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XAbs

XAbs

Abs simplification rules

ab=clute value — modulus — numerical value

S.Wolfram
Jul 1881

Abe[$x $3x] :: Absl($=x] Abs($%x]
AbsiSx~(%n_sNatplSnl)] : Absl$x]~%n

DEAbs[$x], [$x,1,8y]1 & Signlsy) W

Abe[SigniSx _» (Sx~=831]1 : 1

« Thata; Sign; Rampg Dalta

#lr1l:: <Olfbs
#102):: Abela b=2 el

2
#orzi: Abs[al Absib] Abslcl

Warning: Redefines Abs.
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XAck
XAck
Ackermann function
generalized power — general recursion — recursive function thecry
C.Cole and S.Wolfram
Jul 1981
Ack [z, yl
An Ackermann function.
Rek 8,8yl : Mod(Sy+l,3]
Ack[%x, 8] : Sx+l
Rek [$x,1] : Sx+2
Aok [8x,2]  2%x
Rck [$x,3] : 2-%x
Aoe(Su, 4] 3: Arrow(2, Sx+l]d

Arroun, ml

#F1011:: OARek

$1131:1  RAek(2,5]
Jor31. 18
$1Lil::  Rex(3,5]

Ack [%x, ¥yl 11 Ack[¥x,3y)] : Ack[Ack[¥x-1,%yl,3y-11

Knuth arrow function n™(n™~(n"...))) with m powers.
Arroul®n, 8] ¢ 1

Arroul®n, 1] : $n
Arreul%n,$m] 11 $n-Arrouisn,Sm-1]

#1102)1:+ RArll@®,Arrowl%i,2]]
FL21: fl,i,!?,255,!125,tE!EB,H!IE#E,I!???I!I,3!?42l5ll,1.:*llI

Pol




XAl lbut

XAl lbut
List element deletion

list element removal — complement — exclusion
S.Wolfram
Aug 1882

Allbutllist,el,e2,...]

yields list with all occurrences of e1, e2, ... deleted.
(Letft)l; t:%list; Doli,LeaniList($%Sel]l,
1)

Rilbutl®list, $S%al 11
t:Del ILimt[SSal [il,tl];

Misfeatures: untested
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XAny
XAny

List element condition test

scan — any — test for any elements — existence test

S ¥Wolfram
Jul 1881

Any [temp, list]
tests whether any of the elements of list yield “true” on application of the tem-

plate temp,

Any—=Tiar
BnylSmpl s [0,In#]
Anyl(Stemp,51ist] 2z In{il_;llpllu-p,lliil.ili::.’l

* Pos; XScan
#II[11:: «AAny

#1021z AnylEvenp,Arl5,Primell
#0I2]: 1

WL
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XArperm

XArperm

Permutation generation

reorderings — symmetries

S.Wolfram
Jul 1881

Arperm[n, (spec: (all))]
yields a list of the permuations of n elements which exhibit the symmetries spec.
Arpernl®¥n] :: FlatIAr[(Ar(®%n,%n],List,Uneql,3nl]
SAListh
Arpare s Tiar
ﬂrptr.[l]rf[li;
ArpermlSn_sNatp(3nl] 1z ArpermiSnl: %
FlatlNap[Ar[%n,lnsl®n, 221l $X2]] Arparsul®n-11],1]
Arparml®n,Cyciic] :: Ar(%n,Cyc[Ar(%¥nl],$11]]

Arparmi$n, Evan)] :: CatIlArI(Sn!|,Arparnl3n)] ,Evanpl]
Arpermi%®n,0dd] :: Cat{Ar(Sn! Arperul®n] , Dddpl]

#1i11s:  DArperm

#1I21:: Arpermil)

21 [i%,2,14%,f2,%,1},§2,1,84,18,1,2},1,8,2{,[1,2,5¢4§
#1131:: Arparml3, Cycliel

#0031 f{2,3,14,§3,1,21,11,2,31{}

#1041:: Arpermi3,Even]

#0Tad: ii2,8,14, f8,1,24, §1,2,3}}

#1(57:: Arpearml3, Ddd)

#0151, f§3,2,23, f2,1,%),I1,9,2]}

Fréramﬁsites: NList®
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XBase
XBase
Number base conversion
radix arithmetic — itional notation — binary — ternary
octal — l';..:lxadm::nl mlm ﬂf?';t!t;:![; - integer u:;:.versinn
S.¥Wolfram
Jul 1881
TolBleececee,nl

converts the number ccece from base n to base 10. ecece represents an integer
whose digits are characters in the symbol name cceec. The “digit” 10 is
represented by a, 11 by b and so on.

Teld :Tiar

TolB($s _sSymbplssl ,$6 sNatplSbl) sz (LellRi); Xi:Expilssl; X\
SumiSb~(Lan(X1J-Ri)eXI(Xil, [Zi,1,Lan(Xi] {1}

Froml@[z,nl]
converts the decimal integer x to a Base projection in base n.
Fromlld :Tier
Froml@8isn_sNatp(Sn] ,Sb_aNatp(Sb-11] 2: (Lel(Etot,Xras,Eilg ™

ForIXi:l; Zrex:3n, Zres =8, InclXi), Xtot[2id:Med[Xres,%b]l;
ZresiFloor(Zres/5p)); ImplIRevIiZtotl])

* XTarn

#1011::  Base

#102):+ FromlB[1452,2)
#OL2]: "Lellelellee”
#1031:1  Tol@([X,2)
#013): 1452

#lL41:: Fromlbl[X,1€]

#OT4L: "Eae "™
#1151:: TolllX,61E6]
#OI5]: 1452

e
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XBell

XBel |
Bell numbers
Stirling numbers — number of equivalence relations
combinatorial functions
S.Wolfram
Sep 1882
Bell [nl
n th Bell number,

BalilSn _sNatpI$n)) :: SumI5ti20%n,%1), f2i,1,%n])

[Sloane: Handbook of Integer Sequences, sect. 3.12]
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XBer2V
XBer2V

Bernoulli polynomials

S.¥Wolfram
Feb 1982

Definition of values for integer index.

QlBarV
Ber (Sn_sNatpl$nl,$x] :: Sum[Ber[Xk] Comb[%n,Ik] Sx—(Sn-Xk), [Ik,8,%n]]

[MOS sect. 1.5.1]
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XBery

XBerV

Bernoulli numbers

S.Wolfram
Feb 1882
Definitions for special values of argument.
Barf8l : 1
Bariill : =172
Barl2]1 : 1/B
Bar[d] : -1/38
Bar(Sm _=0ddp(Sml] : @

Bar(Sm_sNatp(Sm/21] 11 (Lel(Xa,Xc)l;Xc:l;XEa:@;00(Xi,0,5m=-1,Ta:Xa+Xc Bor(Xil;
Xc:Xe (Sm+l-Xi)/(2i+1)]; Berifm]l:-Xa/(%m+l1))

[AS 23.1.7]
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XBit

XBit
Bitwise operations
binary — bitwise and — bitwise or — collate
S.Wolfram
Jul 1881
Bitalnl

yields a I’1tst of binary bits corresponding to the integer n.
it TI
Iit:t_;n_..:;ltplihl] gt (Lel[Xtet, Xras, Xi); Xictl;Irames8n; ™\

Loop(Xres~=8, Xtot[Xi):Nod(Zres,2) jXres:Floor (Zres/2);InclXil];

RavIiZtotl)

Intbit [list]

finds the integer cnrreﬁgun to a list of bits.
Intbit[3list slontpl®list]l] 11
BumiZ~{Len[S$1ist]-2i) S1istiXi), J2i, i, LaniSlint] |

Bitand[n, ml
yields the bitwise conjunction of n and m.

Bitand :sComm
BitandI$n_sNatplSnl ,Sm_s(Natp[3m] & SwDEnd] s %
(LellXZn, Xm); En:BitslSn)l; Zm:BitslSml; %
IntbitIReviLdist[ReviZn) & ArlLen(X¥n]  Rev[(XIwll]11)
Bitand [Sn_sNatpl$nl ;Snl::5n

Bitor [n, m]

yields the bitwise disjunction of n and m.
Biter 2 Comn
Bitor[$n_sNatp[3n) Sm_rNatp(Sml] :: %
Intbit[ReviLdist (RavIiBits(Snl] | RevIBits(3ml]1]]

#I011:: <XBit

#11211: Bitsll23)
#0121 $i,4, 8, 1.8,4, 3]
#II3T7:: ImtbitiX]
#r31: 123

#Il41:: Bitand[123,514)
#OL&]: L]

#1I51:: Biter[123,514)
#0151 B35

b




-XBox

XBox

Additional graphical objects

geometrical figures — square — box — circle — plotting
regions

5. Wolfram

Jul 1881

Box[|=x,y}]
represents a unit box centred at the point z.y.
lu;[!!n.lu]] ts LineLfPtL|Sx-0.5,3y-0,.5]]1 ,Ptl{Sx+0.5,35y-0.5]1, “

Pel{$x+8.5,8y+¢0.5)1,Pt0|$x-8.5,8y¢8.5})1, \
Pr[fSx-8.5,5y-8.5]1])

Circleljz, yil
represents a unit circle centred at the point z,y.

Circlelfsx,8y{l s+ [CurvelArl28,Pt(]|8x,3yl+[5inl2P) $L1r728), \
CoslzPi $1/281 0111
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XCatalan
XCatalan
Catalan numbers
convex polygon dissection — rooted planar trees
5. Wolfram
Sep 1882
Catnum[n]

n th Catalan number.
Catnum[$n] z:: Combl(2%n,%n]/(Sn+l)

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

continued fraction representation

S.Wolfram
Aug 1882

cf0ljal, a2,...{1
converts the continued fraction number with coefficients al, ag, ... to decimal
form.

CiDISi1ist _»Contp(%1imt]] 22 dLellt)ljt:LastiSlimtl; ™\
Doli,LaniSiist) =11, -1, tsNIL/1+81iwtli200;1)

OCf [n, ord]
converts the decimal number n to a continued fraction form to order ord.
DCYfLISn,Sord _sNatp[3ord]l]] sz ™

fLelln,ni,list]l; n:%n; Illiifh Deli,Sord,nicFlaarinl;
VistsCatliimt, fmidl; niNIL/ (n=nid13; limt)

#Li11:y  QACH

#II21:: NWIPRII

#0021 1.61883

#1032 DCHIX,LE)

#OI3 R O TR TR T g O
#l4l:r CHDIXD

#OLe s l1.61818

#LI51:: DCHINEPID,L1E)

#0I5) f3,7,15,1,282,1,1,1,2,1}

Future enhancements: Treat erbitrary precision numbers; may be included in C#1(] internal
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XChar
XChar
Character manipulation
text manipulation — character strings — ASCII — letters
words
S.Wolfram
Jul 1881
Upperp [str]
yields 1 if the first character of the string sir is an upper case letter, and 0 other-
wise,
UpperpISater] tt (IExpiIAYIL]) & ExpiiSatrlIl] <= C1Expl[21113)
Louerp [str] .
yields 1 if the first character of the string str is a lower case letter, and O other-
wise.
Lousrp[Sgtr] :1: (JExpl(al(l]) <= Expl[(Sstrl 1] « C(1Expllzl(11)
Tolouer [sfr]

converts all upper case letters in sir to lower case.

Tolowar[$str] :1: Iwmpl [MaplSl-ClExpli [R)[1)-Expila
(1ExpIIRYIL]) <= 32 <= (1Expl([2]

1011) ,Expi(Setrd 1, ™
[113)11

#1i11::  <AChar

#1E21:: 4l:"s massage”

#01021: "s meassags"”

#IL%1:2 t2:"A MESSAGE"™

#or3l: " MESSAGE"

- fli4)r: Lowerpltl)

a1
#1051 Leowarplt2]
#rs1: 8

#LIEl:1: Tolowsr[tZ]
#OL6]: "a message"
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XChi2
XChi2
Chi squared distribution

prnbn:hilitjr funclions — errors — statistics — normal distribution
Gaussian distribulion

S.Wolfram
Aug 1982

OChiZ [chi2, nul
value of chi squared distribution at chif with nu degrees of freedom.

QChiZCI%chi2,%null :: MIGammal$nu/2,%5chi2/2)/Cammal¥nu/2]]

[AS 28.4.1]
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XClass

XClass

Classified data statistics

binned data — histograms

C.Feynman
Aug 1881

Class [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.

Class[$x,Scant,Sspacel] : Scant + -le(SspaceasFleoorll/ 2 + (Scant + =Ful?
/Sspacel)

Classi fyld, cent, spacel
returns a list, the indices of which are the elass 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.

CiassifylSdata,$c,$s)] 1: ProclLellrsit] ; rsit 5 ArLffClassiApIfin®,
,!:Il!ll,!u,lll,Elllllﬂp[Hl:.tdltl!,Ie.‘ll,it!l,'] § Maplrelt[Class™,
[3y,%c,%5])  reslt[ClasslSy,%c,5c]] + 1,5cdatal’

§ ralt]

CHlode [dl
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[$Sdatal :: AplCat,Pos(AplNMax,$datal ,Sdatall
CHean [d]
returns the arithmetic mean of the data in d.

CHean[Sdatal :: N[SumlElam(Sdata, fn|lelnd(Sdata,nl, fn,1,\
Lan[Sdatal {1 /ApIPlus;Sdatall

CSOLd]
returns the standard deviation of the data in d.

CSDISd] :: NISqrt[CVer[SdleApIPius,$d)/(Ap[P ius,$d] + -1)1]

CVar [d]
returns the variance of the data in d.
CVar[%d] 1: HIt!uh[lndIld,n]‘EtEl-ll!d,[n}l,!n,l.\
Lan[3d] !] + =le(Ap(Plus,Sd]l eClaan($d]l =<2} ) /Ap [P lus, $d]]

CApprox[d]
returns an Err projection whose mean and standard deviation are the same as
those of d.

- o A T R e N T O T, T, e
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2 XClass 2

CApprox[%d] t: ErriCMean(%d] ,CSDL%d]]

CHDLd]
returns the mean absolute deviation of the data in d.

CAD[24] :: (Lellwsan] ; maan : CMeanl$d] ; Sum(Abs[Ind[%d,n] + -meanl®
sElemisd, n|l, |n,l,Lan(3d] {1) /AR LPlus, $4d]

Unclassifyld]
returns a list of unclassified data, which, if classified, would produce d. This is the
"inverse" of Classify. It is of course not perfect, since much information is lost
in the classification process.
Urclassifyl$d]l :: PurifylApiList MaplRapi[Ind(%d,8x] Elamisd, [$x]\
dl,Listil .. Leni%d]]121]

PurifylSlistles(lellrdgrs [{;0ofi,LaniSiiet] TfINumbplElaniSiint, f1{13, %
rtEltlr,LlltIEliillJl:i,EI 11113;r)

CFraclld, f]
is a projection which is called only by CFract. You should never need it.
CFracl(Sd, Sfrac] t: If[(Sfrae > @ Lelln,total wantad]l ; %
Forfn : @ ; total 1 8; wanted : BSfracefAp(Plus,¥d]l ,wanted > total,’

ntn+ 1; total : total + Elem(Sd, fni),n] + 1,Lelln] ; n'\
t # ; LoopINuli,mn & n « I,El-h[‘d,!nil = #1]

CFractld,f]

returns the f fractile of the data ind.
CFract(Sd _= (Lani$d]l > 1), Sfrac _s (Sfrac >= 0 & 1 D= Sfrac)] :: )\
Nl(Lel[where,c,bl,fm,fml,nn] ; where : CFracli(%d,%frac] ; o 3 Ind(3d,™
2] + -Indi3d,1] Bl : Ind(Sd,uharsl + =1lxe/2 ; fm’\
1 Eli-[id,Iﬂthlil i tml ¢« AplPlus, MaplElen(8d, {$n{l,\
f1 <. where « =1{11 ; nn : RAp(Plus,5d] ;
bl + exinneSfrac + -ful)/im})l

CMed [d]
returns the median of the data in d.
CAad[%d] :: CFract(lSd, .51

Ca1l [d] _
returns the first quartile of the data in d.
CQl1$d] s: CFract($d,8.25]
Ca3id]
returns the third quartile of the datain d.
CQ3(8d] :: CFract($d,8.75]

CMinld]
returns the minimum of the data in d.

1t (Leliln] ; n «+ & ; IndISd,LoopIHuli,n 1+ n + 1,Eleml%d,"
11 = 811)

CHax [d]
returns the maximum of the data in d.
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XClass 2

CHax{%8d] t¢ (Lelln] §; n 2 LenlSd] + 1 i IndlSd, LoopINuff,n 1 n + =1,%
Eianisd, jn{l = 8112

#Itl]:l Lxe lans

#1021:: Classl(2.43,8,1]

oz 2

#I031:: Crass[Z2.43,.5,1]

#orsi: 2.5

#I041::r Crassifyl}22,15,35,45,36,25,16,35,29,38,28,45,36,33,20,25,15,9,48,42,8

#OLil: [17.83s 1, [L2.81: 2, [17.61: 2, [22.5): 3, [27.51; 2, £32.5): 3,
[37.51: 3, [42.81: 4, [47.51: 1}

At this point, dus to & garbags collecter bug, SHP want
into an Infinite loop. We thus have to start over:

#lILl:: <emampl

This file contdine &n sxample ol classified data. It iz the valus

of the variable a.

#0211 xclass

#IL31:: &

#0131 fr=33: 1, €=21: 2, [11: &, (31 2, [6)s &, [71: 8, [81s 6, Clll: B,

[131: &, [15): 2, [171: 1, C181: 1]

#I041:: Chedelal

#OLi1, f7,11]

#1051:: CHaanlal

#OI5]: A.588235

#II61:: CS50Lal

#0061:  4.881B615

#1071:1  Unclassifylal

#0L71: {-%,-1,-1,9,%,§5,§,5%,5,7,7,7,7,7,7,8,9,8,9,98,11,11,11,11,11,14,1%,13%,
13,13,15,15,17,18)




XCode

XCode

Mixed radix operations

APL encode/decode

5. Wolfram
Jan 1982

Encode [radiz, list]
encodes list according to the specified mixed radiz.

Encode(Sradix _»sListp[Sradix] ,3list »(Lintp(Slixt] N
ElLan(fliat]l=lan(Sradix]l +10] 2: %

(LellXtot,Xil; Xtot:¥limtlll; DolXi,2,Lan(®listd, ™
Etot:Xtat Sradix(Ei-11+%1iat{Xill; Ttot)

Decode [radiz, nl
yields the number n in the specified mixed radiz.

Decodellnit] 21 <ATri
DecodealSradin sListplSradix] ,Sn_sNatpISnl] s
(LellZtot,Xdig,Xrad, il jErad:RavifNap(ApiAult, S1), TrilSradixldl; ¥
Ztoet:%n; DolXi, LeanlSradix] , Xtot:Xtot-(XdiglXid: N\
GintIXtot/XradlXil1)XradiXil)l; CatlReviXZdigl, jEtot]l)

Misfeatures: Decode definition is incorrect

Decode definition not yet correct.
Example:

time: J365,24,68
Encodeltime, §4,2,1,51]
Decode[time, %]




XCon
XCon
Tensor contraction
explicit tensors — inner products — generalized traces
5.Wolfram
Jul 1881
Con [list, ni, njl
forms the contraction of the tensor list over its nith and njth indices.
Coni$list,Sni _sNatp(Snil ,$nj sNatplSnjll 1:
fLel [Il]a It:Trans(Tranc(Siist, J1,%ni {1, 2,3nj11;
pIPlus,ArfLen[Xt] ,Xt(8$1,8$1111)

#l1l11:: <QlCon

#102):: w3sRrDf2,2,2], 1]

#orzn: I“fil,l,ll,fll,l,!]l,Iitl,i,l],f[l,?.l]]I,-
fifrz, 1,10, ¢102,1,23§,§¢12,2,13,¢12,2,211}])

#1I31:: Conli%,1,2)

#0r3l; FPEL, 2,00 & #02,2,01,901,1,2) » #12,2,2)]

#lIkl:: Coenlud, 2,3)

#OLAT: FPLL, 0,00 « €01,2,21,412,1,11 + 112,2,21}

#LI51:: whrPrrf2,2,2,2],10);

#II6):: Conlud,2,4]

#OLB): fiena,1,2,1 » #100,2,1,27,4102,1,0,1) + #02,2,1,2)]),

jeta,1,2,13 + #11,2,2,20,9102,1,2,1) «+ ¢12,2,2,21})

* Inner; Dutar

¢ kY



XConfus
XConfus
ks Confusing function
S.¥Wollram
Jul 18981
Conflzx]

is a confusing function.

Confl$x _sNumbp[®x]] :: Confi($x]:Randl]




XConsSol

XConsSol

Numerical solution of equations

Newton's methed — numerical inversion

T.Shaw
Feb 1982

ConsSo | [f,el=e2, v, {$%args]]
creates a top level smp function f{$8args guess! guess2ace] which returns the
value of v (a variable in the e? or e2) which solves the equation. The $%args are
parameters to the equation. They must be generic symbols. When given to the
consed lunction, all parameters must be numeric. This function may then be
consed, for increased efficiency.

LonsSol [Smp]l 1 B
ConzSal _: Tiar

ConsSol [5f sSymbp(51],SeleSalZ, Sv_seSynbp(3vl] 2: ¥
ConsSol($f,5el=5e2,8v, ]}
ConsSol (5f _sSymbp(51],Selefel,Sv_eSynbp(3v] ,Sargs _eListp(Sargel] z: ™
(AplSat, [Proj [!!,flitl-rg:,1!51,152,!.@5]]] .
Apl”  Lellxl,x2,yl,y2] ; =1 & Sgl 3 yl ¢ Bg2Z ;
gyl ¢ S0 3 y2 1 21 § X
Loopl fabslyZ - yl]l > febs{Z3acc y2l, Lelltmpl ;
tmp : x2 - y2 » ((x2-x1)Fly2=yl)) ;3 X\
wlen2 ; yliy2 3 =x2:tmp ; y2:32 1 § N\

x2 b, M
[Eli-l-lt!,#;-}lgll,5[!-l-l-i,!v-}!gil,5!!-1-!-2,19-}t-p]{1Il;l!]
#1011zt <AConsSol
I102):: ConsSollf,Coslx] = Sy x,x, {$yi]
’ 4

FOL21: LI
*Il!l:l Consl#)
#0131 i' ii

#1432 #01,.5,1.5,.8081)
MOI4]: 8.739885

#1150z MICes(X1]

#0151: B.739085

#1I63:: ¥[5,.1,.9,.08011
#OIB1:  ©.19B164

#1071:: MNICoxlX]]

#1171 8.98RE21

#1181:: 58

#0181: 9.988821




2 XConsSol 2

XContig

Contiguous list generation

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

S.Wolfram
Jul 1981

Contigllist, fn1,n2, ...}, elem]
renders list contiguous with ni entries at level i by inserting elem where neces-
sary.

ContiglSiist sLictp(31it), Sn wLictpi3Sn] , Smiam] 1 %
Contigli($iimt,$n, Salam,l]
ContigB[Slist,Sn,  Selan,Slev_srSleavlani3nl] 1 $list
ContigB[Slist s~Listp[Silint] Sn, Snlan,$lev] : Slint
ContigBLlSlist _sListplSlist] Sn, Selew,Slev] 11 %
ArlSniSiev] I4IPIProjISIist($1], {8]1aPrajl, X\
Salem,ContigBI[3lint(%31],%n ,Salan,Slevell]]

#1[11:: OlCentig

#1021 t:f030ca,l21:b]
#121: [t31: &, [21: b|
#1031:: Contiglt, f&i,nl
#0031 je,b,a,8]
#liél:: Contiglt, §8],x]

#OLal: fr b, m %, %, %,%]

#1051:: RAeCff2,34,§3,41],¢]

#0151 f121: fI31: #02,31, [41: #02,410, D30+ §C31s 403,3), C4): #03,411}]
#LI61:: CentiglX, fé,4],m

#0061 je, je,0, 402,31, 102,43 ], 00,0,403,3),¢03,4110,8/




‘ i

DIBer[$n,%z], [$z,%m, 8x]]

DIiBetalSx, Sy, 1], lu,i,l:‘]
DiBetal%x,%5y,1], }Sy,1,5z{]

DICheTISn,3z], |$z,1,8x}]
DICheTI[%$n, %21, Sz, 8un, 8x]]

DIChel[Sn,35z], [z, Sm, 5x|]

DIChg[3a,%c,5z1, [5z,5m, 5x]]
Poch[$a,Sm] ChglSa+3m, Sc

DiCoxhi[%z] [II.I,‘:}]
DiCos|($z], [$z,1,8x]

DEEiI[$z), f8=z,1,3x])

DIEITIE Sk, 34), f2¢,1,8u])
DLETIE(SE,$t], }St, 1, 8u{)

DLErfI82],

$z,1,8x {1
DIErf[%2],

$z,%m,3x ]

D[Eu1[ln,iz],il1,ih,!x!]

D[Eupitl,iil.iiz,t-,txil
DIExpi[%n,8z], [8z,1,8x{]

DIFreC(%2), [32,1,8x1l]
DLFreS5(%z], |Sz,1,%x]]

DiGammal%z], [S$z,1,8x]]
DiGawna($z,3a), |$z,1,8x})

DiGeg(3%n,s|,32], [sz,sm,8x{]

DiHer[%n,32], [$z,8%m,8x]]

XD
Derivatives
S.Wolfram
Jul 1981
t: Snl/(Sn-%u) leBer(3n-8Sm, Sx]
t: Betal%z 8y ,1] (PeilSz] - Peil®z+Syl)
1t Beatal®x,$z,1] (Pail3z] - PeilSx+3%z])
1 $n Chell$n-1,%x]
tt 2=(%m-1) Gamma([%m] 3n GaglSn-%m, Sm, ¥xl
11 Z2-5m SmplsGeglSn-5Sm,5m+]l,5x]

L
33

LR ]
i3

L 3 ]
11

XY
+3m,8x] S Pochl%ec, Snl

Cosh[%Sx] /8«
Cos($x) /$x

ExpiSx] /$x

(1-8k~2 Sinlful =<2) =~ (=1/2)
Sqrill-Sc Sin(Su]—2]

2 Expl-8x=2) / SqrtiPil
=2 (=1)=%m Expl(-%3x=2] Har[Sm-1,6 Ex]

Sn!/(3n=-5Sm) ! sEul [Sn-3m, $x]

(=1)=3%m Expl-%x] Chgll,l+5m,%x]
-Expi [Sn-1, $x]

CoaPi Sx=2 / 2]
SinfPi S$x=2 /s 2]

Coamma($x] Puwil$x, 1]
=3a=(%x=1) Expl-%al

2=%m PochlI$|,%m] Gagl3n-3m,%|+%m,6 5x]
2-%m 3nl/(Sn-$m) IsHer[3n-3m,3x]

DiHgl$a,sb,%c,82], |8z, ,8m,8x|) ThY

Pochl3a,3Sm] Poch[%b, $nl
DiJacP[Sn,%a,8b,8x], [$z,%m,8x]]

Hg[Sa+3m,5b+5m,5c+%n,%x] / Pochl(3c,Sml
137

Poch[Sa+8b+8c+l, Sm] JacP[Sn-3m,%0+8n, 3b+%5m, 3x] / 2-2m

DiJacCdlSz, Eml, (82,1, 8x
DiJecCnisz,3ml, |8x,1,8x
DlJecCs(%z,3m], |32,1,8x
DiJacDec(%z,8m], |8x,1,8x
D{JacDn(%$z, Sm], |8z, 1,%x
DlJacDe(%z,%ml, |92,1,83x
DIlJecNc[Sz,8m), }32,1,8x
DlJaeNd[Sz, 8u], 182, 1, Su |
DiJecNs[%z ,$m) , 132 1, 8%x
DlJacSciSz,Sm], |Sz,1,8x
DiJacSdlsz,$m], 182,11, 8|
DIlJacSnisSz, Sml, |82,1,8x

bkl M bl Ml il o il Bl B

DiJacZisz,snl, [8z,1,8x]]

LR ]
L ]
L]
LR ]
LR |
L ]
[
L |
L]
i
L ]
L |

(Sm=-1) JacS5d(Sx,3m] JacHNd(Sx,3m]
~JacfniSx,Sm] JacDn($x,3n]
=JacNe [$x,85m] JacDe([%x,35m]
(1-%m) JacScl®x,8m] JacNecl$x,Sml
=%m JacSn[Sx,Sm] JacCn[3x,3m]
~JacCu[®x, %m] JacNs[%x,Snl)
JacSc[$x,3m] JacDcl$x,35m]

tn JacSdisx,$m] JacCd[%x,3m]
~JacDe(8x,3m] JapcCelSx,Sm]

JacDe [$x,5m] JacHci$x,5ml
JacCd[3x,8m] JacHNd[$x,3m]
JacCn[%$x, Sm] JacDnlSx,Sm]

JacOn(Sx,5m] ~2




DiKumUI%a,%c,$z], [$z,%m,8x ]
DiLag[Sn,Sa,$z1, 8z, 1,8x])
DILegPI%n,8z], [$z,1,%x]]
DILIISn,%2], f5z,1,%x1]
DiLebi$zl, §$z,1,%x]]
DiLegii%zl, |3z,1,%x]|]

DiPsil$z], |8z,1,8x]1
DIPsilSz,Snl, |$z,1,8x{)

DISinhil%z] i:,i,lu}l
DISinilsz], |8z,1,8x]

DlZatal$z, Sal, |Sa,l,8b1]

L

XD e

(=1)~%m Pochi%a,Sm] KumU[Sa+Sm,5c+5m, Sx]
-Lagll-%n,l+%a,5x]

Sn (LegP(Sn-1,%x]-%x LegPF(%n,3¥x]) / (l-3x-=2)
Lilsn=1,%x]/3%x

LoglSec($x]]

1/Loglsx]

Peil®x,2]
Peil$x,$n+1l]

Sinh[$x] /$x
S5inlSx] /5=

-3z ZetalSz+l,35p]
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XDSol

XDSo|

Series solution of differential equations

power series — Frobenius method

J.Greifl and 5.Wolfram
Oct 1881

DSol [egn, y, =, ord, jy[8],y(8],...}]
gives a series solution to the ordinary differential equation eqn with dependent

variable ¥ and independent variable £ and specified boundary conditions, accu-
rate to order z7ord.

= XS5arSel

#Ll1) s
#Frizlzs

#0121:
FL13)2s

131

DSol[Seqnl=Seqn2, 3§ 8Sx Sord, Sinit]l :: \
(Lel[Zo,Xaqn, Xl iwt,XFf); XFf:SumiXalll !x*l.[l.l,tnrd ;M\
Lagn:S[Ex[S[(Seqnl-Sagn2,  SF-2Lf]] ,Sx=5i = (3i>8ord)-24]1;%
XliistiUnion[Cat[Ar[Sord-1,Confl$x~31,%eqnll, [S[Xaqn,$x-201],"%

ArfLen(Sinit]l ,DIXF, [Bx,$1-1,0{1=-8init[S1111]1;%
Ziist:Hap[$2=0,%1ist] ;™

Elist:Sol[Zlist,Arl}jj@,Sord]],Zals111];%
SIXF, Xlimtl)

<XD5ol

ag:Dtly,xl+a ys@

Dtly,x] + a y = @

DSollX,y,x,2, 1))
2 2



XDap
XDap
Directional application
mapping — rotate — APL — column cperations
S.Wolfram
Jul 1961

applies the template f to "columns” of elements at level n in list.

Dap(8f, Slist sListp(Slist] ,Sn_siNatpl3n] & Sn31)] 1 X\
Trans [(Nap (Rp($7,%$XELl] ,Trans($list,*nl],$n-1]
Dap[$],851 it sLintp(S1iet], 1] 1: ApISf,Slimt]




ucy

XData

XData
Data input

columnated input — data

S.¥Wolfram
Jul 1981

Datalfile, (nlinea)]
reads data from file for nline lines or until the end of file is encountered, talking

columns to be separated by tabs, gingle or double spaces.

Data_:Tier

Datal%file] re DatalStile, l08088]

Datal(Sfile,Snline_sNatpliSnlinaell
(Lel [21,%n,2r]; Sesatl"™ "
Sxsatl" ",List,3); ForlX
(Numbp[Xr] | ListplIrl) X
d In<=$niine,InclE¥n) Ri:Cat
" e " M=o Ret(X11)

tE ™
LLimt, 3] s Sumatl™ " Lint,31; %\
1: f}s%nel, ErsRal, j:fn..:nljl;\
|

1, j2el11; " ta 3 N




: XDatal

XDatal

Data input with conversion

columnated input — data conversion

J.Greif
Aug 1982

Cdatalfile, (cols: Inf), (temp)]
reads data from file file using the SMP input filter empin to convert Foertran 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.

CastaaTiar

LdatalSmpl: fInt,Int, 8]

LedatalInitl:: (<XUnFilat; =<XKStrB)

Cdatal$filali:CdatalS{ila, lBOBEER)]

CdatalS$file,,Stampl:iCdatalsfile, lO0BBR Stampl .

CdatalSfile,ScolslssUnFiatiRuniCloin {"smpin -mklist 64 <", 3fi1a]1,%
Scolsl

CdatalSfile,Scols,Stampl::Map(Stamp,Cdata(sfile, Scoisll

« Cdat [$file,(Scols:$inf),(S#Lemp)]




XDi 1
XOiff

Finite differences

Forward differences — difference equations = finite elements

S.Wolfram
Jul 1881

Difflf,z,z0,nl
yields the nth forward finite difference of f with respect to z at the point z=z0.

DIiFFISF, 3x,3x0,3n) :; SumIS[Ef, 3x-D8x0+3n-2r] %
(=1)-%r I‘:alhltn.lrl,itrii,!n]l

#F1011e: DADIFF

#1020 er DIFELFLx],x, 8,3

#L2): =fI8] + 3Ff[1] = 340[2] + #L[3]
#1031z ArlS, Ex(Diffl(x+ad=3,x,1,%111]

2
#0031 17 + 88 + 3 & ,12 4+ Ba,B,0,0]

(R )




XDig
XDig
Digit manipulation

text manipulation — pesitional notation — digit extraction
number construction

S.Wolfram
Jul 1881
Updated Aug 1982
Digln,dil
yields the coefficient of 10”1 in the number n.
Digl$n sNumbpI3n] .31 _»Intpl(%il] 12: ModIlFloor[Sn/1lE-=%1],10]
LDigInl
yields a list of the digits in the integer n.
LDiglSn_sNatpl3nl] 1: Expl[$nl
FIExtr, ‘LDigl::FLDIig

LL0igllnit]l 25 <(Pad
FLDiglL FI®S$x,%il,%i211 1 Flat[Map(LPad(ExpI[%1]),08,4],List[38x]1]]

NMake [list]
converts a list of digits to an integer.

