An open source large language model
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140GB ~500 lines
of C code
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Training them is more involved.

Think of it like compressing the internet.

~140GE file

Chunk of the internet, 6,000 GPUs for 12 days, ~$2M
~10TB of text ~1e24 FLOPS

“numbers for Liama 2 708 Full screen (f)
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Training them is more involved.

Think of it like compressing the internet.

~140GB file

Chunk of the internet, 6,000 GPUs for 12 days, ~$2M
~10TB of text ~1e24 FLOPS

“numbers for Liama 2 708 Full screen (f)

Mindless obedience

HP: does P halt on D?
Semi-solvable:

run P on D;

return 1.

From http://america.pink/images/9/6/3/2/5/4/en/2-chinese-room.jpg
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Training them is more involved.

Think of it like compressing the internet.

~140GB file

Chunk of the internet, 6,000 GPUs for 12 days, ~$2M
~10TB of text ~1e24 FLOPS

“numbers for Liama 2 708 Full screen (f)

Mindless obedience

HP: does P halt on D?
Semi-solvable:

run P on D;
return 1.
From http://america.pink/images/9/6/3/2/5/4/en/2-chinese-room.jpg
run & run.c, U, accept

P =~ parameters, TM, fsm
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Fsm exercise: solution
accept(_,Final,Q, []) :-

accept(Trans,Final,Q, [H|T]) :-

Abilities \
Goals/Preferences \

Prior Knowledge ———»

Stimuli

. . Actions
Past Experiences (_

7/1



Fsm exercise: solution
accept(_,Final,Q,[]) :- member(Q,Final).

accept(Trans,Final,Q, [H|T]) :-

member (X, [X]_]1).
member (X, [_|L]) : - member(X,L).

Abilities \
Goals/Preferences \

Prior Knowledge ————»

Stimuli

. . Actions
Past Experiences (_
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Fsm exercise: solution
accept(_,Final,Q,[]) :- member(Q,Final).

accept(Trans,Final,Q, [H|T]) :-
member ([Q,H,Qn] ,Trans),

accept(Trans,Final,Qn,T).

member (X, [X]_]1).
member (X, [_|L]) : - member(X,L).

Abilities \
Goals/Preferences \

Prior Knowledge ————»

Stimuli

. . Actions
Past Experiences (_
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Graph modeling

o @ "

New South Wales ‘

Tasmania @

Russell & Norvig

Northern
Territory

Western
Australia

South
Australia

Victoria

ar(wa,nt). ar(nt,q). ar(q,nsw) .
ar(nsw,v). ar(wa,sa). ar(sa,nsw).
ar(nt,sa). ar(sa,v). ar(sa,q) .

arc(X,Y) :- ar(X,Y) ; ar(Y,X).
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Search (in Prolog)

Given goal, arc
search(Node) :- goal(Node).

search(Node) :- arc(Node,Next), search(Next).
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Search (in Prolog)

Given goal, arc
search(Node) :- goal(Node).

search(Node) :- arc(Node,Next), search(Next).

Example: accept(Trans,Final,Q0,String)
Node as [Q,UnseenString]

goal([Q, [1],Final) :- member(Q,Final).
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Search (in Prolog)

Given goal, arc
search(Node) :- goal(Node).

search(Node) :- arc(Node,Next), search(Next).

Example: accept(Trans,Final,Q0,String)
Node as [Q,UnseenString]
goal([Q, [1],Final) :- member(Q,Final).

arc([Q, [HITI]], [Qn,T],Trans) :-
member ([Q,H,Qn] ,Trans) .
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Search (in Prolog)

Given goal, arc
search(Node) :- goal(Node).

search(Node) :- arc(Node,Next), search(Next).

Example: accept(Trans,Final,Q0,String)
Node as [Q,UnseenString]

goal([Q, [1],Final) :- member(Q,Final).
arc([Q, [HITI]], [Qn,T],Trans) :-

member ([Q,H,Qn] ,Trans) .

search(Node,Final, ) :- goal(Node,Final).

search(Node,Fi,Tr) :- arc(Node,Next,Tr),
search(Next,Fi,Tr).
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Search (in Prolog)

Given goal, arc
search(Node) :- goal(Node).

search(Node) :- arc(Node,Next), search(Next).

