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: ' Memo 10
THE LISP DIFFERENTIATION DEMOﬂSTRATfCN PROGRAHM
by K. Meling |

1. Introduction
This program is a byproduct of the machine language whlch
is being developed for the Artificial Intelligence projact. Ib
was written because the process of different &abion and to some
extent that of simplification, turned cut ©o be Very CONveni-
ently expressable in LISP. There are {wo maln reasons Tor
this: one 1is the fact that algebraic expressions aye most
easily represented in a computer Ey means of a list language
and the other is the ability of LISP to describe recursive
processes, : |
The program is int sernally in 3"0 distinet pa
first is the differentiation program, which 1is written out
for the case of PLUS and TIMES (The only differentlable
functions that @b not have a fixed number of argumenis)
which handles all other functions by making substituticns of
their arguments into the gradient. It is up to the user wo
add thée gradients of functlons which he wishes teo differenvi-
ate. It will normally take one card per function and there
i3 no restriction on the anumber of functicns OF their order.
‘When the differentiation proéram was first tested oub
it was found that the resuliing FKDﬂeuSLOﬁS were usually
enormous and cont ained a Warge nvﬂoar of redundant syubols,
The second part therefore consists of a simplificat:
which is written out for PLUS ard TIMES, the chie
and for all other funcitions the recogniticn ¢
cases is bullté it. Again it is up %o the user to add the
degenerate cases and theiy eguivalents for the funct
which he i3 interested, and avuin‘ there arve no restvicticons
thelr number or order. ‘
There is one further
LISP Function "Apply™. App
causes any process defined
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expressicn. The user way have his own ligt proessses caveied
out in two places, {(a) during the simplify program. wienever

»

any function appears which he has introduced {any one LISP

program wlll be for one function only, but each funetlon ooy
have such a nvc;fLJ) [p) after Cthe above sinplilflooti@g
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MINUS,0,u), {TIMES,v,v)))))

{
Y

O,

I

(RAT

n
=

0,1,v}
1,x) is being differentiated.

—

5

™AM
RATY

{

Jan A
A



-
- ew
o

g

graduticon(L}} « grarntxPﬁmTOl~e(fu v), ({RATI10,1,Vv),(RATIO,
o o +.v1))) = G.
) —{{u,1},{v,x)) = B
(nATIo.-,v\ (RATIO, (MINUS,0,u).

I0,1,%),{RATIO, (MINUS,C,1, (TINES,x,%))) =M

m
L
’{ (J X, 1ist(TIMES,copy{car{J)),.diff{car
(DTMES, {R T¢O ;1,X),0) . (TIMES, (RATIO, {MINUS,0,1)
and when nreceded by a PLUS this is the fequired result, ohovgh
in somd need of simplification,
3c3 It will be noted that MINUS is treated as a binary cperator,

bitrary decision that was prompted by a wish to treat PLUS
s similarly as possible to TIMES and RATIO.- .
j/éx = du/fdx - dv/dx
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Since d{u-v

One writes the gradient of HINUS as (1, (HINUS,O.l‘)

so that on She preperty iict of MINUS should appear
JGRADL, {({w,v), {1,(MINUS,0,1))))

y minus were usea, one would put on the property

{GRADL, { {u), { (MINUS 1))))
]

£,1 Suvms and products are simplified in the following ways.
1. Froducts that contain a zero term are replaced by zcero.
2.  Zero terws in sums ov uvnlt terms in products are deleted.
3. Sums of sums ayre combined to contain only one PLUS and
products of products are combined to contain only one TIMES.
I, A sum of no terms is zero, a product of no terms is one.
5. A sum OF products of only ocne term 1s the term 1tself.
Let L be a well-formed algebraic expression in LISP.
Siuplify (L) =/atom{L}—return(L),
umanlis(edr(b) {3, aimplify{car{J))))
car{L)#PLUS—go{al) |
, Al-mﬂmucn{hph(char(J)a{>—9/\ caar(J)wPLUS-écdar(J,,T—acons
{car{3},/\)))
null (K1} ->return{0) :
null{cdr{Kl)j—return(car{Kl))
T—return(cons (PLUS,K1)) |
car{L);TIMES—ge(a2)




Toscarch LA {J,car{J)«d), n{ 0} ,go{a3))

{a3) Ki-mapeon{k, M J (3)=21—>N\caar{J)»TIHES—cdar(JT) , T—
cons{car{d),/N\ )} )}
null{Ki)=-sretuen{l) |
milliedri¥l) j—vreturn({car{Kl))

T—return{cons {TIMES,X1))
{a2) p=search{car{L} ,A{¥,cor{J)=SPECL),A(J,cadr(J)),go{a4))
returnsearch{il, M J, inst{cadar ) caan(3),K), h(J,sublis(lnau(cadar
2(J) 5K },Cu&ﬁr(d)),L)) '
{alt) - return{searchicar(L) ,A(Jscar{J)=SPEC2,A(J,apply(cadadr
(J}:L,czadr{J}}),L) |

