ) 

S N A T I 1 . 2 ] t t i a a - > Q h b a r / ( Q c ~ 2 a a s s ) 

S N A T H , 3 1 : t e a p a r a t u r e - > (QK aass Qc~2>~-1 

S N B T d , 4 ) t c u r r e n t - > aass ( Q h b a r ~ - 1 Qc~5 a l p h a ) ~ ( l / 2 > 

S N f l T ( l , 5 1 : aaount - > QN 

# I d ] : : <XNAT 

#1121:: currant energy/length 

curren t energy 
#0(21: 

I eng th 

# 1 ( 3 1 : : S d Z . S D i a l 

current length aass 
#0(31, 

2 
t iae 

#1(4)11 Si IX.SNflTtll) 

11/2 1/2 3 
Qc alpha aass 

#0(41: -
3/2 

Qhbar 



XNMap 

XNMap 

Multi-element Map 

S.Wolfram 
Jul 1981 

NMap [£, list.nl 
applies / to groups of n elements in list. 

NHap [Sap] : ( 8 , I n f , I n f } 
j n i p i l n i t l : : <XUnF la t 
N n a p [ S f , $ l i s t _ s C o n t p [ S l i s t ] , $ n _ , N a t p I $ n l I 

H a p t f l p t S f , S Z 1 1 , U n F l a t (S I i s t . S n l l 

# 1 ( 1 1 : : OtNllap 

# 1 ( 2 1 l I t : f l r ( 1 8 1 

# 0 t 2 1 : ( 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 8 } 

# 1 ( 3 1 i i N n a p ( f , t , 2 1 

# 0 t 3 1 : ( f t l , 2 ] , f [ 3 , 4 ] , f [ 5 , 6 ] , f [ 7 , 8 ] , f [ 9 , 1 8 ] } 

# 1 ( 4 1 : : N n a p t f , t , 3 1 

# 0 t 4 1 : ( f t l , 2 , 3 1 , f [ 4 , 5 , 6 ] , f [ 7 , 8 , 9 ] , f [ 1 8 ] } 

I \ 

.•BBBUIMIIJIL.IP....... IglaWUJKBftetJUiftaft"J*W • • ^. » - —_.• r •• 
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XNSol 

XNSo I 

Numerical solution of equations 
by Newton's method 

S.Wolfram 
Jul 1981 

NSoI [eqn,x, xO, ace! 
attempts to find a solution for x in the equation eqn using Newton's method start
ing at the point x = xO, with accuracy ace. 

NSo I _ j T i e r 
NSol ( S a « $ b , S x _ * S y B b p [ S x l , Sx8_rNuabp IN (Sx81 1 , S a c c j N u a b p (Sacc l 1 : : \ 

( L c I ( Z f , Z d f , Z x , Z x 8 ] ; Z x : S x B ; Z f : S a - S b ; Z d f : D ( Z f , S x l ; \ 
L o o p ( , Z x : N [ ( Z x 8 : Z x ) - S [ Z f / Z d f , S x - > Z x l 1 , R b s [ Z x - Z x B ] >$acc l ; Z x ) 

# 1 ( 1 ) 1 1 <XNSol 

#1121:: NSol ISin (xl>x,x,1,1/18881 

#0121: .881476886 

#1(3}:: NtSintZll 

#0(3): .881476886 

^ 

^ 



XNorm 

XNorm 

Vector norm 

S.Wolfram 
Jul 1981 

NormUistl 
yields the norm of the vector represented by list. 

N o r a t S l i s t l i : S q r t tAp [P I us , S I i s t ~ 2 3 3 

^ 

^ 
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XOrbi t 

XOrb i t 

Planetary orbits 

Solar system — celestial mechanics — astronomical data 
orbital elements — Kepler's laws 

S.Wolfram 
Jul 1981 

[Handbook of British Astronomical Association (1982); Astronomical Ephemeris] 

Fundamental parameters: 
Epoch : time in Julian days (T) 
LEpoch : longitude of planet at epoch (L) 
LPeri : longitude of perihelion 
LNode : longitude of ascending node 
Incl: inclination to ecliptic (i) 
Ecc : eccentricity (e) 
MDist: mean distance (a) 
Per : sidereal period in days (P) 

Heliocentric quantities: 

MAno*[f] 
mean anomaly at time t from epoch 

f l f l n o a t S t l t 2P i S t / P a r + LEpoch - L P e r i 

EccAnoft[£1 
eccentric anomaly at time t from epoch 

.um,. .M-aau. ... -- ...ami. ^ipwa^aajsaejBaajaaajajajas^ 



XPR 

_ XPR 

PSig 
prints as 

Special output forms 

S.Wolfram 
Jul 1981 

\ 
/ 

_PS i g ( P r l : Fat ( 5 ( 3 , 2 } , ( 2 , 2 } , ( 1 , 2 } , ( 1 , 1 j , ( 1 , 8 } , ( 1 , - 1 j , ( 2 , - 1 } , ( 3 , - 1 } } , \ 
it it it it ft it tt\nttjn it ti n I I I I f i | 

PPi 
prints as 

I I 
_ P P i ( P r l : F a t [ ( } l , - l } , ( l , 8 { , ( 1 , 1 } , ( 2 , 1 } , ( 3 , 1 { , ( 3 , 8 { , ( 3 , - l } { , \ II • II II I M ft It It tt It It It I M M l M-i 

I » i t • —" » — » I » 1 J 

Plan 
prints as 

\ 

_ P l a a [ P r l : Fa t [ { ( l , - 1 j , ( l , 8 } } , " / \ " , " \ " 1 

PLaa 
prints as 

/ \ 
/ \ 

_J?Laa(Prl : Fa t [ ( ( 1 , - 1 j , (2 , 8 } , (3 , - 1 j } , " / " , " / \ " , " \ » 1 

PDelta 
prints as 

J O . I t a t P r J : Fa t ( ( j l , - 1 } , (2 , - 1 } , (3 , - 1 } , (2 , 8 } } , " / " , " _ " , " \ " , ' 7 \ " 1 

P G M M 
prints as 

^ 

_PGaaaa (Pr l : Fa t [ ( ( 1 , - 1 } , ( 1 , 8 } , ( 1 , 1 { { , " | " , " | " , " .") 

PXl 
prints as 



8Ub 

XPR 2 

_ P X i ( P r l « F a t ( ( j l , - 1 { , ( 2 , - l J . J S . - l } , ( 2 , 8 } , ( 1 , 1 } , ( 2 , 1 } , ( 3 , 1 } } , " - " , " — " , " - " , \ 
- - , - , — , - 1 

Pin t 
prints as 

_ P I n t ( P r 3 i F a t ( ( ( l , l } , ( l , 8 j , ( 1 , - 1 } } , » / " , " | " , " / " 3 

PSqrt 
prints as 

^ 

V 
_ P S q r t [ P r 3 i Fa t [ j ( l , - 1 } , ( 2 , 8 { , (3 , 1 { { , " V " , " / " , " - - "3 

# 1 ( 1 3 : : <XPR 

# 1 1 2 ) : : P P i - 2 

# 0 ( 2 1 : * | | 
I I 

# 1 ( 3 1 : : _ i ( P r ) i P S i g 

# 0 ( 3 ] i * / 

#1 [41 : : f + l / f 

\ 1 
# 0 ( 4 ) i * / + - - • 

\ 
/ 



XPad 

- XPad 

List padding 

left justify — right justify - trailing zeroes — leading zeroes 

S.Wolfram 
Aug 1982 

LPad [list, elem, lenl 
pads out the Ust list on the left with element elem to length len if necessary. 

L P a d [ tS I i s t , S e I a a , S l e n l 3 I I f I L e n ( S I i s t l >= S l e n . S l i s t , \ 
C a t ( B r ( S l e n - L e n ( S I i s t l , ' S i l i i l , $ l i s t l ) 

RPad Hist, elem, lenl 
pads out the list list on the right with element elem to length len if necessary. 

R P a d ( ( S I i s t , S e l e a . S l e n l 1 I I 1 4 [ L e n [ S l i s t ] >= S l e n . S l i s t , \ 
C a t t S l i s t , A r t S l e n - L e n I S l i s t ] , v S a l a a ] ] ) 



u " yj 

XPauli 

XPauIi 

Pauli sigma matrices 

S.Wolfram 
Jul 1981 

S i gaa [i! 
gives a representation of the the i th Pauli sigma matrix. 

S i gaa [81 t 
S i g a a d l i 
S i g a a I 2 1 i 
S i gaa (31 t 

i:!l;IJ:il 
i . e j , ( e , - i 

^ 

waijjjii. wjn 'I a<iimmy>).miiw!»m.w»iw\*im!&w*m%,imv*pim* B-ft-jj-. 



XPause 

XPause 

Pause 

S.Wolfram 
Jul 1981 

Pause [n] 
pause for nseconds. 

P a u s e t S n _ * N u a b p t S n l l t i ( L c I t c 8 3 ; c 8 : C I ocK 13 113 ; \ 
L o o p t C l o c K t ) 111 - c 8 < S n , 11 ) 

^ 

v_ 

SEE 



^ 

0 UD 

XPeel 

XPeel 

Sublist peeling 

S.Wolfram 
Jul 1981 

Peel [[exprl, expr2,...}] 
represents the sequence exprl,expr2,... in a list. ("Peels" away lists). 

P e e l t $ l i s t _ , L i s t p l S I i s t l ] 11 flp(Np,Slistl 

# I ( l ] t ! < X P e e l 

# I ( 2 3 i : ( P e a l [ ( a , b } 3 , ( c , d ) } 

# 0 ( 2 3 : ( a , b , ( c , d } { 



t r'O 

_ 

' v_-

XPer 

XPer 

Matrix permanents 

determinants 

LYaffe 
August 1982 

P e r C m a f ] 
yields the permanent of the matrix mat 
[E.R.Caianiello: "Combinatorics and Renormalization in Quantum Field Theory", p.29] 

<XHat2 
Par tSaa t _»Sqaatp tSaa t l 3 t i Sua t Saa t 1 1 , i 1 Par t ti i nor tSaa t , 1 , i 1 1 , \ 

( I , 1 , 0 l a t S a a t l (11 }] 
P e r t j j S x j } ] t ! Sx 

# 1 ( 1 ) 1 1 <XPer 

# I [ 2 ) : t a i f l r ( ( 3 , 3 } , f ] 

#0 (23 i ( j f [ l , l l , f [ l , 2 3 , f [ l , 3 l } , ( f [ 2 , l ] , f [ 2 , 2 ] , f [ 2 , 3 ] } , j f [ 3 , l ) , f [ 3 , 2 ] , f [ 3 , 3 ] } 

# I ( 3 ) : t P a r t e ) 

# 0 ( 3 3 : f ( l , l l ( f ( 2 , 2 3 f ( 3 , 3 3 + f ( 2 , 3 3 f ( 3 , 2 3 ) 

+ 1 1 1 , 2 ] ( f ( 2 , 1 3 f ( 3 , 3 3 + f ( 2 , 3 3 f i t , I I ) 

+ f I I , 3 3 ( f ( 2 , l l f ( 3 , 2 3 t f ( 2 , 2 ] f i t , 1 1 ) 

# 1 1 4 3 : : O a t t a ) 

# 0 ( 4 ) : f t l . l ) ( f ( 2 , 2 3 f [ 3 , 3 1 - f ( 2 , 3 1 1 1 3 , 2 1 ) 

- f ( l , 2 ) ( f ( 2 , l l f ( 3 , 3 1 - f ( 2 , 3 ] f [ 3 , l l ) 

+ f l l , S I ( f ( 2 , l l 1 t 3 , 2 ) - f ( 2 , 2 1 f ( 3 , l l > 

• M w a m a " B " r ~ , i n—.—i—sa 
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-.1 

XPermB 

XPermB 

Permutations 

S.Wolfram 
Jul 1981 

A permutation is represented by a contiguous list of sequential integers in any order. 

Perdp[exprl 
yields 1 if expr represents a permutat ion 

PeraptSexpr] 11 PtSort ISexpr1«flr(Len[Sexpr]]] 
Per ap t Sexpr _j~Con t p t Saxpr 3 3 8 

F\ per [listl, list2! 
finds if possible a permutation which places the elements of list2 in the order of 
listl. 

F ipar tS I i s t l j C o n tp tS I I s t 13 , \ 
SI i s t 2 _ p ( C o n t p I S I i s t 2 ) 8 L e n IS I i s t l ] = L e n ISI i s t 2 ] )1 : : \ 

F l a t t f l r t L e n I S I i s t l ] , P o s t S l i s t 2 I S % l l , S l i s t l ] ] ] 

Apper [perm, listl 
applies the permutation perm to list. 

flppar [Spar a_*Perap tSper al , S I i s t j C o n t p t$ I i s t l 1 \ 
flr (Len (SI i s t ] , S I i s t (Spera (S%111] 

# 1 ( 1 1 : : <XPera8 

# 1 ( 2 1 : : P e r a p t ( 1 , 3 , 2 , 4 j) 

# 0 ( 2 ) : 1 

# 1 ( 3 ] : : P e r a p l ( 1 , 3 , 1,4 j) 

# 0 ( 3 ) : 8 

# 1 1 4 ) : : t l t j a , c , d , b } 

# 0 ( 4 ) 1 j a , c , d , b } 

fltlJll F i p e r ( j a , b , c , d { , t i l 

# 0 ( 5 1 : { 1 , 3 , 4 , 2 } 

# 1 ( 6 1 : : Apper[X, } a , b , c , d j ) 

# 0 ( 6 1 : j a , c , d , b } 

jBBfJBasaaaaj 



XPerml 

x ^ XPerml 

\ ^ 

Elementary operations on permuations 

S.Wolfram 
Jul 1981 

<XPera8 

Pcoap [perml,perm21 
forms the compostion (product) of the two permutations perml and perm2. 

P c o a p I S p l _ a P e r a p ( S p 1 1 , S p 2 _ a P a r a p [ S p 2 1 1 t i Rr ( L a n ( S p 1 ] , S p 2 ( S p l ( S Z l l 1 1 

Ppou [perm, nl 
forms the n t h power of the permutation perm. 

P p o u [ $ p _ » P e r a p ( S p l , 8 1 i t A r t L e n t S p ) ) 
P p o u ( S p _ a P e r a p ( S p l , S n _ v N a t p ( S n l 1 i : \ 

S ( S p , S Z l — > A r ( L a n [ S p l , SX1 tSp (SZ21 ) ] , Sn-11 
P p o u [ $ p _ » P e r a p ( S p l , $ n _ » N a t p [ - S n l 1 i t Ppou ( P i n v [ $ p ] , - S n l 

P i nv [perml 
yields the inverse of the permutation perm. 

P i n v [ S p _ * P a r a p [ S p ] ] n flr(Len[Sp],Pos(SZl,Spl [ 1 , 111 

-
#111 

#112 

#012 

#1 (3 

#0(3 

#114 

#0(4 

f i l l 

#0(5 

#1 (6 

#0 (6 

#1 (7 

#017 

# 1 ( 8 

#0 (8 

< X P e r a l 

p i : ( 1 , 5 , 4 , 2 , 3 } 

( 1 , 5 , 4 , 2 , 3 } 

p2 : ( 5 , 1 , 3 , 2 , 4 } 

( 5 , 1 , 3 , 2 , 4 } 

Pcoap [ p l , p 2 1 

( 5 , 4 , 2 , 1 , 3 } 

Pcoap t p 2 , p 1 ) 

{ 3 , 1 , 4 , 5 , 2 } 

Ppou tp2 ,63 

{ • . 5 , 3 , 1 , 2 } 

P i n v t p l l 

{ 1 , * , 5 , 3 , 2 } 

P c o a p ( Z , p i ] 

{ 1 , 2 , 3 , 4 , 5 } 

f H 



y t-b 

I 
K 

XPermC 

XPermC 

Cycle decomposit ion of permutations 

S.Wolfram 

Jul 1981 

Cycles are represented by projections of the form C H I , 1 2 , 1 3 , . . . ] . 

<XPara8 

ToC [perml 
yields a list of cycles whose composition is joerm (cycle decomposition). 

ToC[Sp_»Perap [$p33 t t ( L c I ( Z a , Z t , Z n , Z I ) ; \ 
Z a t { j ; Z t : f l r I L e n t S p ] , l ] ; D o [ Z l , L e n ( S p ] , I f [ Z t [ Z l ] , \ 

F o r ( Z n : S p ( Z 1 3 j Z I : { ) , \ 
Z t ( Z n ) , Z n i S p ( Z n ) , Z t [ Z n ] i 8 ; Z I t C a t ( Z I , {Zn } ] ) ; \ 

Z a i C a t ( Z a , { f l p ( C , Z I ] } ] ] ] ; Z a ) 

ToP[cycsl 
yields the permutation represented by the list of cycles eyes. 

T o P ( S c y c s _ » L i s t p [ S c y c s ] ) l l ( L c l ( Z I ) ; Naptf l r (Len (Sc) , \ 
Z l t C y c t S c , - l ] I S i ] ] : S c t S i ] ] , S c y c s , l l ; Z l ) 

# 1 ( 1 1 : : <XPeraC 

#112)11 T o C ( ( l , 5 , 7 , 2 , 4 , 3 , 6 } l 

# 0 ( 2 1 : ( C t l l , C t 5 , 4 , 2 1 ,C 1 7 , 6 , 3 1 j 

# 1 ( 3 3 : : ToP(Z l 

# 0 ( 3 1 : ( 1 , 5 , 7 , 2 , 4 , 3 , 6 } 

• am. unmiBu n..ais .. >mmmmx>. i n i • i na. '"""gafftW-fllpiBTftTa)*!^ 



Lie 

XPhys 

XPhys 

Fundamental physical constants 

S.Wolfram 
Jul 1981 

1. Principal constants 

speed of light in vacuo 
S P h y s t l . l l : Qc - > 2 . 9 9 7 9 2 4 5 8 8 * * 8 a e t r e s e c o n d ^ - 1 

Planck's constant 
SPhystl,2] : Qh -> 6.626179*"-34 joule second 

Dirac's constant 
S P h y s t l , 3 1 : Q h b a r - > 1 . 8 5 4 5 8 8 7 » ~ - 3 4 j o u l e s e c o n d 

charge on electron 
S P h y s t l , 4 1 : Qe - > 1 . 6 8 2 1 8 9 2 * ~ - 1 9 c o u l o a b 

mass of electron 
S P h y s t l , 5 1 : Qae - > 9 . 1 8 9 5 3 4 * - - 3 1 k i l o g r a a 

Avogadro's number 
S P h y s t l , 6 1 i QN - > 6 . 8 2 2 8 4 5 * * 2 3 a o l e ' - l 

constant of gravitation 
SPhystl,83 : QG -> 6.6728**-!1 neuton aetre-2 *ilograa~-2 

2. Atomic constants 

fine structure constant 
S P h y s t 2 , 1 3 : Q a l p h a - > 7 . 2 9 7 3 5 8 6 * ~ - 3 

Rydberg constant (infinite nuclear mass) 
S P h y s ( 2 , 2 ) : Q R i n f - > 1 . 8 9 7 3 7 3 1 7 7 * ~ 7 a e t r * ~ - l 

Bohr radius 
S P h y s ( 2 , 3 ] : Qa8 - > 5 . 2 9 1 7 7 8 6 * * - 1 1 a e t r e 

electron Compton wavelength 
S P h y s ( 2 , 4 ] : Q l a a b d a C - > 2 . 4 2 6 3 8 8 9 * ~ - 1 2 a e t r e 

classical "electron radius" 
S P h y s t 2 , 5 1 : Q r e - > 2 . 8 1 7 9 3 8 * ~ - 1 5 a e t r e 

Thomson cross-section 
S P h y s ( 2 , 6 ] : Q s i g a a T - > 6 . 6 5 2 2 4 4 8 * - - 2 9 a e t r e - 2 

Bohr magneton 

^ 



» 1-0 

i 

XPhys 

S P h y s ( 2 , 7 1 : QauB - > 9 . 2 7 4 8 7 8 * * - 2 4 j o u l e t e s l a * - l 

nuclear magneton 
S P h y s t 2 , 8 1 t QauN - > 5 . 5 8 5 8 8 2 4 * * - 2 7 j o u l a t e s l a * - l 

gyromagnetic ratio of free proton 
SPhys(2,93 i Qgaaaa -> 2.6751987**8 second*-l tesla*-l 

electron volt 
S P h y s t 2 , 1 8 1 t QeV - > 1 . 6 8 2 1 8 9 2 * * - 1 9 j o u l e 

3. Thermal constants 

molar gas constant 
S P h y s t 3 . l l : QR - > 8 . 3 1 4 4 1 j o u l a k a l v i n * - l a o l e * - l 

Loschmidt number 
S P h y s t 3 , 2 1 : QL - > 2 . 6 8 6 7 5 4 * * 2 5 a e t r e * 3 

Boltzmann constant 
S P h y s ( 3 , 3 1 : Qk - > 1 . 3 8 8 6 6 2 * * - 2 3 j o u l a k e l v i n * - l 

Stefan-Boltzmann constant 
S P h y s [ 3 , 4 1 : Qs igaa - > 5 . 6 7 8 3 2 * * - 8 u a t t a e t r e " - 2 k e l v i n * - 4 

— i Munammmmmmmmms^^mmm'mmmmmssmM 
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X P I h i s t 

XPIhist 

Histogram plotting 

S.Wolfram 
Jul 1981 

PI h i s t [list! 
plot list as a histogram. 

P I h i a t ( S I i s t l t i P I o t I ( f l r I L e n ( $ I i s 1 1 , \ 
L i n e t ( P t t ( l n d t S l i s t , S l ] , 8 } l , P t [ ( l n d [ S l i s t , S l ] , E l e B ( S I i s t , ( S I 

i a t . J S l ' P t [ ( I n d [ $ l i s t , S l + l l , E l e B [ S I 
fixes t (8 , 8 j l }1 

{] } ] , P t [ ( i n d l S I i s t , S 1 + 11 , 8 } l ] ] 
\ 

\ 

II IHJBiH 
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XPlot 

XPlot 

Operations on plots 

S.Wolfram 
Jul 1981 

PCat [pl,p2,. . .1 
combines the plots pi, p2, ... into a single plot. 

PCat (Plot (Spl,SSpll,Plot(Sp2,SSp2)] tt PIot (Union (Spl,Sp2]) 

PApCfrx, try,pll 
applies the templates trx and try respectively to each point in the plot pi. 

P H p t S t r x . S t r y , S p 1 3 t i S t S p I , P t ( ( $ x , S y j , SSf 1 - - > \ 
P t t ( f l p l S t r x , ( S x { ] , f l p I $ t r y , (Sy }) j . S S H 1 

Ycut [plot, [yjnin,ymax\l 

re plot plot in region ymin < y < ymax. 

Ycut ( P l o t ( S I , S S 2 1 , { S y a i n , S y a a x }] n P I ot ( S I , , ( S y a i n , S y a a x {) 

C i r c l e ( {Sx,Sy } , S r l : : \ 
G r a p h l f S r S i n ( Z 1 3 + S x , S r Cos ( Z l l + S y j , Z l , 8 , 2 P i ] [ 1 , 1 1 

Future enhancements: Add functions to include labels, arrows etc. 

' I. I JJ1UII1 UlfHWl. i H I 
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XPolar 

^ XPoIar 

Polar graphs 

S.Wolfram 
Jul 1981 

Po I ar [expr, theta, nptl 
yields a polar plot of expr obtained by evaluation at npt points in the angle theta. 

PoIar(Sexpr,Stheta,Snptl ti \ 
Graph((Sexpr Cos ISthetal,Sexpr Sin(Stheta) },Stheta,8,2Pi,,,Snpt) 

•m i . ' iwMwjffwawaasaillwi.ii JUl IlllgJl. 
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XPoly 

^ XPoly 

Information on polynomials 

S.Wolfram 
Jul 1981 

LCoef [poly, varl 
yields a list of the coefficients of powers of var in poly. 

LCoef(SpoIy,Svar) t: flr[Expt(Svar,SpoIy3,Coef[Svar*$Z1,SpoIy 1 1 

LExpt [poly, varl 
yields a list of the exponents with which var appears in poly. 

L E x p t [ S p o I y , S v a r l t : U n i o n ( E x p t ( S v a r , S p o I y , L i s 1 1 ) 

# 1 ( 1 1 : : O t P o l y 

# I ( 2 1 : i t t E x ( ( a + x ) * 3 ( l - x ) * 2 ) 

2 3 4 2 2 2 2 3 3 3 2 
£ 0 ( 2 3 : 3a x - Ea x • 3a x + 3 a x - 6 a x + 3 a x - 2 a x + a x 

3 3 4 5 
+ a + x - 2 x + x 

# 1 ( 3 3 : : L C o e f ( Z , x 3 

9 3 2 3 2 

# 0 1 3 ) : ( 3 a - 2 a , 3 a - 6 a + a , 1 - 6a + 3 a , - 2 + 3 a , l j 

# 1 1 4 ) : : L E x p t t t . x ] 

# 0 ( 4 1 : { 1 , 2 , 3 , 4 , 5 } 



XPolynum 

XPoIynum 

Polygonal numbers 

triangular numbers — pentagonal numbers — number theory functions 
figurate numbers 

S.Wolfram and P.Leyland 
Jan 1982 

Polynum [fc,n] 
k t h n - gonal number (n:3 yields triangular numbers; n:4 squares) 

Po l y n u a t $ k _ * N a t p (Sic) , S n _ * N a t p l S n 3 ] i \ 
Sk ( ( S n - 2 ) S k + 4 - S n ) / 2 

<w • u«a j*fc.'ii'; 



y o o 
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XPow 

XPow 

Simplification of powers 

radicals — square root - canonical form — prime decomposition 

S.Wolfram 
Feb 1982 

Reduce power of composite number to product of powers of primes 

<XPr i aap 
( S x _ a l n t p t $ x ) 8 *4»r i aap (Sx) ) *Sy n \ 

B p t f 1 u l t , r i a p t B p l S l * < $ 2 Sy) , S81 , N f ac (Sx l ] 1 

Warning: Redefines Pow; Pow processed more slowly. 
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S O U 

_ 

XPrime 

XPr i me 

Potentially prime numbers 

S.Wolfram and P.Leyland 
Jan 1982 

• N f a c ; Pr i a e ; XPr iaep 

Fer I n ] 
n th Fermat number. 

