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O. Pre lnis(:or:j: Predicate Logic as Grammar
1. l—l:s{ar\y Proloj and lo&ic projramm{l‘\j

2. Relational -prome\mi:j in mini Kanren
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prelf\l'Sva:j’ Dredicod'e Lﬁ\'c G3s GfBMmaf“

lq70'5 ! S‘\ (\of na tural lanGuaqe ocess\n
&)6 paré of AL Joj s J

1271+ Colmeraver &4 Rousgel develop ‘Pra\ca 0§ o "neans
€0 process natural French Ln—v:jucjo.

[374: Kowalski -~ Predicste Lojfc 25 Cirapmar

1976: Van Emden € Kowalski — Semantics of Predicate
LOJ e as Grapwmar

Tuwo biq ideas at +this time:
J

@® Natorsl hnjuo(jo Pr*ocessins

@ Dt‘ ramm‘ vaae w\-ékou-é. cea'bufes
fha{ Are ong \menjnm 0] (o the machine

b

Prosmmmiv\j LMJuoje shape.d to the pro blem



Predicate Logic
U

Horn clavse:

B|V°-- V BM — A, N ... ’\An

where m £ 1, ie. there is ot mogét 1 "B"

(onQ S&id ”6‘»& moSEé one Pos\"f.u'de ")

o, A .o N a,‘—%b € g, v-.a,_\/...v—»anvb

Y {’L)PCS of horn Clavses:
. n#0,m20, (e. B« An~..~A\ PROCEDURE

n=0, m*0, B & ASSERTION

n*0, m=0, __ & K, ~..~nAx GOAL

£ o N

n sD, ms= D’ HALT (c3l$¢)




Member

Member ( «, cons( x | f“»é‘

Member (x, Cons (J, r*)) «— Member (X,r)

Me_mloe.r CZ, Cons (“&", Cons (""’“, ni D)\

N

2= " Member (Z, cons ('5 ) ait))
Z:i= 4 Member (z, .\;l)
\ / 2
two .Success(‘u\ one onsucecessful

Compuéaf."ons (ha\(:/emp":] (s F:lse}



Cons'udu appe.nd!
OPPehd(nil, z, z) —

append (cons (x, 'j), 2, cons <X, u)) — QPPend<j , z,u)

o-ppend ( cons ("m"/ cons (" fo“,”‘"D)/ cons (”c”/ cons("d" nil)), ans)
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Predicate Loqfc

—  QXntroduces "inpu{: -ooépuén relation

(doesn'-& disélnjucsk between input /,,u{f,ué_>

oppend ((cons("a", cons ("5", nil)),
Z,
cons (", cons ("b" cons (e ",""»))

‘Qre.c \[G-r’\a‘O\e N wlqa(. |°5
‘l'rad;('ional;j the 2"d (nPoé o.f_‘j

to appan

Pfed'\CGCt&. \D\S\'c V\as no wnotion
ot tn@uk J. 006‘30{,

gust  determines relations between them




- known non - de ter mnism

O More than one procedure  Can
have o name which Mmatcheg
o cgelected procedure call

A 30&-4, consider |member(z, cons("a", cons("b", nil ),

member (X, cons(x,r)) <

member (x, cons (3 , r))e- mamber(x, r)

— "\/(B\oil{‘(:j of Pr‘edicafe loﬁic
I'_ depencls on deue,loéme,n-t.l

o} aoxiliaf‘j Control la.nJuajL‘



Proloq

J

Natoral Lar:]ua‘jc Process\'nj‘

P(olOQ‘
<

Predicate

33
)

Deue.lope.d' n A7] [Co'memue,r & Rousdl:(

Exgres%ed ond onswered questions in Leench
L otoms Gre (near(j) omjfk(vxl

Pro le

E"nﬂlisk

Helena is 3 student. stodent (Helena).

Is MHelena a student? 7~ student (Helena),

Ls Ves. L, Yes

- - @ e @ ean @ e e - -

Which X i 2 stodent? 7- stodent (X).
L—) when ¥ s Helena ' L‘* X - Helena.