2 Boral mples will again be given to clarify the methed whereby

' degénerﬁ @ cases are *ecogn¢ zed, and whereby the user can intrecduce

~
(]

by "z, : : :
Nany other ceses such as 0/y, x/0, x/(y/z), could of éb@:se be .
added. : ' ;
' ve add to the propersy list of RATIO :

(SP o1, {{{u,uds{{n),(v)),1), ((u,v),((u), (Val))au)))

' ¥ of (a2) abovb will be caur of tils expression.
vhere I is {RATIO,x;X)

LNSP{‘\LJ (v)):(u.u)s (“a“))“ﬁ(<ua£))

and sublis {{{u,z}),1}—=1.
is (RATIO,x,1) |
3(Vgl}}g{u,V)a(u3V)9(331))*%((“,K),(V,l))

sublis ({({uw,x),{v,1}),u)—x

An example with "Aﬁcly“ will be provided later°
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e eratives which ¢ he‘pfogram can obey are
(DIFF”REHTIATE, (8IN,X},X
which weans, differoﬂbiaoe sin(x) with respect to X,
( SIMPLIFY.{PLUS,¥,0)) o
Thne wmeaning 1s obvious,
'STOP . causes the couwputer to halt.
| To add gradients, degenerate cases or LISP program to the
property list of a function, one must write
(FUNCTION,SIN) (GRADL,((U),((c0S,V)))) or
(FUNCTION,LCG) (SPECL,{{(U),((V,1)),0))
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ovy dmportant ©o aspell the followlng words correctly;
\TE. SIMPLIFY, FUNCTION, PLUS, TIMES, STOP, GRAD1,

It is also essential {o have the correct depth of paren-
theses, and to include mateching right hand parentheses.

P Tronvon Print-out

The deuoastr" icn will always bcbin wlth

YTHIS IS A DEMNONSTRATION OF SY¥BOLIC DIFFERENTIA”ION USING
s A LIST PROCESSING LANGUAGE. THE CARD CONTAINING THE
RXPRESSION TO BE DLPPERENT“ATFﬁg AND THE GRADIENTS OF ALL
TI UNCTIONS USED IN I7, SHOULD FOLLOW THE DECK WHICH HAS
JUST BEEN READ IN.
vOW PRESS THE START HEY.
A card reading (DI?FERL%TIATE,(E),x) causes the print—cuu

I8 NCW BEING DIFFERENTI&TED WITH RESPECT TO

The result is preseunted by
TiE DERIVATIVE IS

A card reading {(SIMPLIFY, (El)) causes the print out

AN EE SIMPLIFIED TO

£ card veading (FUNCTION,G) (GRAD1, (E)) causes the print out
G

EAS NG ON ITS PROPERTY LIST

jay
Q
(—J
cr
jacy
D
<
=
]
> 0]
t“)
G)
<
[N
O
[
w
P
&
o
[0}
e
S
2
o
<
™)
2
(5}
[«7
-
=
d-
a3
o
oy
(]
(1]
[}
£
B
o
o
o
o
ct
b‘
[
3

1ti
The progran w;ll priatc oub:
‘HE PROGRAM HAS NOT BEEN GIVEN THE GRADIENT OF

T A CARD ON WHICH ITS GRADIENT IS PUNCHED IN THE CARD READER
AND PRESS THE START KEYs
If the program is glven an expression which 18 not of the types
described in section 5, 1t will print.

IS WOT AN ACCEPTABLE EXPRESSION. TRY AGAIN.
If the program aticmpts to read when there are no more ga?ds in

e




-G

The cnvd veader, either bcoau"“ the user has pressed the start
key aiic: a wachine halt op because the program has Jjust yead
an expirressicn of the form (FUNCTION,G) then the program will

THERE 18 NO CARD FOR THE READER TO READ. TRY AGAIN.

To heeltiva Qut Expressiensl
12 was wentioned in Section 1 that the user can add any
rogvram ¢f his own, which will be executed after the
Ty program deacribed in Section 4 has been executed,
1 use as its argument the result of such previous

b

ion. The intention of this facillity is to make
Pie cancellation, counting, small integer arithmetic and
infix privting, for example. .

The user is referred to the LISP programmer’s Manual for
infermation on checlting out programs for Apply. This LISP
pPrOogTam can uhen be added ¢o th° demonstration program by
writlng
{FUNCTION, SIMPLIFY) (SPEC2,((a),(F)))

‘Both SIHPLIFY and DIFFERENTIATE (unsimplified) are avallable to

Aprzly as subroutines. The purpose of the imperative
(STMPLIFY,E) : '

is of course to make easy the checking cut SPEC1 and SPEC2
type additlons te the property list of functilions. Note.that
nothing added to the property lists of PLUS and TIMES will
affect the program in any way. '

The authors of this pregram accept no responsibility for
any results produced by it, rignt or wrong, and do not wish to
ancuer any questlons about it. '
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