F a r t S n _ * N a t p t $ n 3 3 t B t 2 1 " 2 * S n + 1 

Mer [ n l 
n th Mersenne number. 

J l e r d n i t l t i OCPriaop 
Bar ($n_»Pr iaep ( S n ) l t B ( 2 ) * S n - 1 

Inualn.] 
n th 1 number. 

I n u a ( S n _ > N a t p [ S n l ] I (B1181 * S n - l ) / 9 

JriuB [nl 
n th J number. 

J n u a ( S n _ » N a t p ( S n l 1 : B t l 8 ) * $ n + 1 

_L a — a — m aa 11 -a»a^«a^aaaaaaaaaw^waaaaaajawaajaaaa»BaBaw>aaaaawaaaai 



\j y \j 

XPr1mep 

XPr i mep 

Primality testing 

S.Wolfram 
Jul 1981 

Priaep[exprl 
yields 1 if expr is a prime number, and 0 otherwise. 

P r i a e p ISaxprl i t N a t p t S e x p r ] 8 P(flp[P I u s , N f a c ( S e x p r l ) (21 - 1 ) 

Future enhancements: Should use a serious primality testing algorithm. 

_ 

- - M'lKsaawuaimiiwBjjBa M s i M . m w ^ . n '".MIIIMVIIBJIIII iJiiJWB)^^ 



XProj 

XProj 

Projection manipulation 

S.Wolfram 
Jul 1981 

PCat [projl,proj21 
yields a projection whose filters are the concatenation of those in the projections 
projl, proj2 (which must have the same projector). 

P C a t ( S x _ » P r o j p ( S x 3 , S y _ * ( P r o j p ( S y 3 8 Sy ( 8 ) - S x ( 8 1 ) 1 : : \ 
P r o j [ $ x ( 8 ] , ( S [ $ x , $ x ( 8 ] - > N p ) , S ( S y , S y ( 8 ] - > N p ] }] 

Pap [ t e m p . p r o j l . p r a y 2 . . . .1 
t rea ts the filters of the projections projl, proj2, ... as Usts, and applies the tem
plate temp to them, yielding a projection with the resulting Ust as its filters. 

_Pap(Sap)i{8} 
PaptSteap.SSproj_»(flp[find,Nap(Projp, (SSproJ {) ] 8 \ 

Rp[Eq,nap(SZ[8], (SSproj }]) )] it \ 
Proj[SSproj (11 18),flptteap,NaptS(SZ1[8]->Np, (SSproj j)3 3 3 

-

~_ 

wjimni JIUM,^.. 
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X P r t a b l e 

-

XPrtable 

Tabular output 

printing — tabulation — tabular data — boxes — ruled 
columnar - report generation - formatting — matrices 

J.Greif 
Nov 1981 

v l ine [vol 
make a vertical line of length w 

v l l n e ( S u ) I I v t h i n g [ $ w , " 1 " ) 

v b l a n k i t u ] 
make a vertical blank of length u> 

vblanK(Su3 tt vthingtSu," "] 

v t h i n g [ tu , i ] 
make a column of vertical things x of height VJ 

vthmgtSu,Sx] : : Fat t jISxyzzy) : (8,Sxyzzy } },Rap I ( Sx,Sul] 

h i I n e l t u l 
make a horizontal Une of length w 

h l i n e t S u l i l h t h I n g I S u , " - " ] 

h t h i n g [ I D , x l 
make a row of horizontal things x of length w 

hthing[$M,SX]I:Fat (NuI I , Rep I t Sx.Sul1 

b o x f x ] 
make a box around expression x 

b o x t S x l : i ( L c l ( Z h , Z v , Z f ) ; hv ( Z h , Z v , S x ] $ \ 
F a t ( ( { l , e { , ( - 1 , 8 { , ( I n f , 8 } , ( 1 , - I n f } , ( 1 , I n f j , ( 8 , I n f } , ( 8 , - I n f j } , \ 
S x , v I i n a l Z v l , v I i n i t l v ) , \ 
h l i n e [ Z h ] , h l i n a [ Z h ] , h l i n a [ l ] , h l i n a [ l ] ] ) 

v b a r [ x l 
print a Ust x horizontally with bars separating the elements 

v b a r t S x _ » L i s t p t S x l ) i t b a r [ S x , v I i ne ) 
b a r [ S x _ * L i s t p ( S x ] , S z l t t ( L c I ( Z v , Z h , Z s , Z v l l ; hv ( Z h , Z v , S x l j \ 
X s : S [ R r t L e n t S x ) , I 1 t $ i . L e n t S x ] , t N u l l , S x t S i ] , N u l l ] , \ 
(Nul l , S x t $ i ) , N u l I . S z t Z v l ) ] ) , ( S S u } - > S S u , (8 j l > 

CO I [ x l 
print Ust x horizontally inside box with bars separating the elts 

col(Sx_*LIstptSxll It box IFat f jtSsl : j$s,9) j,vbar ISxl 1] 

topbot [xl 
print object x with a horizontal bar above and below 



XPrtable 

x ^ t o p b o t t S x ) : : ( L c l t Z f , Z h 3 : Z f : P r d s p ( S x l 5 Z h : Z f ( 2 ) + Z f [ 3 1 + 2 ; \ 
F a t [ I ( 1 , 8 } , ( 1 , - I n f } , ( 1 , I n f { , ( 8 , I n f } , ( 8 , - I n f } } , S x , \ 
h l i n e t Z h ] , h l i n e t Z h ] , h l i n e t l ) , h l i n e t l ) ] ) 

hv [h, v, xl 
find height v and width h of expression x 

h v t S h . S v . S x l t : ( L c d Z f l ; Z f : P r dsp [ S x ] ; Sh : Z 1 t 2 ] *Z f t 3 1 +2 ; \ 
S v : Z 1 t 4 ) + % f [ 5 1 + 1 ; ) 

coIMat[x] 
print out columnated, and boxed matrix, i.e. a table 

c o l a a t ( $ x _ » F u l l p t S x , 2 1 ] 11 ( L c I ( Z h , Z I , Z v , Z t , Z q l ; Z t 1 T r a n s ( S x l ; \ 
Z l t f l r t L e n t Z t ) , F a t [ { ( S s l : ( 8 , - 2 S s { { , S [ Z t [ S i ) , ( S S u } - > S S u , ( 8 } ] 1 1 ; \ 
c o l ( Z D ) 

^ 

Prmat[x l 
print out matrix in 2-D form 

#1 t i l t 1 

# 1 ( 2 ) , 

#0(21 : 

# 1 ( 3 1 : 

#0 13] : 

#1(41 1 

# 0 ( 4 1 : 

( L c l ( Z h , Z I , Z v , Z t , Z q l ; Z t : T r a n s ( S x l ; \ 
Z l t f l r ( L e n ( Z t ) , F a t ' ( ( ( S s l 1 { 8 , - 2 S s } j , S ( Z t [ S i ) , } S S u { - > S S u , {8 }1 11 ; \ 
P r a a t ( S x _ a F u l l p [ S x , 2 ) 3 
Z l t f l r ( L a n ( Z t ) , F a t t j t S 
F a t ( ( ( S s l : ( S s , 8 } } , b a r [ Z l . v b ' l a n l t ) ) ) ' 

<XPr t a b l a 

flrt ( 3 , 3 { , P O M ) 

( { 1 , 1 , 1 } , ( 2 , 4 , 8 } , { 3 , 9 , 2 7 { j 

P r a a t [ Z l 

1 1 1 

2 4 8 

3 9 27 

co t a a t [ ® E 3 

1 1 
1 
1 2 
1 
1 3 

1 

* 

9 

1 

8 

27 

_ 
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XPsmp 

XPsmp 

Heuristic simplification 
of rational forms 

S.Wolfram 
Jul 1981 

Psap[expr] 
usually yields a usefully simplified form of the rational expression expr. 

PsaptSel it nap(Fac,Col(Ex(Sa333 
Psap_;Ldist 

~-~" ' •'"' '"" " ^^BBBBS«BJBJBB|!BJBaBBBJ 
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XQuadres 

XQuadres 

Quadratic residues 

Number theory — modular arithmetic — rings 

P.Leyland and S.Wolfram 
Feb 1982 

Quadrastp] 
yields a list of all quadratic residues modulo p. 

QuadrasISp_*Na tp (Sp-11 1 11 Union (Cat (flr [ ( (8,F I oor [Sp/21 } },Hodt$l*2,Spl1 

^ 

immm*mmm^mmum!mmMmmmummumm 
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XRAr 

XRAr 

Array generation from 
recurrence relations 

Sequence generation — congruential random number generation 
recurrence relations 

S.Wolfram 
Aug 1982 

RAr In , temp, startl 
generates n terms in a sequence starting from start by applying the template 
temp to each preceding term. 

Rflr t I$n_j=Na tp t$n] , S teap , Ss t a r t ] ] l l \ 
( L c d t l j t i S s t a r t ; flr ( S n , v ( L c l ( t o ! ; t o : t ; t : Rp [ S t e a p , ( t }1 ; t o ) ) ) 

# 1 ( 1 1 : i OCRflr 

#1(21 11 R f l r ( 5 , f ( S I ) , 1 ] 

# 0 ( 2 1 : ( l , f ( l ] , f [ f ( l ] l , f [ f [ f [ l ] ] ] , f [ f [ f [ f [ l ] ] ] ] } 

# 1 ( 3 1 : : R f l r [ 1 8 . S 1 + 2 , 1) 

# 0 ( 3 1 : ( 1 , 3 , S , 7 , 9 , 1 1 , 1 3 , 1 5 , 1 7 , 1 9 } 

# I [ 4 ) : : R f i r [ 1 8 , H o d t l 3 $ 1 + 7 , 1 1 1 , 1 ] 

# 0 1 4 1 : { 1 , 9 , 3 , 2 , 8 , 7 , 1 8 , 5 , 6 , 8 } 

# 1 1 5 1 : : R f l r ( 3 , S 1 / ( 1 + S 1 ) , a l 

# 0 ( 5 ) . ( a , , { 
1 + a a 

( 1 + a ) ( 1 + ) 
1 + a 

*-^" • >•> ' « » " " " " » * " -wiimaaaaaaiiiiin wmnm.m^mmi amaasaim11 j \>i . mi ayjaiipi n i vt^w^mgmemmmmmmwmmmmwmmmm^ 



XRamp 

XRamp 

Ramp function 

S.Wolfram 
Jul 1981 

Rampixl 
represents the unit ramp function. 

RaaptSx) : (flbs (Sxl + S x ) / 2 



XRandC 

_ XRandC 

Continuous random number generation 

S.Wolfram 
Jul 1981 

NRand[(x:B), (sd:l)l 
generates a random number from a normal (Gaussian) distribution with mean x 
and standard deviation sd. 

N R a n d _ j T i a r 
N R a n d O : : N R a n d [ 8 , l ) 
N R a n d ( S a o a n ) i : N R a n d [ S a a a n , l l 
N R a n d I S a e a n , S s d l : : \ 

N t S a e a n + S s d S q r t t - 2 L o g t R a n d t l l l Cos ( ( I N ( 2 P i 1 ) R a n d t l l l 

BRand[rhol 
generates a pair of random numbers from a bivariate normal distribution with 
zero mean, unit variance and correlation coefficient rho. 

B R a n d t S r h o ) i t ( L c l t Z x l l ; \ 
( Z x l i N R a n d t l , N t S r h o Z x l + S q r t ( 1 - S r h o * 2 ] N R a n d d l } ) 

ERmndlthmtal 
generates a random number from the exponential distribution Exp[-x/theta]. 

E R a n d ( S t h e t a l i t N t - S t h e t a L o g t R a n d t 3 3 3 

ARRand [a, b, dist, maxdist! 
uses an acceptance-rejection method to generate a random number between a 
and b from the distribution defined by the template dist whose maximum value is 
not less than maxdist. Number of attempts necessary is proportional to (o-a) 
maxdist. 

ARRand tSa,Sb,Sdist,Saaxd istl tt (Lcl(Zy3; \ 
Loopt,Zy:NtSa + (Sb-Sa) Rand(l), \ 
R a n d O >- N (flp (Sd i s t, (Zy }] /Saaxd i s tl 1 ; Zy) 

'^•***^mmapmmmmmmBsmm^^^^mmmmmmmmm*m 



XRandD 

XRandD 

Discrete random number generation 

S.Wolfram 
Jul 1981 

IRand [ n l 
generates a random integer from a uniform distribution between 0 and n-1. 

IRandtSn] II F I oor [Rand [Sn]1 

PNormUtst] 
yields a normalized list of probabilities from a list of relative frequencies. 

P N o r a l S l i s t l t i N ( S I i s t / f l p [ P I u s , S I i s 1 1 ] 

PCua Hist! 
yields a Ust of cumulative probabilities. 

P C u a l S l i s t l I I ( L c d Z t l ; Z t : 8 ; flap (Z t : Z t+SZ1 ; Z t , PNor a [ $ I i s 11 1 ) 

DRand[ {cp 1, cp2,.. .\1 
yields a random position in the Ust with distribution determined by the cumula
tive probabilities cpi. 

Misfeatures: Not optimal algorithm 

D R a n d ( S l i s t ) : : ( L c l t Z x ) ; Z x : R a n d t l ; P o s ( S I _ » S 1 > Z x , S I i s t , 2 , 1) t l , 2 , 1 3 ) 

^ 
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XRandL 

XRandL 

Random list element selection 

S.Wolfram 
Jul 1981 

LRand [list! 
yields one of the elements of list, randomly chosen with equal probabiUties. 

_ L R a n d d n i t ) t i <XRandD 
L R a n d t S l i s t _ » L i s t p t S l i s t l ] n E n t ( S I i s t , ( 1 + I R a n d [ L e n ( S I i s 1 1 ] } l 

LDRand Uist,probl 
yields one of the elements of list, randomly chosen with relative frequencies given 
byproo. 

_LDRandtInit] t: OCRandD 
LDRand(SI ist,Sprob_a(Contp[Sprob] 8 Len [$probi-Len (SI is11 ) 1 tt \ 

Si istlDRandtPCuatSprobll] 

ORand [list! 
yields a random reordering of list. 

_ 0 R a n d t i n i t ) t t O C P e r a 
ORand t S I i s t ) I t ( L c l t Z I ) ; Z I : flr t L a n t S I i s 13 , ' ( t l n d 13 3 j \ 

flppertFipertZI,SorttZl)],Slist)) 

"-aaaaBaaaaaawaaawaaaaaaaw I Bl m i n aaaaaBMaaaaaaaaa-aaajaaaaaa|apaaBBBaj| 



XRepart 

XRepart 

Graphical part replacement 

Repar t [expr l 
replaces a graphically-selected part of expr. 

R a p a r t t S a ) : : flp ( S e t , (Rp [ S e , (L [ S e ] } ) , R d ( " n e u p a r t : " ] } ] 
_ B a p a r t [ S a p ] : 8 

^ 
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XRev 

XRev 

Symbolic identities for list operations 

S.Wolfram 
Jul 1981 

R e v t R e v t S x l ] : Sx 

C y c t C y c t S I ist,Snl] ,Sn2) it Cyc tS I ist,Sn 1 + Sn2] 

• . imwmmmtmmmBm 
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XRnd 

XRnd 

Integer rounding 

truncation — type casting — entier — floor — ceiling 

S.Wolfram 
Sep 1982 

Rnd [nl 
rounds n to the nearest integer. 

R n d t $ n _ * N u a b p ( S n l 1 t l F I o o r t S n + 8 . 5 ) 

# 1 ( 1 ) : : OCRnd 

# 1 ( 2 3 : : R n d t 2 . 2 1 

# 0 1 2 1 : 2 

# 1 ( 3 ) : : R n d t 2 . 7 ) 

# 0 ( 3 1 : 3 

# 1 ( 4 1 : : R n d ( - 3 . 6 1 

# 0 1 4 ) : - 4 

^ 
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XRot2 

^ XRot2 

Rotations in two dimensions 

S.Wolfram 
Jul 1981 

Vec2p [exprl 
tests whether expr represents a two-dimensional vector. 

V e c 2 p t $ e x p r l i t C o n t p t S e x p r ] 8 L e n t S e x p r l - 2 

RotM2[theta] 
yields a matrix representing a two-dimensional rotation through an angle of theta 
radians. 

R o t n 2 t S t h e t a 3 t j j C o s t S t h o t a 3 , S i n t S t h e t a l } , { - S i n t S t h e t a 3 , C o s [ S t h e t a l ) } 

Ro t2 [vec, theta, (pt: \ 0 , 8 1 ) 1 
rotates the two-dimensional vector vec about the point pt through an angle of 
theta radians. 

R o t 2 _ : T i e r 
R o t 2 [ S v e c _ » V e c 2 p ( S v e c l , S t h e t a ] : R o t N 2 [ S t h e t a l . S v e c 
R o t 2 [ S v e c _ v V e c 2 p ( S v e c l , S t h e t a , S p t _ v V e c 2 p [ S p t l 1 i : \ 

S p t + Ro t t12 I S t h e t a ) . ( S v e c - S p t > 

^ 

lajaaaaajajgr,. nuajus f. paaaajaaaajajBRaaj 



XRot3 

XRot3 

Rotations in three dimensions 

S.Wolfram 
Jul 1981 

_ 

Vec3p[expr] 
tests whether expr represents a three-dimensional vector. 

Vac3p(Saxpr) ti ContptSoxpr) 8 LentSexprl-3 

RotM3 [phi, theta, psil 
yields a matrix representing a three-dimensional rotation specified by the Euler 
angles phi, theta, psi. 

Rotn3tSphi,Stheta,Spsi] I \ 
((CostSpsi) CostSphi] - Cos(Stheta) SintSphi] SintSpsi], \ 
CostSpsi) SintSphi] • Cos[Sthetal CostSphi! SintSpsi], \ 
SintSpsi] Sin(Sthetal }, \ 
(-SintSpsi! CostSphi] - CostStheta) SintSphi! CostSpsi), \ 
-SintSpsi] SintSphi] + Cos[$thata) CostSphi] CostSpsi3, \ 
Coa(Spsi) SintStheta) }, \ 
(SintSthatal SintSphi!, -SintSthatal CostSphi], CostStheta! j 

not3[vec,phi, theta,psi, {pt: (8 ,0 ,B})1 
rotates the three-dimensional vector vec about the point pt through the Euler 
angles phi, theta, psi. 

R o t 3 _ : T i a r 
R o t 3 [ $ v e c _ » V e c 3 p ( S v e c l , S t h e t a l I R o t H 3 t S t h a t a l . S v e c 
Ro t 3 t S v e c j V i c 3 p t S v e c l , S t h e t a , Sp t _ * V e c 3 p tSp t ] 1 I I \ 

S p t + R o t H 3 ( S t h e t a ) . ( S v a c - S p t ) 

• w 
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XRpoly 

XRpoly 

Random polynomial generation 

S.Wolfram 
Jul 1981 

Ranup[(n:10)l 
generates a random univariate polynomial of size n. 

R a n u p _ j T i o r 
R a n u p t $ n _ » N a t p ( S n ) 1 11 \ 

E x ( R a x [ $ n , ( j x , 1 } , { 2 , 1 } , { - 1 , 1 } } , ( ( P I u a , 1 , - 7 {, ( H u I t , 1 , - 5 } } ] 1 
R a n u p t l i t R a n u p [ i t ] 

Ranap [(n: 10), (nx : 3)] 
generates a random polynomial of size n in an average of nx variables. 

R a n a p _ j T i a r 
R a n a p t l n _ . N i t p I S n l , S n x _ j = N a t p t S n x ] 1 I I \ 

E x [ R a x [ S n , C a t [ f l r [ } { l 8 , 1 8 + S n x - l } { , I a p l [ ( S Z l j ] ] , ( ( 2 , l { , ( - l , l { } ] , \ 
{ (P lus ,1 , -7 } , [Ra t t , 1 , - 1 )1 ) ] 

R a n a p I S n _ r N a t p t S n ] ] I I R a n a p [ S n , 3 1 
R a n a p t ) i t R a n a p [ 1 8 , 3 ) 

# 1 ( 1 ) : : < X R p o l y 

f l ( 2 ) t l R a n u p d S ) 

3 4 5 

#0 121 i 1 6 8 x + 2 4 8 x f 7 8 x 

f M S l t t R a n u p d S ! 

2 

# 0 ( 3 ) : 2 + 5x + 8 x 

# 1 1 4 3 : : R a n a p ( 1 8 , 3 ] 

2 

# 0 1 4 ! : 12 + 3a + 2b + 4c + 8a c 

f l l f l t i R a n a p ( 1 8 , 3 ] 

2 5 2 6 3 5 2 5 
# 0 1 5 1 : 12b 4 18a b + 4b c • 96 a c + 3 2 a c + 8 8 a c + 1 6 a b e 

2 
• 2 b 

mwmmmvmmimm^miM.**. in wtJiiwaaBBaiBBejaaeasaB^^ .j_Mj.jjjau^m^,... ,£^.~r*wmmm 
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XScan 

XScan 

Scan function 

scan — search — mu function - find — first 

S.Wolfram 
Jan 1982 

Scan [temp, n.] 
yields a list of the first n positive integers satisfying the criterion temp. 

JScan [Sap]: (inf,8 { 
Sc an _j T I ar 
Scan tStaap,Sn__=Natp tSnll it (Lc I (Z t , Z i , Z f ) ; For (Z i : 8 ; Z t : 1, \ 

Zi<Sn, Inc(Zt), If [Re I (flp(Steap, (Zt }1 ] ,Zf (IncIZil 1 :Ztl 1 ; Zf) 

Future enhancements: Extend to k-tuples of integers 

f l t l l t l <XScan 

#1 [21 I : S c a n t l n t p t N t S q r t t S l l l l , 5 1 

# 0 [ 2 ) : { 1 , 4 , 9 , 1 6 , 2 5 } 

# 1 ( 3 1 : : S c a n t S l ~ 2 - 4 S l > 3 , 2 ] 

# 0 ( 3 1 : { 5 , 6 } 
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XSerSol 

XSerSoI 
i ^ 

Series solution of differential equations 

power series — ordinary differential equations 

J.Greif 
Aug 1982 

PsSo l [dexpr, serord, be, (dep:y), (ind:x)l 
solves the differential equation dexpr = 0 for the dependent function dep as a 
function of the independent variable ind in power series form to order serord, 
given boundary conditions be expressed as a Ust of expressions to be set = 0 

PsSo l _ s T i a r 
_PsSol[Smp]: (O.Inf.O.O.Inf} 
P s S o l ( S d e x , S s o , S b c l t i P s S o l [ S d a x , S s o , S b c , y , x ] 

| PsSo I t S d e x . S s o , S b c , $ d e p , S i n d l i t ( L c I ( Z y , Z d a p , Z a x , Z I , Z b c , Z I , Z a , q d i f f 1 ; \ 
Z e x : S t $ d e x , S d e p - > Z d e p ] ; Z b c I S ( S b c , S d e p - > Z d e p l ; \ 
Z d a p _ s T l a r ; Z y _ j T i e r ; \ 

| Z y t S x . S n l : : P s t l , S x , 8 , S n , ( t S i l : Z a t S i l j ] ; \ 
", Z d e p t Z y ( S i n d . S s o l j \ 
i only now do we know indep var so can define qdi f f \ 
* qd i f f [ Z d e p ( S y l ] : : D ( Z d e p [ S i n d l , ( S i n d , l . S y }1 ; \ 

q d i f f tO t Z d e p I S y l , ( S y , S n , S z } l ] : : 0 [ Z d e p [ $ i n d l , ( S i n d , S n + 1 , S z } l ; \ 
• q d i f f t S x l : :D [ S x , ( S i n d , 1 , S i n d } ] ; \ 

Z a x : S i ( Z a x , H o I d ( D ( Z d e p [ S x l , ( S x , S n , S z } l 1 - > \ 
| 0 ( Z y [ $ i n d , S s o ) , IS i nd , Sn , Sz } ] 1 ; \ 

next line gets around incomplete simplification bug \ 
Z e x : S ( Z e x , D P A T - - X l ] ? \ 
Z e x : S i l % e x , Z d a p I S i n d l - > Z y t S i n d , S s o l 1 ; \ 
make a properly t runcated Ps if st i l l a sum of t e r m s \ 
I f t P t Z e x l 8 ] « H o l d [ P l u s ] ] , Z e x : P s ( Z a x , S i n d , 8 , S s o ] ) ; \ 
Z b c : S i ( Z b c , H o l d ( D ( Z d e p ( S x l , (Sx , Sn , S z { ] 1 - > \ 

O t Z y t S i n d , S s o l , ( S i n d , S n . S z j l ) ; \ 
next line gets around incomplete simpl i f icat ion b u g \ 
Z b c : S ( S ( Z b c , O P f l T - - > 0 ] , Ho I d I P s ( S S x l ] - - > f l x [ P s ( S S x l 1 1 ; \ 
X b c i S t ( Z b c , Z d e p ( S x l - X i a t Z y t S i n d , S s o l , S i n d , S x ] ] ; \ 
%ex is a Ps and %bc is an expr or l ist \ 
Z l i I f I L i s t p t Z b c l , L d i s t t Z b c - 8 1 , ( Z b c - 8 } 1 ; \ 
Z I : U n i o n [ C a t [ Z I , L d i s t [ Z a x [ 5 ] > 8 ] ] ] ; \ 
Z s : S o l t Z I , C a t ( f l r [ j ( 8 , S s o j j . Z a l l l ; \ 
P s t l , S i n d , e , S s o , n r [ { ( e , S s o j j , S [ Z a [ S l l , Z s ] ] ] ) 

Input niceties ~ the differential expression can be entered in the form 
f [ x ] y ' + g[x] y " + h [x] y - i [xl 

S x s e t ( " ' " . q d i f f , 2 1 
_ q d i f f ( P r , S x ) t t S x ( " ' " , { S x } , 2 ] 

Defeat encasement extension 
_Ps t E x t r , q d i f f ] t t q d i f f 
J i ( E x t r , P r ) t t P r 
_ P s ( E x t r , E q l : I E q 
_ P t t E x t r , H o I d l I t H o I d 
_ P s t E x t r , R e p ) : : R e p 
_Ps t E x t r , S I ) t l t l 

# I ( 1 3 l l < X S e r S o l 

# 1 1 2 1 : : d o t C o s ( x ) y> + E x p t - 3 x l y " + S i n t x l y - S l n d 4 x l 

#0 12) : • y S i n t x l + ( y ' ) C o s t x l + ( ( y ' ) ' ) E x p t - 3 x ] - S i n t l 4 x ] 



2 XSerSol 

#1131 : : be : ( y t 8 1 - 2 , y t B l ' - 1 } 

# 0 I 3 1 : a { -2 + y ( 8 1 , - 1 + < y ( 8 1 ' > j 

# 1 1 4 1 : : PsSol ( d a , 8 , b e ) 

2 3 4 5 
""- x 5 x 29 x 515 x 

#0 14!:* 2 + x - -- + + 
"^ 2 3 12 24 

6 7 8 
18891 x 59567 x 1448983 x 

+ + 
248 848 6728 

Misfeatures: Has fixed point of expansion 0. Assumes Taylor series will work. Thus solution 
must exist and be finite at x=0. 

