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Abstract

The languages Lisp, Macsyma and Prolog provides a powerful environment for
manipulating programs and reports. Macrofort is a language for interfacing
Macsyma and Fortran. MacroTex does the samething for Latex. Using these
facilities Pandore generates complete reports in Latex about studies in
stochastic control . The user has only to specify its model in term of
control of diffusion processes. Pandore does everthing else. The pandore
paper in these proceedings has been completely generated by the system.
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(0 PFPandore Pandore is a system able to make complete :
engineering studies in optimization of dynamic i
syten.

[0 Hacsyma It makes an intensive use of the three -
languages lMacsyma, Prolog and Lisp. The complete §

d Prolog environment is Lisp since Macsyma and the Prolog %
used are written in Lisp. %

[0 Hacrofort To facilitate the fortran generation from :
macsyma one uses a language called Macrofort.

0 Hacrotex For Tex report generation one uses another ;

language called Macrotex.
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Formal Macsyma is one of the most famous formal

calulus calculus systenm.

sysiems Because it is written in Lisp it can manipulate
easily trees representing algebraic formulas or

Trees typed expressions like rationals.

Demos Mainly, the interpretor makes a "read,eval-
simplify.print" loop, the simplifier and the

Interpret. evaluator calling each other recursively.

Simplific. Most of the Macsyma power comes from its
simplification possibilities which confer it

Evaluation surprising possibilities in partial evaluation.
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Macsyma demos

The following simple demos show some algebraic
possibilities of macsyma:

rational calculus,
differential calculus,
matricial calculus,
progamming language,
equations solver.
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(c2) 1/(X"3+2);
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Differential calculus

(c4) DIFF (%,X):
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Programming language

FAC(N) :=IF N=0 THEN 1 ELSE N*FAC(N-1);
fac(n) := IF n = 0 THEN 1 ELSE n fac{n - 1)

FAC(5);
120

G(N) :=SUM(I*X"I,I,0,N);

i
g(n) := sum(i x , i, O,

G(10);
10 9 8 7 6 5 4 3 2
10 x +9x +8x +7%x +6x +5x +4x +3x +2x +X
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Matricial Calculus

MAT:MATRIX ([A,B,C], [D,E,F1, [

]

]

(d16) d e f1]

]

g h 1i]

(cl7) $7°2;

[ 2 ]
[cg+bd+a ch+be+adb ci+bf+acl
{ ]
(d17) /R/ [ 2 ]
[fg+de+t+ad fh+e +bd fi+ef+cdl
[ ]
[ 2 ]
[gi+dh+ag hi+eh+bg i +fh+cg ]
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Equation solver

(cl3) SOLVE (X*6-1);
sqrt(3) %i + 1 sqrt(3) %1 -1
(d13) [x = -, X =
2 2

X*6-1,%1011;

(sgqrt (3) %i + 1)

64
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Rational Calculus

20

{ (c9> RAT(EY;
' 20 19 18 1? 16 15
¢dOY/R/ % + B0 x + 1710 x  + 30780 x  + 392445 x  + 3767472 x

14 13 12 1

+ 28256040 x + 160536240 x  + 826489170 x  + 3305956680 x

10 g 8 7

+ 10900657044 x  + 20753610120 x + 66945622770 x + 123591918950 x

&) 5 4 3
+ 185287878440 x + 222465454128 x + 208561363245 x + 147219785820 x

2
+ 73600802010 x + 23245220340 x + 3486784401 [:}
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Rational Calculus

4 (c10) DIFF(%,X);
. 19 18 17 16 15
% (d10) /R/ 20 x + 1140 x + 30780 x + 523260 x + 6279120 x

% 14 13 12 11
+ 56512080 x  + 395584560 x  + 2203971120 x  + 9917870040 x

10 9 8 7
+ 36365523480 x  + 109096570440 x + 267782491080 x + 535564982160 x

6 5 4 3
+ 865143432720 x + 1112327270640 x + 1112327270640 x + 834245452980 X

2
+ 441659357460 x + 147219785820 x + 23245229340
o
| (cll1) FACTOR(%);
2
19
20 (x + 3)
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Interpretation

