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USI NG M T- MATHLAB MACSYMA FROM M T- DMS MUDDLE
An Experinment in Autonmated Resource Sharing

I NTRODUCTI ON

Thi s paper describes an experinent in non-trivial automated resource
sharing between dissimlar systens. The goal of the experinment was
to interface the MUDDLE systemat M T-DM5 (Host 70.) to the MACSYMA
systemat M T-Mathlab (Host 198.), in such a nmanner that the MJDDLE-
user at MT-DM5S is not required to know anythi ng about the ARPANET,
Mat hl ab, or even MACSYMA. In fact, the user need not be aware that
part of the computation is perforned by MACSYMA on the Mathl ab
comput er.

This experinent differs fromthe MATHLAB- UCSB/ OLS experinent (ref.
NG RFC 525, NIC 17161 "M T- MATHLAB Meets UCSB- OLS" by Parrish and

Pi ckens) in several inportant respects. First, the use of the renote
network resource is *conpletely automated*. The hunman user does
not hing nmore than use a function in MJDDLE such as "I NTEGRATE" whi ch
requires the renote MACSYMA resource for conputation. The program
performs all the required tasks of connecting to Mathlab, log in, and
usi ng MACSYMA. (In the UCSB-QOLS experinent, the user had to manual ly
connect to Mathlab, |ogin, use MACSYMA, type the input in a form

sui table for MACSYMA, save the results in a file at Mathl ab,

di sconnect from Mathlab, start a retrieval job at UCSB to retrieve
the "saved" results, and finally submit the results to a | ocal
program) Second, the use of the renpte resource is *conpletely
integrated* into the | ocal MJDDLE system The user can specify the
conputations in a formthat MJUDDLE understands. The resource-sharing
program (whose exi stence the user need not be aware of) does the
translation fromthe MJDDLE "prefix” formto the MACSYMA "infix" form
on input, and vice-versa on output. This ability allows the MACSYMA
resources to be completely integrated into MJIDDLE to the extent that
parts of the sane conputation can be perfornmed by MACSYMA and ot hers
by MUDDLE.

THE MACSYMA AND MUDDLE RESOURCES

Bef ore proceeding to describe the resource sharing facility a

description of the two resources, MACSYMA and MJUDDLE, is in order.
The MACSYMA system at Mathlab is a powerful resource for synbolic
mani pul ati on of al gebraic functions. It can, anmong other things,
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performsynbolic integration and differentiation, expand series,
perform Lapl ace and i nverse-Lapl ace transforns, solve equations and
systens of equations, and sinmplify rational functions. (A
description of MACSYMA's capabilities is given in "The MACSYMA Users
Manual " available fromthe M T-Mathlab group at Project MAC.)

The MJUDDLE system provi des a general - purpose environment suitable for
aut omati c programmi ng, graphics, data managenent, "networking", and
mat hemat i cal conputations. The MJUDDLE | anguage represents a powerf ul
extension of the list processing | anguage LISP in the area of data
types such as strings, vectors, uniformvectors, and user definable
types. (MJDDLE is described in sone detail in "The MJDDLE Pri mer"
(SYS.11.01) by Geg Pfister, available fromthe Progranm ng

Technol ogy Division at Project MAC.)

MUDDLE has extensive graphical and numerical conputation facilities.
The user can display graphs on ARDS and | MLAC type consol es, and on
the Evans and Sut herland (E&S) display system The MJDDLE consol e
graphics provide a facility to view graphical representation of
functions with overlay capability and automatic scaling that can be
controlled by the user. The E&S provides the user with a versatile
tool for studying the dynam c characteristics of graphs, curved
surfaces, and other three-di mensi onal objects. The conbination of
MACSYMA, MUDDLE, and the E&S graphics capabilities represents a very
powerful resource for problemsolving that is integrated and rmade
easily usable by the resource sharing facility.

I'11. THE AUTOVATED RESOURCE- SHARI NG FACI LI TY

The resource-sharing facility described herein uses the nbst easily
accessi bl e comunication path to MACSYMA, the TELNET connection to
the | ogger service on socket 1. No nodifications were made to
MACSYMA, nor were any special prograns created on the Mthl ab
conputer. The entire task of resource sharing is perforned by
progranms in MJDDLE. Let us say on the outset that we are not
advocating this node of usage for autonated resource sharing. A
resour ce-sharing protocol that allows convenient use of renote
resources via prograns is a far nore reliable and efficient way, but
that requires work on the part of server sites. The existing
protocol s and systens FTP, RIE, RSEXEC, and the Dataconputer cater to
a linmted subset of easily nmanaged resources. W register here our
desire for unifornmity (which alas is lacking) in the current systens,
and work along the direction of general -purpose resource sharing. In
the absence of a general resource-sharing protocol and a MACSYMA
server to go along with it at Mathlab, the TELNET connection is the
best a user can do.
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The resource sharing facility conprises of several independent but
integrated parts. These are:

1) Connecting to Mathlab, |ogin, and invoki ng MACSYMA.

