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Introduction

This reference manualgis an ssentially complete description of the standard facilitiegiable in SMP Exten-
sive illustrative examples are included. The same text isagiwithout these examples, and slightly shortened, in
the "SMP Summary". The "SMP Primer" offers a more pedagogical but incomplete treatment.

The information facility [1.2] in SMP provides on-lineykvord-driven access to the contents of this document.

This manual describes all standard system-defined projections [2.3] in Bty enhancements and additional
facilities are provided in the "SMP Library". Contents of the library may be located and perused through-the infor
mation facility Complete documentation on the SMP Libraryvsilable separately.

The procedure for initiating an SMP job is described in the "Implementation Notes", together with other imple-
mentation-dependent features.
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Text printed inthis font

0. Corventions

represents literal SMP input or output, to be typed as it app@ass.in italics

stands for SMP input or outpuxmessions. Arbitrargharacters or textual forms arev@i as Ctextual form(J.
The actual characters corresponding to these textual forms in particular implementationenaretige "Imple-

mentation Notes".

In descriptions of system-defined projections [2.3], the following notations for filters [2.3] are used:

flt
filt

(filt : val)

fl, f2, ...
{1, 12, ..}
Ofilt O

0f1, 2, ...0

Compulsory filter.

Filter used in an unsimplified or partially simplified form.
*[3.1, 3.6]
* Smp[4]

Optional filter assumed to e valueval if omitted or gven as Null (a blank [2.10]).
An optional filter may be omitted entirely only when ibwd appear after the lasitér
explicitly specified in a projection.

Sequence containing @anumber of similar filters.
Filter to be gien as aist of expressions.
Filter to be gien dther as a single expression or as a list of expressions.

Filter or sequence of filters to bevgn dther as single expressions or as lists)qires-
sions.

Properties carried by projections are indicated by

<propl, prop2, ...

>,

References to sections in the text of this reference manualvareagi [ I1number[J]. References$o additional or
related material are indicated by
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1.1 Inputand output

In standard mode the prompt for titke input line is#I[ i]::

Input is terminated by Blnewline]. [delete characterd may be used in unfinished input lineall COtabO and
unnecessary [2.10] spaces are ignored, unlegsaipear in quoted strings [2.2]. Input may be continued for se
eral lines by placin§ (backslash) at the end of each intermediate line. If xtageentered before the terminating
newline, the input is considered null, and the prompt is reissued.

The result generated by processing an input line is usually priNeautput is printed if (semicolon) is placed
at the end of the input expression [6.3], or in general if the output expreshiail is[2.2].

Input of expressions with ambiguous syntax [2] yields a message on the nature of the grabdyaayses edit
mode [1.7] to be entered. The input text is placed in the atférbwith the cursor positioned under the point at
which the ambiguity was detected.

*[2.10]

In display input mode [10.4] a pointer may be used to locate and select parts of displayed expressions.

Printed output is gen in a wo-dimensional format based on standard mathematical notepacifcation of
certain output characteristics [A.6] will cause printing ofgéarexpressions to pause periodicailysuing
<pause> as a prompt. Printing will resume on entrylafewlinell.

«[2.12]

*Lpr [10.1]

Graphical output may also be obtained [10.2].

#1[1]::  -x+2x+a*y

#0O[1]: X + ay

#1[2]:: -x + 2 x+a*y
#0[2]: X + ay

#1[3]:: "-x + 2 x +ta*y"
#0O[3]: "-X + 2 x +ta*y"
#1[4]:: x+y+z\

+y+2z\

+z

#0[4]: X + 2y + 3z
#1[5]:: 8/9-1/7
#0O[5]: 47/63
#1[6]:: 8/9-1/7
#1[7]:: Pr[8/9-1/7]
47/63
#1[8]:: (a+b+)*q
) u nexpected

(a+b+)*q
<edit> “c
(a+b+c)*q
<edit>

#0O[8]: q (a+b+c)
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#1[9]::
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(x"2+y"2)/(x"(a+1)+2"3)"4

1.1
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1.2 Information

(Implementation dependent)

? Okeywords
enters information mode and retris available information associated withkeywordsO. Okeywords] may
be a single word or a phrase of/aal words specifying the topic on which information is soughtpo-
graphical case is ignored, and some words may be stripped to canonical roots.

? Opatternd
enters information mode and retrés available information associated with the symbols, projectorsiare
nal files whose names mattipattern]. Opattern] is a single "word" possibly containing the characters
which matches an arbitrary sequence of characters, amthich matches an arbitrary single characir
literal * is entered by* , aliteral. by~. .
* Dsp [10.6]

enters information mode and prompts for further input.

When information has been retréel, a menu of items related fitkeyword or Opattern(] is displayed; the user is
prompted for a command to select an item or to initiate further searching. In information mode, the c@mmand
displays a summary of the commandailable.

Information is provided on externalels in the SMP Library as well as on all standard facilities in SFRilities

enabling users to add information on their own external files to the information mode database are described in the
Implementation Notes.

*Init  [10.6]
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1.3 Globalobjects

%o The last expression (other thhid  [2.2]) generated.
[ 1] Theith (unsimplified) input expression.

(Assigned after the corresponding output expression is generated.)
<&l >

#)] 11 Theith output expression.

<t >
#l 11 The approximate time (in seconds [A.8]) required to gené@td] .
<t >
efiile  [10.8]
o & [10.9]
@ Equivaent to#] 1] .
<t >

o G T, D FHT[6.3]

)
#J a+b
%20

Y & -2b+(@+b )
B8
1)
2
—
4 +3a+3 b
CHHO
2
AR +3a+3 b
4 +3a+3 b
2
g2.] -2b +(@a + b)[[ W a+b,
- inknifiiip
L

a+b

8/ 0]

» B &

1.3
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Bl

#H i
|a

#W) BOHEOHOB0HOAD

HOBOLONY

I @b

#W b t—

a+b
B @
2
B 4 + bR ~-2b +(a + b), 4 +3a+3 W
Symbol whose value (if any) is tak as a template [2.7] and applied as a "preprocessor" on each input

expression.

Symbol whose alue (if any) is taken as a template and applied as a "postprocessor” on each output
expression.

I
#Hl B
R

B

#H By
TR
i c
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1.4 Externafiles and job recording

External files are input byfile.
*[10.3]

*Dp , D [10.6]

*lad [10.7]

All input and output expressions are entered into a record file usually sagied . (Implementation dependent)

-Qwm , Ri [10.3]
‘Hd , e [10.6]
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1.5 Termination and real-time interrupts

(Implementation dependent)

Hinput termination character [
signifies termination of the current procedure. In standard and edit modes, it causes termination of the
present job; in subsidiary mode, it results in return to the previous mode.
R [6.3]
o X [10.6]

Oquit interruptd
attempts to terminate current processing or printiggibsequent references to incompletely processed
expressions cause their simplification to be completed.

Obreak interruptd
causes anprocessing to be suspended and initiates an inteesxitbsidiary procedure.
@ [10.3]

Ostatus interrupt
prints the status of processing, including a stack of the lagirfgections simplified.
* Mm[10.8]
‘e (4]

- THER
Oquit interrupt™
i

N2 ]
#HP x L & +X

@

X X
3 + X X 2 +X+X X

H X « xxLﬂ + X))+ X ¥ + X + X))
Oquit interrupt
LT
MR \L] S
» s

Ostatus interrupt™

&

4 B B B Rw Milg Rw B
<BoaiErH s b

Ostatus interrupt]

&
Rp B Rw B Rw ly Rw M
ARG B b

Obreak interruptd

k-
g1 ii

W 5
5 s

W@ ABH3HZ2NIOX
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R
- Uinput termination character(
<«

#3 BSHDABH3E2NMIOY

Ostatus interrupt™
&

A

i

15
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1.6 Monitorescapes

(Implementation dependent)

I Omonitor commandC]
given directly (with no prior characters typed) at an input promxptetes the specified monitor (shell) com-
mand; the original input prompt is then reissued.

*Rn [10.6]

T
iFMy B 2 PDI BB
!
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1.7 Editmode

In edit mode, one line of text is treated at a time. The editing of each line proceeds by a repetibaepstw
1. Thepresent form of the line is printed.

2. Following the promptdd ary editing commands for the line are entered. The commands are termi-
nated byInewlined. Ospacel] Otab andOcharacter deletel] may be used for positioning in local editing.
If no editing commands arevgn in gep 2 (the terminating mdine is entered directly after thdd prompt),

then the present line is left unchanged. If further lines>dferist, the editor maes to he next line; otherwise,
edit mode is exited, and the editesttis returned as an inpukgression. Ifat the exit from edit mode, no editing
has actually been performed, the text is discarded, leaving a null line.

Two types of editing may be performed:

Local editing, in which indiidual characters in the edit command affect the characters appearing directly
above them in the present line.

Global editing, in which an edit command prefaced taffects the whole present line or the entire edft b

fer.
Local editing
# Delete character albe.
d Delete the remainder of the present line.
Ospacel or OtabO Leave dharacter(s) ab@ unchanged.
~ OtextO Insert OtextD) terminated by a space or tab (not appearing between " ") into the
present line before the characterabo
Oother character Replace character amly character gien.

Note that a character may be replaced #ithy the command@

Global editing

4} Print the text in the edit buffer and return to the present line.

Ww file Append the text in the edit buffer to the specified file.

4 Exit from edit mode, discarding the edited expression.

W\ n Move 1o thenth line of the edit bffer, leasing the present line unchang&d. n and

A\ nmovenlines forward and backward respgely;yt  and\ move me line.

u Undo the most recent edit command which effected changes in the edit buffer.

i\ Undo all changes made during the current editing session, restoring the original con-
tents of the edit buffer.

tim Display levels of parentheses, braces and brackets in the present line.

Yhg Display levels of parentheses, braces and brackets throughout the text.

8  Oell/ Oe2d Textually substitutele2[ for the character stringell throughout the present line.
(The delimiter here gen ag// may be replaced by grcharacter.)

8 i/ Delld/ Oe20 Textually substitutede2[] for the nth occurrence of character stringeld in the
present line.

g Oell/ Oe2d Textually substitute fofleld throughout the text.

8 Invoke external editor [A.9] on the text in the ediufter and return the modeéd

text. (Implementation dependent)
|

—

\ Omonitor commandC Execute the specified monitor command [2.7].
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The typographical case of the commaddp, q, etc. is ignored.
*H, Eh [10.5]

f
4

##H

‘BRE

=
VI ]
Y

&
Y

é&&&&&&&:‘?
Q

I EEECRES +\
[ +\\
[
ra uep
[

‘g
N1 i +\
123455 2 \\}
+\\
11 11 1 \\}

glﬂ

w 1
1) idiaiaiiig +\\
wl
INIKEEEEEEEES +\\
@
INTHEEEEEEEES +\\
123

455 8
INIKEEEEEEEES +\\
W W

[
wl 8

@ o8
& Y

et
f
[

@l p

1117 +\\
[
™

+\\

@

&
=

ML iy +\
+\\

1]

Eﬁﬁg

*

€ +3a+bxa+c
L. il - o

8
%
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2.1 Numbers

Numbers input with no decimal point are taken as exact integers.
Floating point numbers may be entered in the fié*fm p representing x 10P.

Numbers are output if possible in igex or rational form, except when the corresponding input expression con-
tains explicit floating point numbers & projections [3.4]. Output floating point numbers areegito the preci-
sion specified in inpuNprojections, grby default, to 6 significant figures.

Numbers are by default treated to a finite precision (fractional agcafacder 10%3).

1S
#Hl 3B
]
H
s
Hy
4
# @)
e

#HY G
e ]

#B 1+1 W
L

o)

Further numerical constructs (which may be used ymamerical operations) are:

A % (p:0]]
Arbitrary magnitude numbex x 10°. Floating point numbers are usually gerted to this form when the
modulus of their exponent exceeds 10.

B nk ..., n2, nl, nQ]
Arbitrary length intgern0 + n1 x 10* + n2 x 1¢% + - - - generated when integers with more than 10 digits are
input.

H ni, n2, .., (expt:0), (dig:6]]
Floating point numbernl x 10 + n2x 108 + - ) x 10®™ with dig significant digits. F projections are
generated if possible when the precision specified iNlprojection &ceeds 10. Expressions/otving se/-
eral F projections are treated to the numerical acguodithe least precisE given.

E X df
Numberx with one-standard-deviation errdx ( X £ dx ). Errorsare combined assuming statistical indepen-
dence, and arevduated for all projections carrying propetl [4].

@& x Y]

Complex numberx # y. Automatically generated when required.
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The presence of anf, B or F projections in an expression forceswasion of all numbers to these forms.
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2.2 Symbols

Symbols are the basic objects of SNIRey may be assigned values [3.2] and properties [4].
Symbol nhames may be

Strings of arbitrary length containing only alphanumeric characters, togethet viitand %@and not start-
ing with numeric characters.

Arbitrary character strings (possibly containing control characters) enclosed BBtweeThe™™  serve
only to delimit the symbol name and do not affect simplification of the symbgi;atkeprinted on output
only when necessary.

* [A.5]

Symbols whose namesveathe following forms are taken to Ve pecial characteristicegc represents anvalid
symbol name):

$cce Generic symbol (representing an arbitrary expression [2.6]).
*@Gn [4,2.6]

% ccc Multi-generic symbol (representing an arbitrary sequence of expressions [2.6]).
« Mgn  [4]

# ccc Chameleonic symbol (whose name changes wieeitds evaluated [2.8]).
* Qam [4]

No values may be assigned to symbols of these types.

The following haming corentions are used denotes anupper case alphabetic character):

Cccc System-defined symbol.

#ccc Internally-generated symbol.

%gce Symbol used locally within a procedure [6.3].

Some special system-defined symbols are:

N Input and output as a blank [2.10]. Often used to indicate "default” filters [0, 2.3].
tH Infinity. Used primarily to specify indefite continuation of a process, rather than as a signal for

mathematical infinities.
0 The imaginary unit.
Yo H , #O, # [1.3]

o G T, FHOD FHT[6.3]
P, E eic. [8.4]

* T [10.3]
T biEEem
# 1 + E damiam
L g
#Y =Y
e T
nnie s & nmie
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M + W + hH

#m “H o# + it Hw
| 1 tt

#HE #A +# 2

‘B tt

#Hp 8 +# 4

B W

.1 + 1 +

#8 a+wl

g +d]
B H +b]]

2.2



+dH

SMPREFERENCE MANUAL / Syntax

M +dqH

2.2
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2.3 Projections

Projections specify parts of general structuresyBne analogous to array subscriptings or function calls.

In for example the projeciifn the symbdf is termed the "projector”, agd its “filters”. Thesdilters
are used to select a part in the vallfé of

;) [7.3]

Unless the projectdf carries the propertied , B , Gomm or Ro  [A]f is equvaent to

! , and the fitersx andy are used successly (from left to right) to select a part in the valudfof The
value diff is found first, and then the projection of the resulting expression withltdeyf is obtained.
Wherff does carryg properties, filters separated by commas are instead used together.

Projections fronfif whose values were assigned before @#he , & , Gomm or Ry properties were
assigned may be cearted to tiered format by the projectién [7.7].

Common system-defined projections may be input in special forms [2.10].

Filters for system-defined projections inputhis  [2.2] (a blank [2.10]) are taken tovetheir default values.
*L [10.4]

- THBE

#Hl 4 c+b
Bl

H 4 c
BR

#3 2
1]
“Pis

P

# N Y
TS
1 -Ha ¥
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-t
R W
e
OB | D
- f
HR K
- K f
#p 4da
;']
L
BE
Y &
;' |
#I8 |10
g1:3
#3 abc
B!
#m abc
i Ryl
#J @63
[[x1, x2,..]] orNg x1, x2, ..]]

is a special system-defined null projection representing a sequenqaegstons. Airst step in the simpli-

fication of agy projection is the replacement of null projections appearing as its filters by explicit sequences

of filters. Sequencesf values in contiguous lists may also beegias nll projections [2.4]. The value of a

list element whose indés a rull projection is extracted by projection with a sequence of filters correspond-
ing to all those of the null projectiorSuch list elements are generated by assignments for projections carry-

ing the propertied , & , @mm or Ry [4], or containing explicit null projections as filters (the

partial simplification in@ [3.2] does not replace such null projections). No values may be assigned [3.2]

directly to null projections.

Remaal of input null projections occurs through a type extension mechanism [4].

*Sg ., Ry [7.]]

1
#

O] i f
B
W
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‘Bl
3 H
]
#H %
N : i
HE M
N 4
# &
i ;i
M

Texpr orNlE  expi]
is used in a variety of cases to designate expressions with special characteristics.
(Prefix form is "backquote" or "gva acent" character.)

. [2.7]

TR
#1 fL x+y 5, a+(b )M
)
#y Hf
A
#HH ff

2.3



2.4 SMPREFERENCE MANUAL / Syntax 2.4

2.4 Lists

Lists are indred and ordered sets of expressions.

Lists may be input directly in the fofh inded] valuel[ indexqd] value2, ..}}. Entries with delayed
rather than immediate values [3.2] are input:withinstead af. .

If the expressionsndexi are succesg integers starting at 1, tgemay be omitted. The list may then be input as
{{ valuel, valuez, ..}} . Such lists are termed "contiguous".

o [7.1]
¥ is a zero-length list containing no entries.

List entries may also be specified indirectly through assignments for projections [3.2].

A value in a list may be extracted by a projection [2.3] with itsxratea fliter. Values corresponding to indices

consisting of null projections [2.3] (as generated by assignments for projections with pr@pertiest or
Ro  [4]) are extracted by sequences of filters.

e A [7.1]

=

# -Halrais +$ %
SRt

M
- Hit

#H e
T tt

#3 HellalhBY
Bt

#3 d
B tt

W

#3 - HbERER +5 ¥
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2.5 Expressions

Expressions are combinations of symbols, projections and lists.

Pats of expressions are selected by projections [2.3, Yaiies in a list are specified by their indices [2.Bhts
in projections are specified by numericittefs: 0 specifes the projector (which iswabys in a "held" form [3.5])
and1,2,3, ... label each of itslfers. Numericatoeficients of symbols and projections are specified byiliee f
1 . TheO part of a symbol is the symbol itself, withoutyaassociated numerical cdigfients.

N [7.9]

‘Rs , B [7.3]

L [10.4]

& [7.2]

i
# - HCHHR

 ®

= a2
B

“Pi

a28s8e2a5 s Ea

“tf
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Bl

#m 1
B.id ]

#m 2
BE

| 8

‘BH

#HB B
B

HH X

B e

HB K

B®@R

w» 1]
5

R I " P @R

Thenth "level" in an expression is the set of parts which may be selectadilgrs (whem is a positve integer).
The "depth" of an expression is one plus the maximum number of filters necessary to spguafif ph4]. The
- nth level in an expression is the set of parts whichvéakpthn.

A domain is a set of parts in arpgession. Domainsay be specified by a paramekerspec giving the levels at
which its elements may occuri @re positie integers):

n Levels 0 throughn.
-n Levelst through-n.
{ 23} Level £n.
{ £n1, £n2} Levels £nl throughn2.
{ n1, nZ} The intersection of i&lst  through-nl and levels 0 throughn2.
{11, 12, leverif} Levels specified by{ 11, 12} on which application of the template [2I€/crit does not

yield false [5].

Domains may also be selected by requiring that application of a templatdd@cr]t to ary of their parts should
yield true [5].

Many system-deihed projections may carry filters which select particular domafnsepeat countpt is usually
given to pecify the number of times an operation is to be performed susdgssn a particular domaiff (
causes repetition to continue until the domain no longer changes or a processing impasse is fepahetpter
max is used to determine the total maximum number of operations performeg doraain. Thefilters levspec,
rpt, domerit, max (or some subset of these) constitute a "domain spetin”. Intreatment of a domain contain-
ing positive levds, larger subparts of an expression are treated first, following by their progkessnaller sub-
parts. In a domain containing gative levds, the smallest subparts are treatiest.f Different parts at the same
level are ordered by their "positions" (the sequences of filters necessary to select\ttieemypt is specified, the
subparts appearing in a domain are re-determined each time the operation is performed.

i D@
0 1
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813 ]

) Hf
Bl L]
# Hf

#p Hf

#B Hf

#B Hf

il ]

aJ R fl

I Ee e

11T PR PR

+fHI[

1 TR PR

1 TIRBEF RS L

a| R
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bc

bc
+ff H 1

ki ¢
+ff H

kg
+iHI[

T
+f g

i g}
+ff H

kg

+ff H

2.5
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B ]
#g Hf

# Ef

8 ]
R

i il

B Hf
T

R Ef
1t
g Hf

TH: D
#H Bf

#H
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+fHI[

a0}l

Hil
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TP B L e

+iRI[

P A AT

2] i

1TIBAE PR

BT AR

+iH[

1L G|

+iHI[

a] ke

+ff
+ff H
Hf i
+ff
bc
+a
il
i}
P
+ il 3
bc
+ffHd B
]
B
i
B
bc
+a
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g L]

#® Bf
7.t

#q Ef

I:H; (]

+iHI[

1 S e £
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2.6 Ratterns

A "pattern" or "generic expression” is afpeession containing generic symbols [2.2]pattern represents a pos-
sibly infinite set of expressions, in which arbitrary expressions replace the generic syEveojsoccurrence of a
particular generic symbol in a pattern corresponds to the same expression.

Two patterns are considered egplent if the sets of expressions whichythiepresent are identical; there liter
ally equiaent if all their parts are identical.

Determination of literal equalence takes account of filter reordering [4, 7.7] properties of projections, and of the
correspondence between numerical toiits [2.5] and expliciil  projections.

A patternp2 "matches"pl if it represents a superset of thepeessions represented pg (so thatpl may be
obtained by replacing some or all of the generic symb@g)inpl is then considered "more specific" thath

IV expr2, exprl]
yieldsO if expr2 does not matckxprl, 1 if expr2 is equvalent toexprl, or a st of replacements for generic
symbols inexpr2 necessary to obtaixpr1l.

- TN

# 1

8’ ]

#Y 0

B NR

&> ¥
o

M k> ¥
BN

#HH 0
BN

M &> a+b }}
;]

&> ¥
¢ ]

#HH 0
DM

H &> ¥> a+b}
B K

) &> %

| K

#H 0

BN

g &> x+ty }
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g )

HB &> b+c }}
8 1)

R &> %
- TE

ey &> 9> b+c }

| H

B 0
BLiL ]

N &> W %
B K 3

m &> 3
B c$ x bc]]

| &> 3
@ fomm

#) G mm
o MK

o &> B
- HH

¥

y
#H fh B
X
K all %

HO 1]
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8
HOR R
3 S
(0 I
8 T bff H 2 aff g 21f IR ayB

2 2
A x h @il

‘i Wegbet]
#IP 0
‘B ap
L ] p
¥ abed
#oR b+d+p
B
L TR
g
TH ¥ K
gt
L
B aby a xya}
g X yi [
A patternp2 matche9l if the simplified form ofp2 after replacement of generic symbols is literally egent to

pl. However, for at least one occurrence of each generic symbp2 ithe necessary replacement must fello
from literal comparison witlpl (and must thus appear as an explicit papl)f

)]

# &> ¥
]

&> x+y }
L]

# &> 3
8:d

#HH 0
§:4
k> ¥y>3
B

W
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]

2 2
LUK ] +al+b]] M

- Comm
# Gomm
N
# e
R

#0) 'HR

The \aluet of the property [4]$ & restricts all occurrences of the generic symbtd match only those
expressions on which application of the temptatelds "true" [5].

S
#1 @)

E5aiaj

8+g lf

pat = condor G§ pat, cond]
represents a pattern egaéent topat, but restricted to match only those expressions for wtickl is deter

mined to be true [5] after necessary replacements for generic symbols.

& $H

55

T
HY 2 +ff B[ +if |
i3 2 > &
LI
]
A M + o +tt
B
LN ]
]
N -uld +uf  +b]]
Multi-generic symbols [2.2] are a special class of generic symbols which represent sequexpessibas, cer

responding to null projections [2.3] ofyalength. In a projection (or list), the sequence of filters matched by a
multi-generic symbol is terminated when all subsequent filters can be otherwise matmhptbjéctions with
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G or Ry [4] properties, all but one multi-generic symbol iselako match a zero-length sequence of
expressiofff . In a pojection from a projectof with property&i [4], a multi-generic symbol matches a

sequence ofilfers corresponding to a further projection frémAlthough this further projection may be consid-

ered as a single filter in the original projection, it is not represented by a single ordinary generic symbol.

]

#Q 0
! ]

Y &I
B
 &>N>H
Wil

a &>%>H
B
&M
B s

& HGH(
i ]
&> &SI
B
&> ¥> &>H
i |

M &> ¥y> 8
gLl ]

#H 0
gLl
-
Bl

g &>
g1

#W 0
.