^ 

-
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XSets 

XSets 

Elementary finite set theory 

S.Wolfram 
Jul 1981 

Sets are represented as ordered lists with no repeated elements. A list may be 
placed in this canonical form by Union[list]. Once in this form, the equivalence of two 
sets is determined by Eq. 

Union [setl,set2,. . .1 
forms the union of the sets setl, set2, ... 

Inter [setl,set2,. . .1 
forms the intersection of the sets set J, set2, ... 

Cap I [set, usetl 
yields the complement of set with respect to the universal set itset. 

Cap I tSI i s t _ * L i s t p t S I i s t l , S u I i s t _ » L i s t p t $ u I i s t l 1 : : \ 
Cat tflr tLen t$u I i a 1 3 , S u I i s t , , ~ I n ( S Z 1 , S I ia1133 

Sub [set, critl 
yields a subset of set all of whose elements satisfy the condition crit. 

S u b t S s e t , S c r i t l t t F I a t (f lr (Len (Sse11 , , , S c r i t ] 1 

Subp [sub, setl 
yields 1 if sub is a subset of set and 0 if it is not. 

S u b p ( S s u b , S i l t ] II L e n t U n i o n t S s u b , S s e t ] ] - L e n t U n i o n t S s e t ] ] 

Di s jp [set 1, setS! 
yields 1 if the sets seti and set2 are disjoint (have no elements in common). 

0isjptSsetl,Sset21 tt •(Inter[Saatl,Sset2]m { {] 

Mu I t s e t [set l,set2, .. .1 
forms the product set of the seti (set of all possible ordered n-tuples of elements 
from n sets). 

Hill t s e t ( S S s e t ) i t F I a t (Ou t a r (L i s t , SSsa 11 , Len (L i s t tSSse t ] ] - 1 ] 

Pouset [setl 
forms the set of all possible subsets of set (power set). 

P o u s e t ( S l _ * C o n t p ( S I ) ) 11 F I at ( L c I ( Z f , Z g l ; S [ D i s t ( R p ( Z q , f l r ( L e n ( S 1 1 , \ 
Z f ( { j , (S I [8Z11 } ] ] ] , ( Z g , Z f . L i a t . Z g j ] , Z g - > C a t ) , L e n ( S I ) - l ] 

f l d l i t OCSats 

# 1 ( 2 1 i i s l : U n l o n t } a , b , a , c , d {] 

# 0 ( 2 1 . f a . b . c . d } 

mmmmmmimmmmmmmmmmmmmmmmmmmmmmmmmmmmBmmmmmsBm 



XSets 

# 1 ( 3 ) t t 

# 0 ( 3 1 : 

# l t 4 ) i i 

# 0 ( 4 3 , 

# 1 ( 5 1 : : 

# 0 [ S 3 t 

# 1 ( 6 3 : : 

# 0 ( 6 3 : 

# I I 7 3 : t 

# 0 ( 7 3 : 

# 1 1 8 3 : : 

# 0 ( 8 1 : 

# 1 1 9 1 : : 

# 0 ( 9 1 : 

# 1 1 1 8 1 : 

# 0 1 1 8 1 : 

#1 (111 i 

# 0 ( 1 1 1 : 

# 1 ( 1 2 1 : 

# 0 ( 1 2 1 : 

82: } c , a , f } 

( c , a , f { 

s 3 : f l r (51 

{ 1 , 2 , 3 , 4 , 5 } 

Union t s l , s 2 , s 3 ] 

( l , 2 , 3 , 4 , 5 , a , b , c , d , e , f j 

I n t e r t s l , s 2 ] 

f«l 
: : Cap I t s 2 , s l ) 

{ • , » , « { 

Sub ts3,Evenp] 

}2,*i 

SubpI(a,c },si) 

1 

Disjp tsl,s3) 

1 

H u I t s a t t s l , s 2 1 

{ ( { a . c j , ( a . e } , ( a , f } { , { { b , c } , j b . e } , ( b , f } } , ( { c , c { , ( c . e } , { c , f } } , 

( ( d , c j , ( d , . } , ( d , f } } } 

Pouse t t s 2 ] 

{ ( } , { ( } , { . } , j . , f } , ( c } , { c , f { , { c , . } , { c , . , f } } 
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XSetsSX 

XSetsSX 

Set theory notation 

S.Wolfram 
Jul 1981 

allbUc.. . or a U b U c . . . 
stands for Union[a,b,c,...]. 

S x s s t C ' U " , U n i o n , 3 1 

a l b l c . . . o r a I b I c . . . 
stands for Inter[a,b,c,...]. 

S x a a t ( " I " , I n t e r , 3 1 

a\b or a \ b 
stands for Cmpl[b,a]. 

S x s e t ( " \ " , C a p l ,51 

aCb or a C b 
stands for Subp[a,b]. 

Sxset ( " C " , S u b p , 4 ] 

a~*b~»c. , , o r a As b A t c . . . 
stands for Multset[a,b,c...]. 

S x s e t [ " ~ * " , R H I t s e t , 3 ) 

a or a 
stands for Powset[a]. 

S x s e t ( " — " , P o H i i t , l l 
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XSfct l 

XSfctl 

Subfactorial 

derangements — rencontres numbers 

S.Wolfram 
Sep 1982 

S f c t l l n l 
subfactorial of n (number of derangements of n objects). 

S f c t I t S n _ * N a t p t $ n l ] t Sn S f c t l ( S n - l ) + ( - l ) - S n 
S f c t I [13 i 1 

[Sloane: Handbook of Integer Sequences, sect. 3.13] 
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XShowtlme 

XShoutime 

Display of simplification t imes 

S.Wolfram 
Jul 1982 

Shoutiae 
causes simplification times for each output line to be printed. 

Shoutiae it (Pra tt (Lc I (Zll ; Pr[Tiaa(ZliSll3;If[VaIp (Zll,Zl,3) ) 

Shoutiael :: (Post it (Pr(N[Last[#T133 ; SI)) 
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XSign 

XS i gn 

^ Sign simplification rules 

S.Wolfram 
Jul 1981 

S i g n t S x S S x ) i t S i g n ( S x ) S i g n t S S x l 
S i g n t S x ~ ( $ n _ * E v a n p t S n ] ) 1 I 1 
S i g n t f l b s t S x ] J I 1 

a — UMJX-JJI-U—UUBI 
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XSol 

XSol 

Inverses of elementary transcendental 
functions 

S.Wolfram 
Jul 1981 

Sol 
So I 
So l 
So I 
So I 
Sol 
So I 
Sol 
Sol 
So I 
So I 
Sol 
Sol 
Sol 
Sol 
So I 

(Exp[ 
tLogt 
IS in t 
[Cost 
tTan t 
[fls in 
tflcos 
[fl tan 
(S inh 
(Cosh 
(Tanh 
[fls in 
tflcos 
IB tan 
ICd IS 
tflgd t 

Sxl-Sy 
Sxl.Sy 
Sx3-Sy 
Sxl.Sy 
Sx).Sy 
(Sxl>S 
(Sxl-S 
ISxl«S 
ISxl«$ 
(Sxl-S 
(Sxl-S 
h tSxl « 
h[Sxl . 
htSxl. 
x)-Sy, 
Sxl.Sy 

,Sxl I 
,Sxl i 
,Sxl i 
,Sxl i 
,Sxl i 
y.Sxl 
y.Sxl 
y.Sx) 
y,Sx) 
y,Sx] 
y.Sx] 
Sy.Sxl 
Sy.Sxl 
Sy.Sxl 
Sxl i i 
Sx) i 

t So I 
i Sol 
i So I 
i So I 
: So I 
: i So 
t i So 
t t So 
t t So 
t i So 
i: So 
i i S 
it S 
t t S 
Sol [ 

t So I 

[Sx«L 
tSx>E 
(Sx-fl 
tSx.fl 
[Sx.fl 
I l$x = 
I (Sx-
I tSx = 
I ISx. 
I t$x. 
I [Sx. 
ol (Sx 
ol [Sx 
ol (Sx 
Sx.flg 
(Sx.G 

og(S 
xp tS 
lint 
cost 
tan ( 
S in t 
C o s t 
T a n t 
fls i n 
Rcai 
R tan 
-Sin 
• Cos 
.Tan 
dISy 
d ISy 

yi,* 
yl.S 
»yi. 
»yi, 
»yJ, 
•il. 
* y ] , 
»yJ, 
h(Sy 
htSy 
htSy 
htSy 
h tSy 
htSy 
1 ,Sx 
1 ,Sx 

xl 
xl 
Sxl 
Sxl 
Sxl 
Sxl 
Sxl 
Sxl 
1 ,Sx! 
] , Sxl 
1 ,Sxl 
] ,Sx) 
1 ,Sxl 
] ,Sx3 
1 
] 

_ 

. • i.a kl i lej.uisi! ,m<n i IUIIHIHIII I aap- •w «u; ' ' ' - . •. svv..~ 'fSa»«aKZ» 
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XSpare 

XSpare 

Removal of a lmos t all va lues 

S.Wolfram 
Jul 1981 

Spare [vl.v2.. . .1 
removes all values except those otvl, v2, ... 

_Spare ( S a p ) t 0 
S p a r e t S S x l l l ( Lc I t ' S p a r a , S S x l j S e t ( l ) 

# 1 1 1 ) 1 1 <XSpara 

# 1 ( 2 1 : : a : b : c : l 

# 0 ( 2 1 : 1 

# 1 ( 3 1 : : S p i r i t * ] 

# 0 ( 3 ) : S p a r e d a) 

# 1 ( 4 1 : : { a , b , c { 

# 0 ( 4 1 : } l , b , c ) 
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XStat 

XStat 

Univariate statistics 

S.Wolfram 
Jul 1981 

Mean Utet l 
gives the mean of the values in list. 

flean[$listl I I flp IP l u s , $ l i s t l / L e n IS I i s t l 

GMean [list! 
gives the geometric mean of the values in list. 

G f l e a n ( S I i s t ) n N (Rp [ H u I t , S I i s t - d / L a n (S I i a t ) ) ) ] 

HMean [listl 
gives the harmonic mean of the values in list. 

H f 1 e a n [ $ l i s t l l l N t L a n IS I i s t l / f l p tP I u s , flap [ 1 / S 1 , S I i s 11 ] 1 

Med llistl 
gives the median of the values in list. 

H a d [ $ l l s t _ * 0 d d p [ L e n t S l i s t l 1 1 :: S o r t t S I is11 ( (Len [S I ist]+1)/21 
M e d t S I i s t _ » E v e n p I L e n t $ l i s t l 1 1 ll \ 

( L c l t Z I l ; X I : S o r t t S I istl ; (ZI tLentS I is11 /21 + \ 
XI tLen IS I ist]/2 + 11 )/2 ) 

flD Uistl 
gives the mean deviation of the values in list. 

n O t S M s t l i t h-ean t R b s IS I i s t - H s a n IS I i s t ! 1 1 

Var [ l i s t ] 
gives the variance of the values in list. 

V a r l S l i i t l i t f l e a n U S l i s t - H a a n IS I i s t ! ) ~ 2 ) 

SD [list! 
gives the standard deviation of the values in list. 

S O t S l i s t l i t N ( S q r t ( V a r [ S I i s t l L a n t $ I i s 1 1 / ( L e n IS I i s 1 1 - 1 ) 1 1 

_ 

Range [list! 
gives the range of the values in list. 

R a n g e tS I i s t l i t flp [ f i a x , S I i s 11 - f l p [ H i n , $ I i s 11 

RMS Histl 
gives the root mean square of the values in list. 

R B S t S l i s t l t t N [ S q r t [ M e a n t S I i s t ~2 1 1 1 

F r a c t [ l i s t . r ] 
yields the r fractile of the values in list. 

• • ' « g a w n 
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XStat 

_Fraet [In i t) ti <XLItp 
Fract tSI ist,Sri it L I tp3 ISort tS I is11 ,Sr LentSlistl! 

Ql [ l i s t ] 
yields the first quartile of the values in list. 

Q K S I i s t l t i F r a c t ( S I i s t , 1 / 4 1 

03 [listl 
s t 

Q3( 
yields the third quartile of the values in list. 

" " S I i s t ! : : F r a c t t S l i s t , 3 / 4 ] 

QD Hist! 
yields the quartile deviation of the values in list. 

Q D ( S l i s t ) t t ( U 3 I S I i s t ) - Q d S I i s t ) ) / 2 

Mo* [ l i s t , n l 
yields the nth moment of the values in list. 

t l o a t S I i s t , S n ) l l f l e a n I S I i s t - S n l 

Caoa [ l i s t , n l 
yields the nth central moment of the values in list. 

C a o a t S I i s t , S n ) i t M e a n t ( S I i s t - H e a n I S I i s t l ) - S n l 

C u n U i s t . n ] 
yields the nth cumulant of the values in list. 

CuatSlist.ll ti MeantSlist] 
Cue IS I ist,21 :: Var (SIistl 
CuaISIist,31 :: CaoatSIist,3) 
CualSlist,41 i: CaoatSIist,41 - 3 CaoatSIist,23-2 
CuatSlist.Sl it Caoat$l ist,53 - 10 Caoa [$1 i•t, 33 Caoa [SI ist, 21 

Skeuf l i s t ] 
gives the coefficient of skewness of the values in list. 

S K e u t S l i s t l t : C a o a I S I i s t , 3 1 / S D I S I i s t l " 3 

Kurt [ l i s t ] 
gives the coefficient of kurtosis of the values in list. 

KurttSliitl tt CaoatSI 1st,41/SDISI ist! ~4 

Excess [ l i s t ! 
gives the coefficient of excess of the values in list. 

E x c e s s t S I i s t l i ! C a o a ( S I l i t , 4 3 / S D ( S I i s t ] - 4 - 3 

Qskeu [listl 
gives the quartile coefficient of skewness of the values in list. 

Q s k e u ( S l i s t l t t ( Q 3 ( S l i s t l - 2 H i d t S l i s t l + Q K S I i s t l ) / \ 
( 0 3 t S I i s t l - Q l t S I i s t l > 

Expclop. list! 
yields the expectation value of the operator represented by the template op on 
the values in list. 

mtT*mm 
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XStat 

_Expc ISapl: J0,Inf j 
Expc(Sop,SI istl :: Re I [flp [PI us,Hap (Sop,SI is1111/Len [SI is11 

Char [list, xl 
yields the characteristic function of the values in list. 

Char (SI 1st,Sxl II ExpctExpd SI xl.Slist] 

#I(l)tt <XStat 

#1(21:: t:flr 120, 'Randtl1 

#0[2J: (.7512801,.9799641,.3078826,.1427415,.8638817,.1446294,.4414654, 

.2389524,.664948,.1285033,.1148291,.243175,.5170353,.4259514, 

.6094183,.9010086,.02981599,.4496743,.06934847,.4439974) 

_ 

# 1 1 3 1 t i 

#0131 : 

# 1 1 4 1 : : 

# 0 1 4 1 , 

# 1 ( 5 ) : : 

# 0 ( 5 1 : 

# 1 1 6 ) : : 

# 0 ( 6 1 : 

# 1 1 7 1 : : 

# 0 ( 7 1 : 

# I I 8 1 : t 

#0181 : 

# 1 1 9 1 : : 

#0191 : 

# 1 [ 1 0 ] t t 

# 0 ( 1 0 1 : 

#3 t i l l t : 

#01111 : 

#11121 : i 

#0112 ) : 

#1 [133 t t 

#0 (133 i 

#1 (143 i t 

# 0 ( 1 4 3 : 

# 1 ( 1 5 1 1 ! 

# 0 ( 1 5 1 t 

P o s t : N 

N 

t l e a n t t l 

. 4 2 3 0 2 1 1 

GRean ( t l 

. 3 0 5 1 7 5 7 

Hflean t t l 

. 1 8 3 7 4 5 1 

tied t t l 

. 4 3 3 7 0 8 4 

SD t t l 

. 2 9 4 1 7 8 4 

Range t t l 

. 9 5 0 1 4 8 1 

R d S t t l 

. 5 1 1 0 3 8 9 

Q l t t l 

. 1 4 2 7 4 1 5 

Q 3 t t l 

. 6 0 9 4 1 8 3 

I t S H t t ) 

. 4 0 5 7 5 5 7 

Kur t t t ) 

1 . 8 2 4 8 7 1 

Expc [ E x p , t ) 

1 . 5 9 2 8 7 2 
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XStatus 

Status information 

S.Wolfram 
Jul 1981 

Status 
prints status information. 

Status ti \ 
(PrC'fleaory used so f ar : ", S t a t a (1 (31 , "b I ocks "1 ; \ 
PrC'Total CPU tiaa so f ar :", N (C I ock [] (21 1 , "seconds "1 ; 
PrC'Rial t i n so f ar :", C I OCK (1 (11 , "seconds "1 ; \ 
PrC'Nuabir of input I i nes : ", Len (#11 1 ; \ 
PrC'Nuaber of user syabo I a : ", Lan (Con t (11 1 ; \ 
PrC'Total nuaber of syabo I s : ", Len [Con t ( , 11 1 ] ) 
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XSt r8 

XStr8 

Basic character string manipulation 

S.Wolfram 

Jul 1981 

Char [str, il 

yields the i th character in the string str. 
C h a r [ S s t r , S i _ » ( 0 < $ i < C L e n ( S s t r ] ) ] 11 l a p I ( E x p I [ S s t r l ( S i 1 ] 

CLen [strl 

gives the number of characters in the string str. 
C L i n l S s t r l t t L e n ( E x p I ( S s t r 3 3 

CRev[strl 

reverses the string str. 
C R e v t S s t r l I I I a p I [ R e v ( E x p I [ S s t r l 1 1 

CJoin [str 1, str2,. . .1 

concatenates the strings str J, str2, ... 

f i l l 

#1(2 

#0(2 

#113 

# 0 ( 3 

#1(4 

#0(4 

#1(1 

#0 (5 

#1 (6 

#0 (6 

#1 (7 

#0(7 

C J o i n t S S s ! : : 1 ap I t flp t C a t , f l ap t E x p I , L i s t t S S s l 1 1 1 

: : < X S t r 0 

:: t:"fl character string" 

"fl character string" 

:t Char(t,41 

: h 

II Chard,21 

II CLanttl 

18 

:: CRevttl 

"gnirts ratcarahc fl" 

ll CJoin[Z,t,tl 

"gnirts ratcarahc RR character stringR character string" 

. ^ . 

nmuaummmi imWL.BM 'A& "9**nmW*Bfl ^i^*55S5?^^^^^^? MB 
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XSt r l 

XStrl 

Further character string manipulation 

S.Wolfram 
Jul 1981 

<XL i s t 1 

CRep [str 1, str, il 
replaces the character at position i in str by the string strl. 

C R e p ( S s t r l , S s t r , S i l l l ( L c l t Z I ] ; X I : E x p I [ S s t r 1 } X I I S i ] : E x p I t S s t r 1 ] j \ 
l a p l ( F l a t ( Z l ) ] ) 

CI ns [strl, str, il 
inserts the character string strl at position i in str. 

_ C I n s d n i t ) t i < X L i s t 0 
C I n s I S s t r l . S s t r , S i l t l I a p I 11 n s t E x p I t S s t r 1 1 , E x p I t S s t r 1 , S i 1 ] 

CPos [form, strl 
yields a list of the positions of the substring form in the string str. 

CPos (Sfora,Sstr) ti LPos (Exp I (Sfor a],Exp I [Sstrl) 

CS [str,repl,rep2, . . .1 
applies successively the replacements repi for substrings of the string str. Each 
replacement is used until it is no longer applicable. The special "generic charac
ter" represents any single character. 

CS [ S s t r , S $ r s p s l i t l a p I ( f lp [ L S , C a t [ { E x p I [ S s t r 1 | , \ 
S t H a p t E x p t t $ l t l ] ] - > E x p l t S l t 2 ] ] , L I a t ( S S r a p s l 1 , \ 

( l E x p l [ " $ " ! ( 1 1 ) - > S Z l ! 1 1 1 

# I t l l : : O t S t r l 

# 1 1 2 3 : : s : " t h a c a t in the h a t " 

#0 t21 t "the c a t in the h a t " 

# 1 ( 3 1 : : C R e p ( R R R R , s , 5 1 

# 0 1 3 ) : " t h e RRRRat i n t h e h a t " 

# 1 14 ] i t C I n s t " n o t " , s , 8 1 

# 0 1 4 1 : " t h e c a t n o t i n t h a h a t " 

# I ( 5 ) t : C P o s t t h e . s l 

# 0 1 5 ) : | l , 1 2 j 

# 1 ( 6 1 : : C S ( s , t h s - > B , S a t - > X X X X X 3 

#0(63: "a XXXXX in a XXXXX" 
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XSubl 

XSubl 

Sublists 

form sublists — uuflatten — group — sequences 

S.Wolfram 
Jan 1982 

Sub I [list, nl 
generates a list of successive groups of n entries in list. 

Sub I tS I ist_s=L is tp ISI istl ,$njNatp t$nl ] :: \ 
Rr (Lan (SI I at]-Sn + 1,flr (Sn,S I ist[S1 + S2-11]1 

• UnF l a t } O u t e r ] Tr i 

#1 l i l t : OCSubl 

# I I 2 ) I I t : R r ! 8 ) 

# 0 ( 2 1 t j l , 2 , 3 , 4 , 5 , 6 , 7 , 8 j 

# I [ 3 1 t : S u b l ( t , 2 1 

# 0 ( 3 ) 1 | { l , 2 j , } 2 , 3 { , { 3 , 4 j , } 4 , 5 j , { 5 , 6 } , | 6 , 7 j , j 7 , 8 { j 

# 1 1 4 3 : : S u b l ( t , 7 1 

# 0 t 4 1 : ( ( 1 , 2 , 3 , 4 , 5 , 6 , 7 ) , ( 2 , 3 , 4 , 5 , 6 , 7 , 8 ) ] 



.-1 
Too 

XSum 

XSum 

Series summation 

S.Wolfram 
Jul 1981 

Canonical forms for sums 

Canonical form for limits 
S S u a d l i S u a l S a , ( S I , S 1 , S 2 J ) - - > Sua tS tSe , S i ->S i - S l + 1 , - 1 , 11 , }S i , 1 , S 2 - S 1 + 1 {] 

Sums of rational functions 
SSuaI21 : S u a [ $ e , { S i . S 1 . S 2 J ] - - > Sua (Pf [ S e , S i ) , ( S i , S I , S 2 j ] 

Simplification of sums 

_Sua [Sap]:Inf 

SuatSx + SSx, j S i , S 1 , S 2 j l t : S u a ( S x , ( S i , S I , $ 2 j l + Sua [SSx, ( $ i , S I , S 2 J l 

S u a t S x , { S i _ » ( ~ I n t S i , S x l ) , S 1 , S 2 j ) : : ( S 2 - S 1 + 1 ) Sx 

Sua(SSn Sx, { S i _ » ~ I n ( $ i ,SSn l , S 1 , $ 2 j l : : SSn S U B ( S X , (S I , S I , S2 j l 

S u a t S x / ( S $ n S y ) , { S i _ * ~ I n I S i , S S n ) , S I , S 2 j l : : S u a ( S x / S y , { $ i , 6 1 , S 2 j l / S S n 

Sums of positive powers 

S u a t S i , ( 6 1 , 1 , S n ) ] : Sn(Sn + l ) / 2 

S u a [ S i ' ( $ a _ » N a t p t * a ) ) , ( S i , l , S n j ) t (Ber (Sa + 1,Sn + 1 ) - B e r [Sa + 1 1 ) / ( S a + 1) 

S u a ( ( - S a ) ~ S i $ i ~ ( $ a _ * N a tp ( S B ) ) , JS i _ * ~ I n [$ i , Sa] , 1 , Sn j ) : \ 
( ( - l ) - S n E u l l S a , $ n + l ] - E u l t S a , 0 ) ) / 2 

Geometr ic progression 

S u a ( S a - S i , } S i _ a ~ I n ( S i , S a 3 , l , Sn {3 t (Sa~Sn - l ) / ( S a - 1) 

Warning: Sum redefined to simplify its arguments 
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XSumPR 

XSumPR 

Special output form for Sum 

S.Wolfram 
Jul 1981 

<XPR 
_ S u a ( P r l [ ( S e x p r , { S v a r , S a t a r t , S e n d {33 t i \ 
F a t I ( ( 1 , 8 ) , { 3 , 0 | , ( 1 , - 1 ) , { 1 , 1 ) ) , P S i g , S e x p r , S v a r . S s t a r t , S e n d ) 

f i l l ] t i <XSuaPR 

# I ( 2 ) i i 1 + S u a t l / i - a , { i , 1 , I n f j ] 

I n f 

\ 
• 
i 
i 

#0(21 i« 
\ 

1 + / 

1 . 1 

-a 
i 
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XSympoI 

Symmetric polynomial generation 

Sympol [n,xl 
generates a list of all symmetric polynomials i n n variables x[i]. 

