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Architecture of a Prolog System

Program
Interpreter ——e——pe Answer
Query e ® >
' Interpret
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Proof-Theoretic Interpretation

e Program/queries: Logical formulas

e Answers: Derivability > ALPL

e Semantics: Uniform proof search

Logical ‘

rules

Implementable
specification
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ALP L [Miller, Nadathur, Pfenning & Scedrov, 91]

e Computation = proof search

" Connectivesin A:
search directives

= ClausesinI’: spec. of how to F —> A
continue the search when the
goal is atomic / \

e Uniform proofs Program Goal

= Goaloriented T > A

= Focused I a

In an ALPL, every provable sequent has a uniform proof

ki 0d pglua 0 yl=inaly.
CarnegieMellonQatar 4




Hereditary Harrop Formulas

A:=a | ADB | Vx.A a =p | at
IA—A>a TA—>B Cinew’ T —>[c/xIA |3
= [JA>a L >A>B [ = Vx. A .
D
=m»[>A I>B»a Fma =
[ —~a»a [ xA>DB»a [ > Vx.A>a @

* Term language is left unspecified
= Must be predicative
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Architecture of a Prolog System

Program
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Query e
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Compiled program

‘ Compile

Compiled query

WAM
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WAM [Warren, 83]

Interprets a specialized instruction set for Prolog

Very fast (~40 times)
Complex
Specialized to Prolog

* Then extended to CLP(R), PROTOS-L, AProlog

No logical status
= \Where do the instructions come from?
= \WWhat does it do?

i 9 3 glea S0y Il
CarnegieMellonQatar 7




Correctness of the WAM (as of 1998)

[Russinoff, 92] [Borger & Rosenzweig, 95]

e Starts from highly operational spec. of
Prolog’s semantics

e Complex

Do not scale to modern logic programming
language
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Proof-Theoretic Compilation uicstros)

e Logic-based
= Transformation between ALPLs Proof. Thearetic Foundation of

Compilation
in Logic Programming Languages

» Target language is an ALPL e

ilfanofics. stan ford edn

Abstract
s plementations of logic programming lang s ges ars enginceresd

L] L]
. - Cammercial
arcund & compiler hased on Warren's Abstract Machine [ WAM) ar a variaut

spite of various correctics proafs, the hgical mechinery relating
the praafthenretic spedfication of a kgic programming lngusge and it
campiled form & still poarly understood. In this paper, we propese a kgice
ineey definition of compilation for logic ing languages. We

L]
apply this methadakigy ta derive the finst cut of & compiler and the carne-
. spanding bt ract machine for the baguage of hereditary Harmap frmals
s then far its linear refinement .

1 Introduction

Campiked logic programs mun aver an onder of magnitude faster than their

°

interpreted souree and comtitute therebre & key step o combining the ad.
. e ' ' I wvantages of the declarative nature of logic programming with the efficioncy
S a I C requirements of fullscake applications. For this ressan, commercial impl-
mentatims of kg programming Linguages come cquipped with a compiks
to tramlste & smre program o an ntermediste Loguage, and an abe
stract machine o exceute this compiked code efficiently. Mot systens are
Trassedd o Warren's Abstract Machine (WAM) [1, 221, first devedoped for Pro-
fog. The WAM has nonw been acdapted to ot her bgic programming languages
. such as CLPIR) |10] and PROTOS-L |2]. Extensians to APrefog [14] are
under way [12, 16, 17), but ma similar effort has been undertaken fr ot ber

advanced kagic programming baguages such s Lolli [9] or B [20].
Warren's work appears as a carfully engincered const ruction, but, for its
very pioncering nature, it leks any bogical status. This contrasts strongly
with the deep ronts that the iterpretation semantics of lagic programming
has in Jagic and proaf-theary [15). Indead, the nstruction st of the WAM

. Tandly bears any resemblance to the mnnectives of the lagic underying Pro-
fog and seems highly specialioed to this language. As a wesult, the WAM
“resemnbles an intricate puzzle, whese many pieces fit ightly together n a