Macsyma Almost all of the objects of macsyma are
objects internally lists or typed lists.
Typed lists are lists which have a first element
Typed 1list specifying the type for example:
- the macsyma list [1,2] is represented by
((mlist) 1 2)
- the macsyma matrix "matrix([1,2])" is
represented by
The other lists are similar to the lisp ones for
example "a+b" is represented by ((mplus) $a $b)

o
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Interpretation

“read, Macsyma manipulates these objects.Its inter-
eval-simp. pretor does a "read eval-sinmp display loop”
print* For example suppose we want compute the
loop derivative of (x+1)*3. The interpretor

1) reads "diff {{x+1)"3.x)"

2) parses the expression to obtain:
(($diff) ((mexpt) {(mplus) $x 1) 3) $x)
3) evaluates and simplifies the expression

{({ntimes simp) 3
{{mexpt simp) {{(mplus 31mp} $x 1) 2))
4) ZD-prints the result: 3{x+i‘

lprint|

ev-sinp

‘“Innnduzuan rd&m
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Very often formulas are represented by trees in
Macsyma. Some typed expressions have a specific
internal representation like rational expressions,
Taylor series etc...

Trees are represented easily by list in Lisp.
For exanple the macsyma expression x”~2+3x+1 is
written in Lisp by '{+ (¥ x x) (* 3 x) 1) which
is the tree given by the picture.

The rationals have a specialized internal repre-
sentation nevertheless they have variable lengths
and thus can be easily represented by lists.

-
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Simplification

The simplification is the main improvement gi-
ven by the formal calculus systens.

Because partial evalustion is an important part
of the simplification process the simplifier and

the evaluator calls each other recursively.Let us
see that on the example: 2%0.5%cos(-a) -—= cos{a).
({mtimes) 0.5 2 (($cos)(({mtines) -1 $a)))
{{mtimes simp) -1 $a)
{{ntimes) 1 {({$cos simp) $a)})

—> simplify

= evaluate

{($cos simp) $a)

7 Introduction

Simplification algorithm

\

- . . . . .
h if simp=false or expression 1is sim-

a Order expres. plified then return y

b 4

S ™ 7
O Canonical form if the head operator is + or * or *

then call corresponding simplifier

— T | = g

-,

4 . ] AN if it has properties (additivity,..)
o
Simplify 5 L call the corresponding function y
s A 4 . . M
If it has prop. given by the user

Put simp flag call them else simplifies arguments

w h i |
&
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Customizing the Simplification

The user can customize the simplification of
macsyma for that it has 3 possibilities:
1) puts preexisting properties on an operator:
(declare (f,additive), £(x+y)) ——> f(x)+£(y),
2) defines new rules for the simplifier:
(matchdeclare(a, freeof (y)),
tellsimp tellsimp (f (at+y),£(a)), £ (btcty)) ——> L (btc),
3) defines its own simplifier:
defrule (matchdeclare (x, true) ,defrule(rl, f(f(x)),g(x)),
applyl applyl (£(£(£(x))),rl)) —-——> g(f(x)) .

&
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ordering expression, canonical form

§

i

#

ordering Macsyma order expression in the inverse §
expression lexicographic order for example: }
$pi-3+a+x ---> x+a+%pi-3 :

E

E

canonical Macsyma puts the intered expressions in cano- E
form nical forms. In this canonical form the operators i
:

wn_n and "/" do not exist. For example a-b+l/c
has the internal representation :
((mplus simp) ((mexpt simp) ¢ -1)
b
((mtimes simp) a -1)))
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Partial Ewvaluation

diff(x*2,x)
'diff(x*2,x)

QN
M

simplification
abilites of

»

macsyma allows

O
]
(0]

declare(diff,noun)
diff(x*2,x)

it to make

d
d
d(x?)
d

good partial

LI

evaluation and

o}
O
o]
(0]

remove(diff,noun)
diff(x*2,x)
sum(concat(x,i),i,1,2) interesting
x1+x2,x1=2 answer to any
syntactly
correct

N
w

to give an

expression.
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Some Formal Calculus Systems

Macsyma comes from MIT (Engelman, lMartin, loses
and their students..). The project started in
1969. Its size is about 300.000 lines of Lisp. It
represents more than 100 engineer-years of
designing and 600 engineer-years of testing. The
Lisp used are Maclisp., Zetalisp Franzlisp and
Connmonlisp.