Syapol [$n_FNatp[$n] ,SxI : : ( L c d Z x l ; \ 
P s t E x t P r o d K l + S x t Z i l Z x ) , ( Z i , 1 , Sn ) l ] , Zx , 0 , S n l ( 5 1 ) 

— ' 
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XTEST 

XTEST 

General testing routines 

S.Wolfram 
Jul 1981 

Basic test function 

. J e s t ( S a p ! : S 
T e s t ( S f , S a r g , S n l : : \ 

R p t t t i n : R e l t $ a r g ] ; P r I ] ; P r t R e l t S f ] , t i n l ; P r I t o u t : R e l t f l p t S f , t i n ] ] ] , S n ] 

Seed random numbers 

S e e d t S n l t t R a n d t l . S n l 

Random argument generators 

nuab[xl 
positive or negative number of maximum modulus x. 

n u a b t S x ) | | - S x + R a n d ( 2 S x l 

pnuBb[xl 
positive number of maximum size x. 

p n u a b t S x ) i t R a n d [ S x l 

i n t i x l 
positive or negative integer of maximum modulus x. 

I n t l S x ) i t G i n t t n u a b t $ x l 1 

p i n t i x l 
positive integer of maximum modulus x. 

p i n t t S x ) i t G i n t t l + R a n d I S x l 1 

nn ln t [ x l 
non-negative integer of maximum modulus x. 

p i n t t S x ] t i G i n t ( R a n d ( S x l 1 

expr [n l 
expression of size n. 

a x p r ( S n ) i t R i x t S n l 

teap [ n l 
template of size n. 
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2 XTEST 2 

t a a p t S n l : : S t R a x t S n ] , x - > S l , z - > S 2 1 

<XRpo I y 

p o I y [ n l 
univariate polynomial of size n. 

p o l y ( S n l i t R a n u p t S n l 

• p o l y [n , ml 
multivariate polynomial in about m variables of size n. 

a p o l y [ S n , S a ) I I R a n a p ( S n , S a ] 

I i s t [form.nl 
length <= n list of forms. 

I 1st(Sfora.Sn) :: Rr(Gint(Rand (Sn)+0.3), 'Ra I (Sforal 1 
list i Nosap 

rpt [form, nl 
repetition of <= n occurrences otform 

rpt [Jl ore,Sn] II flptNp,flpt I ist , }$for a,Sn j1 1 
rp t _s Nosap 

When Cons works for Rand, Cons all numerical routines above, and allow numbers to 
be found from exponential distribution, as obtained in a Cons routine (exponential 
distribution is more realistic than uniform in most cases). 
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XTEx 

XTEx 

Tensor expansion 

indicial tensor calculus — tensor canonicalization 
tensor symmetries 

S.Wolfram 
Jul 1981 

!Extf[xl,x2,. . .l,reorl 
constructs a sum of tensor obtained by reordering the xi and assigning the fac
tors specified by the permutation symmetries rear. 

< X P e r a 0 
O t f l r p e r a 
T E x _ i T i a r 
T E x t S f I S S x l . S r e o r l t t ( L c I ( Z I , Z o , Z t , Z c , Z f 1 ; _ Z f ( R e o r 1 i S r e o r { \ 
Z o : f l p I Z f , L i s t t S S x l 1 ; Z t : 0 ; R p t P I u s , d a p ( Z I I R p p a r ( S I , L i s t ( S S x l 1 ; \ 

I f ( I n l Z f , Z c : f l p ( Z f , Z l l / Z o l , 0 , I n c I Z t . Z c l ; Z c flptSf.ZIll, \ 
R r p a r a ( L a n [ L i s t ( S S x l l l l l / Z t ) 

# I [ l l t i 

# 1 ( 2 1 : : 

# 0 ( 2 1 . 

# 1 ( 3 1 : i 

# 0 I 3 1 t 

# I [ 4 ) n 

# 0 ( * ] t 

OSTEx 

T E x [ f ( a , b l , S y a l 

f ( a , b l + f ( b , a l 

2 

T E x [ f t a . b . c l , S y a ] 

f ( a , b , c ) + f ( a , c , b l + f t b . a . c ) + f t b . c . a ! + f ( c , a , f a l + f t c , b , a l 

B 

TEx I f l a , b , c l , C y c I l c l 

f t a . h . c l + f t b , c , a ) + f ( c , a , b ) 
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XTensor 

Tensor manipulations 

S.Wolfram 
Jul 1981 

Tenp[f l 
determines whether / is of type Tensor. 

T a n p t S f l : : P I _ $ f ( T y p e ! - T e n s o r ] 

CO 

Din 

denotes the basis coordinates. 

CO t ( r , t h e t a , p h i , t ) 

denotes the dimensionality of spacetime (default 4). 

DIt1:LonIC03 

^ 

KD [mv., nul 
denotes the Kronecker delta symbol. 

_KD ( R a o r l : S y a 
KD [ S a u , S a u l : DIM 
KD tSau , $nu_ff (Sau~*Snu> ! : 0 

Gk [mu, nu l 
represents the metric tensor, assumed symmetric. 

Ga_Jensor 
_Ga(Reor):Sya 
Ga ( S a u _ * S y a b p [ S a u l , * S n u ) : KD(Sau ,Snu l 

G a ( S a u _ r S y a b p [ S a u ] , S n u _ v S y a b p [ S n u ] ) S f [ S S i 1 , v S a u , S S i 2 1 t 
Sf [ $ S i l , S n u , S S i 2 ) 

Ga[Sau_aSyBbp[Saul ,Snu_»Syabp(Snu l 1 S f ( v $ a u , S S i 2 1 t \ 
Sf [ S n u , S S i 2 1 

G a t $ « u _ » S y a b p I S a u l , S n u _ » S y a b p I S n u ) ] S f ( S S 1 1 , v S a u l : \ 
Sf ( S S i l . S n u ) 

Ga tSau_jFSyabp I S a u l ,Snu_»Syabp I S n u l 1 J l t ' t i u ] t S f t S n u ! 
G a P S a u , vSnu) Sf I S S i 1 , S a u , S S i 2 ) i S f t SS i 1 , vSn u , SS i 21 
K D I S a u _ r S y a b p t S a u ] , S n u j S y a b p t S n u l ) S f tSS i 1 , Sau , SS i 2 ] : \ 

Sf tSS i l , S n u , S S i 2 1 

Component Manipulations: 

R4_Jensor; R2_Jensor; R_Jensor 
_ChrLtReor):Sya[2,31 
_CU [ R e o r l i S y a ; _GL(Raor l : S y a 
_R2 [ R e o r l : S y a 
J 4 t R e o r ] : { f l s y a t l , 2 ) , f l s y a t 3 , 4 ] ) 

Find 
evaluates the elements of the tensor x. 
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XTensor 2 

F i n d t S x . S y l : t f l p ( f l r , ( f l p t f l r t S y . S i l , {Did ) l , S x t 0 ] j l 

GL 
denotes the metric tensor with both indices covariant; (default Minkowskian). 

6L i R r ( ( 4 , 4 { , 0 ] , CL 14 , 41 : B t r ) , GL ( 1 , 1 ] t - R ( r1» G L ( 2 , 2 3 i - r ~ 2 
G L ( 3 , 3 3 i - ( r S i n [ t h e t a ) ) ~ 2 

GU 

denotes the metric tensor with both indices contravariant. 
GU i t n i n v ( G L ) 

Pr ( "1 "1 
Proc (3 

ChrL 
denotes the Christoffel symbols with all indices covariant. 

C h r L ( $ i _ * N a t p ( S i 3 , S j _ » N a t p ( S j 3 , S k _ * N a t p ( S K 3 3 n ChrL ( S i , S j , S K I : \ 
1 /2 (Dt tGL t $ i , S j ] ,C0 t S l t l l + Dt I G L t S i ,SK l ,C0 t S j l l \ 
- D t ( G L t S j , S K 1 , C 0 ( S I ] ] ) 

P r ( " 2 " l 
P r o c d 

F l n d [ ' C h r L , 3 1 

P r ( " 3 " l 
P r o c d 

R4 
denotes the Reimann curvature tensor. 

R4ISa_aNatp(Sa] , Sb_*Natp[Sbl ,Sc_»Natp(Scl ,Sd_*Natp(Sdl 1 ::\ 
R4(Sa,Sb,Sc,Sdl: (Lcl (Zz,Zau,Znu,Zetal; \ 

Zz i GL(Sa,Zaul Dt [GU (Zau,Znul ChrL(Znu,Sb,Scl,CO (Sdl1 \ 
- GLtSa.Xau] 0t (GU (Zau,Znu] ChrLtZnu,Sb,Sdl ,CO IScl1 \ 
+ ChrLtSa,Sd,Zetal ChrLt*Zeta,Sb,Scl \ 
- ChrLtSa.Sc,Zeta] ChrLtNZeta,Sb,Sd] ; \ 
XziCoap tZzl) 

Pr("4"] 
Proc () 

Flnd('R4,43 

Pr("5"l 
Proc() 

R2 
denotes the Ricci tensor. 

R2(Sa_*Natp(Sa),Sb_»Natp(Sb)):iR2(Sa,Sb] i (Lcl (Zz,Zau,Znu]; \ 
Zz t GU(Zau,Znu] R4 (Zau,Sa,Znu,Sbl; Coap (Zzl) 

FJnd(R2(,33 

R 
denotes the contraction of the Ricci tensor. 
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XTensor 2 

R : : R : ( L c l [ Z z , Z a u , Z n u ] f Z z : G U [ Z a u , Z n u l R 2 ( Z a u , Z n u l ; C o a p t Z z l ) 
R 

Coap 

performs component manipulations. 

Coap ( S x l : : S [ $ x , j Z r l , Z r 2 , Z r 3 , Z r 4 , Z r 5 , Z r 6 , Z r 7 , Z r 8 ) , I n f ] 

Z r l : G a I S a _ » N a t p t S a l , S b _ * N a t p t S b l 1 - - > G L t S a . S b l 

Z r 2 : G a P S a _ * N a t p [ S a ] , * S b _ a N a t p ( S b l 1 - - > C U ( S a , S b l 

Z r 3 : G a [ $ $ i , " S a u l - - > 0 

Z r 4 : S f ( S S i 1 , S a u , S S i 2 1 Sg ( S S j 1 , * S a u , S S j 2 ) - - > \ 
( L c l ( Z 1 , Z 2 ] ; \ 
I f [M> t S a u 101 = ' H a r k l * ~ P [ ' S f = ' G U I ,D i s t t S u n t S u a [ \ 

G U ( Z 1 , Z 2 1 S f t S S i l , Z l , S S i 2 1 S g t S S j 1 , Z 2 , S S j 2 1 \ 
, (Z2, i ,o in ) i , ( z i , i , o i n ) i , {nul t ,P ius ,p ius j i i ) 

Z r 5 : S f t S S i l , x S a u _ * N a t p t S a u l , S $ i 2 ) — > \ 
( L c l ( Z l l ; \ 
I f [ M d ' S f . ' G U l , D i s t ( S u a [ \ 

C U t S a u . X l l Sf ( S $ i l , Z l , S S i 2 1 \ 
, ( Z l , 1 , D I M ) 3 , ( f l u l t , P l u s , P l u s ) ] ) ) 

Z r 6 : S f ( S S i , ' " l e u _j*Na t p [ S a u l 1 - - > ( L c I ( Z l l ; I f CS» [ ' S f a ' G U I , Sua [ \ 
GU ( S a u , Z l l S f [ $ S i , ^ Z l ) , { Z l , l , D i n ) ] ) 

Z r 7 : S f [ S i , % N S a u _ » N a t p ( S a u l 1 - - > \ 
( L c l ( Z 1 . Z 2 1 ; \ 
I f [ ~ P ( ' S f = ' G U ] , D i s t ( \ 

D t t S f t S i l . C O I S a u l l - S u a t S u a t N 
G U t Z l , Z 2 1 C h r L ( Z l , S i , S a u l S f ( Z 2 ] \ 

, ( Z 2 , i , o i n ) i , ( z i , i , o i n ) ] , { n u i t , P i u s , P l u s ) ] ] ) 

Z r B : S f t S S i , v " S a u _ » N a t p t S a u l 1 — > \ 
( L c l I Z 1 , Z 2 , Z I , Z z l ; \ 
I f [ * f I ' S I a ' G U I , 0 i s t ( \ 

Dt ( S f ( S i l , C 0 ( S a u l 1 - ( Z l : ( S i ) ; S u a ( Z z : Z l ; \ 
Z z ( 0 1 i 'S)f | S u a I I I t i l l t v I 2 t \ 
R s ( Z z l C h r L ( Z 2 , Z l , S a u l \ 

, ( Z 2 , l . D i n j l , ( Z 1 , 1 , L a n ( Z l l ) l ) , j n u l t . P l u s . P l u s j l l ) 
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XTerm 

XTerm 

Terminal as standard output 

T.Shaw 
Sep 1981 

O p a n [ ( , , ( . 1 3 ) ) ) 



L-L 

XTern 

XTern 

Balanced ternary representation 

S.Wolfram and P.Leyland 

Jan 1982 

TernLn] 

generates a balanced ternary representation of the integer n. 
T e r n t S n _ » I n t p t $ n ! 1 i t ( L c I ( Z t o t , Z r e s , Z i 1 ; \ 

X r e s : S n + (3~Ce i I ( I ( L o g (Rbs ( S n l , 3 1 + 2 3 3 - 1 ) / 2 ; \ 
F o r t Z i r l , Z r e s ~ = 8 , I n c I Z i l , Z t o t [ Z i 3 : H o d ( Z r a s , 3 3 - 1 ; \ 
Z r e s : C e i I ( Z r e s / 3 1 1 j R a v ( Z t o t l ) 

[Knuth, vol 2 (2nd ed)] 

#111) I t <XTern 

# 1 ( 2 ) I I T e r n d 2 3 4 5 1 

# 0 ( 2 1 : ( 1 , - 1 , 0 , - 1 , 0 , - 1 , 1 , 1 , - 1 , 1 . 1 2 7 7 7 a - - 1 0 ) 

Misfeatures: example shows numerical error 

•Mi a*!« ' " 



XToTop 

XToTop 

Tensor index rotation 

S.Wolfram 

T o t o p ( S t ) t i ( [ S n l : : flr(Cyc[flr(Sn,Dia[St33,-13,St ( S S I , $ 1 3 3 ) 

Rotate tensor index to top 

^ 

s _ 

ZLS 
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XToTop.new 

XToTop.new 

Tensor index rotation 

S.Wolfram 

T o t o p t S t l : : { t S n l : : B r t C y c t f l r I S n , 0 i a I S 1 1 1 , - 1 1 , S t t S S I , S l l 1 j 

Rotate tensor index to top 

-
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XTr l 

- XTrl 

Triangular list generation 

group — sequences — cumulative lists 

S.Wolfram 
Jan 1982 

Tri Uistl 
form a triangular list from sequences of successive entries of list. 

Tr i (S I i s t j L i s t p [ $ l i s t l ] : : flr [Len t$ I i s 11 , flr t S I , S I i s 11 1 

• UnF l a t ; XSubI 

# 1 ( 1 1 I I <XTri 

# 1 ( 2 ) I I flrlS! 

# 0 ( 2 1 i ( 1 , 2 , 3 , 4 , 5 ) 

# 1 ( 3 3 : : T r i ( Z l 

# 0 [ 3 1 t j ( l ) , ( 1 , 2 ) , ( 1 , 2 , 3 ) , ( 1 , 2 , 3 , 4 ) , { 1 , 2 , 3 , 4 , 5 j ) 

••BBBBBBJBBS. 



XTr i g 

^ XTr i g 

Trigonometric functions 

S.Wolfram 
Feb 1982 

Misfeatures: Sin[17Pi/12] does not simplify completely, perhaps through multiple get confu
sions 

Periodicity relation 
S i n [ ( S n _ F N u a b p [ S n 3 8 S n > 2 ) P i ) i S i n ( n o d [ S n , 2 3 P i ] 

Special values 
S i n [ ( S n _ * R a t p t S n , 1 2 ) 8 l < S n < 2 ) P i ] : - S i n t S n P i - P i ] 

S i n ( ( S n _ » R a t p ( S n , 1 2 3 8 1 / 2 < Sn < 1 > P i l i Cos [ S n P i - P i / 2 3 

S i n t P i / 1 2 1 : ( S q r t 1 3 1 - 1 ) / ( 2 S q r t ( 2 ) ) 

S i n ( P i / 6 1 : 1 / 2 

S i n ( P i / 4 1 : 1 / S q r t ( 2 1 

S i n t P i / 3 ] : S q r t t 3 1 / 2 

S i n t 5 P i / 1 2 1 t ( S q r t ( 3 ) + 1 ) / ( 2 S q r t ( 2 ) ) 

[CRC p 227] 
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XTr igR 

XTr i gR 

Further trigonometric functions 

versine - haversine 

S.Wolfram 
Feb 1982 

V e r s t S a ) I 1 - C o s t S a ] 

H a v I S a l i V e r s t S a l / 2 

E x s e c t S a ) : S e c t S a ) - 1 

C o v a r s t S a ! : 1 - S i n [ $ a l 

C i a ( S a ] t C o s ( S a l + I S i n l S a l 

[CRC p. 226] 

--BM.iJBjBjj.i ...... JM>i^jjBAg.L_'aM|iaj.jiij 
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XTup 

n-tuples 

S.Wolfram 
Jul 1981 

Jupo[tot,nl 
yields a list of all possible ordered n-tuples of tot elements. 

T u p o [ $ t o t _ » N a t p ( S t o t l , S n _ * N a t p [ $ n ] 1 i : T u p o ( S t o t , S n l : \ 
C a t [ T u p o ( S t o t - l , S n l , n a p ( C a t [ S l , ( S t o t ) ] , T u p o ( S t o t - l , S n - l ] ] ] 
T u p o t S t o t . O l i ( ( ) ) 
T u p o t S t o t , S n _ » ( $ n > $ t o t ) ) I ( { 

Tup [tot, n l 
yields a list of all possible unordered n-tuples of tot elements. 

_ J u p ( I n i t ) i t < X L i s t 8 
T u p [ $ t o t _ * N a t p [ S t o t ! , S n _ » N a t p t S n l 1 i t T u p [ S t o t , S n l t \ 

C a t [ T u p ( S t o t - 1 , S n l , F l a t t n a p t f l r [ S n , I n s [ S t o t , S l , S 2 1 ] , \ 
T u p ( S t o t - l , S n - l l ) , 1 1 1 

T u p I S t o t , 0 ] : { { ) ) 
T u p I S t o t , $ n _ # ( S n > $ t o t ) ) : { { 

lupa [tot, nl 
yields a list of unordered n-tuples of tot elements, allowing repetitions of an ele
ment. 

T u p a ( S t o t , S n l : : F I a t ( B r [ f l r ( S n , S t o t l , L i s 1 3 , S n - 1 3 

Pairs [foil 
yields a list of all possible partitionings of tot elements into pairs. 

_P a i r s ( I n i 11 i t < X S e t s 
Pa i r s [Sn_j=Na t p t S n / 2 1 1 : : \ 

U n i o n ( n a p [ S o r t , T r a n s [ ( T u p o [ S n , S n / 2 1 , \ 
H a p ( C a p I ( S I , f l r [ S n l 1 , T u p o ( S n , S n / 2 ] ] ) , S n / 2 1 , 2 1 1 

# I ( l ) i t OCTup 

#112)11 Tupo(3 ,21 

# 0 ( 2 1 : ( ( 1 , 2 ) , ( 1 , 3 ) , { 2 , 3 ) ) 

# I I 3 ) : t Tup(3 ,21 

# 0 t 3 1 t j ( 2 , 1 ) , ( 1 , 2 ) , ( 3 , 1 ) , ( 1 , 3 ) , ( 3 , 2 ) , ( 2 , 3 ) { 

# I [ 4 1 t t T u p a ( 3 , 2 1 

# 0 I 4 ) t ( ( 1 , 1 ) , ( 1 , 2 ) , ( 1 , 3 ) , ( 2 , 1 ) , ( 2 , 2 ) , ( 2 , 8 ) , ( 3 , 1 ) , ( 3 , 2 ) , ( 3 , 3 ) ) 

# I I 5 3 t : P a i r s ( 4 ] 

# 0 ( 5 ] i J } ( 1 , 2 ) , ( 3 , 4 ) ) , { { 1 , 3 ) , { 2 , 4 ) ) , } ( 1 , 4 ) , { 2 , 3 ) ) ) 

mmmmmmmmmwmmmmmmmmmm 
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XTuring 

XTur ing 

*» Turing machine simulation 

S.Wolfram 
Jul 1981 

Tape Ul 
is the ith symbol on the data tape. (Tape [ t i 1:1 defines a tape consisting solely 
of l's.) 

Spec [stlfSymbll 
is of the form [symb2,st2] and specifies that when the machine is in state stl and 
reads the symbol symJbl from the tape, it writes symb2 in place of symbl on the 
tape, and makes a transition to state st2. The machine halts when no applicable 
Spec exists. 

Left 
is a special symbol which when read causes the tape to advance under the reading 
head one symbol to the left. 

Right 
is a special symbol causing the tape to advance to the right. 

The symbol Null represents a blank position on the tape. 

Start [pas.stffl 
starts the Turing machine in state stO and at position pos on the tape; if the 
operation of the machine terminates, it yields the final position and state. 

S t a r t ( S p o s , S s t 0 3 i t ( L c I [ Z p o s , Z s t 1 ; Z p o s t S p o s ; Z s t : S s t 0 ; \ 
R p t ( N e x t t S p e c t Z s t . T a p e t Z p o s l l ] , I n f l ; ( Z p o s . Z s t { ) 

Next t$x_ i :~Va Ip ISx ] 1 l l R e t d 
Next [ 
Next [ 
Next ( 

L e d , S s t ) l i t ( Z s t i S s t ; Dec (Zpos) ) 
R i g h t , S s t j ) t t ( Z s t i S s t ; I n c t Z p o s ) ) 
S s y a b . S s t j ) i t ( T a p e ( Z p o s ) t S s y a b ; Z s t i S s t ) 

# 1 1 1 ) : : OtTuring 

# I ( 2 1 : t T a p a I S i _ » S i < 5 3 t l 

# 0 ( 2 1 : 1 

# 1 1 3 1 : : S p e e d , 0 1 i ( R i g h t , 1 ) 

# 0 ( 3 ) : ( R i g h t , 1 ) 

#1 (43 t i S p e e d , 1 1 i ( 0 , 2 { 

# 0 ( 4 3 t ( 0 , 2 ) 

# I I 5 1 t t S p e c ( 2 , 0 3 t ( R i g h t , 2 ) 

# 0 ( 5 1 : ( R i g h t , 2 ) 

# I l 6 1 t i S p e c ( 2 , 1 1 t ( R i g h t , 1 ) 

# 0 ( 6 ) : ( R i g h t , 1 ) 
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XTur ing 

s -
# 1 ( 7 1 : : S t a r t t l , l l 

# 0 1 7 1 , ( 5 , 1 ) 

# 1 ( 8 1 : : Tape 

# 0 ( 8 1 : ( [ 3 1 t 0 , ( l i t 0 , ( S i ( 5 > S I ) ] i 1 

_ 
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XUnFlat 

XUnFlat 

List unflattening 

S.Wolfram 
Jul 1981 

UnF I at [list, n l 
collects successive sets of n entries in list into sublists. 

