CS 671 Automated Reasoning

Introduction to NuPRL

1. NuPRL Features
2. NuPRL Architecture

3. Interactive Theorem Proving in NuPRL
— Decomposition & Computation
— Defining new constructs



THE NUPRL SYSTEM I

e Beginnings in 1984
— Nuprl 1 (Symbolics): proof & program refinement in Type Theory
— Book: Implementing Mathematics . . . (1986)

— Nuprl 2: Unix Version

e Nuprl 3: Mathematical Problem Solving
— Machine proof for unsolved problems (Girard’s paradox) (Howe 1987)

(Higman’s Lemma) (Murthy 1990)

e Nuprl 4: System Verification and Optimization
— Verification of a logic synthesis tool (Aagaard & Leeser 1993)
— Verification of the SCI cache coherency protocol (Howe 1996)

— Optimization of the Ensemble group communication system
(Kreitz, Hayden & Hickey 1999)

— Verification of Ensemble protocol layers (Bickford 1999)
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Nuprl 4 SYSTEM FEATURES I

e Interactive Proof Editor ~ readable proofs
e Flexible definition mechanism ~~ user-defined terms
e Customizable Term Display ~~ flexible notation
e Structure Editor for Terms ~ 1o ambiguities
e Tactics ~~ user-defined inferences

e Decision Procedures
e Proof objects, Program Extraction ~» program synthesis

e Program Evaluation

e Library mechanism ~~ user-theories
— Large mathematical libraries
— Large tactics collection

e HTML output generator ~~> web accessibility
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Nuprl 5: AN OPEN LOGICAL ENVIRONMENT

GUI GUI GUI

Library Inference | nypr
Evaluator Engine
Maude THEORY
defs, thms, tactics Inference
E | rules, structure, code En g ine MetaPRL
valuator
MetaPRL THEORY PRL THEORY Inference
defs, thms, tactics defs, thms, tactics E i HOL/SPIN
ngine
Eval U ato r rules, structure, code rules, structure, code
Inference VS
SoS (Lisp) THEORY  (HoL) THEORY (PVS) THEORY Engine
defs, thms, tactics defs, thms, tactics defs, thms, tactics
les, structure, cod les, structure, cod les, structure, cod
EvaluatOI‘ rules, structure, code rules, structure, code rules, structure, code |nfere_nce QMEGA
Engine

Translator Translator
Java ‘ OCaml ‘

Platform for Cooperating Reasoning Systems
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Nuprl 5: ADDITIONAL SYSTEM FEATURES I

e Collection of Cooperating Processes
— Centered around a common knowledge base
— Refiners, interfaces, evaluators, etc. connect as independent processes
— Processes can connect and disconnect at any time

e Ability to Connect to External Systems
— MetaPRL, JProver, HOL, ...

e Library Organized as Persistent Data Base
— Transaction model + Version control + Dependency tracking

e Reflective System Structure
— System designed within the system’s library ~ ~» customizable structure

e Cooperating Inference Engines
— Asynchronous and distributed theorem proving

e Multiple User Interfaces
— Structure editor, Web front end, ...
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REFINEMENT RULES FOR NATURAL NUMBERS I

H F N type natR

H F 0=0eN zeroR

H + suc(e)=suc(e) €N sucR
H F e=€'eN

H F ind(e; base; n,x.up) = ind(e’; base’; n', 2" .up’) €T indR
H F e=€'eN

H + base=base’ €T
H, n:N, z:T F up=up'|n,x/n',2'| €T

Hl, x:1, HQ = x=x T hypotheses

H + ind(0; base; n,x.up) =€ €T compute 1
H + base=¢e¢' €T

H F ind(suc(e); base; n,x.up)=¢ T compute 1

H + uple,ind(e; base; x.n,up) / n,x]=e" €T
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REFINEMENT RULES FOR FUNCTION SPACES I

H +~ S=T type funR

H FE S type
H = T type

HEF Xr.e=X'.¢ ¢ ST lamR
H, ©:S F e=élz/a'| T
H F S type

HF fe=f¢ T appR S—T
HF f=f e ST
HF e=e'ef§

HEFE (Ax.e) ¢ =e* ¢ T compute 1
H F éle/x] = e €T

Note: e=e €T is usually abbreviated by e €l’
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REFINEMENT RULES FOR FIRST-ORDER LOGIC I

left right
andL i H, AB, H + G HF A\B andR
H, A, B, H - @& HEA
HH+ B
orL 1 H, AvB, H F d HEF AvB orR1
H, A, H + G HEA
H, B, H - G
HEF AvB orR2
HFB
impL ¢ H, A=1B, H + G HtF A=DB impR
H, A=B, H F A H, A+ B
H, H, B+ G
notL ¢ H, —A, H + G H = —A notR
H, -A, H F A H, A false
exL 1 H, dJ=:T.85, H + G HF dz:T.B exR t
H, »:T, B, H - G H + Blt/x]
alll. it H, Vo:T.B, H + G HEVe:T.B allR
H, Vx:T.B, Blt/z], H - G H, z:T + B

Note: an unlabelled hypotheses A is an abbreviation for %:A
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