R M-I
- T

g &> %
-

B &>
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- [

Y & - =
Bt

HB &>

Bl 1]

#m 0

B gbmm

) Gnm

-0 ThN

& HE

8 N

Hp &> &>

8 N

HB &> ¥ > &

B N

HR &> &M

8 N

B &>

B

o

B

N &>

B

B &>1

B N

W &>

- N

) 0

B2 8 |

o +pl

g 1Yo bcH

B B + bcH
Bk W

B W +qf

BEED b cH] bcd }
#® H + ¢ +qH + Gl
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2.7 Templates

A templatet is an expression specifying an action to be taken on a set of expresgioss {.. .}.
The result from an application bllepends on its structure:

number oriNi t

pattern Thevalue oft obtained by replacement of generic symlablsccurring in it by ay corre-
spondingsi. The association i with di is determined by first sorting ttd into canoni-
cal order If any o thedi are multi-generic symbols, the first is paired with the maximal
set ofsi. Any wunpaireddi are left unreplaced.

~ uor N 1]] u.
other expression fl 1, 2, ..1] .

o e

All operations represented by templates may\etpitly be specified by suitable lists: templates are provided for ease of use
in simple cases.

IR

#3 B 1]
# Hf
Y Kf

M R

BN

# x+y

8.3

1 . + Yl
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B4
#p Hf
B .
# B
B, j1 3
YR P AR (T
8.8
OB
-
YE P R (T
gL
TRAMERDR A
B
#IB W
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2.8 Chameleoniexpressions

A chameleonic expression is an expression containing chameleonic symbols [2.2]. If a chamefeesgion is
assigned as a delayed value [3.2], then each chameleonic symbol which it contaias é&wgique n&/ name
whenever the value is used.

* Wée [10.5]
i
#Q “ff el ~-# %
i’ tt
#y 8 +ff {8
it

#Hy 16 + #9 +if  {H -ff #B
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2.9 Commentarynput

Any input (includingOnewlinel’s) betweefY and?* is treated as commentamnd is not processedCom-
ments may be nested.

CH a+#b @ omnd
¥ el omme/*
ed omnd /* b +\\
¥ ommd \\
c

#J a+b+c
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2.10 Inputforms

SMPREFERENCE MANUAL / Syntax 2.10

“x

Nak] %]

input form projection grouping

™ (parentheses)

{{x1, x2, %3, ..} (list)

i i i3 x2..B (list)

X x2 x1*1 0 x2 ((x* x¥ x3

@ #QX

_X Rop[ X

il x1, x2, x3] (projection) Ml x1, x2, x3i( _Fdf)
(C x>l 3 _Fhed)

[ x1, x2, x3] N fl x1, x2, x3] [ x1 x2 X3

<X Gé¢f X

xn D X « ¥

X! F i X

x1. X2. x3 D¢f x1, x2, x3] x1. X2. x3

X1 * x2* x3 Omfii x1, x2, x3] X1 * x2* x3

xI™ x2 Powj[x1, x7] X[ x2° x3)

- X NAER., {

X1 x2 Dy x1, x7] ( xU/x3 x3

X1 * x2* x3 Nl X3, X2, X3 x1* x2* x3 (see also below)

x1 + X2 + x3 Mg X1, X2, X3 X1 + X2 + x3

x1- x2 + x3 R x% x2, x3] x1 +(( -x)+ x3

x1 = x2 Eq[ x1, x2] See note below

xX1™= x2 Uneq[ x1, x7] See note below

x1 > x2 QI x1, x2] See note below

x1l >= x2 Gé[x1, x2] See note below

XL < X2 Gl x2, x1] See note below

x1l <= x2 G¢[x2, x1] See note below

~X NGt X]

x1 & x2 & x3 And[ x1, x2, x3] x1l & x2 & x3

x| x2]| x3 Off x1, x2, x3| x1]| x2|| x3

X2l <3 Xdf x1, x2, x3] 1l 2]l x3

x1 => x2 limp[ x1, X2 x1=X( x2=>x3)

X1 _= x2 Gen[x1, x2 ( xx_=x3_ =x3

xl.. x2 Seq[ x1, X2 ( xx.. x3). .. x3

x1:: x2 S¢f x1, x2 xL:({( x2: x3)

X S ¢ K

x1: X2 Sed[ x1, x2] x1:a( X2 X9

x1-> X2 Rep[ x1, x2] xX1->( x2-> x3)

x1-=> X2 Repd[ x1, x7] X1- >(x-=> x3

x1 o x2 Rs¢f  x1, xq] x1 (0 x2 2 X9)

xl _ x2 Tys¢f  x1, x3] x1 _(( X2 _ x9

xl:= x2 Sxsgf  x1, x7) x1::=( x2:= x3)

x1::= Sxsff x1]

x1; x2; x3 Rog x1, x2, x3] x1; x2; x3

XL X2 . X, P of x1x2 ... xi x5 X2, X

1 x (pre-simplification)

X Hod[ %]
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Forms given in the same box wva the same precedence; the boxes are in order of decreasing precedence.

If @@ is a form with precedence higher thigh thenxl @@ x2 ## x3 is treated asxl @@ x2) ## x3, while x1
##x2 @@ x3is treated agl ## (X2 @@ x3).

#1[1]:: x+y"2*a

2
#0O[1]: x + ay

#1[2]::  (x+y)"(2*a)

2a
#0O[2]: (X +y)

#1[3]:: alb*c - d/elf + K*-u*-v - X'y"z
#0O[3]: + ----k - vV - X
b

#1[4]:: {a+b:c, a+(b:c)}
#0[4]: {c,a + c}

#1[5]:: {"a:b+c, (Ca):b+c}
#0O[5]: { 2c,2c}

#I[6]:: {@4[1], @(4[1])}
#0[6]:  {c,#O[Proj[4,{1}]]}

#1[7]:: {3+0>1, 3+(0>1)}
#0O[7]:  {1,3}

#1[8]::  {k::(1;2), k::1;2}
#0[8]: { 1; 2,2

#1[9]:: {1>0&1>0, 1>(0&1)>0}
#0[9]:  {1,0}

#1[10]:: h1_:Tier

#0O[10]:  Tier

#I[11]:: {h1[x]lyl[z], h2[x][y][z]}
#0O[11]:  {Proj[Proj[h1[x].{y}].{z}],h2[x.y,z]}
#1[12]:: {-17(1/2),a*-b,a"-b,-2!}

#0[12]: {-1,-2 c,2 c ,-2}
#1[13]::  {100*"-11, (100*"-1)1}
#0[13]: {10,3.62880*°6}
The last column of the table indicatesshoultiple appearances of the same form are grouped. When no paren-

theses appeathe corresponding projectiondat [4,7.7]. Thesaroupings also gern the treatment of dir-
ent forms with the same precedence.
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#I[1]:: {alblc, al(b/c)}
#O[1]:  {---\---

#[2]:: {a'b’c, (a"b)"c}

#0[2]: {a ,a }

#1[3]:: a:b:c

#0O[3]: ¢

#1[4]:: {a,b}

#0[4]: {c,c}

#1[5]:: a_b_c_type

#0O[5]: type

#1[6]:: {S[x,x->y->z], S[x,(x->y)->z]}

#0O[6]: {y -> z,x}

#1[7]:: {311, (3N}

#0[7]:  {6,48)}
Combinations of the relational operators 5=, >, >=, <, and <= may be input together; # and## represent
input forms for tvo uch operators, thexil # x2 ## x3 is treated ag x1 # x2) & ( x2 ##x3) . Howeve, x1 "=

X27= x3istreated ag x1 "= x2) & ( x27= x3) & ( x17= x3);in general, combinations of the foresprl
"= expr2”= expr3~= ... @ssert inequality of all thexpri.

#1[1]::  x<y

#OJ[1]: vy > X

#1[2]:: x=y=z<3

#0[2]: x =y &y=2z8&3 >z

#1[3]:: a"=b"=c"=17

#0O[3]: a "=17&a"=b&a"=c&b"=17&b"=c&c =17
Products may be input withoutgicit * when their terms are suitably distinguishéar any numbersn, symbols
sandf and expressionsthe following input forms are taken as products:

n n s n flx] n (X)n {x}n
ns S s flx] s (x)s {x}s
nfix] s fix]  fIXfIx] ()fx] {x}fx]
n(x)  s(x X (x(x  {x(x
n{x}  s{x} fixg x  (x{x  {xH{x

Precedence of such forms is as when explicte gven.

#1[1]:: 22 2 3
#0O[1]: 132
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#1[2]:: {2a/4, a2/4}
#0[2]:  {al2,a2/4}

#1[3]::  {3f[x]4, 3 4f[x], 34f[x]}
#0O[3]: {12f[x],12f[x],34f[x]}
#1[4]:: c(x+y) + 2(x+y)(y+z)"3 + g[x]f[x]"2
3 2
#0O[4]: c (x+y)+2(x+y)(y+2) + f[x] g[x]
#1[5]:: al/2b
ab
#0O[5]:
2

#1[6]:: al/(2b)

a
#0O[6]: --

2b
#1[7]:: a"2b’c

2 cC
#0O[7]: a b

#1[8]::  2{{a,b},{c,d}}
#0[8]:  {{2a,2b},{2c,2d}}
#1[9]::  {a,b}c,d}
#0[9]: {a c,b d}
The symbolNull [2.2] may be input as a blank when it appears asahe\of an entry in a list, or as a filter in a

projection gven in dandard form. Hence f]] is equvaent to f[Null] and g,,] to
g[Null,Null,Null]

#1[1]:: Lpr[f[] + g[,,1,2,,3,]]
fINull] + g[Null,Null,1,2,Null,3,Null]
#1[2]:: Lpr[{a,{,b,,c,},}]
{a,{Null,b,Null,c,Null},Null}

#1[3]:: Lpr[{}]

{}
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2.11 Syntaxmodification

cc:= dd or 9 CG, dd, (class:0), (prec:0]]

assigns the naméccO of the symbokc to be replaced xtually on input bylddOd according to one of the
following classes of transformations

Occ — OddO

Occll x — OddO[ K]

x OccO - OddO[ ¥

x1 Occl x2 Oec x3 — Oddd[ x3, x2, x3]

x1 OceO x2 — Oddd[ x1, x3]
x1 Occ x2 Occd x3 — Oddd[ x1, Oddd[ x2, X3]

5  x1OccOx2 - Odd[ x1, x3]
x1 Occ x2 Oecd x3 — Odd[ Oddd[ x1, x3]  x3]

and with precedencprec. Textual replacements are performed before input expressions are igidhplif
Input text, excluding anstrings enclosed in " ", is scanned once only from the beginning, and at each point,
textual replacements for the longest possible character strings are firadsformations 1 through 5 may

A W N PFL O

carry precedences frointo 3: 1 is the same §#s ,2 asB@ and3 adf
ce or S c¢] removes ay textual replacements assigned éor
bi ) removes dl assignments for textual replacements.

Tt

# o
]

2

Y G Gt
L

H#HY ey
)]

RS

HE vy

§: [} a).(  ao w B
2

g + W VO NORE MR ARG
By

HHY a+b wwe +d
i) @)

A +bYe+d )
]

#HH a+d+bc™ 0
N
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B d4h +bh +b}}

‘Be 8

#B dab B
.
m
Bay
b b
#H) Habhb a bc}
B!
HBa

#B a

B e

3 ¥ )]

HH ab

B .

e

‘Barababd §

g + b (IR
- IR

Y Quw

2.11
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2.12 Outpuforms

Most input forms are also used for output.
Paentheses are omitted in output when the required groupings fiblkoprecedences of formssgn in [2.10].
Common additional output forms:

m AR B
A
m —_
2
2
Rl A

The output form of the projectidll [10.2] is a "plot".
Frit andS are printed in a special formatted form.
Assignment of & property [4] defines a special output form for a projection.

The presence of special forms in an output expression is indicat&dabythe beginning of the outpuiThe
labelling of parts in such special output forms may not be manifesirect and unambiguous representation of
ary expression is printed by [10.1].

L [10.4]
T
2 3 4
X X X
# 1+X+—+—+-— -
2 6 2 4
21



3.1
3.2
3.3
3.4
3.5
3.6
3.7

3. Fundamentaperations

Automaticsimplification
Assignmenand deassignment
Replacementnd substitutions
Numericakvduation
Deferrecsimplification
Pre-simplitation

Rartial simplification
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3.1 Automaticsimplification

Any input expression is automatically "simplified" to the maximuermt possible. Unless further assignments are
made, the resulting output expression can be simplified no further; if it is input again, it will be output unchanged.

B

#J b
CBb

#Q c
¢ a

#B c
el

Hy 1+c
Hid

#HH d
B a

#HH d

Even if part of an expression is apparently meaningless, no message is printed; that part is merely returned without
further simplifcation. Processingmpasses occur if simplification apparently requires infinite time or memory
space.

#l Wf +0
71

B @i
HBY 1+ff |
- Gf

cH @

HH 1 +ff [ +$K

<neny K ool
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The simplification of expressions proceeds as follows:

Numbers
Symbols
Projections

Ordinarpumbers remain unchanged.
Asymbol is replaced by the simplified form ofyaralue assigned [3.2] to it.

Eachfilter is simplifed in turn, unless the valuk) (of any correspondingSnp property
carried by the projector B. (Future parallel-processing implementations may not respect this
ordering.) The simplification of a filter is carried out until itele no longer changes, or
until ary projectors not carrying propertige have gpeared recurggly at mostk times
(see belw). If ary filter is found to be extended [4] with respect to the projettien the
projection is replaced or encased as specified in theanglproperty list [4].

Projectionavith & , Gmmor Roy  properties [4, 7.7] are cast into canonical form.

If the projector carries the proper§ [4] built-in simplification routines are iroked

for system-defined projections. External programs are used when applicable if the pro-
jector carries the propers  [4, 10.7].

If a valuev has been assigned for the projectioen the filters of the projection are used

in an attempt to select a partwof The flters are used together if the projector carries the
propertiess ;] , @mmor Ry . If the required part is presentyamecessary
replacements for generic symbols are performed (and values defined by generic assign-
ments [3.2] are inserted); the projection is then replaced by the sedpldlue of the

part. Wherv is a list, its entries are scanned sequentially until one is found whose indices
match [2.6] the filters of the projection. Sequences of filters in the projection are used
together in matching null projections appearing as list indiies. , Gymm, and Rey

properties are accounted for in this matching process.

Immediatevalues [3.2] for entries of a list are simplified in turn. Indices are not simplified.

+ TH]
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]
6
|TH H B |
# M)
1B Bad

#m a+d+b
B3 |
HW b+v §
B 4

B Halk-

R 3

B3
#HB t

I N
# |

btt 1

Wheneer an epression to which an immediate value has been assigned (throiB®]) is simplified, the old
value is replaced by the wesimplified form. Delayed values (assigned:by [3.2]) are simplifed whenger they
are required, but are not replaced by the resulting simplified forms.

e
#Q c



3.1 SMPREFERENCE MANUAL / Fundamental operations 3.1

- Bip

@ “b
. B

K
1]

. ) d
. B

B &
Pk

#B 0

'

#J "Dk
bl

L

i

#H i ff K - 1] +ff fk -2 1]

TS

#m 1

g ff

LGV ff & -1+ & -2}
8. i

#y 9

B ff

#B MARSEAN2HBHBAS

‘H3R2M101
g | ff & -1+ & -2}

Simplification of a projection may wolve further projections from the same projector (recursion). Unless a projec-
tor g carries the propertlRe , it may appear recungdly at mostk times in the simplification of a filter in a projec-
tion fromf before steps 2 and 3 in the simplification of tipeojection are performed. The valuekdbr a particu-

lar filter is determined by the value ofyaoorrespondingSnp property forf. The default if , causing each
filter to be simpliled until it no longer changes,g&dless of the number of recwsigppearances @. Other \al-

ues ofk allow steps 2 and 3 in the simplification of the projection frbto be performedwen though the ifter

may not be "completely simpigd". Whenk is 0, the filter is left entirely unsimpliéd. TheSnp properties of
projectors such ailii andB have valuel since simplifications of their projections are validaelless of

the state of simplification of their filters.

.o 8
& H + S K
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#Y W& + SIK

W kH + S K

H +$K

# BxH + S
: |

5@g #H +4)

3@g #H +2)

1(0g ¥ +O)

#H 0
- - T

#HH 1
4B

5@g #H +4)

3@g #H +2)

#Hif W
i

#Y “$xh R -1]]
B i

#y f
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B i
4
3
2
1
0
3
2
3
4

uit interrupt™

Uq
@i

A WON RNwh E |
o N R e =

B i S | Eaii kK -21]

(¢ — 1] +ff g -2) +(8 -1+ B -2)
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3-2
3-1
2-1
2-2
1+1
4-2
2-1
2-2
1+1
4-1
3-1
3-2

7 -1+ff 7 -2)) +1
1+2+2+(@+ff g -1+ 7 -1
2-2
2-1
6+1+1
I8 8

B
#y Re

g
5-1
4-1
3-1
2-1
2-2
1+1
3-2
2+1
4-2
2-1
2-2
1+1
3+2
5-2
3-1
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2-1

2-2

1+1

3-2

2+1

5+3

#B 8

"Static" (manifestly non-terminating) recwsiasignments in which the literal form of an expression appears in
its simplified value arevaluated once only.

*Dp [7.4]

cHad
#J 1+a
B a
#Q 1+a
Jf
# Kf
T ff
#H Kf
Snf} expr, (levspec:1), (rpt:1), (domerit:1), (max:1]]
simplifies parts okexpr in the domain specified bigvspec and domerit, smplifying at mostrpt times per

pass through the expression and making at maspasses.

* Snp [4]

I

& H + S K
Sl

W +9]]
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3.2 Assignmenand deassignment

Assignment is used to define a value for apression. Simplification [3.1] replaces an expression lyyvafue

assigned to it.

Values for expressions come indwypes:

Immediate

Delayed

Thevalue is simplifed when it is assigned, and is maintained in a simplified form, being
updated, if necessamyheneer it is used.

Thevalue is maintained in an unsimplified form; annsmplified form is obtained whewer it
is used.

exprl: expr2or§  exprl, exprl]

assignsxpr2 to be the immediate value of the expressixpr1.
exprl: expr2or exprl, exprl]

assignsxpr2 to be the delayed value of the expressxpr1l.

«® [3.7]

- THES

#Jl @6
2]

#Y
B

Y Ay

K

#3 A

“R 3l

Valuesexpr2 are assigned to expressiaxprl of different types as follows:

Numbers
Symbols

Projections

Lists

Nassignment is made.

expr2 replaces apvalue previously assigned &xprl. No assignment is made for generic and
chameleonic symbols [2.2].

Firstthe filters ofexprl are simplified in turn, and gré , Gmm, or Ry properties [4]
of its projectorf are used. Then the specified part in the simplified ferof f is assigned the
value expr2. The actions of the assignment for various typesart as follows:

Symbols Thevalue of f becomes a list (or nested set of lists) with one entry whose
indices gve the filters ofexprl and whose value ixpr2.

Lists If the indices of anxasting entry ofv are equident [2.6] to the filters of
exprl, then the walue of that entry is replaced kypr2. If no such entry is
present, then an additional entry with indicesegiby the filters ofexprl and
with valueexpr2 is introduced. N& entries are positioned in the list immedi-
ately after ap entries with more specific [2.6] indices.

Projections Unlesthe releant filter of exprlis® , 0, or a positive integer no asign-
ment is made. If the filter corresponds to an existing paxt dfis part is
replaced by the xpressionexpr2; otherwise, additionalNi filters are
introduced so as to include the specified part.

If expr2 is a list, then each entry exprlis assigned (in parallel) thalie of the corresponding
expr2 entry (or Nl if no such entry xsts); otherwise, all entries iexprl are assigned the
value expr2.
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B ff

2 $q
#B KR 11N

X +ds$ ¥

v
# Bl IvEY
gt 4|
|
‘g
#p fi
By
#): Hi
0 ab
#H 2
BB
#p: | B
[ abe
HB 2+c
Wt
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-t
#3H c
B tt
2
B b X
i
#Y Rw
B tt
2 x
#B dih 11
.
#y 3
B tt
2
3c X
oM 11
2
- 7t
H o
B tt
2
3c X
Hh-r
2
it
H 4«
n tt
2
3c X
Hahar
2
Bt
#H “Pig
B tt
2
3c
2 M
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g1}

‘Ha

fafajfatd
]

H W

expr: or expiNi orf¢  expi] orfE  exdii
removes any values assigned for the literadpressiorexpr. If filters in projections are renaed, the projec-
tions are correspondingly shortenetRemoval" of a projector results in its replacement Ny [2.3]. If
expr is a list, values for each entry are remth _symb: removes properties [4] assigned to the symbol
symb (restoring aw initial properties isymb is system-defined).

li¢ [6.3]
D¢ [7.3]
|}
removes values assigned to all expressions.
hia
H 3
;01
o R
Bia
ji: i}
o n
RS
3
#H %
¢ ff
2 3
#0 oK x[[  $®& B

' i



3.2 SMPREFERENCE MANUAL / Fundamental operations

i ff

#3 AR B

A PR B

3.1

B tt

B tt

B
g::] )
i

€ expr, (step:1]]
increments the value ekpr by step.
* Db [6.2]

DE e, (step:1]]
decrements the value efpr by step.
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an

l1+a

X

s¥ada“a3"

l1+a

Assignment and deassignment projectiongete special capability to effect permanent changes on iteisf
all other system projections mustvedaheir filters unchanged.



3.3 SMPREFERENCE MANUAL / Fundamental operations 3.3

3.3 Replacementnd substitutions

Values assigned for expressions [3.2] are used wieetleey are applicable. More controlledva@uation is pro-
vided by the use of substitution projections.

exprl> expr2or Rfy exprl, expr?, (levspectt ), (rptff ), (maxH  ]]
is a purely syntactic construct which represents a replacemexyrafby expr2. The replacement is speci-
fied to be actie when used irs projection substitutions on anmessionexpr only for the frst max occur-
rences oexprl appearing at or belolevd levin expr, and during the firstpt passes througéxpr.

expri> expr2or Reil  exprl, expr2, (levspecHt ), (rptH ), (max#Hf  ]]
represents a replacement in whepr2 is maintained in an unsimplified form; amaimplified form is
obtained wheneer the replacement is performed.

H expr, Orepl, rep2, ...0, (rpt:1), (levspecHt ), (domerit:1]]
performs substitutions iexpr specifed by the replacementspl, rep2, ... in the domain défied bylev-
spec anddomcerit [2.5]. Eachsuccessie sibpart ofexpr is compared with the left members of eachvacti
replacementepi in turn; if a match [2.6] is found, then the part is replaced by the corresponding right mem-
ber, with ary necessary substitutions for generic symbols made. The resulting complete expression is
scanned until no further replacements can be used, or atrptasines. ¢(pt may bt ). Whena
replacement is used, the resulting subexpression is not scanned for possible further substitutions until it is
reached on at least the next pass through the complete expression.

-

6 +6b{( 2 +2pY +2)
#118d ii+1 118

‘.

# B +gR  +ol
8:. ¢

#3

B +ff & +Hi §
B +gR + gl

B +f § +Hf g
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Bl

W +if B +f B
Bl i}

am W +if & +if B
8 sl

B Q +x))
BLE

2 B +x))
it

#H 1+y
it
#H W2 +$R +HfE
s
N Bf +ff B
e
#iB #if + 4if + @if
T
#p Mear 3
o2 i)
#HH) Bif + 4if + @if
THENAS
#H 5
i i)
#H 5
B
#H 1.
8.;
L S
g ]|
#H|

HOH| ||

HH11

+$K

+ Zff +ff {1

+ 2 +f T
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g2
#H]1
g:: o]
g )
g
#Hll |
.
R
g: ]
#3111
g: . ]
#R 1111
gL
#R 11118
e
#1111
S
#H 1KH
g

o N>R ;1 $x))

AWN R

) 8

Many relations iwolving mathematical functions arevgn in external files [1.4] in the form of replacements, to be
applied usings.

[B  exprl, Orepl, rep2, ...0, (levspecHt ), (domerit:1]]
is equvalent to § expr, Orepl, rep2, ...H, (levspectf ), (domerit: 1]] ; therepi are repeatedly
used inexpr until the result no longer changes.

A Orepl, rep2, ...0]
performs explicit assignments usily or Sk projections [3.2] on thd®p or Rml replacements
repi.
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. Jhibe

#J a=>b+c
i a

#Q a
: ]

#H b+c
T a

Hy b+c

1] Orepl, rep2, ...0]
yields a list of "iverted" replacements.

#l > a
.- AR

&
o) a - >ff§
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3.4 Numericakvduation

W expr, (acc:6), (trunc:0]]

<&l >
yields the numerical value ekpr in terms of real or comptedecimal numbers, maintaining if possible an
accuray of at nostacc significant figures, and setting all numerical dogénts smaller in magnitude than
trunc to zero.