UnF l a t tS I i s t _ i . C o n t p [S I i s t ] ,Sn_»Natp (Snl ] i t \ 
C a t t f l r ( ( ( 1 , L e n (S I i s t ] , S n ) ) , C a t ( f l r [ S n , S I i s t ( S l + S 2 - l ] , \ 

S l + S 2 < . L a n [ S I i s t l + l l l l l 
U n F l a t t S I i s t _ » C o n t p I S I i s t ] , S n _ » N a t p t L a n I S I i s t l / S n l 1 : : \ 

C a t t n r [ j | l , L e n [ S l i s t ] , S n { ) , f l r [ $ n , S l i s t [ S l + S 2 - l ] ] l ] 

#1 ( 1 1 : : <XUnFla t 

# 1 1 2 1 : : t t f l r t l O l 

# 0 1 2 1 : ( 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 8 ) 

# I ( 3 ) t i U n F l a t ( t , 2 ] 

# 0 ( 3 1 : ( { 1 , 2 ) , { 3 , 4 ) , { 5 , 6 ) , ( 7 , 8 ) , ( 9 , 1 0 ) j 

# 1 ( 4 1 : : U n F l a t t t , 3 1 

# 0 1 4 1 : ( ( 1 , 2 , 3 ) , ( 4 , 5 , 6 ) , ( 7 , 8 , 9 ) , ( 1 0 ) ) 



XUnmark 

XUnmark 

Mark removal 

S.Wolfram 
Jul 1981 

Unsiark [exprl 
removes all marks in expr. 

UnaarK[Saxprl n StSexpr, VS->S) 

; v_ 
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XVecan 

-^ XVecan 

Three-dimensional vector analysis 

transformation of coordinate systems — orthogonal coordinates 
curvilinear coordinates — separation of variables — partial differential equations 

S.Wolfram 
Feb 1982 

CO: list of orthonormal coordinates 
SF: list of scale factors associated with each coordinate 

(diagonal components of metric). 

VecpLvl 
yields 1 if v is a contiguous list of three elements, representing a 3-dimensional 
vector, and 0 otherwise. 

V e c p t S v l i t Contp(Sv3 8 L e n [ $ v ) « 3 

VAbs[vecl 
yields the norm (modulus) of the vector vec. 

VRbs(S I i s t _ * C o n t p [ S I i a t 3 3 i t S q r t t f l p (P I u s , S I i s t ~ 2 1 1 

Default Cartesian coordinate systea : 

CO t jx,y,zj 
SF t (1,1,1) 

Assignments for other coordinate systems: 

Cartesian coordinates 

CRR i t (COt ( x , y , l ) , 8 F l ( 1 , 1 , 1 { ) 

Circular cylindrical coordinates 

CYL i t (CO: } r , p h l , 2 ) , S F t ( l . r . l j ) 

Spherical coordinates 

8PH t t (CO: J r , t h . p h i ) , S F : ( l , r , r S i n ( t h ) j ) 

Parabolic coordinates 

PAR I I (CO: ( x l . e t a . p h i ) , S F : ( S q r t [ x i ~ 2 + e t a ~ 2 1 , S q r t ( x i ~ 2 + e t a ~ 2 1 , x i e t a ) ) 

Parabolic cylinder coordinates 

PRRCVL i t ( C 0 t { x i , « t a , z { , S F : { S q r t [ x i ~ 2 + a t a ~ 2 ] , S q r t [ x i ~ 2 + e t a ~ 2 ] , l { ) 

Elliptic cylinder coordinates 
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XVecan 

ELLCYL t i (CO: ( x i , a t a , z ) , S F ( 1 ) : S F ( 2 1 : c S q r t ( S i n h ( x i 1 - 2 + S i n t e t a ] "21 ; \ 
SF 13) :1> SF) 

Prolate ellipsoidal coordinates 

ELLPRO i t (COt ( x i , e t a , p h i ) ,SF t (c S q r t ( x I ~ 2 - e t a " 2 1 / S q r t [ x i " 2 - l l , \ 
c S q r t ( x i " 2 - e t a " 2 1 / S q r t ( l - e t a " 2 1 , c S q r t [ 1 - e t a - 2 1 S q r t ( x I " 2 - 1 3 ) ) 

Oblate ellipsoidal coordinates 

ELLOBL i t (CO: (x i , e t a , p h i ) , S F : (c S q r t I x I " 2 + e t a " 2 J / S q r t 1 1 + x i " 2 1 , \ 
c S q r t (x i"2 + e ta~23 / S q r t t l - a t a " 2 1 , c S q r t t l + x i ~ 2 1 S q r t I l - e t a " 2 1 j j 

Toroidal coordinates 

TOR t t (COt } x i , e t a , p h i j , S F d ) tSF 12) t c / ( C o s h (x I ] - C o s (a t a ] ) ; \ 
S F t 3 1 i c S i n h t x i 1 / ( C o s h t x i ) - C o s t e t a ) ) ; SF { 

Elliptic coordinates 

ELL ti (CO: jlaa.au.nuj, a II f IS Iaa): (a"2 + SIaa) (b"2 + SIaa) (c"2 + $Iaa) ; \ 
SF: (Sqrt (daa-au) (laa-nu)) / (2Sqr t (a I I f (I aa) 1 ) , \ 

Sqrt[(au-laa) (au-nu)l/(2Sqrt (el If (aul)>, \ 
Sqrt[(nu-laa) (nu-au)1/ (2Sqrt (allf (nul)) {) 

Bipolar coordinates 

BIP tt (CO: (xi,ata,z), SF11) :SF12):c/(Coshtxi)-Costeta]>j SF [33:1; SF ) 

Arc 
arc length ds~2 with respect to coordinates CO. 

Rrc : : S u a I S F ( X l l " 2 D t (CO ( Z l l 1 "2 , ( Z l , 1 , 3 )] 

Vol 

volume element dV in coordinates CO. 
Vol i : P r o d t S F I Z l l Dt ICO IZ111 , ( Z l , 1 , 3 J l 

Br ad l / l 
gradient of scalar expression/with respect to coordinates CO. 

G r a d t S f ] l l flr13,DtS•,COIS111/SF IS111 

D v g l / 1 

divergence of vector (list) /with respect to CO. 
Dvg(Sf _ * V e c p [ S n i : : S u a t D t S f t Z l l ( S F d l SF(21 SF [31 ) /SF [ Z l l "2 , \ 

C 0 [ Z D ) , ( Z l , 1 , 3 ) 1 / (SF (1) SF(21 SF [31 ) 

Cur I [fl 
curl of vector expression/with respect to CO. 

Cur I [ $ f _ , V a c p [ S f ] 1 t l \ 
( ( 0 ( S F [ 3 1 S f ( 3 1 , C 0 I 2 1 1 - D t S F ( 2 1 $ 1 1 2 1 , CO 1 3 1 1 > / (SF (21SF ( 3 1 ) , \ 
( D t S F d l S d l ] , C0(311 - D (SF[31 S f [ 3 1 , CO [ 1) 1 ) / (SF (31 SF [ 11 ) , \ 
( 0 ( S F [ 2 1 S f ( 2 1 , C O d l l - D t S F d l S f d l , CO 121 1 ) / (SF 111 SF 121 ) ) 

Lap!/] 
Laplacian of scalar expression/with respect to CO. 
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# l d 

#1(2 

#0(2 

#113 

#0(3 

# H * 

#0(4 

#116 

#0(5 

#1(6 

#0 16 

#It7 

#017 

#1(1 

#0t8 

#1(1 

L a p ( S f ) I I S u a ( D [ ( S F [ , l SF(21 SF (31 ) / S F [ Z D "2 D (Sf , CO ( Z l l 1 , \ 
C 0 ( Z 1 J 1 , ( Z l , 1 , 3 ) 1 / ( S F ( 1 1 SF I21 SF (3 ) > 

i t O V e c a n 

t t 11 ( x "2 + a y " 2 , x y " 3 , x y z ) 

2 2 3 

i ( a y + x , x y , x y z { 

i t D v g [ % ] 

2 

: 2x + x y + 3x y 

: i G r a d ( Z ) 

2 

: (2 + y + 3 y , x + 6x y , 9 ) 

t i Vol 

: D t t x ] O t t y ] D t t z ) 

l l SPH 

( ( r , t h , p h i ) , ( l , r , r S i n l t h l ) ) 

: : Vo l 
2 

: r O t ( p h i ) D t ( r l O t t t h l S i n t t h l 
l l r "2 S l n ( t h ) " 3 C o s ( p h i ) 

2 3 

: r Cos [ph i1 S i n t t h l 

: : L a p t Z l 

2 2 2 4 
- r C o s ( p h i ) S i n t t h l + 3 r C o s t p h i ] S i n t t h l 

2 2 2 
+ 9 r C o s t p h i ) C o s t t h l S i n t t h l 

# 0 ( 9 1 

# 1 1 1 8 1 : 1 E x t Z ) 

r S i n t t h l 

3 2 
# 0 1 1 8 1 : 3 C o s t p h i ] S i n t t h l - C o s t p h i ] S i n d h l + 9 C o s t p h i ) C o s t t h l S i n t t h l 

Scf tcorfl 
computes the scale factors SF for the coordinates CO from the list cart of values 
for the Cartesian coordinates x,y,z in terms of the curvilinear coordinates 
C0[1].C0[2],C0[3]. 

S c f l S c a r t I i t ( S F i f l r ( 3 ,V f lbs (D ( S c a r t , C O ( S l l 3 3 3 ) 

[e.g. UOS chap. 12; Horse &. Feshbach] 
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XUarn 

XUarn 

Warning messages 

S.Wolfram 
Jul 1981 

S x / 8 _ * P r h [ S x / 8 , " g e n e r a t e d " ! t t S x / 8 
8 " $ x _ * ( I f ( S x < 8 , P r h [ 8 " S x , " g e n e r a t e d " I ) ) t : 8 " S x 
L o g [ 8 _ i > P r h [ " L o g [ 8 1 g e n e r a t e d " ] ) t t L o g t S l 
G a a a a t $ n _ a » I f I N a t p t - S n ] , P r h t G a B a a t S n ] , " g e n e r a t e d " ) ] ] : : G a a a a ( S n l 

< S f j P r h [ S f , " f i l e u n a v a i l a b l e " ! i t < S f 

( S a : : ( S b _ a P r h ( S a : : S b , " i a p o s s i b I a a s s i g n a e n t " 1 > ) n ( S a : : S b ) 
ISa : ( S b _ * P r h [ S a t S b , " i a p o s s i b l e a s s i g n a e n t " ) ) ) t i ( S a : S b ) 

H i n v [ $ B _ » H [ L i s t p ( S a ) , P r h ( S a , " I n v e r s i o n i a p o s s i b I a "3 3 3 l l H i n v [ $ a l 

# 1 ( 1 1 : : < X U a r n 

# 1 ( 2 1 : : 2 / 8 

2 

g e n e r a t e d 
8 

2 
# 0 ( 2 1 : 

6 

'"•' " '"wvmmimmB+immimmmmmmmmmaHmmm 
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XUatch 

XUatch 

External file input tracing 

S.Wolfram 
Jul 1981 

Hatch t/i ie] 
inputs the specified external file, printing each assignment in the file before it is 
made. 

U a t c h t S f i l e l n (Se t_s Se t d _ i T r a c e ; L c d Z r ] ; Z r : < S d l e ; C l o s e d ; \ 
_Set [ T r a c e ! t _Setd [ T r a c e ] t ; O p e n t ] ; Z r ) 



XUhi 

XUhi 

Whittaker function 

S.Wolfram 
Jul 1981 

SUhi _ l L d i s t 

S U h i t l ) : U h i t t t S I , S a , S z ] - > Exp ( - S z / 2 J S z " ( l / 2 + Sa> Uh i fl d / 2 + Sa-S I , l + 2Sa , Sz) 

S U h i ( 2 1 : UhiU ( S l . S a . S z l - > Gaaaa [ - 2 $ a l /Gaaaa [ 1 / 2 - S a - S 11 Hit i (1 [Sz l \ 

+ G a B a a [ 2 S a ] / G a a a a d / 2 + S a - S I ) U h i n [ S I , - S a , S z ) 

S U h i ( 3 ) : Uh I fl (Sic, Sa , Sz l - > Exp [ - S z / 2 1 S z " ( S a + l / 2 ) Chg [ 1 / 2 + Sa-SK , l + 2 S a , Szl 

S U h i ( 4 ) I Uh l U t S I , $ a , S z l - > Exp [ - S z / 2 1 $ z " ( l / 2 + S a ) K u a U d / 2 + S a - S I , l + 2 S a , S z ) 

for special cases, see XChg and XKutnU. 

_ 

m*-w- \mi*!mmmmmm*nu... ILL. 
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I XUron 

^ XUron 

Wronskian and Jacobian 

S.Wolfram 
Jul 1981 

Uror\[[yl,y2, ...],xl 
forms the Wronskian of [yl,y2,...\ with respect to x, which must vanish if the yi are 
linearly dependent. 

U r o n t S I 1 s t , S x l : : Dot [Rr I L e n ( S I I s t ] , 0 IS I I s t , ( S x , S l - 1 ) ) 1 1 

Jacl\xl,x2,...{, [ul,u2,. . .\1 
forms the Jacobian of the transformation from [xl,x2,...\ to [ul,u2,...\. 

J a c ( S x , S u _ » L e n [ S u 3 . L e n ( S x 3 3 t i D e t [ f l r [ L a n ( S x ) , D [ S x , S u [ S l l 3 3 3 

# 1 1 1 3 i t < X U r o n 

# 1 ( 2 3 : : U r o n t j x - 2 , E x p t x ) ) , x l 

2 

# 0 I 2 ) i - 2 x E x p t x ) + x E x p ( x ) 

# 1 1 3 1 : : J a c t ( x - 2 + y ~ 2 , x ( y - l ) ) , ( x , y ) l 

2 # 0 ( 3 1 •2y (-1 + y) + 2 x 
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^ XYear 

Day numbers 

S.Wolfram 
Jul 1981 

Year [month, dayl 
gives the number of each day in a non-leap year 

Month : ( ( J a n l : 3 1 , ( F a b l : 2 8 , ( f 1 a r l : 3 1 , [ f l p r l : 3 8 , ( f 1 a y ] : 3 1 , [ J u n l : 3 8 , \ 
[ J u l l : 3 1 , ( f l u g l : 3 1 , t S a p l : 3 8 , ( 0 c t l : 3 1 , [ N o v l : 3 8 , ( D e c l : 3 1 

Year : ( L c l [ Z t 3 ; Z t : 8 ; f l r [ { { ( J a n , F e b , n a r , f l p r , n a y , J u n , J u l , f l u g , S e p , O c t , N o v , D e c | ! ) , \ 
X t + R r [ I n c ( Z t , n o n t h [ S Z l ] ] } ] ) 

# 1 ( 1 1 I t Y e a r ( R u g , 2 S 3 

# 0 ( 1 1 : 241 
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XYoung 

/ XYoung 
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Young graphs 

I S.Wolfram 
Jul 1981 

(11,12,...) e presents a Young graph with il boxes in the top row, i2 in the second 

POiaUtsrl 
yields the dimensionality of the representation of the symmetric group 
correspondi ig to the Young graph specified by list. 

PD i a t S I i s t l i t RpI 

ul& B1 a P u s p e u m e u vy ttot. 
Dp [ P l u s , S I i s t l ! * P r o d t P r o d t S I i s t d l - S I i s t t j l + j - i , 

( j , l + l , L e n ( S I i s t ) ) ] , ( i , l , L a n ( S I i s t ) ) ] / \ 
P r o d ( ( S I i s t t i l + L e n t S I i s t l - i ) ! , ( i , l , L e n t $ l i s t ) ) ] 

\Gnu\t[ygl,yg2: 
yields a list cf Young graphs occuring in the product of the representations of the 
symmetric group corresponding to ygl and yg2. 

YGfl• l t C S I l , S ! 2 ) t t ( L c l ( Z l l , Z I 2 1 ; \ 
Z l l : ( f l r t L e n t S l l l , f l r t S l l t $ l ] , 8 1 ] ) ; \ 
Z I 2 t F l a t t f l r [ L a n [ S l 2 ] , f l r [ $ l 2 ( S l ] , S l ] ] ] ; \ 
' o t Z i , L e n t Z I 2 ) , Z l l : F l a t [ f l a p ( Y G a d d [ S Z 1 , Z I 2 ( Z i 1 1 , Z l l ) , 1 1 ; \ 
> 1 1 : C a t t f l r I L a n I Z I 11 , Z l 1 I S 1 1 , , Y G 1 8 t S i l < Y G 1 1 t S I , Z I 2 ( Z i 1 1 & \ 

Y G t 2 ( S l , Z I 2 [ Z i ] ] ] ) I ; flap ( L a n , Z l l , { 2 ) l ) 

YGadd [S I i s t , S n l : : \ 
C a t [ f l r [ L a n [ S l i s t ] , Y G a d d l [ S l i a t , S l , S n ] ] , { C a t ( S l i s t , { { S n ) ) ] ) ] 
Y G a d d l ( S I i s t , S p o s , S n l : : \ 
C a t t f l r t S p o s + - 1 , S I i s t ) , ( C a t ( S I i s t [ S p o s l , (Sn ) ] ) , \ 

flr({(Spos + l . L e n I S I i s t l j j , S I i s t ] ) 

\ 

# 1 1 1 1 I I O f Y o u n g 

#112) : : YGflul t t ( 1 , 1 ) , (1 ,1{ ) 

#0 12): ( ( 2 , 2 ) , ( 2 , 1 , 1 ) , ( 2 , 1 , 1 ) , ( 1 , 1 , 1 , 1 ) ) 

# 1 ( 3 ] l I flap(PDia,Zl 

# 0 ( 3 1 : ( 3 , 2 , 3 , 3 , 1 ) 

# 1 1 4 ] : : P D i a ( ( 5 , 3 , 2 , 2 , 1 ) 1 

# 0 ( 4 ) t 2 1 4 S 8 
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XZeta2S 

Generalized Riemann zeta function 

reflection formula — Rademacher's formula 

S.Wolfram 
Feb 1982 

S Z e t a ( 2 , l l i Ze t a [Sz , Sr _»Ra t p ( S r ) ) ~ > \ 
2 G a a a a d - S z ) ( 2P i D a n ( S r i ) ~ ( S z - l ) ( S i n ( P i S z / 2 1 \ 
S u a ( C o s [ 2 Pi Sr Znl Z a t a [ 1 - S z , Z n / D a n [ S r ] 1 , { Z n , 1 , D a n ( S r i )] + \ 
C o s I P i S z / 2 ) S u a ( S i n [ 2 Pi Sr Znl Z a t a d - S z , Z n / D e n ( S r ) 1 , ( Z n , 1 , D a n ( S r ) j l ) 

[MOS sect. 1.4] 

_ 

mm. 
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XZeta2V 

XZeta2V 

Generalized Riemann zeta function 

S.Wolfram 
Feb 1982 

Definition of special values 

Z a t a ( S s , l ) : Z e t a t S s ] 

Z e t a t S s , l / 2 1 : Z a t a [ S s l / ( 2 - S s - l ) 

Z a t a t 8 , S a ) t 1 / 2 - S a 

Z a t a ( S a _ a N a t p [ S a + l ] , S a ] I - B a r ( - S a + 1 , S a ) / ( - S a + 1 ) 

Derivatives 

D ( Z a t a t S s . S a ) , ( S s , l , 8 ) ] : L o g ( G a a a a ( S a ) ] - L o g ( 2 P i ) / 2 

0 C 2 e t a [ S s . S a l , J S a , l . S b J] : - S s Z e t a [ S s + 1 , S b l 

[MOS sect. 1.4] 

* 

jBllBBjaaBajBBsSjjaaB^^ 
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XZetaR 

Functions related to Riemann 
zeta function 

sums of reciprocal powers 

S.Wolfram 
Feb 1982 

C a t b ; L i 

E t a ( S n l i ( 1 - 2 - d - S n ) ) Z a t a ( S n ) 

E t a ( 2 1 t P i ~ 2 / 1 2 

E t a ( 4 ) t 7 P I - 4 / 7 2 8 

[AS sect. 23.2] 

_ 

L a a b d a ( S n ) t ( l - 2 - - S n ) Z e t a t S n ] 

L a a b d a t 2 ) t P i ' 2 / 8 

L a a b d a t 4 1 i P i - 4 / 9 6 

[GR sect. 9.56] 

X i t S s l i S s ( S s - l ) G a a a a t S s / 2 1 / ( 2 P i - ( S s / 2 > > Z a t a ( S s ) 

WK.% 
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absolute value X fl b a 
aCb XSatsSX 
Ret XflcK 
adjacency matrix XGr 
Ad] X f la t * 
alblc... XSetsSX 

Rl Ibut XRI Ibut 

fll I XLog i c2 

antisymmetric matrix X fl a 13 
anyXflny 
Rny Xflny 
flPart X L P a r t 
APL encode /decode XCode 
APLXDap 
appendXL i s t S 
Rppar XPera8 
approximate integration XGQInt 
Rpp X L I s t S 
arbitrary accuracy X N 
arbitrary precis ion X N 
arcsXGr 
Arcs XGr 

Arc XVecan 

flrpera Xflrpara 
ARRand XRandC 

Arrou XAcK 
ASClIXChar 
astronomical dataXOrb i t 
Rsyap Xfla 13 
aUbUc. . . XSetsSX 
a \b XSatsSX 
a~«b~*c . . . XSetsSX 
basis tensor XLevi 
beginning X L i • 18 
Bal I XBel I 
binary XBase XB i t 
binned data xc i a s s 
binning XHist 
Bi tand XB i t 
B l t o r XB i t 
B l t a XBI t 
bitwise and XBit 
bitwise or X B i t 
Boolean algebra XLog icPr 

boxXBox 
boxesXPrtab I a 

Box XBox 
box XPrtab la 
BRand XRandC 

Bsub XLUP 
CanGaaXGaaaaS 
canonical form XPou 
CRpprox XCI a s s 
ca tenta te X L i s 18 
Catnua X C a t a l a n 
Cdata X D a t a l 
ceiling XRnd 

celest ial mechanics XOrb i t 
CfD XCi 
CFraclXCIass 
CFract XC lass 

CGS units xnr.s 
character strings XChar 
characterist ic polynomial X fl a 14 
Charpol XHat* 

Char XStat XStrS 

Chisholm identit ies XG 
choose H M I 
ChrL XTensor 
Church's thesis XHa 11 
CIns XStrl 

circle XBox 
Clrcla XBox 

CJoin XStrS 

Class!fy XCIass 
Class XCIass 

CLan XStrS 

Clifford algebra X FI a r z 
Cflax XC l a s s 
CRD XCIass 
Cflaan XC I aas 
Cfled XCIass 
CD in XCIass 
Cfloda XC I ass 
Caoa X S t a t 
Cap I XSets 
Cof X(1at4 
collate XBI t 
c o l a a t X P r t a b le 
column operations X 0 a a 
columnar XPr tab I B 
columnated input XDatal XData 
c o l X P r t a b l a 
combinatorial functions XBa I I 
complement X fl I ibut 
comple teness relations XFierz 
Coap XTensor 

Con f XConfus 

congruential random number generation XR fl r 
conserve memory XK I I 110 
ConsSoI XConsSoI 
ContI 9 XConti g 

continued fraction representat ion XCf 
convex polygon dissect ion XCatalan 
Con XCon 
correlation coefficient XFit 
Corr XFit 
CO XTensor 
CPosXStrl 

CQ1 XCIass 

C03 XCIass 

crea te function XFun 
crea te pattern XFun 
CRop X S t r l 
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CRav X S t r 8 
crystal energies X L a t s u a 
CSD XCIass 
CS X S t r l 
cumulative l ists XTr i 
Cua X S t a t 
Cur I XVacan 
curve fitting XGF i t XLChi2 
curvilinear coordinates XVecan 
CVar XCIass 
Dap XOap 
data analysis XFit XGF i t 
data conversion XDatal 
data presentat ion XH i a t 
dataXData 
Data XData 
OCf XCf 
Decode XCode 
D e f a u I t XVacan 
Degree XGr 
depth XLev 
derangements X S f c t l 
destroy input X ic i i 110 
destroy output XK i I 110 
determinant XLUP 
determinants XPer 
diagonal matr ices X n a 11 
diagonal matrix X fl a 13 
diagonals X fl a 12 
Dlagp Xnat3 
Oiag XMatl 
difference equations XDiff 
differential equations XLap 
differentials XIndep 
Di f f X D i f f 
digit extraction XD I g 
Dig XD i g 
dimensional analysis X fl K s 
DIR X F i e r z XTensor 
Dirac bilinear covariants XF i a r z 
Dirac gamma matrices XF I arz 
discretization XHist 
D isc XO i ac 
D i s j p XSets 
distribution over lists XLProp 
distribution XExDot 
domains XL a v 
double recursion XHof 
ORand XRandD 
DSol XDSol 
dummy symbol t e s t XGenp 
Dvg XVecan 
dynamic programming XIS a t 
EccRnoa XOrb i t 
eigenvalue equation X fl a 14 
e lectrodynamics X G 
EabedXLUP 
Encode XCode 
enter matrix X n a 11 

ent ier XRnd 
epsilon tensor XLevi 
Eqn XEqn 
ERand XRandC 
errors XCh 12 
es t imated size X L a n a x 
Euler circuits XGr 
Euler Gamma functionXGaaaaS XGaaaaV 
Euler integral of first kindXGaaaaS XGaaaaV 
EuIarp XGr 
E u I g a a XEuIgaa 
E x e a t s X S t a t 
exclusionXR I ibut 
ExDot XExDot 
existence t e s t X R n y 
ExHDot XExDot 
expansion XLenex 
Expc XStat 
explicit tensors XCon 
exponential Fit XF 11 
axpr XTEST 
extractXHask 
extrapolation X11 p 
fermion factors XFierz 
Far X P r i a a 
Feynman diagrams XG 
F i b XFib 
F i a r z X F i e r z 
figurate numbers X P o I y n u a 
fill holes XC on t ig 
fillXCont ig 
find XScan 
F i nd XTensor 
finite e lements XO i f f 
F I p e r XParaB 
first XScan 
first-order logic X L o g i c P r 
First XListB 
Fi tExp XFit 
FitPou XF it 
Fit XFit 
fixed accuracy XN 
fixed precision X N 
floor XRnd 
FN XN 
forget past XK i 1110 
form sublists XSub I 
formatting XPr tab I a 
Forward differences XDiff 
forward differences XLDiff 
four vectors XLor 
FPOM XFPow 
F r a c t XStat 
frequency XInfo 
F r a q X I n f o 
Frobenius method XDSol 
F r o a l B XBase 
function evaluation XLItp 
function fitting XGF i t XLChi2 