Example: accept(Trans,Final,Q0,String)
Node as [Q,UnseenString]

goal([Q, [1],Final) :- member(Q,Final).
arc([Q, [HITI]], [Qn,T],Trans) :-

member ([Q,H,Qn] ,Trans) .

search(Node,Final, ) :- goal(Node,Final).

search(Node,Fi,Tr) :- arc(Node,Next,Tr),
search(Next,Fi,Tr).

accept (Tr,Fi,Q0,S) :- search([Q0,S],Fi,Tr).
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Prolog as search

1 :7PpP:q
i-r.
p-

r.

| 7- 1.
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Prolog as search

i:-p,q. [i]

1 - I.

P.

r.

| 7- i. StartNode = [i]
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Prolog as search

1:7Pp,q
i-r.
P
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Prolog as search

1 :=Pp:q
1 - I.
P.

r.

| 7- 4.

[i]
N
(p.al (r]

[q]

StartNode = [i]
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Prolog as search

1 :=Pp:q
1 - I.
P.

r.

| 7- 4.

[i]
VAN
[p,ql [r]
{ {
[q] (]

StartNode = [i]
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Prolog as search

i - p,q. [i]
v\

i-r. [p,ql [r]

4 4

P [q] (]

r.

| 7- i. StartNode = [i]

yes goal([]).
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Prolog as search

| 7- 1.

yes

prove(Node) :- goal(Node) .

[i]
VAN
[p,ql [r]
{ {
[q] (]

StartNode = [i]

goal([]).

prove(Node) :- arc(Node,Next), prove(Next).
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KB and arc

1 :=Pp.q
i-r.
p-
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KB and arc

1 :=P.q
i:-r.
p.

r.

[i,p,q]
[i,r]
[p]

[r]
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KB and arc

i - p,q. [i,p,ql
i-r. [i,r]
p- (p]
r. [r]

KB = [[i,p,ql,[i,r], [p], [r]]
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KB and arc

i:- p,q. [i,p,ql
i-r. [i,r]
p- [p]
r. [r]

KB = [[i,p,ql,[i,r], [p], [r]]

arc(Nodel,Node2,KB) :- 77
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KB and arc

i - p,q. [i,p,ql
i-r. [i,r]
p- (p]
r. [r]

KB = [[i,p,ql,[i,r], [p], [r]]

arc([H|T],N,KB) :- member([H|B],KB), append(B,T,N).
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KB and arc

i:- p,q. [i,p,ql
i-r. [i,r]
p- [p]
r. [r]

KB = [[i,p,ql,[i,r], [p], [r]]

arc([H|T],N,KB) :- member([H|B],KB), append(B,T,N).

prove(Node,KB) :- goal(Node) ;
arc(Node,Next,KB), prove(Next,KB).
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Non-termination (due to poor choice)

i :- p,q. [i]
i - r.

p - i

r.

| 7- 1.

prove([],-).

prove([H|T] ,KB) :- member([H|B],KB), append(B,T,Next),
prove (Next,KB) .

| ?- prove([il, [[i,p,ql,[i,r],[p,i],[r]1]).
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Non-termination (due to poor choice)

i:- p,q. [i]
N
i:-r. [p,ql [r]
p - i
r.
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prove([],-).
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Non-termination (due to poor choice)

i:- p,q. [i]
N
i:-r. [p,ql [r]
{ {
p :- i. [i,q] (]
r.
- i.
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Non-termination (due to poor choice)

i :- p,q. [i]
N

i:-r. [p,ql [r]
{ {

p :- i. [i,q] (]

VAN
r. [p,q,q9] [r,ql
- 1.

prove([],-).

prove([H|T] ,KB) :- member([H|B],KB), append(B,T,Next),
prove (Next,KB) .

| ?- prove([il,[[i,p,ql,[i,r],[p,i]l,[r]1]).
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Non-termination (due to poor choice)

i :- p,q. [il
N
i:-r. [p,ql [r]
{ {
p :- i. [i,q] (]
N
r. [P,q,q] [I‘,q]
1 4
?7- i. [i,q,q] [q]

prove([],-).