A, F andGk projections [2.1] are generated when required.
Numerical values for arbitrary expressions may banddfby assignments [3.2] for the correspondigxpi] or

W expr, A] .

- I TG
N =
- P TG
#Y
B
# I + 0928
- T TS
#3 &y -6 BEEH
BiR
# B
Bm
#H D
. T VY
#H ey
B Tadi?
#HH 7+ 7 s
B
#Y 8
- I EIN

# " NEHEA

|-

e -7 I + 308 +fHR +2 @b I
- [ )

)
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BN
B ey
g4 |
HR S VEREETE
B
B EEE
B
LT 2
NE exprl, expr2, (acc:& ), (n:2), (range 4 1l
tests for numerical equality ekprl andexpr2 within fractional accuracacc by evaluating them at least

times with random numerical choices (in the spedifange) for all symbolic parameters appearing in them.
Complex numerical values are treated when possible.

* E [5]
"Hy

#l K +y))
R

X y + 3x y+x +y
i

K +Y))=3(y2+ 3x y+x +y
PN

HY 1

- HENeH®)

#H 0

]

# DI +x]]

«Sm, A [9.2]
‘Dt [9.4]
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3.5 Deferredsimplification

“eprorti  expi]
yields an expression entirely egaent to expr but all of whose parts are "held" in an unsimplified form,
until "released" byRd

(Prefix form is "forward-quote" or "acute accent" character.)

® expi]
releases all "held" parts ekpr for simplification.
B [3.7]

Projectors in simplified projections are maintained in "held" form.

Use ofl  projections allows expressions to be treated by "name" rather than by "value".

a3

#Q “1+a+3
J2: 1

Hy ‘a
B

#H 4+a

J: ¢ {

HH 4

B tt

#HH “1+a+4
i | {]

e K
)]

#H “ff
B

. l1+a+4 J§
! )

Y Kt
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3.6 Pre-simplitcation

I expr
represents the simplified form efpr regardless of its environment.

Simplifications indicated by are performed during input.
I may be used to insert simplified forms as filters in projections for whicB tipproperty [4] has the valu@.

I denotes pre-simplification only if it is not the first character of an input line [1.6].

#1[1]::  _f[Smp]:0
#0O[1]: O
#1[2]: f[11+1,1+1]

#0[2]: f[2,1 + 1]
#1[3]:: a:b
#0O[3]: b
#1[4]:: a:c
#0[4]: ¢
#1[5]:: {a,b,c}
#0O[5]: {c,b,c}
#1[6]:: ('a):d
#0[6]: d
#1[7]:: {a,b,c}
#0O[7]:  {d,b,d}
2
Pr[1];!Pr[2]
1
#0O[8]: 2
#1[9]:: j:$x°2

2
#0O[9]: S$x

#1[10]::  Ar[4,j]

#0O[10]:  {$x,2,j[3].i[4]}
#[11]::  Ar[4,1]]

#0[11]:  {1,4,9,16}
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3.7 Rartial simplification

. exy_‘i)eﬂ}ds a held form obtained by simplifyirgpr but leaving unsimplified andelayed values which appear.
B pa lm
#«m “b
;]
#Q c
B
# {ch
]
Hy “a:b;;aa::b



4. Properties

_Symb orkg  symf)]
is a list giving properties of the symtsyinb used to specify treatment gfmb or its projections.

The operations of projection [2.3, 7.3], assignment [3.2] and deassignment [3.2] may be apsyatbtqust as
to symbols.

_symb: causes the properties of a system-defined sysynu to revert to their initial form [3.2].

“Ha

“Ha

1 Exillme
BH
Bia

# ExEh
Do

1 FRIRm
: )

#HH 1
B Do

#Y [ | B TE
B Do
‘B Do

N IR

A symbol is considered to "carry" a particular propgrif/the value of_symij[ ] is not "false" [5].

The propertiesGn , Ngn , Gam , Snp, & , B , R and Gmmm, which affect treatment of assign-
ments for projections, must be defined before the projections are assigned.

The following are system-defined properties for a symsbol

S Symbol with system-defined values for projections.
Qs Symbol for which some projections aresleated by binary code internally loaded &  or
lad [10.7].
i When a program iroking a projection fronms is constructed by  or By [10.7], the pro-

gram will use directly the value of the projection rather than call an intermediate language function
corresponding ts.
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Generic symbol [2.2], representing the class of expressions on which application of the template

_ 6% yields a non-zero number [2.6].
Multi-generic symbol [2.2].
Chameleonic symbol [2.2].

Any value assigned fihi$] is simplified, and then remved, whens next appears as a pro-
jector.

Theith filter in a projection frons is simplified until aiy projector not carrying the properige

has appeared recudly at most_ i i] times [3.1]. If the value of §ifj il isO0, the
filter is left unsimplifed. If no value is gien, it is taken by default #s , and the fiter is simpli-
fied until it no longer changes. If the value dnjj is a number or symbol, it is taken to apply
to all filters.

Filters in projections frons are simplified from left to rightveen when parallel processing is possi-
ble.

Arbitrary recursie gpearances afas a projector are permitted [3.1].

The value of & is used as the printing format feand its projections.

o Fmit , & [10.1]

If the value of_§i# is "true", then ay projections froms are printed beforeveluation.
Any other values are applied as templates to projectionssrom

+[10.10]

The projectioriif andiif are distinguished [2.3]jlfers separated by commas are

used together in thexeaction of parts specified by projectiongalues assigned to projections are
represented by list entries with null projection indices containing the complete sequerites of f
in the projections.

All projections froms are flattened [7.7], so thatis treated as an "associein-ary function".
Assignments for projections are made ascifirried the properts

Filters of projections frons are placed in canonical orddry reordering them using permutation
symmetries gien as he value of _§i# [7.7]. Assignmentdor projections are made assif
carried the propertgi

Equivaent to__ §fm [7.7]. Causedilters of projections frons to be placed in canoni-
cal orderso hatsrepresents a "commutedi function”.

| ] 0O0g1,(h1:01),(k1:f),(pspecitf ) OO definesf to be distrilutive ove projections
from gi appearing as itslfers in positions specified bgspeci, yielding projections ohi andki.
The definitions are used as defaultd&mn [7.8].

_ i 0O0gl,(h1:@ ) [O0Odefines projections of to be "paver expandable” ver
projections ohi appearing as theiirt filters, and yielding projections frogi. The definitions are
used as defaults & [7.8].

Projections frons are "distributed" wer the entries of lists appearing as filters in projections fsom
[7.7].

sis treated as a numerical constant for differentiation [9.4] and other purposes.

The projectoff of a projection containing (as an isolated symbol or as a projector) in its filters is

replaced by a templatevgn as he value of §i fl (see below).
The value of_§& is applied as a template toyaprojection whose filters wolve s (as an
isolated symbol or as a projector), and for whose projéatar entry__ §i fl exsts (see

below). B is also effectre for entries in lists.

s is treated as carrying the additional properties assigned to a symbol af he value of
] . These additional properties are considered only if properties directly for s are
inadequate. Apnumber ofje  indirection levels may be used.
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er The value of Bi is used as the dailt format [A.6] entry in ary filespec for the fle s
[10.3]. BB is reassigned automatically whiarmat is modified in afilespec or when the

graphics codgcode [A.6] is modified in anQmn  [10.3] projection.
All system-defined symbols carry the propedity
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| + gl
#[f +1+g N +1]]

symb :: por symb,
is equialent to__symij[ §] and assigns the propemyto the symbosymb.

ymb _storf  symb, ]
is equvalent to_ symifii@d st and assigns the symbsyimb to have the type of the symbat.

my

s Es2aE

#3 Higy
i

W

B i

# Mmiay

Entries_ i and_ & in the property list of a symbalallow for "type etension". Standargro-
jections may be replaced by special projections if some of their filters are of some sqeonidé¢e type.Hence,

for example, a product may be entered as a projectitiliof , but is replaced by a projection Béihi if one

or more of its filters is a power serid® ( projection [9.5]). Projections reached by type extension are usually not
described separately in this document.

Type extension is carried out beforeydh , G, or R properties of the original operator are used.
Thus such properties must be specificallyegito "relacement extensions" if here desired.
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5. Relationabnd logical operations

An expression is treated as "false" if it is zero, and "true" if it ysnam-zero number.

H expi]

yields1 if expr is "true”, andd otherwise.

The relational and logical projections described Wwef@eld O or 1 if their "truth" or “falsity" can be determined
(by syntactic comparison or linear elimination of symbolic parameters); otherwjsgidie simplified forms of
undetermined truthalue. Wheronly one filter is gren, the relational projections deéd belov yield as images
that flter. When more than te/filters are gien, they yield the conjunction of results for each sucoesgair of
filters; howser, U] is an exception, yielding the conjunction of results for all possible pairs of filters.

exprl=expr2orHf exprl, exprl]

< Gmm>
represents an equation asserting the equaligxmfl andexpr2. Equations represented ¥ projections
are used irf® [9.3].

Ny [3.4]

exprl= expr2orUn exprl, exprd]
<CGomm>
asserts the inequality ekprl andexpr2. Unff exprl, expr2, ..]] asserts inequality of all thexpri.

exprl>expr2or @ exprl, exprl]
asserts thaaxprl is numerically larger thaexpr?2.

exprl>= expr2or GB exprl, exprl]
asserts thaaxprl is numerically larger than or equalexpr2.

exprl < expr2
is equialent toexpr2 > exprl.

exprl < expr2
is equvalent toexpr2 >= exprl.

The assignment [3.83xprl > expr2 : 1 defines the gpressionexprl to be greater thaexpr2 .
The projectionG e tests for assignments of redat Gt projections.

If #and## represent special input forms for relational projections #xpnl # expr2 ## expr3 is corverted to
(expri#texpr2) & ( expr2##expr3d) [2.10]. Hovever, combinations of the formaxprl "= expr2 "= expr3 =

. ae coverted to(exprl "= expr2) & (expr2 "= expr3) & (exprl "= expr3) & ..., a&serting
inequality of all theexpri.

#1[1]:: {2+1=3,x=1,P[x=1],P[2+1=3]}

#0O[1]: {1.x = 1,0,1}

#1[2]:: {Eq[2],Uneq[2],27=2+1,Uneq[1,2,1],Uneq[1,2,3,4]}

#0[2]: {2,1,1,0,1}

#1[3]::  {x<y,x+3>x+2,x+a<x+b,2x+a>x-3a}

#0O[3]: {y > x,1,b>a,4a + x>0}

#1[4]:: {x>y>z,x>y>=z,x=y=z7}

#0[4]: {x >y &Yy >z,y>z&Xx>yx=y&y=z}
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#1[5]:: a>0:1

#0O[5]: 1

#1[6]:: {a>0,a<0,0<a,a>=0,a>1}

#0[6]: {1,0,1,1,a > 1}

#1[7]: f[Sx]>f[By]:$x>By

#0O[7]:  $x > $y

#1[8]::  {f[3]>f[2],f[x]>f[y].f[x+a]>f[x],f[x+b]>f[x]}

#0O[8]: {1.x > vy,1,b >0}

#1[9]:: 47°=d"=d+1"=e"=f"=57

#0O[9]: 46 =d&47"=d & 47"=e &47=f&d =56 &d" =57
& d "=e &d=f&e"=57&e " =f&fFf"=5
&1 +d™=e &l1l+d7=f

Texpr orE  expi]
yields "true" ifexpr is 0 andO if expr is "true".

exprl &expr2 &expr3... o Al exprl, expr2, expr3, ..]]
< Commi§ >
forms the conjunction of thexpri.

exprl]| expr?|| expr3...a @ exprl, expr?, expr3, ..]]
< Commi§ >
forms the inclusie dsjunction of thesxpri.

exprl]] epr| epr3...aX exprl, expr2, expr3, ..]]
< Commii >
forms the excluse dsjunction of theaxpri.

exprl= expr2
othij  exprl, exprd]

represents the logical implication &kprl thenexpr2 ".
| ] 1&0||4 3
# 1
-
TSR IR
: 4
# K
i
#A K
B
M
g )
# K
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B expi]
yields 1 if expr represents a logical tautology "true'gaedless of the "truth" or “falsity” of ansymbols

appearing in it, and yield® otherwise.

* Ng [3.4]
T 1T 811
#l N
Bk @
#H am
e )
A

fl [6.1]
f etc. [7.6]

@ exprl, exprd]
yields4 if exprlis lexically [10.5] ordered beforexpr2,2 if exprlis lexically ordered afteexpr2, and

0 if they are literally equvalent [2.6].
‘R . & [7.7]

&™) = (% =K

[lo d) =1 &mp
[lo dl =i & &

.
# W



6. Controlstructures

6.1 Conditionaktatements
6.2 Iteration
6.3 Procedureand flow control
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6.1 Conditionaktatements

[ffl  pred, (exprl: N0 ), (expr2: NI ), (expr3: NI ]]
yields exprl if the predicate xgressionpred is determined to be "true” [5&xpr2 if it is determined to be
"false", andexpr3 if its truth or falsity cannot be determined [5]. Only #xpri selected by eluation of

pred is simplified.

R
# o ; > 03
R
] N > 0B
R
#H o ; > Of
T
M 8
T
#3 K
hi: ]
#8 B{

B predl, exprl, pred2, expr2, ..]]
testspredl, pred2, ... in turn, selecting thexpri associated with the first one determined to be "true" [5]

(N if none are "true”). Only thpredi tested and thexpri selected are simplified.

¥ s

#M ”S fig > 53 >SS K

TRERE

HY
§: A

#B ”S fig > 53 > S Wi
o]

o @ @ 4

o @ & X

]

B
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6.2 Iteration
R e, (n:1]]
simplifiesexpr n times, yielding the last value found.
-
X
X
X
#J X
P
#Q X
(0
1
o
1
1+—
1
1+-—
1+x

laj) (precond: 1), expr, (postcond: 1]]
repeatedly simpliés precond, expr and postcond in turn, yielding the last value @&kpr found beforepre-
cond or postcond ceases to be "true" [5].

1116631

NONR R
a b

&
& vro i & ﬁ g swneo

111eE
BAL L]
0
#B 1

init, test, nex, eqi]

first simplifesinit, and then repeatedly simgkf expr andnext in turn untiltest fails to be "true" (according
to the sequendait - <test » expr — next>), yielding the last form odxpr found.
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i M
0 1
1 1
2 2
3 6
4 24
#l 2
i ii
#Q 5
Mg
()]
3B
9
# 9

g var, (start:1), end, (step:1), expi]
first setsvar to start and then repeatedlywauatesexpr, successiely incrementing the value ofar by step
until it reaches the valuand ; the image is the last form ekpr found.

111

1 1 1
HEH 2 +x[[ 1+x[[ 1%
2+x 1+x X

€ , De [3.2]
‘Rt , Jnp [6.3]
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6.3 Procedureand flow control

exprl; expr2; ...exprn or i exprl, expr2, ..,, expri]
represents a procedure in which theressionsxpri are simplifed in turn, yielding finally the value of

exprn.
In the formexprl; expr2; ..;; exprk; the last filter offe is taken to bl  [1.1].
The unsimplified form of eacxpri is maintained throughout theeeution of aR , so as to Bow resimplifi-

cation if required by a control transfer.

Unless specified otherwise iy  projections, all expressions may be accessed and affectegt praamedure.
Objects local to a procedure ack (1.3]):

%0 The last expression (other thai [2.2]) generated by simplification of a segment in the proce-
dure.
o 1] Theith (unsimplified) segment.
<&l >
O The value of théth segment.
<&l >
% 1] The approximate time (in seconds [A.8]) required to gen&HpH] .
<&l >
(131 initiates an interacte pocedure, terminated byinput termination character [1.5] or aR¢  projec-

tion. A prompt% ::i] is given for theith input segment.

|

#1 1 + E
P

Wl

1+E

1+E

g5 22} %

WY B
- 9 B0
WYy T

2
% - HESH L SR [ 1+E[ M
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% R tt+ 2[[ . ]

A )
- Je
R

# T

23
' I +E))

% 1 +y
| 9 A

2
%Yy 4 +(2 +y)

% R
Wy U
W o u

(& sl s2..]]
declares the symbolsl,s2, to be "local variables" in the curreit (and any nested within it); the
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original values and properties of tseare remwed, to be restored upon exit from tie
Local variables are cemntionally given names beginning with the charact§2.2].
It may be used in interacé procedures.

9. ;i
5
0 5
B a
#Q a
Bib
#y 1
R
e
o 2
1
Y B
- Sl
WG i
.
B
i
0] 5
-
H B
90 e
o 5
H 5
;]
o B
- P
7 3
3 3
3
B expi]
represents a "label" withinl& ; its "identifer" expr is resimplified when d@np might transfer control
to its position.
Inf)  expi]

causes "control" to be "transferred" to the nearest label which mflichesexpij] . The currenfi and
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then ay successie enclosing e are scanned to find a suitatie . Afterdnp has acted, the remain-
ing segments of thie containing thdb  are (re)simplied. For positve integem, dnfj 1] transfers
control to thenth sgment in the current procedudap may be used in interaeé procedures: if the speci-
fiedld is not present, input lines are read without simplification until it is encountered.

3
3
1
Y Infl
B 6]
0
1
2
i ]
a
z
w
#H w
N
X
# Ing +1]]
e expr, (n:1]]

exits at mosh nested control structures, yieldiagpr as the value of the outermost orf@ is effective in
R , R ,lap , B and Dpb. It may be used to exit interao# subsidiary procedures.

R e, returns from ay number of nested procedures to standard input mode.

Tk

H b
" ;i

#Y Hf

Ji: 4

HH c
T

HH X
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7. Structurabperations

7.1 Projectiorand list generation

7.2 Template application

7.3 Rart extraction and remel

7.4 Structureletermination

7.5 Contentetermination

7.6 Charactedetermination

7.7 Listand projection manipulation

7.8 Distrikution and expansion

7.9 Rationakxpression manipulation and simplification

7.10 Statisticaéxpression generation and analysis
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7.1 Projectiorand list generation

X. yorSH x Yl
yields if possible a null projection [2.3] consisting of a sequence of expressions whose integer parameters
form linear progressions between those endy. For two integersmandn (with n > m), m. nyields
(mmd m2 ..., 1.
Similarly, ff m1, m3]  f[ n1, n2] yields
([fl mi, md] f[ miil mdf] mlg m22,j] ... f[nl, @]
if i = (n2-m2)/(n1-m1) is an integer Only the values of integer parameters may differ betwesamdy, and
all such differences must be integer multiples of the smallest.

:JEBL
# J
i
VI
Kt
.
BAgES
Jliggiid: 2 gl
Bt
b 404220 gl
Bt
#g [gf

#H HxX 1l

Y + D +yil)
L +{ + vl
L +{ + Yyl
I spec, (temp: B ), (icrit: 1), (verit: 1]]

generates a list whose entriesvdaets of indices with ranges specified gyec, and whose values are

obtained by application of the templdemp to these indices. Sequences of indices at eaehitethe list
are defined by

n 2 com N

{s e (i1} s, s+ i, s+2i, .., s+ Riwherekisthe largestinteger such tisat+
k* i is not greater thae

f x1.x2 . B X1, %2, ...

and collected into a complete spamtion{{ specl, spec2, ..}} . For a contiguous [2.4] list with onevid,
spec may be gien asn. Entries with sets of indices on which application of the temptatewould yield 0
are omitted. Entries whose values would yi@ldn application of the templaterit are also omitted.

e [9.6]

«Bn [7.4]
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- e}

Y .

FRp

B %

expr, (n:1]]
yields a null projection [2.3] containirmgreplications oexpr.

- I
| KR T
- B

W0

R

[

QK

exprl, expr2, ..
yields the contiguous lifftexprl, expr2, ..}} .

- L

# X

- ik

7.1
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7.2 Template application

A temff, exprl, (expr2, ..If
applies the templatemp to theexpri [2.7].

L]
H
A

# a +b
]

#H3 b
-t

#A g
)

#y Hf

i 7

# B
)

#1 B

[ temp, expr, (partspec: [ expi] ]]
yields the expression obtained fraxpr by applying (if possible) the templatemp to parts specified by
partspec. partspec may consist of a list giving thdtérs necessary to select a particular paexpf, or of a
list of such lists, representing a sequence of pditte template is applied in turn to each specified part; for
overlapping part specifications it is applied first to the deepest ppadspec is obtained by default by
graphical part selection ixpr usingL [10.4].

]
2 3 2 2 2
Ml B +q.q]l+b y]l+ax
00
2 3 2 2 2
Hl W +q.q]+b y]+ aff ¥ 1
IR
2 3 2 2 2
W +ff fid] N+ H IF #0 +aff § 1]
::THE) %b @) xy & x» yili}
2
ax +bx
w4
d» +3ax+by+axy
— R —{>—

2
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- RO

wit-Hi
3+y
HY H>—

N temp, expr, (levspec:1), (domerit: 1), (Itemp: NI ), (maxft  ]]
yields the expression obtained by reoalyi applying the templatéemp at mostmax times to the parts of
expr in the domain sped#d bylevspec anddomerit [2.5]. Any non-Ni result obtained by applying the
templateltemp to the (positie a negdive) integer specifying the iesl in expr reached is used as a second
expression on which to apptemp. (With le@ M  is equialent toAp with a singleexpri.)

ot

# ¥ 3
- EHIng

K
]

THSH TR T
]

YIRCR TR

B B

THf

B Hf

W W
bR g

R
o %
]
L3257 0 faid
BE 3

2 2 b+a c
B A -b ¢ +d]]+a
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N

N

i

L iiilid [N

Hif

+a

Bf Bf bf
+Hf H 11+ff

2 2 bf
+ff § 1N+ff H
Bf Bf
11+ /i 11
&
Ef T
i il
Ef
+a it

Bf
+ffH K
2
+ff H Hff
Bf
+a Tt
+a
[0

7.2
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7.3 Rart extraction and remval

expf[ filtl, filt2, ..]] or[® expl|, filtl, filt2, . ]}
extracts the part ofxpr specified by succes& projections with the filteréiltl, filt2, ... [2.3].

R$ [Oforml(), expr, (temp i ), (levft ), (maxH ]
gives a lst of the results obtained by applying the templerap to sets of filters specifying the positions of
(at mostmax) occurrences of parts ixpr (at or belov levd lev [2.5]) matching ay of theformi.
H [7.5]

a+b 2
—iB +a]]

X

2 3
Pt +1 & +Xx]]+2z]]

R
K

:di
# K

3 &
RS

K
:

#3 R
B

M K
.

B3
N B

1B e
#P K

|
#B X
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B expf, nl, n2, .]}

extracts succesgtly the nith values in the liséxpr, irrespectie d their indices.

I
#0 HelhlE
25 ]
#Q a
it
#H c
& lid]
yields the value of the last entrylist.
Hie t
# -Holk
s
#Y b
: g S
0 B
[ IC A ]
yields the inde of thenth entry inlist.
TERPRT
#J X
P
#Y 2

B expr, (lev:1]]
yields a list in which all projections iexpr (belov levd lev) are "disassembled” into lists with the same

parts.
TR
2

#

R
2

# il gl cll[ :Bd
@

# il MK “gll :NaBh

T “P onlcEHY
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8 |
A H08
A epr, (lev:1]]

yields an expression in whichyagruitable lists (at or belw levd lev) in expr are "assembled" into projec-
tions with the same parts.

8|1
2
I il IxByB z}}
P A
2
#Y S 1]

e form, expr, (levff ), (nff ]]
yields an expression in which (at megtparts matchingorm (and appearing at or beldevd lev) in expr
have keen deleted.
& [3.2]

-
#l B
- [y

2a+bc

# d +ac+b))
: L

2bc
3« + b))

i 3
- B N
R
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7.4 Structureletermination

™ expr, (nlev:1]]
yields a list of success? replacements specifying the constructiomqdr from its level -nlev parts.

B [7.3]
L
b+c
#J d+a
B i
B
H o#@-> d+# 2 > a, 8> b+c}
i expi]
the number of filters or entries in a projection ordigir, and 0 for a symbolkxpr. (The "length" ofexpr).
:[ided
2 2
#J c+d+a +b
]
HY 4
! ]
#y 2
Df  expi]

the maximum number oflters necessary to specifyyapart of expr. (The "depth" ofexpr [2.5]). Yields
i for a "static recurse" expression [3.1].

I D

# 1
CHDH

#HY 2
‘B DR

#Hy 3
' DGR

Hy 3

| EFEHIDE
HH 5

oy list, (llevit ]
gives the ranges of contiguous indices at or tdlevd llevin list (in the form used by [7.1]).
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o ]
# B
- P IR
LN
ik
TR
]
B
i
O
HE  epr, (1D ]]

a positive integer less than which provides an almost unique "hash code'eipr. Two expressions with dif-
ferent hash codes cannot be identical.

- HE
# m
P HeE
# A
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7.5 Contentletermination

H Oform1 0, expr, (levit ]l
yields1 if a part matching anof theformi occurs inexpr at or belav levd lev, and 0 otherwise.