Reduce Reduce started in 1969. Its author is Hearn. It
works with Cambridge-Lisp, Standard-Lisp, laclisp.
Franzlisp, Le_lisp. It is almost as powerful as
Macsyma now. It is the most available system.
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Some Formal Calculus Systems

Scratchpad Scratchpad is the formal calculus system of IBM
it is written in Lisp S/360, Lisp 1.5. It started
in 1968. Two mains contributors are Griesmer and
Jenks. Its new version has certainly the most

beautiful design of all the systems.

Maple comes from the university of Waterloo.
Its authors are Char, Geddes and Gonnet. The
project started in 1983. Maple is written in C.
It is also almost as powerful as Macsyma. Its
algorithms are more recent, thus sometimes it is
much faster than Macsyma.

el
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Prolog allows to express easily relations bet-
ween trees. It is wery useful to build small data
bases on such objects, with a powerful interroga-

ting language.

.,
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Oblogis We use a Prolog written in Lisp called Oblogis.
In this language Prolog is seen as two Lisp la- :
Clauses cros, the first for installing the Prolog clauses,
the second for asking questions.
Onificat. Prolog adds two functionalities to Lisp: uni-
And-or fication and exploration of and-or-trees.
trees

" Intmdw:tion
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Clauses

Prolog maske inference on clauses of one of the
following kind:
(1) hyp_1 & ... & hyp_nh ==> concl
{2) ==> concl
0 1literal where hyp_i and concl are literals
The second kind is called a fact and is a parti-
cular case of the first kind.

[Q variable One asks some questions by asking a literal to
be proved. That is finding the substitutions of
the variables such that the litteral becomes true.
True neans proved or infered in this universe.

-l
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Literal

A literal is a tree without logic connectors,
the leaves of which being of two kinds the varia-
bles and the constants.

variable The variables are universally quantified that
means that each clauses where appears the varia-
ble is true for any substitution of the variable

by a constant.

constant The constants are any symbol which is not a
variable. Some syntactic sign permits the discri-
mination between the two kinds of symbols.
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Exploration of and-or trees

Given a literal ¢ to be proved. For all (or)
the clauses for which the conclusion is ¢ prolog
tries to find all the substitutions which make
the hypotheses true simultaneously (and).

Each hypothesis constrainted by the previous
substitutions becomes a new literal to be proved.
Prolog makes the exploration by a depth first
stategy that is at each level of its demonstra-
tion it starts by proving the first hypothesis.
Only when it has achieved to prove it, it starts

the second one.

H Pandore eferem:es

Unification

Definition:
Two literals a and b are unifiable if it exists
a substitution of the wvariables which appears in

then denoted by s such that:

B B A A O B A A A A B A A A A A AR A AT RN NSNS AASARIAAL

s{a)=s(b)
O Oblogis Exanple using Oblogis syntax:
{(+ Ix z) and (+ ¥ !x) are unifiable by the
substitution:
—_— ]
T T
z -——> lx.
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Oblogis

It is prolog written in Lisp by P.Gloess.
The syntax of the clauses are
{1y (<- (concl) ¢hyp_1) ... (hyp _n))
(2) (<- (concl))
O example The litterals are lisp lists.
The constant are preceded by the macro character
wyn
We ssk the question "concl" by
{? {concl))
Oblogis is able to manipulate structured objects
but we don't discuss this feature here.

ntrodnon % F lo-Meu:mfort References i
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Oblogis example