Appaad m the Procodng of e 1995 Jomt Abometond Cor
Logic i Al aStos), g
K. UL e

BT Frusse, e chussirr

= Manages gory details
e Usedin Twelf and LLF
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Abstract Compilation

Uniform proofs alternate

" Goal decomposition
" Clause decomposition

Preparation

Search

Compilation

" First, all preparation
= Then, all search

i

|

answer

g

Preparation

¥

Search

#’ must be an ALPL
with right rules only

i gy sla S0y
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Determining the Target ALPL

e Keep every right rule of L

e Add operators that behave on the right like the
connectives of I on the left

I'>A I'>B»a r>A I'—>B : .
o
T 5A5Bra T SAAB Logical principle
= Currying
LoltxAra o [XA e Parameterize
I > VX A> D I —3x A
w.r.t. > a
Fr>ara ~ T—oa-a
)Eh-“b\!'as-[ﬂS\ldJEn.knh.




Compiled HHF

G:=2 | (0.) DG | Vx.G V.= .| aCV¥
C:=a=a| CAG |3Ix.C
Y o.C — [a/a]C VY a.C—>G c ‘new” Y — [c/X]G §
= Y, a0.C—>a ¥Y—>alCoaG Y > Vx.G o
»¥Y>C Y0 ¥%§Wm: 3
Y >a=a Y >CAG ¥ — 3Ix. C 2
e Non-determinism is
A= 9d s glia 0.4 l=inaly,

preserved




Compilation

clause

bca,c..ca, > a.(a=sbra;Aa...rna)

= Atoms are not touched

A>a\C B>G A>>G
a>>a ADB>a.CDG Vx. A>>Vx. G
B>a\C A>G A>>G

a>oa\a=a A>DB>a\CAG Vx. A>> o\ Ix. G

Fo>>PF—A>>a \C
L>> LA>Y,C

g solue s lnnaly
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Concrete Example

VL. append nil LL append1:
ALLOCATE L
VK. VL. VM. VX. UNIFY (append nil L L)

append (X::K) L (X::M) append?2:
ALLOCATE K
- append LM ALLOCATE L
ALLOCATE M
¥ ALLOCATE X
UNIFY (append (X::K) L (X::M))

o. L. o = (append nil L L) CALL (append K L M)

o.. 3K. 9L. AM. 3IX.
o = (append (X::K) L (X::M))
AN append KLM ) PV PR By




I - A

Meta-Theory VR
Y > G
Soundness Completeness
1.1f I' > A and 1.1f ¥ > G and
I'>>Y and A>>G, I'>>Y and A>>G,
then ¥ —> G then I' > A

2.1f I' > A » a and
['>>Y and A>>a\C,
then ¥ — [a/a]C

Proof:Gtructural ind@

2.1f ¥ >R and
R=[a/a]C and
['>>Y and A>>a\C,
then I' > A » a

Proof:Gtructural ind@




Whatis o?

e An ad-hoc second-order mechanism
= Works very well operationally, but
= what is its logical status?

e Can we engineer a fully logical compilation
scheme?

1553\.5\49134 S\lﬁllsmh-
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ldea: Use Term-Level Equality

Vy.(ptca,c..ca,)

\ 4

V. (pxcdy. (x=tAa; A..AQa))

e This is currying again, but respecting dependencies
e Compiled head always matches goal for p
e Compiled clauses have the form Vx. (p x © R)




Compiled HHF (2)

Vx. (p x ©R)

‘P,C —>(C>)a “P, C—oQG C “new”

