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1 In tro duction

Real-w orld applications of theorem pro ving require op en and mo dern soft w are

en vironmen ts that enable mo dularization, distribution, in ter-op erabilit y , net-

w orking, and co ordination. This system description presen ts the Ma thWeb
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approac h for distributed automated theorem pro ving that connects a wide-range

of mathematic al servic es b y a common, mathematic al softwar e bus . The Ma th-

Web system pro vides the functionalit y to turn existing theorem pro ving systems

and to ols in to mathematical services that are homogeneously in tegrated in to a

net w ork ed pro of dev elopmen t en vironmen t. The en vironmen t th us gains the ser-

vices from these particular mo dules, but eac h mo dule in turn gains from using

the features of other, plugged-in comp onen ts.

2 Implemen tation

The Ma thWeb system is an ob ject-orien ted to olb o x that pro vides the func-

tionalit y for building a so ciet y of soft w are agen ts that render mathematical ser-

vices b y either encapsulating legacy deduction soft w are or their o wn function-

alit y . In the curren t implemen tation the soft w are bus functionalit y is realized

b y a mo del quite similar to the Common Obje ct R e quest Br oker A r chite ctur e

(CORBA [Sie96 ]) in whic h a cen tral br oker agen t pro vides routing and authen-

tication information to the mathematical services (see [SHS98] for details). The

agen ts are realized in a distributed programming system mOZar t
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, whic h pro-

vides the full infrastructure to write distributed applications.

F urthermore, Ma thWeb pro vides the mOZar t shell ( Mosh ), a to ol for

launc hing and administering m ultiple mOZar t applications (the agen ts) within

only one mOZar t pro cess. It com bines some frequen tly used shell commands

(for �les, pro cesses and en vironmen t) with some (thread-related) mOZar t com-

mands. These allo w (remotely) administering the mathematical services across

the In ternet, since the administrator can connect to remote Mosh demons
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,

launc h and terminate services. This also allo ws for a limited form of self-orga-

nization of mathematical services, since these can use Mosh scripts themselv es

to launc h and administer other services.
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The system is a v ailable at http://www.ags.uni- sb.de/~omeg a/www /mat hweb. html .
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See http://mozart.ps.uni- sb.de
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whic h run con tin ually at the host pro viding the services



mOZar t s main adv an tage as a basis for Ma thWeb comes from its net-

w ork transparency , i.e., the full supp ort of remote computations in the base

language (lexical scoping, logical v ariables, ob jects, constrain ts,. . . ), and its net-

w ork a w areness, i.e., the full con trol o v er net w ork op erations, suc h as the c hoice

b et w een stationary and mobile ob jects, whic h mak e it easy to `agen tify' arbitrary

applications.

3 Existing Mathematical Services

In this section w e will brie
y list and categorize the curren tly a v ailable mathe-

matical services.

Automated Theorem Pro v ers Ma thWeb curren tly features the �rst-order

theorem pro v ers bliksem , EQP, Otter , Pr oTeIn , Sp ass , W aldMeister

(see [SS97] for references), and the higher-order systems TPS [ABI

+

96 ] and

LE O [BK98 ]. F urthermore, there is a service competitive-atp that calls

sets of A TP concurren tly as comp eting services (this strategy is kno wn to

yield ev en sup er-linear sp eedups in practice).

Computer Algebra Systems There are services wrapping the systems Maple ,

Ma gMa , GAP and � CAS (see [KKS98 ] for references). Here, the Ma thWeb

approac h is particularly in teresting, since a licensee of commercial soft w are

systems lik e Maple and Ma gMa can exp ort the corresp onding services to

the deduction comm unit y .

Mediators are mathematical services that transform mathematical kno wledge

from one format to another. The agen t-orien ted Ma thWeb approac h al-

lo ws to encapsulate the zo o of con v ersion programs curren tly a v ailable
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to

generally a v ailable mathematical services and a v oid duplication of e�orts.

Pro of T ransformers are rather substan tial mediators that transform b et w een

pro of formats. Curren tly Ma thWeb features a pro of transformation service

from the pro of formats of the theorem pro v ers men tioned ab o v e [HF96 ,Mei99 ]

to the natural deduction calculus.

Kno wledge bases Ma thWeb curren tly only includes the MBase service, a

simple w eb-based mathematical kno wledge base system that stores math-

ematical facts lik e theorems, de�nitions and pro ofs and can p erform t yp e

c hec king, de�nition expansion and seman tic searc h. It comm unicates with

other mathematical services b y mediators and with h umans b y the in terac-

tion unit OctOpus .