R
2 2
H X+axy +x
;]
#Q 1
;i
#H 1
i)
HHy 1
i ;]
HEY 0
;]
HH 0

(0471 (expr : (all symbols)) (crit:1]]
yields a held ordered list of the symbolseipr on which application of the templateit does not yield
(default is to omit symbols appearing as projectors).

TR

#J a+b

i 0

Hy K
- P depe

o=

Bia

Y §EY

.

e
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7.6 Charactedetermination

The following projections yield if expr is determined to be of the spéed characterand O otherwise. The

determination includes use ofyaassignments made for the testing projedfon; thus deihesx to be
an integer.
gnifj expi] Single symbol.
Nmify expi] Real or compbe number.
2 - expi] Real number.
hhaj) expi] Purely imaginary number.
1} expi] Integer.
INH expi] Natural number (posite integer).
Bej) expi] Even integer.
@iff expi] Odd integer.
R expr, (maxden: % ), (acc: I 1
Rational number (to within accuraagc) with denominator not greater thenaxden.
] expi] Projection.
. 1 expi] List.
G expr, (levft ]
List or list of lists contiguous [2.4] to at leastéklev.
[ expr, (levft ]
"Full" list whose indices (and those of its sublists at orved&vd lev) are "contiguous”
and hae ranges independent of the values of ather indices (so that the list is "rectan-
gular").
| expi] Value other thariNi
i expil] "Held" expression [3.5].
3 /) expr, (Oform1 )]
Polynomial in "bases" matchirfigrmi [9.1].
TR
#1 q
|
# 1
N |
N a
- P&
3 1
: 0
#H “1
i A
#H i
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b {0

# B

#O WK
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7.7 Listand projection manipulation

G listy, list2, ..]]

<t >
yields a contiguous list [2.4] obtained by concatenating the entriesliflist2, ... . @ list] renders the
indices of entries itist contiguous, without affecting their values.

o K
ikt
XK

o list, (card: Nl ), (ord: @ ]]
yields a list v obtained by sorting the topve entries in list so that either the xpressions
A carflifi # 1 are in canonical order (for increasing i), or
A orflii {, B # 1 is non-ngative fori < jand is non-posie fori > j.

#3 HLH2H3

G expr, (n:1]]
gives a ist or projection obtained by cycling entries or filtergipr to the left byn positions with respect to
their first index.

Ry expi]

yields a list or projection obtained froeqpr by reversing the order of entries or filters with respect to their
first index.
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iRt
#l W
-
W
-
K
Ry
W
W
HE e
- Gl
Y
- T ROCHED
HOT it +iigllf
- RN
# HRHR
R expr, (F:expr[0]), (reord: §m ]

places filters of projections froin expr in canonical order using the reordering (permutation) symmetries
specifed byreord. Symmetries are represented by the following codes (or lists of such codes applied in the

order gven):
Sm Completely symmetric under interchange of all filters.
Aym Completely antisymmetric.

» Sig [9.6]
Eig Completely cyclic.
S 1,12, ..]] Symmetric with respect to interchanges of filtdrs2, ... .
A 01,02, ..]] Antisymmetric with respect to interchanges of filters2, .. . .
it i1,i2, ..1 Symmetric under cyclic interchange of filtétsi2, ... .
@ perml, Wtl:¥}}  perm2, W2: 1} ..1]

Projections are multiplied by the weights obtained by applicatiantiadb them
when their filters are permuted so that jtitrebecomes thpermi| j] th.

Projections from a symbdlare automatically reordered according ty @ermutation symmetries \ggn
(using the abee mdes) as the value of the properfyReor] [4].

» Comnij4]

#1[1]:: _ts[Reor]:Sym

#0O[1]: Sym

#1[2]:: {ts[a,b,c],ts[b,a,c],ts[c,a,b],ts[c,a,a]}
#0[2]: {ts[a,b,c],ts[a,b,c],ts[a,b,c],ts[a,a,c]}
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#1[3]:: _ta[Reor]:Asym

#0O[3]: Asym

#1[4]:: {ta[a,b,c],ta[b,a,c],ta[c,a,b],ta[c,a,a]}

#0[4]: {ta[a,b,c],-ta[a,b,c],ta[a,b,c],0}

#1[5]:: _tc[Reor]:Cyclic

#0O[5]: Cyclic

#1[6]:: {tc[a,b,c],tc[b,a,c],tc[c,a,b],tc[c,a,a]}

#0[6]: {tc[a,b,c],tc[a,c,b],tc[a,b,c],tc[a,a,c]}

#1[7]:: _tg[Reor]:Greor[{{1,3,2},7},{{3,2,1},11},{2,1,3}]
#0O[7]:  Greor[{{1,3,2},7},{{3,2,1},11},{2,1,3}]

#1[8]:: {tg[a,b,c],tg[a,c,b],tg[b,c,a],tg[d,c,b,a]}

#0[8]:  {tg[a,b,c],7tg[a,b,c],77tg[a,b,c],11tg[b,c,d,a]}
#1[9]:: _t[Reor]:{Cyclic[1,3,4],Asym[2,5]}

#0[9]: {Cyclic[1,3,4],Asym[2,5]}

#1[10]:: {t[a,c,b,a,e],t[a,b,d,c,e],t[a,a,b,c,a], \
t[c,b,d,a,a],t[a,c,b,a,e,f,g]}

#0[10]: {t[a,c,a,b,e],t[a,b,d,c,e],0,-t[a,a,c,d,b],t[a,c,a,b,e,f,g]}
#1[11]:: Reor[f[a,c,b],,Greor[{{1,3,2},wt}]]
#0[11]: f[a,b,c] wt[f[a,b,c]]
#1[12]:: Reor[f[a,c,b],,Sym]
#0[12]: f[a,b,c]
[ expr, (f:expr[0]), (levspecH ), (domerit: 1), (max:1]]

"distributes" projections fronfiin the domain ofxpr specifed bylevspec anddomcrit over lists appearing
as their filters, making at mostax passes througexpr.

11 NPT f becomes
1 oo S wherea is not a list.
Projections from symbols carrying the propdity [4] are automatically distributedver lists appear

ing as their filters.

1t
HORE
8
AR
ITHEGH I
IHEGTE i
i
N [Tef AR TR
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TR
TG | ECE T KGR Tt
B
X ={ 3
AP
H X =1y =2z =3}
1 expr, (levspectt ), (f:expf] ortki ), (domerit:1]]
"flattens" nested projections frofror lists inexpr in the domain specified bigvspec anddomerit [2.5]. f

projections appearing as filters withiipprojections are replaced by null projections [2.3]. Sublists in lists
are "unraeled". Indicedn flattened lists are contiguous [2.4].

Projections from symbols carrying the propdity  [4] are automatically "flattened”.

HOHE et
HOTAWHTT
BEHE
HY Wit

82
#Y Wt
;0
HOREH
- HiR
W
TR
#3 -Hallhip
i
LU

(& lisf]

generates a singlevid list in which the complete sequence of indices specifying egufession inlist
appear in null projections.

Assignments for projections from symbols carrying the prog@rty automatically generate lists with a
single level in which the filters of the projections appear in indices as null projections [2.3].

# 1H

# 1H
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Tt
X
HOITI
y
T ff
X
HOATI
y

0] listd, list, ..]]
< Commi§ >
yields a sorted contiguous [2.4] list of all entries appearitigth list2, ... .

iRt
# W
3]
W
]
#Y Bl
i)
H

@ listd, list, ..]]
< Commi§ >
yields a sorted contiguous [2.4] list of the entries commaisth list2, ... .

it
# W

]
#Q 1

i
8

7.7
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7.8 Distritution and expansion

B expr, (dist), (ndlist¥{ ), (rptH ), (levspectf ), (domerit: 1]]
"expands'expr in the domain specdéd bylevcrit anddomerit [2.5] using distrilntive replacements for pro-
jections specified imlist but not in ndlist, performing replacements on a particulardeat mostrpt times.
The default replacements diist are standard mathematical results hdid , Do , Rw, Bp ,

lgg , Gand their extensions [4], together withyarplacements difed by or Rl properties
[4].
-1 e
2
#l A +x)) (( b+x@+x)+( +x))
PR
3 2 3 2 2 2 2 2 3 2 2
#i @ x + bx +2bx +a b+a b + 4a x +a x +b x
2 2 2 4
+2abx+4abx +2ab x+2a bx+2x
Biai
2 2 2 2
H a x+a +x)b+2bx+x@+R)+b +x)
- P
2 2 2 2 2 2
] b@+x ) +x (( a+x) + & +x)( b+x)) + ax@+x )
B
2 2 2 2 2 2
H b@+x ) +x (( a+x) + & +x)( b+x)) + ax(@+x )
K
2 3 2 2
L] b@+x ) + x@+x ) + & +x) ( b+x)
B
2 2 2 2 3 3
H#HJ b(( 2 x+a +x))+x(( A x + 3a x+a +Xx)
2 2 2 2
+( & x+a +x)( dD x+b +x))
T
2 3 2 2
Y b@+x ) + x@+x ) + & +x) ( b+x)
Y
3 2 3 2 2 2 2 2 3 2 2
] @ x + bx +2bx +a b+a b + 4a x +a x +b x
2 2 2 4

+2abx+4abx +2ab x+2a bx+2x
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2
+x)) (( b+x@+%)+(0 +3)

2 2 2
x+a +x)b+ax+2bx+b +2x)

2 2 2 2
x+a +x)b+ax+x +(b+3R))
3 2 3 2 2 2
x + bx +2bx +a b+a b + 4a

2 2
+2abx+4abx +2ab x+2a bx+2x

+2v

aut+av

v + 3u v+u +v

vL @

tb+c |]

“Pi
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B HNe

o +HE R
B i

- -

B! 4]

Y H +ba +ba +Db]

L) expr, {1, g1, ((h1:01), (k1:f1)), (pspeclft }} [,
(rptff ), (levspecft ), (domerit:1]]
distributes occurrences of the projectdirén expr (in the domain specified blevspec and domerit [2.5])
over projections fromgi appearing as theiilters, yielding projections dfi andki. Distributions on a par
ticular level are performed at mospt times. Adistribution specified b{{ f, g, h, k, psped} corresponds to
the replacement

m dl 1, x2, . >

H[ B X1 L e NI
The possible positions at which th@rojection may appear frare specified bpspec according to
i 1 throughi.
{1 i only.
gi, B i through.
{i, j, peri} i throughj and such that application of the templptet yields "true”.
g t
HAH f
130200
1 O N i A P
) it
|
I}
i ]
m
 B= c=x H= c=y H= c=z ]
. Hist®)
O a+bE+d )
o ]
#J a+bc+bd
Riftd expr, Of fpowl, fmultl, (fplusl: @&  } O), (rpt#t ), (levspectt ),
(domerit:1]]

performs a "power expansion" on projections fripowi appearing irexpr (in the domain specified hbigv-
spec anddomcrit) over projections fromfplus appearing as their first filters, and yielding projections from
fmult. Expansions on a particularvigd are performed at mospt times. Apower expansion specified by

{ fpow, fmult, fplug} corresponds to the replacemefpovi[ fplufi-NE >
frul i fplull followed by expansion of the result.
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#] a + ah + ah + ab + ba + bh

&l [4,7.7]
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7.9 Rationakxpression manipulation and simplification

NE  expil]
gives the overall numerical codicient ofexpr.
«[2.5]

- IR T
K

Qg term, expr, (temp: B ]]
yields the result of applyingmp to the set of coéitients oftermin expr.

N
2 3 2 2 3 3 3
#I @& x + d x + P a x +3b X +b x + Ia
2 3 3
+12a bx+8a +Xx
il
2
#Hi & +12 b+6ab
M
2
#H 6+1 D> +6b
i
#Hy 0
- TN
2 2
Ha a, 2 a bJ

B form, expr, (temp: N ]]
yields the result of applyinggmp to the set of exponents ffarmin expr.

K
b 2
2t z 3 b 6 Y]

H— +—+2xz+2Xx f +x +ff §f

x2 x4
- P
#HJ 6
g1
Y e
e i1 ]

b x

2

+6ab

2

7.9

2
X
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Nni] - expil]

numerator oexpr.

- HNEPNE
# @
- PHNNEE NI
88
D expi]

denominator o&xpr.

- THDIBDE
LUBRON
- DS CHER
o R
B expr, (crit:1), (levspecHt ), (rpt#t ), (domerit: 1]]
combines wer a dommon denominator terms in the domainexr specifed bylevspec anddomerit [2.5],

and on which application of the templatigt does not yieldd, repeating the process until the result no
longer changes, or at magt times.

g
1 1 1
#J -t -
a b a b
R
1+a+b
H—
ab

® e, (crit:1), (levspectt ), (domerit: 1]]
collects terms with the same denominator in the domaxmfspecifed by levspec and domcrit, but on
which application of the templateit does not yield.

-
@ +yb+y ) (€ a+xX)b +R)E +x )
—_———
b a b
K
2 2 2 3 2
ay cX cX cX X X X y
#Q at+tc+x+y+- — +-- — +-- — +--— +—+—+- — +-- -
b a b ab a b a b b
5 01]
2 2 3 2 2
CX+X cCX +X ay+cx+x +y
#HY atc+x+y+- —_— +— - S—
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@ epr, Oforml(], (levspecHf ), (domerit:1]]

combines codifcients of terms matchinfprmi, form2, ... in the domain ofxpr specifed by levspec and
domerit.
L
3 3 3 2 2 2 2 3 3
#l 4 b + 4 x + 4 x + 6a b + 6a x + 4a b+4a X
2 3 2 2 2

2
+6b X + 4b x+1 A bx +1 22 b x +12a bx
4

4
+a +b +x

4

R
3 3 3 2 2 3 3
#l 4 b + 4 x + b4 x + x( 1 b + 2 a b +4a +4Db)
2 2 2 2 3 2 2 2 4
+6a b + 6a x + 4a b+6Db x + T bx +a
4 4
+b +x
‘i
3 3 2 3 3 2 2
i A b + 4 x + b(I x + 4a +4x)+a @ X + 6 X))
3 2 2 2 3 4 4 4
+4a x+b @ x+6a +6x)+4b x+a +b +x
]
3 2 2 3 3 2 2 3
Hy 4 b + x(m b + 2 a b +4a +4b)+6a b + 4a b
2 2 2 3 4 4 4
+x (@& b+6a +6b)+x @ +4) +a +b +x

‘R , B [9.1]
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7.10 Statisticaéxpression generation and analysis

R (n:D), { Ounit], (uwt1:1)0, ..}}), { Otempl, (twtl:1), (n1:1)0, ..} 1]
generates a pseudorandom expression containingeoagan "units" selected from theniti with statistical
weightsuwti, and combined by application of templates selected fromtetmpi with weightstwti; each
tempi acts omi expressions (or arvarage of-ni expressions for rggtive ni ). Simpledefaults are praided
for theuniti andtempi.
*Rd [8.3]

- H K

y+y

2
#H x(@-%)+ x A R@a+2 X
#Hyy 3 =x( 2 -x(( ¥ +X+x( I +2)

1 +3x+@+2 »& +(2 +2)@ +2)y

A exprl, expr2, . ]]
performs a simple statistical analysis ondlari and yields a held [3.9®x projection necessary to gener
ate further expressions with the same "statistical properties".

. ]
# =
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K

2
#Hy 2 +1&@ +x+2x yz(( 1 +2)

]
#B FRIEK

i

7.10
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Introduction
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8.1 Introduction

Reductions of mathematical functions occur through simogtibn or numericalvaluation. Simplification yields
an exact transformation; numericabkiation is performed only in the absence of symbolic parameters, and may
be approximate.

Simplifications for arithmetic operations [8.2] and numerical functions [8.3] are automatically performed; elemen-
tary transcendental functions [8.5] are simplified only when the result is a rational number or multiple of a con-
stant [8.4].

The SMP Library provides mgradditional relations and transformations as replacements [3.3] defingteima
files and applied seleedy by S projections [3.3].

Real or compbe numerical values for anof the functions described b&omay be obtained by projections
[3.4]. Elementaryarithmetic, numerical and transcendental functions, and mathematical constants way-be e
ated to arbitrary numerical precision.

Wheneer a mathematical "function" is used to represent solutions of an equation, it neagriaveal values for
ary particular set of arguments, as vemtionally parametrized by Riemann shedtsr such multvaued "func-
tions", numerical values arevadys taken on a single "principal" Riemann sheet; at thgentional positions of
branch cuts, the limiting values in a counter-clockwise approach to the cware gi

Definitions of differentiation [9.4], integration [9.4], and power series expansion [9.5] for elementary arithmetic
and transcendental functions are included; definitions for other functionsremergexternal files.

All projections representing mathematical functions carry the profikrty  [4], as well as the propertie3g
anddi

Definitions of mathematical functions are based primarily on four references:

AS "Handbookof Mathematical Functions”, ed. M.Abramowitz and Idgbite, NBS AMS 55 (1964); Dier
(1965).
GR "Table of Integrals, Series and Products", I.Gradshteyn and I.Ryzhik, Academic Press (1965).

MOS "Formulas and Theorems for the Special Functions of MathematigaicBh W.Magnus, Bberhet-
tinger and R.P.Soni, 3rd ed, Springer-Verlag (1966).

BMP "Higher Transcendental Functions", Bateman Manuscript Project (A.Ereedyi) Vols 1-3, McGrav-
Hill (1953).

Citations in which notations or ceentions differ from those used here are indicated by ¥.
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8.2 Elementararithmetic functions

exprl+expr2+ ... aexprl- expr2+...a B exprl, expr2, ..

< Snform >
expri* expr2* ... a [ exprl, expr2, ..1
< Snform >

exprl/ expr2 or @  exprl, exprl]
exprI” expr2 or RMf exprl, exprl]

Br e
exprl. expr2. ...oPh exprl, expr2, ..
<t >
forms the inner product aprl, expr2, ... . For two listsx andy the inner product is a list obtained by
summing
.. Al il YA K ove al values of the indek
for which entries are present in battandy .
ofie [9.6]
e |
#J ax+by+cz
SO
L] nav+cw)+sov+dw )
Lo
# dd +bv a4 @ +bv 3
. ]
#A
expri®*  expr2* ... o Qi exprl, expr?, ..J
< Commi§ >
forms the outer product ekprl, expr2, ... .
O [9.6]
B
#l & sl B
.

#Y s @Huagin® D 3
RagsB
Haom
Multiplication of an expression by a numerical domént does not wolve an aplicit Ml projection. Such

products may nertheless be matched by a pattern in which a generic symbol representing filtveeco@fppears
inaNdl  projection [2.6].
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W “ Mtk

# W
TREE
A B

B exp] and [l expl] are taken asxpr; ||
ol , I , Gonb [8.6]

is 0 and

isl.
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8.3 Numericafunctions

L A
the greatest integer not larger than the real numféoor" of x).
LU
the least integer not smaller than the real numilf&reiling" of x).
- T
#J it
N n, nil
the real numben modulo the real numben.
- T
a3
L ] A
1 ort if xis a positve a negdive real numberandO if xis zero.
*P[3]
- A
#1 N
Thet A
Heavyside step functiof(x).
B A
Dirac’s celta functiond(x).
Integrals and derétives invdving T andBe are treated.
- I
the absolute value of a real or compieimberx.
- IHA AR
a 2 2 1
1 & 4 + b)) y;:
@  expi]
comple conjugate.
R expi]
real part.
i expi]

imaginary part.

8.3
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T
a(@ac + dfj-b(@ d—cff ) a @& d-cij+b(ac+ dff )
—m_ —_—
2 2 2 2
a + ff a +ff

- R
HY 1
B
8 -2 @ +- Gl +yll }
- .Y
#A g + R +x+y H
Mg x1, x2, ..]]

< Commid >
the numerically largest ofL, X2, ... if this can be determined.

M x1,x2, ..
< Commid >
the numerically smallest ofl, X2, ... if this can be determined.

- TH VK
) 5
B NGE
I ) +y2 +x]]

Raif  (x:1, seed)]]

pseudorandom number uniformly distributed betwBesndx. A numberseed may be used to determine
the sequence of numbers generated.

- TH Al
)
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8.4 Mathematicatonstants

RIgEMT

=

[2.2]

TH Gl

# 2
BT

# eon
i

) QIER))

m=3.14159...

e=271828...

Euler-Mascheroni constapt= 0.577216... [AS 6.1.3; GR 9.73; MOS 1.1]
71/180 = 0.0174533... (number of radians in one degree)

Golden ratiop= 1.61803...

Catalans mnstant 0.915966... [AS 23.2.23; GR 9.73]

+ Chh

8.4
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8.5 Elementaryranscendental functions

B 1
lgf z (base:E]]
Logarithm with branch cut along gaive real axis [AS 4.1.1].

B A 3 Swm I AN £l

B I Aé¢ Cd I A 1

W o Al X T ai 3 Ad rd

G I A€ HCH I Ad 1

S I A% I Sdé IAsS I

@ 3 AEe HCH I Ad Pl

Trigonometric and iwerse trigonometric functions with arguments in radians
[AS 4.4.1-4.4.6; AS 4.6.1-4.6.6].

Dy [8.4]

@ 1 A d 1
Gudermannian functions ggj( gd(2) [AS 4.3.117].

- T L IR G
#1 + 4
TR
#3 ooy + 31 + 0P
- AR AR
= +IH]
]
# AR -2 4
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8.6 Combinatoriafunctions

il of i Al
Factorial [AS 6.1.6]. B[2.1] projections are generated when necessary.)
» Ganma [8.7]

n offif )

Double factorial [AS 6.1.49 (footnote); GR p.xliii]B({2.1] projections are generated when necessary.)
Gnf) n, m1], (m2], ...mk- 1], ....(mMKk}:r- M1} m2}- .. mk- 1])]]
Multinomial coeficient f;m[1], m[2], ..., mk- 1], m[K]) [AS 24.1.2].

@nli 5, ri] gives inomial coefi cientECE[AS 6.1.21; MOS 1.1].

L34 n, nil

First kind Stirling number§(™ [AS 24.1.3].
34 n, nil

Second kind Stirling numbe&™ [AS 24.1.4].
B 1

Patition function [AS 24.2.1].
WL 2 @ 3 M

Ojl j2 j30

Wigner 3-j symbol (Clebsch-Gordan cibeient) [l m2 m30]

[AS 27.9.1].

RE 1.2, j3,]4. 15 /4]

1j2j30
Racah 6-j symbqhJ J JD
4 i5 jGD

- Bifoni Gonl Gonly
.

Y S

R
#§ DEB

MBS
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8.7 GammaZeta and related functions

B n (x:0]]
Bernoulli number®,, [AS 23.1.2; GR 9.61; MOS 1.5.1; BMP 1.13.(1)] and polynomiBl&x) [AS 23.1.1;

GR 9.62; MOS 1.5.1; BMP 1.13.(2)].

B xy (a:1]]
Euler B function B(x, y) [AS 6.2.1; GR 8.380; MOS 1.1; BMP 1.5] and incompBt&nction B(x, y, a)
[AS 6.6.1; GR 8.391; MOS 9.2.5; BMP 2.5.3].

@& 1
Catalan’sg function g(n) [AS 23.2.21].
G 7
Cosine integral function Cif [AS 5.2.2; GR 8.230.2; MOS 9.2.2].
Gk 7]
Hyperbolic cosine integral function CR)(JAS 5.2.4; MOS 9.2.2].
E 4
Exponential integral Ei(z) [AS 5.1.2; GR 8.2; MOS 9.2.1; BMP 6.9.2.(25)].
«ff [8.8]
H 0, (x]

Euler numbersE,, [AS 23.1.2; GR 9.63; MOS 1.5.2; BMP 1.14.(1)] and Euler polynontigx) [AS
23.1.1; MOS 1.5.2; BMP 1.14.(2)] (note relatimormalization between numbers and polynomials).

B (n:1)7
Exponential integral&, (z) [AS 5.1.4; MOS 9.2.1].
Gamf 7 (a:0]]

EulerT function'(2) [AS 6.1.4; GR 8.310; MOS 1.1; BMP 1.1] and incomplet&unction I'(z, a) [AS
6.5.3; GR 8.350.2; MOS 9.1.1; BMP 6.9.2.21].
o |ft [8.6]

& 2z (s:2), (a:0]]
Lerch’s ranscenden®(z, s, a) [GR 9.55; MOS 1.6; BMP 1.11].

(L (n:2), 3
Dilogarithm (Spence’ function) Li(z) [T AS 27.7; MOS 1.6; BMP 1.11.1] and polylogarithm function

Li(2) [BMP 1.11.(14)].

iy 7

Logarithm integral function li(z) [AS 5.1.3; GR 8.24; MOS 9.2.1].
R x 1]

Pochhammer symbokj, [AS 6.1.22; MOS 1.1].
Bz (n:1]]

Digamma functiony(z) [AS 6.3.1; GR 8.360; MOS 1.2; BMP 1.7.1] and polygamma functjdhd(z)
[AS 6.4.1; MOS 1.2; BMP 1.16.1].