(<= (hamiltonien b ¢ (+ (* b !p) ¢)))
(drift b) (cost c¢))
means that the expression (+ (* b p) ¢) is an
hamiltonien if b is a drift and c is a cost.
(<~ (drift (+ (* 2 !x) !u)))
(<= (cost (+ (* !x !x)(* 3 !u !lu))))
are two facts which give a drift and a cost.
Then to the question (? (hamiltonien b ¢ hm))
"what are the hamiltonians" the answer is:
b=(+ (* 2 x) u), c=(+ (* x x)( 3 uw),
hm=(+ (* (+ (* 2 x) u) p) (+ (* x x)(* 3 uu)))

R

2 "’«"'-"éﬁ'a’"

S

-"Immmmmn§D&mwm§fmhg§Mwmmn§Mmmmx=Pmﬂmeﬁ%&mmﬁ




Macrofort

On one hand Macrofort is a Pascal like language
written in Macsyma, on the other hand it is a set
of facilities added to lMacsyma to generate For-
tran. He takes sense only in the latter case.

There are three kinds of instructions: -the
elementary instructions, -the macro instructions,
-the stack manipulation instructions.

We use Macsyma to make the algebraic computa-
tions and the macrofort program manipulations the
result is a Macsyma list the evaluation of which
produce the fortran program.

Elem. Inst.
Hacros
Stack Inst

Fortran
Generation

Example

1 Introduction B

amwméthg%Mmmmn;

Elementary
Instructions

[ Macsyma function ' Fortran generated

equalf (niv, var, exp)
stopf (niv)
returnf (niv)

var=exp

STOP

RETURN

endf (niv) END

programf (niv,nom) PROGRAM nom

readf (niv,fich,etiq, [liste]) READ (fich,etig)liste
writef (niv, fich,etiq, [1liste]) WRITE (fich,etiqg)liste
formatf (niv,etiqg, [liste]) etig FORMAT (liste)

The elementary
instructions
are macsyma
functions

gotof{niv,etiq)
ifgotof(niv,cond,etiq)
dof(niv,etiq, ind, fin)
continuef(niv,etiq)
subroutinef (niv, nom, [liste])
functionf (niv, type, nom, [1iste])
callf(niv,nom, [liste])
externalf (niv,liste)
declaref (niv, type, [liste])

GOTO etig

IF cond GOTO etig

DO etiq ind=1,fin
etig CONTINUE
SUBROUTINE nom({liste)
typ FUNCTION nom(list)
COMMON /ncm/liste
EXTERNAL liste

type liste

»; Intmducnon % Macsyma g& Prolog

1

which prints
one fortran
instruction
each.
vpiv" is an in-
dentation
level.
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Macsyma functions

Fortran generated

Hacro

fairem(ind, max,prog)

DO etig ind=1,max

prog
etig CONTINUE

Instructions

The macro

if then_elsem{cond, then,else)

IF.NOT.cond GOTO etigqg
then

GOTO fin

etiq else

fin CONTINUE

instructions
are macsyma
functions

casem([condl,progll],
[condn, progn],
else)

IF.NOT.condl GOTO etiqgl
progl

GOTO fin

etigl IF.NOT.cond2 GOTO etig2

etign-1 IF.NOT.condn GOTO etig
progn

GOTO fin

etig else

fin CONTINUE

T
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which return
a set of
elementary
instructions.
Then elemen-
tary instruc-
tions generate
fortran code.
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Macsyma functions

Fortran generated

untilm{cond, init,until)

init

nuntil=0

deb CONTINUE

until

IF cond GOTO fin

IF nuntil.GT.mxntl GOTO max
nuntil=nuntil+l

GOTO deb

max CONTINUE

ierr=numuntil

WRITE (out, format)

format FORMAT ("until overflow"™)
fin CONTINUE
numuntil=numuntil+l

Instructions

"prog","init",
"until" etc...
mean a list of
elementary ins-
tructions in a
list form*.