HHacw(%list] 3 Makallwmpl[$list]]

#Il1):: <XDig
#1021 Diglé56123.321,8)

#1211 5
#1131:: Diglllé,0e425,-3]
#0131 4

#I041:: LDigLl467128]

#0141 §1,4,8,7,1,2,80}

#UI51:: MNAakalX)

#0I51:  14B71289

#LI61:: NCPi,20]

#OI6):s (3,1415926535897932385)

#1I7):: LDigIX)

#or71. fo,0,9,8,1,4,1,5,8,2,6,6,%,65,8,9,7,9,9,2,5,8,5,8]

Prerequisites: TPad




pos

KDim

Dimensional analysis

units — physical quantities — similarity

S5.Wolfram
Jul 1881
Fundamental dimensions:

length

mass

time

current

temperature

(luminous) intensity

emount (of substance)

Derived dimensions

SDimI)) : Aras =2 lsngth=Z
SDImIZ2] 1 volume =2 length=3
SDimI3]) fraquancy =2 time—=1
SDimi4) density -> mass/volume
SDimIS] : concantration = amount/veolume
SDim(6] : valecity -> langth/time
SDimI7] : dccalaradtion =2 leangth/t ima=2
SDimIB] : force => mass lsngth time=-2
SDim[8] : prassurs =» force/arsa
SDimL[lE] : strass ->» force/arsa
EDimC11] viscosity =2 pressure time dynamic viscosity
EDimIl2] snergy =-> force length
EDimI13] work =2 force langth
SDimIl4&) = haat -2 ferce langth
SDim[15] : pouar -2 anargy/tima
S0im[16] : ehargs -2 currant tims
S0imIl7] : - voltage =2 poderfourrant
SDimC18] : ami{ =-> voltage
SDim[19) : fisld -> voltage/langth electric field strength
SDim[20] resistance -> voltags/currant
SDIim[21) conductance -> resistance=-1
SDiml22] « capacitiance -> charge/voltage



SDimi23)
SDiml2é]
50im[25]
EDim[2B)
SDimI27]
EDim(28]
50imi28]
EDiml38]

XDim

flux =2 voltage time magnetic flux
inductance -> resistance time

dose -2 snergy/mass

setivity =2 time==1

illuminance > intensity staradian/arsa
irradiance => pouwar/area

antropy => aneargy/temparaturas

conductivity => powsr tempearsaturaslength &
thermal conductivity




XDios
XDios

Solution of Diophantine equations

integer equations

5. Wolfram
Jul 1981

PDios [egn, fnl, {nlmaz, (n1min @), (nistep:1)}],...1
tests all specified values for the ni, printing those sets found to satisfy the equa-
tion or condition egn.
PDiox(Seqn,35r] t: (LellEvl; XEviAriLen(Ev:Limt(SSrl]l, XvIS1,113; ™

FlatlAr[Ar{Len(Zv] Lint($Sr] ($]1,2]] . PriSSLl;Lint(Ssl], %
PIN(S[(Seqn,Ld ist(Ev-2List($32]1]11]1],LenlXEv]-11)

#11011:: <Dios
#1121:+r PDlios[x=~2+y~2=2~2, |x, 18], fu, 18], [z,18]]

3 4 E]
i 3 &
] a 10
s E 18

#0123 {{3,4,54,4¢,3,5}),[6,8,18],}8,8,108}]




XDise

XOisc

Polynomial discriminants |

polynomial roots

J.Greif
Jul 1981

Discla, £l
forms the discriminant of the polynomial a in z, which must be zero if a has multi-

ple roots.
Discl%a,Sx sSymbp(%x]] :: Rsit[Expt(3x,SalSa-%x D[Sa,$x],0[%a,%$x], $x]




L

= = DR R

8oy

XEqn
XEgn
. Conversion to eqn format
text-formatting — pretty-printing at
d.Greif
May 1962
Eqnlezpr, definitions, eqgnuml

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

EgqnlInitlti <XEqnPr
Eqn_sTier

EgqniSexpr, Sdefs sl istp(Sdefe] ,Snuml
fLell%p,%d]; Xp:LPropsaviPriint, Prl; %
LProprastIPriist,Pr Mapl SLIEQN] ,Priist1d];™,

EdeCat(Sdmful ;™

remove symbaolic indices

EfCLan[Xdl 8,

Pri".EQ ™; Doli,1,LaniXd],PriXd(ild]; PrI".EN "11;%\
IflSnum<B,Pri".EQ")1,PrI".EQ ",$numl] ,PrI".EQ ",Snumll;"%
PrlSaxprly Prl".EN"1; LPropreast[Priimt,Pr, Xpl; ]

Egn[Saxpr , Sdafe _sLictp(Sdadmllzc?
(Lei[Xp,Xd); Zp:LPropsaviPriist, Prl;\
LProprest[Priist,Pr Mapl SLIEQN], Priistllz™
Xd:Cat[Sdaisl ;b
IflLaniZdl >8,%
Prl”.EQ ™ ; Doli,1, LanlXd) PrIZd4[1311; PrIL™.EN "11;\
Pri"@ ", Suxpr, " ©"1; LProprastiPriist,Pr,Xpl; )

initiakize things
Eqnll

utilities, perhaps should go in XLPreop

LPropeav_sLProprast aTilar

save existing property, er Nul | if not set

LPropsav(%| ist, Sproplezileci[Xi]l; Zi:Napl _S1(Spropl,s
Mapll{lP[Matchl $Xx[Sprop] ,$1]=08],81 Nulll, X

restore prop property toall items in list from oldist




2 XEgn 2

LPropresti$iist, Sprop,Soldist _silaniSiist)l=loniSoidist] )}l on?y
np[an,'ilupi'_nupupl,:l ist],Soldist]]

#1111:: <AEqn
#1121 Raxl3B]

2 2
o1 2 x =z (1B + x) (216 + 324x + 1BBy - EBéBx =z

2
# 12y z (2 + x) (50 + y )

#1131:: EqniX,0af)

+EQ
delin OO
define eint F" o' \s+E\lis \s@\ici*"§
+EN
@ 2 fx}] sup [2¢ fzxzd sep f2{ (1B & x)
= (216 + 324x + 10By - Bddx 2
# 12y z (2 + %) (50 + [y | sup §f2 {0 a
#l[4l:: Eqni@2,0ef,3]
+EQ
dalim OB
define cint " \o*\meb\Cis'al\ici®"g
% 1

2 x| sup J2z2|i fz | sup [ 2] (16 + x
s (216 + 324x + 18By - BaBx z

e 12y 2 (2 « x) (50 « fy | sup [ 2 |0
JEN

#1I[511: <and>

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

XEgnPr

Printing forms for eqn output

typeseiting — two-dimensional cutput = UNIX = TROFF
text processing — word processing

J.Greif
Jun 1882

Lb: " i
lh’ L1} L
'It"" LR L]

FPou[EQN)[[Sa,3b]):Fmtl,Lb,%a,Rb, " sup “,Lb,Sb,Rb]
LPouw(EAN] [[3a,1/2)):Fmt[," mqrt "lh,!-,lb]
DivIEQN] [[$a,30)):Futl,Lb,%a,Rb, " ovar “,Lb,Sb,Rb]
Suwl[EQN] [[Sax, Ilv,!ltrt Sand (1]}

Fuwtl," sum from “,Lb,SveSstrt,Rb," to “,Lb,3end,Rb,Sax]
Prod[EQN] [ [Sax, Ilv,litrtsllnlllll\

Futl," prod from ",Lb,SveSstrt,Rb,"” to ",Lb,Send,Rb,Sex])
Int[EQN] [[Sax, |Sv,Satrt 'Iﬂﬂ}l!l\

Futl,” int from ", Lb,Sstrt, Rb,” to ",Lb,%end,Rb,Sex,,"d", $v]
Wneqg[EQN] [[3Sx10:5xL" 1= ™, [$8x])
Err[EQN] [[%a,2b]]¢8xl" +- ",E'lh'ﬁfj
AUnion[EAN] [[$$x]1:Fmtl," union ", [$%x{]
Inter(EON) [[3$x]7¢Fmtl," Intar ", }38x{]

DIEQN) L[Sy, |$x,8n,8z{1):Fmtl,™ 1uft "sMI,Lb, " partial "~8n,8y,Rb," over ",Lb,\
“partial ", $x=%n . Rb," right “," | sub ",Lb,Sx=%z,Rb]

examples of user functions

Deum[EQN] [$Sx]eSx1" ciplus ", $3x|] direct sum
Lint[EQN) [Sa,3x):Fmtl, " cint " %a,, "d", Sxl contour integral

example of user definitions
Dafleintl:"define cint F'" o ‘z+E\liz \g@\(ei " ""§"

a contour integral sign
Datldelim]:"delinm @B"

list of functions whose Pr properties will be saved

Priiet: | "Pou, 'Div, *Sum, *Prod, “Uneq, 'Err, “Union, “Inter, ‘D, ‘Duum, “Cint |




KEul¥Y
XEulY

Euler numbers and polynomials

S.Wolfram
Feb 1982
Explicit forms for integer values of index.
Eui{Sn_=0ddp[%nl] : @
Eull$n_sOddp[%nl, $x] : &8
Eul($n_sEvenp($n]] : 2-%n EullSn,1/2]

EullSn_sMatpl®n/2],8%x] 1 2={(Sn+l)/(En+l) (BariSn+l, (Sxs+ld /21 -
BariSn+l,5x/21)

[MOS sect. 1.5.2]




XEulgam

XEulgam

Generalized Euler-Mascheroni constants

S.Wolfram
Feb 1982

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

Eulgam[®8] : Eular
NIEuigam[Sn _»Sn>811 s
NISumiloglil=8Sn/i, §1,1,20}1-Logl281~(Sn+l)/(Sn+1)]

[AS sect. 23.2]

= Eular

Misfeatures: Numerical accuracy of sum should be investigated.

¢e8




XE=xDot

XExDot
Dot product expansion
alar is — distribution — reduction — vect
sC produc ribution on — vectors
S.Wolfram
Jul 1881
x_Scal

declares x to be a scalar.
Scalp (expr]
tests whether ezpr contains only scalar objects.
ScalpliSexpr] :: Ap(And, HapIPI _$1[Typel=Scaill ,ContiSaxprll]
ExDot [expr]
factors all declared scalars out of dot products.
ExDot{Saxpr] :: S[Saxpr,38u.(Sa_sScalpl(Sal).SSy—-2%a SSx.5%5y,
($a_sScalpi$al).38x--2%a $%x, $%x. (%2 _sScaiplSall-->%a $%x,%
$8x. ((Sa_sScalplSal) $Sb).SSy-->8a $Sx.38b.8Sy, \

(i{%a_»srS5calpl3al) 33b).38u—-D2%a $%5b.3%3x,
$5x. ((Sa_sS5calp(3al) $5Spb)==25a 53x.3%b, Infl

ExMDot [expr]
sets all dot products of a matrix with its inverse to the identity.

ExNDot(Saxpr] :: S(Sexpr,MinviSm).Sm-3>l,5n.RinvIiSml-21,Inf]

#Illle: <XExDot
#1021:: x_y_Scal

#0r21: Scal

$1031:: Scalplxey~241]
g3 1

#II&l:: Scalpla+xl
JOri1: 8

#I05):: ExDetlm.dx B).(lsy).el
#0051 x a.b.e (1 + y)

#IIB1:: ExNMDotla.RMinvIibl.b.Minvial.el
#OLE) s e




XFPou

XFPou
Functionals
Functional powers — iterated functions — nested functions
5. Wolfram
Jul 1981
FPoulf, n, z]

yields n nested applications of f to z.

#IL1)::
#rrz2l::

#0r21:
#L3) 4

#or3 .

FPou_sTimr
EPoulSmpl: f8,Int, Int
FPewl(Si,Sn_sNatp(Sn] ,$x] :: (LellXel ;Xa:Sx;Rpt(XZa:AplS+, jTall,snl)

FPowl®f, @, ,8x] 1 ¥x

AFPou
FPowmld,108,x=2]

2
FLACFOEFCFERDFERDFIFEx 22113121101)
Ex [FPoula $x(1-%x),3 x]]

3 3 2 & 2 4 3 & & 5 2 § 3 5 i
&4 X - 8 ¥ + 8 X =2 8 ® + 8 X + 8 X -2 8 ®H + 8 x
6 3 E i E 5 & €& 7 & 7 &
+ 2 8 x -6 a8 x + 68 X -2 a8 %X + a8 X =4 a x
7 & 7 T 7 8
+ Ba x =4 a x + 484 x




¥Fib

XFib
Fibonacci numbers
Golden ratio
S.Wolfram
Jul 1881
Fibinl

yields the nth Fibonacci number.

Fib[Sn_sNatp(%nl] :: Floor[MLINIPh|I~Sn/Sqrt(51+1/211]1]
Fiel%nl :: NL(PhIi-3n={=Phi)~(-%n))/8qrtisll
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XFierz

XFierz

Fierz transformations

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

S.Wolfram
Jul 1881
DIN
denotes number of dimensions (default 4).
DIF : &
Fzlk, Il

yields elements of'the Fierz rearrangement matrix.

FzxISk,%1]1 t: (=1)-~%1 (DIN-251)/%c FzisSk-1,%11 = %
(DIN-Bk+2) 7%k FzI[%k-2,%11]
FzI(®,%1) ¢t =-1/2~Floor(DIN/2Z]

Fel1,%1) t: (-1)=~(S141) (DIM-2%1)/2=~FloorIDINS2]
Fierz[dim]

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

Finrz(Sdim_sHatp[$diml) :: (LelfDIN]; DIN:Sdim; ™
I+[Evenp(DIN] ,ArCfjO,0IN], fo,0IN]]|,Fz] AN
Arl)]e,(DIN+L) 24, t.tn:nuuz'“,r:n:

fIIl!:t <AF iarz

#1213 Flarzl3]

#0121 fted: jr@l: =1/2, 13z =1s2, [2): =1r2],
E1): fre): =372, K1)z 172, (2): Qr/2],
£21: frel: -3/2, 011: 1/2, (21: 1/2})

[T.Curtright (Univ. Florida)]




XFit
XFit
Curve fitting

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

S.%Wolfram
Jul 1881

Fitlji=1,y1}, iz2,92],...]. Iz, 9]
obtains a linear fit for the relation between z and y.
Fitlsiint, [$x,%y]) 2: AplSy=51 + $2 Sx,ApIFit®, Trans(Slistll]
Fit0[$x,%yl 11 (Lcl[Xb®,Xbll; Zbl:iLeniSx] ApLPius,Sx Syl = %
ApIPlus,Sx] RplPlus,3yl) / (Len(3x] AplPlus,Sx=2]1 - \

AplPlus,¥x]=2); Xb@®:(AplPlus,$y]l - Xbl ApIPlus,¥x]) Leni¥xl; ¥
fTee, 161} )

FitExplfiz1, y1}.iz2.y2]....1, iz.yl]
obtains an exponential fit of the form ¥ = @ bz for the relation between z and y.

FHE:pIiIlII,]i:,' r}l t: ApIHISy = Exp[$1] Expl[$2] ~$x), %
ﬂl% ite[SX] N[Log(2X2]]],Trans(®listl]]

FitPouljiz1, yi1i, {z2,¥2],...1, iz. ¥}l
obtains a power fit of the form y = a z™b for the relation between x and y.

FitPoul(Siimt, [$x 8yll :: ApINISy = ExpI$1) Sx-%21, )\
RplFitd NiLog(Trans[31intl1]]]]

Corrliizl,yi}.iz2.y2]....1]
yields the population correlation coefficient between the xi and yi.
LorrlInit] 11 <XJtat

CorrlSlist] s+ NILel[%x,Xy); [%x,%yl:Transi$iistl; %
AplPlus, (Xx - Nean(Ex))(Xy - MeanlZyl) / SqrtlVar[Ex] VYar(Zyllll

FLl11:: QAFit

#1021::  teAr[S,NL|S,2Exp8] {11

#0121 ff1,5.436564 ), {2,14.77811], 3,40.17107], |[4,1089.1963}, |5,296.8263 )}
Fl31:: FitIx, fx,y]d

#0131 109.8776 + y = E7.71877x

FlIale: SIX, x->3)

JOL4l:  y = 53.28167

#1053 FitPowlt, fx,y]d

2.421572
#0151 : y = F.953884 x

#1I81ss FitExplt, fx,y]l

x
#OLED ys= 2 2.718282



file:///x.y/l

2 KFit

#1171 Cerrltl
#1712 3278786

Future enhancements: Should give error bars on fitted parameters.

.....



XFun
XFun

Function generation

lambda expression — make generic — create function
create pattern

S.Wolfram
Jul 1881

Funlezpr, {a,b,e,...]]
yields a list to be used as the value of a symbol whose projections give values for
expr with filters corresponding to a,b,... in that order.

Fun_aTiar
FunlSaxpr $iist _sListpl®iist)) sz (LelIXI, Xal; XIi:N
]

plDummy, Slietl;
AplSet, JAplZa,X1], 5 [Saxpr, Ldist[Slint=2L]]

a
|1; Retlzal)

Dummyl$s sEymbp[8sl] :: Makel"$",3s)

T e 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 1881

Ginds
is a list of all symbols assigned type Gind.
Einds :: RallContl, 31[Typal=Gindl]l
YConl[expr]
contracts any repeated pairs of indices in dot products in expr.
Con[Saxpr]l r: SCEx(Sexpr,,,,,Inl "Ydot, 8111, %
Vdet[(SEmu_» _SY¥nulTypal=Gind),  $Zmul -3 Mdim, ™

YdotlS$XZeu_r SXnulTypal=Gind,$Xvl] Vdot($3Xmu,SEvZ] -2 %
Vdet[3Xvl, EXv2], Inil

Transformations of products of Dirac gamma matrices.

SGI11 1 (“GIS3x,%p,.8q =»(DrdlSp,5q]<B),38yl)) =2> 2(°CGIS$x,88yl)) Spll).Sqll] - ™
‘GL%%x,%q,%p,58y]

SGI2) : (‘C(%p,8q . »(0rd[%q,Spl <B)]1) --3 2 $pll].%ql1l] - GISq,Sp]
SGIL3) : (“G(9%Sx,%5p,5q_»r(0rd(Sq,3pl<B)]) ==> 2 $pl[1]1.%3qll] - GISSx,%g,5p]
SGL4) : (“GI(Sp,8q »'0rd[(%g,Sp]l <B),35x]) ==> 2 Spll]1.%ql1l] - GISqg,S5p,$8x]

Chisholm's identity in four dimensions.
BGI5) : ('GiSmu_sr SwulTypelsGind,33x »0cddplLen(3$x]] , Smul) =2 -2 RaviS$x]




XGFit
XGFit
General least squares fitting

Regression — stalistics — curve fitling — data analysis
parameter fitting — function fitting

S.Wolfram and P.Leyland
Feb 1982

GFitlifz1,y1}, {z2,y2i,.. .} form, {porl, parsd, .. {]
finds values of the parameters parl, parg, .. which yield the least square deviation
of the template form from the curve specified by the points {z1,y1}, z8y&|, ...
GFitaTier
GFit[S)lint sLimtplSlint]  SFf,S5pars _sListp(Sparsl] 1: (LellXdl;

ZdiApIPlus, (Map[Sf,Trans (81 ist]l (1)) -Trans (31 ietd [200=20; N
SollLdistIAr[Len[Spars] ,D[(Xd,SparslS1l]]])=@), Sparsl (1))

#1132 AGFIH

#10232:  teCatlArlfje,1,8.00], §S1, NIExp[%11] {12

#0021 Ffe, 1, fe.1,1.18507|,}0.2,0.2214},[9.3,1.94986{, [v.4,1.48182],
jo.5,1.64872], j0.6,1.82212]), {0.7,2.01375], §0.8,2.22554],
f0.9,2.45961]]

#1031:: form:aB+al Slea2 S1-2

2
#0131: af + al 51 + a2 %1

#1141:: pars: fad,al,a2|

#0041 fal,al,a2|

#1053z GFitlt,form,pars]

$0[51: faB -> 1.0064,81 -> 9.88905,82 -> 0.78764
#1061:: GFitlt,aB+al S1+82 $1-3, faB,al,a2]]

#0(E] fad -> 8.898118,a1 -> 1.16989,82 -> §.588704 ]

Future enhancements: Errors etc.
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XGOInt

XGUlnt

Gaussian quadrature integration

numerical integration — npgm:d.muta integration — numerical quadrature
symbalic-numeric interface

Galnt(f, {=, Lo, hi], npt]
forms the numerical integral of f with respect to z between lo and Ai using npt-
point Gaussian quadrature.

GOInt[Sf, [$x,%10,%hi |, Snpt_eInlSnpt, [6,12,24]2] s: %
NI(Shi-%10)/2 Sum[S[Sf,Sx->
((Shi-S1e)GOxISnpt, i1+(Shi+310))/2) GQulsnpt,il, %

Ji,=-Snpt/2,8npts2{11

GOx[E,0):COuIE, B0

GOx[6,1):8.23861918608

GOx[6,2):B.6612893864

GOxI[6,3):0.9324605142

GOx[B,-11:-60Qx[6,1)

GOUx[6,-21:-60x[6,2]

GOx[6,-3]:1-60Qx[6, 3]

COwIE,1]:C0wlE,-1]:0.4679139345

GOwIB,2) :GOmIG,-2): 0. 3687615738

GOwl6,3):60uIE,-3):0.1713244923

#Iill:: <XGAImt;6QIntsy<AGAInt

F1021::  GQIntOfCxd, §x,-1,1],61

#or21: SA7132454[-.9324695) + .JERTELIEFI-.6B12094) + .4E791389+([-.2386182)
+ A4B79139+(.2386192) + .3GO7GLEf[.6B120894]

—

e .1713245¢[.9324685]
#031:: GOIntIx=2, [x,8,1},6]

#0103 « 3333333




XGammaS
XGammaS

Gamma function

Euler Gamma function — Euler integral of first kind

S.Wolfram
Feb 1882

Functional equations

Recurrence relations
SGammall,l] : Gammal%z] -> ($z-1) Gammal$z-1]
SGammall,2] : Gawwmal[$z] -> GammalSz+11/8z
CanGam [expr, reps]

applies recurrence relations until the arguments of all Gamma functions in expr
are canonical, and vanish when the replacements reps are applied.
CanCam[Baxpr , $2rape] :: S[Saxpr Cammalf]l _sNatplEx[S5[8],22rapslll] -3 %

(Lel[XZz,En] EniEx[SI3l,$%repsll; Zz:Ex[351-XZnl; ™
Prod[Zz+Xi, jXi,8,In-1|] GammalXZzl}]

#Fllllt: DGammas

#I021:: t:Cammal2-a/2)+Coammalé+alCammall-al

#OL2)+ Cammal2Z - w/2] + Gammall - &) GCammald + al
#I031t: CanGamit,s-281

=a Gammal=-a/2]1 (1 = &/2)
- #OL3]1 e e

- & Gammal-=] GCammalal (1 + &) (2 + &) (3 + m)
#FlIA):: CanGamit,m-211
#OL4]: GammalZ - af2] + o Gammal-1 + w] Gammall - &] (=1 + @) (1 + m) (2 + ®)

® (3 + &)

# XoammaV
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XGammaV

XGammaV

i Gamma function

Euler Gamma function — Euler integral of first kind

S.Wolfram
Feb 1882
Definitions for special values
Gammalll ¢ 1
Gammal2l : 1
1 GammalSn_sNatpl3nl] : (Sn=1)!
z Gammall/2] : SqrtlPil
i GammalSn_rMatp($n=1s211 : Pi=(1l/2) 2=(1/2-%n) (2%n-2)11

Gammal-1/2] : =2 BqrtiPil

i il

Cammal$n sHatpll/2-8nl] : (-2)~(1/2-%n) SqrtlPil/(-2%n)l|
Derivatives
DIGawmal%1), [$1,1,8x1] + Gamwmal$x] PsilSx]

[AS sect. 8.1; GR sect. 8.3; MOS sect. 1.1]

o R - A T
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XKGenocchi

XGenocchi

Genocchi numbers

S Wolfram
Sep 1982

Genocchi [nl
n th Genocchi number.

Ganocchi[Sn] 1: 2=(2-2%5n) 5n Eul(2%n-1]

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

Generic symbol test

dummy symbol test — generic predicate

o.Wolfram
Jul 1981

Genp [expr]
yields 1 if expr contains generic symbols, and 0 otherwise.

Ganp(Sexpr]l :: PILeniCont [(Sexpr, FEL[Genlll]




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
Jual 1881

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

Nodes [List]
gives the number of nodes in the graph represented by list.
Nodes[S1ist] 11 Len(Siimt]
Arcallist]
gives the number of arcs in the graph represented by list.
Arcsisiist] :: AplPlus , Fiat(S1istdl] /2

Regs [list]
gives the number of regions (faces) for planar graphs represented by list.

Rege[Sliet]l :: Arce(Slist] - MNodas[$limt]l + 2

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

Dagrasl$iiet,¥n)l t: RplPlus,¥$lixt[%nl]

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

TeArc[$list) :: MaplArc,FlatiArIDimislint], %
Repi[[$1,82],81ist($1,82111,11]

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

ToNoda(S1ist] :: ArlAr(2, *Ap(Max,FlatiS{S)ist,Are=-2Lintl101, %
Lean(Pos[ArelL ist(38$x]], $1ist]l]]

Eulerp [List]

tests whether the graph represented by the incidence matrix list is Euler travers-
able.

Eulerpl$list] :: AplPlus,NaplDddp,NaplAplPius,$1] $1ist]l]l] <= 2

Hamp [List]
tests whether the graph represented by list is Hamilton traversable.
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2 XGr 2
Hamp(%1ist) 1t CLellZul; XZu:ArfLen($1ist] ,B8); Xulll:l; HawmpB[¥list,11)
HampB[Slimt,¥n] z: (Lel[Xt,Xil; XTt:Xi:@; Loop[li<=LenISlimt],

I4[ZulSiistlSn,2il], 8, Tulflidsl; Ifl~(2t:HampBISiint,Xild, \
EulXil:@]lglne(Xil,~Etl; Xt)
Relab [list, perm]
relabs the nodes in the graph represented by the incidence matrix list according
to the permutation perm.
Lalab[Init] z: AParmb
Relab[Slist,Sparm] :: Appar[Spearm Nap[Appar(Sparm,31] $1ist]l]
Isoplgri, gral
tests for isomorphism of the graphs represented by incidence matrices grl and
gre.
IsoplSgrl,Sgril] : 1
InopliSgrl,Sgr2 _sNodes(Sgrl]l ~aNodas[3gr2l] : 8
Isop(%grl,Sgr2 sArce(Sgrl]l~=ArcalSgr2l] : @
IsopliSgrl,Sgr2 slsopliSgrl]l~=lscpliSgr2l] : @
ImopliSliet] :: Sort[Map(RpIPlus,%1),%1ixt]]
Inoplisgrl,Sgr2 s~P[Ilsop2(sgril=lscp2(Sgr2l]] : 8
Inop2(%1imt] :: Ex[Det(Slist=Xlam AriDim($1ist]ll]]
‘Iil.’l:l AGr
#1021:: g:ffe,2,0,0),12,0,1,1],48,1,0,1},00,1,1,0}}
#0121 : ffe,2,8,0)],[2,0,1,1},50,1,0,1},(0,1,1,0]}}
#II3):: Modeslg)
#orsr: 4
#II4):: Aresligl
#0141 s
#1051 Regslgl
#o1s1: 3
#IIEBl:: Degreslg,2]
#OE1: 4
#L1I071:: TeRrelgl
#0I71: fArclfl,2{),Arctfl, 28], Arclf2,1]),Arclf2,1]),Arclf2,3]],Arcl}2,4]],
Arclf3,2{1,Arclf3,4{) ,Arcl]j4,2]) ,Arclfé, 31}
#1081:: ToNoda[X]
#0181 flo,2,0,8),12,0,1,1},f0,1,0,1],}0,1,1,8}}
#1091:: Eularplgl
#ore1: 1
#1018):: Hamplgl
#orer: @
#10110:: Relablg, §3,1,2,4{1
#oOT111: ffe,0,1,1],f0,0,2,0}),f1,2,0,1},11,8,1,08}}




i : 2 XGr 2

#101581:: Imeplyg,ql
#orisr: 1

#LI1E1:: Isoplg,Seortligll
#orier: 8 -




XHalt

XHal t

Solution to halting problem
inscluble problem — oracle — Church's thesis
S.Wolfram

Jul 1981

Hal tp [progl

yields 1 if prog halts after a finite time.
HaltplSprogl :: (Spreog;l)

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

0s8



¥XHarm

XHarm
HEI‘ monic se que nce
S.¥Wolfram
Jul 1881
Harm[nl

represents the nth partial sum of the harmonic sequence.

Harm[$n]l :: Sum[Ll/Xi, [Zi,1,%n]]
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XHist
Histogram generation
data presentation — binning — discretization — quantization
S.Wolfram
Jul 1881
Hist [list, nbinl
forms a histogram of the contents of list with nbin bins.
i : Hizgt(Sliet zLintp[(Slint] ,Snbin_zNatp(Snbinl] :: %
¢ (Lei[Emin,Xwan, Estep,Xhist,Xindl; XstepsNI{{(EwaxiAplHax,$list]lh="
= (Emin:ApINin,Slist]))/Snbinl; Zhist:Ar[]{EZmin, Emax, Xstep{], 81
3 DolXZi , Lan(3list] ,Xind:iEmin+Isteap Floor(S1istlXil /Estepl;
£ Zhist(Zindl:Zhist(XTindl+l]l;Znhist)
& #1011 QHist
ff F1121t:  tiRr[10,Prime)

#0021 f2,3,5,7,11,13,17,19,23,29}

i #11332: Histlt, 3
#0131 fr21: 4, [11): 3, (20): 2, (291: 1|




XHof
XHof
Hofstadter’s recursive function
double recursion — generalized Fibonacci sequence — recursion testing
S.Wolfram
Jul 1881
HofInl

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

Hot[1l:Hof[2]:1l
Hof[Sn_=Natpl$nl] :1: HofiSml:Hof[En-HoflSn-11]+Hot[Sn-Hot(Sn-211




XHorn
XHorn
Horner representation
numerical evaluation of polynomials — polynomial rearrangement
S.Wolfram
Jul 1881
Horn [poly, z]

constructs a Horner representation of the polynomial poly with respect to z,
Hornl$poly,¥x] 11 (LeilX¥p,En)l; If[(EniExpti®x,Spoiyl )<=l ,RatiSpoiyll;

EptConf[¥x=Zn,5polyl; DolXl,Zn-1,Zp:Xp Sx + Coaf(Ex~(Xn-F1),%poliyll; ™
Sx Xp + S5[Spoly,Sx-281)

#1011:: <AHern
#10211: tex=3+bn x~2+2x+c

2 3
#1121 c o+ 2x + kB X 4 X

#1131:2 HernlE,x]
#003]: € + x (2 + x (da + %)}




Xlnd

XInd
List index manipulation
S.Wolfram
Jul 1981
LInd(tist)

yields a list of the indices in list.
LInd[®ilimt] :: ArlLan(Slint] ,Ind($lint,$1]1]
Tol [list]
writes entries in list as {index,value].
ToLiSiist] 3¢ Ar(Len(%1int), [Ind(Siint,$1] ,ElemiSiint, [$L1{1{]
MaxindI[list]
yields the maximal index in list.

PMaxindI[Slit _»sContpl%lintl) z: LeanlElint]
Haxind($limt] :: AplMax,LIndiSiist]]

Tolnd [List]
takes sublists {index,value] in lisf, and forms an indexed list [index]:value.

Tolndisiiet] 1 (Lel(X1); Hap[X1 (1011 8102] ,%1ist]; X1)

i1l Alnd
#Ir23 s v fladex=2,0b6):x=~3, [ed syl

- forzi: ftals xz, (bl :’, fels = + yj
#1I31:: LIndlX)
031 fa,b,e}
#1041 Tolltd

2 3
Ft'”‘ !E'l" LTS ll l‘r" * 1‘“
'IIE]:: Toelndl[X]

3 2
#or51, fled: = + y, E0ds = , [als = |

:
1




XIndep

XIndep

Independent variable declaration

total derivatives — partial derivatives — differentials
functional independence

5. Wolfram
Jul 1881

Indeplfyl.y2, ...}, iz1,22, .. .}]]
defines the yi to be independent of the xj so that Dt [$yi,$xj]1:8.

Indep(%y,%x] t¢ NHap[Nap[Dt[$1, %2):8,%5x],%5y]

FTASSET,
Fre2100
#0021
#1311
#or13al:
#ll41::
#0041

XAindap

ﬂi!jyl,ul,gS I_,:d

!Di [iygl,x] Dtly2,x],D¢t [g!,xli

IndepTiyl,y2i, fu,xpll

fle,e}, jo,8]}
Dtifyl,yz,y3l,xd
I,,l,ﬂ!tuﬁ,:lf

T

= L T T TR L e T T T —



XInfo

XInfo
Basic information theory
Shannon entropy — frequency — language analysis
S.Wolfram
Jul 1881
Shan [prob]

represents the Shannon entropy for a language whose symbols have relative fre-
quencies as given in the list prob.

Shani(Sprob sl istp(Sprobl] 1: -N[Ap(Plus, Map($x Log($x,2],Sprobllsy &
ApIPlus, Sprobl]

Freqllist]
yields a list of the relative frequencies of symbols appearing as elements of list.

FregiSiist sListp(S1ist]] sz (LellX%); RapIXFfLCS1L01)0 081021, ™
Aex[®liwtl[2]]; RallXf])

$#lill:: DlInfe

#11021:2 Arlle,Ex=2)

#r121: f1,4,9,16,25,36,49,64,81,100]
#1031z Shanlk]

#131:  -5.817683

#1i4):s  fa,e,b,c,0,5,d,8,8,b,6,b,b,n]
#0041 fa,a,b,c,a,c,d,m,8,b,c,b,b,n]

#lI51:: Fraglll

#0151 flal: 2, [dl: 1, [ele 3, [bl: &, [ad: 4]




Xintp

XIntp

Integer testing simplification

S.Wolfram
Jul 1881

Intp{i(38x _sIntp(ESx) )+ (Sy _=sIntplSyld] : 1
Intpli8%x _»Intpl8%x]) (Sy_»IlntplSyld] : |

Intpl(Sn _sIntp[Snl)~(tn_sNatplSml)] : 1
Intpl($n _=Abs[Sn] >1) ~(Sm_sNatp[-Sml2] 1 @

#1I11:: QlIntp
#1021:: Intplxl:l

#0r21: 1
#1031:: Intplx=2-21
#0031 1




XI ter
XI ter
General iterated forms
replicalion — iteration — generalized sum — generalized product
5.Wolfram
Jul 1981
I ter [f, expr, var, lo, kil
applies f to the set of values of expr attained when ver takes on values lo, lo+1,
lo+2, ... hi

Iter 2 Tiar

Jtar(Smpl: [8,0,8,Int,Inf]

ITtar(%f,Saxpr, Svar ,Slo,%hi sintp(Shi-%lol] 1:
Hp[lf,ﬂrli’[tlﬁ,!hl },5[Sanpr,Svar-38111]

#Il1l:: <Xlter

FIL2Y ¢ Tterlt, xsi=2,i1,1,6]

#OC2]: 1 + x,4 + =x,9 + =, 16 + x,25 + x,36 + x]




Xltp
XItp
Lagrange interpolation of list values
interpolation — smoothing — extrapolation
5. Wolfram
Jul 1881
Itpllist, x]

uses all the values given in list to yield an optlma} estimate for the value
corresponding to an index z.