(B b
Sine integral function Si(z) [AS 5.2.1; GR 8.230.1; MOS 9.2.2].
L] 7]
Hyperbolic sine integral function Shi(z) [AS 5.2.3; MOS 9.2.2].
3 z (a:1]]

Riemann¢ function {(z) [AS 23.2; GR 9.513,9.522; MOS 1.3; BMP 1.12] and generalizédnction
J(z,a) [GR 9.511,9.521; MOS 1.4; BMP 1.10].



8.7 SMPREFERENCE MANUAL / Mathematical functions

- Gl Gamy i Gann R
# {Gam@ @i
TR
#Y ARG
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Confluenhypergeometric and related functions

7]
Airy’ s function Ai(z) [AS 10.4.2].

7]
Airy’ s function Bi(@z) [AS 10.4.3].

n,
Anger functionJd ,(2) [AS 12.3.1; GR 8.580.(1)].

n,
Batemars functionk,(z) [AS 13.6.33; MOS 6.7.2].

n, 4]
Regular Bessel functiod,(2) [AS 9.1.10; GR 8.402; MOS 3.1].

n, 4
Irregular Bessel function (Websifunction)Y,,(z) [AS 9.1.11; GR 8.403.(1); MOS 3.1].

n, 4]
Regular spherical Bessel functigg(z) [AS 10.1.1; MOS 3.3].

n, 4
Irregular spherical Bessel functign(z) [AS 10.1.1; MOS 3.3].

n, 4]
Modified Bessel functiofK,,(2) [AS 9.6.2; GR 8.407.(1); MOS 3.1].

n,
Modified Bessel function,(2) [AS 9.6.3; GR 8.406; MOS 3.1].

n, 3
Hankel functionH(M(2) [AS 9.1.3; GR 8.405.(1)].

n, 3
Hankel functionH?(z) [AS 9.1.4; GR 8.405.(1)].

a ¢ 1
Confluent hypergeometric (Kummer) functigf,(a;c;z) [AS 13.1.2; GR 9.210; MOS 6.1.1].

[, el
Regular Coulomb awvefunctionF (r7,r) [AS 14.1.3].

[, el
Irregular Coulomb wvefunctionG, (r,r) [AS 14.1.14].

1]
Error function erfg) [AS 7.1.1; GR 8.250.(1)].

1
Complementary error function erfy[AS 7.1.2].

«Gamma, H [8.7]

® ® = B B

1
Fresnels functionC(z) [AS 7.3.1; GR 8.250.(1)].
1
Fresnels functionS(z) [AS 7.3.2; GR 8.250.(2)].
n, 4]
Hermites functionH,(2) [AS 22.2.14; GR 8.950].
n, 4
Complex Kelvin functions bgj(z) + i beiy(2) [AS 9.9.1; GR 8.561].
n, 4

Complex Kelvin functions key(z) + i keiy(2) [AS 9.9.2; GR 8.563.(2)].

8.8
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Kmi] a, b, 7]
Kummers U functionU(a, b, z) [AS 13.1.3; GR 9.210.(2); MOS 6.1.1].
| 0, (a:1), %
(Generalized) Laguerre functiad®(z) [AS 22.2.12; GR 8.970).
lodfi m, n 3
Lommel’s functionsy, ,(2) [GR 8.570.(1); MOS 3.10.1].
e p i
Paabolic cylinder function® ,(2) [t AS 19.3.7; GR 9.240; MOS 8.1.1].
m n! v 1 ?]
Poisson-Charlier polynomiajs,(v, z) [AS 13.6.11; MOS 6.7.2].
| n, 7]
Struwe functionH ,(2) [AS 12.1; GR 8.550.(1)].
B n, 7]
Modified Struwe functionL ,(2) [AS 12.2.1; GR 8.550.(2)].
w mn i
Toronto functionT (m, n, ) [AS 13.6.20; MOS 6.7.2].
W n, 1]
Weber's functionE,(2) [AS 12.3.3; GR 8.580.(2)].
Wil |, m, 3]
Whittaker’s M functionM; ,(2) [AS 13.1.32; GR 9.220.(2); MOS 7.1.1].
W[ |, m, ]

Whittaker’s W functionW, n(2) [AS 13.1.33; GR 9.220.(4); MOS 7.1.1].

8.8
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8.9 Hypegeometric and related functions

adl n A
Chebyshef function of first kind,,(x) [AS 22.2.4; MOS 5.3.1].

adll n A
Chebyshef function of second kilg,(x) [AS 22.2.5; MOS 5.3.1].

GH nl A
Gegenbauer (ultraspherical) functicm@(x) [AS 22.2.3; GR 8.930; MOS 5.3.1].

Gif pf§ al, a2 . bl b2 ..} 3
Generalized hypergeometric function [MOS 2.9].

Hi a b ¢ 1
Gauss hypergeometric functigi,(a, b;c;z) [AS 15.1.1; GR 9.10; MOS 2.1].

MM nahbi
Jacobi function®@(z) [AS 22.2.1; GR 8.960; MOS 5.2.1].

gl |, (m:0), 3]
(Associated) Legendre functiofs'(z) [AS 8.1.2; GR 8.702; MOS 4.1.2, 5.4.1].

g |, (m:0), 3]
(Associated) Legendre functions of second Kgfit{z) [AS 8.1.3; GR 8.703; MOS 4.1.2, 5.4.2].
B [8.7]

Wal a b, 3
MacRobert E function [GR 9.4; MOS 6.7.2].

& monpf al..df bl .. bd I
Meijer G function [GR 9.30].

- HeRIcH N
# {4
BT
Y W
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8.10 Ellipticfunctions

e k, (t:

)

First kind elliptic integraK (k|t) [t AS 17.2.6; T GR 8.111.(2); MOS 10.1].

H k, (t:

1l

Second kind elliptic integrdt(k|t) [t AS 17.2.8; T GR 8.111.(3); MOS 10.1].
1l

1! n, k (R
Third kind elliptic integrall(n, k|t) [T AS 17.2.14; t GR 8.111.(4); MOS 10.1].

% n] J
% nj] J
% n] J
% n] J
X, nil

i,z ni
U, g Al

U, g Al

£ & 5 * BEEKE

U g Al

a
a
a
ail

X, ni
X, ni
X, ni
X, ni

J

J
J
J

afi
aNi
ag
a

X, nil
X, nil
X, nil
X%, nil

Jacobian elliptic functions Sxjfn) etc. [AS 16.1; GR 8.144; MOS 10.3].
Jacobi@ functionség, (zjm) [AS 16.27; GR 8.18; MOS 10.2].
Weierstrass functiof®(u; g, h) [AS 18; GR 8.160; MOS 10.5].

Weierstrasg function{(u; g, h) [GR 8.171.(1); MOS 10.5].

Weierstrassr functiono(u; g, h) [GR 8.171.(2); MOS 10.5].

N il
#
TR
LU
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8.11 Numbetheoretical functions

Gd ni,n2 .1J

the greatest common divisor of the integeksn2, ... .
) 1l

a list of the integer divisors of an integer
o M [8.3]
L]

a list of the prime factors of an integer or rational numbéogether with their exponents.
L] 1l

thenth prime number.
» (k:1), d]

Divisor functiongy(n) (go(n) = d(n)) [AS 24.3.3].
e P, d]

Jacobi symboEg E[BMP 17.5].
B kil

Jordans function J,(n) (kth totient ofn) [BMP 17.1.1].
]

Liouville’s functionv(n) [BMP 17.1.1].
Nall A

MangoldtA function [BMP 17.1.1].
N (k:1), n]

Mobius p function (n) of orderk [AS 24.3.1].
®

List containing reduced residue system modulo
] Al

Euler’s totient functiong(n) [AS 24.3.2].

- HERE
B

R
R
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3
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9. Mathematicabperations

Polynomiamanipulation

E\aluation of sums and products
Solutionof equations

Differentiation and integration
Seriespproximations and limits
Matrixand explicit tensor manipulation
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9.1 Polynomiamanipulation

Polynomials consist of sums of powers of "basgressions. Th&ases in anxpression are by default taken as
the literal first filters ofRwv projections.

S ) [7.6]

] exprl, (expr2:1), (form]]
the polynomial quotient a#xprl andexpr2 with respect to the "baséirm.

T .
# 1
N
a b ¢
o — +—
b + x b +x
i
2
#HY 1+x+x
i, |
a 3 2 52 3
Hy 6-6 x + 3 x -X -X + X
B
b 2b
HH l1+a +a

Pmdl  exprd, expr2, (form]]
the remainder from division @akpr1 by expr2 with respect tdorm (polynomial modulus).
o W [8.3]

T Pl

#J a-b
- Py

HY 0
B P

#HY b + x
PR

3
H -X

RH  exprl, expr2, (form]]
greatest common divisor of the polynomietprl andexpr2 with respect tdorm.
*@d [8.11]
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2 3
H 6+1 kX +6x +Xx

#g 8 -1 & -x +Xx
H

#HY X +2k +7x
-1 g

' B +R)@ +x )
- B Rl

#B a-b
B R

#B b +x

[ exprl, exprd]
polynomial resultant ofxprl andexpr2 with respect to the "basédrm.

E expr, (lev:1), (Oforml0), (crit:1), (Orepl )]
factors polynomials appearing at or beltevd lev in expr (and not yielding "dlse" on application of the
templatecrit) with respect to "bases" matchifaymd, form2, ... . The smallest\ailable bases are tak as
default. (Thereplacementsepl, rep2, ... will specify polynomial equations dafng algebraic etensions
to the default real integer factorization field.)

o M [8.11]
AR
2

# + )@ + R + x))
B

2
A +x)) ( 1+3)@ +x))
K

2 3 4 5

#Hy B +7& +23x +37x -13x +Xx
o

2
# A +x)) ( 1+3)@ +x))
i

2 2
# + X)X + x))
.

a a 2 2
M +x (@ +x )@-x +x (@ +x +X )



9.1 SMPREFERENCE MANUAL / Mathematical operations

i
2
K +te) (( 1+a)e+b )
2
2
Hy B +9& +49 -2 & +4% b-2 & c+2ac -1
2 2
-1 4 bc+abc +2c
B R
2
K +c) (( 1+3)e+b )
* & [7.8]

M, @ [7.9]
B expr, (form]]

yields a partial fraction form adxpr with respect to the "basé&irm.

Rt
1
g
4 +R( b +Xx))
IR
3 1
H— ——
@& -bXe-x ) ( a-byb-x )
T
1 2
#y 1 -X— — -X
31 + X
i |
2
1+x
—
a
1+x+x
:: i
a
1+x a
] X +—- 2 -X
1+x+x
i |
2
1+x
H—
a

H c+bc

2

9.1
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9.2 E\aluation of sums and products

nji expr, O0Ovarl, (lowerl:0), (upperl:varl), (stepl:1), (testl:1), (endtest1:0) 0, ...0]
forms the sum of the values ®fr when the symbolsari successiely take an values frormoweri to upperi
with incrementsstepi. If the value ottesti is 0, the current value ofxpr is not included in the sumThe
summation terminates if projection efdtesti onto the list {ari,curexpr,cursum}, where curexpr is the cur
rent value oexpr andcursumis the current partial sum, yields true.

TR
#J TS +ff B +ff 8 +if B +ff §
MRt
#PY W +fQg R+ B +x]]
- R
#y Tf +ff § +f [ +ff [l +ff [B +ff [} +ff B
 THERR
#y BB
;]
HO W {1

ey Kf +THI i Ll L il

ay
%
(<159

a b

7 expr, O0Ovarl, (lowerl:0), (upperl:varl), (stepl:1), (testl:1), (endtest1:0) 0, ...0]
forms the product of the values @fpr when the symbolsari successigly take on \alues fromloweri to
upperi with incrementsstepi. If the value otesti is 0, the current value ofxpr is not included in the prod-
uct. Theproduct terminates if projection efdtesti onto the list {ari,curexpr,curprod}, where curexpr is
the current value adxpr andcurprod is the current partial product, yields true.

mom
& +A( 6 +3( 4 +3( 2 +x))

In multiple sums or productsarl is taken as the innermost summation or product variable.

The dehultupperi yield indefinite sums or products; if howeri is specified, it is tadn as an internally-generated
symbol [2.2].

After each ner term is added in a sum or producty andtesti is applied as a template to a list consisting of the

current value ofzari, the last term added, and the current partial sum or product. If the result is determined to be
true, no further terms are added, and the current partial sum or product is taken as the complete sum or product.
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Sums and products with infinite limits may baleated numerically with aMprojection [3.4].

Indefinite sums or products which cannot be performed explicitly areeded into a canonical form with inter
nally-generated symbols for thari.
* Db [6.2]
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9.3 Solutionof equations

31 Oegnl (), Oforml0), (OelimlO]]
takes the equationsnl, ... (represented af] projections [6]) and yields a list of simplified equations or
if possible, replacementsuijig solutions for forms matchinfprml, ... &ter eliminating forms matching
eliml, ... where possible. Undetermined parameters in solutions appear as indices in the resulting list.

Solutions for classes of equations may be defined by assignments for tatr&e projections [3.2]. The
assignm§iip thus defines an "irerse" for the "function”
ff .

N [9.6]
T D e
KR

2 3 4
Hl @ ~-7x-46x +19x -2x

:o )
H £>%>8>%> 8§
R

K> 3 E 1+ 3 E 81+ 3 3

i

#H K > -1 299> @5 +129p
x->1 42

e i

#a B =y}

T

#y ”'S o =fi g

o
b +ffi +yll

H HE—

2005

& +3y=5 ¥ =9%a+x }

B i1

D RHE>—

R RN
M K>9>8> 90> %> 3
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2 2
- 2 o+ 3 -y )+ 4(2 +x)) =

6+3x+3

¥

9.3



9.4 SMPREFERENCE MANUAL / Mathematical operations 9.4

9.4 Differentiation and integration

A "variable" is an expression containing a single symbol (either omvitsoo in a projection; in the latter case the
necessary Jacobian factors are extracted).

I expr, Ovarl, (n1:1), (pt1:varl)[, Ovar2, (n2:1), (pt2:var2) O..]]
forms the partial devative o expr successiely ni times with respect to the &viables"vari, evauating the
final result at the poinari — pti.
i expr, Ovarl, (n1:1), (ptl:varl) ), Ovar2, (n2:1), (pt2:var2) . .]]
forms the total devetive o expr with respect to theariablesvari. [t expi] forms the total differential of
expr.
Derivatives which cannot be performed explicitly are werted into a canonical form with internally-generated
symbols [2.2] for thevari, and explicit values foni andpti.

Derivatives may be defined by assignments for the vade D or [ projections.
] defines the deviative d the "function'ff with respect to its
first "argument”.

In Dprojections, distinct symbols are assumed independent, wHike projections, thg are assumed to be inter
dependent, unless the correspondingvdiyie has explicitly been assigned thalwe0. Symbols or projections
carrying the propertys [4] are assumed independent of all variables.

N projections [3.4] yield when possible numerical values foveivies with definitepti.

Rt R

b
H ax
W

2 +b
#Q abx
e ]

2 +b
] abx ¥ +b))
;i

3 +b
HH abx A +bY( ¥ +Db)
]

b
HE ax
o U]

b
B AR
M

b
H abx
.: 0]

2 +b 2 +b
HH ax +abx L
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S: U]

aby

ay

abx =1 + b))

abx L +b))

5 85 85 ¥y a2
-~

x}}

2.y ]

A O

B DR

#m aEH R =2bx

B 1

Y
‘B W

#0 1 1

0]
#8 [

9.4
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R

#8 1

#08 |1

.3 |
W

8] ]
B R

g1, ]

W XH
- D

) N
gt ]

1

R W

B R

- FY

R W

B W

B A
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[
-+
-+
1
q ¥
2
1l
2 2
1+ 2x a;
Hi g
2
+jM + X H§
2
+j KR H +jM

@+ A

2
+2q] AR

+x]]
+A]+] H

+x))]
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8. |

O
CHtR

R
1 +b b b

R
1 +b b
#B a(bx +X ]
TR
1 +b b b
HO a(b x .1 +x +x

[ft expr, O0Ovarl, (lowerl), (upperl:varl)O...0, (CitermlO]]
forms the integral oéxpr successiely with respect to theariablesvarl, ... between the limitdowerd, ...
andupperl, ... . The de&ultupperi yield indefinite integrals; if nboweri is specified, it is taken as an inter
nally-generated symbol [2.2].

Any integral whose indefinite form iolves only elementary arithmetic [8.2] and transcendental [8.5] functions is
performed explicitly Any itermi are taken as candidate additional terms in the integral.

Integrals which cannot be performed explicitly arevamted into a canonical form with internally-generated sym-
bols for thevari.

Integrals may be defined by assignments for the/aieid projections.
All distinct symbols are assumed independent.
N projections [3.4] yield when possible numerical values for integrals with definite lowniési andupperi.

Rt R
b
H ax
g, 4
1+b
X
#y a(( % +)—
1+b
i
1+b 1+b
-p 1 X
0y at— +
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1+b 1+b
-p 1 p2
+Ph—
1+b 1+b
4
X
+x# B +- -
r
3
X
+ - -
3
2
1 1
1+al+b
4
4 +x
2 3

+ X +—-—

& +x) 48

4+Xx

2 3
b +2X +9x +Xx

i S8 o9
+— E—
8 4

+x]] 8 34
8
2
85 63
—
+x) 8 & +Xx))
a4 _
4 8

4

+x]]
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2
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9.5 Seriempproximations and limits

B (expr:1), Ovarl(, Optll), O0O(sordl:0), ord1 0,

(serf{{ sordd] (NNLHL, I, ordl 1l
Power (Taylor-Laurent) series imarl, ... sbout the pointgtl, ... to at nost orderordl, ... . Terms propor
tional tovarT" j1 var2"j2 ... ae gwven whenjl, j2, ... lie within a simpl& with vertices (ji:sordi),

(jLl:ordd, ji:sordi), (j2:ord2, ji:sordi), ... . sef[ ]] gives the coeficient ofvarI™ i in the power seriesCom-
position of a functiori with a power series will be carried out only darries the propertig

Rd expr, var, pt, (degn, (degd:degn) L), (crit: $= degn&2=  degd),
(serrigK ([, degn]:0}), (serdf¥ -{[, degd]:0})]
Rational (Pade) approximants var about the poinpt, to at nost orderdegn in numerator andiegd in
denominator series. All ordem(n) approximants withm+n<degn+degd such that application of the tem-
plate crit to m,n yields "true" are gien (in a list if necessary)serti[ 1] is the codfcient ofvar” i in the
numerator series, arsdrd[ ]] of var” j in the denominator.

[ expr, (var:1), (pt:0), O(sord:0), (ord:0) 0, (<EHEK | ord]:0})]
Continued fraction approximation war about the poinpt. sef[ ]] gives the coeficient ofvar in theith
partial quotient of the continued fraction.

expr gives an overall factor for the series. Inpus , Ra and @ projections are simplified so that all possible
terms are transferred froespr to coeficients in the serieserk.
Arithmetic and mathematical operations and substitutions (compositions) may be performed on series approxima-
tions: the results are taken to the highest permissible order.
A expi]

yields an ordinary expression obtained by truncating all higher order terms in the series approsiration

If the expressiorexpr in B5 , Ra and@ is a series approximation, it is a@ned to the specified form, maintain-
ing the highest permissible order.

Series approximations may be defined by assignments fos projections.

i defines the pwer series for thexpo-

nential function around the origirfRa and@ use assignments made & projections.
Numerical values for series approximations are obtained Msing

T AR
2 3 4 5 6
X X X X X
# X—+ —+ —— -
2 3 4 5 6
10 1]
i ]
§i
B ER
2 3 4 5 6
2x 6 x A x 39 x 1% x
#3 1+x 8 — — +-— —_— +— —_
5 »n (¢ 5 a5
Y%
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1-nx+nx ¢ +nj -nXx ' ¢ + nJA
B
K - @& )
B a
[ T—
a a
rE-a o — i
a
1
2 3 4
1 X X X
+ X +- — +-— +-)
2 6 2
1
2
N
4 5 6 7
n 3 3 x 2 x 5 x X
X & - — == —— —)
4 9 » @
1
2
N
2 3 4 5
X X X X
X+—+—+- -
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B .
2 3 2 3
y y y 2 X
5 ( ty+—t= ) +x@+y+- ) xRty 4
2 6 2 6
1B e
2 3
3 x X
1+3 X +—-— +-- -
D ®
2
X
1-2 X +- -
D
B A
2 3 4 5
X X X X
| 1+X+—+—+—+- -
2 6 2 4 1D
B .
2 2 3
X 3 x X
1+2 X +-1+3 &K +-— +- -
1+x 6 20 60
A
1 1 -x 8 2
X
1-2 X +- -
D
B R
3 2
2x X
= 1 — o)
3 6
3
X
1— -
3
B
1 -1x12 x- 8 X
#H—

1+ 1+ 1+ 1+

Wi expr, var, pi]
forms the limit ofexpr asvar tends tapt. A sequence o projections of increasing order is formed until a

definite limit is found.
- T

#m_
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9.6 Matrixand explicit tensor manipulation

;] temp, listd, list2, ..1]
forms the generalized outer "product” of the s, list2, ... with respect to the templatemp. If entries

in the liststt and u are specififid. 2Rt |} ale 1] then
13 1€PE is a list whose entries are vgn by
1K.- UK . A
¥
TR SRR
TERRHERE R
#
U
¢ U
i

- B R
B

- B
HENK

i (templ: Ndi ), listl, list2, (temp2: B ]]
forms the generalized inner "product"li#1 andlist2 with respect to the templatesnpl, temp2.
b [8.2]

i L
HIH L
o4 i i
YR A
bdtedi s cic]
L8
#H WK i | Y[

i3 list, (levs:2), (temp: K ]]
yields a list obtained frorist by transposing entries betweerotlevds specifed bylevs (theni are positie
integers):
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n 1 andn
{n1,n2} nlandn2
and applying the templatemp to each entry of the resulting list.

- THE0
# B
)
# B
lij:
SR ORI
SRR
TR OB
8]
SRR (O A
3 4t 1) i
TRB
Bt
34
B! 1j.1). {1
TR AR
. i
S ORI
SR REE R
TR OB

[ lis, (temp:B ]
the generalized trace obtained by applytiergp to the set of entries st whose indices are all equal.
{0
#J a+d
i (i
#y Hf

TR

- PH{E
B N +qH
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B list, (base & B
the signature of the permutation betwdsase andlist (0 if no permutation stifces). (Ifbase is omitted,
entries oflist may appear directly as filters f@ ).

s Aym [7.7]

- H.
I
e lis]
the determinant of a "fulllist.
- e
# ad-bc

N lid]
the inverse of a non-singular matrix representediby
® )
HORRRR(
)]
.
CEEm
HOATK
o
)
7] listd, list2]
yields a matrixmat such thatist2. mat is equal tdist1.
)
HORRRR
i Y
L
il
W
P
HOTR(
| lisf]

gives the triangularized form of a matrix representedisty
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- IR0
HORRRR
- e}
#O .
B lid]
yields a list of eigevalues and normalized eigesttors for the matriXist.
] lisf]
yields the similarity transformation matrix necessary to pliestén diagonal or Jordan canonical form.
RO
IR
. )
1 1 1 1 1 1
a2 2 2 2 2 2
3 3 3 3 3 3
1 1 1
s 2 . .
525 525 >
: 20 )
1 -1 1 1 1 1
n ) 22 a 22
525 3 3 525 3 3
1 1 1
H
2 2 2



10. Non-computationalperations

10.1 Inputand output operations
10.2 Graphicabutput

10.3 Fileinput and output

10.4 Displayoperations

10.5 Textual operations

10.6 Externabperations

10.7 Coddile input and generation

10.8 Resourcenanagement and analysis
10.9 Asynchronouand parallel operations

10.10 Deelopment aids
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10.1 Inputand output operations

P expr, (filespec: Taid )]
prints expr to the file specified byilespec [10.3] in a direct linear format suitable for use as input and in
which labelling of parts is manifest [2.10The de&ultfilespec is the standard input/output medium (usually

the terminal).lp  yieldsNi  as an image.

1+x
1+x 1+x+x
1+x+x + X
X

#Q X

& tx+x €  +¥)+x € +x+x € +3))

a 4+5 |

gl i)
Ji i
The fil e then contains:

L3 tx+x € +H)+x O +x+x € +3))
L3 tx+x € +H)+x O +x+x € +Xx)  +x@  +x+x @ +xY)

+x@  tx+x @ ¥

B oexprl, (expr2, .. ]]

printsexprl, expr2, ... in turn (separated by tabs) with standard two-dimensional format [2.12], and yields
the lastexpri as an image.
R [4]
o Fmit [10.1]
e
a b
a b
c d e
1 2 3 4
#J 4

B eprd (expr2, .. ]]
prints the unsimplified forms of thexpri.
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T
1
1+1 a-—
b
1
#l a—
b
M
2
)] 2
RI (prompt: NU ), (filespec: Taik ), (eofval : Nl ]]

prints the gpressiorprompt, then reads and simplifies one line of input (terminatedigvined) from the
file specified byfilespec [10.3]. Thedefault is input from the standard input/output medium (usually the ter
minal). Rl yields the valueofval if it encounters the end of the file.