- e e -—



Me.mber Lrom predica{'e loy’c

Member ( x, cons( x , r*\)é—

Member (x, Cons (J, r)) &« Member (x)r}

p(’o|03 mem ber ‘FUV\C-‘tt'O"\
member (¥, Cx| «~1)

member (X [YI R]) ‘= member (X, R>.

T \
looks

\ilee
looks o

like "€ rentence

impl\'c $
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Unif\'ca{\'ov\

» '}
Prolo3 is O ‘pattern - matcher

( Pattern MQ'(ZC‘\(:\J UnCowimoh

ot €hs Po.n{)
But how does i€ match p:)f-l'ems?
—>  Unibication [ Robinson 116 5]

Cons < ”a", cons( X, Y)) cons ( Z ; (_DV\S(“b“, "il>>
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Un:f{cg{.'on Coné 'd

\Variables bound o©nce, crectes « pPermanant
relation

.\3 equa\ (x, x).

Q‘i‘

\o%

)

Pirst, loind x  Eo 1

e U0~\ ( ' | 2—3 . -('ke.n, ‘l’(j bid X to 2
q £ind ) <=\ £ 2 ,
Hvs shouvld not Un;cj

Variables can be bound To atoms,
other veridkles, or complex data structures

Bindt’f\j voridbles Co complex dafa shroctures in PROLDG

e

TRICKY

Drolos lacks the Occurs check



Occors Check

n Unicica'ﬁ'onl (bind A childCX)) is velid

X = child( child( child( child( child( child(
child ( chitd( child( chitd( child( child(

child( chitd( chitd( child( - - .

The occors check  will check 6 x ‘occors”
\n c\l\'||d(x) belore bindirj i€

(occurs? x dni\d(x)) — VYes

T

then bind I




(1]

DroloS omits +he occurs Check Cor Q(-‘C.’ciemc«]

ond t_ohsec'uevrti‘.illj, this leads 4o onsovndedness
Not  €Ehe onlj issve!

Proloq search tree — DFS

U

- Mot memory intensive:

dOCS'né maintain branches
40 trowverSe |ike BFS

- Co.n 3e;£ s-tth.k iIn One branch
ot ~ the sSeorch €ree!

In proctice, proloj projmmmer_s vse

"GX'tralojical" {eotures Sveh «s CUT (1)
to Séb‘a seasrch



Meﬁa-é.fon

OPTION |

gbsent (X, ail ),

absent (X, [YIR]) = di® (X,¥), absent (x,R).

'Uensores not the Scme,

dif/z interesting NS'Eorq

J
[_M?ﬂ . introdu{ed 1N the OrGinal 'Proloj
EIQ73} * removed n nhex € i(’Q(a'UOn, Prolo‘JI

un} o re-added in Pro\o\j I

Neqa'&fon—od - —(\R\l vle
U

OPTIoN Z
albsent (X, L—) ‘= notl( me.m'o€r(f '..)).

1\
y\e_c.e.ssa.r3 withove di€/2.




MHistorical interlvde : timeline

¢ lA71: Predicate Lo\jic as
Peraw\m:nj Lomjumje,

¢ 14971 - 1272 Birth of Droloj

¢ 1482 - Fifth Generaton Computer System
[FGes] J

¢ 14q2 - FGCS 1992 conlerence (to
mork end of FGCS)
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Fifth Generation Compuﬁer System

1882 — MITI (japom) started
MosSSive u'm't(at{ue Por FGCS

- Promised (arge Al oachievements

- ncmed Drole \gnjua.Jc of chorce
- [_foo &m'oifu'ou._il

lagy - (Ss. ConJress passed NCRA
[No&ior\al Cooperat"vc Research Ac(—_]

A lot of interesté in Droloj +  fs po{'ew‘:.'al

1942 - FGCS head 'Qo.iled', LISP machines

were rcploced with PCs



LDqlC Proq(‘amyy\fnq + pf‘b\o
J \J \} 7
~ pPromisi '\3 use of Predicafe (oJ»'c

oS Projrammivj (MJUOSQ

= Rlaws with seoarch tree, un(‘ncou;.on,
ond 'e,x-(-ralczjical feptures loreoak

trve celational lbehavior

- ossocioted with & Projec{ that made

Mo.nj Prom\'ses (o.r\d hever cleliver‘ed>
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71005
Relational 'Pro-c‘ ro-mming (hm'm' Kcmre_n)