2) Conversion of MIDDLE s prefix to MACSYMA's infix form

3) Generation of MACSYMA i nput.

4) Interpreting MACSYMA's results including errors and comments.
5) MACSYMA infix to MJDDLE prefix conversion.

6) Plotting graphs for the functions.

7) Allowi ng human intervention if desired.

8) Di sconnect from MACSYMNA

The user (assum ng that he has | oaded the necessary prograns in
MJUDDLE) to integrate the function "3*X" has only to type:

<| NTEGRATE ' <* . X 3>>%

where '$’ represents the ASCII character <ESC> (or <ALT- MODE>).
MJUDDLE will then return the follow ng result:

</ < 3 <X 2>> 2>

Alternatively, if the user wishes to use the infix form he can type:
<| NTEGRATE " 3*X">$

and the correspondi ng answer returned by MJDDLE woul d be
"3FXN2/ 2"

The foll owi ng sequence of events takes place when integrate (or any
other function that uses MACSYMA) is used. |If the user isn't already
communi cating with a MACSYMA (the program keeps track of the
connection), a connection is established to MT-Mathlab, the user is

| ogged in (autonmatically by program using the user’'s
identification), and a MACSYMA is initiated. A prefix to infix
conversion is performed and the following input is sent to MACSYMA
(using the above exanple):

STRI NG (I NTEGRATE (3*X, X)) ;
The programthen interprets MACSYMA' s output recognizing error
responses and comments and extracts the result if no error is

encountered. The result which is in infix formis then converted to
the prefix formwhich is returned by the MIUDDLE function | NTEGRATE.
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The | NTEGRATE function takes an optional argunent, the variable with
respect to which the integration is be performed. The syntax for the
function is:

<I NTEGRATE {EXPR} ["{VAR"]>

where EXPR is any expression of the type STRING or QUOTED FORM  The
optional argument (in square brackets) VAR nust be of the type STRI NG
(encl osed by doubl e-quotes). The syntax of other functions is:

<SI MPLI FY { EXPR} >
<Dl FF {EXPR} ["{VAR}" "{TIMES}"]>
<EXPAND {EXPR} ["{MAXPOSEX}" "{MAXNEGEX}"] >

where TIMES is the nunber of times the EXPRis to be differentiated
and MAXPOSEX and MAXNEGEX control the naxi mum positive and negative
i nt eger exponent to be used in expansion. The default value for VAR
is "X, for times is "1", and for MAXPOSEX and MAXNEGEX is "6" each

The user can use the result returned by MJIDDLE in any of his
comput ations, including drawing a graph. For exanple, typing:

<GRAPH <DIFF "< X. 3>> X -5 5>%

to MUDDLE will draw the graph "Y = 3*X"2" on the | MLAC or ARDS screen
with values of X from-5 to +5 (assumng the user has the graphics
package and the right I MAC program | oaded). The same graph woul d be
drawn if the user typed:

<GRAPH <| PARSE <Dl FF "X"3">> X -5 5>%

where | PARSE i s the MUDDLE function that converts infix to prefix
form The corresponding function for prefix to infix conversion is
UNI PARSE.

The details of using the MACSYMA resource sharing facility may be
gathered fromthe annotated script of the exanple given in Section V
of this paper.

CAPABI LI TTES AND LI M TATI ONS

The programtries to be helpful to the user as much as possible. For
example, if for sone reason the M T-Mathlab conputer is not
avai | abl e, the MACSYMA service at the MT-Al conputer is procured.

It should be nentioned that though the programis fairly capable in
retrieving results, recogni zing error nessages, and separating
comments, its recognition is not fool-proof. The programonly makes
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an educated guess as to where the answer lies: it is not as clever as
a human user sitting at a console, who can filter out such messages
as "System goi ng down" and comuni cation from anot her user (consol e-
link) if they were to appear in the nmiddle of the result. This
points to one of the pitfalls of using a facility via a programthat
is basically designed for use by hunman users.