- THR T
be
' 5
2
#l @ +q), B
RH (prompt: N0 ), (filespec: Tail ), (eofval : NI ]]

prints the gpressionprompt, then reads one line of input from thike ffilespec [10.3] and yields its "held"
[3.5] form. The dedult is input from the standard input/output medium (usually the termifRh). yields
the valueeofval if it encounters the end of the file.

M
1B

# 1+13%

Fift  (prspec: NI ), exprd, expr2, ..1]
when output prints thexpri in a format specified bprspec:

N expr1 followed immediately byxpr2, ... .

positive integem expr1 followed aftem blank spaces bgxpr2, ... .

negdive integer n exprl, expr2, ... printed in tabular format, with tab positiongegy n spaces.
list expri appear with horizontal and verticalfedts defined byprspeg[ 1] ,

according tohori, veri (0. expri with equal horizontal or vertical offsets are
aligned. Thosewith larger horizontal déets are further to the right, and
those with lager vertical offsets are higher up. If no entry existprispec

for a particularexpri, it appears immediately to the right of the last printed
expression. Ahorizontal or vertical detft specifes a position to the
right or abee dl other expressions.

B expil]

yields a list of tvo dements, the number of horizontal character positions and the numhesticdivcharac-
ter positions occupied by the printed formesyr.
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- Pt

#HlI & +cXx
B FR

: 0

b dff
#B aceg

I T AR it

I/
°d

#8
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\\ MRt
RTINS AT
I
#W Il
L
1
#H “$ e
1Ry
5 N
X 4
#H + 0 Y +-+a
— y

¥ &£ x1,x2 ..}} (class:1), (prec:1]]
when output prints the in association wittidcc with a syntax and precedenceidefl byclass andprec
as specified in [2.11].

K R
2 3 4
#Q a++b + ¢ + +d
g2 ]
#y T
: s
2
X
#Hy — + ab
2

Special output forms may be defined by assigning a suitable printing format as the vaie of [4].
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10.2 Graphicabutput

G 00(x1), y1, ()00, Oy, (MO, Oumin, (vmin) 0, Oumax, (vmax) [,

Oforml10), O(xv:0), (y:0), (zvH )0, Oupt, (vpt) O,

O(O(xmin), xmax ), O(ymin), ymax [, (O(zmin), zmax ) 0]
generates # projection which prints as a plot of curves or surfacemeeéfby the numerical values of
Xi, yi andz as functions of the parameterandv, betweenumin andumax (with upt samples), angmin
andvmax (with vpt samples).xv, yv, zv specify the point of observation for three-dimensional plots (contour
plots by defult). Theformi define the style of curves plotted: integer code® giandard cure gyles; other
formi are printed explicitly on the cugg. Onlypoints in the region bounded bynin, xmax, ymin, ymax,
zmin, zmax are plotted.

. 4
#
I *k E k3
| ok k3 Al *k *h Kk
>T Fk *he Rk Kk Fk Kk E
iT Hk k3 e Ak *k Kk
3 ke k3 Fk Kk Fk *he Rk
iT Khkk Ak *k Kk *k Kk
* ok ok Kk E Fk *he Rk Kk Fk
iT ok Jok ok ok k3 Sk *k *h Kk Kk
* ok ok ok ok ok Fk Kk Fk Kk E
0 @ w w5
I *k ke Fkkk Fk Kk Fk Kk Fk
| Fk k3 Fokkk *k Kk *k *h Kk *h Kk
I *k E Fkkk de Kk wk ek Kk Fk
9 k3 Fokkk ko Kk *k Kk k3
I *k k. *k Kk E ke
| Fk Fk Fk *k Kk *k *h Kk
I *k Fk Fk E k3 *k R
| Fk *k Kk k3 k3
B Gl
#Y
k3 Sk *k Kk *k 2
4 2 0
E Fkkk Fk Kk 2
*k L *k L
~ It

%
%
%
]

J‘
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- B Gyl

He He A— II
*e EU He *e ”
£ ;e *e He ||
' ke *e He ”
£ - He He 1
' Heke *e He ”
£ Bk R He He *e ||
ek A *e He *e ”
4 2 0
A— £ He *e e ”
£ He He *e ||
' *e EU He ”
He He E 3 He He II
e Kk ' *e He 1
Hewk ™ *e ||
Heke e Kk *e ”
E 3 £ He He II
' . —
| A A A -
I e e He O ;e £
| EE OB ™ ke *e *e
I e £ He He He He
V] *e He ' *e *e
U He He He R
bk *e P *e
| He O He
0 2 4 6
e He R R
e 3 *e EU
e EOE He E 3
A *e *e He ™
) He He £ He He £
e *e *e *e 2
e He R O £
E I R Y Era ke *e
O - -
- I K M-
™ - | A *e
He O I K £
*e H | A ke
He O 5] ;e He
*e H | A Ak *e
He O I O He
*e He ﬁc]lhr ™ *e
8 0 B
e He *e
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High-resolution graphics output is generated if a suitableedés aailable.
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plist, O(xv:0), (y:0), (avff )L,

O( O(xmin), xmax [0), O(ymin), ymax ], (O(zmin), zmax}]

prints as a plot containing points, lines, curves, surfaces gmehsespecified irplist. Ranges of coordi-
nates default to include all formsvgn in plist. xmin, xmax, ... define boundaries of the region in which
points are plotted. In @+dimensional plots, forms\gn later inplist overwrite those gien earlier when
they overlap. Inthree (and higher) dimensions, explicit intersections and pergpasiused.

g

clears the plotting aredtmplementation dependent)

The listplist (whose sublists are flattened [7.7]) contains:

3

M

X ¥, (2} (form), (L(cl:2) L]

represents a point with coordinatey andz, to be pinted asform. Additional coordinatesi may be
used to define contours on sacés. Wherfiorm does not print as a single charactee coordinates
are taken to specify its lower left corner.

ptlist, (form]]
represents a succession of straight lines between the point speciBedpgjections in the lisptlist:
form specifies the style of line.

ptlist, (form]]
represents a smooth certhrough the points specified B projections in the lisptlist: form speci-
fies the style of curve.

ptlist, (form]]
represents a three-dimensional surface spanned by points speciled dogjections inptlist. The
surface is ruled with contour lines at integer spacings in each of the additional coowinates

(x:0), (y:0), (z:@}p  (xtemp), (ytemp), (ztempdl}
represents a labelled set of orthogonal axes intersectitg af, y, #] . xtemp is a template applied
to xmin andxmax to obtain a list ok values at which the x axis is to be labellgdemp andztemp are
analogous templates for the y and eaxIfxtemp, ytemp, ztemp are omitted, a heuristic procedure is
used.
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B
#
b1
3
x
X
8
HH
X4
X004
X004
X004
X004
X004
X004
X0d
200004
20004
200004
20004
200004
X004
200004
20000004
200000004
200004
8: i
#H
X4
X004
X004
X004
X004
X004
X004
X04
X004
200004
X004
200004
X004
20004
200004
20000004
200000004
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High-resolution graphics output is generated if a suitable devicaiiatde.
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10.3 Fileinput and output

In projections which perform input/output operations, a file is specified Hilegpec filter of the form
{{ file, (lines), (format}} . lines andformat may be used to specify portionsfidé or to specify output format char

acteristics fofile. If lines andformat are omittedfilespec may be gren smply asfile, without braces; hoever, a
list of such file specifications must be nestdfl aildg} filed} ..} .

fileis given as a mgle symbol, enclosed in " " if necessary [2.2].

lines may be gien asn, identifying thenth line of the ile; as-n, identifying thenth line from the end of the file; or
ag{ n1, n3}, identifying linesnl throughn2. In input operationg file, 1}} represents the portion Bfe from line
n to the end of theile. Whenlines is omitted, thefilespec represents the entirélef. In output operations,
{{ file, i} specifes that output is to be appended afterriteline offile; contents offile from linen to the end of
the file are merwritten. Whenlinesis omitted, output is appendedfiie.

format, a list of the forn{ (width), (Iength), (prstyle), (tabs), (gcode}} , specifies output format characteristics for
file. A detailed treatment of output characteristics may be found in [A.6].
T

is a system-defined symbol used to denote the standard input/output medium (usually the terminal).

-Qw [10.3]

<filespecor G  (filespec: Taik 11
enters subsidiary mode [6.3] and reads input up toitsteldinput termination characterd from the speci-
fied ile filespec. If ambiguous syntax [1.1, 2] is encountered, a message is printed, and no further input
occurs. Iffilespec is successfully input, the projection yields the last output line generatdédank line

yieldsN .
R, Rh [10.1]
elad [10.7]
«id [10.6]
Inltf?e following example, the fige contains
|1BR
il
Oinput termination characterd
and no fitgp exists.
-
5
#1 8
" ff
LU
i
Y i
R exprl, (expr2, .. ), (filespec: Taid 11

outputs assignments defining valuegegifor theexpri to the speciéd file filespec in a form suitable for
subsequent input.
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g

4 ok B

453

E=

.m.—h
& o1

(=2

4 HoRx B
8 ich

#Y PRk B
The fil il then contains

ik % B
af b

Qi (filespec: Taid ), (gcode]]
causes all subsequent standard and graphics [10.2] mode input and output expressions to be entered into the
specifed file filespec [10.3]. If the graphics codgcode [A.6] is given, its value werrides ay gcode value
in filespec and modifies the value of fig [4] accordingly Terminal hardware characteristics
[A.7] may be specified i/ [10.6].
(; -] filel, file2, ..]J]
terminates entry of input and output expressions into the specified files.

( ;] stops the printing of anoutput on the standard output medium u@i occurs.
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10.4 Displayoperations

(Implementation dependent)

In display input mode, the pointer (often a display cursor) of an intezattsiplay terminal may be used to locate
and select parts of displayerdpeessions. Theointer is positioned either through an analogiae or from the
terminal leyboard: Oupd OdownO OleftC and Orightd move the pointer one position up, down, left or right
respectiely; Otab upd etc. move ®veaal positions. Oselectl] selects the minimal expressiornvedng the current
pointer position and gnprevious pointer positions indicated tymark. Oscroll forwardd and Oscroll back
display subsequent and previous sections of output.

Anid projection [10.6] may be used to specify the character sequences typed from the terminal to indicate
OupO etc. and the corresponding character sequences sent to the terminal to perform these operations.
*[A.7]

[ expr, (tempi  ]]
enters display input mode displaying themessionexpr and yields the result from application of the tem-
platetemp to the set of filters corresponding to the subexpressions selected.
‘K [7.2]
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10.5 Textual operations

Bl expr, (filespec]]
enters edit mode [1.7], with the textual formespr, as pinted bylp , in the edit liffer, and yields as a
result the editedxpression. Ifiilespec [10.3] is given, the specified file (or portion thereof), with thatteal
form of expr appended, is placed in the edifffler; upon exit fromk , Ni is returned and the editeckte
is written back to the file.

Ei expr, (filespec]]
enters edit mode [1.7] with the text of a partially simedifform [3.5] ofexpr in the edit iffer. If filespec
[10.3] is given, the specified file (or portion thereof), with the text of a partially simepliform [3.5] ofexpr
appended, is placed in the edifffer; upon it from Eh , Ni is returned and the edited text is written
back to the file.

* B [3.7]
L]
1
H—
xL @
- P
|
L B
-
L
1
H—
xL @ + x1]]
8:: ]
f:D bl
L il
f:D [
L
1
1
xL @
X

Wl (start:#), (expr: (next integer)
generates a symbol with name obtained by concatenating the textual fstart @fith the textual form of
expr, or, by default, with the smallest posi# integer necessary to form a previously unused name.

T OO
2
#H A +# 2
- PRV
H Ot +#1+# W

(54 expr, (n)]
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gives a st of numerical codes for each of the characters appearing in the textual feqon @fs printed by
Ip ). Asecond filter ylelds thath code in the list. Characters are numbered Botm 9t in the order:

45 Dm
Negative integersc correspond to absolute character cadiesthe natve s/stem character set.
* [A.5]

0Onl, n2, n3, ...0]
generates a symbol whose name consists of the characters specified by the numerioh) 0de; . . . .

[ ST

#1

gy

#y

. Fbe

#HY b+c+a

L +c+al

#E +tc+all ]
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10.6 Externabperations

(fH (parl, par2, .. ]]
assigns various external parameters as spddii [A.9], and yields a list of the values of all the assigned
parameters. Anfilter or part of aifter given as Ni is taken to represent the previous value of tittat f
or part.

B\ (epr]]

terminates the current job, passexgr as an "exit code" [A.3] to the monitor (shell).

RHi  expr, (argl, arg2, .. ]]
executes the textual form apr (printed bylp  [10.1]) as a monitor (shell) command or program [A.3],
using the textual forms of thergi as input; the te of ary output generated is simplified andvgh as he
image.
*[1.6]

Df (file: st ), (secttt  ]]
prints the section dfle specified bysect:
n Firstnlines
-n Lastnlines
{ n1, nZ} Linesnl throughn2
HI  (expr), (code), (gcode]]

generates a hard cppf expr on the device specified lopde. HH yields a hard copof &l input and
output expressions. Graphiasutput is gven if possible.

S (rec:smp ), filg]

creates a permanent caifle of the record filerec.

Si|  (unamel, uname2, ...]]
enters send mode: arbitrary text terminatedJogput termination character is sent to the locations or
users identified byinamei. Obreak interruptd may be used to include SMRpgessions. SHi sends
the text to a central SMP report file at each installation.
(@  dif]
changes the default "user" file directory [A.2]dio][iD resets to the directory\gin at initialization.
In the following example, the monitor programi reads tvo numbers as input, and yields a number as
output.
I R
# G
P R
i R

e
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10.7 Coddile input and generation

(Implementation dependent)

(013 O0proj100), (OO Oprogfilel [, (lang) O 0), (codefile),
(Osuppfileld), (Osymspecl ), (lang]]
generates if possible definitions in intermediate languiaggefor the projectorgroji which are defined in
the current SMP session. These definitions are compiled together with the prdgsapnoffilei. The
resulting machine code, together with the caldes uppfilel, is @ther written into the codelé codefile or,
if codefile is not specified, used for the remainder of the SMP sessiomlt@es projections from thergji.
symspeci [10.7] may be used to specify characteristics oftiog and of functions in thprogfilei.

Gw returns a list of thergji for which functions were generated.
A @ws projection is equiglent to a sequence dly , G |, and (if no codefile is specifed) lad

projections.
‘B , Gb |, lad [10.7]
Qs [4]
)] OOproj1 00, (progfile: T ), (Osymspecl ), (lang]]

generates if possible definitions in intermediate languiaggefor the projectorgroji which are defined in
the current SMP session; these definitions are written toilth@rbgdfile (terminal as defult). symspeci
[10.7] may be used to specify characteristics oftiog.

Ry returns a list of thergji for which functions were generated.

7] expr, (prodfile: Taid ), (OsymspeclD), (lang]]
generates if possible code in intermediate langlegecorresponding texpr.

Qs , G , lad [10.7]

Gf Oproj10, (OOOprogfilel [, (lang) O 0), codefile, (Osuppfilel 0), (Osymspecl )]
compiles intermediate language definitions for the projeqiaijs in the programifes prodfilei; the result-
ing machine code, together with the coiftesfsuppfile, is written intocodefile, a wde file suitable for load-
ing withlad or @ . symspeci [10.7] may be used to specify characteristics of functions ipribge
filel.
G returnsUproj10
Qs B |, lad [10.7]

lai] Oproj1 0, codefilg]
loads machine code definitions for the projecfwgi in the codeife codefile; these dehitions are used for
the remainder of the SMP session velgate projections from theroji.

lad returnsUproj10d
Qs B , lad [10.7]
Ol [4]
A program file [A.4] contains definitions in an intermediate compilable language (such as C or FORTRAN).

An object file contains dafitions in the natie machine language and is typically the output of a compiler and an
assembler.

A code file [A.4] is a file generated e or @® containing machine language definitions waleate SMP
projections in a form suitable for loading witel or @® . When a code file is generated, characteristics of
these definitions may be speed in symspeci; this information is entered into the file and used when thiaidef

tions are loaded into SMRCode files may also contain instructions to operating system programs such as the
linker. The contents and format of a code file are implementation-dependent.

Falowing is a detailed treatment of the filters takenGe ,HBy , G |, andlad

lang
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lang is a numerical code specifying the language gffngfilel supplied toGse or G |, the language of the
definitions to be generated Ry or@s , and the dediult objlang for ary symspeci. Available languages and
their numerical codes arevgn in the Implementation NotesA defaultlang is set bii [10.6].

proj

Inaly or @s projection,00proj1 O0specifes the projectors for which intermediate languag@nieins

are to be generatedh NI entry specifies that functions are to be generated for all projectors on which the pre-
vious list entry depends. (Entries [iitJproj1 OO0 may be IRH{ aRd are equident, both
specifying the generation of functions for all projectorked by dtherff or g, as well as foff andg.) If no

N entries are present iddproji OO My and@s do not generate functions for such projectoxsept
when@ms s invoked without codefile, progfile, or suppfile arguments.

In a@se projection,Oproj1 Ospecifes projectors for which information is to be enteredddefile to permit
calling of the machine language definitions from SMP wteelefile is loaded. Such projectors may also be speci-
fied toGs

Inalad  projection,Oproj1 Ospecifes projectors from which projections are to bawated by compiled func-
tions in thecodefilei. (The names of the projectors must be identical to those us@iby or G  when the
code files were generated.)

progfile
In OOprogfilel [ (lang) O lang specifes to Gk  or Gs  the language of the files idprogfileld e.g.,
TR specifes that theifesff and are in languagé& and that the

filee isinlanguage.

0 is a special numerical code specifying thevsatiachine language, used only to identify object files supplied to
G or@s . Acode of0 may not be specified as thang filter in aly orGw projection.

codefile

codefilei are code files generated I or @® . When a code file is generatedyanformation supplied to
G or@Gw in symspeci or insuppfilel is entered into the file.

suppfile
suppfilei are code files suppliediad or@s . Inaled or@s projection, it is not necessary to pide
symspeci for ary functions in thesuppfilei.

Symspec
symspec is a list of the form

{{ (Osymbol10), (object), (objtype), (narg), (argtype, (objlang}} . symspeci are used to specify the charaeter
istics of functions or variables in daitions to be generated by or @s , and in progfilei supplied to

Gk orGms

symbol1 is an SMP projector or symbol anbject is the intermediate language function or variable corresponding
to symboll. Unlessobject is given, the name of the function or variable is dedifrom symbol1; the method of
deriation is gven in the Implementation Notes, and is dependendljlang. If object is a \ariable,objtype speci-

fies the data type of thanable. Ifobject is a functionobjtype specifes the data type of the value it retumarg

is the number of its gumentsJargtype Ospecifes the data types of the arguments, aljthng is the intermedi-

ate language in which the function is written.

Data types are gén by rumerical codes:
1 integer

2 single-precision floating-point

3 double-precision floating-point
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The default type and sradditional types @ailable are gien in the Implementation Notes.

A symspec may give a éngle symbol, a list of symboli, or the symbolNll . If a list of symboli is given, ary val-
ues specified in theymspec are applied as characteristics for each ofsymaboli. If the symbolNi is given,
values are applied to all objects for which those characteristics are not otherwisedpetd form ofsymspec
may be used toverride default values.

If the intermediate language functiobject is being supplied in progdfile as the defition for the projectosym-
bol (wheresymbol is one of theorgji), narg specifes the number of filters taken bymbol. Ina@ws  projection,
if narg is not given in the symspec for symbol, SMIP attempts to determingarg from an irvocation ofsymbol in
the SMP definition of another of thpeoji. If such an imocation does not exist, or dbject is being supplied to
G |, an wnspecifiednarg causes projections frosymbol to call object with two arguments, the number off-f
ters in the projection and an array of the filters.

L [4]

# ’s UTMKJ
- f

#y IO

R

Y [y

] ]

chif

b gu(
A

]
e Stk B

i P

{
i j
i §( =1t 2 =00 ji<=3 0O {
b it

{ o
i i

i =1t 1 =00 ii<=3 QW)
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. Bf
' i

#Hf 1™
BE

Y (R
N

#Y [

In the following example, machine code definitions foo wojectoréf andg are placed in a code e

IR -9 K

2 $ x

# "S i Itg ]]-E[2
it

# “L He ;;aC & pa —a
- e
# 8K

The definitions il may then be loaded into a subsequent SMP job.

# ()

10.7
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o gy

#m i
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10.8 Resourcenanagement and analysis

mE eqr, (n:1]]
simplifiesexpr ntimes, and yields al  projection [2.1] giving the approximateeiage CPU time in sec-
onds [A.8] used for each simplification.
i [1.3]
* %4l[6.3]
» [10.9]

I

H iR
%]

#Y  CE

@ (frac]]

reclaims memory (store) not required for further processing (by "compacting garbage colle@jon™).
reclaims memory as soon as possil@g, fra¢] wheneer a fractionfrac of the total &alable memory has

been usedi& inhibits all further memory reclamation.
o [10.6]

M) |

yields a list giving the number of memory "blocks" used (after last memory reclamation, at present, and
maximum so &r). (Whena finite absolute maximum memory igadable [A.8], it is gven as afourth ele-
ment of the list.) One block is the memory required to store a single symbol (usually 16 bytes [A.8]).

i [10.6]
T R
EIEDy

{RIo
fesg)

;] expi]

yields a list whoseirfst entry is the actual number of memory blocks occupieexpy and whose second

entry is the number which would be occupied if all subexpressions were stored separately.
‘& [10.10]

S# expi]

minimizes memory used to stoegor (by sharing memory for identical sutgeessions).JH# shares
memory for all identical expressions.

HA
N
BEEl
Y B
P
#B X
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|
|
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|
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10.9 Asynchronouand parallel operations

(Implementation dependent)

Some implementations alloa ¢t of independent processes to be performed in parallel, either as asynchronous
jobs on a single computing unit, or as jobs in separate computing units.

Processes (including procedures within them) are s$pedify a unique expression used as a name: the basic
process idNll . A particular gpression may be modified by only one of a set of parallel processes. The order
of operations in different processes is usually not determined.
i (expr: N ), (name: (next integer)) (pri:1]]
initiates the named parallel process to simp#pr at priority pri, yielding name. If name is not specified, a
unique integer name is assigned to the procAsy.existing processiame is terminated. Seral processes
competing for a single computing unit asee@ited at higher priorities for\eer pri. Processes on separate
computing units arexecuted when possible with instruction times in ratiomgby pri.

\N& Onamel, name2, ...0]
waits for completion of the processeamel, name2, .. . , yielding the resultingJexprl, expr2, ...

FH exprl, expr2, ..]]
is equvalent to {4 expri exprd] .J} and simplifies thexpri in parallel, yield-
ing a list of the results.

i mess, codé] may be used to transfessto W&  cod@] in another process.

1 ] namg] terminates the procesame, possibly from withinname.

& (name: (present procesh))

yields a list of the total elapsed CPU time and total elapsed real time (both in seconds [A.8]) since the initia-
tion of the specified proces8 {f the process is notxecuting).
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10.10 Deelopment aids

)] expr, (nest:1]]
steps through the simplification @kpr. Each sgment in procedures [6.3] or iteration structures [6.2]
nested to depth less thaest is printed, and an interaeé subsidiary procedure is initiated.

L (4]
B [3.7]
i
Ha a:b
-9 a
Wl b
811 3]
Lz ) 3+b
- Uinput termination character(
4
1] b::2
g 1] b
%W B
] Oinput termination character]
W W
b
9 B0
o7 )
8] Oinput termination character]
1) a+2
g ] Oinput termination character]
" .1
i’ ] a
#§ B
(] expi]

prints a schematic picture of the internal representatiexrpof

s THIR
nmb 77
# T
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- R
pig
nmb 1
gnb 2 x
> pRw
gnb X
nmb 2
2
#Q 1+2x+Xx
i G
4] ff
>p g
>p h
>p a
gnb z
>p b
gnb z
A H
)i
HEL IR R )] 1
&k nmb 2
@+ nmb 3
&l nmb 4
& gnb B
&k gnb E
&k gnb Ni
HE
i
‘pAd
> pUe
gnb a
§nb b
> pUe
gnb a
g ¢
> pue
gnb b
gnb c

HHY =b&a=c&b™=c

[
1
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A.1 Introduction

This appendix describes in general terms features of SfdBted by its external gmonment. Detailof these
features vary between different implementations of SMformation for a particular implementation ive in
the "Implementation Notes".
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A.2 Externalffiles

If no explicit file directory is specified for an external file to be input @ , a quence of file directories
defined by is searched in ordefThe first externalife to be found with the required name is us@gpi-
cally one or seeral default "user” directories are searched first, followed by a central "library" directory.