[_‘I'KS Friedman v&t. al. 20')(8]

— Ottempts to remed / remove

e,xfralcﬁical feotures €hat exist in Dm\fj

S(Mi larities :

- still routed in pre,dicod:e lojic
— shares Concept of onilication

—~ olso has necesso-zj search €ree

but relationsl Pfojr‘emw\i:j in  Mmin Ranren

Solves ne\jm’:u‘on /vnification /search ssues



First, Compere S\jhta)( .

proloa'.
member ( X, (%] D).
member ( X, [¥IR]) = memboer (X ,R)

mini Kanren: (on Qosc.k&{3

(define (memloere % £)
(fresh (£ )
== g (cons ¢ ))
Cordse % oD
== X
(( vmembers x MM

yd

/ . .
This s the R&cka~$Pemgc

[m PI ementation

Minikanren IS L’Ut‘[f on man

I&nJu oﬁa



Uni{ication

‘Coﬂtafns the occours Checl¢

o Pro c:j |ack

maoethemotically — soond unificetion

Megation

U

- ho more nijat’ion Qs vpailore

- con Smulate N-A-F wvith "Ccmd&"

° prones €he search trj
A woj smilar  fo coe (1)



Seorcl tree

in-('erleou{r:j Seasch
—more me,morj intensive than DFS

— eliminates or reduces need Cor wut

- de.loas when possi\ole before e\(eCo‘kir\j

recdrsive call

/L/

has this
recurve .
call? eX €ion .
esCPlore +his
node o bit
mare

onfold seqoch-l:i:l\j

4 \
2 B
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los ic + relational pro rommy

1S

heowily reliane on Search tree

J
- relational pro ramm.’rj Solues
Seme  iS8Les, but™ not all
- search tree can St d ivecja

o maj osk for (nfite onswers

0 J G e Dor (73 non—ex{s(:ir\j

ANSWEer |n &n inpinifc

Secsch Eree



Applications of Relational Pr?jrarv\mcnj

- not for euerj Pfo\o\em

° we ont control over
rontime + procedure

- imporeed Gs a kaqe €o
solve pProblems that (JGre conducive

to chis ijc of Pr:jmmm(nj

. jf'mP\ns) |is+ m“nipum“:(on, ele.

- minikanren locks a Compn ler,
so it lever other e
te do Ehe 03 comPUf&’f'ons 5 03



Pf‘oaf‘am S\jﬁ'\eSis

eualo‘-

- semantics Cor A-caleulus expresged
G5 o relat.on

- allows s fo e.\laluaéa how we

normall would in Scheme/ Racket
in our rdlatironal (uorld

(evalo p i o)
r NN

pfosram i“P\’f oofp\){

- we can ovse evas +to make
ossertions o-boot oOour proaf‘am P
ond have £he inter preter
joess Hre prOSram




[ Chirkov, etal 20207

Recorsion

S:}n’ckes‘\zmj

Ls give ierpreter Fib(2) =]
and Eb(5):35

relational P"*’jm'"m"'lj can Show

~ the oond N7 2
_ the loost cost (retorn n)

— kofh recursive calls

Con{;;m)gd Pol-en{:;al Dor deuelo])ment-
in area. of Pr*cijrcum s\jnfhesis



SUVV\ maru‘

),

. DFQC\JCc:te. Lo\jfc aS Gr;\mmar‘

°|Cﬁ\'ca.l imP\;Cab’on Qs Jra-MW\G.Y‘

+ natoral lmrcjoojg Processirj

‘ Prolo
)

o Socrifices made n imP“meW(’af»'on

Cor QCC{ciﬁnch

(Umigﬂc&‘db*\, Searcl\, Cut, efc,)

il M}ni Konren

o imP(oveW\&’\fs Ih ne otion,

Searc.ln, o+l om’fu‘ cation