The programreliability can be marginally inproved by aski ng MACSYMA
to print special characters before and after the results it sends
(but again this is not fool-proof). For exanple, the follow ng input
to MACSYMA:

Bl ock ([ans],

print (/(),

ans: diff (X*2,X),
print (string (ans))
print (/)),

return (ans));

wi |l cause MACSYMA to generate the foll owi ng output:
(
2* X
)
(DF*) 2X

From t he above output, the answer "2*X' can be easily extracted.
The resource sharing program does however recognize the so-called
"uni ntegratable" functions such as "EXP (X*2)" -- and gives the
correct error response. Normally, the user is in "TERSE' node, and
does not see the interaction between MACSYMA and MUDDLE. To see the
interaction the user must enter "VERBOSE' npbde by typing:

<VERBCOSE>$
to MUDDLE. To return to "TERSE' node the user types:

<TERSE>$

The user can also, if he is proficient in use of MACSYMA, comuni cate
directly with MACSYMA at any point by typing

<TELCOM 1>$
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to MUDDLE. The TELCOM feature may be useful if the user wi shes to
see what is going on, or wants to exam ne the MACSYMA conput ati ons by
entering the LISP environnent (typing <Control-G to MACSYMA). To
return to MUDDLE and the automated environnent, the user first
escapes to MJUDDLE by typing <Control -E> and then types:

<AUTC>$

to MUDDLE. If the user types "<ERRET 1>$" after escaping to MJDDLE
from"TELCOM' npde, he will be returned in direct comrunication with
MACSYMA. |If the user discovers that his "MACSYMA" is hopel essly
confused or if he wishes to start a new versi on of MACSYMA, he nust

t ype:
<Dl S>$

to MUDDLE, which will disconnect him Typing "<MACSYMA>$" or using
any of the functions that use MACSYMA will connect himto MACSYMA
agai n.

Currently, MJIDDLE recognizes and takes action as described above
whenever differentiate, integrate, expand, sinplify, and
integrate.sinplify (integrate and sinplify) functions are
encountered. But it is quite easy to generate prograns for other
operations such as Laplace transfornms and sol ving equations. The
prefix-to-infix conversion and vice-versa works for all mathematica
forns we have encountered so far in our short experinent.

An alternate way to utilize MACSYMA' s capabilities would have been to
use it in the LISP environment by constructing a suitable interface
between LI SP and MUDDLE. Such an approach would avoid the nultiple
conversions fromprefix to infix formand vice-versa, but other
perhaps nmore difficult, conversions would be required.

V. EXAMPLE

The foll owing scenario describes the use of the resource-sharing
facility. The facility is accessible in the MJDDLE systemat M T-
DMS. The interaction between MJUDDLE and MACSYMA, normal ly not
visible to the user, is also shown here (in VERBOSE npde) so that the
reader nmay gain a better understandi ng of how the program operat es.

It should be noted that the graphs will be plotted only if the user
has | oaded the "graphi cs package" and is on an | MLAC or ARDS consol e.
We would also like to stress that this scenario is not intended to
demonstrate the full capabilities of MACSYMA, or of MJUDDLE, but only
toillustrate the resource sharing facility.

SCENARI O FOR USI NG THE MJUDDLE- MACSYMA FACI LI TY
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(I'n the follow ng scenario, user input is underlined and our conments
are preceded with a semicolon. <CR> represents a carriage return and
$ represents <ESC> or alt-mpbde. The user is assuned to be |logged in
at MT-DMS (Host 70). Note that the input should be typed exactly as

shown, as MJDDLE di stingui shes between upper and | ower case

characters. Please refer to "THE MUDDLE PRI MER' (SYS.11.01) by Geg
Pfister for a description of the MIDDLE system and to "MJDDLE CONSOLE

GRAPHI CS USER GUI DE" (SYS.11.11) by Neal Ryan for a description of
the graphi cs package. Both docunents are available fromthe
Pr ogramm ng Technol ogy Division at Project MAC. )

[; ] MUDDLE<CR> ; Get a MUDDLE, ';' is MONIT pronpt.

MUDDLE 42 | N OPERATI ON.
LI STENI NG AT- LEVEL 1 PROCESS 1

<FLOAD " MUDDLE; MACSYM' >$ ; Load the program from MJDDLE
———————————————————————— ; directory.