#Iil) e
#1021z

#002):

FLI3) s
#0031

DY

#0141:

#IIE] e

#015) 2
FLIB) 2

#O161:

«= AlLItp

ItpaTlar
Itp[8limt,®x] stz (LellX¥nl; Zn:lan(Blistl;

Iu.['ln:lnll[!li-:t,i]|Fr-:||l'[Ix-Ir||l[Ililt,j},fjll,tn{hf A
(($x-Xx) Prod[{Xx-Ind(%1iet, 3, §},1,%n,1, |™~=i]1)
EtemiSiist, fifl,fi, 1, Len[S1ist] {1}

Altp

t:Arlfj0,1,0.2 ) ,N[5inl%x]]]

fted: o, [.2): 1886693, [.4): .3B94183, [.6): .5B646425,
[.83: .7173561, [11: .841471]

ItplX,x]

26.8B84x (-1 + %) (-4/5 + %) (-3/B 4+ x) (-2/5 + x)
- L01.811x (-1 + %) {-4JB 4+ %) (=3/5 + %) (=1/5 &+ x)
+ 147.0423x (=1 + %) (-4/5 + w) (=2/5 + %) (-1/5 & x)

]

B3.408574x (=1 + x) (=3/5 + x) (=2/5 + w) (=1/5 + x}
# 21.81331x (=4/5 + x) (=3/5 + x) (=2/5 + x) (=145 + x)
Ex[X]

2 3 4
L989878x + 0082439154 x - .1676164 x + .B81612961 x

&
+ .BOT72B2478 x

NISIX,x->8.8]]
+TL73681
Mi5inle.8]1]
«TLT3561



XKilllo

XKilllO

Input/QOutput removal

reclaim memory — conserve memory — save memory — forget past
destroy inpul — destroy sutput — kill input — kill output
kill labels - kill lines

S.Wolfram
Jul 1981
Updated Aug 1982
Killl0l(n1:8),(n2:Len[§11)]
removes values assigned to #I and #0 lines numbered nl through n2.
I :Tier
l 11I0[(8nl _=Natpl3nl] ,$n2 _sNatplSnZ]] 11

Kit1100) sx (L g::[”l“ '"2“’*”"“*#'“11 153

#ri1l:: QKi1110

FLI21::  tomy

#0375 Rptlt:t(led,2)

#OL3): ¥ (1 + x) (1L + x (1 + x))
#LIad: ExIX)

2 3 i
#OLL) # + 2 X + 2% +

#LL5):: FaclXl

- : 2
#OI5]1: x (1 » %) (1 & = & = )
#1I6Y:: EKilIIDL1,3)

#LL71:: 0

F
.’J[?]l jied, Ji11s , I2): , 3] J, I6): w €1 & ) {1 & x 4 x ¥,

2 3 &
[41: x =+ 2 x + 2 % + x , 18)s |"/ul/swp/ALL/wmp.init"]]

#IIB3:: KiliIOL]

#riar:: o

gorer:  frar: |
#ierer:: @

#OL10]: frel:: 40, C81:: Kil)IOD[D




¥LArith
XLArith
List arithmetic
S.Wolfram
Jul 1881
LSum [list]

yields the sum of all elements in the list or set of nested lists lisf,

LSum[®$lint] :: RApIPlus,Filat[¥list]]

LProd [list]
yields the product of elements in list.

LProdislist] :: AplAult, Flatl®iist]]

#0112  <ALArith

$1021ea fla,p],§1,2,3],4a}
oIzl fla,b}, §0,2,3],4d]
#1031:3 LSumlX]

#0037 B + a + b + d

#1412 LProdl@R]
fOI4): Ba b d

L



XLCH

XLCH

Lowest common multiple

8. Wolfram
Jul 1881

LCNIni.n2,...]
yields the lowest common multiple of ninZg...

LCA sFiat
LCAIEnl,®n2] :: (Sn]l En2)/CedlEnl,$n2)




XLChiZ

XLChiZ

List chi squared evaluation

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

. Wolfram
Jan 1982

KLChiZ2 [list, form, il
forms the chi squared between elements of list and form as a function of i.

LChi2iSlimt slimtplSlint]  Sform, Bil 21
BumINLI(Siist[1]-5[3form,Si=-2i1)=2], |i,1,LinllIiltl ]J

#1011::  <ALChi2

#1121:0 ArI5,NIExpl3111]

#0121 f2.71828,7.38906,20. 0855,54.5982,148.413}
#103100  LCRi20%, Laxen~2/2,x]

#0031:  18747.8

Vo



L

XLDiff

XLDi ff

Differences of list elements

forward differences — pairwise differences — pairwise subtraction

5. Wolfram
Jan 1982
Updated Aug 1882

LDi ff [list, (n:1)]
yields a list of n th rank forward differences between successive entries of list.
LD list »Listp[31ist]]] 2s ArlLeni®list]-1,%1intiSl+l]-%iist[$11]

fills
LDiffIlS1imt, L2 t: LDiff[S1int]
LOif+((%)ist,Sn_sNatp[®n]l] s LOI4FCELDIFF(S)int, Sn=-1]1]

#Irllss  <XLDit#

#1r21es ArLS, 4D

#or21; fHI13, 4021 ,403) ,#04),1818) ]

#1033 LDI4412)

#0131 J-#01) & £02),-#020 & #03),-41030 + FL4),-FL4) + 4081}

#ITale: LODIF0@R,2]

#O L&D FP01] = 2402) « ¥031,4021 = 29030 + #0&1,F03] = 24041 + #I51]

#LI5)5: Ar[10,31-3-481-247)

#0531 f4,-1,-2,7,92,79,154,263,412,607 |

#IIEI:: Ar(3,LDif40%,813]

#oOLE1: f§-5,-1,9,25,47,75,189, 148,105, [4,18,16,22,28, 34,48,46],
fe,e,6,6,6,6,61]]

T —— - = — — T . p— T T s T ’--m
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XLItp
XLItp

Interpolation of contiguous list values

Lagrangian interpolation — function evaluation

8. Wolfram
Jul 1881

LI tp[list, x]
uses all the values given in list to find an interpolated value for an element with
index x.
Litpl3iist »Contpl(Siist] Sx] z:
fLellXZnl; XZn:Len(Slistl;
Sum(Slistle+sFloor [(Xn+l)/2]1] (=1)=(Floor[XZn/2]+k) %\
FClk+Floor [(X¥n=-12/2]) 1 (Floor[Xn/2)1-k) !s(Sx-Floor[{En+l) /20 -K}) ™

Prod($x-0ddp[Znl-t, Jt,EvenplZnl,2Floor[En/2] {1, Y\
fx,-Floor [ {3n-1)/2) ,Floor[2n/2] 'l'-ll

LI tp2 [kist, =]
uses two-point (linear) interpolation to yield an estimate for an element of list
with index z.

LItp2[(%2)1imt, Sx_»(]l <= Sx <= LoanISi1imtld] 1: 3\
LetfX%x]; EZx:Floor($x]l; C(l-%¥x+Ix) $|imtlXx)+(Ex-Ex) $|imtiZEx+1])

LI tp3 [kist, x]
uses three-point Lagrange interpolation to estimate the value of an element of list
with index z.
LItp3(slist,Sx »(2 <« Sx <= Lan(21imt]l=131 3z
(Lel[Xx,Xpl; Xp:¥x-(Ex:Floor(Sxl);

Zp(Xp-121/2 Slit(Xx-1] + (1-Xp=2) Slist[Ix] +
Ep(Ep+l) /2 SiimtlEx+1])

#Illle: <KLItp
#1021z tiAr(6,5x—4]

#orz1; f1,16,81,256,625,1296
#1031:: LItp(t,3.85]
#0131:  159.8625

#I4Ts:  3.5~4
#0041 15F. 8625
#UI8):: LItp20t,3.5]
#0151 168.5
#1061:: LItp3lt,3.5]
#0161 : 154.75
#II71:: LItpIAr([3],x]
(=3 + x) (=2 + w=) (-2 + %) (-1 + x)

#OITl:  eccmmm=== cmmmmm== = 2(=3 % X) (=] # M) #% mccccccacccc== ———
2 2


http://LItp31ii5.-i.xl

2 XLItp 2

#lL81:: ExIX]
#018]: ®
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¥LPart

XLPart

Subpart position lists

power set

S.Wolfram
Jul 1881

LPartlexpr]
yields a list of the positions of all subparts of expr.
LPart[Saxpr] :: Pos[$l,Saxprl

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

appear.
APart[Sexpr] :: Pos(Sl,Sexpr,ListiSexpri$sx] LintisSx]]]
Frii1l:: <ALFPart
#IIz1:: t:Raxl]
4 3
#0021 2% (2 4+ 2%) + (=1 = 2 = ) (3 & y + =)
=
#1037:: LPartitel
#0031, [ii,l{,fl,!,li,il,!,!],El,!;,“l,|2,1,1|,IZ,I,E,J.i,‘!,i,?,!;,ii,l,ii,
Izllilizlzlli! Ezl'ziz;lI'zlzlallil!zizlzlzillz'l:lsil IZIE!F$2!J
ILEY
#Fliél:: APartit]
#OI4];: I!r,l'l;l.”, 2,01, 2,008, 12x,11,2,2 8,02 » 2x, 1,201, 12x €2 + 2x),}1}],

-1, (2,1,100, B £2,1,2,000, (20 £2,1,2,20), (2 x . f2,1,2)3,
l'l - 2 ‘:r lzilﬂnls-f?-i‘-iﬂnlu- !2,2,2{1,[1,[2,2,3,1“‘,

3 3
f:.:-z,z.a,zu,i;,{z,z,:i{,ia +y + ;,iz,zi{.

fe-1 - 2 uzl (3 + y + :l,[!”,i" Plus, [0]]]




XLProp

XLProp

List property assignment

multiple assignment — property — distribution over lists

J.Greif
Jul 1982

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

LPropaTier
LProplSlist sListpl%$lint] , Spropl::Hap(Prast($]l,Spropl $list]
LPropiSiist sl istp(Siigt] Sprop,Sval sNumbp[Svaille:
AplSat, {Hlpl?rnpl‘l,lprbpl yBlist]  Sval {]
LProplS|ist sListp(Siist] Sprop,Svall::Ap(Setd, [RaplProp(Sl,Spropl, ™
$iint] , $val ]l

#lIL1::  OlLProp

#112)s: LProplfis,t,ul,Tracs,Lprl

#orzn: ' Lpr

#l031::1 slasb I)/tluln+PolExpl-x=2],x,¥,11] - Te-45E]

slCxla,bl]

ull + al

ull + al

ull + al

ull + a)

tiulPsll,x,®,§0,3], fI00: 1 + a,110: 8,020 =1,030: ®{20 + AL-7,456))

sle +# b 1)

Z
tluldl + &) - % 1 + =7w=45E]
#lialr: LProplis,t,uf,Ldist]
#OL4D: fLdist,Ldist,Ldist]
#II530s wlfx,y,z]d
fstix),styl,slzd ]
glx]

slyl
slz]

#0051 [six),slyl,slzl |
#Ii61:: <and>




XLUP

XLUP

LUP matrix methods
linear algebra — linear equation — determinant — matrix
matrix inverse
J.Greif
Jul 1882
<Afatd; <NPerml; <AParml
Ldet[m]

finds determinant of matrix m by the LUP decompesition.

LdatiSm_pSquatp(Sml] :: (LellXi); If0(XlzlupiSm]l)al, X1, %
TelEI[2) ,Auit)leSiglZIC3)),Tri2102),Auilt)leSiglXi[32]])

Lainviml]
finds inverse of matrix m by the LUP decomposition.

LeinviEm _»sS5quatp[3m]] os (Lei[Xi); IFIPIIXisLupISm]l)i=d] LuinviZm), ™
Trunc(Peat[PinviEI[311).TinvIiZ1[2]].TinvIiEIL1l1]l,Len(3ml1])

Lediv [mat, rhs]
solves the matrix equation mat.x = rhs for x by the LUP decomposition.

LediviSmat sS5quatp[Smat] ,Srhe_s(ContpiSrhul8lLeniSrhel=Len(Smatld] z:%,
fLel[X1,%d,%yl; IS[PE(ZI:Lup(Smat]l)=®] LmdiviSmat,Srhsl,™
EduEmbed[Trans[Srhell; %

Ey:BsublZ1[1),%d)l; TrunclBsublX![2].Pmat[EI1L[3]), %yl ,LaniSmatl]]

LediviSmat rSquatp[Smat] ,Srhe_=(Natp(Srhel&Len(Srhel =Lan(Smatl}] z2:%
(LellZ1,Xd,Xy); IFCPLCXI:Lup(Smat]l)=l] LodiviSmat,Srhsl ™
fd=Embad [Srhel; ™

EytBsub(X101]),2d); TrunclBsub(X|[2]).PmatlXZI[3)],Xy),;0Dimi$rhsll])

Pmat[perm]
converts a list denoting a permutation into the appropriate matrix.

Peat($p »Purmp[Spll::Arl|LanlSpl,LanlSpl |, % |=%p[%i]]

Embed [mat]

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

Embad[Su_=Natp[$m]l] :1: (LellX),Ed]l; Xd:Dim[Sml; Eizl;
Loop[XieXd (1], Xis2eXi, J;IfIPIXinXdl]], Sm, ™
Hr[!li.ﬂlu[li,!l[?llt,lftil{ttdllllii{lldlzl,thtll,ili,l-ltIZ'lll

Trunc [mat, diml
extract from a matrix mat the entries within the bounds given by dim. il dim is a

number, extract the corresponding square matrix, otherwise extract according to
the dimension list.

trune 2 Tiar
trunc(Sm_sfatp(Snl, $d_sNatpl(Sdl) :: Arl|Sd,8d|,m(3i,%$]]]
trunc[Em_=Matplsn)]l, $d =Listp[8d]] :: Ir[}lu[l],ldl!l],IIIII,IJJI




2 XLUP 2

Tinviml
finds inverse of upper or lower triangular matrix m. See lemmas 6.5, 6.8 of refer-
ence below.
TinviSe _sSquatp(Sml] 1 (Lel(XZm,Xd, XZp,Elpl; %
IIIFtLinl'ill-l‘.l,}1”!-11,111],'\
En:Qtrlombed(Sml]; Zd:TinvIiEm[&)]; Zp:TinviZml11); ZipiLaniXpl}h
Ar(§2eXip,28X1p |, Sail8i<eXip & $)<ulip,Tpl%i,8)) SidEIphs>T1p, "
Zd($i-%ip,$j-2ip),$i>Xip, (-Xd. Xml3].Zp) [Si-X1p,$j1,"
Xi>%1p, (=Xp,.Inl2]1.%3d) [$i,8j=X1pll1ll1);
LupIml

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

Lup s Tiar

Lup (3w _sNatplSml]lr:lup(3m,LoniSm] ,Lan(Sull]l]]

Lup(Sm, Sn_sNatp(Sn] ,Sp _sNatp(Spl] :: (Lel(Xb,Xd, Xg,Xh, XI,%
En,XZp,Zp3, X100, Tlupl,XiupZ,Xul; lntinfz;i.
Eb:Arl}En Sp{,Sm]l; I4(PIC(Xlupl:liuplEb,Xn, Spli=01,8, %
XdsAr[}En, $p |, SmiZn+31,3210.Pmat(PinviZiupl [3121;%

E and D in notation of reference. F.(E~-1) follows®,

Xfa:Ar[[Xn,Xn ], 2d] . Tinv(Ar([Xn,En], S1upl(2,8i,8§031;\

Yg:Xd-Xfe. Llupll21;Y

decom G’ and build up answe

IfIPIL II:pE:[:;!p‘LIr[EIn,Sl-In SEQL%i,En+%|]1]) ,Zn,Sp=2Enl) JmB] %

at "

find P3, H, L, U, P as matrix and convert lntterbn?arm\

Xp3:Ar(Sp, 1FI81C2n, 81, Tn+X1up2(3,81-Xnl11;\

Zh:Xlupli2] .Puat(PinviZp3]1]; Xp:Pwat(Zp3).Puat(Xiupllldll;h

XisCatlArC§En,Sp |, 14 (S2<Xn, Xluplll,$1,52],817,
nrléln,ip],Hu:c-tn,h-lu,l:l,:rupzu,n,lz-:nnn,\

Tu: .tﬁ!h,ﬂrl!In,ip},If[!21hln,l,liuleZ,#l,iZ-lnl]ll;\
f21,%u,Xp.ArflanZpl] {11}

Lup(Sm,1,3p sNatp(Spl] i (LellXj,Xpl;™
find non-zero column and perm making it firsty
Lp:Ar(Spl; ForlXj:l,Smll,Xjled & Xj<=$p,,InclZjll;"

SsllX Hl,l,lj-h“'“ {,3m,Xp{,1,ZpCL) e Xjy2plXjlal;y
[[i.‘lf}.!l.l’lctllpl,!p 1

Bsub Inﬁ . mZ1
backsubstitutes to {find solution x of matrix equation m1.x=mZ where m] is upper
or lower triangular. TEMPORARY — do in ordinary way

Brub [Sm _»SqgmuatplSm] ,$r _sNatp(Srl] z: NdiviSr, Sm]

atr [ml
partition a 2°n by 2°n matrix m into quarters, returning {mJl1mi12m2l ma2]
where each element is one of the quarters.
Qtr(Sm_srSquatplsml] :: (Leci(ZInl; EnsleniSml 2; *

Jﬂl‘ [{Zn,Xn{,Su] ,III'EIIH,IIH}{,illll+ln,i!l] JArL E:I‘I,:ﬂ i,lh [$1,82+Xn]1,%
ri Eln.tn i,l:tiiftn.izdrln 1 ].’l

[Aho, Hoperaft and Ullman, The Design and Anelysis of Computer Algorithms, Addison-
Wesley, Reading, MA., 1574]
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XLap

XLap

Laplace transforms

operational methods — differential equations

S.Wolfram
Jul 1881

Laplezpr,t, =]
represents the Laplace transform of expr from the ¢ domain to s domain.

CanmalSn_=Natp(%nl] : (Sn=1)1
Lap sTiar
Lap($n _sHumbp[$n] ,$t,%35] 1 Sn/S$s
Lapl(%t,%t,%s] : Ll/%5=-=2
Lap(3t-8p, %t $s)] : CammalSp+1]1/Ss~($p+1l)
Lapi%x + 3%x,%t %] :: Lap(%x,%t,8:] + Lap[(3%x,%%t,%s]
Lap(%x %%x, 8t »~In(St,Sx] Szl r: Sx Lap[$%x,%1,8x]
Lap(8x/%y,.8t _»s~In(%1,5y] 58] z:: Lap(Sx,5t,3x] /8%y
Lap(Sx=Sy,5t,8s] 11 Lapi(%x,5t,Ssl=LapiSy,51,3s]
Lapl“DISy, [$x,%n,8t]1,8t,881 z:
Sa=~8n Lapl(S(Sy,Sx-28¢],%¢t %] -
SumiDLSy, {Sx,i-1,8]1 Ss=~(Sn-i), fi, 1,8n]]
Lap[Exp[$8a t],t_=~In[t,58a],s] :: 1/(s-88ains
Lap|Exp[t].t_=~In[t 88a].s]: 1/(s1)88a
Lap| Exp[ $%a $t] $%z $t_=~In| Bt $%a], 8] ;- Lap| 55z, 5, §s-5%a]
Lol AU R o
Lap| Log| $t], 8¢, 85] :: -Log| Puler 3] /%5
Lap| $t~$p Log| $t], ¢, 8s] :: Gamma| $p+ 1] (Psi 8p+ I]-Log| $5]) /85~ (8p+ 1)
Lap{ Log| $t]~2 5t %] : (Zeta] 2] + Log| Fuler $x]~2)/%s
Lap[Sin[$%a t],t_=~In[t.[$3a]].s] : $%a/(s~2 + 55a-2) e




XLatsum

XLatsum
Lattice sums
Madelung sums — crystal energies — zeta functions
5. Wolfram
Jul 1881
Lateum [f, spec]
sums the results of applying the template f to the sets of lattice points specified
by spec.

LatsumiSmpls |8, Int]
Latsum[S3f, $spec] :: RAplPlus,FilatlAr(Sspec,$fll]

#llll:: <DiLatsum

#121:: Latsumil/(S1~2482-3), |5,4 ]
#or21:  1.428285

#LI31:: SumlSumll/€i=2+j=~3),0j,1,4}),}i,1,6]
#OE3Y . 1.428285




[ —

XLdEq
XLdEq
Equation list distribution
matrix equations — sets of equations — simultaneous eguations
S.Wolfram
Jul 1881
LdEqlexzpr]

distributes Eq over lists in expr, thus converting equations invelving lists into lists
of equations.

LdEq[Sexpr] 1: Ldimt[Saxpr, “Eql

#1011:: <DLdEq

#11023:s  fla,b}, fo,d]]. }1,2]=}5,-3}
#o121, fa + 2b,c + 24] = }5,-3}
#1031:: LdEq[X]

#0131 la + 2b = 5,3 4+ ¢ + 2d = @]



XLenex

XLenex

Expanded length estimation

expansion — estimated size — total length — memory requirement

5. Wolfram
Jul 1881

Lenex [expr]

yields an upper limit on the length of the expression resulting from expansion of
exprT.

Lonex[$x+5%x) 1: Lenex(Sx)+Lanex[58x]

Lenex[®x $%x] :: Lenex[®x] Lenex[$%x]

Lenex[Sx=3n_sNatp[%nl] :: Comb(Lanex[3x]+%n-1,%n]

Lonex[(%x $3x)/%y] t: Lanex(®x] Lenex(55x]

Lenex[Log(%x 3$%x]] :: Lenex(¥x]+Lenex(35x]
Lenex{®x] : 1

= Size; Lem

#1i11:: <ALenex
;1121:: trllexex=-2){a+b+l)=3

3 2
#0121 (L + 8 +# b {1 +u% + %)

#1037:: Lenex[X]
#0131 ae
#lldlase: Exlt]

2 2 2 2
#HJ; 1 + 38 +#+ 36 +» x + Ba b + 30 x + 3a b + 34a =% + 3b x + 3b 2 + 3 &8 B
2 2 2 3 3 2 2 2 2 3 3 2
+ 3 & x +# 3 a4 X + 8 N+ 8 X +3Jb x+3Ib x +b x+b x
2 Z z 2 2 2 2

#« Ba b x + Ba b x + 3a b x + 32 b ® + 3 8 b x + 3 a8 b x

2 3 2 3 z
+«+ 3 8 + 8 + 3B +b +x

#1I51:: LanlX]
#OI51: 38
#IIE):: Lanax[t=5)

#OLED: 2856




o e

KLer
XLer
Lerch transcendent
S.Wolfram
Jul 1881
SLar[l]: Lar[l,Ss,l] -> Zatal%s]l
SlerlZl Lerll, 5s,58)] -2 ZstaliSs, Sal
SLer(3]: Ler[Sz,%5,1] =->LilSs,8z)/5z2
SLer (4] Ler[$z,5s,%a] -> | Sz--%a Gammal[l-3s] (ZPi)=(3s-1)"%
(Exp[-1 Pi $s/2]Ler[Exp[-2 Pi 1 %al,1-%S=,Log(¥z]/(2Pi 1)1 %
=Ewpll Pil(Sa/2+2%a))Ler[Expl2Pi I Sal,1-%e,1-Log(8z]/(2Pi I}1)
[MOS pp. 33-4]



KLev
XLev
Level isolation
part extraction — structural operation — domains — depth
S.Wolfram
Jul 1881
Levlexpr,nl

yields a list of parts of expr on level n.

LavaTier
LaviSexpr,Sn] t: (Lei[X13; Xief{; HaplXi:CatlZ1, [$1]1,8axpr, [Sn]|l; 21D

Lenlev [expr,n]
finds the number of parts of expr at level n.

Laniav_aTier
Lanlav[Sexpr,%n] 1 (Lel[¥Inl; Zn:B; Wapl“InelXin), Saxpr, [Snl; In)

#Illl:: <Dllev

#Li2) s tiRexl)
gLzl 56 :2 (x + 2z}
#IL31::  LevIZ, 1]
#L3l: j:ltz.:u + zl
#IL&1::  Levi@E, 2]
#OL4): [x,2,%,2]
#I051:: Lenlevi€e,b 2]

#orsi: 4




BLE

KLevi
XLevi
Levi-Civita tensor generation
totally antisymmetric tensor — basis tensor — epsilon tensor
5.Wolfram
Jul 1981
Levilnl

yields the Levi-Civita total antisymmetric epsilon tensor in n dimensions.
Lavi[®n_sNatp(¥nl] :: Ar(Ar(S$n,%¥n) , 5ig)

T ——— e - e — T T T T



XList@
XListB

Basic list manipulations

head — LISP CAR — beginning — prepend — catentate
append = tail - take — select — part — insert — remove
replicate — repeat

S.Wolfram
Jul 1981

Firat[list]
yields the first entry in list.

First 2Tiar
FirstlSlinst _»sLintpl$lizt]l] :: ElamI®lint, fi]!

Prep [elem, list]
prepends elem to the beginning of list.

Prep:Tiar
PreplSaiam,Slist _sListp[S1is1]1] s CatlfSeiam],Siint]

#Cat

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

AppaTiar
AppiSelem,Slint sListpl®1intl) s: Catl$list, [Selan])

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

Tk 2 Tier

TeElSn _sNatp[Sn] ,Slist _sListp[3lint]l] 21 RArlSn, Siint]
Telsn _sNatpl-%n)  $list »ListplS)istl) 22

CatfArljLeniSlistl+Snel, 0]], 8118111

Inalelem, list, il
inserts the entry elem into list at position i
Ing sTier

InslSalem,3list »ContplSiist] ,Sn_sNatplSnsll] 2 N
CatfAr[Sn-1,81int], [Seleam |, Arl|fSn,LaniSiist] ], S1int1]

RAm[list, n]
removes the n th entry from List.

Rm_Tiwr

Rulslist sLintp[Slint] ,Sn_sNatp[3n)) :: CatlAriSn-1,%1ist]l, %
Arlfisnel, LoniSiint) {{,31imt1]

Rulflist =Contp[Slist] , Sn_=NatpISnl] zx:
Cat[Ar[Leni®iist] $iint,$X1~=8nl]




Lrpt [list,

¥List@

nl

yields a list consisting of n repetitions of kst

#1000
#1021 ::
#0121
#1032
#or3n:
IO

#OL4d
*] [5)::

#015) :
#IIE] =

#0[B]:
#IL7::

#0171
#LIB]::

#0[E]:
#1091 ::

#0191
#1100
#oriel:
#1011z

FOI1114

Lept 2Tiar
Lrptlsiist »Contpl%iist] ,Sn_sNatplZnl]
CatlRapli{%$list,Snl]

ALimth

t:fa,b,e,d, e, f,g]
ja,b,e,d,0,9,9]

First(t]

N

Lastlt]

9

Prepll,t]
fL,a,b,e,d,8,%,9]

Rppll,t]
fa,b,c,d,e,f,g9,1}

Telé,t]

fa,b,c,d]

Tel-d4,t]
fd,e,¢,9]

Insll,t,d]
fa,b,e,1,d,8,1,9]
Rmlt, 4]
fa,b,e,0,%,91
Lrptlfa,b,c],4]

fa,b,c,a,b,c,a8,b,c,8,b,¢]}

N

o _ginit

=

Dhtn o

e e ]



XLietl

XListl
Sublist manipulation
lists — list substitution — sublist positions — sequence positions
S.Wolfram
Jul 1981
LPos [sub, list]

find positions at which the sublist sub appears in list.

LPos [Ssub _sContp[Ssubl , 5l ist sContpl¥list]] :1: %
(Lel [X1,%2],; Itii j DolXil, LeniSiist]l-Len(Ssubl+l, %
ForlX2:8, PISsub(Z2+1)wS1istlEl+22]] & Z2<LeniSsubl,
lnnil!],ij It[X2=Lan(Saub] ,Xi:CatlXi, jX1]210; X1}
LPos(Ssub s (Contpl®subl & Len(¥sublal), $list sContplSlist]] o1 %
Flat{Pose[(Ssubl(1],%liet, 211

LSub [list2, list 1, list]
substitutes list2 for all occurrences of the sublist list ! in list.

1 s¢ (LellXf)ly EfaFlat;
listll=-3Ap[Xf $1ist2],1 Infl Xé=-DList]l)

LSub(Siist2,81istl, 8] ist
SISIApIXf,81ist] RplXi,s

LS [list,repl,vep2, ...]
applies successively the replacements repi specified for sublists in list. (The repi
may contain patterns.)
LSISlimt,S58rapu] t: (LellX1); XlzSlimty

MaplXi:LSubI®102),%101) %), Lint(SSrepe), 1,
($2[8]="Rep) | (32(81="Repd)l; Z1)

LInllist1, list]

yields 1 if list] is a sublist of list, and O otherwise.

LIniSiistl, Slist) 2: (Lell(Xf); X4 sFlaty ~PI~NatchlRpIX§, %
Cat[f$$XL|,S1istl, {SST2{1) Apl[Xf,S1ix1111)

#Il1):: Qlistl

#1021r1 tefa,b,c,a,b,d,8,8,¢c]

#0121 fa,b,c,8,b,d,8,8,c]

#1031:: LPos[fa,b], 1]

#013): fi,4]

#1043 LSubl|g,n,1 ], fa,p], 1]

#OLEY: fa,h,l,e,q,h,i,d,8,8,¢l

#1051 2 LSIt, ja,bl->fg,h, 1], fal->Ir,s]]
#0151 : fg.h,i,e,g,h,i,d,r, e, 8,2}
#LEB1:: Linlfa,b},t]

#016]: 1
#1073 LInlfa,di,t]
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XLogic
XLogic
Elementary propositional calculus

C.Feynman
Aug 1881

Note p=q represents the logical biconditional "if and enly if p then q".

Absorption laws

$p | (%p & 3%33) : 3p
Sp & ($p | 3%5q) : Sp

Sp || ($p | $%3q) :: ~2p & Or(33q]
$p || (Sp & 33q) : Sp & ~%%g

Sp & (Sp || %q) : 3p & ~3q

Sp | (sp || Sq) : Sp | Sq

$p | (~$p & $3g) 1: Sp | And(Ssq)
Sp £ (~4p | $8q) : Sp & Or[884)
Sp || t~%p | 33q) 3 1

S$p || (~8p & $Sq) : 1

Sp & (~%p || 3g) : Sp & %q

Sp | (~8p || Sa) : Sp | ~3q

Commutative and associative laws built in.

Distributive laws

SLogicll): Sp | (8$%g & Sr) -=-2> (%p And[$%ql) & (%p | %r)
BlLogiel2]: $p & (3%3gq | 3r) -=3> ($p Or($3ql) | (3p & 5r)
Idempotence

Sp & 3p 1 %p
Sp | %p & %p
$p || Sp ¢ 8

Identity laws built in.

Complement laws

~%p : $p

Sp | ~%p 1 1

$p £ ~%p : ¥

Sp |J] ~%p 1 1
$p => ~%p : ~4p

DeMergan's laws
~{5Sp | $q) t (~53p) & (~8q)
~[(3%p & %q) : (~3%p) | (~%q)
~[(5p |] Sq) 1 (Sp=3qg)
Reflexive law

$p => %p : 1

Antisymmetric law




=

2 XLogic

(%p =2 %3g) & (%g => %2p) : Sp=%g

Transitive law

{$p => Sq) & (Sq => $r) 1 (Sp=>Sr) & (Sp=>8q) & (Squd3r)

Consensus

SLegic[3] :
SLogic 4] =

($p |53l & (~3p |3%r) --> ($p|$Sq)&(~%p|3Sr)&(5%q|55r)
(S$p&33q) | (~Sp&SSr) --2> (SpdS3q) | (~Sp&3Sr) | (55qE33r)

Complete sum and product

Cdimjisr] = SIS5[(%r,S5Logicll),Int), SLogicl(Z],Infl

Ceonjl%$r] SI[5[%r ,5Logicl2) ,In#) SLoglell], In¥]
Alternate expressions

SLegiclB5] Spudigqg --> %gq | ~%p

SLogiclB] : Sp||%q ==> (3p | %Sq) & (~%p | ~%gq)

SLogicl7] Sp||%q ==>%p & ~%gq | ~Sp & $gq

Misfeatures: Loops infinitely on input.

vog



XLogic2
XLogicZ

Elementary logic with quantifiers

C.Feynman
Aug 1981

Quantlgql,q2,.. ., statl
represents the statement staf subject to the quantifiers g1, g2 ...

All Lz, (L: (all))]
represents the quantifier "for all x in the list I". The second argument is optional;

if it is not supplied the quantifier "for all 2" is represented. In this case, automatic
simplification is not possible

Some [z, (I: (all))] :
represents the quantifier “for some z in the list [". 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[$%Sg, Quant[2%r]] : Quantl%%5g,6 £%r]
Quant[Se] : %=

DeMorgan's law

~guant[A11[$x] ,$%5q,%s] : Quant(Sowme(¥x],Quant($%g,%s]]
"ﬂull‘il[ﬂﬂll[l!{ ,3%q,%%] : QuantIAII1[Ex],~Quant(55q,5x]]

Simplification of restricted-range quantifiers

Misfeatures: THESE HAVE NOT BEEN FULLY TESTED, DUE TC A BUG IN THE SIMPLIFIER WHILE
gﬂEY WERE BEING WRITTEN. If you use them and something goes wrong, it might be my
ault.