"cond” is a
condition in

macsyma syntax.

writem{[liste], [format], fich)

READ (fich,etiqg)liste
etiq FORMAT (format)

readm([liste], [format], fich)

READ (fich,etiq)liste
etiq FORMAT (format)

1 Introduction
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Macsyma functions

Fortran generated

writetabm(tab,list, fich)

WRITE (out,etiq) ({tab(il,.,in),
il,list[11),12...)
etiq FORMAT (vevvevevnnnn- (k2-1)
("[*, (f12.5,%,%),£12.5,']1")..)

mainm{prog, nom)

real
integer
commons
init
prog
formats
END

subroutinem(name, [param], prog)

SUBROUTINE name {param,arg,error)
real
integer
commons
init
prog
formats
END

&

Hacro
Instructions

Y"real”,"inte-
ger”, "commons",
"formats”, "arg”
are updated by
stack instruc-
tions*.

The function
"writetabm" is
used to print
in a file an
array readable
by macsvyma.

tion Max:syma M Prolo
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Macsyma functions

Fortran generated

functionmltype,name, [param],prog)

type FUNCTION name({param,arg,error

real
integer
commons
init
prog
formats
END

Hacro
Instructions

It exists two
other utili-
taries:

-declarelispm(nanef namel,dim) which gives the
access to the fortran array nomf of dimension dim
by namel (only on Symbolics Lisp lachine).
-conmentf{list) which displays in 2D the comments
in "list" as a fortran comment.

5% 4|
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Macsyma functions

Updated stack

realm{name)

realdpm (name)
intergerm(name)
commonm { [name, [1ist]])
commentalrem(string)
formatm (form)
externalm(name)

dimension_reel
dimen=ion_double_precision_rezl
dimension_entier

commons

commentaires

formats

extzrnals

Instruction

Macros use
stacks to gene-
rate the fortran
code.

initm(inst)
progm({inst)
proglm(inst)
prog2m{inst)
argumentm (name)

init

prog
progl
prog2
argumnts

These stacks are
updated by spe-
cial instructions.
All these stacks

General stack manipulation

are initialized

push(val,pile)
pushe (val,pile)
pop (pile)
pope (pile)

add val on the top of pile
add val on the bottom of pile
pop from the top of pile

pep from the bottom of pile

by the call:
"contexte ().

Introduction § Macs
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Instruct.
in the

list form

aplat
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Fortran Code Generation

To generate fortran code one build a macsyma
list (prog) of elementary instructions in the
list form, that is the macsyma list composed of
the name of the function followed by its argu-
ments without the first one: "niv". For example
[gotof,100] is the list form of gotof (niv,100) .

The evaluation of this macrofort program is ob-
tained by calling aplat on this: list aplat (prog) .
The result is the display of the corresponding
fortran program. We are urged to use only macro-
instructions to build prog.
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Example of a Macrofort use

gradient_const_step(£,vars) :=block(
[dim:length{vars),var],contexte(],
for i:l thru dim do ( var:vars[i],
initm{[{equalf,var,0]1,
proglml [equalf,concat(var,n]),
var-yo*diff(£f,var)]),
prog2ml [equalf,var,concat(var,n]]) J,

aplat(
subroutinem{gradient,[ro,ep=],
untilm(error<eps,[2qualf,error,100],
[progl,
[equalf,error,suml (concat{vars[i],n)
-vars[i])"2,i,1,4im],
prog2
[writem,8,vars, [concat{dim,£124.5]]]]
1133

"Inm:udw:m &% Prolog

s R

SUBROUTINE gradient(ro,eps,ierr,maxuntilO)
x=0
y=0
ierr=0
c-until error < eps faire liste_until
c-initialisation
nuntil0=0
error=100
c-debut-d'iteration-dfuntil
1000 CONTINUE
nuntilO=nuntilO+1
c-debut-liste_until
xn=x-2*ro*x
yn=y-2*¥ro*y
error=(xn-x)"2+ (yn-y) "2
X=Xn
y=yn

>

rdmxoﬂzmglﬁaxomx
seonnnhis

Example of use of Macrofort

The fortran program has been
obtained by the call:
gradient const_step (x"2+y"2,

(x,v1).