prove([H|T] ,KB) :- member([H|B],KB), append(B,T,Next),
prove (Next,KB) .

| ?- prove([il,[[i,p,ql,[i,r],[p,i]l,[r]1]).
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Non-termination (due to poor choice)

i :- p,q. [il
v\
i:-r. [p,ql [r]
1 1
p :- i. [i,q] (]
N
r. [P,q,q] [I‘,q]
y 4
?7- i. [i,9,q] [q]
N

prove([],_).

prove([H|T],KB) :- member([H|B],KB), append(B,T,Next),
prove (Next,KB) .

| ?- prove([il,[[i,p,ql,[i,r],[p,i]l,[r]1]).
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Determinization (do all)
A fsm [Trans, Final, QO] such that
for all [Q,X,Qn] and [Q,X,Qn’] in Trans, Qun = Qn’

is a deterministic finite automaton (DFA).
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Determinization (do all)
A fsm [Trans, Final, QO] such that
for all [Q,X,Qn] and [Q,X,Qn’] in Trans, Qun = Qn’

is a deterministic finite automaton (DFA).

Fact. Every fsm has a DFA accepting the same language.
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Determinization (do all)
A fsm [Trans, Final, QO] such that
for all [Q,X,Qn] and [Q,X,Qn’] in Trans, Qun = Qn’

is a deterministic finite automaton (DFA).

Fact. Every fsm has a DFA accepting the same language.

Proof: Subset (powerset) construction O

Apply to arc,goal, contra Trans,Final:

arcD(NodeList ,NextList) :-
setof (Next, arcLN(NodeList,Next), NextList).

arcLN(NodeList,Next) :- member (Node,NodeList),
arc(Node,Next) .
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Determinization (do all)
A fsm [Trans, Final, QO] such that
for all [Q,X,Qn] and [Q,X,Qn’] in Trans, Qun = Qn’

is a deterministic finite automaton (DFA).

Fact. Every fsm has a DFA accepting the same language.

Proof: Subset (powerset) construction O

Apply to arc,goal, contra Trans,Final:

arcD(NodeList ,NextList) :-
setof (Next, arcLN(NodeList,Next), NextList).

arcLN(NodeList,Next) :- member (Node,NodeList),
arc(Node,Next) .

goalD(NodeList) : - member (Node,NodeList) ,goal (Node) .
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Determinization (do all)
A fsm [Trans, Final, QO] such that
for all [Q,X,Qn] and [Q,X,Qn’] in Trans, Qun = Qn’

is a deterministic finite automaton (DFA).

Fact. Every fsm has a DFA accepting the same language.

Proof: Subset (powerset) construction O

Apply to arc,goal, contra Trans,Final

arcD(NodeList ,NextList) :-
setof (Next, arcLN(NodeList,Next), NextList).

arcLN(NodeList,Next) :- member (Node,NodeList),
arc(Node,Next) .

goalD(NodeList) : - member (Node,NodeList) ,goal (Node) .

searchD(NL) :- goalD(NL);
(arcD(NL,NL2), searchD(NL2)).
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Determinization (do all)

A fsm [Trans, Final, QO] such that
for all [Q,X,Qn] and [Q,X,Qn’] in Trans, Qun = Qn’

is a deterministic finite automaton (DFA).

Fact. Every fsm has a DFA accepting the same language.

Proof: Subset (powerset) construction O

Apply to arc,goal, contra Trans,Final

arcD(NodeList ,NextList) :-
setof (Next, arcLN(NodeList,Next), NextList).

arcLN(NodeList,Next) :- member (Node,NodeList),
arc(Node,Next) .

goalD(NodeList) : - member (Node,NodeList) ,goal (Node) .

searchD(NL) :- goalD(NL);
(arcD(NL,NL2), searchD(NL2)).

search(Node) :- searchD([Nodel).
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Frontier search (manage choices)