Quant[(38Sx, A11[Sy,%z _» (LizstplSz] & ~ P[%z = }{'.I}I,Ipl‘npl i QuantiSSx,™
RplAnd Mapl(S[(Sprop,By -2 Sg5] ,%52]1]1]

Quant[8%x,5omel%y, 5z = (ListpI$z] & ~ PISz = [{12),8propl s QuantI$Sx,%
AplOr Nap[(S5(Sprop,3y -> Sgl),%211]]




XlLogicPr
XLogicPr
Logical truth table generation
Boolean algebra — state table — first-order logic
S.Wolfram
Jul 1981
PrTF lexpr]

prints a table giving the values of the logical expression expr for all possible truth
values of symbols appearing in it.
PrTFI(Saxpr] :: (Lel(Xpl; ApIPr , Catl(XEp:tCont[Saxprl, |I|.:-:pr- |l 1; N\

ArfAr(Len(Xpd, “fl8,1000, \
Ap(Pr,SICat(Xp, [Sexpr{l,Ldist(Xp-DList($3111111)

I[ll:: DlLegicPr
9
#I21:: PrTFI(p&ri=2ig|~p)]

] q r p Era>g | ~p

@ ] 8 1

] ] 1 1

-] 1 8 1

8 1 1 1

1 ] L] 1

1 [ 1 [ |

1 1 ] 1

1 1 1 1

#orz1: Itllu fre1: [III; 1, [1): ii, [11: Il‘.ll: 1, [1): IH,

[13: fred: jred: 1, 11)s @), [11: fr@d: 1, [11: 1§}§




XLor

XLor

Lorentz vectors

relativistic mechanies — four vectors — Minkowski space

S.Wolfram
Jul 1881

Ldot [list 1, list 2]
forms the contraction of two Lorentz vectors with a metric of signature —+

Ldot[$1iwtl,S1ist2) s [-1,-1,-1,1).(S1istl $1ist2)
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XMKS

<0im

XMKS

- MKS /SI units

physical quantities — dimensional nnalg-sl: = physical constants
S units

units conversion — C

S.Wolfram
Jul 1881

Units for fundamental dimensions

§5I100,11 1 langth =2> matre
E51L(@,2]1 : mass -2 Kilogram
§51(@,3] : tims -2 second
s51C@,4] currant =2 ampars
581l8,5) temparature =2 kalvin
$s51le,6] : intans ity -> candala
§51(8,7] : amount =2 mole
fundamental units
SSI(L,11 =« matra -2 langth
S81141,21 : Ellogram -2 mass
§85111,3]1 = sacond =2 time
S5101,4]1 = Ampara =2 currsnt
811,61 : Ealvin =2 tempesraturs
$5I101,61 : candela -2 intensity
BSI1L1,71 : mole -2 amount
derived units
s85Iiz2,11 = hartz -2 fregquancy
BE1L2,2) nauten =3 force
$8112,3) pascal =2 prasmurs
S8102,4) : jeula =2 anargy
BEII[2,5] Hatt - pousr
8$8II[2,6] 1: coulomb =2 chargs
88112,7) 1 voelt =2 voltage
§51[2,8] ehe =-2> rasistance

$5112,9)

sismans -2 conductance




S5112,18)
$5112,11)
S§5102,12)
$5112,13)
BSI102,14)
851(2,15)
$51102,18)
§5112,17)
§511[2,18)

multipliers

55112,1]
551102,2)
55102,3]
S$5I02,4]
$51(2,51
SSIL2,8)
§5112,7]
55102, 8)
551[2,9)
§512,18]
§5102,11)
§sItz,12]
§5I12,13)
§SI02,14)
§5I1(2,15)
55112,16]

XHKS

mhe -> conductidnce

farad -> capacitanca

uabar =2 flux

tesla =3> webar/araa

hesnry -2» inductance

gray -2 dose

becquerel -> activity

lumen =2 intensity steradian

lux => illuminance

axa =2 le~l8
peta => le=15§
tera => Llu=l2
giga => Lls=8
meaga -3 le=E
Eile =3 1l&=3
hacto -2 l&=~2
deca -2 189
deci => 8.1
cantl =3 le=-2
i1l => le~-3
miera -> le~—§
nédno -> l&=~-9
pica =2 le=-12

famta =2 la==]15

atto => le==18



0@

XMOrd
XMOrd
Multiplicative orders
coding theory — arithmetic over finite fields
5.Wolfram
Oct 1982
<XLCH

Prerequisites: XLCH

MOrdlE, nl

yields the multiplicative order of & modulo n. (Smallest j such that k7§ = 1
modulo n). *

ROrd = Tier
NOord (S, Sn_s(loniNfaciSnlleld] :: (Lelli, t)l; Foarfizl; t:BISE]l, ™\

MiNod[(t,%n]ll~=l, Imcli), t:t BISKk]1]; Retlil)}
MOrd(Sk,8n_=(Cedl$k,%n] ~= 1)1 ¢ &

AOrd(%k,%n] :: ApILCN, MapiRDra(Sk,$il11-81(21], Nfaci®nlll]
MOrd($K,1] : @

GMOrd Lk, {ni,n2,...}1
generalized multidimensional multiplicative order of k.

EN0rd 5 Tiar
Eﬂnrd[lt,lllll_-{t,i:tptlllli] & AplAnd,Ldizt[Ced[Sk,S1imt] = 1]
(Lelft,i); Ferlisl; t:BIl2k), AplAnd NILdist[Modlt, %list] ~=l
Inclid, t:t BISK]); Retrlild

111 1
111,

Misfeatures: Test in GMOrd should Ldist before failing Eq test

L TR e T L T L T T O T TR




XMSet

XMSe t
Automatic memo definition
dynamic programming — lock-up
T.Shaw
Jul 1981
expr ::: val

assigns the value val to the projection expr in such a way as to store explicitly
each form of expr requested.
RSet2Tier
HSat(Smpl:B
MSatiPrl (Sexpr,Svall :: SxI" z:: ",1llxpr,lv!,il
Sxamtl"zz: ", MSut, 4]
Sexpr 11t Sval :: Sexpr i: Saxpr : Sval

#rrirer: OANSaet

#LL21:: FLOI:z101D:1

#rc21: 1

#103):: 08D sza%x F13x-2)
#oT3l . Poflsx] 2 Ex fl8x - 2]

Frearee

#0481 frtel: 1, [13: 1, [Swl:: 408x] : Sx f[%x - 21|
#LI51::  #08]

#0151 &8

#LIEIs:

#0L6] ¢ [te1: 48, [41: &, [20: 2, [®2: L, [11: 1,
ESx)o: 10%x] 1 $x FlSx-21]

#10F:: FLL1]
#OL71: 19385
#LIBY =

#OLB]: frifl: 1#386, §81: 945, [7): 105, (51 15, (31: 3, (6): &8, [4]: 8,

[21: 2, D@11 1, O113% 1, [Sxda:x FOUBx) : Sx fI08x - 21}




XMask
XMask
List element masking
select — choose — extract — remove
8. Wolfram
Aug 1982
Mask [maosk, list]

masks out those elements of list for which the corresponding elements of mask
are not determined to be true.

Hask [ [Smask _pContpiSmask] Slist sContplS1imtld] 1 3\
CatlAr[Lon($1iet])  Slist, Smacsk[$3X1]]]

#IIL1::  <AMask

#1021:: Arll8]

forzn: §1,2,3,4,5,6,7,8,9,18]
#103):: MaplEvenp,X]

#0103]: fe,1,8,1,9,1,8,1,8,1}
#IL4):: Mask([@s, @)

#0041 f2,4,86,8,180]




XMatl

XMatl
Matrix input and generation
enler matrix — interactive matrix input — diagonal matrices
S.Wolfram
Jul 1881
MRd [n, ml]

reads in turn each entry of an n * m matrix.
HRdi$n,%m] s¢ Arl[%n,%u],Prifsi,82], ":"1;RdI1]
Diagllist]
yields a matrix with diagonal list and all other entries zero.

Diaglstimt _sContpl®lint]l] :: ArlAr(2, *LenlS1intl],
If{SX1=322,81iut[SEL], 811

#rill:: Qnarl

#1021:: MRA(2,2)

Bl : el

1,2 : al

2.1 : bl

2,2 Y

#0121:  f{al,a2],fe1,02]}

#I[31:: Diaglf3,2,ald
#0031 !I:p'i';iE'Iai-IiE.iai.ii




XMat2

XMat2

-Structural matrix operations
diagonals — minors
5. Wolfram
Jul 1881
<AMatl
LDiag [matl

yields a list of the elements on the leading diagonal of mat.

LDiaglsmat sNatpiSmatl] :: Ar(Ain(Dim(Smat) [1],0im[Swmat] (230, ™

Smat[SEl,3511]1]
TDiag [matl
yields a list of the elements on the trailing diagonal of mat.
TDiagl$mat sHatplSmat])] ¢ Ar(Ain[Dim[{Swat]l [1),Dim(¥mat]) [2]],
Smat(SI]l, Dim[Smat] [2]-85X1+111
Minor [ezpr, i, 5]
forms the ij th minor of the matrix expr.
HinerlInit]l :: <AListd

Hinor[Smat sMatp(Smat] S| _sNatp[Sil, S sNatpI®jl]) 11 N\
Rap(Rm(3X1,%j) ,RmiSmat, $ill

#I010:: OINat2
#1021:: w:ArCf3,3],1]

b

1‘»'__0 8

#orzis FifEL, 1), 400,21, 404,30 ), f¢02,03,¢02,21,402,3) ), §¢03,1],403,2]1,+4(3,3]|

#1131::  LDiaglm)

#ot31:  frra,13,002,21,413,31])

#l141:: TDiaglal

#OT41:  §6I01,31,602,21,403,11}

#I11E1:: Minorim,2,3]

$01S1:  §ffr1,01,601,21{, [¢03,13,¢03,21}}




XMat3

XMat3
Matrix character tests
square matrix — symmetric matrix — antisymmetric matrix
diagonal matrix = projection matrix — matrix classes
matrix types
8. Wolfram
Jul 1881
Matp [expr]

yields 1 if expr represents a matrix (rank 2 tensor).
NatplSexpr] 1 Fullp[Sexpr,2]
Sqmatp [expr]
yields 1 if expr represents a square matrix.
Squatp(Sexpr] :: MatplSexpr] & PIDimISexprl[l] = Dim(Saxprl2]]
Symp [expr]
yields 1 if expr represents a symmetric matrix,
Symp[Faxpr] 11 Natpl¥axpr] & Pl3expr = Trans[Sexprll
Asymp [ezpr]
yields 1 if expr represents an antisymmetric matrix.
Asymp[$eaxpr] 1: Matp[Sexpr] & PlSeaxpr = -Trans[(Sexprll

Diagp lezpr]
yields 1 if expr represents a diagonal matrix.
DiagplSaxpr] 121 MatplSexpr] & %
PlSexpr=-DiaglLDiag[Sexpr] l=wAr(DinlSexpr 2], 8]]

Projecplexzpr]
yields 1 if expr represents a projection matrix.

Projecp($expr] s: Matplfexpr] & Ex(Sexpr.Sexpr=Sexprl]




MMat4

XMat4

Algebraic matrix operations

matrix r — repeated transformation — hermitean adjoint
matrix &dﬁgﬁ = characteristic polynomial = eigenvalue equation
generalized trace

S.Wolfram
Jul 1881
ONat3
Mpou [mat,nl
yields the n th power of the matrix mat (for integer n).
Apow(Swat _sSquatp(Smat] 8] :: Ar(ArlZ2,LeniSmatl]]

RpouwlSmat sSqmuatp(Smat) ,Sn_sNatp(3n)] :: Dot[Repi[(Emat, $nl]
Apowli(Smat _sSqmatp(Smat] ,Sn_sNatp(=-3nll] :: Dotl(Rep!(RinvIiSmat]l,-%nll

Adjlezpr]
forms the Hermitean adjoint of expr.
AdjlSaxpr] 1: ConjlTrans[Sexpr]]
Cof lezpr, 1,3]
forms the ij th cofactor of the matrix expr.
LoflInit]l] :: OAMNat2

Cotft(Sexpr_sfatp(Saxpr) , Si_slatp(5il, 5] sNatpiSjl] z2: 3
Dat[Ninor (Saxpr %i, %)]]

Charpol [expr, varl
forms the characteristic polynomial for the matrix expr with respect to var.
Charpol [$expr sHatp(Saxpr) ,Svar]l :: Det[Sexpr - $var Ar(DiwlSexprll]
Gentr [expr, k]
forms the k th order trace of the matrix expr.

Coantrifexpr sNatp[Seaxpr] Sk _sNatpl$kl] :: (LellXiaml; %
ConflZiam=Sk,Ex[Charpol [Saxpr,Xlaml]l])

#ll11:: <AMats

#l023:: mzffad, a2}, 1,021}

gorzi:  fjar, a2, fbi,n2]]

#1131:: Coflm,1,1]

#0131 b2

#1041z Charpallm,x]

#0 4] -a2 bl + (al = %) (b2 = x)
#Ii51:s ExIX]

F]
#IE]: al B2 - al x - 22 bl - B2 % + x



http://jh.ii

#IIEY 11

#016):
#1L7]::

#OL71:

= XPar

XMatd

Gantrlm,2]
1
Gantrim,1]

-al - b2
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XMa thPR
XMathPR

Special printing forms for
mathematical functions

S.Wolfram
Jul 1981

ExpIPrl%x] :: Fumti||o,08],1,1]],E,sx]
AogIPrifisx,8yl] :+« Fett|f0,0],f1,-1],(2,8],(3,0f,(4,0{],Log,8y, "[",8x,"1 "
LPoclPrlLISx,%n1) :: Fuilffe,0],f1,0),§2,8],[3,-210},"C",8x,™ ", $n)

Lowb (PrllISn,Sull. 1: F-nirll:-[i,lt o=11, I8, 1i 1: 213 l]_ }.2...\5 12}.1;"} A

- hghit .

+5m,%n,

Not optimal
Expi(Pr1(Isn,$z]] 11 rn:li:‘rl;_,h,;}ii f2,00, (3,0, {4,080}, \

Pei[Prl(iSz,8n11 t: Futl]]8 I'j [1 il 12,11, f3, 1i j4,8),§5,8],[6,8]], \
Psi, g bt o
Tt tismsat oo rnte i W WS e e

BartPrlI8snl] :: Fmtlffo,0],{1,-1]{,8,%n]
EullPr1[[3n)] s Fwtl|fo,0],1,-1]],E,%n]




¥Maxind
XMax ind

Find maximal index

S.Wolfram
Jul 1881

Maxind [list]
yields the maximal index in list.

Naxind($|ist #Contp[$list]l] :: Len(%list]
Maxind[$)ist] r: ApiMax,AriLen[$)ist), Ind(Slist, $11]]

#1011:: <AHaxind

#10212:  #:flé)sa,08) b, [23:e,00):d]
#0021 frdr: a, 53¢ b, £212 o, [11: d}
#1032 Maxindltr)

#0131: 5
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KMorse

XMor se
- Morse code translator

S.Wolfram
Jul 1881

Deciphers Morse code (international version).

i L e

Fl‘ .-_1':- Il. Hi H . 1 - "h Ili I1 =L lt - Il‘ "|- ll_ . 1 - Ild " ” Ilt » Il- nn l' - '- ll{ LL]

" -y " ? h "'.J‘ F = "!F‘ i H“‘-- i:-N # II_-_H:-IIK Hi H.-‘. :-HIH;
1) q'll:-"-i l*- h"lF___ j-"‘ . n x *-II I1; fl‘ — ’ L - ’* r. ;
ll . t' 'll n-"‘- ‘ 'F" e ‘-Hu hlll 3 -H=-HvH! P i l-II“ 'i — = t-IIIHi
II " " fl II‘ e ’-II:HI

#I'[l.'l:l <QNorse
#1021 2 R e el
#0221 sup

e i e



XN

Number type conversion

arbitrary precision — fixed precision — arbitrary accuracy
fixed accuracy — type casting — type coercion — Ltype conversion

5. Wolfram
Aug 1982
FN[number]
converts number from arbitrary to fixed precision form.
FNIF(S1,82,83,85,Se,8al] 11 (S1 + ($2 + $3/182~3)/189~3)e~(Su-4)

FNISn _sNumbp[Enl]l : $n
FNISx] : #x

NF Inumber]
converts number to 12-digit precision lorm.

NFI%n _sNumbp(®nl)] :: %n FI[1]
NFL(Zn] : %n

#lI12:: AN

#FLE2Txr  NIPID

#0021 3.14159

#1031z WFLXD

#0[31;+ (3.14159265359)
#liad:: FNIE]

#OT4T - 3.14158

Misfeatures: These coercions should be done automatically when they are required, making this

file redundant.




XNAT

XNAT

Natural units

S.Wolfram
Jul 1881

Basic constants :
Qe wvelocity 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.

QADim

1. Conversion from sysiem with Qhbar : Qe : Qk : 1

SNATIL,11 langth -2 Ohbar/(0c mass)

SNATIL,Z21 time =2 Qhbar/(Qc=2 wass)

SMATIL1,3]1 : teamparature => (0k wass Oe=2)~-1

SNATLL, 41 : currant -2 mass (Qhbar=-1 Oc-=5 alphal)~(1/2)
SNATL1,5] : ameunt =32 ON

FIAS S RE <ANAT
#1021:: current sneargy/length

current snargy

. 0L2]1;3 cecccmccmme===
#I031:: SI[X,50(m]

currant langth mass

IR e ————

#Ila):: Si[L,SNATI11]

L1r/2 1/2 -




XNMap

XNMap
Multi-element Map

S.¥Wolfram
Jul 1881

NMap [f, list, n)
applies f to groups of n elements in list.
NHap[Smpl: |8,Inf, Ind]
MhaplInit] 3: <AUnFlat

NHap[%f, %l ist =Contp(Blist] Sn_=Natpl®nll] & %
Nap [Ap($1,8%X1],UnFlatl($list,$nl]

#1I011:: ANNap

#1123:1 t:Ar[LlE]

#0121: ji,2,3,4,5,6,7,8,8,18]

#1131::  NRaplf,t,2]

$o131: [#01,2),403,43,415,61,4C07,8),409,18) )
Fll4d:: NMapli,t,3]

Jotan: f#01,2,31,404,5,8],607,8,8],§0181]



http://list.nl

Tub

XNSo|

XNSol

Numerical solution of equations
by Newton’s method

5. Wolfram
Jul 1881

NSol [egn, =, 20, accl
attempts to find a solution for z in the equation egn using Newton's method start-
ing at the point z = 20, with accuracy acc.
NSl =2Tiar
NSeol [($a=35b,5x _sSymbp(%x] 3x0 _sNumbpIMNISx8))],%acc sNumbp[$acecl] :: %

(Le i [Xf,Xdf, ZTu, ExB) jAu:Sx@;Xf:Sa-Sb;Tdf:DIXf,Sx]; \
Loopl , Xx:NI(Xx@:Xx)-5024/2df,Sx-2Ex]] Abs[Ix-Xx0] >%acc];Ix)

#0111 QANSol

FII211: MSol[Sinlulex,x,1,1/1008]
#OL21: LBRLATEBEE

#1031 WISin[X)]

#0I31:  .00147688E



XNorm

XNorm
Vector norm
S.Wolfram
Jul 1881
Norm [list]

yields the norm of the vector represented by list.

Horm(%$list)] 3: SqrtlAplPlus,$list=211]
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XO0rbit

XOrbit

Planetary orbits

Solar system - celestial mechanies — astronomical data
orbital elements — Kepler's laws

S Wolfram
Jul 1981

[Handbook of British Astronomical Association (18982); 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 nede
Incl : inclination to ecliptic (i)
Ece : eccentricity (e)
MDist : mean distance (a)
Per : sidereal period in days (P)

Heliocentric quantities:

MAnom [£]
mean anomaly at time £ from epoch

ARAnom[%t] : ZPi St/Per + LEpoch - LPari

EccAnom([i]
eccentric anomaly at time ¢ from epoch




[

XPR
XPR

Special output forms

5. Wolfram
Jul 1981

PSig
prints as

Js“IFr] 1 F'tllf!lzigizr‘zii i1'2i|il,1!,i-‘l,'i,E:l,—I.il !zl-lil isl'lii,.‘\.
.-__:H’ h_rr' o "| u\ LY n' n_ ||' Ji_ll, n_ 1y

PPi
prints as
&3
b
PPIiIPr] F-ll]ll -1|.[1,l . 1 1{ }2 1), 83,10, 03,00, 13,-1{},\
II‘ L) HI ) "_"' L1} _rr' LL _! I
Plam
prints as
™
Y

PraniPrl ¢ Futiffr, =0, f21,00], "\, "

PLam
prints as
A
PN

PLaniPr) @ FutCifl, =10, 12,00, 13,=100, 7" "ZN", "\

PDel ta
prints as
AN
F_N

_PDsitalPr) ¢ Futlff1,-11,§2,-1],§3,-1], [2,000, 7", ", "\", "7\"

PGamma
prints as

PGawnalPrl : FutC]f1,-1], f1,84, 12,230, 1" "1" "—m"

PXi
prints as




2 XPR 2

PXiIPRY s ""””"‘”*fi-'ii-..“;,':”ﬂﬁ-!]l'“-”’5*”11:13:1H-*'-". o m_m N

] L]

Pint
prints as
/
I
/

~FIntiPr) ¢ FerDffa, 2], fo, o}, f2,=24f,"""1""mM

PSqrt
prints as

/
AT

PSgrtiPr] 3 Fetlijr,=1],§2,01, 13,18, "vw","7r", "=="]

#I011::  <APR
#1021:: PPi-=2

-

#L2):rs { f

#1L31:: _FIPr1:zPSig

---

A
#0131s /7

#LLAY s Fel/d

A" 1

#OL4lew / 4 ==
hY
F

(o)



Sl

LWL

XPad
XPad
List padding

left justify — right justify — trailing zeroes — leading zerces

S.Wolfram
Aug 1982

LPad (list, elem, len]
pads out the list lis¢ on the left with element elem to length len if necessary.

LPad[(3list,Salam,$lanl] 1: IflLeniSiist] > I!II‘IJ,I$I|E=I by
CatlAr[Slan-Lan(Slist]l, "Saleam] ,$1ixt]l]

RPad (list, elem, lenl
pads out the list list on the right with element elem to length len if necessary.
RPad([Si1ist,Salem,¥ien)] i: IflLan(Slist] >= Slen, Slimt, ™

CatIlSiint ArlSian-Lan(Siint], “"Salanl]l]




LT

XPaul i
XPaul i
Pauli sigma matrices
S Wolfram
Jul 1881
Sigma (il

gives a representation of the the i th Pauli sigma matrix.

Sigmal8] 1 [f1,8{, (8,1
Signalil : jf014 1.8
Sigmaf2] : j8.-11, 1,8
Siguaf3] : |{1.8], 8,1




XPause

XPause
Pause
8. Wolfram
Jul 1881
Pause [n]

pause for n seconds.

Pause[$n _sHumbp(Snl] :: (Leilec@]l;eb:Cleck DLl %
Loop(Clock (] (1]=-c@<Sn,11)




R T o !

HKPeel

XPeel
Sublist peeling

S Wolfram
Jul 1881

Peel [{ezpr!,expr2, .. .{]

represents the sequence exprl.ezpr2,. .. ina list. ("Peels” away lists).

Pesl(S|list _sListp(Slintl] :: AplNp,Slismt]
#1l1l:: DPesl
#1021 [Pasitfa,6]1, fe,d4]]
#0021 fa,b, je,d]|

¢ +O



XPer
XPer
Matrix permanents
determinants
L.Yafle
August 1882
Per Imat)]

yields the permanent of the matrix mat

[E.R.Caianiello: “Combinatorics and Renormalization in Quantum Field Theory”, p.29]
<AMat2
Par(Smat_sSquatp(Smatl] :: Sum(Smat(l,i] Par(Minor(Swmat,l,ill, %

fi,1,DimismatlIL] )1
ParDfiSu{{l 1: Sx

#llll:1 OiPar
#1021 wmsArl}3,3],8)
#O021:  F{e01,10,601,2), 001,300, §402,10,402,21,402,30 ], [403,1),403,2),¢13,3] |
#103)1:¢ Pariml
#0031:  #11,11 (102,20 §13,3) « 112,30 #03,2))
+ FI1,2) (§02,11 $03,3] + £12,3] 403,112
e 111,30 (§02,1) 413,2) « §#02,2) §03,11)
#IL4T:: Datiml
#OT4T: 401,11 €FE2,2) #03,3) - §02,31 403,21)
- #01,21 C602,11 #13,9) - #02,3] #(3,1))
+ $#11,3) (602,11 $13,2) - $02,2) #(3,11)




XPerm8

ViD

XPerm@

Permutations

S.¥Wolfram
Jul 1881

A permutation is represented by a contiguous list of sequential integers in any order.

Permp [expr]
yields 1 if expr represents a permutation

Parmp [Saxpr] t: PlSort[SaxprlesAriLan(Saxprll]
Parmp [Sexpr #~Contp[Saxpr]]l : B

Fiper [list 1, list 2]
finds if possible 4 permutation which places the elements of list2 in the order of
List1
Fipar(Slinmtl #Contpl%listl], N
$lint2 siContpiSiint2]lELeani(Slinstll=LaniSliet2])] :: %
FlatIAr[Lan[%$! istl] ,Pos[$1istZ[$X1]) .51 istll]]
Apper [perm, list]

applies the permutation perm to list,

#LL) s
#1L2) 5
#or21;:
#L03)::
#0131
FIORT
#0041
#1051

#0151
#1161

#0181

Appear(Sparn_sPermp(Spearm] , 31 ist sContp(Slistl] o1 %
ArlLeniSlist] Sl it (SparmiSX1]]]

<AFarm@
Parmpl|1,3,2,41]

1

Permpl}1,3,1,4]1

L]

tl: fa,e,d,b|
fa,e,d, b
Fipar[ja,b,e,d], 11l
11,3,1-,3!

Apper(%, ja,b,c,d])
fa,c,d,b]




XPerml
XPerml

Elementary operations on permuations

S.Wolfram
Jul 1881

<AParmb
Pcomp [perm 1, perm 2]
forms the compostion (product) of the two permutations perm 1 and perm2.
Peomp [Spl _sParmp(Spl] ,Sp2 sParmp($p2]] :: Ar(Len(Spl] ,Sp2(Spl($X1]11]
Ppoulperm, nl
forms the n th power of the permutation perm.
PpowlSp _=PermplSp) , 0] :: AriLeniSp)])
PpoulSp _=Parmp[Sp] ,Sn_=Natp(Enl] sz

Sisp,8Xl--ArfLaniSp] SXLISp[$X21]],%n-1]
PpoulSp =Parmp[Sp] ,$n_sNatp(=-2nl] 1: PpoulPinvIiSpl ,=-3n]

Pinv[perml
yields the inverse of the permutation perm.
PinviSp _sParmp[3pl) :: AriLen[3p) ,PosISXl,Spl[1,611]

#lll1:: <AParml
#rizi:: plofl1,5,4,2,3]
#orzl; f1,5,4,2,3]
#103):+ p2:)5,1,3,2,4]
JOL31 s [5,1,3,2,4]
#ll4) sy Peoomplpl,p2]
FOL&] }s,4,2,1,3]
;1[5111 Peomplip2,pll

#0151 §3,1,4,5,21
#1C(E1:: Ppoulp2,6l
FIG R fe,5,3,1,2]
#L1E71:: Pinvipll
#OLT1: f1,4,5,3,2]

#1IB1:: PeomplX,pll

#oI81:  §1,2,3,4,5]
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XPermC
XPermC

Cycle decomposition of permutations

S.Wolfram
Jul 1981

Cycles are represented by projections of the form CI[il,i2,i3,...].
AParmb

ToC [perm]
elds a list of cycles whose composition is perm (eycle decomposition).
n T-I:llijirnpllp:Il 11 I:fﬂll-,lt,ln,ltlc?r; " P )
Za: f{;%t:ArlLeniSpl, 1) ;D0lX]l,Lanisp) ,IFIXLIRL],
For(XZn:®plXLl] ;X015 }], N\
ZtlXn), Xn:Spl(Xn), ZtlEnl:l;Xi:CatliZu, jZnill; »
Ta:CatlXa, JApIC,X11{111;2a)

ToP [cycs]

yields the J.)ermutation represented by the list of cycles cycs.
ToP[Scycs_sListplScycnl] ¢ (LelilZI]; MaplAriLaniSecl,
XilCyclSe,-1118i11:8cl8il], Secyes,1); XI)

#lLl11:: OPersC
#l021:¢ ToCI|1,5,7,2,4,3,68])
#0021 feriy,ces,4,21,0107,6,31

#0310 TeP LX)
#0131 : §1,5,7,2,4,3,6}




XPhys
XPhys

Fundamental physical constants

S5.Wolfram
Jul 18981

1. Principal constants
speed of light in vacuo

SPhysll,1] Qe -> 2.887824580%~2 matres mscond=-1
Flanck's constant

SPhysll,2] Qh => B.626L78%~-34 joulws swecond
Dirac's constant

SPhys(1l,3] : GQhbar => L.0545887%~-34 joulw second
ch.nrlsﬂ on electron

SPhys[l,4] Os -> 1.6021882x~-18 coulomb
mass of electron

EPhys[1,58]) Owe -2 8.188534s~-31 kilogram
Avogadro’'s number

hys[1,6]1 : QN -> 6.02204538~23 mole=-1

constant of gravitation

SPhys[l,8] : 0 -> E.6728x=-1]1 nauton matre=2 Eilogram=-2
2. Atomic constants
fine structure constant

SPhys(2,1]1 1 Qalpha =-> 7.28735062~-3

dberg constant (infinite nuclear mass
Rril'hull!.‘ﬂ I( ORinf =2 l.ll?}i?l.‘n??iﬂ? mstra==1
Bohr radius

§Phys(2,3] Qald -> 5.2817788%=~-11 matras
electron Compton wavelength

SPhys(2,4) ¢ QlambdaC => 2.42630892~=12 metrs
classical "electron radius”

SPhysl[2,58] Ore -> 2.817938x=~-15 matra
Thomson cross-section

SPhys[2,6]) OsigmaT -> E.66224480~-28 metre-2
Bohr magneton




2 XPhys
SPhysl[2,.7] : OwuB =2> 5.2748782~-24 joulm tesla=-1
nuclear magneton
SPhysl[2,8] i OmuN -> S.ERGRE248~-27 jouls taEia=-1
netic ratio of free proton
EPhysl2,8] : GQgamma -2 2.6751987+~8 second=-1 tesia--1
electron volt

§Phys(2,18] : Qa¥ =2> 1.6021892x~=19 joulm

3. Thermal constants

molar gas constant

EPhysl3,1] QR -> B.31441 joule kelvin=-1 mole=-1
Loschmidt number

EPhys13,2] : QL => 2.6867549=25 metra-3
Boltzmann constant

SPhys (3,31 G -> 1.328EB2#~-23 joulas Ealvin=-1

Stefan-Boltzmann constant

SPhysl3,4] : Osigma => 5.67832e~-8 watt matra=-2 ksivin~-i
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XPIhist
XPlhist
Histogram plotting
5.Wolfram
Jul 1881
Plhist [list]

plot list as a histogram.

PihintiSiiet] v« Plot[fArlLaniSiist], X\

Line[fPtIfInd(%)int,s1],0{) PelflndlSiint,

PtLfInd[(Siist,S$l+1]1,ElamiSiint, }51}1]1,P1
AxesnlfB,8{1]]

11 ,Elemi$iint, [$1 Il T
1 ]

s
[{Ind(SIist,S1el],8{1 {23, %\




XFPlot

XPlot

Operations on plots

S.¥Wolfram
Jul 1981

PCat(pl,p2,...]
combines the plots pl, p2, ... into a single plot.
PCat[Plot(Spl,$5p1],Plot(3p2,58p2]1] 11 PlotlUnion(Spl,$p2]]
PAplLirz, try, pll
applies the templates irz and fry respectively to each point in the plot pl.
PRpIStrx,Stry,3pll a3 SISpl,Ptl|sx,s l,itfl--} N,
Prljapl tr!,! x |1, AplStry, [Syll |, 83411
Ycut [plot, [ymin, ymazxi]
replot plot in region ymin < y < ymaxz.
¥YeutIPlot[$1,552), [Symin,Symax]] :: Plot($1,, [Symin,Symax )

Circlal[$x,8y],$r] s
GraphiSr SinlX1)+8x,%r Cos(X1)+%y|, X1,8,2Pi1[1,1]

Future enhancements: Add functions to include labels, arrows etc.

uco



XFPolar
XPalar

Polar graphs

S.Wolfram
Jul 1881

Polar [ezpr, theta, npt]
yields a polar plot of expr obtained by evaluation at mpf points in the angle theta.

Polar (Saxpr,Stheta,Snptl 11 ™
Graphl [Sexpr Cos[$thetal ,Sexpr Sin[Sthetal | ,Stheta,®,2Pi,,, Snptl

e -
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XPoly
XPoly
Information on polynomials
S.Wolfram
Jul 1981
LCoef [poly, var]

yields a list of the coefficients of powers of var in poly.
LConf(Spoly,Svarl]l 1: ArlExpti{Svar,Spolyl ,Coni(Svar-SX1l,Spoliyll
LExpt [poly, var]
yields a list of the exponents with which var appears in poly.
LExpt[Spoly,$var]l :: Union(Expt(¥$var,¥peoly,Listll
#r11:: QPoly
#LL20 s tiEx[(mex)=3 (l=-x)=2]
F4 3 L 2 g 2 2 3 3

p[?l: 34 x - Ba x + 3a x + 3 &8 x - B &a x + 3 &4 m =2 & x +

3 3 [} 5
+ @ +# X -2 %X % X

#1C31:: LCowd[X, =)

2 3 2 3 2
#0031, j3a -2a ,38 -6 8 +a ,1-6a+ 3 a ,-2+ 3a,1]

#LO4) e LExptlt,xl
F“]' ilrz':!:"'lEi

¢ch

T



KPolunum
XPo lynum

Polygonal numbers
triangular numbers — pentagonal numbers — number theory functions
figurate numbers

S.¥Wolfram and P.Leyland
Jan 1962

Polynumlk,nl
k th n - gonal number (n:3 yields triangular numbers; n:4 squares)

PolynumISk sNatp[Sk] ,Sn_sMatplSnll : %
Sk ((En-2)5x+4-3n)/2
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XPou

XPau

Simplification of powers

-

radicals — square root — canonical form — prime decompesition

S.Wolfram
Feb 1882

Reduce power of composite number to product of powers of primes

<APrimep
($x2_sIntp(Sx] & ~Primep[Sx])=Sy 21 ™
AplHult,Map[Ap[S1l~($2 $y), $8] Niaclsxl]]

Warning: Redefines Pow; Pow processed maore slowly.




XPrime
XPrime
Potentially prime numbers

S.Wolfram and P.Leyland
Jan 1882

« Nfac; Prime; XPrimap
Fer [nl
n th Fermat number.
FarlSn_sNatpi3nl]l : BLZ2]1-2-8n + 1
Mer [nl

n th Mersenne number.,

Muarlinit]l 1: <APrimap
Mar[®n _=sPrinep(3nl] : BL2] ~En - 1

Inuminl
n th ] number.
InumiSn_=NatpIl%nl]  (BLL1B)-~Sn-1)/9

Jnume [n]
n th | number,

JnumiSn _sHatpl3nl] 3+ BI18)~%n + 1




e

XPrimep
XPr imep

Primality testing

S.Wolfram
Jul 1881

Primep [expr]
yields 1 if expr is a prime number, and 0 otherwise.