/ METMUDG N GOUT

G N coutT ; Harm ess conmments from MJDDLE.
" DONE"

<Dl FF '<- <* X <LOG . X>> . X>>%

PLEASE BE PATI ENT, MACSYNMA LOADI NG MAY TAKE TI ME

MACSYMA AT M T- MATHLAB ; Comments fromthe program
<LCG . X> ; The result is a MJUDDLE form
<I NTEGRATE ' <LOG . X>>$%

SIN FASL DSK MACSYM BEI NG LOADED

LOADI NG DONE ; Comments from MACSYMA.
SCHATC FASL DSK MACSYM BEI NG LOADED

LOADI NG DONE

<- < X <LOG L Xe> L X ; The answer agai n.

<SET A <I NTEGRATE "X/ (X*3+1)">>$; The input is in infix form
"LOG( XN2- X+1) / 6+ATAN( (2* X-1)/ SQRT(3) )/ SQRT( 3) - LOG X+1)/ 3"
; The answer nowis in infix form
<SET B <Dl FF . A>>$
"2/ (3 ((2*¥X-1)"2/ 3+1) ) +(2*¥X-1)/ (6% (X"2-X+1)) -1/ (3*(X+1))"
<SI MPLI FY . B>$
"X (XN3+1) " ; W& get back the original expression.
<EXPAND ' <" <+ . X 2> 5>>%
<+ <+ <+ <+ <+ <M X B> <* 10 <N X 455> < 40 <M X 355>
<* 80 <M X 2>>> <* 80 . X>> 32>
<| NTEGRATE ' <EXP <M . X 2>>>$%
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RI SCH FASL DSK MACSYM BEI NG LOADED

LOADI NG DONE

* ERROR* ; Programrecogni zes that MACSYMA
CANT- | NTEGRATE ; couldn’t integrate.

LI STENI NG AT- LEVEL 2 PROCESS 1

<ERRET>$ ; To get back to level 1.

LI STENI NG AT- LEVEL 1 PROCESS 1

<DI S>$ ; We di sconnect here to show the verbose node,
—————— ; the program di sconnects automatically on quitting.
" CONNECTI ONS CLOSED NOwW

<VERBCSE>$

"YOU WLL BE ABLE TO OBSERVE MUDDLE- MACSYMA | NTERACTI ON NOW

<DIFF "< . X 3>>%

PLEASE BE PATI ENT, MACSYMA LOADI NG MAY TAKE TI ME

M T MATHLAB PDP-10 STELNT. 59

M. I TS. 1. DDT. 516.

10. USERS

:LOGE N 70GUEST ; The program uses User’s SNAME ( GUEST here).
- MACSYMA

TH S I S MACSYMA 226

SEE UPDATE > MACSYM FOR CHANGES

FI X 226 DSK MACSYM BEI NG LOADED

LOADI NG DONE

(C1)

MACSYMA AT M T- MATHLAB ; The program announces MACSYMA,
STRING (DI FF ((X*3), X, 1)); ; and sends input in infix form

(D1) 3* XN 2

< 3 <N X 2>>

<I NTEGRATE ' </ .X <+ . X 1>>>%
C2) STRING (I NTEGRATE ((X/ (X+1)),X)):
SI N FASL DSK MACSYM BEI NG LOADED

; The output is in MJDDLE prefix form

LOADI NG DONE

SCHATC FASL DSK MACSYM BEI NG LOADED

LOADI NG DONE

(D2) X- LOG( X+1)

<- . X <LOG <+ . X 1>>> ; The out put agai n.
<TERSE>$

" oK ; Back in TERSE node now.
<FLOAD " MUDDLE; UGRF" >$ ; To | oad graphics program

| MLAC? (ANSVER Y OR N) Y ; for graphics on an | MLAC.
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n m\IEII
<GRAPH <SLT A "< <SIN . X> 2>> X -3 3>%

; To graph function sin(X)~2 (graph 1 on Figure 1).
<GRAPH <Dl FF . A>>$

; To graph diff of sin(X)"2 (see graph 2, Figure 1).
<GRAPH <| NTEGRATE . A>>$

; To graph integral of sin(X)"2 (see graph 3, Figure 1).

<QUI T>% ; To quit from program and MJUDDLE.
Kl LL
[] ; semicol on pronpt from MONIT.

1973
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FIG 1. GRAPH FOR SIN(X)~2, DI FF(SIN(X)"2), AND | NTEGRATE(SI N( X)"2)
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