BBBBJ 

1769 

SMP LIBRARY / INDEX 

v _ functional form XFit 
functional independence XIndap 
Functional powers X F P o u 
Fun XFun «. 
Fz X F i e r z 
gamma matrix algebra XG 
Gaussian distribution X C h i 2 
general recursionXP.cs: 
generalized Fibonacci sequence XHof 
generalized power X fl c K 
generalized product XI t a r 
generalized sum X11 mr 
generalized trace X fl a 14 
generalized traces XCon 
generic predicate XGenp 
Genocchi XGenocch I 
Genp XGenp 
Gant r Xt la t * 
geometrical figures XBox 
G F i t XGF i t 
Ginds XG 
GL XTensor 
Gflean X S t a t 
Ga XTensor 
Golden ratio XFib 
goodness of fit XLCh i 2 
GQInt XGQInt 
Grad XVecan 
graph equivalence XGr 
graph isomorphism XGr 
graph representation XGr 
graph traversibility XGr 
groupXSubI XTr i 
GU XTensor 
H a l t p X H a l t 
Hamilton circuits XGr 
Haap XGr 
Hara XHara 
haversine XTr i f t 
head XL i s t 8 
hermitean adjoint X H a 14 
hexadecimal XBase 
histograms XC I a s s 
Hiat XHist 
hi ine XPrtab la 
HMaan XStat 
Hof XHof 
Horn XHorn 
hth ing XPrtabla 
hv XPrtab la 
incidence matrix XGr 
Indap XIndep 
indicial tensor calculus XTEx 
inner products X c o n 
Insert XL i s t e 
insoluble problem XHa 11 
Ins XL u t e 
I n t b i t XB I t 
integer conversion X B a s a 

integer equations XDios 
interactive matrix input X fl a 11 
interpolation X11 p 
Inter XSets 
int XTEST 
Inufe XPr i aa 
IRand XRandD 
Isop XGr 
i terated functions X F P o n 
iteration X l t e r 
I t e r XI tar 
I t p X l t p 
Jac XUron 
Jnua X P r i a e 
KD XTensor 
Kepler's laws XOrb i t 
kill input XKi i HO 
kill labels XK i I 110 
kill linesXKi I 110 
kill output XKi I 110 
Kl I I 10 XK i I I 10 
Kurt XStat 
Lagrangian interpolation XLItp 
lambda express ion XFun 
language analysis XInfo 
Lap XLap XVecan 
L a t s u a XLatsua 
LCH XLCfl 
LCoaf XPoly 
LdEq XLdEq 
L d e t XLUP 
LD lag XHat2 
LDi f f XLDi f f 
L0 i 9 XOig 
Ldot XLor 
LDRand XRandL 
leading zeroes XPad 
least squares fit X F i t 
ieft justify XPad 
Le f t X T u r I n g 
Lenex XLenex 
Lenlev XLev 
le t ters XChar 
Levi XLevi 
Lev XLev 
LExpt XPoly 
LIndXlnd 
linear algebra XLUP 
linear equation XLUP 
linear fit X F i t 
L t n X L i s t l 
LISP CARXL i s t * 
list e lement removal X fl I Ibut 
list substitution X L i s t l 
l ists XL i s t l 
l i s t XTEST 
L I t p 2 X L I t p 
L I t p 3 X L I t p 
L I t p X L I t p 
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L a d i v XLUP 

L a l n v XLUP 

l o o k - u p X H S e t 

Louerp XChar 
L P a d X P a d 

LPart XLPart 
LPos XListl 
L P r o d X L f l r i t h 

L P r o p X L P r o p 

L R a n d X R a n d L 

L r p t XL l i t e 

L S u b X L I a t l 

L S u a XLf l r I t h 

LS X L i s t l 

L u p XLUP 

Madelung sums XLa tsua 
make cubical XCon t ig 
make generic XFun 
make rectangularXCont ig 
make square X C o n t i g 
f t f lnoa X O r b i t 

mapping XDap 
flask XflasK 

H a t p X M a t 3 

matrices XPr tab I a 
matrix adjoint X fl a 14 
matrix classes Xfla 13 
matrix equations XLdEq 
matrix inverse XLUP 
matrix power X fl a 14 
matrix types X11 a 13 
matrixXLUP 
flaxind X I n d X f l a x l n d 

HO X S t a t 

flean X S t a t 

H a d X S t a t 

memory requirement XLenex 
I t e r XPr i a a 

Minkowski space XLor 
minors Xfia 12 
fl i n o r Xfla t 2 

model comparison X L C h 12 
model fitting XLCh 12 
modular arithmetic XQuadrea 
modulus XAbs 
H O B X S t a t 

• poly XTEST 
flpou X H a t * 

fIRd X M a t l 

mu function XScan 
multiple assignment XLProp 
flu I t s e t X S e t s 

nested functions XFPow 
network theory XGr 
Newton's method X C o n • S o I 
NF XN 

NHake XD ig 
Nflap XNMap 

nnint XTEST 

nodesXGr 
N o d e s XGr 

normal distributionXCh i 2 
flora X N o r a 

NRand XRandC 
NSol XNSol 
cumber construction XD I g 
number of equivalence relations XBe I I 
number theory functions X P o I y n u a 
Number theory XQuadres 
n u a b X T E S T 

numerical evaluation of polynomials XHorn 
numerical integration XGQInt 
numerical inversion X C o n s S o i 
numerical quadrature XGQInt 
numerical value XAbs 
o c t a l X B a s e 

operational methods XLap 
o r a c l e X H a l t 

ORand X R a n d L 

orbital elements X 0 r b i t 
ordinary differential equations X S a r S o I 
orthogonal coordinates XVecan 
pad XCon 11 g 
P a i r s XTup 

pairwise differences XLDiff 
pairwise subtractionXLO i f f 
PRp XPIot 
Pap XProj 
parameter determination XF i t 
parameter fitting XGF i t 
part extraction XLev 
partXListe 
partial derivatives XIndep 

fartial differential equations XVecan 
ause XPauas 

PCat XPIot XProj 
pcoap XParal 
PCua XRandD 
PDalta XPR 
PD ia XYoung 
PDiosXDios 
Peel XPeel 
pentagonal numbers X P o I y n u a 
Perap XPeraB 
Per XPer 
PGaaaa XPR 
physical constants XHKS 
physical quantities XO i • XHKS 
Pint XPR 
pint XTEST 
Pinv XParal 
PLaa XPR 
Plaa XPR 
P l h l s t XPIhist 
plotting XBox 
Paat XLUP 
PNoraXRandD 
pnuab XTEST 
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Po tar XPolar 
polynomial rearrangement XHorn 
polynomial roots XD i s c 
PolynuaXPolynua 
poly XTEST 
positional notation XBasa XDig 
power fit XF i t 
power series XDSol XSerSol 
power setXLPart 
Pouset XSats 
PPi XPR 
Ppou XParal 
prependXListt 
Prap XListB 
pretty-printing XEqn 
prime decomposit ion XPou 
Pr i aep XPr i aep 
printing XPrtab la 
P r a a t X P r t a b la 
probability functions X C h i 2 
Pro j e e p XMa t3 
projection matrix X fl a 13 
property XLProp 
PrTF XLogicPr 
PS i g XPR 
Psap XPsap 
PSqr t XPR 
PsSol XSerSol 
PXI XPR 
Q l X S t a t 
Q3 X S t a t 
QChi2 XCh i2 
QD X S t a t 
Qskew X S t a t 
Qtr XLUP 
Quadres XQuadres 
quantization XH i s t 
quantum field theory XG 
Quant XLog i c2 
R2 XTensor 
R4 XTensor 
Rademacher's formula X Z a t a 2 S 
radicals XPou 
radix arithmetic XBase 
Raap XRaap 
R a n g e X S t a t 
Ranap XRpo I y 
Ranup XRpo I y 
Rflr XRflr 
reclaim memory XK i I 110 
recurrence relations XRflr 
recursion test ing XHof 
recursive function theory X fl c k 
reduction XExDot 
reflection formula X Ze t a 2 S 
regions XBox 
Regression XGF i t 
Rags XGr 
Ralab XGr 

relativistic mechanics XLor 
r e m o v e X L i s t S Xflask 
rencontres numbers X S f c t l 
reorderings X R r p a r a 
R a p a r t XRepar t 
repeat XL l a t e 
repeated transformationXflat4 
replicate XListB 
replication X l t e r 
report generation X P r t a b I a 
right justify XPad 
R i g h t XTur ing 
r i n g s X Q u a d r e s 
RMS X S t a t 
Ra X L i s t B 
Rnd XRnd 
r o o t e d p l a n a r t r e e s X C a t a l a n 
R o t 2 X R o t 2 
Rot3 XRot3 
rotate XDap 
Rotf12 XRot2 
Rotfl3 XRot3 
RPad XPad 
r p t XTEST 
ruled XPr tab IB 
R XTensor 
save memory XK i I 110 
scalar products XExDot 
scalars XExDot 
scales of notation XBase 
S c a l p XExDot 
ScanXAny XScan 
Scan XScan 
Scf XVacan 
SD X S t a t 
search XScan 
selectXL i s t e Xflask 
separation of variables XVecan 
Sequence generation XRflr 
sequence positions XL i s t l 
sequences XSub I XTri 
s e t s of equations XLdEq 
S f c t l X S f c t l 
Shannon entropy XInfo 
Shan XInfo 
Shout Iaa XShout iaa 
S I gaa XPau I i 
similarity XD i a 
s imultaneous equations XLdEq 
Skeu X S t a t 
smoothing XFit X11 p 
Solar s y s t e m XOrb i t 
Soae XLog i c2 
Spare XSpare 
Spec XTur i ng 
Sqaatp XMat3 
square matrix X fl a 13 
square root XPou 
square XBox 
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S t a r t XTur ing 
state table XLog i cPr 
statistics XCh 12 XGF it 
S t a t u s X S t a t u a 
Stirling numbers XBa 11 
structural operation XLev 
sublist positions XL i s t l 
Sub I XSubl 
Subp XSets 
Sub XSets 
sums of reciprocal powers XZetaR 
symbolic-numeric interface XGQInt 
symmetric matrix X fl a 13 
symmetries X fl r p e r a 
SyapoI XSyapo I 
SyopXf la t3 
tabular dataXPr tab I a 
tabulation X P r t a b I a 
ta l l XL l e t s 
t a k e X L i s t a 
Tape XTur I ng 
TO lag XMat2 
t e a p XTEST 
Tenp XTensor 
tensor canonicalizationXTEx 
tensor symmetries XTEx 
ternary XBase 
Tern XTern 
test for any elements XAny 
text manipulation XChar XD i g 
text processing XEqnPr 
text-formatting XEqn 
TEx XTEx 
T i n v XLUP 
t k X L i s t B 
T 0 I 8 XBase 
Toflrc XGr 
ToC XPeraC 
T o l n d X Ind 
To I o u a r XChar 
ToL XInd 
ToNode XGr 
topbot X P r t a b l e 
ToP XPeraC 
total derivatives XIndep 
total length XLenex 
totally antisymmetric tensor XLev I 
trace identities X G 
trailing zeroes XPad 
transformation of coordinate systems XVacan 
triangular numbers XPo I ynua 
Trl XTrl 
TROFF XEqnPr 
truncation XRnd 
Trunc XLUP 
Tupa XTup 
tupo Xtup 
Tup XTup 
two-dimensional output XEqnPr 

type casting XN XRnd 
type coercion XN 
type conversion XN 
typesett ing XEqnPr 
U n c l a a s i fy XCIass 
unf iat tenXSub I 
U n F l a t XUnF la t 
Un ion XSots 
uni ts conversion XHKS 
units X 0 i a 
UNLXXEqnPr 
Unaark XUnaark 
Upperp XChar 
Vflbs XVecan 
Var X S t a t 
vbar X P r t a b l e 
vb lank X P r t a b l e 
VCon XG 
Vec2p XRot2 
Vec3p XRot3 
Veep XVecan 
vectors XExDot 
vers ineXTr igR 
v l i n e X P r t a b l e 
Vol XVacan 
v t h i n g X P r t a b l e 
H a t c h XUatch 
word processing XEqnPr 
words XChar 
Uron XUron 
XLChi2 XLChi2 
x_Sca l XExDot 
Ycut X P I o t 
Year XYear 
YGflul t XYoung 
ze ta functions X L a t s u a 
XflSat 
— a XSetsSX 
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ZI 
XO 
XT 
Z 
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1.3 
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6.3 
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6.3 
6.3 

1.3 

p „ ( i / , z ) P c P 

OTU)Ueiz 8 
q?(z,S,a)Lar 

3-j symbol U i g 8.6 
6-j symbol, Racah Rac 8.6 
g ( n ) C a t b 8.7 
Fix) Gaaaa 8.7 
r(ar ,a) Gamma 8.7 
y E u l e r 8.4 
0 functionOe I ta 8.3 
f f z ) Z e t a 8.7 
f ( z , a ) Z e t a 8.7 
7? function That a 8.3 
&i(u) J a c t h 8.10 
/ i i . (n)Hob 8.11 
l / ( n ) L i o 8.11 
n(fc |at)EI IP I 8.10 
TTPi 8.4 
p „ ( i / , z ) P c p 8.8 

8.10 
8.7 

^ P h i 8.4 
^ f n ) T o t i e n t 8.11 
^ ( z ) P s i 8.7 
^ n ) ( z ) P s i 8.7 
Ofc(7l)Divsig 8.11 
Ai fz ) f l i r f l i 8.8 
B(x,y)Beta 8.7 
B(x,y ,a) Be ta 8.7 
Bn(x)%*r 8.7 
fi^Bar 8.7 
B i ( z ) f l i r B i 8.8 

b e r - ( z ) +i b e i „ ( z ) K e 
Q 1 J ( 2 ) G e g 8.9 
C(z) FreC 8.8 
C h i ( z ) c o s h i 8.7 
C i ( z ) c o s i 8.7 
2? p ( z}Par 8.8 
E n f z l U a b E 8.8 
i ^ l z l E x p i 8.7 
jE n (x )Eui 8.7 
f L E u l 8.7 
E{k\t)Ei\E 8.10 
E i ( z ) E i 8.7 
er f ( z )Erf 8.8 
e r f c ( z ) E r f c 8.8 
• r j f a . r ) CouF 8.8 
, F 1 f a ; c ; z ) c h g 8.8 
2 F i ( a . b , - c ; z ) H g 8.9 
G2,(7?,r)c.ouG 8.8 

H n ( z ) S t r H 8.8 
Hn(z) Her 8.8 

I be 8.6 

tf^fzHesHl 8.8 
/ / ^ ( z ) B e s H 2 8.8 
/ n ( z ) B e s I 8.8 
J n ( z } f l n g J 8.8 
Jk(n) Jor 8.11 
Jn(Z)iesJ 8.8 
J n ( z ) B e s j 8.8 
A"n(z)BesK 8.8 
fcy(z)Batk 8.8 
K(k\t)Emi 
k e r n ( z ) + i k e i n ( z ) K e i k e 
L „ ( z ) s t r L 8.8 
J y ° ) ( z ) L a g 8.8 
hL(z)L\ 8.7 
l i ( z ) L o g i 8.7 
M,TrAz)uh\n 8.8 
FT*'(Z)J«CP 8.9 

P ( ' u ) U e i P 8.10 
OT"(z)L.gP 8.9 
S * m > S t i 2 8.6 
S ^ S t i l 8.6 
S ( z ) F r e S 8.8 
S m . n ( z ) L o a 8.8 
S h i ( z ) S i n h i 8.7 
S i ( z ) S i n i 8.7 
S n ( x l m ) etc . Jacflm 8.10 
r „ ( z ) C h e T 8.9 
T(m,n,z)lor 8.8 
Un(x)cttaU 8.9 
i7C/(a ,6 ,z )KuaU 8.8 
> y , m ( z ) u h i U 8.8 
( x ) ^ Poc 8.7 

esY 8.8 
sy 8.8 

-~a XSetsSX 
abort 1.5 
absolute value fl b s 8.3 
absolute value X fl I • 
Abs 8.3 
aCb XSetsSX 
acces s checking A.7 
accuracy 2.1 
flck XAck 

Rcosh 8.5 
flcos 8.5 
Acoth 8.5 
flcot 8.5 
flcsch 8.5 
flcsc 8.5 
adding parts 3.2 
addi t ionPius 8.2 
adjacency matrix XGr 
fldj XMat4 
flex 7.10 
flgd 8.5 
a l b l c . . . XSetsSX 
aid 1.2 

8.8 

(* )n f o e 
y n ( z } B e , 
3/n(z)B«> 
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_ flirfli 8.8 
flirBi 8.8 
Airy function flirfli 8.8 flirBi 8.8 
fl I I b u t Xfll I b u t 
fll I XLog ic2 
ambiguity, input 1.1 
ambiguous output 2.12 
analogue device 10.4 
analyse expression flex 7.10 
And 5. 
Anger functionflngJ 8.8 
flngJ 8.8 
angle brackets 0. 
antisymmetric matrix X n a 13 
antisymmetric ordering fl s y a 7.7 
antisymmetric tensor S i g 9.6 
anyXAny 
Any XAny 
APar t XLPar t 
APL encode /decode XCode 
APLXDap 
append Cat 7.7 
appendXL i s t e 
Apper XPerm8 
application of expressions 2.7 
apply rules 3.1 
apply Ap 7.2 
apply, multiple flap 7.2 
approximate integration XGQInt 
approximation A x 9.5 
approximation, series 9.5 
App XL i s t e 
Ap 7.2 
arbitrary accuracy XN 
arbitrary expressions 2.6 
arbitrary length integer B 2.1 
arbitrary magnitude number A 2.1 
arbitrary precision number F 2.1 
arbitrary precision X N 
arcsXGr 
Arcs XGr 
Arc XVecan 
Arap 3.3 
arguments, variable number of T i • r 7.7 
arithmetic functions 8.2 
flrpera X f l rpera 
ARRand XRandC 
arrange Sor t 7.7 
array generation A r 7.1 
arrays 2.4 
arrays, definition of 3.2 
Arrou XAck 
Ar 7.1 
ASCII codes A 5 
ASCII XChar 
Asech 8.5 
Asec 8.5 
As inh 8.5 
As in 8.5 

assemble As 7.3 
assertion testing Is 5. 
assertions 3.2 
assertions, relational 5. 
assignment 3.2 
assignment, property P r u t 4. 
assignment, type Ty • a t 4. 
assistance 1.2 
associative functions 2.6 
associative F l a t 7.7 
associativity 2.10 2.11 
assume P 5. 
assumption, character 7.6 
assumptions 3.2 
assumptions, relational 5. 
astronomical data X 0 r b i t 
Asyap XMa t 3 
Asya 7.7 
asynchronous operations 10.9 
As 7.3 
Atanh 8.5 
Atan 8.5 
attr ibutes 4. 
At 7.2 
aUbUc. . . XSetsSX 
automatic variables Lcl 6.3 
Axes 10.2 
fix 9.5 
a \ b XSetsSX 
fl 2.1 
a ~ * b ~ * c . . . XSetsSX 
bases 9.1 
basis tensor XLevi 
Bateman function B a t k 8.8 
Batk 8.8 
beginning X L i a 18 
Be I I XBe I I 
Bernoulli numbers Ber 8.7 
Bernoulli polynomials Ber 8.7 
Ber 8.7 
BesHl 6.8 
BesH2 8.8 
BesI 8.6 
BesJ 8.8 
Besj 8.8 
BasK 8.8 
Bessel function, irregular spherical B a • y 8.8 
Bessel function, irregular B e • Y 8.8 
Bessel function, modified BesI 8.8 BasK 8.8 
Bessel function, regular spherical Besj 8.8 
Bessel function, regular BesJ 8.8 
BasY 8.8 
Besy 8.8 
beta function Beta 8.7 
B e t a 8.7 
biconditional, logical Eq 5. 
big floating point number F 2.1 
big integer B 2.1 
big number fl 2.1 
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binary file 10.7 
binary operator 2.11 
binary XBase XBi t 
binned data XCIass 
binning XHist 
binomial coefficient Comb 8.6 
B i tand XB i t 
B d o r X B i t 

bitpad 10.4 
B i t s XB i t 

bitwise and XBit 
bitwise or X B i t 
b lankNuii 2.2 
block A 6 
blocks 6.3 S i z e 10.8 
Boolean algebra X L o a i c P r 
boolean operations 5. 
boxXBox 
boxes X P r t a b l e 
Box XBox 
box XPr t a b l e 
braces 0. 2.4 
bracket levels 1.7 
BRand XRandC 

break 1.5 
browse Dsp 10.6 
Bsub XLUP 
bug report Sand 10.6 
bytes A. 6 
B 2.1 
C language 10.7 
call, function 2.3 
call, procedure 2.3 
CanGam XGammaS 
canonical form R e o r 7.7 
canonical form XPou 
canonical ordering Ord 5.Reor 7.7 
C A p p r o x X C I a s s 

Cartesian "product", generalized Outer 9.6 
Cartesian product 0 au 11 8.2 
Catalan beta function C a t b 8.7 
Catalan's constant C a t a l a n 8.4 
Catalan 8.4 
Catb 8.7 
catenate Cat 7.7 
ca tenta te X L i s 18 
Ca tnum X C a t a l a n 

C a t 7 .7 

Cb 7.9 
C d a t a X D a t a l 

ceiling XRnd 
C e i l 8.3 
celestial mechanics XOrb i t 
C f D XCf 
C F r a c l X C l a s s 
C F r a c t X C I a s s 

Cf 9.5 
CGS units XMKS 
chameleonic express ion 2.8 

^ 

chameleonic symbols 2.2 
Cham 4. 
change directory D i r 10.6 
channels, input /output A.3 
character codes A 5 
character determination 7.6 
character manipulation 10.5 
character replacement 2.11 
character strings XChar 
characterist ic polynomial X fl a 14 
characteristics 4. 
C h a r p o I X M a t 4 
C h a r X S t a t X S t r S 

Chebychef function of first kind Ch eT 8.9 
Chebychef function of second kind C h a U 8.9 
CheT 8.9 
CheU 8.9 
Chg 8.8 
Chisholm identities XG 
choose s ta tement S • I 6.1 
chooseXMask 
C h r L X T e n s o r 

Church's thes is XHalt 
CIns XStr l 
circle XBox 
C i r c l e XBox 
CJo i n X S t r 8 

C I a s s i f y X C I a s s 
C I a s s X C I a s s 

Clebsh-Gordan coefficient U i g 8.6 
CLan X S t r B 
clicks A. 6 
Clifford algebra X F i e r z 
Clock 10.9 
C l o s e 10.3 
Cflax XC I a s s 
CMD X C I a s s 
C f l e a n XC l a s s 

CMed X C l a s s 
CM i n X C I a s s 
CMode XCIass 
C a o a X S t a t 

Cap I XSets 
code 10.7 
code file 10.7 
code files A.4 
Code 10.7 
coefficient Co• f 7.9 
coefficient, numerical N c 7.9 
C o e f 7 . 9 