Primapi(Saxpr] :1: NatplSexprl & PIAp[Pilus,Niac[$axprll[2]l=l]

Future enhancements: Should use a serious primality testing algorithm.



XProj
XProj
Projection manipulation
S.Wolfram
Jul 1881
PCat[proj1, proj2]

yields a projection whose filters are the concatenation of those in the projections
projl, proj2 (which must have the same projector).

PCat(Sx _sProjplSx] Sy s (ProjplSyl & Syl@l=5x[81)] =2z
ProjIs<[8], [S(8x,%x[8]->Hp] ,sf:u,utn-:ﬂpl 3]

P‘Ptmlmj—IIM! .o ald
treats the filters of the projections proji, proj2, ... as lists, and applies the tem-
plate femp to them, yielding a projection with the resulting list as its filters.

PaptSmpl: j8]

PaplStamp,33%proj s (AplAnd, NaplProjp, [$Sproj |11 & %
RplEq,Map(STL8], [$Sproj{l1d] 11 \
ProjI8Sprojl1](8),Ap tenp,MaplSISX118]-SNp, [$Sproj]l1]]




XPrtable

XPrtable
Tabular output
printing — tabulation — tabular data — boxes — ruled
columnar — report generation — formatting — matrices
J.Greif
Nov 1881
vline[w]

make a vertical line of length w

vilnaIS$ul 21: vthinglsu, "] ™

vblank [w]l
make a vertical blank of length w

wvhilank[$u]l 1t vthingl($u,” ™

vthing[w, z]
make a column of vertical things = of height w

vihing[Su,SxleeFut[[ISuyzzyle |B,8uyzzy]|,Rapil $x,3ull

hline[wl
make a horizontal line of length w

hlinalSul 1: hthinglsu, "=")

hthing [w, =]
make a row of horizontal things z of length w

hthingl®u, Sxl saFmt[Null ,Replil %x,%ull

box [x]
make a box around expression z

box[2x] 21 (LellXnh, Xv, X1y hviXh,Zv, 8x];

;%
Fetlff1,0 ,](-1,||,11nr.|1. {1,-Intd, §0,In¢ ], [0,1n¢], §0,-In¢}], \
Sx,vliina[Zvl, viinalIvl,™

hiine[Xh],hiinelZh] , hiinel1] hlinel11])

vbar [x]
print a list = horizontally with bars separating the elements
vbar[Sx _wsl ietp[8Sx]l] 1: bar[Sx,viinal
bar($x _sListpl®x] ,$z] :: (LellXv,XZh,Xs,Evl]; hvIZh,Ev, Exl;

En:SIAr[LaniSx] , If(8 islon(Sx] , [Mull,Sx[Sil , Nulll,™
IHHII,ixlll!,Hu?l,l:tlvl]]],|liui-}l$u,fl|ll

col [z]
print list = horizontally inside box with bars separating the elts
col[Sx el intplSxl] ¢: box[Fut[[ISs): [Ss, 8]]|, vbar(sxll]

topbot [x]
print object x with a horizontal bar above and below



2 XPrtable

topbet [¥x) 1t C(LollXf,XZhl: X4:Prdepl®x]l; Xh:ZfI2D+XF03)+2;%
Furlff1, 8], 81,=-Inf], f1,Ind], j0,Inf}], §O,-OInf|], %x,
hlina[Zh] ,hlinalEh] ,hlinell) ,hiinelll])

hvlh,v, x]
find height v and width h of expression z

hvISh,3v, 3x] 11 (Lel [X¢); Xf:Prdap(Sx]l; Sh:Xi[21+X403242;
SviBilal+EF[6)+1; )

colmat [z]
print cut columnated, and boxed matrix, i.e. a table
colmatISx _sFullpl$x,2]] s (LellXh, X1 ,Xv,Xt,%q); Xt:Trans[Ex] ;Y
l[['l] Y

ZisArfLan[Xt], Fmtl i (€, -28x{],SCEt[Si], [$Su{->33u, [B{1]]
eal [X11)

Prmatlzx]
print out matrix in 2-D form
ProatIi$x sFullpl®x,2]] 31: (LecllXEhn KI,Iv,Ii,!}]; T1:Trans[Sx] 3 %

Xi:ArllaniZt), FutlfI8s]: [I,-!!:”,Et!ﬂtil, Stu |->ssu, fRJ111;\
Futl[I3s): [8s,8]],barlX!,vblank)d}

#I[L1:: GPriaklas
#021:: Ar03,3],Poul

#002): fir,1,1],1z,4,8%,03,9,271|
#li31:: Prmatl®]

3 -3
#0131 : 2 & 8
i 8 27

#II&A1:: ecolmat[@E]

#OL4] .

_—— e ——
=]
| ———— e
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XFPemp
XPsmp
Heuristic simplification
of rational forms
E.Wolfram
Jul 1981
Pesmp [expr]

usually yields a usefully simplified form of the rational expression expr.

Pempi%e]l t: Map(Fac,Col (Ex(3Sell]
Pemp_sldist




XOuadres
XQuadres
Quadratic residues
Number theory — modular arithmetic — rings
P.Leyland and 5. Wolfram
Feb 1882
(uadres [p]

yields a list of all quadratic residues modulo p.

Quadres [Sp_sNatpISp-11] :: Union(CatIAr[f[@#,Floor(8p/21 ]|, Nod[$1~2,8p]]
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XRAr

XRAr

Array generation from
recurrence relations

Sequence generation — congruential random number generation
recurrence relations

3. Wolfram
Aug 1982

RAr [n, temp, start]

generates n terms in a sequence starting from stort by applying the template
temp to each preceding term.

RAr([Sn_sNatp[3n] ,Stemp,Sutartl]

Y
(Lellt); tsSstart; Arl%n, “(Le

Ilted jtost;tiAplStamp, Jt]);10)])
#1013::  <ARAr

#1(21:: RA-L[5,r(%11,11

#OC23:  fL, 6011, FLE0L30, 4 040HCLIDD, FEFLFLHELIIID ]

#1131:: RAr[18,%142,1]

gr31:  §1,3,5,7,9,11,13,15,17,19}

#1041 :: RAP[LIE, Mod(13 31+7,111,1]

#gOr41:  f1,8,3,2,8,7,18,5,6,8)

#1051:: RAr[3,$1/(1e31),a]

BIS1Y o aeam asenanriagorannie i




XRamp

XRamp
Ramp function
) S.Wolfram
Jul 1881
Ramp[x]

represents the unit ramp function.
Ramp[%x] : (AbslSx] + $x)/2
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XRandC

XRandC

Continuous random number generation

S.¥Wolfram
Jul 1881

NRand [(z:8), (sd:1)]
generates a random number from a normal (Gaussian) distribution with mean z

and standard deviation sd.

NRand aTier
NRand[]l::MRamdIB,1]
HRand[3meanlssNRand[Swean, 1]

WRand(Smean,$sd]l :: Y\
NiSmean + $sd Sqrit(-2 Log(Rand(1]1) Cos((INI2Pil) Rand(]l]]

BRand [rho)
generates a pair of random numbers from a bivariate normal distribution with

Zero mean, unit variance and correlation coefficient rho.

BRandISrhol :: fLel[XZxll; %
[lullﬂllnd[l, NiSrhe XZxl + Sqrtll-$rhe=2] Hltndf]li!

ERand [theial
generates a random number from the exponential distribution Exp[-x/theta].

ERand[Sthatal z: N[-%thsta LoglRandll]1]

ARRand [a, b, dist, mazdist]
uses an acceptance-rejection method to generate a random number belween a

eand b from the distribution defined by the template dist whose maximum value is
pot less than mazdist. Number of attempts necessary is proporticnal to (b-a)
mazdist,
ARRand($a ,%b,Sdist, Smaxdist] 1: (Lell¥yl;
Loopl,Xy:N(Sa + (Sb-Sa) RandCl], \

Rand[] > MNIAp[Sdist, [Tyll /Smaxdistl]; Xy
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XRandD

Discrete random number generation

S Wolfram
Jul 1881

IRand [nl]
generates a random integer from a uniform distribution between 0 and n-1.
IRand[($n] :: Floor[Rand[Enl]
PNorm [list]
yields a normalized list of probabilities from a list of relative frequencies.
PNorm($list] s: NISlist/AplPlus,$listl]
PCum [list]
yields a list of cumulative probabilities.
PCumI®iist] ¢ (LeilXt); XZt:0; MaplXTteTt+3XL;%t, PNorwlslintll)
DRand[{cpl1,cp2,...}]
yields a random position in the list with distribution determined by the cumula-
tive probabilities epi.
Misfeatures: Not optimal algorithm
ORand($1ist] :: (LellX¥x]; Xx:Rand(]; Pos[$]l »815%x , $1ist,2,1001,2,11)
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XRandL
XRandL
Random list element selection
S.Wolfram
Jul 1881
LRand [ lisE]

yields one of the elements of list, randomly chosen with equal probabilities.

A Rand[Init] :: <XRandD
LRand (%! ist sListpIS1ist]l] s: EntiSiint, jl+IRandCLon (S| is11] {]

LDRand [list, prob]
yields one of the elements of list, randomly chosen with relative frequencies given
by prob.

LORand[Init] :: <XRandD
LORand($1ist,Sprob_siContplSprob] & Len(Sprobl=Lan($1istld] 23z %
Slist[DRand [PCumiSprobll]

DORand [list]
yields a random reordering of list.

DRand[Init]l] 11 <XFParm
ORand[®liet] :: (Let[X1); X1:RArlLanl(®list], *"Randl]]; X\

Appar [(Fipar(Z!1,5crtIXI]],¥i1intl)




X¥Repar t
XRepart
Graphical part replacement

Repart [gzpr]
replaces a graphically-selected part of expr.

Repart[Se]l 1: AplSet, [Ap[(Se, [LISe]l |1 ,Rdl"neu part: "1 |l
Bepart[Smpl: @




XRev
XRev

Symbolic identities for list operations

S.Wolfram
Jul 1881

RavIiRaviSxl]l : $x
CycICycIS)ist, $nl),%n2) 13 CyclSiist,Snl+3ni)



XRnd
XRnd
-. Integer rounding
truncation — type casting — entier — floor — ceiling
S.Waolfram
Sep 1882
Rndnl

rounds n to the nearest integer.

Rad[8n_sNumbp [Bnl] :: Floor[¥n+8.5]

#LiLl:: <XRnd
.’Itzlu End[2.2]

Jorz1. 2
#1I31:: Rndl[2.7]
#orar: 3
#la1:: Rnd(-3.61
#Ora1: -4
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XRot2

XRot?2

Rotations in two dimensions

S.Wolfram
Jul 1881

YecZp [expr]
tests whether expr represents a two-dimensional vector.

VecZ2p[$expr] 11 ContplSexpr] & Lan(Sexprl=2

RotN2 [thetal
yields a matrix representing a two-dimensional rotation through an angle of theta

radians.

RotM2[Sthatal 1 |[ComlSthatal ,Sin[Sthatal ], -SinlSthatal ,Cosl(Sthatal ||

Rot2 [vec, theta, (pt: {8,8])]
rotates the two-dimensional vector vec about the point pt through an angle of
theta radians.

Rot2 _:Tier

Rot2[Svec _sVeclp(Svac] ,Sthata)l : RotM2[Sthatal .Svac

RotZ(Svec _s¥YecZ2p(Svec]l,Stheta,Spt sVYec2p[Sptl] :
Spt + RotR2(Sthetal. (Svec-Spt)




XRot3

XRot3
Rotations in three dimensions
S.Welfram
Jul 1881
Yec3p lezpr]

tests whether expr represents a three-dimensional vector.

Vec3p[Sexpr] :: ContplSexpr] & Lan[Sexprl=3

Ro tN3 [phi, theta, psil
yields a matrix representing a three-dimensional rotation specified by the Euler

angles phi, theta, psi.

RotN3[Sphil, Stheta,Speil &
[ Cos[Spxi) Coml%phil - CoslSthatal SinlSphil SinlSpsil, *
cai{Spsil SinlSphil + Cosl($thetal ComiSphil SiniSpsil, %
Sinispxi) SinlSthetal ],
[-8intSpeil CenlSphil - Cosl(Sthatal Sin(Sphil CoslSpsil, ¥
=5inlspsi)] S5inlSphil] + Cos(Sthetal CoslSphil CoslSpmil,
Coxl[%psil SinlSthetal |,
[SiniSthetal SinlSphil, -5inl$thetal Cos($phil, CoslSthatal ||

Rot3 [vec, phi, theta, psi, (pt: |8,8,8])]
rotates the three-dimensional vector vec about the point pf through the Euler

angles phi, theta, psi.

Rot3 aTiwr

Rot3[Svec _sYacip[Svacl ;$thetal : RotA3($thetal .Svac

Rot3[Svec _sVacIp[Svac]  Sthata, Spt _sVaclp[Sptll 22 M
Spt + RotR3[Sthetal . (Svec-%Spt)
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XRpoly
XRpoly
; Random polynomial generation
i S.¥Wolfram
Jul 1881
Ranup[(n:18)]
generates a random univariate polynomial of size n.
Ranup :Tiar
Ranup (Sn_sNatplSnl] ::
Ex[RaxISn, ffx,10, 02,10, §=1,00), §iPlus,1,=7, iMuit,1,-50]11
Ranupl] :: Ranuplli]
Ranmp[(n:18), (nx:3)]
generates a random polynomial of size n in an average of nr variables.
Rarnmp _:Tiar
Ranmp [$n _sNatpl®n] ;Snx _sNatpISnxl] ::
Ex[Rex[Sn,CatlArL]fl@ 1l+!nx-1§ CImpi D]sx1 02, ff2, 00, §-1,101{1,\
FiPIus,1,-7], (Mult,1,-8{1)
Ranmp[Sn_sMatp[Snl] :: RanmpliSn,3]
Ranwpl]l] i1: Ranmp[lB 3]
#1011:: <ARpoly
#I021:: RanupllB@]
3 4 5
#0021 16B x + 248 x + T8 x
: #L031:: Ranupll@]
- 2
; #0031 2 + 5% + 8 x
1 #lI&1:: Ranmplle, 3]
| 2
i #OL41: 12 + 38 + 2b + dc + Ba ¢
i #1I51:1+ Ranwplle, 3]
. 2 B 2 B 3 B 2 &
i #OL51: 12b + l%a b + d4b c + 96 & ¢ + 32 8 © + 80 a © + 16 8 b C
2

+ 2 b
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XScan

XScan
Scan function
scan — search — mu function — find — first
S.Wolfram
Jan 1982
Scan(femp,nl

yields a list of the first n positive integers satisfying the criterion temp.

Scan(Smpl: [Inf, 8]

Scan_:Tiar

Scan[Stemp,Sn _sNatpi3Snl] r: (Lecl[Xt,Xi,X¢1; ForlXis@;X
nel

tald,
Xi<n, InelXtl, I4CRel(ApiSiemp, j2t]13,X40InclXiliX112; XP)

Future enhancements: Extend to k-tuples of integers

#0112 <NScan
#1021:: ScanlIintp(MISqrtI$111]1,5]

#0021 f1,4,9,16,258]
F1031:: Scanl$l~2-48133, 2]
#0131 fs,8]
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XSerSol

PR -

power series — ordinary differential equations

c el W S ot |

1.Greif
Aug 1982

PsSol [dezpr, serord, be, (dep:y), (ind:x)]

s bk

PeSol aTiar
—PsSol[Smp]:{0,Inf,0,0,Inf}]
PeSol [Sdex,3s80,8bc] ::PuSol [Sdeax ,Sm0,%bc,y, x]

EEsy ¥ 5

Tdep 3Tier; ZyaTier; X\

TylSu,8nlsaPall,$x,0,8n, [(Sil:Xalsil 1; \

Tdep:XyiSind, Ssolj X 3

only now do we know indep var so can define gdiff\

qd i {1 (Xdep(Syl)l::0(Zdap(Sindl, [Sind, L, Syfl;

gdl filDIXdup[Syl

qdlfitlul:rﬂ[lx,} ind,1,8ind|1; %

Tax:S5i(Zex,Holdl EIdu[#:],!h,!n,Izl’Il-) \
DIXy(Sind, $scl, [Sind,Sn, Sx]11; %

pext line gets around incomplete simplification bug,

Tax:S(Xax,DPAT--301;%

Tox:Si[Zex, Xdep(Sindl ->Iy(Sind,Ssall; ™

make a properly truncated Pg if still a sum u; terms®,

A Y . iy RS 1

Tbe:5i(Ibe,Hold[DIZdap($x], [Sx,8n,82}11=-3> %\
DIXyl%ind, $scl, ‘lindjln 8z {115 N\
next line gets around incomplete mmpflﬁcutinn bug™,

Xex is a Ps and Xbe is an expr or list
Zl:IfiLimtplEbel, Ldint(Zbec=01, ]i:n--h;\.
Li:Union(CatiXi, Ldist [Xex(51u@l11; %

¥s: SoilXi, Cat[ArL}|0, Sec|{,Xal1]; %
t Pell,%ind,®,Sso0,ArC} )0, %50 (,5[Xalsl], Esll])

Input niceties -- the differential expression can be entered in the form
flx] y" + glx] y""+ hixl y - iIx]

Sxsetl" ", qdiff,2]
adifFIPr, SxlseSxl”"", 82}, 2]

Defeat encasement extension
PelExtr, qdifflzzqdiff
LalExtr,Prli:Pr
PulExtr , Eql::Eq
LelExtr,HeldlisHold
PalExtr , Rapl::Rap
LealExtr, 5131:81I

#1011z «ASerSol
#1021z2: de: Comlx] y' + Expl-3x] y*" + Sinlx] y = Sinlléx)

#0021 y Sinlx]l + (y") Coslx]l + CCy*)"') Expl-3x] - Sinllix]

Series solution of differential equations

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,
w given boundary conditions bc expressed as a list of expressions to be set = 0

ItIPIZax[@)luHold(PIusl] ,Tex:PulXex,Sind, 8,301 ;%

Xbe1S[5(2Zbe, OPAT--30], Hold[Pe[SSx]) —-Ax[PelSSx110;%
Abci51(Xbe,XdepiSx]l -l imlXyl(Sind, $so0l ,¥ind, $x1]; X

L

PeSol[Sdax, S50, ,%be, Sdep,Sindlt: (Lel(Xy,Xdep,Xex,Xi,Xbe, XI Xa, qdiffl; X\
; Zex:S(Sdex,Sdep->Tdepl; Tbc:5[Sbe, Sdep->Edepl ;™
-

$y,%n 32|11 1:0[XdeplSind], [Sind, Snsl, S2]1;




2 KSerSol 2

#1031::  bes jylel-2, ylerr-1|
$0031:e  f=2 + yl0l,-1 « (ylBl*) ]
#1412 PeScllde,B8,bel

- 2 3 [ 5 B 7 8
~ K 5 x 29 x 515 x 18081 x 58567 x 1448983 x
#0l4l:e 2 4 B = == 4 ==== 4 ==—c= = ssm=cs = mmmmsnss 4 sSsmssssas $ EmEssse————
2 3 i2 24 248 Big ET728

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

Sete 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.

Unionlsetl, sets,...]
forms the union of the sets sell, sets, ...

Inter [setl,sets2,...]
forms the intersection of the sets set 1, set2, ...

Cupl [set, uset]
yields the complement of sef with respect to the universal set usef.

CopliSlimt sLintp(®lint] Sulint_sListp(Sulistd] :: N,
CatiAriLeaniSulist] ,Sulist, ,~In[SXLl, $i1istll]

Sub [set, crit]
yields a subset of set all of whose elements satisfy the condition crif.

Sub(Sset,S%crit] 1 FlatlAriLen(Ssat],; Scritl]

Subp [sub, set]
yields 1 if sub is a subset of sef and 0 if it is not.

SubpiSsub,Sset] :: LeniUnioniSsub,Sset]ll=LaniUnioniSset]]
Disjplset?, set2]
yields 1 if the sets sef] and sef2 are disjoint (have no elements in common).
DisjpiSuatl, Sent2] :: PIIntariSeatl,Ssat2l=]]]
Multeetsetl, set2,...]

forms the product set of the sefi (set of all possible ordered n-tuples of elements
from n sets).

fultset[$Sset] :: FlatlOuteriList,$fset] ,LaniList[$Ssat]l]l-=1]

Pouset [set]
forms the set of all possible subsets of set (power set).

Pouset[%$] »Contpl®i)] 2: FiatlLellXi, Xg)l; SIDist[ApiXg,ArllLeni®id, ™
TFCE), fS108211 {100, fXg, Xf,Lint, Xg|] Zg->Cat], Lan(Si]-1]

#Flills: QiSets
#l021sc wlsUnilonlfa,b,a,c,d]]

#I?ll II.h-:,dl




XSetse 2

#1031:: w2:fe,n, 0]

#or3n; fe,o,%]

#lL41:: w3:Ar(5]

#OT41: [1,2,3,4,5]

#0511t Unienisl,s2,=s3]

#0L51 f1,2,3,4,5,a,b,c,d,%,f]

#IL6Ts: Interisl, =21

#OLED ¢ fe i

#I71:: Copils2, sxld

#1171 ja,p,d]

#I(Bl:: Sublis3d,Evanpl

#OLB] f2,4]

#1081 iuhplh,n-l,tll

gorsi: 1

#11181:: Disjplsl, s3]

gorter: 1

#ll11):: Multesetlisl, =]

#or113: flla,ef, fa, 0], fa, 6]), bib,cl, f0,0], b, 0], Flc,c], fc, 0], fe,f]],
ffa,ed, te, 0], fa, ¢ 1]}

#10121:: Pousetlsll

gocizie i, Qg el teat i fedife, t]) feyn ], lo,e, f )
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XSetsSX

XSetsSX

Set theory notation

5. Wolfram
Jul 1881

alblc...or aUb Uc ...
stands for Union[a,b.c....].
Sxset["U",Union, 3]
alblc...or al blc...
stands for Inter[a,b.c,...].
Sxnatl™1”, Inter, 3]
avb or 8 \ b
stands for Cmpl[b,a].
Exsnt["Y",Cupl,5]
aCb or aC b
stands for Subp[a,b].
Sxsetl"C",Subp,4]
a“sb™=c...or a " b % c ..
stands for Multset[a,b,c...].

Sxeatl"=2" Multsat,d]

e

8 or a
stands for Powset[a].

Susat["=~=" Pousst,l]
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XSfctl
Subfactorial
derangements — rencontres numbers
S.¥Wolfram
Sep 1882
Sfctlnl

subfactorial of n (number of derangements of n objects).

Stetl[Sn _sNatp[®nl] : Sm S4cti(¥n=-11 + (-1)=%n
$fetil] 2 1

[Sloane: Handbook of Integer Sequences, sect. 3.13]
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XShoutime
XShoutime
Display of simplification times
5. Wolfram
Jul 1882
Shoutime

causes simplification times for each output line to be printed.
Showtime :: (Pre 2t (Lel[X11;PriTime[XLs8LI];1¢(ValplX1],%1,1))

Shoutimel :: (Post 2: (PriN[Last[#TI1];81))
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XSign
XSign

Sign simplification rules

S.Wolfram
Jul 1881
Signisx $%x] :: Signl¥x] SignlSsx]

Signisx~($n _sEvenpl(®nl)] : 1
Bign[Abs[3x1] = 1




.
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XSal

Inverses of elementary transcendental

Sel [Exp(Sx]l=Sy, Sxl
BollLoglSxl=Ey, $xl
SollS5ini(Sxlefy, Sxi
Sel[CoslSx]=Sy, $x]
Sol(Tan(Sxl=%y, Bxl
Sol(AsiniSx]l=%y, I«
Soi(Acom(Sxl =y, $x]
Sol[Atan(Sx)l =Sy, Sx
SollSinhi$x] =Sy, $xl
Sol[CoxhISx]aSy, $x]
Scoil(Tanh[$x]ufy, $xl

LR
L
L
t1
L]
1
HEH]
L |
L |
T
L ]

SollAsinh(Sx]l =Sy, $x] 1
SollRcosh(Sx]l =8y, $x]
SollAtanh (%=l =%y, ¥x] 1
Sol[Cad[Sx]lauSy, Bx] :1: Sol[fu=AgdlSyl Sx]

Sol[Aga(SxI=%y, $x]

XSol

func tions

S.Wolfram
Jul 1881

Sol[Sx=Log[Syl,Sx]
Sol[$x=ExplSyl  $x]
Sol(Sx=Amin(Syl,h Sx]
Sol[Sx=Rocos[%yl , $x]
Sol[Sx=RAtaniSyl,h Sx]
Sel[3x=Sinl%yl, 6 $x]
Sol[Sx=Coml¥yl, Fxl
Sol[Sx=Tan(Byl 6 3x]
SollSx=Asinhlsy) , $x]
Sol(Sx=RAcoshiSyl, $x]
SellSx=Atanhi®yl, $x]
: Sol(Sx=S5inh(%yl, $x]
i Sol[Sx=Coshl%yl,h Sx]
t Sol[$x=Tanh(%yl,h ¥xl

Sol[Sx=CalSyl, Sx]

-y Ci- e ——



XSpare
XSpare

Removal of almost all values

S.Wolfram
Jul 1981

Sparelwl, us,...]
removes all values except those of v1, v2, ...

—SpareslSmpl : B
Spara(3%x] :: (Lell Spare,S%xl; Setll)

#itil:: <OiSpars
#1021:: amrbrel
forz1: 1

#1021:: Sparslal
#0031 Sparal’ al
#1e41:: fa,p,el

#or41: fil,b,e]
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XStat
Univariate statistics
S.Wolfram
Jul 1881
Hean[list]

gives the mean of the values in list.
fHeani$i1ist] :: AplPlus,$list] Lenl®ilist]

GMean [List]
gives the geometric mean of the values in list.

CMlaan(Stimt] :: NMIAp[Mult, Slist=(1/Lean(Siimtld]]

HMean [kHist]
gives the harmonic mean of the values in kist.

HHesan[Silist] :: MiLan(31ist)/AplPlus , Napll/31,3%1ist]l]]

NHed[list]
gives the median of the values in list.

FadiSlist _s0ddpiLeni(s1istl]] :: Sort[Siistl [iLaniS1ist] «1) /2]
Nad(Slist _sEvenplLan(S1ist]1] 22 %
[LetfX1]1; X1:Sort[Slist); (XZIlLen(Biist]l 2] + %
I{Lan(S1ist)72+113/72 )

HD [list]
gives the mean deviation of the values in list.
i v AOISiist] ¢ Hean[AbsISiist-HeanIZEiist)]]
i
I
Yar [list]

gives the variance of the values in lisf.
Yar[Slist] :: Reanl($list-Neani®|ist])=2]

S0 [list]
gives the standard deviation of the values in list.

S0[S1imt] :: NISgri(Var(Slist] Lenl$®list] /{Len(Slist]l-131]

Range [List]
gives the range of the values in list.

Rarnge(Slimt] 11 Aplfax,Slimtl-Rpifin,Slist]

RNS [lixt]
gives the rool mean square of the values in list.

RAS(S1imt) 3: NISqrtifeaniSlist=2]11]

Fract [list, r]
yields the r fractile of the values in list.




-] XStat 2

FractlInit) 13 QALItp
Fractl®list,$r) 1 LItp3[Sort(¥%list],Sr Lan[$list]]

01 [list)
yields the first quartile of the values in list.

Qli%list] r: FractiSlist,l/4]

03 [list]

yields the third quartile of the values in list.
Q318 ist) :: FractiSlimt, 3/4]

0D [list]
yields the quartile deviation of the values in list,

QOIS iet] :: (Q3[S1imt) - QLISViwtl)d /2

Mowm [li=st, nl

yields the nth moment of the values in lisf.
Hom[$list,$n] :: AeaniSiist=Enl

Cmonm[list, nl
yields the nth central moment of the values in list,

CuomISliet,Sn] :: Hean[(Slist-Maani(S1iztl)=~Snl

Cumllist, nl
yields the nth cumulant of the values in list.

Cumi(Slist, L] :: Naan(3limt]

CumiSlimt, 2] 11 Var(Siist]

Cumi$list,; 3] :1: Cwom(3iist, 3]

CumiSiist, 4] :: Cwom(%list, 4] - 3 Coom(Slimt,2]1-2

Cum(%$)list,5) :: Cwom[%1ist,5) - 1@ Cwow(21imt,3) Cwom[%list, 2]

Skeullist]
gives the coefficient of skewness of the values in list.
Skauwi(Sliet] :: Coom(%1ist,3]/50(%ligt]~3
Kurt [List]
gives the coefficient of kurtosis of the values in List.
Kurti(¥list]l :: Comom(51int, 41/5D[(Siint]~4
Excess [list]
gives the coefficient of excess of the values in list.
Excessl$list] :: Coom[¥|imst,4)/50(%1int]l=4 - 3
Oskeu[li=st]
gives the quartile coeflicient of skewness of the values in list.

Oukeu(Sligt] :: (Q3[(%1imt] - 2 Mad($list] + QLISIi=t]) / N\
(A3[S1ist] - QiC(S1imt])

Expc(op, list]
yields the expectation value of the operator represented by the template op on
the values in list



XStat 2

Expe[Smpl: |B,Inf]
ExpclSop,81ist]l 3: Rel[Ap[Pius , HaplSop,Slistl]l]l/Lenisiist]

Char [list, x]
yields the characteristic function of the values in list.

#Iild e
#1121

#0121

#1032
#0131
L&Dz
#OL4T:
#1151
#0151 :
#1061::

#O061:
#1732

#0171
#1811

#0187

#1091z

#0109]:

#0180
#oriel:
#l01102
#ori1d:
#110120¢:
#0L120:

#1101312:
#0131
#10140 11
#0141
#1015z

#O1151:

Char(%|ist,8x] 21 ExpelExpll %31 ], Slimt]

<A5tat
t:Ar[20, 'Randl[]1]
§.7512891,.9799641, . 3078826, .1427415, . BEIBALT, . 1446294, . 8414654,
~2309524, .EEA9AB, . 1285033, . 1148291, .243175,.5178353, 4258514,
LEBS41B3, . 9010PE6, . 2951599, . 4496743, . PEO34B4T, . 4438874
Post:N
N
Aeanitl
~h238211
GReanlt]
~30517587
HAsan(t]
« 1837451
Redlt]
+AIITEBA
S0Ct]
~2841784
Rangelt]
.B581481
RAS[t]
.5118389
aLctl
1427415
a3ftel
.BERI4183
Scault]
~hB57557
Eurtlt]
1.824871
ExpelExp, t]
1.582872




2 XS5tat

XStatus

Status information

5. Wolfram
Jul 1881

Status
prints status information.

Statue 11

(Pr{"Mamory used so far:",Statell (3], "blocks™1;
Pri"Total CPU time mo far:” NIClock(][2]], "seconde™];
Pri"Real time so far:",Cloekflfl], "seconds"l; %
Fri“"Mumbar of input Iin-l:"‘Lint#llJ: Y

Pri"Numbar of user symbols:",LanlCont[]1]; Y\

Fri"Total number of lulhﬂlltL,LIH[Ennli,lJ]]?
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KStrB

XStro

Basic character string manipulation

S.Wolfram
Jul 1881

Char [sfr, il
yields the i th character in the string str.
Char[Sstr,5i »(B<Si<CLon($strl)] :: Impl[Expli[($str]l [$il]
CLen [str]
gives the number of characters in the string str.
CLen(Sstr] 1 LenlExpl (Sstrll
CRev [sir]
reverses the string sir.
CRevISstr] :: Impl[RevIExpl[($strll]
Cloinlistr], str2,. . .1
concatenates the strings strl, stre, ...

Cloin($%$s] :: Impl[ApICat,MaplExpl,List(S58x1]]]

#0132 OStrd

#1023::  t:"RA character string"”
#0102« "M character string”
jI[Jii: Char(t, 4]

#I31:  h

#ll4l:: Charlt,2]

LTS FIE

“#1t51::  CLantt)

#ors1: 18

#1I81:: CRavit]

#01E] : "gnirts retecarahe A"
#1711 CloinlX,t,t]

#0171 "gnirts retcarahc AA character stringfA character string"”




XStrl

XStrl

Further character string manipulation

S.Wolfram
Jul 1981

QAlimtl
CRep [=ir], str, i
replaces the character at position i in str by the string str1.
CRep(Sstrl,Sstr,%i] 3: (LellEI); Ei:Expl(Smtr]l; XILSiJ:Expl (Sutrll;
Imp![FlatfX11])
Clnslisirl, str, il
inserts the character string str at position i in str.
LinelInit]l :: DALintl
CIns(Sstrl, Sstr,%i) 12 ImpiCInelExpi(Sntrl) Expi(Setr] $i]]
CPos(form, sirl
yields a list of the positions of the substring form in the string str.
CPos(®form,Sntr) 1: LPomlExpl(Sform] Expi[(Sstrl]

CSisir,repl.rep2,...]
applies su,r:cessrvely the replacements repi for substrings of Lhe s\‘.r‘lng str. Each

replacement is used until it is no longer applicable. The special "generic charac-
ter" represents any single character.

strl],

C5(%5str,%%raps] :: Imp!{ApILS,Cat (s
Limt[SSrapsll, %
]

[!Elp
S{MaplExpi[SI[1I]-DExpi(SL1L2]]
{IExpi ["$"1[1])-28X1]]

I
¥
b
#1011 QAStrl

#1021:: w:"the cat in the hat”

$orzie "the cat in tha hat"

#1031:: CRepRRRR,s,5]

$or31: "the RRRRat in the hat"

#lldl:: CInsl” not",s, 8]

#OL4L "the eat not in the hat"

#L[51¢: CPoslthe,s]

#oIs1: f1,121

#LI6l:: CSis,the-a, Sat-2AXXAX]

#0861 Ya EXXXX in & XXXXX"
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XSubl

XSub |

. Sublists

form sublists — unflatten — group — sequences

S.Wolfram
Jan 1982

Subl [list, nl
generates a list of successive groups of n entries in list.

Subl[Slist _sLintp[%]ist] , Sn_sNatp(Enll] :: )\
AriLenl$| ist) -3n+1,Ar(Sn,S1ist(31+32-1111

* UnFlat; Outer; Tri

#ll1l:r DASubl
FLr2) 1 tiAr[B]

#orzn: f1,2,3,4,5,6,7,8}

#103):: Subilt,2]

#oran: ff1,24,42,3§),§3,4},§4,5],15,84,§6,7},§7,8}}
#Freale: Sumilt,?)