The macsyma generator is more
compact and much more general
than the FORTRAN program gene-—
rated. The latter is very simi-
lar to a hand written one.

WRITE (8,1003) x,y
c-fin-liste_until
c-tests-de-sortied‘until

IF (error.LT.eps)GOTO 1002
IF (nuntil0.GT.maxuntil0) GOTO 1001
c-reiterer-until
GOTO 1000
c-sortie-d'until-depassement-du-max~-d'iter
1001 CONTINUE
WRITE(9,1004)
ierr=1
1002 CONTINUE
c-fin-d'until
1003 FORMAT( 2 f12.5)
1004 FORMAT( ' maxuntilO?')
END

AN
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M acroTex

On one hand MacroTex is a Latex like language
written in Lisp., on the other hand it is a setl of
facilities added to Macsyma to generate Latex. He

Elem. Inst. takes sense only in the latter case.
Hacros There are three kinds of instructions: -the
Stack Inst elementary instructions, -the macro instructions,
-the stack manipulation instructions.
Latex We use Mecsyma to make the algebraic conputa-
Generation tions and the lMacroTex progran nanipulations the

result is a lMacsvyma list the evaluation of which
Example produce the Latex program.
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% | Macsyma function l Text generated I Elementary
i tex (exp) exp in math mode Instructions
" exptxt (exp) exp in text math mode
format {string,argl, ... string(argl..argn) followin
i ormat {string, arg argn) g g g d The elementa-
the directives:
~k -tex (argi) ry instruc-
~1 -exptxt (argi) tions are mac-
~ ~argl (no display math) \
; i o e Y syma functions
4 ~y -quotation argi
i ~z -reference argi which prints
2
i decoupet (exp, [el..en], [opl..]) exp = el one latex ins-
: opl e2 R
. truction each.
o documenstylet (string) \documenstyle{string}
: labelt (string) \label{string} They have
reft (string) \ref{string} other optional
itet i \cite{string} 3
3 citet(string) { g arguments?*.
titlet {string,argl,..argn) \title{string(argl..argn)} :
sectiont (string,argl..argn) \section{string(argl..argn)}
authort ([namel,adl]..) \author{namel\\adl} @

‘%
-
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’ Macsyma function [ Latex instructions I Hacro

decoupem (exp) cut exp in subexpressions Instructions
having algebraic meaning and

generate corresponding latex
The macro

5
mwm\ww.wwmmwvmmwwwvwwww:%

code.
abstractm{prog) \begin{abstract} instructions
prog are macsyma
\end{abstract} functi
itemizem(iteml,..) \begin{itemize} unctions
\item iteml which generate

a list of ele-
\end{itemize}
enumeratem{progl,..) similar to itemize
stylem(doc, font, height,width, \documenstyle[font] {doc}
top, odd, even, par) \textheight=height pt tions in the

\textwidth=width pt .
. list form* and
\topmargin=top pt

mentary macro-—

tex instruc-—

A A A AN AR A A A AN DA AN AR

\oddsimarginde=odd pt update or use
\evensidemargin=even pt some stacks.
\marginparwidth=par pt <J_—]

Latex instructions

Hacro

Macsyma function

citem([keyl, sourcel],..) \cite{keyl} Instructions
update the biblography with
sourcel ..... ,
notationm{() \section{notation} The function :
\begin{itemize} notationl .. contextt () i
\end(itemize) initialize the -
bibliom{() \begin{thebibliography} {3} R
\bibitem{keyl} sourcel .... glObal varia-
\end{thebiblicgraphy} bles and the
reportm(title, authors,abstact, style stack used. It £
chapters) | £itle must be called i
authors 3
\begin{document} before star- §
\maketitle \tableofcontents ting the gene-
abstract .
notations ration. :
chapters s
biblio 3
\end{document} <:5 §
S
.‘
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Stack Manipulation Instructions

The two stacks : list_references and list_
notations are used by the macro reportm.
They are updated by the functions :
- add_referencet(key,source),
- add notationt (notation).
Then the references can be invoked using "key"
in the format instruction with the directive ~y.