C o f X H a t 4 

collate XBi t 
collect terms Cb 7.9Col 7.9 
col lect F a c 9.1 
collections 2.4 
collective function L d i s t 7.7 
c o I ma t X P r t a b I e 

column operations X 0 a p 
columnar XPr tab I e 
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c o l u m n a t e d input XDa ta l XData 
Col 7.9 
co I XPr t a b l e 
combinatorial coefficient Co ab 8.6 
combinatorial functions 8.6 
combinatorial functions XBe I I 
combine denominator Rat 7.9 
combine expressions Share 10.8 
combine lists Cat 7.7 
combine memory Share 10.8 
combine C b 7.9 
Coab 6.6 
commands, monitor A.3 
commentary 1.2 
comments 2.9 
comments, external file A.2 
common denominator Rat 7.9 
common elements I n t e r 7.7 
common subexpressions S h a r e 10.8 
communication S e n d 10.6 
commutative functions 2.6 
commutative Conn 4. 
Coaa 4. 
compilation 10.7 
compiled Cons 10.7 
complement X R I Ibut 
Complementary error function E r f c 8.8 
completeness relations X F i a r z • 
complex conjugate C on j 8.3 
complex number C x 2.1 
compliment Sand 10.6 
compulsory filters 0. 
computed goto statement S e I 6.1 
Coap XTensor 
concatenate C a t 7.7 
concurrent evaluation S i r 4. 
conditional, logical I m p 5. 
conditionals 6.1 
conditions on generic symbols Gen 4. 
confluent hypergeometric function Chg 8.8 
Conf XConfus 
congruential random number generation XRflr 
conjugate C o n j 8.3 
conjunction, logical find 5. 
Con j 8.3 
conserve memory XK i 1110 
ConsSo I XConsSoI 
constant Const 4. 
constants, mathematical 8.4 
construction of programs 10.7 
Const 4. 
Cons 10.7 
Cons 4. 
contains I n 7.5 
content determination 7.5 
contents of expression flex 7.10 
contents, list of C o n t 7.5 
contiguous list, test for Con tp 7.6 
contiguous lists 2.4 

contiguous, make list Ca t 7.7 
Con t i g X C o n t i g 
continuation lines 1.1 
continue Rat 6.3 
continued fraction approximation C f 9.5 
continued fraction representation X C f 
contour plot Graph 10.2 
Contp 7.6 
contraction Inner 9.6 
control of operations 2.5 
control of simplification 3.1 
control s tructures 6. 
control transfer J mp 6.3 
controlled evaluation 3.3 
Cont 7.5 
conventions 0. 
conventions, external files A.2 
conversion to polynomial fl x 9.5 
conversion, number A.3 
conversion, program 10.7 
convert list to projection fls 7.3 
convert projection to list D i s 7.3 
convex polygon dissection XCatalan 
Con XCon 
copy file Save 10.6 
copy Open 10.3 
core management 10.8 
coroutines 6.3 
correction 1.7 
correlation coefficient XFit 
C o r r XF i t 
C o s h i 8.7 
Cosh 8.5 
cosine integral function Co• i 8.7 
Cosi 8.7 
Cos 8.5 
Coth 8.5 
Cot 8.5 
CouF 8.8 
CouG 8.8 
Coulomb wave function, irregular CouG 8.8 
Coulomb wave function, regular CouF 8.8 
CO XTenso r 
CPos X S t r l 
CQ1XClas s 
t 0 3 X C I a s s 
create function XFun 
create pa t te rn XFun 
CRap X S t r l 
CRev XStrB 
criterion 2.7 
criterion for pat tern matching Gen 4. 
crystal energies X L a t s u a 
Csch 8.5 
Csc 8.5 
CSD X C I a s s 
CS X S t r l 
cumulative lists X T r i 
Cua X S t a t 
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Cur I XVecan 
currying Tier 7.7 
cursor operations 10.4 
curve fitting XGF i t XLChi2 
Curve 10.2 
curvilinear coordinates XVecan 
CVar XClass 
Cx 2.1 
cycle C y c 7.7 
Cycl ic 7.7 
Cyc 7.7 
Dap XDap 
data analysis XFit X G F i t 
data conversion XDatal 
data point Err 2.1 
data presentation XH i s t 
data types Ex t r 4. 
dataXData 
database 1.2 
Data XData 
DCf XCf 
deassignment 3.2 
debug output Trace 4. 
debugging aids 10.10 
declaration 3.2 
declaration, character 7.6 
declaration, type T y • a t 4. 
decode Exp I 10.5 
Decode XCode 
decrement Dec 3.2 
Dec 3.2 
default directories A.7 
default Nul l 2.2 
defaults 0. 
D e f a u l t XVecan 
deferred simplification 3.5 
define rules 3.2 
defining values 3.2 
definite integration I n t 9.4 
degrees Dag 8.4 
Degree XGr 
Deg 8.4 
delayed assignment 3.2 3.2 
delete parts Del 7.3 
deleting parts 3.2 
0e I ta 8.3 
Del 7.3 
denominator D e n 7.9 
denominator, common Col 7.9 R a t 7.9 
Den 7.9 
depth 2.5 Dep 7.4 
depthXLev 
Dep 7.4 
derangements X S f c t l 
derivative, partial D 9.4 
derivative, total D t 9.4 
destroy input X K i I 110 
destroy output XK i I 110 
determinant 0 a t 9.6 

determinant XLUP 
determinants XPer 
Det 9.6 
device-independent graphics A. 5 
D f c t l 8.6 
diagonal matrices X fl a 11 
diagonal matrix X M a 13 
d iagonal izat ionSiatran 9.6 
diagonals X fl a 12 
D i agp Xtla t 3 
Diag XMatl 
difference equations XDiff 
differential equations XLap 
differential, total D t 9.4 
differentials XIndep 
differentiation constant Const 4. 
differentiation D 9.4 
Di f f X D i f f 
digamma function P s i 8.7 
digit extract ion XD i g 
Dig XD ig 
dilogarithmLi 8.7 
dimensional analysis XHKS 
dimensions D i m 7.4 
Dim 7.4 
DIM X F i e r z XTensor 
Dirac bilinear covariants XFierz 
Dirac function D e l t a 8.3 
Dirac gamma matr ices XFierz 
directories, default A 7 
directory D i r 10.6 
Dir 10.6 
disassemble D i s 7.3 
discretization XH i s t 
Disc XD i sc 
0 i s j p XSets 
disjunction, logical Or 5. 
disk file 10.3 
display 10.2 P r 10.1 
display file Dsp 10.6 
display operations 10.4 fl t 7.2 
distribution 7.8 D i s t 7.8 
distribution over lists XLProp 
distribution XExDot 
distribution, p o w e r P o u d i s t 7.8 
distributive, list L d i • t 7.7 
distributivity 7.8 
D i s t 4. 
D i s t 7.8 
D i s 7.3 
divide, matrix fl d i v 9.6 
divisionDiv 8.2 
division, polynomial P d i v 9.1 
divisor function D i v s i g 8.11 
divisors D i v i s 8.11 
fifvia 8.11 
D i v s i g 8 .11 
Div 8.2 
do loop D o 6.2 
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documentation 1.2 2.9 
documentation, external file A.2 
domains 2.5 
domains XLev 
dot product Dot 8.2 
Dot 8.2 
double factorial D f c 11 8.6 
double recursion XHof 
Do 6.2 
ORand XRandD 

draw 10.2 
DSo I XDSol 
Dsp 10.6 
Dt 9.4 
dummy expressions 2.6 
dummy index 2.8 
dummy symbol tes t XGenp 
dummy symbols 2.2 
Dvg XVecan 
dyads 2.4 
dynamic programming X fl S e t 
D 9.4 
E function, MacRobert M a c E 8.9 
Eccflnon XOrb i t 
echoing 1.1 
Edh 10.5 
edit held form Edh 10.5 
edit mode 1.7 
edit Ed 10.5 
Ed 10.5 
eigenvalue equation X M a 14 
eigenvectors E i g 9.6 
Eig 9.6 
Ei 8.7 
elaboration 1.2 
electrodynamics X G 
element of list Elem 7.3 
element of I n 7.5 
elementary functions 8.5 
e lements , list 2.4 
Elem 7.3 
elimination of equations S o I 9.3 
El IE 8.10 
ellipses Seq 7.1 
Elliptic functions, Jacobian Jacfln 8.10 
Elliptic integral of first kind Ellk 
Elliptic integral of second kind E I IE 8.10 
Elliptic integral of third kind E I IP i 8.10 
El |K 8.10 
E l l P i 8.10 
else If 6.1 
Eabad XLUP 
encasement type extension E x t • 4. 
encode lap l 10.5 
E n c o d e XCode 

end job 1.5 
end Ex i t 10.6 
enter matrix X H a 11 
entier function F l o o r 8.3 

entier XRnd 
entries , list 2.4 
epsilon tensor S i g 9.6 
epsilon tensor XLev i 
Eqn XEqn 
equality E q 5. 
equality, numerical N e q 3.4 
equals 3.2 
equation E a 5. 
equations, solution of So I 9.3 
equivalence, expression 2.6 
equivalence, numerical N e q 3.4 
Eq 5 . 
E R a n d XRandC 

erase 3.2 
Erfc 8.8 
E r f 8.8 
error correct ion 1.7 
Error function Erf 8.8 
Error function, complementary Erfc 8.8 
error, input 1.1 
errors X C h i 2 
errors , number with Err 2.1 
Err 2.1 
escapes , monitor 1.6 
es t imated size XLenex 
Euler circuits XGr 
Euler gamma function Gamma 8.7 
Euler Gamma function XGammaS XGammaV 
Euler integral of first kindXGaaaaS XGaaaaV 
Euler numbers Eu I 8.7 
Euler polynomials Eu I 8.7 
Euler's constant Eular 8.4 
Etiler's tot ient function Tot i en t 8.11 
Euler-Mascheroni constant Eu ler 8.4 
EuIerp XGr 
Eular 8.4 
EuI gam XEu I gam 
Eul 8.7 
evaluation 3.1 
evaluation, order of 3.1 S mp 4. 
even number, t e s t for Evenp 7.6 
even ordering S y • 7.7 
Evenp 7.6 
Ev 3.7 
exact integer B 2.1 
E x c e s s XStat 
exclusion XR i ibut 
exclusive or X o r 5. 
ExDot XExDot 
executable file 10.7 
execute Run 10.6 
ex is tence tes t X R n y 
exit 1.5Ret 6.3 
exit codes A.7 
E x i t 10.6 
ExMDot XExDot 
expansion 7.8 0 i s t 7.8 
expansion XLenex 
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expansion, power P o u d i s t 7.8 
Expc XStat 
Expi 8.7 
explicit tensors XCon 
explode E x p I 10.5 
Exp l 10.5 
exponentExpt 7 . 9 P O H 8.2 
exponential fit XFit 
exponential function Exp 8.5 
exponential integral E i 8.7 Expi 8.7 
exponential notation 2.1 
expression size S i z e 10.8 
expressions 2.5 
expr XTEST 
Expt 7.9 
Exp 8.5 
extension, type E x t r 4. 
external commands 1.6 
external file conventions A.2 
external file directory D i r 10.6 
external file information 1.2 
external file, copy Save 10.6 
external file, display Dsp 10.6 
external file, save Save 10.6 
external files 1.4 A.2 
external operations 10.6 A.3 
external program Run 10.6 
external programs 1.6 
E x t e 4. 
extract XMask 
extraction, part 7.3 
extrapolation X11 p 
E x t r 4. 
Ex 7.8 
E 8.4 
factor Cb 7.9 Fac 9.1 
factor, numerical N c 7.9 
factorialFct | 8.6 
factorial, double D f c 11 8.6 
factorial, generaUzed Gamma 8.7 
factors of number N f a c 8.11 
Fac 9.1 
false 5. 
Fct l 8.6 
fermion factors XFierz 
For XPr iae 
Feynman diagrams X G 
F i b XFib 
F I e r z X F i e r z 
figurate numbers X P o I y n u a 
file 10.3 
file characterist ics Open 10.3 
file directories, default A. 7 
file directory D i r 10.6 
file information 1.2 

code 10.7 
copy Save 10.6 

file, program 10.7 
files 1.4 

fill holes X Cont ig 
fill X C o n t i g 
filter collection T i e r 7.7 
filters 2.3 A.3 
find part Pos 7.3 
find result 2.3 
find XScan 
F i nd XTensor 
finite e lements XDiff 
F iper XPeraB 
first XScan 
first-order logic X L o g i c P r 
F i r s t X L i s t B 
Fi t E x p XF i t 
Fi tPou XF i t 
F i t X F I t 
fixed accuracy XN 
fixed precision X N 
flat functions 2.6 
f l a t t e n F l a t 7.7 
F l a t 4. 
F l a t 7.7 
floating point numbers 2.1 
floor XRnd 
F l o o r 8.3 
flow control 6. 
Fat 10.1 
FN XN 
folded s i z e s i z e 10.8 
fonts, external file A.2 
for loop For 6.2 
forget past XK i I 110 
Fork 10.9 
form sublists XSubl 
form, tes t 7.6 
format Fat 10.1 
format, syntactic Sx 10.1 
formatting XPrtab le 
formatting, external file A.2 
FORTRAN language 10.7 
Forward differences XDiff 
forward differences XLDiff 
For 6.2 
four vectors XLor 
FPou XFPou 
fractional part F I oor 8.3 
fractions 2.1 
F r a c t X S t a t 
FreC 8.8 
free core Maa 10.8 
free memory G c 10.8 
free of In 7.5 
frequency XInfo 
Freq XInfo 
Fresnel function FreC 8 .8FreS 8.8 
FreS 8.8 
Frobenius method XDSol 
FromlSXBase 
full list, t e s t for F u I I p 7.6 
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Ful lp 7.6 
function evaluation 3.1 
function evaluation XLItp 
function fitting XGF i t XLCh i 2 
function, test for P r o j p 7.6 
functional form XFit 
functional independence XIndep 
Functional powers X F P o w 
functions 2.3 
functions, mathematical 8. 
functions, transcendental 8.5 
Fun XFun 
Fz X F i e r z 
F 2.1 
Gfunction, Meijer Me i 8.9 
g.c.d., polynomial Pgcd 9.1 
gamma function, Euler Gaaaa 8.7 
gamma function, incomplete Gaaaa 8.7 
gamma matrix algebra X G 
Gamma 8.7 
garbage collect Gc 10.8 
Gauss hypergeometric function H g 8.9 
Gaussian distribution X C h i 2 
Gcd 8.11 
Gc 10.8 
Gd 8.5 
Gegenbauer functions G a a 8.9 
Gag 8.9 
general recursion X fl c k 
general symmetry Greor 
generalized Fibonacci sequence XHof 
Generalized hypergeometric function Ghg 8.9 
generalized power X fl c k 
generalized product X l t e r 
generalized sum Xl t e r 
generalized trace X H a 14 
generalized traces XCon 
generalized zeta function Zeta 8.7 
generate array flr 7.1 
generate symbol Make 10.5 
generic expressions 2.6 
generic predicate XGenp 
generic symbols 2.2 
G e n o c c h i XGenocch i 
Genp XGenp 
C a n t r XMat4 
genus of expressions Gen 4. 
Gen 2.6 
Gen 4. 
geometrical figures XBox 
Get 10.3 
Go 5. 
GFi t XGFi t 
Ghg 8.9 
GIGI A.5 
G i n d s XG 
global objects 1.3 
global switch Pre 1.3 
global switches Post 1.3 

GL XTensor 
GMean X S t a t 
Gm XTensor 
golden ratio Phi 8.4 
Golden ratio XFib 
goodness of fit X L C h i 2 
go to Jap 6.3 
GQIn t XGQInt 
gradient D 9.4 
Grad XVecan 
graph 10.2 
graph equivalence XGr 
graph isomorphism XGr 
graph representation XGr 
graph traversibility XGr 
graphical input 10.4 
graphical output Open 10.3 
graphics output A 5 
Graph 10.2 
greater than G t 5. 
greatest common divisor Gcd 8.11 
greatest common divisor, polynomial Pgcd 9.1 
greatest integer function Floor 8.3 
group XSubl XTr i 
grouping 2.10 
groups 2.4 
Gt 5. 
Gudermannian function G d 8.5 
guest accounts A. 7 
GU XTensor 
h.c.f., polynomial Pgcd 9.1 
halt 1.5 
Ha I t p X H a I t 
Hamilton circuits XGr 
Harap XGr 
Hankel function Be sHl 8.8BesH2 8.8 
hard code 10.7 Cons 10.7 
hard copy Hard 10.6 
H a r d 10.6 
Harm XHarm 
hash code Hash 7.4 
Hash 7.4 
haversine X T r i g R 
head XList8 
heavyside function Theta 8.3 
height Dep 7.4 
held expression, test for He I dp 7.6 
held form 3.5 
He l dp 7.6 
kelp 1.2 
Hermite function H e r 8.8 
hermitean adjoint X M a 14 
Her 8.8 
hexadecimal XBase 
Hg 8.9 
hidden surface Surf 10.2 
histograms X C I a • s 
H i s t X H i s t 
h i i n e X P r t a b l e 
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HMean XStat 
Hof XHof 
hold expression Hold 3.5 
Hold 3.5 
Horn XHorn 
hthing XPrtabIe 
hv XPrtab le 
hyperbolic cosine integral function C o s h i 8.7 
hyperbolic sine integral function S i nh i 8.7 
hypergeometric function, confluent Chg 8.8 
Hypergeometric function, Gauss Hg 8.9 
Hypergeometric function, generalized Ghg 8.9 
identifier Lb I 6.3 
identity Eq 5. 
If 6.1 
image 2.3 
imaginary number C x 2.1 
imaginary number, tes t for Iaagp 7.6 
imaginary part I a 8.3 
imaginary unit I 2.2 
Imagp 7.6 
immediate assignment 3.2 3.2 
immediate simplification 3.6 
implication, logical lap 5. 
implode lap l 10.5 
Imp I 10.5 
impulse function Del ta 8.3 
lap 5. 
Im 8.3 
incidence matrix XGr 
includes I n 7.5 
inclusive or Or 5. 
incomplete beta function Beta 8.7 
increment Ine 3.2 
Ine 3.2 
indefinite integration I n t 9.4 
indefinite summation Sua 9.2 
I n d e p X I n d e p 
index in list Ind 7.3 
indices 2.4 
indicial tensor calculus XTEx 
Ind 7.3 
inequality Unaq 5. 
infileGet 10.3 
infinite recursion 3.1 
Infinity Inf 2.2 
infix form 2.11 Sx 10.1 
information 1.2 
information, external file 1.2 
Inf 2.2 
initialization A.7 I n i t 10.6 
In i t 10.6 
I n I t 4. 
inner "product", generalized Inner 9.6 
inner productDot 8.2 
inner products XCon 
Inner 9.6 
input editing 1.7 
input error 1.1 

input expression #1 1.3 
input forms 2.10 2.11 
input lines 1.1 
input medium 10.3 
input operations 10.1 
input processing 2.11 
input simplification 3.6 
input syntax 2. 
input Get 10.3 Rd 10.1 
input, graphical 10.4 
insert X L i • 18 
insoluble problem XHalt 
Ins XL i s t e 
In tb i t XB i t 
integer conversion XBase 
integer divide Mod 8.3 
integer equations XD i os 
integer part Ce i I 8.3 Floor 8.3 
integer, arbitrary length B 2.1 
integer, test for I n t p 7.6 
integers 2.1 
integration I n t 9.4 
interactive matrix input XMatl 
interactive procedures 6.3 
internal code 10.7 
internal object S y s 4. 
internal representation S t r u c t 10.10 
internal variables Lc I 6.3 
interpolationXI tp 
interrupts 1.5 
intersection I n t e r 7.7 
I n t e r 7.7 
I n t e r XSets 
I n t p 7.6 
I n t 9.4 
i n t XTEST 
Inum XPr i me 
inverse functions Sol 9.3 
inverse, matrix M i n v 9.6 
inversion of equations So i 9.3 
inversion Not 5. 
invert replacement I r • p 3.3 
invert Rev 7.7 
In 7.5 

R a n d XRandD 

rep 3.3 
rregular Bessel function B e • Y 8.8 
rregular Coulomb wave function CouG 8.8 
Irregular spherical Bessel function B e • y 8.8 
I s o p XGr 

Is 5. 
i terated functions X F P o u 
iteration 6.2 
iteration X l t e r 
I t e r X l t e r 
i*P x i t p 
i 2.2 
Jacfla 8.10 
JacCd 8.10 
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^ JacCn 8.10 
JacCs 8.10 
JacDc 8.10 
JacDn 8.10 ^ 
JacDs 8.10 "" 
JacNc 8.10 
JacNd 8.10 
JacNs 8.10 
Jacobi functions JacP 8.9 
Jacobi symbol J a c s y a 8.11 
Jacobi i? functions J a c t h 8.10 
Jacobian elliptic functions J a c fl a 8.10 
JacP 8.9 
JacSc 6.10 
JacSd 6.10 
JacSn 8.10 
Jacsy m 8.11 
J a c t h 8.10 
Jac XUron 
Jmp 6.3 
Jnua XPr i me 
job recording 1.4 
job termination 1.5 
join Ua i t 10.9 
Jonquiere function Li 8.7 
Jordan form Simtran 9.6 
Jordan's function J o r 8.11 
Jor 8.11 
joystick 10.4 
jump Jmp 6.3 
KD XTensor 
Ke lbe 8.8 
Koike 8.8 
Kelvin function, complex Ke I be 8 .8Keike 8.8 
Kepler's laws XOrb i t 
keywords 1.2 
kill input X K i l 110 
kill labels XKi I 110 
kill lines X K i I 110 
kill output XK i I 110 
killing values 3.2 
K iI 110 XKi I I 10 
Kronecker product 0mu 11 8.2 
Rummer function Chg 8.8 
Rummer's U functionKuaU 8.8 
KuaU 8.8 
Kur t X S t a t 
label Lb I 6.3 
Lagrangian interpolation XLItp 
Laguerre functionLag 8.8 
Lag 8.8 
lambda expression 2.7 
lambda expression XFun 
language analysis XInfo 
language structure 2. 
language, intermediate 10.7 
Lap XLap XVecan 
larger than G t 5. 
Last 7.3 

Latsum XLatsum 
Laurent series P • 9.5 
Lb I 6.3 
Lcl 6.3 
LCH XLCM 
LCoef XPoly 
LdEq XLdEq 
Ldet XLUP 
LDiag XMat2 
L0 i f f XLOi f f 
LOig XD ig 
L d i s t 4. 
L d i s t 7.7 
Ldot XLor 
LDRand XRandL 
leading zeroes XPad 
least integer function C e i I 8.3 
least squares fit XF i t 
left justify XPad 
L e f t XTur i ng 
Legendre functions of second kind L a g P 8.9 
LegP 8.9 
LegQ 8.9 
Lenex XLenex 
length Len 7.4 
L e n l e v XLev 
Len 7.4 
Lerch transcendent Lor 8.7 
Ler 8.7 
l e ss than G t 5. 
le t 3.2 
let ters XChar 
levels 2.5 
Levi-Civita symbol S i g 9.6 
L e v i XLevi 
Lev XLev 
lexical ordering Ord 5. 
LExpt XPoly 
library A.2 
library information 1.2 
light pen 10.4 
limit L i a 9.5 
L(a 9.5 
L I n d X Ind 
line printer Hard 10.6 
linear algebra XLUP 
linear equation XLUP 
linear fit XFit 
L i n e 10.2 
L i n X L i s t l 
Liouville's function L i o 8.11 
Lio 8.11 
LISPCARXList8 
list creation L i s t 7.1 
list distribution L d i s t 7.7 
iist distributive L d i s t 7.7 
list e lement removal X fl I ibut 
list function L d i s t 7.7 
list generation 7.1 fl r 7.1 
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list manipulation 7.7 
Ust simplification 3.1 
list substitution XLis t l 
list template L i s t 7.1 
list, test for L i s t 7.1 
L i s t p 7.6 
lists 2.4 
lists XL i s t l 
L i s t 7.1 
I i s t XTEST 
L I t p 2 X L I t p 
L I t p 3 X L I t p 
L I t p X L I t p 
L i 8.7 
Lmdiv XLUP 
L a i n v XLUP 
load Get 10.3 
loaded Cons 10.7 
Load 10.7 
local objects ZZ 6.3 
local variables L c I 6.3 
locate L 10.4 
locationPos 7.3 
logarithm function Log 8.5 
logarithm integral L o g i 8.7 
logical operations 5. 
Logi 8.7 
Log 8.5 
Lommel function L o a 8.8 
Lom 8.8 
look-up XMSet 
Loop 6.2 
Louerp XChar 
LPad XPad 

LPart XLPart 

LPos XListl 
LProd XLflr i th 

LProp XLProp 

Lpr 10.1 
LRand XRandL 
L r p t XL i s t 8 
LSub XL i s t l 
LSum X L f l r i t h 
LS X L i s t l 
U p XLUP 
L 10.4 
riacE 8.9 
Maclaurin series P • 9.5 
macro redefinition 2.11 
MacRobert E function M a c E 8.9 
Madelung sums XLatsum 
mai l Send 10.6 
make cubical X c o n t i g 
make generic XFun 
make rectangular X C o n t i g 
make square X C o n 11 g 
make symbol name Make 10.5 
Make 10.5 
Mangoldt A function H a n L 8.11 

HanL 8.11 
Mflnom XOrb i t 
manual 1.2 
mapping X D a p 
Map 7.2 
margins, display A.5 
mark L 10.4 
Markov expression Rex 7.10 
Mark 2.3 
Mask XMask 
matching, pat tern 2.6 
Match 2.6 
mathematical functions 8. 
Matp XMat3 
matrices 2.4 
matrices XPrtab I e 
matrix adjoint X M a 14 
matrix classes X M a 13 
matrix divide H d i v 9.6 
matrix equations XLdEq 
matrix generation flr 7.1 
matrix inverse M i n v 9.6 
m a t r i x inverse XLUP 
matrix manipulation 9.6 
matrix power X M a 14 
matrix types X H a 13 
matrix XLUP 
maximum memory A.7 
maximum Max 8.3 
Max ind X Ind XMax ind 
flax 8.3 
f ld iv 9.6 
flD X S t a t 
Mean X S t a t 
Med X S t a t 
Meijer G function Ha i 8.9 
Mai 8.9 
member I n 7.5 
memory management 10.8 
memory requirement XLenex 
memory unit A 6 
memory usage Mea 10.8 
memory, maximum A.7 
memory, share Share 10.8 
Hem 10.8 
menus 1.2 
Her XPr I me 
messages 10.9 
Hgen 4. 
minimum Bin 8.3 
Minkowski space XLor 
minors X M a 12 
M i nor XMat2 
H inv 9.6 
B in 8.3 
Mobius u function Mob 8.11 
Hob 8.11 
model comparisonXLCh i 2 
model fitting X L C h i 2 
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Modified Bessel functionBasI 8.8BesK 8.8 
modify input Ed 10.5 
modify part fit 7.2 
modular arithmetic XQuadres 
modulus Rbs 8.3 Mod 8.3 
modulus X fl b s 
modulus, polynomialPmod 9.1 
Hod 8.3 
Horn X S t a t 
monitor commands A.3 
monitor escapes 1.6 
monitor program Run 10.6 
Monte Carlo Rand 8.3 
mouse 10.4 
move file Save 10.6 
a p o l y XTEST 
ttpou XMa t 4 
HRd X M a t l 
mu function X S c a n 
multi-generic symbols 2.2 
multigeneric symbols 2.6 
multinary operator 2.11 
multinary F I a t 7.7 
multinomial coefficient Co ab 8.6 
multiple apply Hap 7.2 
multiple assignment XLProp 
multiple integration Int 9.4 
multiple precision number F 2.1 
multiplication H u 11 8.2 
multiplication, input of 2.10 
multiply Rap I 7.1 
multiplying out expressions 7.8 
multivalued functions 8.1 
MuI t s e t XSe ts 
Hu I t 8.2 
h-aryFia t 7.7 
name, make Hake 10.5 
names 2.2 
naming, external file A.2 
Natp 7.6 
natural language 1.2 
natural number, test for Natp 7.6 
Nc 7.9 
negation Not 5. 
Neq 3.4 
nested functions XFPow 
nesting levels 1.7 
nesting Dep 7.4 
network theory XGr 
Newton's method X C o n s s o I 
Nfac 8.11 
NF XN 
NHake XD i g 
NMap XNMap 
n n l n t XTEST 
nodesXGr 
Nodes XGr 
norm Abs 8.3 
normal distribution X C h i 2 