#OL&D {§1,2,3,4,5,6,7},§2,3,4,5,86,7,8}%

L &1

(@]
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XSum
XSum

Series summation

S.Wolfram
Jul 1881

Canonical forms for sums

Canonical form for limits
SSumll] : SumiSe, {31,51,82]1 --> Sum[S[(8a,8i-58i-81+1,-1,11,|8i,1,82-81+1]1

Sums of rational functions
S5uml2) : Sum(%e, [31,%1,82]1 --> SumIPf[%e,%11, [3i,20,82]]

Simplification of sums
SumlS5mpl:Inf
SumiSx+88x, [$1,81,82]) ¢ Sumi®x, f8i,81,82]1 4+ SumisSx, [8i,81,82]2
Sumi$x, [$i s(~Tnl%i, 8x]),81,82]) s: ($2-85141) S$x
SumiSSn $x, [S$i _»s~In(%i,5%n] 51,82{1 :: 5Sn Sum[Sx, [5i, 51,6521

SumiSx/(3%n Sy, [31 +#~IniSi,S%n),51,82]] :: SumiSx/Sy, |$i,51,%2]|1/5%n

Sums of pasitive powers
BumiSi,[si,1,8n]] : Sn(Sn+l)/2
Sunlllﬂit-_pﬂttpltﬂ),]ll,.‘l,!n!l t (BeriSw+l, Sn+l)l-Bor[Su+l]l)/(Smsl)

Suml(-8Sa)=8i $Si~(Sm_sNatp(Sml), [$] »~Inlsi,%a),1,8n)] &+ N\
((-1)~%n Eul[Sm,Sn+1] - EullSm, B])/2

Geometric progression
SumiSa~8i,[$i _»~In[8i,8a),1,%n]) 1 (Sa~8n - 1)/(Sa - 1)

Warning: Sum redefined to simplify its arguments
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XSumPR

XSumPR

Special output form for Sum

S.Wolfram
Jul 1881
<APR

SunlPrl [[Sexpr, [Svar,Sstart Send|]] 2
FmtCff1,81{, 3,8}, {1, -l.i f1, 1“ Pﬂln,inur,t-ur-tluﬂ Send]l

#1011:: OSumPR
F10211:  LleSumtiZi=a,}i,1,Inf{

Int

\ ¥
FoI21:e L + / i

-

I = 1




KSumpol
XSympo |

Symmetric polynomial generation

Sympol [n, =]
generates a list of all symmetric polynomials in n variables =[i].

Sympol [Sn_eNatp[%nl] ,Sx] =z: dLellXxly
PelEx [Prod[{l+%x[Xi] ‘.h:l,[ll,l,inill,lx,l,fhlli‘l)
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XTEST

XTEST

General testing routines

S.¥Wolfram
Jul 1881

Basic test function

Jast[Smpl : B
Test[51,5arg,¥n]l 11
RptlitintRal[Sargl ;Prl);PrIRel(%34],tin) ;Pritout:Rel (AplSf,tinlll, Snl

Seed random numbers
SendI3n) ::t Randll,3n]

Random argument generators

nueb [x]
positive or negative number of maximum modulus zx.

numb [¥x] 11 -%x + Rand[28x]
prnumb [x]
positive number of maximum size .
prumb[%x] :1: Rand[3x]
intizl
positive or negative integer of maxitnum modulus z.
Intl%x] 33 Gintlnumb(%x]]

pintlzl
positive integer of maximum modulus z.

pint(%x] :1: Gintf{i+Rand[$x]]

nnint[z]
non-negative integer of maximum modulus =.

pilntlEx] :: Gint[Rand[8x]]

expr [nl
expression of size n.

axpriSn] :: Rex(%nl

temp [nl]
template of size n.

I‘taﬁh: 1:3..?5‘&.-,_;:_.,-, y am isa

i
L e




2 XTEST -3

tamp(3n)] :1: SI[Rex(3n],x=-2%5]1,z=-2%52]
“<XRpoly
polyinl
univariate polynomial of size n.
polyl%n] :: Ranup($n]
mpolyln, ml
multivariate polynomial in about m variables of size n.

mpoly(Sn,Sm] :: Ranmp[Sn,Sml

tistform.nl
length <= n list of forms.

list[$form,3n) z2: ArlGint[Rand[($nl+8.3), *Ral[S$forml]
ligt _sNozsmp

rpt Lform, nl
repetition of <= n occurrences of form

rptiSform,%n] r: ApINp,Apliist, [Sform,3n{l]
rpt _sNosmp

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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¥ XTE
:_-:1.- !
f XTEx
A
,1\ - -
: Tensor expansion
o
v i indicial Lensor ealculus — Lensor canonicalization
= tensor symmetries
i S ¥Wolfram
' Jul 1981
i TEx(flz1,22,...],reor]
3 constructs a surn of tensor obtained by reordering the zi and assigning the fac-
tors specified by the permutation symmetries reor.
;l_;‘ OAPernl
“<XArparm
£y TEx:Tiar
a TEx[S$1[$8x] ,3reor] 11 (LeilXi,Xo0,Xt,Xe,X¢]; _EflReorliSreor; %
: TotAp[Xf, Lint(38Ex]]; Xt:®; Ap(Plus, NaplXi:Apper(S]l, List[$3Ix]]; ™
] 1#C0Inl%4, Xc:ApLEF, X1)/%c) 8, InciXt,Xc) ;2c ApSi, 2111, %
) ﬁrp-rIiLln[UIt[!lﬂ‘.l]llfltl
5 F1I11:: <XTEx
= |
H #1022 TEx(#[a,b], Syml
= fla,bl + f(b,al
4 P ] £ 1 I T —
.'._ z
5 #1131:: TEx(tla,b,c),Synl
e fla,b,cl + fla,e,b] + flb,a,c)] + flb,c,al + fle,n,b] + flec,b,al
n[a}l ------------ - - - ——— - - - - -
-— B
$ll4):z: TEx(#la,b,el, Cycliel
fla,b,e]l + flb,c,m] + §le,m,b]
p'l-i]: ______________________________




XTensor
XTensor
Tensor manipulations
8.Wolfram
Jul 1981
Tenplf]

determines whether f is of type Tensor.
Tanp(84] t: Pl _Sf[Typal=Tansor]

CD
denotes the basis coordinates.

€O &+ fr,theta,phi,t]

DIn
denctes the dimensionality of spacetime (default 4).

DIR:LanICO]

KD [mu, nul
denctes the Kronecker delta symbeol.

XDI[Racrl:Sym
ED[Smu,Smul : DIN
KD [$mu, Snu_» (Smu~=Snull : @

Gm [rmu, nul
represents the metric tensor, assumed symmetric.

6w Jansor
LmlReorl:S5ym
CulSwu _sSymbp(Smul , *$nul : ED(Smu, Enul

Emltmu_sSymbp[¥mul ,Snu_srSynbp(Snull SFI[S%il, “Smu,3%i2]
$1I3311,%nu,3812)

CulSmu _»Symbp [Smul , Snu_sSymbp ISnull I!I"Ihu,llil'l Y
$fi%nu,5%i2]

Guiswu_sSymbp[Smul ,Snu_sSymbp(Snull SII[S5i1, "Smul = X
$fls%il,%nul

GmiSmu_sSymbpIlSwul ,Snu_sSymbp [Snul] Sf0 Smul 1 5f[3nul

Eml Smu, ‘Snu) SFISSil, Swu,38i2) ¢ SFISSil, “$nu,33i2)

KDISmu_srSymbpISeul ,Snu_sSymbpSnul) S1055il1,35mu,55)2]
11831, 8nu, 88]2)

Component Manipulations:

R& _Tensor; R2Z Jenzor; R _JTesnszor
LhrLIReor):5yml2, 3]

—GUIRecr) :S5ym; _GLIReor):5ym
B2IRmor]l :Sym

_BhlReorl: jAsymil, 2], Aeynl3, 4] |

Find
evaluates the elements of the tensor z.

H

*

b

5
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2 XTensor

Find[$x,$ylisAplAr, [AplArisy,%il, fDIN]], $x002 ]2

GL
denotes the metric tensor with both indices covariant; (default Minkowskian).

EL = Hr[!t,i],ll; CLE&,41:B0r); BLIL,1]s-Rlrd; GLEZ2,21:-pr=2
LE3,3l1=(r Sinlthatal)=~2
GU

denotes the metric tensor with both indices contravariant.
GU 3 MinvIGL]

Prl"1™)
Procll

ChrL
denotes the Christoffel symbols with all indices covariant.
ChrLISi _sNatpl[8i),$) sNatpl8)], 8k _sNatp(8k)] st ChrlLIS),$),8k] =\
172 C(DtIGLL®i,®%j],COL¥K]] + DtIGLISi,Sk) ,COLSjIIN
- DtIGLES),%k], COI%i1))
PrL"2"]
Procl]

Findl ‘ChrL,3)

PrL"™3"]
Precl]

R4
denotes the Reimann curvature tensor.
RilSa_sNatpl(Sal , Sb_sNatp(3Sh] ,Sc_sMHatp(Scl Sd _sNatp[Sdllzch
R4[$a,8b,8c,8d]: (Lel[Xz,%mu,Xnu,Xatal;h
Tz : GLCSa,Ywul Dt[GUIZmu,Zrnul Chrlifnu,Sb,Scl COLSdI]N
- GLI%a,Xwu] Dt[GU[Xmu,Znul ChrlL(Znu, $b,3d] ,COL[Scll®,
# ChrL[Sa,5d,Zeta) ChrlL[ Xeta,Sb,%clh
— ChrL[%a,%c, Xeatal Chrl[ Xeata,®b, 841 ;%
Xz:Comp[Xzl)
Pri™s"]
Prael]

Find[“Ré, 4]
PrL"s"]
Procl]
R2
denotes the Ricei tensor.

RZ2[(Sa _sNatplSal ,Sb_sNatp(Sbll::R2(5a,%b]: (LellXZz,Xmu,Znul ™
Xz ¢+ GUIXwu,Xnu] Ré[Xmu,%e,Xnu,2b)l; Compl2z])

FindIR2[,1)

R
denotes the contraction of the Ricci tensor.

0<0D
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2 XTensor 2

ResReflel[%z,Zmu,Enul; Xz : GUIZwu,Znul] R2Z(Xwu,Znul; Complizl)
R

Comp
performs component manipulations.

Compi$x]::5(8x, |lrl.,:r2,lr!|tri,lri.tri,!r?,trll. Infl

Irls CulSa_sNatpiSal Sk _sNatp[Sel1-—>CL[Sa,sh]
Ir2: Cul Sa_sNatp[Sal, *Sk_sNatp[$b]]1--3GU(%a,8h]
Ir3: GuiSSi, ““Smul-->8

Iré: SIISSil,Smu,$5i2] SqISSjl, “Smu,885j2]1 --> \

(Lel [X1,321;:%

It(~P(Smul@l="Nark]l & ~PL $t=u"GU],Dist[SumlSuml %
BUIZ1,X2] BFI8%i1,Y1,8812] Sglssjl, X2, 8821,
« j%2,1,0I047, f21,1,0In)1, fAuit,Plus,Plusill)

Irs: STI8%il, “Smu_rNatp(Smul 53121 --3> 5\
Lel L2113\
I+I~PL“8$4="CU] ,DistiSumly
GUISmu,X1) SHISSil, X1, 38121
e 121,121,010, fAult, Plus,Plusill)

Xrb: $i08%i, " “Snu_sNatp(Smull —-> (Lel [ZL1;I40~P [ S¥="GUI,SumlY
GULSmu,X1] $+03%i, " “%1], f%L,1,0In{D)

Er7; 1080, " “Smu_sNatp(Suull --> A
fLel [X1,%21;%
IFC~PL"$F="CUI Distl
Dt($403i],CO0Smul]l - SumiSumi®,
GUILX1,%2] Chrl[X1,%i,Smul SFIE21%
{22,100 {3, fx1, 1,010 )1, [Muit,Plus,Plus]ld)

Eréd: S1i8%i, " "Smu_sNatp(Smull --3> Y
fLel [XEL,X2,%1,%x1;3%
TFI~PL"8i="CU),Distl™
DtISfI$il,CO0Smul] - Exlnliiliﬂulllz:lli AY
Tz (01 “SH;SumiTzIT11: "225%
As[Xz] Chrl{X2,%1,%mul
12,0, 00m 3, §x1, L, Len21] |20, [Ault,Plus,Plus]l])




XTerm
XTerm

Terminal as standard output

T.Shaw
Sep 1981

Openl},,},18{]1



KTern
XTern
Balanced ternary representation
S.Weolfram and P.Leyland
Jen 1982
Terninl

generates a balanced ternary representation of the integer n.
Tern[Sn_sIntp(Snl] ¢ (Lel(Xtot,Xres,Xil; ™
Arow:%n + (3~Cail(N[Log(RAb=[%n] , 3)+211-10/72;

For(Xiz:l, Eres~a®, InclXil, EtotlXil:MNodiZres,3]1-1; %
Iras:CaillEres/3]1]1; RaviXtotl)

[Knuth, vel 2 (2nd ed)]

#IlLlY:: Tarn
#I02Y:: Tern[l2345]
#orz1:  f1,-1,8,-1,8,-1,1,1,-1,1.12777s~-18

Misfeatures: example shows numerical error




XToTop
XTaoTop

- Tensor index rotation

S.Wolfram

Totop[$t] 1r [(Snlz: ArCCyelAr[Sn, Dimi%tl] 1] S¢0531, 5111

Rotate tensor index to top



XToTop. new
XToTop. neu

Tensor index rotation

5. Wolfram
Totop($t] a1 [[$nlis RrlCyclAr[%n,Dim(%t]],-1]1,8¢[881,811]

Rotate tensor index to top



XTri
XTri
Triangular list generation
group — sequences — cumulative lists
S.Wolfram
Jan 1882
Trillist]

form a triangular lisf from sequences of successive entries of list.

Tri(slist sListp(Siimwt]] :: ArfLeni(Slist] ,Ar(SLl,51istl]

* UnFiat; XSubl

#li1d:: ATri

#1121::  RAPLS)

#0121 f1,2,3,4,8

#1131:: Trilx)

#0131 ffal 1,2, 41,2,30,00,2,3,4),41,2,3,4,5]1

Voo



XTrig

XTrig

Trigonometric functions

S Wolfram
Feb 1882

Misfeatures: Sin[17Pi/12] does not simplify completely, perhaps through multiple get confu-
sions

Periodicity relation

Einli{%n _sHNumbp[8n] & En>2) Pil : SinlMNodl®n, 2] Pil

Special values
Binl(Sn _sRatp(Sn,12] & 1<Sn<2) Pil : =Bin(%n Pi-Pil
Sinfi(Sn _sRatp(Sn,12] & 1/2 < ¥n < 1) Pil : Cos(%n Pi=-Fis2]
SinfPifl2) ¢ (Sqrtl3l-=1)/(25qrti2]}
BinfPi/6) r 1r2
SinlPi/fd] ¢ 1/3qrt[2]
SinflPi/3]1 ¢« Sqrtl3l/2
SinlEPi/12]) 2 (Sqrtl3]+1)/(285qrtl2]1)

[CRC p 227]

-




XTrigR
XTrigR

Further trigonometric functions

versine — haversine
S.Wolfram
Feb 1982
Vers(%al : 1 - Cosl%al
HaviSal : Vers[%al/2
Exsec[Sal : Secl(%al - 1
Covarsi{%al 1 1 - S5inl3al
Cinl%al : Cosl%al + I Sin([%al

[CRC p. 226]

ec
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XTup
n-tuples
S.Wolfram
Jul 1881
Tupoltot, nl
yields a list of all possible ordered n-tuples of fof elements.
Tupo[Stot _sNatp(Stot] ,Sn_eNatpl¥nl] t: TupolStot,Sn] :
CatlTupolStot-1,%n] MaplCati%]l, [Stot{), TupolStat-1,%n=1111
Tupo[Stot, 8] li“
Tupoi%tot,Sn_»(Sn>8t0t)] 1 ||
Tup[tot, nl
yields a list of all possible unordered n-tuples of {ol elements.
TUplInit] z: DLimtd
Tup[Stot _=Natp[Ztot] ,Sn_sNatplEnl] :: TuplStot,Snl ¢ N
CatlTupiStot-1,%n] FratiRaplAr(%n,Inzs[(Stot,%1,821],
Tup(¥tot-1,%n=121,111]
TuplStcot, 8] :
TupIStot,Sn_»($n>$tot2] 1 |}
Tupaltot, nl
yields a list of unordered n-tuples of fof elements, allowing repetitions of an ele-
ment.
Tupal$tot,%n] :: FlatlAr[ArI®n,$tot] ,List] 3n-1]
Pairsliot]
yields a list of all possible partitionings of tof elements into pairs.
PairalInit]l 1 <XSets
Palrs(Sn_sNatpi®n/21] ::
Union[Map[Sort, Trans[ fTupo[$n,$n/21, %\
Map{Cmp ! ($1,Ar (811, TupalSn,$n/21] ]|, 8n/21,21)
#LIlY e QATup
#ML21er  Tupelld, 2]
#L21: ”1,2{,[1,3!,!2,3“
#L031:: Tupl3d,2]
#ora1: ff2,1],f1,2], 83,1, (1,21, 13,2, §2,3}}
#LL&1 st Tupalld,2]
gorir: 1,1, 1,29, 01,3, 02,14, 12,2, 12,3}, 13,1}, §3,2), 13,3}
‘I{E]II Pairsl4l
#0I5];

KTup

F110,20, 18,800, £11,3, (2,440, (12,41, §2,30})

A
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KTuring
XTur ing
-. Turing machine simulation
S.Wolfram
Jul 1981
Tape[1i]

is the ith symbol on the data tape. (Tape[$i):1 defines a tape consisting solely
of 1's.)

Spec(st!, symb1]
is of the form [symb&st&] and specifies that when the machine is in state stf and

reads the symbol symb1 from the tape, it writes symb2 in place of symb I 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
i= a special symbol causing the tape to advance to the right.

The symbol Null represents a blank position on the tape.

Start [pos, st0]

starts the Turing machine in state si0 and at position pos on the tape; if the

operation of the machine terminates, it yields the linal position and state.
Start(Spox,Sst8] 1: (Leil(Zpom,Xst]l; Zpos:Spom; Est:Sstlh;

RptINext[SpacIXst, ToapalZposl]l] , Inid; Ipui.‘h'ltl

Next(Sx s ~¥alplSx]]l :: Retil
llxil]L.H,l:tll t1 (Ist:Sst; DeclXposxl)
NextljRight S$st{] :: (Xst:8st; InclXposl)
Nautl |[Ssymb, $s5t4{] 11 (Taps(Zpos]l:Ssymb; Zst:15st]

Flill:: DTuring

#F1021:: TapalSi_s$i<Sl:l
#or21: 1

F103):: Specll,Bl:fRight,1]
#0031 [Right, 1]

#lldls:  Specill, il fo,2]
FOL4Ts jo,2}

Fri51::  Specl2,0):fRight, 2|
FOL5]: [Right, 2]

#1IB1s: SBpecl2,1):fRight,1]
#oOIB]: [Right, 1]




#1071
oz,
#1080 s
Jors):

Startll,1]
fs,1}

Taps

fr31: @, [11: ®, IS]

XTuring

- (5 >83)1: 1]
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XUnFlat
XUnF lat

List unflattening

S.Weolfram
Jul 1881

UnFlat[list, nl
collects successive sets of n entries in list into sublists.

IInFIH[lHlt_Jtli tp(Xlist]  Sn_=Natp(Snl]l =1 X
[

CatlAr

tplSlist] , Sn_sHNatplLanl®list) /8nl] 1:

n

f

$1+32<=Lan(SIintl+111]]

n
fl,LeniS1ist],Sn]],Ar(Sn,S|ist[S1+82-1111]

UnFiatl®list »C
CatlArl

o
f
#lI1) e AUnFlat
#1021r:  t2Ar[18]

#orzi: §1,2,3,4,5,6,7,8,%,1%]

#103):: UnFlatlt,2]

P ((1,29, 13,8, 15,80, (7,81, (2,104}
*]ti]:: UnFlatft,3]

oy f{1,2,39,4,5,84,17,8,8], 18]}

I,Llntilililrtnii,ﬂlt[ﬂr[in.illll[ilfi?-i], A

o
o0




KUnmark

XUnmark
Mark removal
S.Wolfram
Jul 1881
Unmark [expr]

removes all marks in expr.

Unmark[Sexpr]l :: S[Sexpr, “$->%]
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XVecan

XYecan

Three-dimensional vector analysis

transformation of coordinate systems — orthogonal coordinates
curvilinear coordinates — separation of variables — partial differential equations

S.¥olfram
Feb 1882

CO: list of orthonormal coordinates
SF: list of scale factors associated with each coordinate
(diagonal components of metric).

Yecp vl

yields 1 if v is a contiguous list of three elements, representing a 3-dimensional
vector, and O otherwise.

Vacp(®v]l :: Contpl®v] & Lan(2v]l=3

YAbs [vecl
yields the norm (modulus) of the vector vec.

YRbx (3l imt _sContpl%lint]l] :: SqrtlAplPlus,$list=2]1]
Default Cartesian coordinate systems:

£o : [x.ﬂ,:l

SF 1+ §1,1,1
Assignments for other coordinate systems:

Cartesian coordinates
CAR :: JCO:fx,y,z],5F:f1,1,1}}

Circular cylindrical coordinates
EYL &+ fcos fr,pni,z),5F: j2,r,11]

Spherical coordinates
SPH s+ JCO:fr,th,phi],8Fsfl,r,r Sinlth] ||

Parabolic coordinates
PAR :: fCO: fxi,wta,phi{,5F: [Sqrilxi~2+nta=2] Sqreixi=~2+nta~21,xi wta}l]

Parabolic cylinder coordinates
PARCYL ¢t fCO: fxi,etm,z],5F: [Sartixi~2+nta=2) Sqriixi~2+nta=21,11]

Elliptic eylinder coordinates




2 K¥ecan 2

ELLCYL :: JCO: Ixi,ltl,:l,iFf!]i!FI!]tn SqrtiSinhixil=2+5inletal ~21; \
SFI3):1; SF)
Prolate ellipscidal coordinates
ELLPRD :: !Eﬂ: lxi,lfl,phii,ﬁf:fu Sqrtixi=~2-ata~2]/8qrilxi=2-11, %
c Sqriixi~2-eta~2]/S5qrill-eta-2], ¢ Sqrtll-eta=2] Sqrtlxi=2-11]}]
Oblate ellipsoidal coordinates

ELLOBL :: JCO:fxi,wta,phi
e Sgrtixi=~Z2+ata~2

}
]

4 9F1 h: Sqriixi=Z+mta=2] /Sqrillexi=2], %
/Sqrill-ata=~2], ¢ Sqrtll+xi=2] Sqrtll-ata=21]]
Toroidal coordinates

TOR 1 [CO:fxi,eta,phi],5F
i [xil st

sut 1115F[211e/(Coshixil-Conlatalld;y ™
SF[3]1:e Sinh

[

CoshIxil-Comlmtal); SF|

Elliptie coordinates

ELL :: JCO: lll,nu,nu], sl fISlamlz(a=Z2+3lam) (b=~Z+3 am) (c=Z+5lam);
EF: |Sqrifli{lam-mul (lam-nul] /(25qrilelifliamll), %

Sqriltmu-1am) (mu-nul] F(2Sqrtiel i fimulld,
qutlthu-ulitnu-luH.H!Sqr-thlIllnu]”'“

Bipolar coordinates

BIP :: [CO:[xi,sta,z{, SFI11:5F(2Jse/(Coshlxil-Coslatal); SFI31:1; SF]|

Arc
arc length ds™2 with respect to coordinates CO.

fre :: SumISFIXL1]1~2 DtICOIX111-2, §21,1,3]1
Yol
volume element dV in coordinates CO.
Yol 3: Prod[SFIXL) Dt(CO(X11], fX1,1,3])
Gradlf]
gradient of scalar expression f with respect to coordinates CO.
Grad(%$4) ¢: Ar(3,00%+,CO081]]/5F(811]
Dvglfl
divergence of vector (list) f with respect to CO.

DvglSt_sVecpISsl]l :: Sum(DISF[X1] (SFIL] SFI2) SFI31I/SFIXLI~2, \
corzill, {x1, 1, 3{I/(SFLL) SF(2] SFI31)

Curl ]
curl of vector expression f with respect to CO.
Ciurl [$Ff =Vacp[®Ffl]l ::
(DISFI3] $#(3)1, CO(21) - DESFL2] $1[2), COU311)/7(SFL2ISFL31),%
DISFIL] $#[1l], COI[31] - DISFI3] $¢[3], COCL11)/(SFI3ISFI11), Y\
(DISFE21 s¢02], €OC111 - DESFEL] $ef1], COE231)/(SFCLISF[21) ]
LapLf]

Laplacian of scalar expression f with respect to CO.




2 XVecan 2

~2 DISE,COCXLIT, \
SF

Lap(3f) ¢: Sum[DI(SFL["] SFIZ21 SFI31)/5 L
ft 21 SFI3]1)

H
corxiil, (%1, 1, 3{ t

11 D
11 t

FlI
5F
‘I[Li:: SiVecan

#1021 tl!k‘\!«rl g=2,x% y=~3,x y li

2 2 3
#0121: Jay 4 x ,xy ,xy z|

#1031:: DwglXd

2
#003): Zx + ¥ y + Ix y
#II4) s GradlX)]
2
#0041 2 4y +# 3y ,x + Bx y,8]

#LE51:: Vol

#0051  Dtix] Dtlyl Dtlzl

#1611 SPH

#OLE) s flrythyphif, [l,r,r Sinlthl ]]
#LL71ee Vol

2
#0071 r Dtlphi) Dtfr]l DtLth] Sinlthl

#I[I.’I:: r=2 8inlthl~3 Coslphil

2 3
#OIB] r Cosiphi]l Sinlth]

#Ii91:: LaplXl
2 2 2 '
= r Cosiphil] Sinlth]l] + 3 r Coslphil Sinlth]

2 F 4 F
+ 8 r Coslphil Comlthl Sinlthl

#0181 srassassssassass e o i B e e S

2

r Sinlthl
#IELBY e Ex[X]

3 2
#oCLR]: 3Coslphil Sinfth]l] - Coslphil Sinfth]l + S8Cos(phil] Coslthl Sinlthl

Scflcart]
computes the scale factors SF for the coordinates CO from the list carf of values
for the Cartesian coordinates x,y,z in terms of the curvilinear coordinates
COo[1],C0[2],CO[3].

SeflScart) 33 (SF:Ar[3, VAEsIDI(Scart, COLEL11)]D)

[e.g. MOS chap. 12; Morse & Feshbach]



KHarn

XWarn

Warning messages

S.Wolfram

Jul 1881
$x/8_sPrh(Sx/0, "generated™] :: Ex/8
B-8x_»(1fl$x<B Prhl@-%x, "ganerated™l )]s B=8x
Logl@ _sPrhl"Logl®] generated™] :: Ln’[l]
CanmalSn_=If[Matp(-%n] ,PrhlGammalsn], "genaratead™ 1] :: Gamma($n]
€3f _=PrhlSf, "file unavailable™ :p <5f

(%a 1t ($b_sPrh(Sa::5b, "impossible assignmant™)) :: (3a :: 3b)
($a : (b _sPrh(%a:%b, "impossible assignmant™1}) ¢+ (%a : %b)

Hinvism +If[Listp($m] ,Prhl%m, "inversion impossibia™ 1] 1 MinvIiSm]

#0111 AWarn
#0201 2/W0

3
- gansrated
L]
2
#gor121: -
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XHatch
XWatch
External file input tracing
S.Wolfram
Jul 1881
Hatch[filel
inputs the specified external file, printing each assignment in the lile before it is
made.
MatchISfilel :: (Set_sSetd _sTrace; LellXZrl; Zr:<Efile; Clesall; %

SatlTracel: Setd(Tracels; Opanll; Ir)



XWhi

Whittaker function

S.Wolfram
Jul 1881

§Hhl = Ldist
SHRilll: Hhin[SI,5n,52] -> Expl-Sz/218z=(1/2+5m)MniN[Ll/2+5m-51,1+2%m,52]

SURI[2]: HhidI%!,%n,%2] -> Cammal-2%m] /Cammall/2-3m-S1JURIiNLEz]Y
+hamma [2%5m] /Cammall/2+5m-51]JHhiN(Sl,-5m, $z]
SBMhi[31: Hhif[Sk,$m,82] -> Expl-$z/218z~($m+1/2)Chgll/2+8m-%k,1+2%um, 8z2]

SMhildl: HhiHI[SI,8m,$z] -3 Expl-$z/2)18z~(1/2+8m)Fuml[1/2+%m-%1,1+2%m,%2]

for special cases, see XChg and XKuml.




8_}-. b

XUWron
XWron

Wronskian and Jacobian

S.Wolfram
Jul 1881

Wronliyl.y2,...],x]
forms the Wronskian of jy1,y2....| with respect to =, which must vanish if the yi are
linearly dependent.

Wren(31ist,Sx] :: Oet[AriLen(Siist] OCSIist, [$x,31-1{111
Jacljz1,=2,...1, iul,us,...]]
forms the Jacobian of the transformation from {z1,z2,...3 to fulue. . {.
Jac[%x,%u_sLeniSul sLeni%x]] z: DetIArfLen($x] ,D(%x,3ulsl)]]]

#IIll::r Qlron
#0211 MWron! fx=2,ExplIx){,x)

Z
#0r021: 2% Expln)]l &+ w Explx]
#1031 Jael fu=~2ay=2, wly=-121], 2,y

z
.h[!]l =2y 1-1 + y) + 2 x



XYear

XYear

Day numbers
S.Welfram
Jul 1881

Year [month, dayl
gives the number of each day in a non-leap year

Menth : ‘i[Jln]:Sl, [Febl:28, [Marl:z31, [Aprl:38,

[Juil 31, [Rugl:31, [(Sepl:38,

[Det1]:31,

(Mayl:31,

[Now] : 38,

[Junl 3@, %\

[Dac]l:31

Yaar 1 (Lel[Ztl;Xt:8;Ar ['H {Jan,Feb, Mar, Apr,Nay, Jun,Jul ,Aug,Sep,0ct,Nov,Dec

Zt+ArllnclZt Menth(%X11111)

#l[11:: YearlAug,29]
Fr11: 241

iH.\



XYoung
XYoung

- Young graphs

2. Wolfram
Jul 1881

fi1,i2,...} €pres nts a Young graph with i1 boxes in the top row, i2 in the secend, . . . .

PDim[ist)
yields the dimensionality of the representation of the symmetric group
correspondig to the Young graph specified by list.

PDim(%limt] z: ApIPlus,$lict] |4Prod[ProdlElistlil-Slintljlaej-i,
jaiel, Ltn“lil!?]! I,1,Len(Slist2]] 7 %
rodl(S1intlil+Lanls i-u-ln,it,1.|..nuu-u;1

YGMul t [ygl, ygetl
yields a list of Young graphs occuring in the product of the representations of the
symmetric group corresponding to ygl and yge.