For example :
add_referencet({Flem,"FLEMING—RISHEL...."]),

formatt ("The optimal cost satisfies the dynamic
programming equation ~y.",Flem).

Latex Generation

To generate Latex code one build a macsyma ;
list (prog) of elementary instructions in the
list form, that is the macsyma list composed of z
the name of the function followed by its argu-
list form ments. For example [authort, ["Pandore","Inria"]]
is the list form of authort (["Pandore",Inria™]).
execute The evaluation of this macrotex program is ob- §
tained by calling "execute" on this list:
execute (prog) .
The result is the display of the corresponding

<

%@Q&m@@wg

m

Latex program.
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Example of HacroTex use

gradient_const_step(f,vars):=block(
[dim:length(vars),var], contextt (),
for i:1 thru dim do ( var:varsf{il},
initm([tex,var=0]),
proglm([tex, concat (var,n)=
var-ro*diff(f,var)l),

prog2m([tex,var=concat {(var,n)]) },

A A P A A AR AN A RS

-2,

execute (
rapportm([titlet,"Gradient method"],
[authort, ["Pandore”, "Inria"]],
[format,"Until error<eps do"]

rp2

[enumeratem,
[progl,
{tex, error=sum( {concat (vars[i],n)
-vars(i])~2,4i,1,dim],

prog2]}])))$ [] %

: Inu“oductlon Macsymaro]mg R M A Pandore f efereru:es
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Pandore is an expert system on identificaton
{idsto) and control (costo) of stochastic proces-
Costo ses of diffusion type. It is oriented towards the
resolution of nonlinear systems. The linear part

Idsto is very rudimentary. In the future an interface
with Basile (matlab based system for classical
Basile automatic control) will be done.
The objective is to automatize all the engi-
Objectives neering tasks in these domains. The part achie-
ved corresponds to the mouse sensitive blocks in

the objective diagran.




Objectives

datas

Mz

Hodeler

M3

We want
automatize
all the
tasks of an
engineering

Identifier

N A2 P2
Controler

' ™

study.

5
r

Simuler

"w

M:Model
A:Algorithm
P:Program

Numerical computation

RN

Reporter

(

R:Report
G:Graph

C:Compiler Pl

:plotter

N:numbers

Intommnnn-

0 pandore
editor

X M; Pandore Referemes

O A A O CR O RRRESY

Now the modeler is only an interface with the
user. The latter enter the model using a specia-
lized editor, by filling some named slots. The
slots appearing being not fixed but depending of
the previous answers.

0 control Then a specialized command language permit to
commands ask questions about the model entered. Some of
these commands are of very high lewvel. They are
O didentif. partitioned according the problem to solve :
commands control, identification, or simulation.
<
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Problem facts Pandore Editor

Problem name : O The figure shows

Problem type :[control] average-cost probability-density how is entered a

Name of the time : T
State list : [x1] stochastic control

Drift term of x1 : ul-xl problem using the

Diffusion term of x1 : 1 and dit
Domain of variation of x1 : [0,1] pandore editor.

Boundary condition in x1=0 : [reflechi,1] This editor knows
Boundary condition in x1=1 : [arret,0] the kind of problem

Parameter list :
o that one wants solve

Function-parameter list : []
Price list : {[pl] and adapt its slots

Price derivative list : {[qgll to the situation.
Command list : [ul
ful] The entered datas

Domain of variation of ul : [0,1]
Name of the optimal cost : V are stored as Prolog

Instantaneous cost : ul”2 + x172 facts.
Horizon : finite ergodic

Actualisation rate :

fmm}

Costo commands

Data basis | Resolution

pandore is well defined? All the command
?

ist £ lutionf .
control existence of a solution] of the lisp ma-
menu kill clause methods?

identification list facts generate main
simulation list clauses generate subroutine lable.

problem Help clause genez.:ate report We have added to
all compile and execute

solve them, the com-
plot figure mands specific to
plot page our application,
which appear in the picture. Thus the completion
and help facilities of the lisp machine conmands
works also with our specific commands.