Y — [c/X]G

Y,C—a ¥Y—>CoaG

Y - Vx. G

Y >R

Y — [t/x]C » a

Y —>R>oa>a ¥ —>Vx.C»>

*
d

Y—->R VY-—>G

Y — [t/x]R

¥Yot=t Y—>RAG

Y - dx. R

e Non-determinism is still preserved

e Minor infrastructure to produce x=t
e Remains sound and complete

A= 9d s glia 0.4 l=inaly,
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Macro-Rule

e Builds uniform proofs

= Necessary sequence of steps to use compiled
clause

¥, Vx.(p x©R) = [t/x]R
Y, Vx(pxcR)—>pt

" The backchaining rule
= View Vx.(p x < R) as synthetic connective A x . R

= That’s our old o

st 0d yglia S0 |=naly,
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Concrete Example (2)

VK. VL. VM. VX. VL. append nil L L
append (X::K) L (X::M) y
c append KL M Vv
V
v VX1 VX, VX3.
VXg. VXp. VX3, append x; X, X3
append X; X; X3 c dL. (x; =nil A
c 3K. dL. M. 3IX. x,=L A
(X, = (X:K) A X, = L)
X,=L A
X3 = (X::M) A
append K L M) JEEPY]Y PRLIENPVIN
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Moded Programs

e Arguments are labeled as input or output
" [nput are ground at call time
= Qutput made ground upon return
= Simple static check

e Moded semantics is based on matching
not unification

= Faster for first-order terms (no occurs-check)
= Decidable for higher-order term

e Sufficient for CLF o

Carnegie Mellon Qatar 21




Moded Execution

Data flow

H— —

Vy.(pttco, t;t,c..cq,t t)

NN
¥

[ —~~

VX X. (p X x < Jy. (x=t Lt AaLAgt t))
N VA

e Xx=t matches input

° = % )Ei _'\-:9-[3‘ _."'1['5- h-
t=x assigns output e ollon Qs I8




Moded Execution

Data flow l ‘ o
/ \
Vy.(pttcaq, t, t(_cjiqn/tn t.)
Vx x. (p X@(zztwl t, A Aq,t t A X=t))
= matching operator - for well-moded programs
e := assignment operator B, L o




Moded Atomic Goals

Data flow l ‘

gtt
v

3
L]

dz. (g tz A z=:1)
(VAP AN,

e Solving an atomic goal is like a function call
= Non-deterministic partial function

st 0d yglia S0 |=naly,
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Compiled HHF (3)

Y,C—>C»a s ¥Y,C—>G c ‘new” Y — [c/X]G
¥Y,C—a Y o>CoaG Y —> Vx. G

¥ 3R Y — [t/x]C » a
¥ 5Roara * Y > VVx.C» a

. Y >R Y>G, Yo [t/XR
Yot=t Yot=t Y >RAG Y — dx. R

e Non-determinism is still preserved
e Additional compilation infrastructure needed

*

* Remains sound and complete RS
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Consequences of Uniformity

e Two macro-rules /}/BackchainingJ
¥V, V.. — [t/x,u/y]R

Y, Vxx.(pxxc3dy. (RAXx:=s)) > ptu/y]s

Y o>pts

VY >3dz.(ptzaz=:5))

e Two synthetic connectives
" Vxx.(pxxc3dy. (RAx:=s)) as Ax.dy. (R; returns)
= Jz. (ptzAaz=:s5)) as callpt=:s

i 9 3 glea S0y Il
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Concrete Example (3)

VK. VL. VM. VX. VL. appendnil L L
append (X::K) L (X::M) y
c append KL M Vv
V
v VX1 VX, VX3.
VXg VXo VX3 append x; X, X3
append X; X, X < 3L (x, =:nil A
— K. dL. AM. 3X. X,=L A
(x; =1 (X::K) A X, := L)
X,=:L A
dz. (append KLz Az =: M) A
X3 := (X::M)) Jmd g pslea 3 ylminaly,
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Future Work

e Prove that matching/assignment are sufficient for
moded programs 3

= Make goal & term selection
explicit

= Declarative mode checking

= Semi-functional interpretation

e Implement within CLF prototype
= Backward + forward chaining semantics

= Linear/affine operators
= Complex higher-order term language

i 9 3 glea S0y Il
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Thank you!

Questions?

&ﬂas]-u&'-\-djlslﬂl Q.
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