YEM- 1tCl=11,%12) 3¢ CLei[Xi1Ll,X121; N\
lllt!lr“.ln[llll,ﬂrtlll[tlj,Il]||\
Ei2:Flat[AriLeaniS12) ,Ar(S12[31),31013; %
"olZi,LeniX12],Zi1:Fiat[Nap(YGadd(SX1,X120Zil],X11]
wll:CotIAr[LanlXil] , XiLl08L),, YCtOIS1)8YC1ISEL 21202
YGt2I%1,%12[2i13111; HaplLen,%11, |2

#1131 ™
1118 N
{13
YCadd[S1imt, Sn] z2:

CatlArlLanlS|ist) Yoaddl[%1ist,$1,3n)], jCatiSiint, [{3ni{I])
YGaddl($1imt,Spox,¥n] 11 N

CatlAr(%pos + -1,81imt], jCat(® ll!llpn:! isni1id,
Arl]|spes + 1,L-nlili-tli! listl

Test for legal graphs
YEto[%liat]l :: AplGa MaplLan, Bl izt]l]
YGrl(%iist,3nlssRAplUneg,Nap($l(2] ,Poul®n,$lintll]
YGt2(%/imt,3n] :: YGtZp{Del(@,FiatiNap[Rev Siixt]]], $n]
YEtZpl%limt,8nd] 331 %
(LellXt,Xr)l; Xr:ArlSn,B); ForlXt:l;Xc:l, Xc<sLen($!istl&ApIGe,Xr]l,
Inc(%c] X103 int(Xcll:XilElint(Xell+ll; I4(XcoleniSiint] 1,81
YEt3[(%)lint;Ssun] 11 Ssun = Lanl5limtl

#1T11:: DAYoung

#1023 YOMwitIfL, 1], 00,12

#0r21: §fz,21, 12,1,1},%2,1,1), 1,1,1,11])
#1131:: MNaplPDim,X%]

#0131 f2,2,3,3,1}

#1T43:: PDimlf5,3,2,2,1{]

#OC&1: 21458
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XZetal2sS

XZetaZS
Generalized Riemann zeta function

reflection formula = Rademacher's formula

S.Wolfram
Feb 1882

§Zwtal2,1] : Zetal$z,3r sRatplSrl] —=2> %
2 Gamma[l-%z]1 (2ZPi Den[Srl)=(%z-1) (SinlPi Sz 2]
SumICosl2 Pi $r 2%n) 2etall-3%z,%n/Denl3r)), [%n,1,Denlsr)

CoslIPi $z/2] SumiSini2 Pi Sr XZn] Zetall-%3z,Zn/DanlSsrl],

1 + A\

In,l,0anlsrl {1)

[MOS sect. 1.4]
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XZeta2V
XZeta2V

Generalized Riemann zeta function

S.Wolfram
Feb 1982

Definition of special values
Zwtal%s,1] : Zetals$s]
Ewtals$s,1/2] : ZwtalSsl F(2-~85-1)

Zoutal®,%a) : l72-%a
Zotalsm sNatp(Sw+1] ,Sal : -Bar(-Sm+l,%al /(-Sm+l)

Derivatives
DiZetalSs,%al, |$=,1,8]) : LoglGawma[%all - Logl2Pil/2
ﬂ[z-illi:,lil.jti,l,ihll 1 -5 ZetalSs+1,8b]

[MOS seet. 1.4]



XZetaR

XZetaR
Functions related to Riemann *
zeta function
sums of reciprocal powers
S.Wolfram
Feb 1882
« Catb; LI

Etal%n] 1 (1-2=(1-%n)) Zetal%nl
Etal2] + PI=2/12
Etald) : 7PI=4/728

[AS sect. 23.2]

Lambdal%n] ¢+ (1-2--%n) Zetal®nl
Lambdal2] : Pi=2/8
Lambdald]l : Pi=&/89B6

[GR sect. 9.56]

Kilss] 1 SsiSs-1) GCoammal$s/2]1/(2 Pi~(8$s/2)) Zetal$s]
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INDEX

absclute value XAbs
aCh X5etu5)

Ack XAck

adjacency matrixXCe
Rd ] XMatd

IJI-II:..... 13. t'!l
Rllbut XA lbut

Ail XLogie2
antisymmetric matrix XHat3
any XAny

Any XAny

APart XLPart

APL encode/decode XCode
APLXDap
append XL ist®
Apper XPermb
approximate integration XEQInt
Rpp XLixth
arbitrary accuracy XN
arbitrary precision XN
arcs Xer

Rrce XGr

Arc X¥Yecan

Arperm XArperm
ARRand XRandC
Arrew XAck

ASCII XChar
astronomical date X0rb i t
Raymp XRat3
alblUe... XSatuSX
ahp XS5etssX
a=sb-sc... XSatusSX
basis tensor XLavi
beginning XL ist@
Bell XBull

binary XBase XBit
binned data XClass
binning XHist
Bitand XBit

Bitor XBit

Bitm XB It
bitwise and X8 i t
bitwise or iB i1
Boolean algebra ¥XLogicPr
box XBox

boxes XFrtabls

Box XBox

box XPriable

BRand XRandC

Buub XLUP

CanGam XGammas
cancnical form XPow
CApprox XClass
catentate XL int@
Catnum XCatalan
Codata XDatal
ceiling XRnd

¢c9

celestial mechanics X0rb it
CHD XC+

CFracl XiClans

CFract XClaas

LGS units XRES

character strings XChar
cheracteristic polynomial XRat4
Charpol Xfaté

Char XStat XStr®

Chisholm identities X&

choose XMask

Chrel ¥Tanzor

Church’s thesis XHalt

Cinm XStrl

circle XBox

Cirgle YBox

Claim XS5tr@

Classify XClass

Clams XClazs

CLamn XStr@

Clifferd anEhmlFl-rx

CHax XClass

CHD XCiaxs

CHaan XClass

CHad XClazs

Chin XClass

CHode XClass

Cmom XS8iat

Cupl XSats

Cof XNaté

collateXB 1t

colmat ¥Prtable

column operations X0Dap
columnar XPrtabls
columnated input XDatal XData
col XPrtablie

combinatorial functions XBa11
complement XA | Ibut
completeness relations XFieraz
Comp XTansor

Cont XCoanfus

congruential random number generation XRAr
conserve memeory XKi 1110
ConsSeol XConnSol

Contig XCantig

continued fraction representation XC f
convex polygon dissection XCatalan
Con XCon

correlation coefficient XF it
Corr XFit

CO XTensor

CPom XS5trl

COQl XClass

CQ3 XClass

create function XFun

create patternXFun

CRap XStrl
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CRav XStr @

crystal energies XLatsum
C5D XClaxs

C5 X5trl

cumulative listsXTri

Cum XStat

Curl X¥Veacan

curve fitting X6Fit XLChi2
curvilinear coordinates ¥Vecan
CVar XClass

Dap XDap

data analysis XF1t XGFit
data conversion XDatal
data presentationXHist
dataXData

Data XData

BC ¢ XC+

Decods XCode

Dafault XVacan

Dagres XGr

depthXLev

derangements XSfeti
destroy input XKi 1110
destroy output XKi1110
determinant XLUP
determinants XPar
diagonal matrices XNatl
diagonal matrix Xnat3
diagonals XHat2

Diagp XMat3

Oiag XMatl

difference equations XDi ¢
differential equations XLap
differentials ¥ Indap

Dit® XDif#

digit extraction XDig

Dig XDig

dimensional analysis XHES
DIN XFiarz XTansor

Dirac bilinear covariants XF ierz

Dirac gammea maetrices XFierz
discretization XHist

Dise XDime

Disjp XS5atE

distribution over lists XLProp
distribution XExDo t

domains XLev

double recursion XHo f

DRand XRandD

DEol XDSa |

dummy symbaol test XCanp
Dvg X¥acan

dynamic programming X#5et
EccAnem X0rbit

elgenvalue equation XMat4
electrodynamics X6

Embed XLUP

Encods XCode

enter matric Xflatl

SMP LIBRARY / INDEX

entier Xknd

epsilon tensor XLavi

Eqn XEqn

ERand XRandC

errors XChi 2
eslimated size XLanax
Euler circuits X6r

Euler Gammea function XGammas IGanmaV
Euler integral of first kind XCanmnas XCanmaV
Eularp XGr

Eulgam XEulgam

Excess X5tat
exclusion XAl ibut

ExDot XExDot

existence test XAny
ExNDot XExDot

expansion XLenex

Expe XStat

explicit tensors XCen
exponential fit XFit

axpr XTEST

extract iNask
extrapolation X1 1p
fermion factors XF ierz
Far KPrims

Feynman diagrams X&

Fib XFib

Fimrz XFimrz

figurate numbers XPo iynum
fill holes XContig
fillxcentig

find XScan

Find XTansor

finite elements X0 § ¢
Fiper XForm@

first XScan

first-order logic XLeg icPr
First XList@

FitExp XFit

FitPow XFi t

Fit XFit

fixed accuracy XN

fixed precision XN

floor XRna

FN XN

forget past XEi 1110

form sublists XSub |
formatting XPrtabie
Forward differences X0i 1 ¢
forward differences XLDi § §
four vectors XLer

FPou XFPow

Fract XS5tat

frequency XInfo

Frag XInfso

Frobenius method X0Se |
Froml® XBame

funetion evaluation XLItp
function fitting XGF | t XLChi2



functional foerm XF it

functional independence XIndap
Functional powers XFPou

Fum XFun =

Fz XFlarz h

gamma matrix algebra X6
Geussian distribution XChi2
general recursion XRek

generalized Fibonacei sequence XHo f

generalized power XAck
generalized product XIter
generalized sum X1 ter
generalized trace XMat4
generalized traces XCon
generic predicate XGanp
Eanocchi XCanocchi
Ganp XGanp

Eentir XNaté
geometrical figures XBox
EFi1 XEF it

Eimnde XEG

EL XTansor

GHaan XS5tat

Gm XTensor

Golden ratio XFib
goodness of fit XLChi 2
GQInt XGAInt

Grad XVacan

graph equivalence XGr
graph isomorphism X6r
graph representation Xér
graph traversibility X6r
group XSubl XTri

GU XTensor

Halip XHalt

Hamilton circuits XGr
Hamp XGr

Harm XHarm

haversine XTr igR

head XL ist®

hermitean adjoint XNatd
hexadecimal XBase
histograms XC lass
Rimt XHimt

hline XPrtabls

HNean XS5tat

Hof XHot

Hern XHorn

hthing XPrtablas

hv XPrtable

incidence matrix Xér
Indep XIndap

indicial tensor calculus X TEx
inner products XCen
insert¥List@

inscluble problem XHait
Ins XLimth

Intbit XBit

integer conversion XBass

SMP LIBRARY / INDEX

integer equations XDios
interactive matrix input Xfatl
interpolation XItp
Inter IS5ats

int XTEST

Inum XPrime

IRand XRandD

Imop XGr

iterated functions XFPeow
iteration X1 tar

Tter XIter

Ttp Kltp

Jae XHran

Jnum XPrims

ED XTanzor
Kepler's laws X0rb it
kill input Xki 1110

kill labels xKi1110

kill linesXxki1110

kill output XEi1 110
Kiti1I0XEi1)10

Kurt XStat

Lagrangian interpolation XL I tp
lambde expression ¥Fun
language analysisXInfo
Lap XLap XVacan
Latoum XLatsum

LTCH XLCN

LCoaf XPaly

LdEq XLdEq

Ldet XLUP

LDisg XRat2

LDif9 XLOI##

LDig XDig

Ldet XLor

LORand XRandlL

leading zeroes XPad
least squares fit XF it
left justify XPad

Laft XTuring

Lenax XLanax

Lanimv XLav

letters XChar

Lavi XLavi

Lav XLav

LExpt XPoly

Lind XInd

linear algebra XLUP
linear equation XLUP
linear fit XF | ¢
LinXListl
LISPCARXList®

list element removal XAl lbut
list substitution XL istl
listsXLimtl

limt XTEST

LItp2 XLItp

LItp3 XLItp

LItp XLItp
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Ludiv XLUP !wc.lﬁl-lﬂr
Luminv XLUP Iaui:_lir
look-up XHSat fiormal distribution XEhi2
Lowarp XChar Horm XNorm
LPad XPad NRand XRandC
LPart XLPart NSel XNEm I
LPes XListl number construction XDig

LProd XLAr i th

LProp XLProp

LRand XRandL

Lrpt XLimt®

LSub XListl

LSum XLArith

LS XLimtl

Lup XLUP

Meadelung sums XLatsum
make cubical XContig
make generic XFun

make rectangularXCentig
make square XContig
HAnom XOrbit

mapping XDap

Hask XNask

Matp ¥Natd

matrices XPr tabla
matrix adjoint XMatd
matrix classes Xlat3
matrix equations XLdEg
matrix inverse XLUF
matrix power XNat4
matrix types XHat3
matrix XLUP

faxind XInd XMaxind

ND X5tat

Hean X8tat

Ped XStat

memery requirement XLanax
fer XPrima

Minkowski space XLor
minors XMat2

Rinor XNat2

model comparison XLChi2
meodel fitting XLChi 2
modular arithmetic XQuadras
modulus XAbx

fow XStat

mpoly XTEST

Ppou XNatd

ARd XNatl

mu function XScan
multiple assignment XLPrep
Fultiset XSats

nested functions XFPou
network theory X6r
Newton's method XConsSo |
NF XN

NMaks XDig

NHap XNRap

nnint XTEST

number of equivalence relations XBe 11

number theory functions XPe Iynus

Number theory XQuadras

numb XTEST

numerical evaluation of polynomials XHern

numerical integration X60Int

numerical inversion XConsSo |

numerical quadrature X€@Int

numerical value XAbs

octal XBame

operational methods XLap

oracle XHa it

ORand XRandlL

orbital elements X0rbit

ordinary differential equations XSerSol

orthogonal coordinates ¥Vecan

pad XCentig

Paire XTup

pairwise differences XLO1 f1

pairwise subtraction XLD | #4

PRp XPlot

FPap XPro|j

parameter determinstion XF i t
perameter fitting XGF i t

part extraction XLev
pertXListh@

partial derivatives XIndap
partial differential equations XVecan
aume XPaume

PCat XPlet XProj

Pcomp XFarml

PCum XRandD

PDaita XPR

PDim XYoung

POiom XDios

Paal XPunl

pentagonal numbers XPo lynum

Farmp XParni

Per XPar

PCamma XPR

physical constants XAES
physical quantities X0 iw XAKS

PInt XPR

pint XTEST

Pinv XParml

PLam XFPR

Plam XPR

Pihist XPIhInt

plotting XBex

Pmat XLUP

FNorm XRandD

prnumb XTEST




Polar XPalar

polynomial rearrangement XHorn
polynomial roots X0 ise
Polynum XPolynum

poly XTEST

positional notation XBase XDig
power fiLXF It

power series X0S8e | ABerSel
power set XLPart

Pousat KXSatse

PPiI XPR

Ppouw XParml

prepend XL i= 8

Prap XLimt@
pretty-printing XEqn

prime decomposition XPow
Primap XPrimap

prioting XPrtable

Prmat XPrtabls .
probability functions XChi2
Projecp XRatd

projection matrix Xnat3
property XLProp

PrTF XLoglicPr

BSig XPR

Pemp XPmp

PSqrt XPR

PeSol XS5erSol

PXiI XPR

Ol XStat

Q3 XStat

AChi2 XChi2

ab XStat

Oekwu XStat

ftr XLUP

Quadres XQuadras
quantization XHimt
quantum field theory X6
Quant XLogic2

RZ2 XTensor

Ri XTanmor

Rademacher's formula XZe ta25
radicals XPou

radix arithmetic ¥Baza
Ramp XRamp

Range XStat

Ranmp XRpoly

Ranup XRpoly

RAr XRAFr

reclaim memory XKi1110
recurrence relations XRAr
recursion testing XHo ¢
recursive function theory XAek
reduction XExDo t
reflection formula XZeta2s

regions XBox
Regression X&F i t

Rags XGr
Relab XGr
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relativistic mechanics XLor
remove XList® XMask
rencontres numbers XSfet |
rearderings XArpers
Rapart XRapart

repeat XL int@

repeated transformation XMaté
replicate XList@
replication X1 ter

report generation XPrtab e
right justify XPad

Right XTuring
ringsXQuadras

RAS X5tat

Rm XLimt@

Rnd XRnd

rooted planar treesXCatalan
Rot2 XRot2

Rotd XRot3

rotate XDap

RetN2 XRat2

Roth2 XRot3

RPad XPad

rpt XTEST

ruled XPrtabklas

R XTensor

Bave mumnr]r‘.lt! it In
scalar products XExDo t
scalars XExDat

acales of notation XBase
Scalp XExDot

scan XAny X5can

Scan XScan

Sef XVacan

D X5tat

search XScan

select XList® XMask
separation of variables XVecan
Sequence generation XRAr
sequence positions XListl
sequences XSubl XTri

sets of equations XLdEg

Bfctl XS5fct)

Shannon entropy XInfo

Shan XInfe

Shoutime XShouwtims

Sigma XPauli

similarity X0 im

simultaneous equations XLdEg
Skeu XS5tat

amocthing XFit XI1tp

Solar system X0rbit

Some XLoglic2
Spars XSpars

Speac XTuring
Sqmatp XAatd
sgquare matrixXfat3
square root XPou
sguare XBox
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Start XTuring

state table XLoglePr
statistics XChi2 XGF it
Statum X5tatus

Stirling numbers XBe 11
structural operation XLev
sublist positionsXListl

Subl XSub|

Subp XS5uts

Sub XS5ats

sums of reciprocal powers XZs tak
gymbolic-numeric interface X6QInt
symmetric matrixXhat3
gymmelries XArpars

Eympol XSympo|

Symp XNat3

tabular dataXPrtable
tabulation XPr table
tailXList®

takeXList®

Tape XTur ing

TDiag ¥Mat2

{amp XTEST

Teanp XTensor

tensor cancnicalization X TEx
tensor symmetries XTEx
ternary XBass

Tarn XTarn

test for any elements XAny
text manipulation XChar XDig
text processing XEqnPr
text-formatting XEqn

TEx XTEx

Tinw XLUP

Te XListe

Tol@ XBase

TeRre X6r

ToC XParnl

Telnd XInd

Telowsr XChar

Tel Xlnd

TeNeds XGr

topbot XPrtabls

ToP XPersC

h:'f.n.'l derivatives XIndap

fotal length XLenex

totally antisymmetric tensor XLav i
trace identities X6

trailing zerces XPad
transformation of coordinate systems XVacan
triangular numbers XPalynus
Tel XTr i

TROFT XEqnPr

truncation XRnd

Trune XLUP

Tupa ATup

Tupe ATup

Tup XTup

two-dimensional output XEqnPr

type casting XN XRnd
type coercion XN

type conversion XN
typesetting XEqnPr

Unclasslty AClass
unflatten XSub |
UnFiat XUnFiat
Union XSets

units conversion XHKS
unitsXDim

UNLX XEqnPr
Unmark XUnmark
Upparp XChar

VRAba ¥Vecan

Yar X5tat

vbar XPrtakle
whilank XPrtablae
VCon XG

YeacZp XRat2

Yac3p XRotd

VYecp AVecan
vectors XExDo t
versine XTrigR
viine XPrtable
Vol XVecan

vihing XPriable
Hateh XHateh

word processing XEqnPr
words XChar

Hren XHren

XLChi2 XLChi2

k. Scal XExDot
Yeut XPlot

Yaar XYaar

YGAult XYoung
geta functions XLatsum
XHSat

==y XSatul)

AT



INDEX
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jo 1.3

# 13
3z 6.3

X1 €3
10 8.3
1T 8.3
X 14
3jsymbcluig 8.6

6 bol, Racah Rae B.6
F'n Catb B7
I )Gamma 8.7

P:l:.ﬂ'r:'ﬁlnl. B.7

YEuisr 8.4

6 functionDsits B.3
Z}ZHI 8.7
z.,a)zZeta B7

¥ function The ta 8.3

B,(u)Jacth B.10
(n)ner 8.11

vin)Lie B.11

II(k|t)EniPi B.10

mPi B4

Pnlv,2)Pep BB
i

olu)ueiz 8.10
QS.S,B}L-P 8.7
@PPhi B4
p‘i’thullnnt B.11
Ylz)prsi B7
Nz)esi 8.7
gy(m)Divsig B.11
Ai(z)RirRi BB
B(z,y)seta 87
B(r,ya)seta 8.7
Bﬂ{ﬂgl" 87
E, kar 87
Bi(z)rirsi 8.8

%{n)iz}{:-!i gsin{z] Kelbe B.8
Cie

Fral BB
Chi(z)ceshi B.7
Ci(z)cosi B.7

#)Par BB
E,(z)ussE 8.8
E.(z)Expi B.7
Ealz)Euwl B.7

Eui B.7
E"Qﬂ:;t]:na B.10
Eilz))E1 B.7
ert{z Erf 8.8
erfe(z)Eric 8.8

Fi(nr)ceur 8.8
11?'1 a.c.z)Chg B8
oF (a.b;c;z)Hg B9
GEE ﬂ,f}ﬂuuﬂ B.8
Hi(z)strn 8.8

Hy, ﬂ))llir- B.H

& (! Bexl BB
1.? € )AngJ) BB

ﬁi} tg llll‘li a8
2)(z)pesHz B8

K.(z)Besk B8
Batx 8.8
t) Ellk
[f}+ikeiﬂ(2}h|u B8
strlL B8
S}qu 8.8
g)Li 8.7
T a:lqi 8.7
Z)Whin BB
“s(z}u:? B9

Pl{u)ueir B.10
(’E}L-gF a9
S™lsvi12 B6

Si™)svi1 8.6
STE}FrIE 8.8
Smanlz)leom B8
Shi?ﬂ)ﬁlnhl B.7
Si(z)sini 87
Sn{x|m) etc. Jachn B6.10
T.(z)CheT B9
T'Em.n.z}nr B.8
Us(z)chau B9
UUla,b,z)kumt 8.8
W, m(2)unin 8.8
(2), Poe B.7

Yn{:‘:; BesY B.8
Yn'l2 )Basy B.8

=g XSate5)

abert 1.5

absolute valueAbs 8.3
absolute value XAbs
Ab: 8.3

4Chb XSets5X

access checking A.7
accuracy 2.1

Rek XAek

Reash B.5

Rcos B.5

Acoth B.5

Reot B.5

Reseh 8.5

Aese B.S

adding parts 3.2
additionPius 8.2
adjacency matrix XGr
Rdj XMaté

Rex .10

Agd B.5

alble... XSei1m8X
aid 1.2
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RirRi BB

Rirgl BB

Alry functionmirRi B.BRirBi 8.8
Allbut XAl lbut

Al XLegie2

ambiguity, input 1.1

ambiguous output 2.12
analogue device 10.4

analyse expression Rex 7.10
And &

Anger functionAngJ B.8

Ang) BB

angle brackets 0.
antisymmetric matrixXnat3
antisymmetric ordering Asym 7.7
antisymmetric tensorSig 5.8
any XfAny

Any XAny

APart XLPart

APL encode/decode XCoda
APLXDap

append Cat 7.7

appendXList®

Apper XParm@

application of expressions 2.7
apply rules 3.1

applyAp 7.2

apply, multiple Hap 7.2
approximate inlegration XEQInt
approximationfAx 9.5
approximation, series 9.5

App AListl

Ap 7.2

arbitrary accuracy XM

arbitrary expressions 2.6
orbitrary length integer 8 2.1
arbitrary magnitude numbern 2.1
arbitrary precision numberF 2.1
arbitrary precision xx

arcs X6r

Ares XGr

Are XVacan

Arep 3.3

arguments, variable number of Tier 7.7
arithmetic functions 8.2
Arpera XArparm

ARRand XRandC

arrangeSert 7.7

array generationfir 7.1

arrays 2.4

arrays, definition of 3.2

Arrow XAck

Ar T.1

ASCII codes AS

ASCII XChar

Asech B.5

Asec B5

Asinh B.5

Aszin B.5

assemble As 7.3

assertion testing Is 3.
assertions 3.2

assertions, relational 5.
assignment 3.2

assignment, property Preet 4,
assignment, type Tyset 4.
assistance 1.2

associative functions 2.6
associative Flat 7.7
associativity 2.10 2.11

assumeP 5.

assumption, character 7.6
assumptions 3.2

assumptions, relational 5.
astronomical data X0rbit
Asymp XHat3

Asym 7.7

asynchronous operations 10.9
As 7.3

Atank BS

Atan B.5

attributes 4.

At 7.2

alblUe... XSatssSX

automatic variablesLel 6.3
Axes 10.2

Ax 8.5

s XSeteS)

R 2.1

a~tb-¥c... KSetesX

bases 9.1

basis tensor XLev i

Bateman functionBate B.B
Batk 8.8

beginning KL ist#

Ball XBall

Bernoulli numbers Ber 8.7
Bernoulli polynomials 8er 8.7
Ber 8.7

BasHl B.B

BesHZ BB

Besl BB

BesJ 8.8

Besj 88

Bask BB

Bessel function, irregular spherical Resy B.8
Bessel function, irregularBesY 8.8
Bessel function, modified Bex1 B.BBesk BB
Bessel function, regular spherical Besj BB
Bessel function, regularBesJ B.8
BesY BB

Bazy BB

beta functicnBata 8.7

Beta B.7

biconditional, logicalEq 5.

big floating point number F 2.1
big integert 2.1

big numberr 2.1
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binary file 10.7

binary eperator 2.11

binary XBase XBit

binned data XC1ass
binning XHist

binomial coefficient Comb B.8
Bitand XBit

Bitor XBit

bitpad 10.4

Bits XBit

bitwise and X8 i

bitwise or XBit

blank Nu1 1 2.2

block A8

blocks 8351z« 10.8
Boolean algebra XLogiePr
booclean operations 5.

box XBex

boxes XPrtabie

Box XBox

box XPrtable

braces 0. 2.4

bracket levels 1.7

BRand XRandC

break 1.5

brow=eDsp 10.6

Bsuk XLUP

bug report Sand 108

bytes A.6

B 2.1

Clanguage 10.7

call, funetion 2.3

call, procedure 2.3

CanGam XGanmnma$

cancnical formRear 7.7
canonical form XPeu
canonical ordering Ord 5. Reor 7.7
CApprox XClass

Cartesian "product”, generalized Outsr 9.8
Cartesian product Omuit B2
Catalan beta functionCatbk B.7
Catalan's constent Catalan 8.4
Cataian B.4

Catk B7

catenate Cat 7.7

catentate XL ist®

Catnum XCatalan

Cat 7.7

te 7.9

Cdata XDatal

celling ¥Rnd

Ceil 8.3

celestial mechanics X0rbit
CfD XC ¢

CFracl XClass

CFract XClags

cCf 9.5

CGS units XNKS

chamelecnic expression 2.8

chameleonic symbaols 2.2
Cham 4,

change directoryDir 10.8
channels, input foutput A.3
character codes A.5
character determination 7.6
character manipulation 10.5
character replacement 2.11
character strings XChar
characteristic polynomial Xnat4
characteristics 4.

Charpol XRatd

Char X5tat XStr@
Chebychef function of first kindCheT B.9
Chebychef funetion of second kindChel 8.9
ChaT B.9

Chal B.8

thg 8.8

Chisholm identities X
choose statement 5e1 6.1
choose XNask

Chrl XTenser

Church’s thesis XHa | t

Clne X5trl

circle XBox

Circle XBox

Cloim X5tr@

Classify XClaes

Class XClass
Clebsh-Gordan coefficientdig 8.8
CLen X5tr@

elicks A.B

Clifford algebra XFierz
Clock 10.9

Close 10.3

CHax XClass

CHD XClass

Chean XClass

CHad XClass

CHin XClass

CHodae XClass

Cmom X5tat

Cmpl KS5ats

code 10.7

code file 10.7

code files A.4

Code 10.7

coefficient Con¥ 7.9
coelficient, numerical Ne 7.9
Coef 7.9

Cof XNaté

collate XBi t

collect termsCk 7.9Col 7.9
collectFae 8.1

collections 2.4

collective functionldist 7.7
colmat XPrtabla

column operations XDap
columnpar XPrtabls
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columnated input ¥Datal XData
ol T.8

col XPrtable

combinatarial coefficient Comb B.6
combinatorial functions 8.6
combinatorial functions XBei1 1
combine denominatorkRat 7.9
combine expressions Share 10.8
combine listsCat 7.7

combine memory Share 10.8
combineCe 7.9

Conk Q.8

commands, monitor A.3
commentary 1.2

comments 2.9

comments, external file A.2
common denominator Rat 7.8
common elements Intar 7.7
common subexpressions Share 10.8
communication Send 10.6
commutative functions 2.6
commutative Comm 4.

Comm 4,

compilation 10.7

compiled Cons 107

complement XA 1 lbut
Complementary error function€rtc 8.8
completeness relations XF lerz
complex conjugateConj 8.3
complex numberCx 2.1
compliment Send 10.6
compulsory filters 0.

computed gote statement Sa1 6.1
Comp XTensor

concalenateCat 7.7

concuwrrent evaluation 5er 4.
conditional, logical Imp 5.
conditionals 6.1

conditions on generic symbols Gen 4.
confluent hypergeometrie functionthg 8.8
Ceant XConfus

congruential random number generation XRAr
conjugateton) 8.3

conjunction, logical And 5.

ten) B3

conserve memory XK1 1110
ConsSol XConsSe |

constantConst 4.

constants, mathematical 8.4
construction of programs 10.7
Conmt 4.

Cens 10.7

Cons 4.

contains In 7.5

content determination 7.5
contents of expressionfex 7.10
contents, list of Cont 7.5
contiguous list, test for Contp 7.8
contiguous lists 2.4

cantiguous, make listCat 7.7
Contig XContig

continuation lines 1.1
caontinue Ret 6.3

continued fraction approximationC¢ 9.5

continued fraction representation K¢+
contour plot raph 10.2

Contp 7.6

contraction Inner 9.8

control of operations 2.5

control of simplification 3.1
control structures B.

control transfer Jmp 6.3
controlled evaluation 3.3

Cont 7.5

conventions 0.

conventions, external files A.2
conversion to polynomial Ax 8.5
conversion, number A.3
conversion, program 10.7
convert list to projectionfs 7.3
convert projection tolistDis 7.3
convex polygon dissection XCatalan
Con ¥Con

copy file Save 10.6

copyOpen 10.3

core management 10.8
corcutines 6.3

correction 1.7

correlation coefficient XFit

Corr XFi t

Coshi B.7

Cozh B.S

cosine integral functionCosi 87
Cosl B.7

Cos B.S

Coth B.5

Cot B.S5

CouF 8.8

CouG B.B

Coulomb wave function, irregularCout 8.8
Coulomb wave function, regular CeuF B8

CO XTensor

CPos X5trl

COl XClass

CO03 XClass
create function XFun
create patternXFun
CRap XStrl

CRav X5tr@
criterion 2.7
criterion for pattern matching Gen 4.
crystal energies XLatsum
Cseh B.S

Cszc B.5

C50 XClass

CS ¥S5irl

ecumulative lists XTr i
Cum X5tat



Curl XVacan

carrying Tier 7.7

cursor operations 10.4
curve fitting XGF it XLChi2
Curva 10.2

curvilinear coordinates XVecan
CYar KClass

Cx 2.1

eycleCye 7.7

Cyelie 7.T

Cye T.7

Dap ADap

data analysisXFit XGF it
data conversion XDatal
data point Err 2.1

data presentation XHist
data typesExtr 4.
dataXData

database 1.2

Datas XData

DC# XC ¥

deassignment 3.2

debug output Trace 4.
debugging aids 10.10
declaration 3.2
declaration, character 7.6
declaration, type Tuset 4.
decodeExp! 10.5

Deacoda XCode

decrement Dee 3.2

Dec 3.2

default directories A.7
default Nuill 2.2

defaults 0.
D!flultlvlcln

deferred simplification 3.5
define rules 3.2

defining values 3.2
definite integration Int 8.4
degreesDeg E.4

Degree XGr

Dag B4

delayed assignment 3.2 3.2
delete partsDe1 7.3
deleting parts 3.2

Daita B3

Del 7.3

denominator Den 7.9

denominator, commenCel 7.9Rat 7.9

Dan 7.9

depth 2.50ep 7.4
depth XLav

Dep 7.4

derangements XSfetl
derivative, partial0 9.4
derivative, total 0t 9.4
destroy input Xk i 1110
destroy coutput XKi 1110
determinant Det 9.6
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determinant XLUP
determinants XPer

Det 9.8

device-independent graphics A.5
Dfictl B.B

diagonal matrices Xhat1
diagonal matrixXxnat3
diagonalizationS imtran 9.6
diagonals XMat2

Diagp XRat3

Diag XAatl

difference equations X0 i f {
differential equations XLap
differential, totalDt 9.4
differentials X Indep

differentiation constant Const 4.

differentiationDd 9.4

Dif¢ XDi##

digamma functionPsi 8.7
digit extractionXDig

Dig ¥Dig

dilogarithmLi B.7
dimensional analysis XHKS
dimensionsDim 7.4

Dim 7.4

DIN XFierz XTansor

Dirac bilinear covariants XF iarz
Dirac functicnDelta 8.3
Dirac gamma matrices XFierz
directeries, default A7
directoryDir 10.6

Dir 10.6

disassembleDis 7.3
discretization XHist

Disc XDise

Disjp XSets

disjunction, logical0r 5.
disk file 10.3

display 10.2Pr 10.1

display fileDsp 10.8

display operations 10.4At 7.2
distribution 7.BDist 7.8
distribution over lists XLProp
distribution XExDa t
distribution, power Poudist 7.8
distributive, listLdist 7.7
Eistﬂbut.itrit:.r 7.8

Dist 4.

Dist 7.8

Dis 7.3

divide, matrixfidiv 9.8
divisionDiv 8.2

division, polynomialPdiv 9.1
divisor functionDiveig 8.11
divisorsDivis 8.11

Divis B.11

Divsig 8.11

Div B2

do loopDe 6.2
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documentation 1.2 2.9
documentation, external file A2
domains 2.5

domains ¥Lev

dot productDet 8.2

Det B2

double factorialDfect1 8.8
double recursion XHo f

Do 6.2

DRand XRandD

draw 10.2

D5c 1 X080

Dep 10.8

o0t 9.4

dummy expressions 2.6

dummy index 2.8

dummy symbol test XGanp
dummy symbeols 2.2

Dvg X¥acan

dyads 2.4

dynamic programming XNSe t

0 94

E function, MacRobert hacE 8.8
EccAnom X0rbit

echoing 1.1

Edh 105

edit held formEdn 10.5

edit mode 1.7

editEd 105

Ed 10.5

eigenvalue equation xNat4
eigenvectorsEig 9.6

Eig 9.6

£Ei A7

elaboration 1.2

electrodynamics X6

element of listElem 7.3
element of In 7.5

elementary functions 8.5
elements, list 2.4

Elen 7.3

elimination of equations Se1 9.3
EVIE B.10

ellipses Saq 7.1

Eliptic functions, Jacobian JacAn 8.10
Elliptic integral of first kind Ellk
Elliptic integral of second kindEV1E 8.10
Elliptic integral of third kindE1I1P! B8.10
Elik B.10

E1IPI B.10
else 1§ 6.1
Embed XLUP

encasement type extensionExte 4.
encode Imp 1 10.5

Encode XCoda

end job 1.5

endExit 10.8

enter matrix Xfatl

entier functionF leer 8.3

entier XRnd

entries, list 2.4

epsilon tensor Sig 9.6

epsilon tensor XLavi

Egn XEgn

equalityEq 5.

equality, numerical Neq 3.4

equals 3.2

equationEq 5.

equations, solution of Se1 9.3
equivalence, expression 2.6
equivalence, numerical Neq 3.4

Egq 5.

ERand XRandC

erase 3.2

Eric 8.8

Eri B.B

error correction 1.7

Error functionEr¢ 8.8 -
Error function, complementaryErfe B8
error, input 1.1

errors XChi 2

errors, number withErr 2.1

Err 2.1 \

escapes, monitor 1.6

estimated size XLanax

Euler circuits X6r

Euler gamma functionGamma 8.7
Euler Gamma function ¥Camma3 XCammaV
Euler integral of first kind XCanwas XCanmaV
Euler numbersEul 8.7

Euler polynomials Evi 8.7

Euler's constant Euler 8.4

Euler's totient function Totisnt B.11
Euler-Mascheroni constant Euler B.4
Eularp XGr

Euler 8.4

Eulgam XEulgam

Eul B.7

evaluation 3.1

evaluation, order of 3.1 Smp 4.

even number, test forEvenp 7.6
even ordering Sym 7.7

Evenp 7.6

Ev 3.7

exact integers 2.1

Excess XStat

exclusion XAl lbut

exclusive or Xor 5.