chine are avai-
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AP PARAIIAARN

problems

e

L e AT

T
AR @?& ?\\Q\*

SR320R RN




Controler

O Control of The controler is a specialist of control of

diffusion diffusion processes.
O Existence It is able to study the existence of a solution
to the control problen.
[0 Dy¥mamic It choses between four different approches to
program. solve numerically the problem : dynamic progran-

O Decoupling mning, decoupling, stochastic gradient, regular

[0 Stoch.grad. perturbation. For each one it is able to generate
0 Regul.pert. a specific fortran routine and to call it to ob-
0 Fortran tain numerical results.

generation

M Macrofort g Macrotex [ PandoReferm:es

T e

Control of diffusion processes

The dynanic of the systems is:
(1) dX.= b(X,.U.)dt + sd¥W,
vhere t denotes the time, Xtthe state, U, the
control, W£ a Wiener process.

We want minimize, with respect to the control
variable one of the following criterium

T
(2) E %C{Xt,Ut}dt

® 1t
(3) E %e c(X,.U,)dt

"’Immmmmnéfhmmgﬁfmbgngmmn%
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Dynamic programming method

The otimal cost ¥{t.x) of the stochastic con-
trol problem satisfies the parabolic partial

differential equation
Dtv + Min (b{x,u).D,¥ + c{x,u)) + tr(aD,, V)=0

for the criterium (1) and the elliptic equation
-1¥ + Min (b(x,u).D,¥ + c{x.,u)) + tr(aD,,V)=0
for the criterium {2).
These equations are solved numerically after
discretization by finite difference methods.
A complete description of the method iz given

in the generated report.

ore BRefersnces '

Decoupling method

In the case where the dynamic is uncoupled and
the criterium is a general function of a sum of
local cost we can optimize in the class of local
feedbacks which does not change the coupling
structure of the system.

Then we have to solve a control of the system
of partial differential equations which describes
the probability density of the state. Indeed in
this case this density is the product of the den-
sity of each subsystem. The complete method is
described in the generated report.
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Stochastic gradient method

The stochastic gradient method consists in

1) parsmetrizing the feedback law,

2) optimizing the parameter a, seeing it as
open loop control, by a stochastic iteration.

In the stochastic iteration we first compute
the gradient J{w) of the deterministic control ob-
tained by simulating a trajectory of the noise
and considering it as a known parameter, then we
do the iteration:

a — a-rpJ(w) with ;nsatisfying

Trp=e. rp =0, r —0

AARA AR

A A AN A A AN A AN A A AN AL

28656 11

2

................................

Regular perturbation method

When the intensity of the noise ¢ is small we
know that the affine feedback
uft,x) = uo(t} + K{t){x - xO{t}} .

{(where : uo(t} and xn(t} are respectively the op-
timal control and trajectory of the deterministic
control problem obtained by ennulating the noise,
and k(t) the gain of the linear quadratic control
problem osculator to the optimal deterministic
trajectory) leads to a cost optimal up to 64.

Thus the method consists in computing this af-
fine Feedback.

<
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i
:
( User Problem Generation of numerical §
routines £
ligodeler %
The steps to generate a nu- §
[ Problem facts merical routine to solve the g
ot control problem are given in -
| Controler the diagram. ?
[Costo Sentence A The controler choses a me- é
F thod makes the algorithmic :
Costo Compiler choices and expresses its choi- i

= ) ces in a language called Costo.
(Macrofort Prog.d A compiler written in Mac—-syma :
i

produces the fortran code

l tlacrofort Evaluwation ] .
using the Macrofort facilities

o

[ Fortran Prog.
r

Existence of a solution

12,

The system is able to prove existence result of
the solution of the the dynamic programming equa-
tion.

It verifies the hypotheses of the Lax-Milgram*
theorem or those of the monotony theorem* of J.L.
Lions. For that it builds the variational formu-
lation of the problem and proves some coercivity.

To be able to do that some estimation facili-
ties and a function able to apply the Green for-
mula to a differential operator have been to be
added to Macsyma.
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