Norm XNorm 
notation 0. 
Not 5. 
Np 2.3 
NRand XRandC 
NSo I XNSol 
null Ust 2.4 
null projection N p 2.3 
N u l l 2.2 
number construction X D i g 
number conversion A.3 
number of equivalence relations X B a I I 
number theory functions X P o I y n u m 
Number theory XQuadres 
number, test for N u m b p 7.6 
numbers 2.1 
Nuabp 7.6 
nuab XTEST 
numeratorNua 7.9 
numerical coefficient N c 7.9 
numerical coefficients 2.5 
numerical constant Const 4. 
numerical differentiation D 9.4 
numerical equality testing Neq 3.4 
numerical errors 2.1 
numerical evaluation 3.4 
numerical evaluation of polynomials XHorn 
numerical factor Nc 7.9 
numerical functions 8.3 
numerical integration I n t 9.4 
numerical integration XGQInt 
numerical inversion X C o n s S o I 
numerical overflow fl 2.1 
numerical products Prod 9.2 
numerical programs 10.7 
numerical quadrature XGQInt 
numerical summation Sum 9.2 
numerical truncation 3.4 
numerical value X fl b • 
Nua 7.9 
N 3.4 
octal XBase 
odd number, test for 0ddp 7.6 
odd ordering fl s y m 7.7 
Oddp 7.6 
Oaul t 8.2 
Open 10.3 
operating system commands 1.6 
operational methods XLap 
operator 2.3 
operator form 2.11 
operators 2.10 
optimization 10.7 
options 0. 
oracle XH a 11 
ORand XRandL 
orbital elements X 0 r b i t 
order of evaluation 3.1 S a p 4. 
order of operators 2.10 
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order Sort 7.7 
ordering Ord 5. 
ordering, fi lterReor 7.7 
ordinary differential equations X S a r S o I 
Ord 5. 
orthogonal coordinates XVecan 
Or 5. 
outer "product", generalized Outer 9.6 
outer product 0muIt 8.2 
Outer 9.6 
outfilePut 10.3 
outline Tree 7.4 
output expression #0 1.3 
Output form Fm t 10.1 Pr 10.1 
output formatSx 10.1 
output forms 2.12 
output medium 10.3 
output operations 10.1 
output syntax Pr 10.1 Sx 10.1 
output Lpr 10.1 Put 10.3 
overall factor N c 7.9 
pad X C o n t i | 
Pade approximant R a 9.5 
Pa i r s XTup 
pairwise differences XLDiff 
pairwise subtraction X L D i f f 
paper copy H a r d 10.6 
Pflp X P I o t 
Pap X P r o j 
Parabolic cylinder functions Par 8.8 
parallel evaluation S e r 4. 
parallel processing 10.9 
parameter determination XF i t 
parameter fitting XGF i t 
parameters 2.2 
parametric plot Graph 10.2 
Para 10.9 
parentheses 2.10 
parentheses, output of 2.12 
parenthesis levels 1.7 
parsing 2.10 2.11 
part extraction 7.3 fl t 7.2 
part extraction XLev 
part modification fl t 7.2 
part removal 7.3 
part select ion fl t 7.2 
part XL i s t B 
partial derivatives XIndep 
partial differential equations XVecan 
partial differentiation D 9.4 
partial fraction P f 9.1 
partial simplification 3.7 
partition function Part 8.6 
parts of expressions 2.5 
parts, addition of 3.2 
parts, deletion of 3.2 
Part 8.6 
Par 8.8 
pass output Run 10.6 

patterns 2.6 
Pause XPause 
PCat XPIot XProj 
Pcomp XPerml 
Pep 8.8 
PCua XRandD 
PDe I ta XPR 
PD ia XYoung 
P0 ios XD ios 
Pdiv 9.1 
Pee I XPee I 
pentagonal numbers X P o I y n u m 
permanent record Save 10.6 
Permp XPermB 
permutation symmetry Reor 7.7 
Per XPer 
Pf 9.1 
PGamma XPR 
Pgcd 9.1 
Phi 8.4 
physical constants XHKS 
physical quantities X D i a XHKS 
picture 10.2 Fat 10.1 
P i n t XPR 
p i n t XTEST 
P inv XPerml 
Pi 8.4 
PLam XPR 
Plam XPR 
plane Surf 10.2 
P l h i s t X P I h i s t 
plot 10.2 
plotting XBox 
Plot 10.2 
Plus 8.2 
Pmat XLUP 
Pmod 9.1 
PNora XRandD 
pnuab XTEST 
Pochhammer symbol Poc 8.7 
Poc 8.7 
point P t 10.2 
pointer 10.4 
Poisson-Charlier polynomials Pep 8.8 
polar plot Graph 10.2 
Po l a r XPo l a r 
polygamma function P s i 8.7 
polylogarithm L i 8.7 
polynomial g.c.d. Pgcd 9.1 
polynomial manipulation 9.1 
polynomial modulus Pmod 9.1 
polynomial quotient Pdiv 9.1 
polynomial rearrangement XHorn 
polynomial roots X D i s c 
polynomial, t e s t for Po lyp 7.6 
Po I ynua XPoIynua 
Polyp 7.6 
p o l y XTEST 
positionL 10.4Pos 7.3 
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positional notation XBase XD i 9 
postfix form 2.11 Sx 10.1 
postprocessing P o s t 1.3 
Post 1.3 
Pos 7.3 
Poudist 4. 
Poudist 7.8 
power distribution P o u d i s t 7.8 
power expansion 7.8Poud i s t 7.8 
power fit XF i t 
power series Ps 9.5 
power series XD So I XSerSol 
power se t XLPart 
powerPou 8.2 
powers of Expt 7.9 
Pouset XSets 
Pou 8.2 
PPi XPR 
Ppou XPerml 
pre-simplification 3.6 
precedence 2.10 
precedence definition 2.11 
precision 2.1 
precision, arbitrary F 2.1 
precision, multiple F 2.1 
predicate testing 5. 
predicate P 5. 
predicates 7.6 
prefix form 2.11Sx 10.1 
preparation I n i t 10.6 
prependXL i s t 8 
preprocessing Pre 1.3 
Prep XL i s t 8 
prerequisites I n i t 10.6 
pretty-printing XEqn 
Pre 1.3 
Prh 10.1 
prime decomposit ion XPou 
prime factors N f a c 8.11 
prime number Pr i me 8.11 
Pr i mep XPr i mep 
Prime 8.11 
print file Dsp 10.6 
print form Fat 10.1 
print held form Prh 10.1 
print Pr 10.1 
print, linear L p r 10.1 
print, one-dimensional L p r 10.1 
print, two-dimensional P r 10.1 
printing properties P r 10.1 
printing XPr tab le 
printout Hard 10.6 
P r a a t X P r t a b l e 
probability functions X C h i 2 
problem report Send 10.6 
procedures 6.3 
process control 10.9 
processing 3.1 
Proc 6.3 

product Mult 8.2 Prod 9.2 
Prod 9.2 
profiling T i a e 10.8 
program construction 10.7 
program control 6. 
program files A 4 
program, run Run 10.6 
programming aids 10.10 
programs 6.3 
programs, external A.3 
Prog 10.7 
Pro j eep XMat3 
projection evaluation 3.1 
projection generation 7.1 
projection manipulation 7.7 
projection matrix X H a 13 
projection simplication 3.1 
projection, t e s t for P r o j p 7.6 
projections 2.3 
projector 2.3 
Pro jp 7.6 
Proj 7.3 
properties 4. 
property assignment P r s e t 4. 
property indirection Type 4. 
property list 4. 
property transfer Type 4. 
property XLProp 
Prop 4. 
protocol 1.4 
P r s e t 4. 
PrTF XLog icPr 
Pr 10.1 
Pr 4. 
pseudotensor unit S i g 9.6 
PSig XPR 
Psi 8.7 
Psmp XPsmp 
PSqr t XPR 
PsSo I XSerSo I 
Ps 9.5 
Pt 10.2 
pure function 2.7 
push variable L c 1 6.3 
Put 10.3 
PXI XPR 
P 5. 
Q l X S t a t 
Q3 X S t a t 
QCh 12 XChi2 
QD X S t a t 
Qskeu X S t a t 
Qtr XLUP 
Quadres XQuadres 
quantization XHist 
quantum field theory X G 
Quan t XLog i c2 
queries 1.2 
quit 1.5 
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quotient D i v 8.2 
quotient, polynomial Pdiv 9.1 
quoting 3.5 
R2 XTensor 
R4 XTensor 
Racah 6-j symbol Rac 8.6 
Rac 8.6 
Rademacher's formula X Z e t a 2 S 
radians Deg 8.4 
radicals XPou 
radix arithmetic XBase 
Ramp XRamp 
random expression Rex 7.10 
random number Rand 8.3 
Rand 8.3 
Range X S t a t 
Ranntp XRpo I y 
Ranup XRpoIy 
Rflr XRflr 
rational approximation R a " 9.5 
rational expression manipulation 7.9 
rational number, arbitrary length B 2.1 
rational number, t e s t for Ra t p 7.6 
rational numbers 2.1 
rationalize Rat 7.9 
Ratp 7.6 
Rat 7.9 
ravel F l a t 7.7 
Ra 9.5 
Rdh 10.1 
Rd 10.1 
read file Get 10.3 
read held form Rdh 10.1 
readRd 10.1 
real number, tes t for Re a I p 7.6 
real part Re 8.3 
real time operationsC lock 10.9 
real-time interrupts 1.5 
Realp 7.6 
reclaim memory Gc 10.8 
reclaim memory XK i I 110 
record 10.3 Open 10.3 
recording, job 1.4 
records 2.4 
rectangular array, test for F u I I p 7.6 
recurrence relations XRflr 
recursion 3.1 Smp 4. 
recursion control R e c 4. 
recursion test ing XHof 
recursive function theory Xflck 
Rec 4. 
reduce memory Share 10.8 
reduced residue sys tem R r • 8.11 
reduction XExDot 
references 0. 
reflection formula X Z e t a 2 S 
regions 2.5 
regions XBox 
Regression X G F i t 

Regs XGr 
Regular Bessel functionBes J 8.8 
Regular Coulomb wave function CouF 8.8 
Regular spherical Bessel function Bes j 8.8 
Relab XGr 
relation E q 5. 
relational operations 5. 
relativistic mechanics XLor 
release expression Re I 3.5 
Rel 3.5 
remainder Mod 8.3 
remainder, polynomial Pmod 9.1 
removal, part 7.3 
remove list brackets F l a t 7.7 
remove parts D e I 7.3 
remove X L i s t B XMask 
removing values 3.2 
rencontres numbers X S f c 11 
reorderReor 7.7 
reordering, filter Reor 7.7 
reorderings X fl r p e r m 
Reor 4. 
Reor 7.7 
Repar t XRepar t 
Repd 3.3 
repeat counts 2.5 
repeat Rep I 7.1Rpt 6.2 
repeat XListB 
repeated transformation X H a 14 
repetit ion R p t 6.2 
replace text 1.7 
replacement 3.3 
replacement type extension E x t r 4. 
replicate Repi 7.1 
replicate XListB 
replication X l t e r 
Rep l 7.1 
report generation XPrtab le 
report Send 10.6 
representation, internal S t r u c t 10.10 
representation, special E x t r 4. 
Rep 3.3 
reshape Trans 9.6 
residue system, reduced R r • 8.11 
restart 3.2 
restrict matching Gen 4. 
return Ret 6.3 
Ret 6.3 
reverse Rev 7.7 
revert Rev 7.7 
revise Edh 10.5 
Rev 7.7 
Rex 7.10 
Re 8.3 
Riemann sheets 8.1 
Riemann zeta function Zeta 8.7 
right justify XPad 
R i g h t X T u r I n g 
ringsXQuadres 
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RHS X S t a t 
RB XListB 
Rnd XRnd 
rooted planar trees XCatalan 
Ro t2 XRot2 
Rot3 XRot3 
rotateCyc 7.7 
rotate X D a p 
RotM2 XRot2 
RotH3 XRot3 
rounding F l o o r 8.3 
RPad XPad 
Rpt 6.2 
rpt XTEST 
Rrs 8.11 
R s l t 9.1 
ruled XPr t a b l e 
rules, application of 3.1 
rules, definition of 3.2 
rules, simplification 3.3 
run command 1.6 
run program R u n 10.6 
Run 10.6 
R XTensor 
save definitions Put 10.3 
save memory XK i 1110 
save Open 10.3 
Save 10.6 
saving expressions 1.4 
scalar product Dot 8.2 
scalar products XExDot 
scalars XExDot 
scales of notation XBase 
S e a l p XExDot 
scan XAny XScan 
Scan XScan 
Scf XVecan 
screen-oriented input 10.4 
script 1.4 
SD X S t a t 
search XScan 
Sech 8.5 
Sec 8.5 
seed random number Rand 8.3 
s egments 6.3 
se lect s ta tement S • I 6.1 
se lect Rt 7.2 L 10.4 
select XLi s tS XMask 
Sal 6.1 
semant ics 2. 
semaphores 10.9 
Send 10.6 
separation of variables XVecan 
sequence generation S • q 7.1 
Sequence generation XRflr 
sequence of expressions Np 2.3 
sequence positions X L i s t l 
sequences 2.4 
sequencesXSub I XTr i 

sequential evaluation S e r 4. 
Seq 7.1 
serial evaluationSer 4. 
ser ies approximations 9.5 
ser ies truncation fl x 9.5 
series , power P s 9.5 
Ser 4. 
Set Union 7.7 
Setd 3.2 
se t s 2.4 
s e t s of equations XLdEq 
sett ing values 3.2 
Set 3.2 
Sfct l XSfctl 
Shannon entropy XInfo 
Shan XInfo 
share memory Share 10.8 
S h a r e 10.8 
shell escapes 1.6 
shell scripts A 3 
Showt i ae XShou t i me 
shut C lose 10.3 
side effects 3.2 
s igma function, Weierstrauss U• i z 8.10 
S i gma XPau I i 
signature S i g 9.6 
S i g n 8.3 
S i g 9.6 
silent processing 1.1 
silent Close 10.3 
similarity transformation S i m t r a n 9.6 
similarity IS l a 
simplification 3.1 
simplification control S mp 4. 
simplification on input 3.6 
simplification, partial 3.7 
simplification, rational expressions 7.9 
Simtran 9.6 
simultaneous equations XLdEq 
sine integral function S i n i 8.7 
S i n h i 8.7 
Sinh 8.5 
S j n i 8.7 
Sin 8.5 
size Len 7.4 
S i z e 10.8 
Si 3.3 
ske le ton output F • t 10.1 
skeleton Tree 7.4 
s k e t c h Tree 7.4 
Skeu XStat 
smoothing XFit X11 p 
s a p . and A.7 
s a p . in I A.7 
s a p . o u t 1.4 
s a p . par A.7 
sapp I o t A 5 
Sap 3.1 
Sap 4. 
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Solar system XOrb i t 
solution of equations S o I 9.3 
solve So I 9.3 
Sol 9.3 
Some XLog ic2 
sorting Ord 5. 
Sort 7.7 
space S i z e 10.8 
Spare XSpare 
special expression Mark 2.3 
special output form Fat 10.1 
special output forms 2.12 
special-purpose programs A.2 
Spec XTur i ng 
Spence function L i 8.7 
spherical Bessel function, irregular Basy 8.8 
spherical Bessel function, regular Bes j 8.8 
spline Curve 10.2 
spurTr 9.6 
Sqmatp XMat3 
S q r t 8.2 
square matrix X n a 13 
square root S q r t 8.2 
square root XPou 
square XBox 
stack variables L c I 6.3 
standard form 2.1 
starred output 2.12 
startup A.7 
S t a r t XTur ing 
s tate table XLog icPr 
s tatement blocks 6.3 
statistical expression analysis 7.10 
statistical expression generation 7.10 
statist ics XCh i 2 XGF i t 
status interrupt 1.5 
s tatus Mem 10.8 
S t a t u s X S t a t u s 
step function That a 8.3 
S tep 10.10 
S t i 1 8.6 
S t i 2 8.6 
Stirling numbers XBe I I 
Stirling numbers, first k inds 111 8.6 
Stirling numbers, second kind S t i 2 8.6 
s top 1.5 Ex i t 10.6 
stop record Close 10.3 
storage 10.3 
storage management 10.8 
S t r H 8.8 
string manipulation 10.5 
string outLpr 10.1 
string, make I ap I 10.5 
strings 2.2 
S t r L 8.8 
structural operation XLev 
structural operations 7. 
structure determination 7.4 
structure S t r u c t 10.10 

S t r u c t 10.10 
Struve function StrH 8.8 
Struve function, modified StrL 8.8 
subfunctions 6.3 
sublist positions X L i s t l 
Subl XSubI 
subparts of expressions 2.5 
Subp XSets 
subroutines 6.3 
subscript Fat 10.1 
subscripted variables 2.3 
subscripts 2.3 2.4 
subsidiary input XI 6.3 
subsidiary output Z0 6.3 
substitution 3.3 
Sub XSets 
such that Gen 4. 
s u m PI us 8.2 
s u m s of reciprocal powers XZetaR 
Sua 9.2 
superscript Fat 10.1 
surface Surf 10.2 
Surf 10.2 
suspend processing 1.5 
switch s ta tement Set 6.1 
switch, global Pos t 1.3 Pre 1.3 
S x s e t 2.11 
Sx 10.1 
symbol evaluation 3.1 
symbol, t es t forSyabp 7.6 
symbolic-numeric interface XGQInt 
symbols 2.2 
symbols, list of C o n t 7.5 
Symbp 7.6 
symmetr ic matrix X H a 13 
symmetr ic ordering Sya 7.7 
symmetr ic C o m m 4. 
symmetr ies X fl r p a r m 
symmetry Reor 7.7 
symmetry, general Greor 
SympoI XSympoI 
Symp XMa t3 
Sym 7.7 
synchronize processes U a i t 10.9 
syntax 2. S x 10.1 
syntax error 1.1 
syntax extension 2.1 i 
syntax modification 2.11 
syntax, output Pr 10.1 Sx 10.1 
s y s t e m characterist ics A.6 
system-defined object S y s 4. 
system-defined objects 2.2 
Sys 4. 
S 3.3 
table generation flr 7.1 
tables 2.4 
tabs A. 5 
tabular data XPr tab I a 
tabulation XPrtab I e 
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tag Lb I 6.3 
ta i l XL is tO 
take X L i s 18 
Tanh 8.5 
Tan 8.5 
Tape XTur i ng 
tautology testing Is 5. 
Taylor series P • 9.5 
TO lag XMa t2 
Tektronix 4010 A.5 
Tektronix 4025 A.5 
template application 7.2 
templates 2.7 
temporary variables Lcl 6.3 
temp XTEST 
Tanp XTensor 
tensor canonicalizationXTEx 
tensor generation flr 7.1 
tensor manipulation 9.6 
tensor symmetries XTEx 
tensors 2.4 
terminal 10.3 
terminal characteristics A.5 0 p a n 10.3 
terminate job Exit 10.6 
termination A.7 
termination, job 1.5 
termination, line 1.1 
terms, number of Len 7.4 
ternary XBase 
Tern XTern 
test for any elements Xflny 
test form 7.6 
test, character 7.6 
test, numerical equality Neq 3.4 
tests 6.1 
text 1.2 2.2 2.9 
text editing 1.7 
text manipulation 10.5 
text manipulation XChar XDig 
text preprocessing 2.11 
text processing XEqnPr 
text-formatting XEqn 
textual forms 0. 
textual replacement 2.11 
TEx XTEx 
then If 6.1 
theorem proving Is 5. 
theta functions, Jacobi J a c t h 8.10 
T h e t a 8.3 
three-dimensional plot Graph 10.2 
tiered list 2.4 
T i e r 4. 
T i e r 7.7 
time CI ock 10.9 
Time 10.8 
timing A.6 #T 1.3Tiae 10.8 
T i n v XLUP 
Tk X L i s t B 
TolB XBase 

Toflrc XGr 
ToC XPermC 
Tolnd XInd 
To I o u i r XChar 
ToL XInd 
ToNode XGr 
topbot X P r t a b l e 
ToP XPeraC 
Toronto function Tor 8.8 
Tor 8.8 
total derivatives XIndep 
total differentiation D t 9.4 
total length XLenex 
totally antisymmetric tensor XLevi 
totient function, Euler's T o t i e n t 8.11 
To t i en t 8.11 
trace 1.5Step 10.10Tr 9.6 
trace identities XG 
traceback 1.5 
Trace 4. 
trailing zeroes XPad 
transcendental functions 8.5 
transfer controlJmp 6.3 
transformation of coordinate systems XVecan 
translation 10.7 
transpose T r a n s 9.6 
Trans 9.6 
tree structure 2.5 
Tree 7.4 
triangular numbers X P o I y n u a 
triangularize matrix Tr i a n a, 9.6 
Tr i ang 9.6 
trigamma function Psi 8.7 
trigonometric functions 8.5 
Tr i XTr i 
TROFF XEqnPr 
true 5. 
truncation fl x 9.5 
truncation XRnd 
truncation, integer F I oor 8.3 
Trunc XLUP 
Tr 9.6 
Tupa XTup 
Tupo XTup 
Tup XTup 
tutorials 1.2 
two-dimensional output F m t 10.1 
two-dimensional output XEqnPr 
type assignment T y s e t 4. 
type assumptions 10.7 
type casting X N XRnd 
type coercion X N 
type conversion XN 
type declaration T y s • t 4. 
type declarations 10.7 
type definition Type 4. 
type extension E x t r 4. 
typePr 10.1 
typesetting XEqnPr 
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typesetting, external file A.2 
Type 4. 
T y s e t 4. 
Ultraspherical polynomials G e g 8.9 
U n c l a s s i f y X C I a s s ' 
underlining 0. 
unequal U n e q 5. 
Uneq 5. 
unexpected input 1.1 
unflatten XSubl 
U n F l a t XUnF l a t 
unfolded size S i z e 10.8 
Union 7.7 
Un i on XSe t s 
unique e lements Union 7.7 
unitary transformations i a t ran 9.6 
units conversion XHKS 
units XD i a 
UNTXXEqnPr 
unknowns 2.2 
Unmark XUnmark 
unravel F l a t 7.7 
unsimplified expressions 3.5 
unsimplified forms Sap 4. 
until loop Loop 6.2 
Upperp XChar 
user aid 1.2 
user communication Send 10.6 
user programs A.2 
Vflbs XVecan 
Valp 7.6 
value assignment 3.2 
value, tes t for Va I p 7.6 
values 3.1 
variable argument number T i e r 7.7 
variable evaluation 3.1 
variable, test for S y m b p 7.6 
variables 2.2 
variables, list of C o n t 7.5 
Var X S t a t 
vbar XPr tab I e 
vb Iank X P r t a b I e 
VCon XG 
V e c 2 p XRot2 
V e c 3 p XRot3 
Veep XVecan 
vector coupling coefficient U i g 8.6 
vector, tes t for Con tp 7.6 
vectors 2.4 
vectors XExDot 
verbose Trace 4. 
versineXTr igR 
v l ine XPr tab le 
Vol XVecan 
v t h i ng X P r t a b I e 
Wait 10.9 
w a t c h S t e p 10 .10 
Hatch XUatch 
wave function, Coulomb irregular CouG 8.8 

wave function, Coulomb regular CouF 8.8 
Weber functionBesY 8.8UebE 8.8 
UebE 8.8 
Weierstrass function Ue i P 8.10 
Weierstrass a function u e i z 8.10 
UeiP 8.10 
Ueis 8.10 
Ueiz 8.10 
while loop Loop 6.2 
UhiM 8.8 
Whittaker M function UhiM 8.8 
Whittaker W function U h i U 8.8 
UhiU 8.8 
Wigner 3-j symbol U i g 8.6 
Uig 8.6 
word processing XEqnPr 
wordsXChar 
write Pr 10.1 Send 10.6 
Uron XUron 
XLCh 12 XLCh i2 
Xor 5. 
x_Sca I XExDot 
Y c u t X P I o t 
Year XYear 
YGMult XYoung 
ze ta function Zeta 8.7 
ze ta function, generalized Zeta 8.7 
ze ta functions XLatsum 
Z e t a 8.7 