ExDat XExDot

executable file 10.7

execute Run 106

existence test XAny

exit 1.5Rat 8.3

exit codes A.7

Exit 10.8

ExHDot XExDot

expansion 7.B0ist 7.8

expansion XLansx
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expansion, powerPoudist 7.8 fill holesXCentig

Expe XS5tat ﬁ]]xtnntig

Expi B.7 filter collection Tier 7.7
explicit tensors XCen filters 2.3 A.3
explodeExp1 10.5 find part Pos 7.3

Expl 10.5 find result 2.3

exponent Expt 7.9Pow B2 find XSean

exponential fit XF it Find XTensor
exponential functionExp 8.5 finite elements XD i £ #
exponential integralEi B.7Expi B.7 Fiper %Parnd
exponential notation 2.1 first XScan

expression sizeSize 10.8 first-order logic XLogicPr
expressions 2.5 First XList@

axpr XTEST FitExp XFit

Expt 7.9 FitPou XFit

Exp 8.5 FitXFit

extension, typeExtr 4. fixed accuracy XN
external commands 1.6 fixed precision XN
external file conventions A.2 flat functions 2.8

external file directoryDir 10.8 flattenFiat 7.7

external file information 1.2 Flat 4,

external file, copy Save 10.6 Fiat 7.7

externasl file, display Dsp 10.6 floating point numbers 2.1
external file, save Save 10.6 floor XRmd

external files 1.4 A.2 Floor B.3

external operations 10.6 A.3 flow control 8.

external program Run 10.8 Fat 10.1

external programs 1.6 FN XN

Exte 4. folded size Size 10.8
extract iNask fonts, external file A.2
extraction, part 7.3 for loop Fer 8.2
extrapolationXItp forget past XKil110

Extr 4, Ferx 10.9

Ex 7.8 form sublists XSub |

E B4 form, test 7.6

factorce 7.9Fae 9.1 format Fmt 10.1

factor, numericalNe 7.9 format, syntactic 5x 10.1
factorialFet1 B.6 formatting ¥Prtab e
factorial, doubleDfet1 B.6 formatting, external file A2
factorial, generalized Gamma B.7 FORTRAN language 10.7
factors of number Hfac B.11 Forward differences XD i
Fac 9.1 forward differences XLDi f {
false 5. For 8.2

Fetl B.8 four vectors XLer
fermion factors XFiesrz FPou XFPou

Fer XPrime fractional part Fleer 8.3
Feynman diagrams X6 fractions 2.1

Fib XFib Fract X5tat

Fiarz XFierz FreC B.8

figurate numbers XPo lynum free corefem 10.8

file 10.3 free memory e 10.8

file characteristics Opan 10.3 free of In 7.5

file directories, default A7 frequency XInfe

file directorynir 10.8 Freg XInfo

file information 1.2 Fresnel functionFreC B.BFre5 B.8
file, code 10.7 FreS BA

file, copy save 10.8 Frobenius method XDSo |
file, program 10.7 Froml®@ XBase

files 1.4 full list, test forFuilip 7.8
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Fullp 7.8

function evaluation 3.1

function evaluation XL I tp
funection fitting XGF i t XLChi2
function, test for Pro jp 7.8
functional form XFit

functional independence XIndep
Functional powers XFPou
functions 2.3

functions, mathematical 8.
functions, transcendental B.5

Fun XFun

Fz XFiarez

F 21

G function, Meijer e i 8.9

gc.d., polynomial Pged 9.1
gamma function, Euler Camma 8.7
gamma function, incomplete Ganma B7
gamma matrix algebra %6

Gamma B.7

garbage collect e 10.8

Gauss hypergeometric functionHg 8.9
Gaussian distribution XChi2

Bcd 8.11

Ge 10.B

Gd BS

Gegenbauer functions Geg 8.8
Geg BO

general recursion XAck

general symmetry Greor
generalized Fibonacel sequence XHo f
Generalized hypergeometric functionGhg 8.9
generalized power XRck
generalized product X1 ter
generalized sum XIter
generalized trace XNat4
generalized traces XCon
generalized zeta functionZeta 8.7
generate array Air 7.1

generate symbol Hake 10.5
generic expressions 2.6

generic predicate XGanp

generic symbals 2.2

Genccchi XGenoceh |

Ganp XGanp

Gesntr XNats

genus of expressionsGen 4.

Gen 2.8

Gen 4.

geometrical figures XBox

Get 103

Ge O

GFit XGF i t

Ghg B9

GIGI A5

Ginds X6

global cbjects 1.2

global switchPra 1.3

global switchesPest 1.3

GL XTan=ar
GMean X5tat
Gm XTeansor
golden ratioPhi B.4
Golden ratio XF ib
goodness of fit XLChi2
goto Jwp 6.3
GOInt XGAInt
gradientd 9.4
Grad XVecan
graph 10.2
graph equivalence Xér
graph isomorphism XGr
graph representation XGr
graph traversibility XGr
graphical input 10.4
graphical output Open 10.9
graphics output A.5
Graph 10.2
greater thanGt 5.
greatest commeon divisor Ged 8.11
greatest common divisor, polynomial Pged 9.1
greatest integer lunctionF leer 8.3
group XSub i XTri
grouping 2.10
groups 2.4
Gt 5.
Gudermannian function6d 8.5
guest accounts A7
GU XTeanzor
h.c.f., polynomial Pged 9.1
halt 1.5
Haltp XHal t
Hamilton circuits XGr
Hamp XGr
Hankel functionBesH1 B.8BesHz B.8
bard code 10.7 Cons 10.7 "
hard copyHard 10.8
Hard 10.6
Harm XHarm
hash code Hash 7.4
Hash 7.4
versine XTrighR
adXList®
eavyside functicn Theta 8.3
eight Dep 7.4
d expression, test forHeldp 7.6
held form 3.5
Heldp 7.8
help 1.2
Hermite functionHer 8.8
hermitean adjoint XNat4
Her B8
hexadecimal XBase
Hyg B9
idden surface Suri 10.2
tograms XClass
Hist XHist
hlina XPrtable
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HRman XS5tat

Ho# XHot

hold expressionHoid 3.5

Hoid 3.5

Hern XHern

hthing XPrtable

hv XPrtable

hyperbolic cosine integral function Coshi B.7
hyperbolic sine integral functionSinhi 8.7
hypergeometric function, confluentthg B.8
Hypergeometric function, GaussHg 8.9
Hypergeometric function, generalized 6hg 8.8
identifierLe! 6.3

identity Eq 5.

1+ B.1

image 2.3

imaginary numbertx 2.1

imaginary number, test for Imagp 7.6
imaginary part Is 8.3

imaginary unit1 2.2

Imagp 7.6

immediate assignment 3.23.2
immediate simplification 3.6
implication, logical Imp 5.

implode Imp1 10.5

Imp1 10.5

impulse functionDeita 8.3

Imp 5.

In B3

incidence matrix XEr

includes In 7.5

inclusive or0r 5.

incomplete beta functionBeta 8.7
increment Ine 3.2

Ine 3.2

indefinite integration Int 9.4
indefinite summation Sum 9.2

Indep KIndep

index inlistInd 7.3

indices 2.4

indicial tensor calculus XTEx

Ind 7.3

inequality Unegq &.

infileGet 10.3

infinite recursion 3.1

hﬂhﬂ".}' Inf 2.2

infix form 2.115x 10.1

information 1.2

information, external file 1.2

Inf 22

initialization A7 Init 10.8

Init 106

Init 4.

inner "product”, generalized Inner 8.8
inner product Dot B.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 10.3Rd 10.1

input, graphical 10.4
insertXLizt@

insoluble problem XHa it

Ins XList®

Inthit XBit

integer conversion XBase
integer divideMod 8.3

integer equationsXDios
integer partCeaitl B.3Fleor 8.3
integer, arbitrary lengthg 2.1
integer, test for Intp 7.6
integers 2.1

integration Int 0.4
interactive matrix input XMat1
interactive procedures 6.3
internal code 10.7

internal object Sy= 4.
internal representationStruet 10.10
internal variablesLel 6.3
interpolationXItp

interrupts 1.5

intersection Inter 7.7

Inter 7.7

Inter X5ets

Intp 7.8

Int 9.4

int XTEST

Inum XPrime

inverse functions Sel 8.3
inverse, matrixfinv 9.8
inversion of equations Se1 9.3
inversionNot &

invert replacement Irep 3.3
invert Rev 7.7

In 7.5

IRand XRandD

f_rﬂ: 3.3, ol
Irregular Bessel functionBesy¥ 8.8
Irregular Coulomb wave functionCeus B.B
Irregular spherical Besse] functionBesy 8.8
Isop XGr

ie 5.

iterated funclions XFPaw
iteration 6.2

iteration XIter

Ttar XIter

t tp XItp

1 22

JacAm B.10

JeacCd B.10
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Jactn B.10

Jaels B.10

JaeDe B.10

JaeDn B.10

JacDs B8.10 -

Jacle B.10

JacHd B.10

Jachs B.10

Jacobi functions JacP 8.9
Jacobi symbel Jacsyw 8.11
Jaeobi ¥ functions Jaeth B.10
Jacobian elliptic functions JaeAm 8.10
JacP B9

JacSe B.10

JaeSd B.10

Jaesn B.10

Jacsym B.11

Jacth B8.10

Jae XHran

Jup 6.3

Jnum XPrime

job recording 1.4

job termination 1.5

joinuWait 10.9

Jonquiere functionL1 8.7
Jordan formSimtran 9.6
Jordan's function Jor 8.11
Jar B.11

joystick 10.4

jump Jmp 8.3

KD XTensor

Kelbe B.8

Kelean B8

Kelvin function, complexKelbs BBEeixe 8.8
Kepler's laws X0rb i t
keywords 1.2

Kill input XK i 1110

kill labels XKi 1110

kill lines XK i 1110

kill putput XK i 1110

killing values 3.2
KillloXEiliro

Kranecker product Owult 8.2
Kummer functionChg B.8
Kummer's U function Kust 8.8
Kuml B8

Kurt XS5tat

labelLbl 6.3

Lagrangian interpolation XLItp
Laguerre functionLag B.8
Lag BB

lembda expression 2.7
lambda expression XFun
language analysis XInfe
language structure 2.
language, intermediate 10.7
Lap XLap XVecan

larger thanGt 5

Last 7.3

Latsum XLatsum
Laurent seriesPs 9.5
Lkl 6.3

Lel €3

LEn XLCH

LCoaf XPoly

LdEq XLdEq

Ldat XLUP

LDiag XRat2

LDif¢ XLDiF¥#

LDig XDig

Ldist 4,

Ldist 7.7

Ldot XLor

LDRand XRandlL
leading zerces XPad
least integer functionce i1 83
least squares fit XF i t
left justify XPad

Left XTuring

Legendre functions of second kind LegP 8.9

LegP B9

L=gQ B.9

Lenex XLenax

lengthLen 7.4

Lenlev XLav

Lan 7.4

Lerch transcendent Lear B.7

Ler B.7

less than&t 5.

let 3.2

letters XChar

levels 2.5

Levi-Civita symbol8ig 9.8

Lavi XLavi

Lav XLawv

lexical orderingOrd &.

LExpt XPoly

library A.2

library information 1.2

light pen 10.4

limitLim 9.5

Lim 85

Lind XInd

ine printer Hard 10.6
ear algebra XLUP

linear equation XLUP

linear fit XFit

Line 102

LInXLimtl

Liouville's functionl io 8.11

Lie B.11

LISP CAR XL ist®

list creationLlist 7.1

list distributionLdist 7.7

list distributiveLdist 7.7

list element removal XAl Ibut

list functionldist 7.7

list generation 7.1Ar 7.1



list manipulation 7.7

list simplification 3.1

list substitution XLizt1
list templateList 7.1
list, test forList 7.1
Listp 7.8

lists 2.4

listsXListl

List 7.1

Iist XTEST

LItp2 XLItp

LItp3 XLItp

LItp XLItp

L1 87

Lmdiv XLUP

Lminv XLUP

loadGet 10.3

loadedCens 10.7

Load 10.7

local objects TX 6.3

local variablesLe1l 6.3
locate L 10.4

locationPose 7.3
legarithm functionLesg 8.5
logarithm integralLogi 8.7
logical operations 5.

Legi B.7

Log B.S5

Lommel functionLon B.8
Lem BB

lock-up XMSet

Leop 6.2

Lowarp XChar

LPad XPad

LPart XLPart

LPos XListl

LProd XLArith

LProp XLProp

Ler 10.1

LRand XRandlL

Lept XListe

Liub XLim11l

LSum XLArith

LS XListl

Lup XLUP

L 104

HacE B9

Maclaurin seriesPs 9.5
macro redefinition 2.11
MacRobert E functionnhacE B.9
Madelung sums XLa tsum
mail Sand 10.6

make cubical XContig
make generic XFun

make rectangular XCentig
make square XCentig
make symbeol name Nake 10.5
Nake 10.5
Mangoldt A functionfanL 8.11

SMP HANDBOOK / INDEX

nanL B8.11

FAnom X0rk it

manual 1.2

mapping ¥XDap

Rap 7.2

margins, display A.5
markl 10.4

Markov expressionRex 7.10
Rark 2.3

Hask XHask

matching, pattern 2.6
Ratech 2.6

mathematical functions 8.
Ratp XHat3

matrices 2.4

matrices XPrtable
matrix adjoint Xnat4
matrix classes KHat3
matrix divideNdiv 9.8
matrix equations XLdEq
matrix generationfr 7.1
matrix inverseMinv 9.6
matrix inverse XLUP
matrix manipulation 9.8
malrix power Xfaté
matrix types XHat3
matrix XLUP

maximum memory A.7
maximum Nax 8.3
Haxind XInd XHaxind
Hax B.3

Rdiv 9.6

ND x5tat

Nean XS5tat

Hed X5tat

Meijer G functionMei BQ
Hei B.9

member In 7.5

memeory management 10.8
memory requirement XLanex
memory unit A.6
memory usage Hem 10.8
memery, maximum A.7
memory, share Shara 10.8
Hem 10.8

menus 1.2

MNar XPrime

messages 10.9

Hgen 4.

minimumnfin 8.3
Minkowski space ¥Lor
minors XMat2

Minor XHat2

Ninv 9.6

“il'_l B.3
Mobius u functionfeb B.11
Nob B.11

model comparison XLChi2
model fitting XLEhi2
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Modified Bessel functionBesI 8.8Besk 8.8
modify input Ed 10.5

modify part At 7.2

modular arithmetic XQuadres
modulusAbs B.3NMed 8.3
modulus XAks

modulus, polynomial Pecd 9.1
nod B.3

Nom X5tat

monitor commands A.3
monitor escapes 1.8

monitor program Run 108
Monte CarloRand 8.3

mouse 10.4

move file Save 10.8

mpoly XTEST

Hpow XNaté

PRd XMatl

mu funetion XScan .
multi-generic symbols 2.2
multigenerie symbols 2.6
multinary operator 2.11
multinaryFiat 7.7
multinemial coefficient Comb B.6
multiple apply Nap 7.2
multiple assignment XLProp
multiple integration Int 9.4
multiple precision number¥ 2.1
multiplicationfuilt 8.2
multiplication, input of 2.10
multiply Repl 7.1

multiplying out expressions 7.8
multivalued functions B.1
Hultset XS5ats

Mult B.2

naryFlat 7.7

name, make naka 10.5
names 2.2

naming, external file A.2

Natp 7.6

natural language 1.2

natural number, test for Natp 7.8
Ne 7.9

negationNet 5.

Neg 3.4

nested functions XFPew
nesting levels 1.7

nestingDap 7.4

network theory X6r

Newton's method ¥ConsSo |
Niae B.11

NF XN

Nhake XDig

NHap XNRap

anint XTEST

nodes XGr

Nedes XGr

normAbs B.3

normal distribution XChi2

Horm XHorm

notation 0.

Net 5.

Hp 23

HRand XRandC

NS0 XHEeo

null list 2.4

null projectionNp 2.3

Null 2.2

number construction ¥Dig
number conversion A.3
number of equivalence relations XBel |
number theory functions XPelynum
Number theory ¥luadres
number, test forNumbp 7.6
numbers 2.1

Numbp 7.6

numb XTEST

numeratorNum 7.9

numerical coefficient Ne 7.9
numerical coefficients 2.5
numerical constant Const 4,
numerical differentiationd 9.4
numerical equality testingNeg 3.4
numerical errors 2.1
numerical evaluation 3.4
numerical evaluation of polynomials ¥Hern
numerical factorNe 7.8
mumerical functions 8.3
numerical integration Int 9.4
numerical integration ¥601Int
numerical inversion XCong5o |
numerical overflow R 2.1
numerical productsPred 9.2
numerical programs 10.7
numerical quadrature XG0 Int
numerical summation Sum 9.2
numerical truncation 3.4
numerical value XAbs

Num 7.9

A 3.4

octal XBase

odd number, test for 0ddp 7.6
odd ordering Asyn 7.7

Oddp 7.6

Omult B.2

bpen 10.3

operating system commands 1.8
operational methods XLap
operator 2.3

operator form 2.11

operators 2.10

optimization 10.7

options 0.

oracle XHa it

ORand XRandl

orbital elements X0rb it

order of evaluation 3.1 Smp 4.
order of operators 2.10
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order Sert 7.7
ordering 0rd 5.
ordering, filter Reor 7.7

ordinary differential equations XSerSol

Ord 5. -
orthogenal coordinates XVeean
or 4.

outer "product”, generalized Outar 9.8

outer product Omu1t 8.2
Outer 9.6
outfile Put 10.3
gutline Tree 7.4
output expression #0 1.3
cutput fermFmt 101PrF 10.1
putput format 5x 10.1
output forms 2.12
output medium 10.3
output operations 10.1
output syntaxPr 10.15x 10.1
outputLlpr 10.1Put 10.3
averall factore 7.9
pad XContig
Pade approximant Ra 9.5
Pairs XTup
pairwise differences XLDi #+
pairwise subtraction XLD i ¢4
paper copyHard 10.8
FAp XPlot
Pap XProj
Parabolic eylinder functionsPar B.B
parallel evaluation Sar 4.
parallel processing 10.9
parameter determination XF i 1
parameter fitting ¥GF 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 7.3Rt 7.2
extraction XLev
part modificationft 7.2
part removal 7.3
part selectionft 7.2
partXList@
partial derivatives X Indep
partial differential equations XVacan
partial differentiationd 9.4
partial fractionP+ 9.1
partial simplification 3.7
partition function Part 8.6
of expressions 2.5
, addition of 3.2
parts, deletion of 3.2
Part B.6
Par 8.8
pass cutput Run 10.8

patterns 2.8

Pause XPauzas

FCat XPlot XProj

Pcomp XParml

Fep BB

PCum XRandD

PODelta XPR

PDim XYoung

PDios XDieos

Pdiv 8.1

Fesl XPue|

pentagonal numbers XPo lynum
permanent record Save 10.6
Parmp XParm@

permutation symmetry Reaer 7.7
FPer XPar

Pi 9.1

PCamma XPR

Pged 9.1

Phi B.4

physical constants XMKS
physical quantities XDim XHES
picture 10.2Fmt 10.1

PInt XPR

pint XTEST

Pinv XParml

Pi B4

FLam XPR

Plam XPR

plane Sur¢ 10.2

Pilhist XPIhist

plot 10.2

plotting XBex

Plet 10.2

Plus B.2

Pmat XLUP

Pmod 9.1

PMorm XRandD

prnumb XTEST

Pochhammer symbol Pec B.7
Pec B.7

peintPt 10.2

pointer 10.4

Poisson-Charlier polynomials Pep 8.8
]':nlur plotGraph 10.2

?p{qr XPolar i
polygamma functionPei 8.7
pniylugurithmll 8.7
polynomial g.c.d. Pged 9.1
polynomial manipulation 8.1
pelynomial medulus Pmed 9.1
polynomial quotient Pdiv 8.1
peolynomial rearrangement XHern
polynomial roots XDise
polynomial, test forPelyps 7.6
Polynum XFolynum

Pelyp 7.8

poly XTEST

positionL 10.4Pe= 7.3



positicnal notation XBase XDig
posifix form 2.115x 10.1
postprocessing Pest 1.3
Post 1.3

Pox 7.3

Poudist 4,

Poudist 7.8

power distributionPewudist 7.8
power expansion 7.8 Poudist 7.8
power fit XFi t

power seriesPs 9.5

power series XDSe | XSarSal
power set XLPart

power Pow B.2

powers of Expt 7.9

Pouset X5ate

Pou B2

FPi XPR

Ppouw XPerml
pre-simplification 3.6
precedence 2.10
precedence definition 2.11
precision 2.1

precision, arbitraryF 2.1
precision, multipleF 2.1
predicate testing 5.
predicate P 5.

predicates 7.6

prefix form 2.115x 10.1
preparation Init 10.6
prepend XList#
preprocessingPre 1.3

Prep XList®

prerequisites Init 10.8
pretty-printing XEqn

Pre 1.3

Prh 10.1

prime decomposition XPow
prime factorsNfac B8.11
prime numberPrime 8.11
Primep XPr imap

Frime B.11

print fileDsp 10.6

print formFmet 10.1

print held formPrh 10.1
print Pr 10.1

print, linear Lpr 10.1
print, one-dimensional Lpr 10.1
print, two-dimensional Pr 10.1
printing propertiesPr 10.1
printing XPr tab la

printout Hard 10.6

Prmat XPrtable

probability functions XChi2
problem report Send 10.6
procedures 6.3

process control 10.9
processing 3.1

Proc 6.3

SMP HANDBOOK 7 INDEX

productlult B.2Prod 8.2

Prod 9.2

profiling Time 10.8

program construction 10.7

program contreol 6.

program files A.4

program, runRun 10.6

programming aids 10.10

programs 6.3

programs, external A.3

Prog 10.7

Projecp XMat3d

projection evaluation 3.1

projection generation 7.1

projection manipulation 7.7

projection matrix XHat3

projection simplication 3.1

projection, test for Projp 7.6

projections 2.3

projector 2.3

Projp 7.6

Pro) 7.3

properties 4.

property assignment Prset 4.

property indirection Typa 4.

property list 4.

property transfer Type 4.

propertyXLProp

Prop 4.

protocaol 1.4

Prset 4.

PrTF XLogicPr

Pr 101

Pr 4.

pseudotensor unit§ig 8.6

P5ig XPR

Psi B.7

Pemp XPsmp

PSqrt XPR

PeScl XS5arSol

Pz 9.5

Pt 102

pure function 2.7

push variable Le | 6.3

Put 103

PXi XPR

P &

a1 XS5tat

N3 XS5tat

OChi2 XChi2

0D X5tat

Oskew KStat

Qtr ALUP

OQuadres XQuadras
tization XHist

quantum field theory X ¢

Quant XLogic2

queries 1.2

quit 1.5
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quotientDiv B.2

guotient, polynomial Pdiv 8.1
quoting 3.5

R2 XTensor

R& XTensor

Racah 6-j symbolRac 8.8

Rac BB

Rademacher's formulaXZe ta25
radiansDeg B.4

radicals ¥Pow

radix arithmetic XBase

Ramp ¥Ramp

random expressionRex 7.10
random number Rand 8.3

Rand B3

Range XStat

Ranmp XRpoly

Ranup XRpoly

RAr XRAr

rational approximationRa’ 9.5
rational expression manipulation 7.9
rational number, arbitrary lengthg 2.1
rational number, test forRatp 7.6
rational numbers 2.1

rationalize Rat 7.9

Ratp 7.6

Rat 7.9

ravelFilat 7.7

Ra 95

Rdh 10.1

rRd 10.1

read fileGet 10.3

read held form Rdn 10.1

read Rd 10.1

ﬁzn‘l numbf_:r, test forRealp 7.6
real part Re 8.3

real time operationsCleck 10.9
real-time interrupts 1.5

Realp 7.8

reclaim memeory 6c 10.8
reclaim memory XKEi 1110
record 10.30pen 10.3
recording, job 1.4

records 2.4

rectangular array, test forFulip 7.8
recurrence relations XRAr
recursion 3.15mp 4.

recursion control Ree 4.
recursion Lesting XHe {

recursive function theory Xfek
Rec 4

reduce memory Share 10.8
reduced residue system Rrs 8.11
reduction XExDo t

references 0.

reflection formula XZe ta2s
regions 2.5

regions XBowx

Regression XGF i t

Rage XGr

Regular Bessel functionBesJ 8.8
Regular Coulomb wave functionCoufF 8.8
Regular spherical Bessel functionBes j B.8
Ralab XGr

relationEq &.

relational operations 5.
relativistic mechanics XLor
release expressionRel 3.5

Rel 3.5

remainderfed B.3

remainder, polynomial Pmod 9.1
remeoval, part 7.3
remove list bracketsFiat 7.7
remove parts Del 7.3
removeXList® XMask

removing values 3.2

rencontres numbers XSfetl
rearder Reor 7.7

reordering, filter Reer 7.7
reorderings XArperm

Raor 4,

Raor 7.7

H-plrt XRepart

Rapd 3.3

repeat counts 2.5

repeat Rep! T.1Rpt 6.2
repeat XL ist8

repeated transformation XMaté
repetitionRpt 6.2

replace text 1.7
replacement 3.3

replacement type extensionExtr 4.
replicateRep1 7.1
replicateXList@

replication XIter

Rap! 7.1

report generationXPrtable
report Send 10.6
representation, internal Struct 10.10
representation, special Extr 4.
Rep 33

reshape Trans 9.6

residue system, reducedRrs 8.11
restart 3.2

restrict matching Gen 4.
return ket 6.3

Rat 6.3

reverse Rev 7.7

revert Rev 7.7

reviseEdn 10.5

Rev 7.7

Rex 7.10

Re B.3

gemnnnnheets B.1

Riemann zeta function Zeta 8.7
right justify XPad

Right XTuring

ringsXQuadres



RNS X5tat
Rm XList@
Rnd ¥Rnd
rooted planar trees XLatalan
RotZ XRot2 =
Rot3 XRet3d
rotate Cye 7.7
rotate XDap
Roth2 XRot2
RotR3 XRot3d
rounding Fleer 8.3
RPad XPad
Rpt B.2
rpt XTEST
frs B.11
Relt 9.1
ruled XPrtable
rules, application of 3.1
rules, definition of 3.2
rules, simplification 3.3
Tun commeand 1.6
run program Run 10.6
Run 10.8
R ATensor
save definitions Put 10.3
save memory XKi 1110
save Open 10.3
Save 108
saving expressions 1.4
scalar product Dot B.2
scalar products XExDet
scalars XExDo t
scales of notation XBase
Scalp XExDot

- scan XAny XScan
Scan ¥Scan
Scd AVacan
screen-criented input 10.4
script 1.4
8D XS5tat
search XScan
Sech BS5
Sec B85
seed random number Rand B.3
segments 6.3
select statement 5e1 6.1
selectRt 7.2L 10.4
select XList® ANank
Ss1 6.1
semantics 2.
semapheores 10.8
Sand 108
separation of variables XVacan
sequence generationSeq 7.1
Sequence generation XRAr
sequence of expressionsMp 2.3
sequence positions¥MListl
sequences 2.4
sequences XSubi XTri
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sequential evaluation Ser 4.
Seq 7.1

serial evaluationSer 4,
series approximations 9.5
series truncation Ax 8.5
series, powerPs 8.5

Sar 4,

getUnion 7.7

Satd 3.2

sets 2.4

sets of equations ¥LdEg
setting values 3.2

Sat 3.2

Sfectl X5fetd

Shannon entropy ¥Infe
Shan XInfo

share memory Shars 108
Share 108

shell escapes 1.6

shell scripts A.3

Shoutima XShoutima
shutClose 10.3

side effects 3.2

sigma function, Welerstrauss e iz 8.10
Sigma XPauli

signatureSig 9.6

Sign B3

S8ig 9.8

silent processing 1.1
gilentCioss 10.3
similarity transformationSimtran 9.6
similarity XD im
simplification 3.1
simplification control Smp 4.
simplification on input 3.6
simplification, partial 3.7
simplification, rational expressions 7.9
Simtran 8.6

gimultaneous equations XLdEq
gine integral functionSini 87
Sinki B.7

Sinh B.5

8ini 8.7

Bin B.S

gsizeLan 7.4

Siza 108

Bi 3.3

skeleton output Fet 10.1
skeletonTree 7.4
sketchTree 7.4

Skaw X51at

smoothing XFit XItp
smp.and AT

smp.ini AT

smp.out 1.4

smp.par A7

smpplot A5

Smp 3.1

Smp 4.
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Solar system X0rb it

solution of equationsSe ! 9.3
solve 501 9.3

So01 9.3

Some XLogic2

sortingOrd 5.

S8ert 7.7

spaceSize 108

Spare X5pare

special expressionNare 2.3
special output form Fet 10.1
special output forms 2.12
special-purpose programs A2
Spec XTuring

Spence functionL} B.7

spherical Bessel function, irregularBesy 8.8
spherical Bessel function, regularBesj B.8

gpline Curve 10.2

spurTr 9.6

Sgmatp XMat3

Sqrt 8.2

square malrix Xnat3

square root Sqrt 8.2
square root XPou

square XBox

stack variablesLe1 6.3
standard form 2.1

starred output 2.12

startup A.7

Start XTuring

state table XLogicPr
statement blocks 6.3
statistical expression analysis 7.10
statistical expression generation 7.10
statistics XChi2 XGF it
status interrupt 1.5

status Hem 10.8

Status XS5tatus

slep functionTheta B8.3
Step 10.10

8til B&

5tiz B.6

Stirling numbers XBa 1 1
Stirling numbers, first kind5ti1 B.8
Stirling numbers, second kindSti2 B8
stop 1.5Exit 10.6

stop recordClose 10.3
storage 10.3

storage management 10.8
StrH B.B

string manipulation 10.5
string out Lpr 10.1

string, make Imp1 10.5
etrings 2.2

StrL B.8

structural operation XLav
structural cperations 7.
structure determination 7.4
structure Struet 10.10

S5truct 10.10

Struve functionsStrd 8.8
Struve function, modified3t-L B.8
subfunctions 6.3

sublist positions XListl

Subl X5ub |

subparts of expressions 2.5
Subp XSats

subroutines 6.3

subscript Fet 10,1
subscripted variables 2.3
subscripts 23 2.4

subsidiary input X1 6.3
subsidiary outpul 20 6.3
substitution 3.3

Sub XSats

such that Gen 4.

sumPlus B2

sums of reciprocal powers XZe tak
Sum 9.2

superscript Fet 10.1

surface Sur ¢ 10.2

Buri 10.2

suspend processing 1.5

switch statement Sel 6.1
switch, global Pest 1.3Pre 1.3
Sxzet 2.11

Sx 10.1

symbol evaluation 3.1

symboal, test for Symbp 7.8
symbolic-numeric interface X6QInt
symbals 2.2

symbaols, list ofCent 7.5
Symbp 7.6

symmetric matrix XMat3
symmetric ordering Sym 7.7
symmetricComm 4.
symmelries XArparm
symmetry Reor 7.7
symmetry, general Greor
Sympol XS5ympo |

Bymp XHat3

Sym 7.7

synchronize processeslait 10.9
syntax 2 §x 10.1

syntax error 1.1

syntax extension 2.11

syntax medification 2.11
syntax, cutputPr 10.15x 10.1
system characteristics A.6
system-defined object Sys 4.
system-defined objects 2.2

Sys 4.

§ 3.3

table generationAr 7.1

tables 2.4

tabs A.5

tabular data XPrtabie
tebulation XPrtable
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taglbl 6.3

tail XListh

takeXList®

Tanh 85

Tan BS5

Tape XTur ing

tautclogy testing Is 5.
Taylor seriesPs 9.5
TDiag XMat2

Tektronix 4010 A.5
Tektronix 4025 A.5
template application 7.2
templates 2.7

tempeorary variablesLel 6.3
temp XTEST

Tenp XTensor

tensor cancnicalization X TEx
tensor generationfAr 7.1
tensor manipulation 8.6
tensor symmetries XTEx
tensors 2.4

terminal 10.3

terminal characteristics A.50pen 10.3

terminate jobExit 1086
termination A.7

termination, job 1.5
termination, line 1.1

terms, number of Lan 7.4
ternary XBasa

Tarn XTarn

test for any elements XAny
test form 7.6

test, character 7.6

test, numerical equality Nag 3.4
tests 6.1

text 1.22.22.8

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

thenit 6.1

thecrem proving 1s 5.

theta functions, Jacobi Jacth 8.10
Thets B.3

three-dimensional plot Graph 10.2
tiered list 2.4

Tier 4,

Tiar 7.7

timeCleck 10.9

Time 10.8

timing A6 §T 1.3Time 108
Tinwv XLUP

Te XListé

Toll XBase

TeAre XGr

ToC XParmC

Telnd XInd

Telowar XChar

TolL XInd

ToMode XGr

topbot XPrtable

TeP XParnC

Toronte function Ter 8.8
Tor B.B

total derivativesXIndep
total differentiationDt 9.4
total length XLeanax

totally antisymmetric tensor XLev i

totient function, Euler's Tetieant B8.11

Tetient 8.11

trace 1.55tep 10.107Tr 9.6
trace identities X6
traceback 1.5

Trace 4,

trailing zeroes XPad
transcendental functions 8.5
transfer control Jmp 6.3

transformation of coordinate systems XVecan

translation 10.7

transpose Trans 8.6

Trans 9.8

tree structure 2.5

Tras 7.4

triangular numbers XPo lynum

triangularize matrix Tr lang 8.6
Triang 9.8

trigamma functionPsi 8.7
trigonometric functions 8.5
Trl XTri

TRQFF XEqnPr

true 5.

truncation Ax 9.5

truncalion XRnd

truncation, integerF loor B.3
Trune XLUP

Tr 8.6

Tupa XTup

Tupe ETup

Tup XTup

tutorials 1.2

two-dimensional cutput Fet 10.1
two-dimensional output XEqnPr
type assignment Tyset 4.
type assumptions 10.7

type casting XN XRnd

type coercion XN

type conversion XN

type declaration Tyset 4.
type declarations 10.7

type definition Typs 4.

type extensionExtr 4.
typePr 10.1

typesetting XEqnPr
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typesetling, external file A.2
Typa &

Tyset 4.

Ultraspherical polynomials Geg 8.9
Unclassify XClass ™=
underlining 0.

unequalUnegq 5.

Uneg 5.

unexpected input 1.1
unflatten XSub 1

UnFlat XUnFlat

unfolded size5ize 10.8
Unian 7.7

Union XSats

unigue elementsUnien 7.7
unitary transformation S imtran 9.6
units conversion XAKS

units X0 iw

UNIX XEqnPr

unknowns 2.2

Unmark XUnmark

unravel Flat 7.7
unsimplified expressions 3.5
unsimplified forms Sep 4.
until leoplLeop 6.2

Upperp XChar

user aid 1.2

user communication Send 10.8
user programs A.2

VAbe XVacan

Yalp 7.6

value assignment 3.2

value, test forvelp 7.6
values 3.1

variable argument number Tier 7.7
variable evaluation 3.1
variable, test for Symbp 7.6
variables 2.2

wariables, list of Cont 7.5
Yar XS5tat

vhar XPrtable

vblank XPrtable

YCon XG

Yec2p XRot2

Yec3p XRot3

\f!:p KVecan

vector coupling coefficientMig B.6
vector, test forContp 7.6
vectors 2.4

vectors XExDo t

verbose Tracae 4.

versine XTr igR

viine XPrtable

Yoi XVacan

vihing XPrtabias

Hait 10.9

watchStep 10.10

Hateh XWateh

wave function, Coulomb irregularCout 8.8

wave function, Coulomb regular CouF 8.8
Weber functionBesY B.BWebE B.B
WebE 8.8

Welerstrass functionde iP 8.10
Weierstrass o functiondeiz B.10
HelP B.10

Weis B.10

Weiz 8.10

while loop Loep 6.2

Unin B.B

Whittaker M functiondhin 8.8
Whittaker W functionWnii 8.8
UhiK 8.8

Wigner 3-j symbol UWig B8

Wig 8.8

word processing XEqnPr

words XChar

writePr 10.1%end 10.8

Hran Xdron

ELChi2 XLChi2

Xor B.
¥ _Scal XExDot
Yeut XPlot

Year X¥ear

¥GHult XYoung

zeta function2sta B.7

geta function, generalized Zsta B.7
zeta lunctionsXLatsum

Zeta B.7