Human In teraction Units are Ma thWeb services that pro vide visualization

and con trol features for the user in teraction. Curren tly , Ma thWeb includes

the L 
 U I graphical user in terface for in teractiv e theorem pro v ers [SHB

+

98 ],

the OctOpus fron t-end for MBase and the Pr oVerb pro of presen tation

system [HF96 ], whic h can transform ND pro ofs to natural language. The

Doris system (see section 4) is a Ma thWeb clien t from outside the domain

of deduction systems.
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e.g. at the TPTP library http://wwwjessen.informatik.tu - mue nche n.de/ ~tpt p



4 Applications and Exp eriences


 mega : The w ork rep orted in this pap er originates in the dev elopmen t e�ort

of the 
 mega -system [BCF

+

97 ], a mathematical assistan t system with the ul-

timate goal of supp orting theorem pro ving in main-stream mathematics and

mathematics education. T o pro vide the necessary reasoning and sym b olic com-

putation facilities this system incorp orates most the mathematical services listed

in section 3. The Ma thWeb approac h has b een a k ey factor in k eeping the

system main tainable [SHS98,FHJ

+

99 ] and the near future will see further mo d-

ularization and agen ti�cation of system comp onen ts, whic h will lead to simpler

system main tenance and a more op en dev elopmen t mo del.

Doris : Apart from this application, Ma thWeb has b een tested in the Doris
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system, a natural language understanding system that uses �rst-order automated

theorem pro v ers and mo del builders as external mathematical services to solv e

the consistency and en tailmen t problems p ertaining to v arious disam biguation

problems in text and dialogue understanding. Doris generates b et w een 1 and

ca. 500 deduction problems for eac h sen tence it pro cesses, distributes them to

comp eting mathematical services (o v er a net w ork of w orkstations) and collects

the results to obtain the desired result. Using the Ma thWeb approac h, the

in tegration of the theorem pro v ers w as v ery simple: the only new parts w ere

a so c k et connection from Prolog on the Doris side and a new service mo dule

for the doris service
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on the Ma thWeb side. Exp erience with this application

sho ws that distribution using Ma thWeb do es not come for free: A test with ca.

1300 Doris deduction queries yielded the follo wing timings:
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30{1250 ms pure theorem pro ving time

50-120 ms sp en t in the service mo dule (op ening an inferior shell, creating

�les,. . . ). This dep ends strongly on the e�ciency of the serv er �le system.

5{500 ms In ternet latency (w e ha v e measured in ter-departmen t (in Saarbr • uc k en)

and in ternational (Saarbr • uc k en/Amsterdam) connections)

Ho w ev er, the large n um b er of deduction problems and the p ossibilit y of coarse-

grained parallelization b y distribution lead to a signi�can t increase in o v erall

system p erformance, compared to an earlier cen tralized, sequen tial arc hitecture.

In particular, the timings also sho w that it can pa y o� for a clien t in Saarbr • uc k en

to delegate deduction problems to faster mac hines in Amsterdam or vice v ersa.

5 Conclusion and F uture W ork

The Ma thWeb system pro vides a transp ort la y er for distributed theorem pro v-

ing and set of mathematical services, whic h will gro w o v er time. The authors
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See http://www.coli.uni- sb.de/~bos /atp /dori s.ht ml for a w eb-based in terface

that acts as a Ma thWeb clien t
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I.e. a small (60 line) mOZar t program that rela ys problems, results and statistics

b et w een the Doris program and the competitive-atp service.
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These times ha v e b een measured on a collection of SUN Ultra mac hines running

Solaris 5 in Saarbr • uc k en and Amsterdam (all timings giv en in total elapsed time;

normalized to our fastest mac hine, a SUN Ultra 4 at 300 MHz).



w ould lik e to encourage the automated deduction comm unit y to supply further

mathematical services.
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The curren t CORBA-lik e distribution mo del in Ma thWeb is su�cien t in

an agen t so ciet y , where services and their abilities are relativ ely �xed and w ell-

kno wn, whic h is reasonable for the relativ ely closed pro jects describ ed in sec-

tion 4. As the n um b er of a v ailable services will gro w ( Ma thWeb has for instance

b een adopted b y other pro jects building on Doris ), this design will b ecome to o

in
exible. Therefore the logical next step will b e to adopt a more general truly

agen t-based approac h. W e ha v e started to extend Ma thWeb so that it uses the

K qml in terlingua ( Know le dge Query and Manipulation L anguage [FF94]) as the

agen t in teraction language and the OpenMa th [Cap98 ] standard as a con ten t

language.

This mo v e will result in a \plug-and-pla y" arc hitecture for theorem pro ving

and (in the future) for doing mathematics and program v eri�cation on the w eb.
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Either b y using Ma thWeb directly , or b y co op erating with the authors.


