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¢ Much built-in ¢ Limited mathematical knowledge,

knowledge, e Small and fast (also on large

e Big and slow (especially problems),

on large problems), e Optimized for certain classes of

e Very general, problems,
e GUI, add-on packages... e Batch program (edit-run cycle).
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myAbs([x_] := -x /; Negative[x]

We get:
myAbs[3] O 3
myAbs[-5] O 5
myAbs[2 + 3 I] [0 myAbs[2 + 3 I]
— no rule for complex arguments so far
myAbs[x] [ myAbs[x]
— no match either
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e applied once using Rules:
a+b+c/.a->2cl[] b+ 3c

Transformations can be Immediate or Delayed. Consider:

o
{r, r} /. r => Random[] [ {0.823919, 0.823919}
{r, r} /. r :> Random[] [J {0.356028, 0.100983} =
|
Mathematica is one of those programs, like TpX, where you wish youd gotten a US keyboard for all those braces and brackets. |
|
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FullForm[expr] [0 Plus[a, b]

Head

expr] [0 Plus
expr [ [0]_

expr [ [1]

expr [ [2]

—_ L 1

[] Plus
[] a
(1 b

— same as Head [expr]
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Do [ éum += array[[i]], %i, Length[arrayl} ];
sum |

test2 := Apply[Plus, array]

Here are the timings: )
Timing[test1] [[1]] [0 31.63 Second O
Timing[test2] [[1]] [0 3.04 Second :

H
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Apply[Plus, {a, b, c}] [ a+b + c
Plus @@ {a, b, c}r [1 a + b + ¢ — short form

Pure Functions are a concept from formal logic. A pure
function is defined ‘on the fly’:

(# + D& /0 {4, 8+ O {5, 9}

The # (same as #1) represents the first argument, and the &
defines everything to its left as the pure function.
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Prepend and Append add elements at the front or back:

Prepend[r[a, bl, c] O rlc, a, bl
Append[r[a, b], c] O rla, b, c]

Insert and Delete insert and delete elements:

Insert[hla, b, cl], x, {2}] O hla, x, b, c]
Delete[hl[a, b, cl], {2}] O hla, c]
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X_ — pattern wit ead h
x_:1 — default value

X_"?Number( — conditional pattern
x_ /; x > 0 — conditional pattern

Patterns take function overloading to the limit, i.e. functions
behave differently depending on details of their arguments:

Attributes[Pair] = {Orderless}
Pair[p_Plus, j_] := Pair([#, jl& /@ p
Pair[n_?NumberQ i_, j_] := n Pairl[i, j]
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b

Series[Sin[x], {x,1,5}] — series expansion
Simplify[(x"2 - x y)/x] — simplify

b

Together[1/x + 1/y] — put on common denominator
Inverse[mat] — matrix inverse .
Eigenvalues[mat] — eigenvalues

PolyLog[2, 1/3] — polylogarithm .
LegendreP[11, x] — Legendre polynomial 0
Gamma [ .567] — Gamma function :
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utput can be saved to a file with Export:

plot = Plot[Abs[Zetal[1/2 + x I]], {x, 0, 50}]
Export["zeta.eps", plot, "EPS"]
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can be very efficient.
Wrong: FullSimplify[veryLongExpression].

Mathematica is a general-purpose system, i.e. convenient
to use, but not ideal for everything.

For example, in numerical functions, Mathematica
usually selects the algorithm automatically, which may
or may not be a good thing.
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Symbols, Vectors, Indices, (N)Tensors, (C)Functions.

e FORM works on one term at a time:
Can do “Expand[(a + b)~2]” (local operation) but
not “Factor[a”2 + 2 a b + b~2]” (global operation).

e FORM is mainly strong on polynomial expressions.

e FORM program + documentation + course available from
http://nikhef.nl/~form.
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id b = c - d;

print;
.end
Time = 0.00 sec Generated terms = 6
expr Terms in output = 6
Bytes used = 104
expr =

d™2 - 2%c*d + c72 - 2*xaxd + 2%axc + a”2;

0.00 sec out of 0.00 sec
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uring the execution of “normal” statement terms are
only generated. This is a purely local operation - only
one term at a time needs to be looked at.

Sorting Phase (“dot” statements):

At the end of the module all terms are inspected and
similar terms collected. This is the only ‘global’ operation
which requires FORM to look at all terms
‘simultaneously.’
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Sorting

N NS

. sort +2*a”2 +3*a*b +b"2

“if(count (b, 1)==1); G ti
~ multiply 4*alb; crerarins -
§ endi f ; B
§ +2*an2 +12*a”2 +b"2
S [ |
s // .
»| oprint; L]