External files for output generated iy , Ri or @ are taken to be in the current file directomless
explicitly specified otherwise.

The record file for each SMP job, usually opened in the initializatiesilp [A.9], is typically placed in
the "user" directory and nameaui
«id [10.5]

The names of external files in the SMP Librargibeby comwention with the letteiX. Names of files containing
syntax modifications [2.11] end witBX.

Comments in external files are taken bywaion to begin with the following codes:
File or section title

Keywords

Author

Site

Date

Modification date

Projection or symbol description

References

Related SMP objects or external files

Example

General commentary

Prerequisite external files

Warnings

Implementation dependencies

Future enhancements

mmégﬂﬁmgzﬁggmﬁai

Bugs

A preprocessor described in the Implementation Notes may be used to place such external files in a form suitable

for typesetting, as in this documenthree fonts are typically used: a text font, 3P e font,
and anitalic font to represent generic objects. Unless specified otherwise, commentary teehi;nghe text
font. Words beginning wit$ are gven in italics, while vords beginning witt$ are gven in underlined italics.
Text in nested comments is\gn in SMP expression font.Text not given as @mmentary (and thus intended as
SMP input) is placed in SMP expression font.

A detailed treatment of the externdéfformatting comentions may be found in the SMP Libraryhe contents of

external files following these ceentions may be included in the information mode database using external pro-

grams described in the Implementation Notes.
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A.3 Externaloperations

Monitor (shell) commands specified by arbitrary text strings mayésuged usindRn  [10.5]. Whenno eplicit
file directory is specified for external programs appearing in the commands, a sequéaddiretfories dehed
by is searched in ordefhe first program to be found with the correct name is used.

Input from SMP to external programseeuted byRn is usually directed through a channel other than that used

for standard terminal input (as specified in the Implementation Notes). Simndatyt to SMP from thexternal

programs is through a channel other than that used for standard terminal output. External programs may thus
receve input or generate output on the terminal independent of SMP.

Monitor programs are typically provided to redirect input and output f&am to the standard terminal input and
output channels for the external prografypically a programhsnp takes a sequence or list of numbers
from Rn , corverts them to floating point form (usingEee rather thanc® ee format if necessary), and passes
them on the standard input chanesap typically takes a sequence of numbers (separated by white space) on
the standard output channel, gents them if necessary fromxEee to x® ee format, and passes them on the
SMP input channel. The prograsnp is typically provided to combine these operations; the monitor com-
mand to run a numerical external program fil&mm using standard input and output is tlsap program.

Most projections for external operations [10.6¢&ite monitor commands specifietkby . The monitor com-
mand eecuted byRn takes agumentssearchpath infile outfile comm, wherecomm is the command to bexe
cuted,searchpath is a list of file directories to be searched domm, infile is a file of input containing thextual
forms of the second and later filters of BR& projection, anduitfile is a file in which output froncommiis to be
placed. Themonitor commandxecuted byHd  takes agumentdile code and printdfile on the device speaifd
by code, deletingfile on completion.Ssmd  executes a monitor command withgaimentdfile uname which sends
text in file to the location or user identified ypame. S  executes a monitor command withgamentsold
new which copies the contents of the filg to the filenew.

The command in edit mode [1.7] xecutes a monitor command withgamentfile specifed itii , which
invokes an nteractve xt editor onfile and leaes the edited text in the same named file.
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A.4 Codeand program files

The file directories searched for code files to be inpui@y [10.7] are the same as f@ [A.2]. Codeand
program files generated gy and Qs are placed in the current file directppnless explicitly spediéd
otherwise.

The names of code files in the SMP Library begin byeotion with the letteiC. Files giving additional défi-
tions and commentary associated with code file® Imames beginning witltX.

The monitor command to bexezuted for compilation of intermediate language progrdes foy G and

Qs s specified bid , and typically tales agumentsoutfile filel file2 ... . The outfile agument is imple-
mentation-dependent. Gome systems, it may be a relocatable binary output from the compilation and linking of
thefilei. On athers, it may be a set of instructions enabling the system linker to collect the files comprising the
output from compilation of thélei and ay suppfilei in futurelad or G operations. Similarilad  and

@ execute a monitor command to prepare code files for loading withnaentsinfile outfile adr. The code
contained or referred to imfile (corresponding to the meaning aitfile above) is relocated to allw loading at
hexadecimal addresadr, and the resulting absolute binary code is placealtfile. The code for the intermediate
language function corresponding to the SMP projection to be defined may be required to appeagatning be

of outfile.

The deéult intermediate language for program files is specifiéid in . The \aluel typically corresponds to

the C language (B.\Wernighan and D.M.Ritchie, "The C Programming Language", Prentice-Hall 191&).

names of variables or functions are if possible taken the same as those of the corresponding SMP symbols or pro-
jectors. Bxtual replacements such$s-d ,#-h ,and%s-p are performed if necessaryhe Implemen-

tation Notes gie cetails specific to particular installations.

Intermediate language libraries are often included in programs generdBgd by as pecifed in the Implemen-
tation Notes.
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A.5 Charactecodes

The following table correlates characters in the SMP character set with their SMP character codes and octal ASCII
equialents:

0 0  (060) N 48 (115)
1 1 (061) N 49 (116)
2 2 (062 [0) 50 (117)
3 3 (063) P 51 (120)
4 4 (064) Q 52 (121)
5 5  (065) R 53 (122
6 6 (066) s 54 (123)
7 7 (067) T 55 (124)
8 8  (070) u 56 (125)
9 9 (071 v 57 (126)
a 10 (141) W B (127)
b 11 (142 X 59 (130)
c 12 (143) Y 60 (131)
d 13 (144 z 61 (132
e 14 (145) # 62 (043)
ff 1 5 (146) % 63  (045)
g 16 (147) $ 64 (044)
h 17 (150) Ospaced &  (040)
i 1 8 (151) n 6 6 (041)
i 1 9 (152 6 7 (042)
k 20 (153) & 68 (046)
I 2 1 (154) x 6 9 (047)
m 22 (155) (« 7 0 (050)
n 23 (156) ) 7 1 (051)
o 24 (157) * 7 2 (052
p 25 (160) + 73 (053)
q 26 (161) 7 4 (054)
I 2 7 (162 7 5 (055)
s 28 (163) N 7 6 (056)
tt 2 9 (164) " 7 7 (057)
u 30 (165) : 7 8 (072
v 31 (166) 7 9 (073)
w 32 (167) < 80 (074)
X 33 (170) = 81 (075)
y 34 (171) > 82 (076)
z 35 (172 ? 83 (077)
A 36 (101) @ a (100)
B 37 (102) il 8 5 (133)
C 38 (103) \ 8 6 (134)
D 39 (104) 1 8 7 (135)
E 40 (105) ~ 8 8 (136)
F 41 (106) _ 89 (137)
G 42 (107) E 9 0 (140)
H 43 (110) {« 9 1 (173)
I 4 4 (111) I 9 2 (174
J 45 (112 it 9 3 (175)
K 46 (113) ~ 9 4 (176)
L 47 (114)
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The Implementation Notes pride a table of character codes for installations using other characterAsgts.
numerical code in the natve s/stem character set may be represented with SMP characteccode

B p [10.5]
Replacements for input text may be specified uStg  [2.11].
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A.6 Outputcharacteristics

Characteristics of standard and graphics mode output are specified by c@pms iprojections or byife speci-

fications infilespec filters [10.3]. Output characteristics are often initializesip [A.9].
*Qumn [10.3]
L { [10.6]

In a filespec {{filg, (lines), (format}}, format is gven a&a a st of the form
{{ (width), (length), (prstyle), (tabs), (gcode}} . (file andlines are described in [10.3].)

width may be gien dther as a single number specifying the maximum width of a line or af{ddfstar, right-
mafj} setting the left and right mgins. Thedefault value fomwidth is@

length is given as a mgle number specifying the number of lines to be printed before pausing Thé&]deéult
value idf

prstyle specifes the maximum length of expressions to be printed in standarditmensional format;x@ressions
which would require more than the spedf number of lines are to be printed in a direct linear forrpedyle
may be gien as alist{{ max, Iprmax} , wherelprmax applies to printing by [10.1] andmax to all other print-
ing, or as a single number to be dakas the value for botimax and Iprmax. The default value foprstyle is

a8 ; howeve, & the start of very SMP job,prstyle is initialized in théH property of the input/output
medium T B .
*lp [10.1]

tabs may be gven ather as a single numbar indicating that terminal hardware tab stops ares®y @ columns
starting atl, or as aist of the tab stop positions. The default valuetéiss is 0. tabsis used to inform SMP of
the hardware tab stop positions, not to reset them.

gcode is a numerical code specifying graphics mode output characterigtiode may also be gen as a ilter in
an@mn projection [10.3]. Available numerical codes are described in the Implementation Notes and typically
include:

0 Generate output suitable for devices without special graphics capabilities.
1 Generate device-independent codes suitable for input to an external plotting program spicified.in

2 Generate output byxecuting an external plotting program specifiediin using deice-independent
codes.

3 Generate output suitable for Tektronix 4010 or egdjent.

4 Generate output suitable for DEC GIGI, VT125, or egent.
5 Generate output suitable for Tektronix 4025 or edjent.
The default value ofcodeis 0.

Pats of _fillf , used as the default value flmrmat, are automatically reassigned whienmat is modiied
in afilespec or whengcode is modified in anQ@n  projection. Ary part offormat given as Nl is taken to rep-
resent the previous value of that part.

e [4]
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A.7 Terminal characteristics

Terminal characteristics are typicallyvgn as a prametertid [10.6] of the forrg{ list1, listd} .

listl specifes the character sequences typed by the user in display mode [10.4] to iddptateldown Oleft
Oright0 Otab upd Otab downO Otab leftd Otab rightD) Oscroll forward Oscroll backd OmarkD and Oselectd.
These character sequences are represented as lists of SMP character codes [A.5] wendimiestdi as \alues

indexed respectrely by the symbolsUp, Dmn , & | & , dp , dDwn | T ,
T , Fonddl Bk ME ,and .

Default values for the character sequences tousa gis dsplay mode commands are typically:
Qupd u

OdownO d

Oleftd [

OrightO m

Otab upO (V]

Otab down D

Otab left™ L

Otab right™ R

Oscroll forward +

Oscroll backD -

OmarkO ..

Oselect Onewlined

These defaults may bev@ridden by eecution of an external program described in the Implementation Notes
which prompts the user for direct typing of the character sequences, gendthtes armprojection assigning
appropriate values fdrstl, and places ttie projection in an initialization file.

If terminal capabilities hae been specified itist2 (see below), &s markedt, |, —, and — are equident to
OupO Odownd Oleftd andOrightd.

list2 specifes various capabilities of the terminal, and is often generated on initializ&&iomonitor command
executed insnm [A.9] attempts to ascertain the neaknd model of the uses’terminal and searches for
information on the termina’ capabilities in a database typically narmgp from a central systenild
directory Any information retriged is daced in a list indeed by ymbols representing the terminal capabilities.

Details on the format of terminal descriptionsep and inlist2 may be found in the Implementation
Notes.



A.8 SMPREFERENCE MANUAL / External intesice A.8

A.8 Systentharacteristics

The "block" is the basic unit of memory used in SM® physical size is spemfl in the Implementation Notes,
and is typically 16 bytes. SMP jobs usually allocate memory dynamidélihecessary or desirable, an absolute
maximum on memory space may be specifiedth an projection.

* MM [10.8]

L { [10.6]

CPU time used by SMP is reported in seconds, to a resolution of one "Adick is typically 1/60 second; its
value at a particular installation isvgh in the Implementation Notes.

i [1.2]

«ffle  [10.8]

s & [10.10]
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A.9 Initializationand termination

All SMP jobs first read a file typically nam i from a central system file directoryhis file either con-
tains diil projection to definexernal parameters or generates such a projectioxdayition of a monitor
command througiRn .

A sequence of file directories spdei iti is searched for an initialization file usually nans#g

This file often includesQmn projections to define further terminal characteristics and to initiate entry of input
and output into a record file typically nansgs . It may also include monitor escapesdy projections

to print pertinent information.

When an SMP job is terminated, it searches a sequence of file directories spitified ifior a terminationife
usually namecangd . If found, the file is input before final terminatiomhe SMP job passes by default a
"successful completion" exit code to the monitor; other exit codes may be spedified in

The external parameters to beegi it are specified in the Implementation Notes, and are typically
1. Listof file directories to be searched @ andiad
2. Listof file directories to be searched Bn .

3. List of file directories to be searched in information mode for on-line documentation, inerastruction
scripts, tutorialsetc.

List of files to be read on initialization.
List of files to be read on termination.

Listof monitor commands to beecuted byRn , Hd ,Snd ,Se  H G ,lad 8
Default code forHd
. Default destination foSswd
10. Detult intermediate language filg and Qs
11. Detult file directory foni
12. Terminal characteristics [A.7].

4
5
6. Listof files to be included in the information mode database.
7
8
9

13.  Maximumnumber of memory blocks [A.8] to be allocated.
14. 1 for an interactie job§ for interactve inputf for interactve autput.
15. 1 to disable external operations not directly controlled by the SMP job.
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E(kt) B 8.10

E, HI 87
E,(x) HI 87
En(2) B0 87
E,(2) W4E 8.8
Eizg E 87

erffz #® 8.8
erfc(z) @& 8.8
Fu(n,r) @aF 88
1Fi(ac;z) Qg 88
,Fi(a,b;c;z)  Hy 89
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H,(z) Hr 88
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Ho(2g ®H 8.8
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JJ(2 B 88
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in(& B 88
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k(2 Ba 8.8
ker,(2) +ikei,(z2) e 8.8
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La(2) B 8.8
Lin(z L 87

li(z) lag 8.7
Mim(z) WEH 8.8
Pu We 8.10
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Q' = 89
S(z7 B 8.8

S .} 8.6
S 8.6
Smn(z2) lom 8.8
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A 21

abort 1.5 i 10.6
As 8.3

absolute value As 8.3
accuray 2.1

As 8.5

Ach 8.5

A 8.5

A 8.5

Az 8.5

Aah 8.5

acute accent 3.5
addition of parts 3.2
addition B 8.2

Pex 7.10

Agl 8.5

aid 1.2

N 8.8

-1 8.8

Airy function K 88 K 8.8

ambiguous input 1.1
ambiguous output 2.12
analyze expression Ax 7.10

Ad 5.
Anger function Ag 8.8
Ad 8.8

angle brackets 0.

antisymmetric ordering Re 7.7
antisymmetric tensor § 9.6

M 72

append @i 7.7

application of expressions 2.7

application of rules 3.1

application of templates Ap 7.2
application of templates, recwsi Nép 7.2
approximation A 9.5

approximations, series 9.5

A 71

arbitrary expressions 2.6

arbitrary length integer B 2.1

arbitrary magnitude number A 2.1
arbitrary precision number F 2.1

)] 3.3

arguments 2.3

arguments, number of l,m 7.4
arithmetic functions 8.2

arrange & 7.7

array generation A 7.1

arrays 2.4

arrays, assignment of 3.2

ks 73

AS 8.1

ASCII codes A.5

A= 8.5

Aah 8.5
N 8.5
. | 8.5

assemble projection A 7.3
assertions 3.2

assertions, relational 5.
assignment 3.2

assignment, property B 4.
assignment, type Ty 4.
assistance 1.2

associatie functions 2.6
associativity 2.10 2.11 & 4.
assumptions 3.2

asterisk in output 2.12

Am Ro 7.7
asynchronous operations 10.9

X 7.2

A 8.5

Ah 8.5

automatic variables I¢ 6.3
A 95

As 10.2

B 21

backquote N& 2.3
base Rw 8.2

bases 9.1

Bateman function B 8.8
Bt 8.8

By 8.7

Bernoullinumbers By 8.7
Bernoulli polynomials Br 8.7

Bl 8.8
B 8.8
B 8.8
B 8.8
BS 8.8
BK 838

Bessel function, irregular spherical By 8.8
Bessel function, irregular B& 8.8
Bessel function, modified

Bs 88 BXK 838
Bessel function, regular spherical B 8.8
Bessel function, regular Bzl 8.8
BsY 8.8
By 8.8
B 8.7
beta function B# 8.7
biconditional, logical Hj 5.
big floating point number F 2.1
big integer B 2.1
big number A 2.1
binary code, eduation by 10.7
binary file 10.7
binary operator 2.11
binomial coeficient Gmb 8.6
bitpad 10.4
blank  Ni 2.2
blocks 6.3 A.8 8 10.8
BMP 8.1
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boolean operations 5.
bottom Dm 7.9
brace lgels 1.7

braces 0. 2.4

bracket leels 1.7

branch cuts 8.1

break interrupt 1.5
bugreport Sm  10.6
bytes A.8

C language 10.7

canonical ordering of filters Rey 7.7
canonical ordering test @ 5.
Cartesian "product”, generalized Q4 9.6
Cartesian product Qi 8.2

(6:1 7.7

(¢ ] 8.4

Catalan beta function @4 8.7
Catalan$ monstant Qa 8.4

(61 8.7

catenate @Gi 7.7

@ 79

@& 8.3

@ 95

Cam 4.

chameleonic expression 2.8
chameleonic symbols 2.2

change directory i@  10.6
channels, input/output A.3

character codes A.5

character determination 7.6

character manipulation 10.5

character replacement 2.11

character set A5 Ep 10.5
character strings 2.2

characteristics 4.

Chebyche function of first kind QeI 8.9
Chebyche function of second kind QdJ 8.9
aer 8.9

aw 8.9

Qy 8.8

Clebsh-Gordan cofttient Wy 8.6
& 10.9

@ 10.3

(01 2] 10.7

code file 10.7

code files A.4

Gif 7.9

coeficient QG 7.9

coeficient, numerical N 7.9

@ 7.9
collectterms @ 79 @ 7.9
Gmb 86

combinatorial codicient QGmb 8.6
combinatorial functions 8.6

combine denominators Rt 7.9
combine lists @& 7.7
combineterms @ 7.9

Gnmm 4.

commands, monitor A.3

comments 2.9

comments, external file A.2

common denominator @ 7.9 R 7.9
common elements # 7.7

common subexpressions Se 10.8
communication Sa  10.6

commutatve functions 2.6

commutativity Comm 4.

compilation 10.7

compile program Gs 107 Gms 10.7
complementary error function & 8.8
comple conjugate @p 8.3

complex number & 2.1

compliments Sm  10.6

compulsory filters 0.

computed goto statement S8 6.1
concatenate Gi 7.7

conditional pattern matching Gn 2.6
conditional, logical thp 5.

conditionals 6.1

confluent hypergeometric function Qg 8.8
(6] 8.3

conjugate @Gy 8.3

conjunction, logical Ad 5.

G 10.7
G 4.
(013 4.

constant Qm 4,

constants, mathematical 8.4
construction of programs 10.7

(011 7.5

contains H 7.5

content determination 7.5

contents, listof Q# 7.5
contiguous list, test for Qi 7.6
contiguous lists 2.4

contiguous, maklist @ 7.7
continuation, input 1.1

continue Rt 6.3

continued fraction approximation @ 9.5
contour plot G 102 # 10.2
(011 7.6

contraction hie 9.6

control of operations 2.5

control of simplification Snp 4.
control structures 6.

control transfer Jnp 6.3
controlled @aluation 3.3

controlled simplification Smp 3.1
corventions 0.

corventions, external files A.2
corventions, symbol names 2.2
corversion, number A.3

corvert character to code Eg 10.5
corvert code to character hhip 10.5
corvert list to projection A 7.3
corvert projectionto list B 7.3
corvert series to polynomial A 9.5
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copy file Se  10.6 denominator Dm 7.9
copy Qwm 10.3 denominatgrcommon @ 7.9 Ra 7.9
core management 10.8 Dp 7.4
correction 1.7 depth25 Dp 7.4
Gs 8.5 deriative, partial D 9.4
Gh 8.5 derivative, total M 9.4
G 8.7 [ : 9.6
Gs 8.7 determinant De 9.6
cosine integral function G 8.7 determination of character 7.6
@i 8.5 determination of content 7.5
@i 8.5 development aids 10.10
(e4]5 8.8 device-independent graphics A.6
G 8.8 | i 8.6
Coulomb vavefunction, irregular Gac 8.8 diagonalization 8 9.6
Coulomb vavefunction, regular GaF 8.8 differential, partial D 9.4
CPUtime @& 109 e 10.8 differential, total B 9.4
criteria 2.7 differentiation constant Qs 4.
criteria for pattern matching Gn 2.6 differentiation B 9.4 D94
G 8.5 digamma function B 8.7
Gh 8.5 dilogarithm L 8.7
cursor operations 10.4 Bn 7.4
Qe 10.2 dimensions Bn 7.4
&« 21 (7] 10.6
Ge 7.7 Dirac function B 8.3
cycle G 7.7 directories, default A.9
6 Ro 7.7 directory @ 10.6
cyclicordering Ro 7.7 B 7.3

disassemble projection B 7.3
D 94 disjunction, logical @ 5.
dagger 8.1 disk files 10.3
data point E 2.1 display fle Dp 10.6
datatypes Gmw  10.7 display margins A.6
database, information mode 1.2 display mode commands A.7
deassignment 3.2 display operations 10.4 X 7.2
debugging aids 10.10 ] 7.8
debugging output T 4. ] 4.
De 3.2 distribution property 8 4.
declaration 3.2 distribution 7.8
declaration, character 7.6 distribution, list &l 7.7
declaration, type T 4, distribution, list (property) #l 4,
decode Ep 10.5 distribution, power Rl 7.8
decrement De 3.2 distribution, power (property) Rosid 4.
default values NI 2.2 8.2
defaults A.9 L7 ] 8.11
defaults, set ti 10.6 division 8.2
deferred simplification 3.5 division, matrix N@ 9.6
definite integration t 9.4 division, polynomial Rl 9.1
definition of rules 3.2 divisor function 8.11
Dy 8.4 divisors, integer & 8.11
degree of polynomial B 7.9 divisors, polynomial R 9.1
degrees Dy 8.4 "] 8.11
De 7.3 Db 6.2
delayed assignment 3.2 doloop Db 6.2
delete nested braces & 7.7 documentation, external file A.2
delete parts D@ 7.3 documentation, on-line access 1.2
delete text 1.7 domains 2.5
deletion of parts 3.2 domerit 2.5
B 8.3 Di 8.2

Dn 7.9 dot product Do 8.2
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double factorial |l 8.6
Dp 10.6
i § 9.4

dummy expressions 2.6
dummy inde 2.8
dummy symbols 2.2
dyads 2.4

E 84

E function, MacRobert NaE 8.9
echoing 1.1

EH 105

Eh 10.5

L 1117

edit held form Eh 10.5
edit mode 1.7

edit H 105

B 8.7

B 9.6

eigervectors B 9.6

BEm 7.3

elementary functions 8.5
elements, list2.4 Bm 7.3
elimination of equations % 9.3
H 8.10

elipsis Sy 7.1

elliptic functions 8.10

elliptic functions, Jacobian I
elliptic integral of first kind K2
elliptic integral of second kind HH
elliptic integral of third kind FH

) S| 8.10

H 8.10

else ffl 6.1

8.10
8.10
8.10
8.10

encasement type extension B 4.

encode hhip 10.5
endjob 1.5 fix 10.6
entries, list 2.4 Hm 7.3
entries, number of lem 7.4
epsilontensor 9.6
H 5

equality Hj 5.

equality numerical Ngy 3.4
equations, solution of S 9.3
equivalence of expressions 2.6
erase 3.2

i 8.8
& 8.8
i} 21

error correction 1.7

error function 1 8.8

error function, complementary &
errors, input 1.1

errors, numbers with B 2.1
escapes, monitor 1.6

Hi 8.7

1} 8.4

Euler gamma function Gamma 8.7
Euler numbers Hi 8.7

8.8

Euler polynomials HiI 8.7
Euler's onstant  Hd 8.4
Euler’s totient function  dii
Euler-Mascheroni constant B

B 37

evduation 3.1

evduation, numerical N 3.4
even number test for  Bep 7.6
evenordering Ro 7.7

Bep 7.6

x 7.8

exact integer B 2.1

examples 1.2

exclusvea X 5.
executable file 10.7

execute Rn 10.6

B 10.6

extl5 R 6.3

exit codes A.9

Bp 8.5

expansion property 8 4,
expansion E 7.8

expansion, power Rl 7.8
expansion, power (property) Rodid
Bp 8.7

Ep 10.5

explode Ep 105

exponent Egp 79 PRw 8.2
exponential function Bp 8.5
exponential integral H 8.7 Bp
exponential notation 2.1
expression size 8 10.8
expressions 2.5

Ex 7.9

BB 4.

external commands 1.6

external editor 1.7

external file conentions A.2
external file directory i@  10.6
external file information 1.2
external file, copy S  10.6
external file, display Dp 10.6
external files 1.4 A.2

external operations 10.6 A.3

external parameters A.%tH 10.6

external programs 1.6 Rn 10.6
B 4.
extraction of parts 7.3

F 21
e 9.1
factor, numerical N 7.9
factorial  Ifig 8.6
factorial, double |if 8.6
factorial, generalized Gamma 8.7
factorization, integer 8.11
factorization, polynomial

79 Rk 91
factorization, rational number K

8.11
8.4

8.7

8.11
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false 5.