. end +14*a"2 +b"2 m
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) y ®

x + 1/x

idx=y; I x-1 +y

id x"n? = y'n; [ y -1 +y — wildcard exponent
m
o
O
O
O
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id £(?a) = g(?a); O g(a, b, c) + g(1, 2, 3)
— group-wildcard match
id f(a?int_, ?a) = a; [ 1 + f(a, b, c)

m
— constrained wildcard B

id f(a?{a,b}, 7a) = a; J a+ £(1, 2, 3)
— alternatives .
I
M
M
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o #if{,def,ndef} ... #else ... #endif,
e #switch ...#endswitch,

e #procedure ... #endprocedure, #call,

e #do ... #enddo, -
e #write, #message, #system. 5
The preprocessor works across modules, e.g. a do-loop can :
contain a .sort statement. =
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e FORM programs are module-oriented with global
(= costly) operations occurring only at the end of module.
A strategic choice of these points optimizes performance.

e FORM is typically much faster than Mathematica on
polynomial expressions and can handle in particular
huge (GB) expressions.
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e Abbreviationing
Easy in Mathematica, practically impossible in FORM.

e Simplification of Colour Structures
Different approaches.

e Calculation of a Fermion Trace
Built-in in FORM, complicated in Mathematica.
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Springer (Austria) 2nd ed., 1983.

e Andrei Grozin
Using REDUCE in High-Energy Physics
Cambridge University Press, 1997.
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antisymmetric object, can be written with the =-tensor:

n

il,...,in:].

In practice, the =-tensor is usually contracted, e.g. with vectors.
We will adopt the following notation to avoid dummy indices:

E,prap'uqyrpsa — 5(]77 q,T, 3) :
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Epslargs__] := Signature[{args}] Eps@@ Sort[{args}] /;
!0rderedQ[{args}]

T. Hahn, Symbolic Programming Examples — Mathematica vs. FORM - p.28



1 2 3

whereas if p; + p» = p3 + p4 we could have instead

1
d= .
p4—|—’m

In Mathematica: justdod /.pl + p2 - p3 -> pé
(or better: Simplify[d, pl + p2 == p3 + p4l).

Problem: FORM cannot replace sums.
N . B B
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shortest expression (in FORM)?
Solution: add the number of terms of each argument, i.e.

{xaya Z} — {CIZ’, y7 Z,’I”L;U, nya nz} .

Then sort n,, n,, 1., but when exchanging », and n,,
exchange also « and b:

symm ‘foo’ (4,1) (5,2) (6,3);
This unconventional sort statement is rather typical for FORM.
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* order according to the nterms
symm ‘foo’ (4,1) (5,2) (6,3);

* choose shortest argument
id ‘foo’([x]?, 7a) = ‘foo’([x])

#endprocedure

b
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are introduced. For example,
Unique["test"]

generates e.g. the symbol test1, which is guaranteed not to
be in use so far.
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AbbrList[] := Cases[DownValues[abbr],
_[_[_[£f_11, s_Symbol] -> s -> f]

(*x restore full expression *) -
Restorel[expr_] := expr /. AbbrList[] -
O

O

O

O
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Natural Repres

~ T =SUNT [a,7,7]

& ~ fabe — SUNF[a,b,c]
g
(a4
§ a C
S
<

b d

~ fabz fred — QUNF [a,b,c,d]

T. Hahn, Symbolic Programming Examples — Mathematica vs. FORM - p.34




e SUNT[a,b, .. .,1,7] = (TaTb-")ij
e SUNT[a,b, .. .,0,0] =Tr(TaTb...)

This notation again avoids unnecessary dummy indices.
(Mainly namespace problem.)

For purposes such as the “large-V. limit” people like to use
SU(N) rather than an explicit SU(3).
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Dirac spinors, but can be generalized to any
finite-dimensional matrix space [hep-ph/0412245].

For SU(N) (colour) reordering, we need

1 1
TiiThe =5 (57:6% - N5z'j5ke> -
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For a Squared Amplitude:

o use the Fierz identity for SU(N) to get rid of all SUNT
objects.

For “hand” calculations, a pictorial version of this algorithm
exists in the literature.
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repeat;
once SUNT(?7a, [al?, [bl?, [il?7, [j1?) =
SUNT(?a, [a], [i], DUMMY) * SUNT([b], DUMMY, [j1);
sum DUMMY ;
endrepeat;

* apply the Fierz identity

id SUNT([al?, [il?, [jl?) = SUNT([al?, [k]?, [1]7) =
1/2 = SUNT([i], [1]) = SUNT([jl, [k]l) -
1/2/(¢SUNN’) * SUNT([i], [jl) * SUNT([k], [1]);
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b) Contraction on the same chain:

(A|T*|B|T"|C) = % ((A\C) g % (Al B |0>) | :
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—_—_——) -_) —_—)

(sunT[t1l, t4, i, 1] sunT[tB t2 k, jl -
sunT[t1, t2, i, j] sunT[t3, t4, k, 1]1/SUNN)/2

(* introduce dummy indices for the traces *) -
sunTracela__] := sunT[a, #, #]&[ Unique["col"] ] N
O

O

O

O
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+ Guo Ir Thp

This algorithm is recursive in nature, and we are ultimately
left with

Tril=14.

(Note that this 4 is not the space-time dimension, but the
dimension of spinor space.)
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