IFit 8.6

file characteristics 10.3 A.6
file directories, default A.9
file directory @  10.6
file information 1.2
&R 4,

file, code 10.7

file,copy Se 10.6
file, display Dp 10.6
file, program 10.7

files 1.4 10.3

filespec 10.3 A.6

filters 2.3 A.3

filters, number of Il 7.4
i) 7.7

flat functions 2.6

}] 4,

flatten & 7.7
floating point numbers 2.1
& 8.3

flow control 6.

Rt 10.1

folded size 8 10.8
fonts 0.

fonts, external file A.2

o 6.2

forloop Ry 6.2

Ha 10.9

format Fmwt 10.1
formatting, external file A.2
FORTRAN language 10.7
fractional part & 8.3
fractions 2.1

BC 8.8

free core  Nem 10.8

free memory @& 10.8

B 8.8

Fresnel function HBC 88 B 8.8
full list, test for i 7.6

i ]] 7.6

function evaluation 3.1

function, test for B 7.6

functions 2.3
functions, mathematical 8.
functions, transcendental 8.5

G function, Meijer N& 8.9

g.c.d., polynomial Rg 9.1

Ganima 8.7

gamma function, Euler Gamma 8.7
gamma function, incomplete Gamma 8.7
gabage collection @ 10.8

Gauss hypergeometric function Hy 8.9
@ 1038

Gd 8.11

gcode A6 @m 103
@ 85

& 5.

Gy 8.9
Gegenbauer functions Gg 8.9
Gn 26

Gn 4.

general symmetry Roy 7.7

generalized hypergeometric function Glg 8.9
generalized zeta function 2 8.7
generate program Gs 10.7 Ry 10.7
generate symbol Nde 10.5

generic expressions 2.6

generic symbols 2.2

genus of expressions Gn 2.6

@ 103
Gy 8.9
GIGI A.6

global objects 1.3

global switch Rs 13 B 13
goldenratio Hi 8.4

goto Jnp 6.3

GR 8.1

gradient D 9.4

Gh 10.2

graph 10.2

graphical input 10.4

graphical output A.6 Qi 10.3

grave a&cent Nk 2.3

greaterthan @ 5.

greatest common divisdnteger Gd 8.11
greatest common divisgolynomial R 9.1

greatest integer function & 8.3
G Ro 7.7

grouping 2.10

groups 2.4

@ 5.

Gudermannian function Agl 85 @l 85

Handbook, on-line access 1.2

Hankel function BsHL 8.8 B 8.8
Hal 10.6

hard copy Hd 10.6

Ha 7.4

hashcode H&h 7.4

Heavyside function T 8.3

held expression, test for Hp 7.6

held form 3.5

Hp 7.6

help 1.2

He 8.8

Hermite function Hr 8.8

Hy 8.9

hidden surface & 10.2

H 3.5

hold expression 35

hyperbolic cosine integral function Gsi 8.7
hyperbolic functions 8.5

hyperbolic sine integral function 8.7

hypergeometric function, confluent Qg 8.8
hypergeometric function, Gauss Hy 8.9
hypergeometric function, generalized Glg 8.9
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I 2.2

identifier B 6.3
ffl 6.1

hm 8.3

imaginary number ©& 2.1
imaginary numbettest for hhap 7.6
imaginary part m 8.3
imaginary unit 1l 2.2
hvap 7.6

immediate assignment 3.2
immediate simplification 3.6
hp 5.

hhip 10.5

implication, logical Hp 5.
implode Hhip 105

impulse function Bg 8.3
] 7.5
it 3.2

includes H 75

inclusvea @ 5.

incomplete beta function B# 8.7
incomplete gamma function Gamma 8.7
increment it 3.2

)} 7.3

indefinite integration ft 9.4
indefinite summation Smm 9.2
index of list entry 7.3
indices 2.4

indices of list entries 7.3
inequality Uy 5.

t 2.2

infle @& 10.3

infinite recursion 3.1

infinity  ff 2.2

infix form2.11 S 10.1
information 1.2

th 10.6
th 4,
initialization A.9 tH 10.6
(] 4,
e 9.6
inner "product”, generalized hie 9.6

inner product Do 8.2

input editing 1.7

input expression # 1.3

input forms 2.10 2.11

input lines 1.1

input medium T 10.3
input operations 10.1

input syntax 2.

input G¢ 103 R 10.1

input, graphical 10.4

input/output medium T 10.3
insert text 1.7

t 9.4

integer division N#ad 8.3

integer part & 83 @ 8.3
integer arbitrary length B 2.1

integey test for 7.6

integers 2.1

integration tt 9.4

(: | 7.7
intermediate language 10.7
internal object S5 4.
internal representation &
internal variables It 6.3
interrupts 1.5

intersection H 7.7
1] 7.6

inverse functions S 9.3
inverse hyperbolic functions 8.5

10.10

inverse trigonometric functions 8.5

inverse, matrix  N# 9.6
inversion of equations % 9.3
inversion MNi 5.

invert Ry 7.7

inverted replacement g9 3.3

B 3.3

irregular Bessel function BsY
irregular Coulomb avefunction

8.8

GG 8.8

irregular spherical Bessel function By

-3

5.
iteration 6.2

8.10

8.10

8.10

8.10

8.10

8.10

8.10

8.10

8.10

8.10

Jacobi functions &P 8.9
Jacobi symbol Jgm 8.11

3333-31-1-1-1-

Jacobigfunctions X 8.10
Jacobian elliptic functions &
P 8.9

= 8.10

I 8.10

Jh 8.10

Jym 8.11

¥ 8.10

Jop 63

job recording 1.4

job termination 1.5 X 10.6
Jonquiere function i 8.7

b 8.11

Jordan form Sl 9.6
Jordans function &  8.11
jump Jnp 6.3

He 8.8

e 8.8

Kelvin function, complex
He 88 e
keywords 1.2

8.10

8.8

8.8
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killjob 1.5 i 10.6

kill values 3.2

Kronecker product Qo 8.2
Kummer function Qg 8.8
Kummers U function KmiU 8.8
KmiJ 8.8

L 104
label 1B 6.3
lay 8.8

Laguerre function lay 8.8
lambda expression 2.7
language structure 2.
language, intermediate 10.7

F. ] 7.3

Laurent series B 9.5
b 6.3

I 6.3

&l 7.7

5| 4,

least integer function @& 8.3
Legendre functions of second kind lefQ
Legendre functions legP 8.9

leP 8.9
L 8.9

len 7.4

length lm 7.4
e 8.7

Lerch transcendent & 8.7
lessthan @ 5.

levels 2.5

levels of nesting 1.7
Levi-Civitasymbol § 9.6
levspec 2.5

lexical ordering test @ 5.
ii 8.7

library A.2

Library, on-line access 1.2
light pen 10.4

iin 9.5

limt i#m 9.5

i 10.2

line printer  Hd 10.6

& 8.11

Liouville’s function & 8.11
i 7.1

list distribution property &l 4.
list distribution &l 7.7
list entries  Em 7.3

list entries, number of lm 7.4
list flattening & 7.7
list generation 7.1

list manipulation 7.7

list simplification 3.1

list template i 7.1
list, test for #i 7.6
listing  Hd 10.6

B 7.6

lists 2.4

8.9

fe))] 10.7

load program Gw 10.7 lad 10.7

load @ 10.3

loaded binary codeyduation by 10.7
local variables ¢ 6.3

locate L 10.4

10)] 8.5

logarithm function lgg 8.5
logarithm integral function lag 8.7

lag 8.7

logical operations 5.

lom 838

Lommel function lom 8.8
lap 6.2

lp 10.1

= 8.9

Maclaurin series B 9.5

macro redefinition 2.11
MacRobert E function N&E 8.9
mail S 10.6

Ntie 10.5

malke gymbol name Nde 105
MangoldtA function  Nak 8.11
manipulation of lists 7.7
manipulation of projections 7.7
Nt 8.11

Manual, on-line access 1.2

NMp 7.2
margins A.6
Nl 23
mark L 10.4

Markov expression Rx 7.10
i ] 2.6

matching of patterns 2.6
mathematical constants 8.4
mathematical functions 8.
matrices 2.4

matrix division N@ 9.6
matrix generation A 7.1
matrix inverse N 9.6
matrix manipulation 9.6

matrix triangularization & 9.6
Wx 8.3

maximum memory A.9
maximum N 8.3

N 9.6
N 8.9
Meijer G function N#& 8.9
Wem 10.8

memory management 10.8
memory reclamation G 10.8
memory unit A.8

memory usage Nem 10.8
memory maximum A.9
memory share Sa& 10.8
menus 1.2

messages 10.9

Mg 4.
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Nid 8.3

minimum N# 8.3

Nt 9.6

Nt 8.11
Mobius p function Néb 8.11
Ned 8.3

modified Bessel function

Bs 88 BXK 838
modified Strue function & 8.8
modify input E 10.5
modify part & 7.2
modulus As 83 M@ 8.3
modulus, polynomial Pma 9.1
monitor commands A.3
monitor escapes 1.6
monitor programs Rn 10.6
Monte Carlo Rad 8.3
MOS 8.1
mouse 10.4
move fle Se  10.6
Nl 8.2
multi-generic symbols 2.2
multigeneric symbols 2.6
multinary operator 2.11
multinomial coeficient QGmb 8.6
multiple application of templates Wgp 7.2
multiple integration tt 9.4
multiplication Nl 8.2
multiplication, input of 2.10
multivalued functions 8.1

N 34

name of symbol, make Nde 105
names of external files A.2

names of processes 10.9

names of symbols 2.2

INe 7.6

natural numbertest for Nd 7.6
N 7.9

negaion N 5.

INiey 3.4

nesting leels 1.7

nesting Dp 7.4

166 8.11

norm As 8.3

NG 5.

notation 0.

N 23

NI 2.2

null list 2.4

null projection Np 2.3
Nm 7.9

number cowersion A.3

number theoretical functions 8.11
number arbitrary magnitude A 2.1
number arbitrary precision F 2.1
number multiple precision F 2.1
numbertestfor Nmip 7.6
numbers 2.1

Nmip 7.6
numerator Nm 7.9

numerical codfcient N 7.9
numerical codfcients 2.5
numerical constant G 4,
numerical differentiation D 9.4
numerical equality test Ny 3.4
numerical galuation N 3.4
numerical factor N¢ 7.9
numerical functions 8.3
numerical integration tt 9.4
numerical eerfow A 2.1
numerical products Bl 9.2
numerical programs 10.7
numerical summation Smn 9.2

odd numbertestfor @idp 7.6
odd ordering Roy 7.7

Qp 76

Quhi 8.2

on-line documentation 1.2
Om 10.3

operating system commands 1.6
operator form 2.11

operators 2.10

optimization 10.7

optional filters 0.

@ 5.

a 5.

order filters Ro 7.7

order of @aluation 3.1

order of operators 2.10

order % 7.7

ordering test 5.

ordering, filter (property) Roy 4.
(0 9.6

outer "product”, generalized 9.6
outer product Quki 8.2

outfile Rt 10.3

outline 7.4

output characteristics 10.3 A.66R 4.
output expression #0 1.3

output format characteristics 10.3 A.6
output format Ft 10.1 R 4.
output forms 2.12 & 10.1

output medium Taidk 10.3
output operations 10.1

output syntax S 10.1

output Ip 101 Rt 103
oveflow, numerical A 2.1

P 5.

Pale approximant Ra 9.5

paper copy Hd 10.6

251 8.8

Pa 10.9

parabolic cylinder functions Rx 8.8
parallel @aluation S 4.

parallel processing 10.9
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parameters 2.2

parametric plot Gh 102 #
parentheses 0. 2.10
parentheses, output of 2.12
parenthesis lels 1.7

parsing 2.10 2.11

i1 § 8.6

part deletion D¢ 7.3

part extraction 7.3

part modification & 7.2
partof H 75

part selection A 7.2
partial differentiation D 9.4
partial fraction F 9.1
partial simplification 3.7
partition function & 8.6
parts of expressions 2.5
parts, addition of 3.2

parts, deletion of 3.2

pass output Rn 10.6
patterns 2.6

e 1.1
pausing 1.1 A.6
Rp 88

Ri 9.1

permanentrecord Se  10.6
permutation symmetries Ro 7.7
F 91

R 9.1
Fh 8.4
2] 8.4

plane @ 10.2
pliss # 10.2

a 10.2
plot 10.2

B 8.2
Prad 9.1
Re 8.7

Pochhammer symbol Re 8.7

point B 10.2

pointer 10.4

Poisson-Charlier polynomials Rp 8.8
polar plot Gh 102 #H 10.2
polygamma function B 8.7
polylogarithm i 8.7

polynomial division Rd 9.1
polynomial factorization ke 9.1
polynomialg.cd. Rd 9.1
polynomial manipulation 9.1
polynomial modulus Pmal 9.1
polynomial resultant #% 9.1

polynomial, test for Rp 7.6
5] 7.6
Rs 7.3

position L 10.4
positions of parts Rs 7.3
Rs 1.3

postfix form 2.11 S 10.1
postprocessing Rs 1.3

Rw 8.2

Rodid 7.8

Rodid 4,

power distribution property Rl
power distribution Rl 7.8
power expansion property Rotid
power expansion Rl 7.8

power series B 9.5
power Rw 8.2
powers of B 7.9

4 10.1
R 4.
2 13

pre-simplification 3.6
precedence 2.10

precedence definition 2.11
precision 2.1

precision, arbitrary F 2.1
precision, multiple F 2.1
predicate P 5.

predicates 7.6

prefix form 2.11 S 10.1
preprocessing B 1.3

1] 10.1

iite 8.11

prime factors 8.11
prime number e 8.11
printfile Dp 10.6

print held form B  10.1
print R 10.1

print, linear format I  10.1
print, one-dimensional lp  10.1
print, two-dimensional B 10.1
printing form, size of B 10.1
printing forms  Ft 10.1 B 4.
printout  Hd 10.6

priority of process Ha 10.9
problemreport S  10.6

R 6.3

procedures 6.3

process control 10.9

processing 3.1

A 9.2

product NMi 8.2 Wl 9.2
profiing  iime 10.8

Ry 10.7

program construction 10.7
program control 6.

program file 10.7

program files A.4

program,run  Rn 10.6
programming aids 10.10
programs 6.3

programs, external A.3

] 7.3

projection @aluation 3.1
projection flattening & 7.7
projection generation 7.1
projection manipulation 7.7
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projection simplication 3.1 reduced residue system &  8.11
projection, test for | 7.6 Reference Manual, on-line access 1.2
projections 2.3 references 0.
projectors 2.3 references, mathematical functions 8.1
) 7.6 regular Bessel function BsJ 8.8
#p 4. regular Coulomb avefunction G 8.8
properties 4. regular spherical Bessel function B% 8.8
property assignment & 4, 3] 3.5
property indirection T 4. relational operations 5.
property transfer T 4. release expression R¢ 3.5
I 4. remainder Nl 8.3
B 10.1 remainderpolynomial Pmal 9.1
B 95 removal of values 3.2
pseudotensorunit § 9.6 remove parts DB 7.3
3 8.7 rename file Se  10.6
21 10.2 Ro 7.7
pure function 2.7 R 4.
Ri 10.3 reorder filters Ro 7.7
reordering, filter (property) Re 4.
quit interrupt 1.5 Rp 3.3
quoted form 3.5 Rl 3.3
quotient & 8.2 repeat counts 2.5
quotient, polynomial Rd 9.1 repeatloop Ri 6.2
repetiton Ri 6.2
Ra 95 Rp 7.1
Re 8.6 replace text 1.7
Racah 6-j symbol Rz 8.6 replacement 3.3
radians Dy 8.4 replacement type extension B 4.
Rad 8.3 replicaton Ry 7.1
random expression Rx 7.10 report S 10.6
random number Rml 8.3 representation, internal & 10.10
Rt 7.9 residue system, reduced & 8.11
rational approximation Ra 9.5 restart 3.2
rational expression manipulation 7.9 restricted pattern matching Gn 2.6
rational numberarbitrary length B 2.1 resultant, polynomial & 9.1
rational numbertest for Rt 7.6 R 6.3
rational numbers 2.1 return Rt 6.3
rationalize R 7.9 Ry 7.7
R 7.6 reverse Ry 7.7
ravel & 7.7 revise Hh 10.5
R 10.1 Rx 7.10
Rh 10.1 Riemann sheets 8.1
R 83 Riemann zeta function 8.7
read file @G 10.3 rotate G 7.7
read held form Rh 10.1 rounding @& 8.3
read R 10.1 routines 6.3
real numbertest for Ra 7.6 R 6.2
real part Re 8.3 rpt 2.5
realtime @& 10.9 ® 8.11
real-time interrupts 1.5 i 3 9.1
Ra 7.6 rules, application of 3.1
Re 4. rules, definition of 3.2
reclaim memory @& 10.8 Rn 10.6
record 10.3 @mn 10.3 run command 1.6
record files 1.4 run program Rn 10.6
records 2.4
rectangular arrayest for i 7.6 S 33
recursion3.1 Re 4. Snp 4. Se 10.6

recursve gplication of templates Nép 7.2 sase cefinitions Rt 10.3
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sa/e eypressions 1.4
sae @m 10.3
scalar product Do 8.2
screen-oriented input 10.4

script 1.4
Se 8.5
Sih 8.5

seed random number Rmd 8.3
segments 6.3

S 6.1

selectpart A 7.2

select statement ¢ 6.1
select L 10.4

semantics 2.

semaphores 10.9

Sy 10.6

Sn 7.1

sequence generation S 7.1
sequence of expressions Np 2.3
sequences 2.4

S 4.

serial @aluation S 4.
series approximations 9.5

series truncation A& 9.5
series, power B 9.5

S 3.2

set defaults th 10.6

set priority of process Ha 10.9
set values 3.2

S 3.2
sets 2.4
Sa 10.8

share memory S& 10.8

shell escapes 1.6

shell scripts A.3

8 3.3

side effects 3.2

§ 9.6

sigma function, Weierstrass Wi  8.10
& 8.3

signature § 9.6

significant figures 2.1

silent processing 1.1

similarity transformation S 9.6
simplification 3.1

simplification, control of Snp 4.
simplification, controlled Snp 3.1
simplification, deferred 3.5
simplification, immediate 3.6
simplification, partial 3.7

simplification, rational expressions 7.9
i 9.6

8 8.5

sine integral function & 8.7
th 8.5

& 8.7

[} 8.7

B 10.8

size of printing form ®& 10.1

size lm 7.4
skeleton 7.4

Snp 3.1
Snp 4.
snpud A9
siip A9
sl 14
SN A.9
K1) 9.3

solution of equations % 9.3

solve S 93

i ) 7.7

sortingtest @ 5.

sources, mathematical functions 8.1
space 8 10.8

special expression Mk 2.3

special input forms 2.10 2.11

special output forms 2.12 S 10.1
special printing forms Fmt 10.1 B 4.
special-purpose programs A.2

Spence function i 8.7

spherical Bessel function, irregular By 8.8
spherical Bessel function, regular B% 8.8
spline Qe 10.2

spur T 9.6

i 8.2

square root Sy 8.2

stack variables It 6.3

standard deviation B 2.1

star in output 2.12

startrecord @ 10.3

statement blocks 6.3

statistical expression analysis Ax 7.10
statistical expression generation Rx 7.10
status interrupt 1.5

status Nem 10.8

® 10.10

step function T 8.3
231 8.6

.31 8.6

Stirling numbers, first kind 18 8.6
Stirling numbers, second kind 28 8.6
stop 1.5 i 10.6

stop record @ 10.3

storage 10.3

storage management 10.8

3] 8.8

string manipulation 10.5

strings 2.2

B 8.8

® 10.10

structural operations 7.

structure determination 7.4

structure & 10.10

Struwe function B 8.8

Struwe function, modified B 8.8
subexpressions, common Sa& 10.8
subparts of expressions 2.5
subroutines 6.3
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subscript Fmt 10.1
subscripts 2.4

subsidiary input %4 6.3
subsidiary output %%$06.3
subsidiary procedures 6.3
substitution 3.3

suchthat @n 2.6

Sm 9.2

sum B 8.2
Summaryon-line access 1.2
summation Smm 9.2
superscript At 10.1

i iy 10.2

surface & 10.2
suspend processing 1.5

switch statement S 6.1
switch, global Rs 13 B 13
& 101

S 2.11

Sm Ro 7.7

symbol &aluation 3.1

symbol name, make Nde 10.5
symbol, testfor Smip 7.6
symbols 2.2

symbols, list of Qi 7.5
Smip 7.6

symmetric ordering Rsy 7.7
symmetries Rs 7.7
symmetrygeneral Rs 7.7
symspec Gw  10.7
synchronize processes W  10.9
syntax 2. S 10.1

syntax errors 1.1

syntax extension 2.11

syntax modification 2.11
syntax, output S 10.1

S5 4.

system characteristics A.8
system-defined object S 4.
system-defined symbols 2.2

table of input forms 2.10
tables 2.4

tabs A.6

T 8.5

Tah 8.5

tautology testing & 5.
Taylor series B 9.5
Tektronix 4010 A.6
Tektronix 4025 A.6
template application 7.2
templates 2.7

temporary variables ¢ 6.3
tensor generation A 7.1
tensor manipulation 9.6
tensors 2.4

aep AT

Tk 10.3
terminal characteristics A.7

terminal width A.6

termination A.9

termination, input 1.1
termination, job 1.5 X 10.6
terms, number of lm 7.4

test, character 7.6

test, numerical equality N 3.4
test, pattern matching N 2.6
tests 6.1

text editing 1.7

text manipulation 10.5

text, commentary 2.9

textual forms 0.

textual replacement 2.11

then ffl 6.1

theorem proving § 5.

Thet 8.3

theta functions, Jacobi & 8.10

three-dimensional plot

@ 102 B 102

ticks A.8

(] 7.7

(] 4,

tiered lists 2.4

iie 10.8

time unit A.8

time @& 10.9
timng A8 # 1.3

& 109 iwre 108

top MNmm 7.9

o 8.8

Toronto function T 8.8
total differentiation B 9.4

(: ] 8.11
totient function, Euler's @i 8.11
T 9.6

trace 1.5 10.10 T 9.6
] 4,

[ 3 9.6

transcendental functions 8.5
transfer of control Jnp 6.3
translation 10.7

transpose B 9.6

[::] 7.4

tree structure 2.5

i 9.6

triangularize matrix & 9.6

trigamma function B 8.7
trigonometric functions 8.5

true 5.

truncation, integer & 8.3
truncation, numerical N 3.4
truncation, series A& 9.5
tutorials 1.2

type assignment T 4.
type declaration Ty 4.
type declarations G  10.7
type definiton T 4.

type extension B 4. E 4.
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type fle Dp 10.6 zeta function Z 8.7

e 4, zeta function, generalized 2 8.7
typesetting, external file A.2 zeta function, Weierstrass Wi¢  8.10
typograply O.

L 4.

ultraspherical polynomials Gy 8.9
underlining 0.

U 5.

unexpected input 1.1

unfolded size #8 10.8

(] 7.7

unique elements Ui 7.7
unitary transformation S 9.6
unknowns 2.2

unravel & 7.7

unsimplified forms 3.5 Snp 4.
until loop  lap 6.2

user communication Sml  10.6
user programs A.2

a 7.6

vaue, test for @ 7.6
values 3.1

values, assignment of 3.2
variable evauation 3.1
variable, testfor Smip 7.6
variables 2.2

variables, list of Q#t 7.5
vector coupling codfcient Wy 8.6
vector, test for Qg 7.6
vectors 2.4

verbosity e 4,

VT125 A.6

WA 10.9

watch 10.10

wave function, Coulomb irregular GG 8.8
wave function, Coulomb regular GaF 8.8
WEE 8.8

Weber function Bs¥ 8.8 W@4E 8.8
Weierstrass function W&  8.10
Weierstrasso function Ws  8.10
Weierstrass” function Wi  8.10

we 8.10

Wi 8.10

Wi 8.10

while loop lap 6.2
WAl 8.8

Whittaker M function WHil 8.8
Whittaker W function WW 8.8
WIW 8.8

Wy 8.6

Wigner 3-j symbol Wy 8.6
write Smd  10.6

X 5.

Y. 8.7