Poole & Mackworth
search(Node) :- frontierSearch([Nodel).
frontierSearch([Node|_]) :- goal(Node).
frontierSearch([Node|Rest]) :-

findall (Next, arc(Node,Next), Children),

add2frontier(Children,Rest,NewFrontier),

frontierSearch(NewFrontier).
4/7
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Breadth-first: queue (FIFO)
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Breadth-first: queue (FIFO)

O

G a4 O
lofegofepiegele
Shen 6h e
SEFO O TH SO
33 & 43O
(1] ~ [2,3] ~ [3,4,5] ~» [4,5,6,7] ~»---

add2frontier(Children, [],Children).

add2frontier (Children, [H|T], [H|More])

add2frontier(Children,T,More).
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Depth-first: stack (LIFO)
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Depth-first: stack (LIFO)

©
/ \
/@\ /O\

@@@é@‘ib obb Qobb
ofofole §> 3G 3O
o] ofe

[1] ~ [2,e] ~ [3, 13 o] ~ [4 12,13,0] ~v .-

add2frontier([],Rest,Rest).
add2frontier ([HIT] ,Rest, [HITRest]) :-

add2frontier(T,Rest,TRest).
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If-then-else and cut !

i:-p,t,q
1 - I.
p.

Ir.

| ?- i.
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If-then-else and cut !

i:-p,t,q. [i]
i-r.

P-

r.

| ?- i.
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If-then-else and cut !

i:-p,!,q. [i]

v hV
i-r. lp,!,ql [r]
p.
r.
| 7- i.
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If-then-else and cut !

i:-p,t,q. [i]
v e
i-r. lp,!,ql [r]
1
p. [',ql
Ir.
| 7- i.

Cut ! is true but destroys backtracking.
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If-then-else and cut !

i:-p,!,q. [i]
e
i-r. p,!,ql
1
p- [',q]
1
T [q]
| 7- 1.

Cut ! is true but destroys backtracking.
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If-then-else and cut !

i:-p,!,q.
i:-r.

p-

r.

| 7- i.

no

[il]
[p,!,ql
[!,aqal

[q]

Cut ! is true but destroys backtracking.

54 /71



Review: Depth-first as frontier search

prove([],_). % goal([l).
prove (Node,KB) :- arc(Node,Next,KB), prove(Next,KB).

55/71



Review: Depth-first as frontier search

prove([],_). % goal([l).
prove (Node,KB) :- arc(Node,Next,KB), prove(Next,KB).

fs(L011-1,2).
fs([Node|Rest] ,KB) :-
findall (X,arc(Node,X,KB) ,Children),

append(Children,Rest,NewFrontier),
fs(NewFrontier,KB).
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Review: Depth-first as frontier search

prove([],_). % goal([l).
prove (Node,KB) :- arc(Node,Next,KB), prove(Next,KB).

fs(L011-1,2).

fs([Node|Rest] ,KB) :-
findall (X,arc(Node,X,KB) ,Children),
append(Children,Rest,NewFrontier),

fs(NewFrontier,KB).

Cut?
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Tracking the frontier

[[i1]
i:-p,',q. [i]
i - r.
p-
r.
7- 1.
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Tracking the frontier

(i1l ~ [lp,!,ql, [r]]

i:-p,',q. [i]
vd hN
i-r. (p,!,ql [r]
p-
r.
7- 1.
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Tracking the frontier

(fill ~ [lp,',ql, [x1] ~ [[!,q], [x]]

i:-p,!,.q.
i:-r.
p-
T.
?- 1.

[i]
v hV
(p,!',ql [r]

[!,q]
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Tracking the frontier

(i1l ~ [lp,!,ql,[xr]] ~

i:-p,!,.q.
i:-r.
p-
r.
7- 1

(l',ql, [x1]1 ~ [[qll]

[i]
N
(p,!,q]
[!,q]

[q]
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Tracking the frontier

(fill ~ [lp,!,ql,[x1] ~ [[',q],[r]] ~ [[ql] ~ I

i:-p,',q. [i]
v
i-r. (p,!,q]
!
p- [',q]
!
r. [q]
-1
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Tracking the frontier

(fill ~ [lp,!,ql,[x1] ~ [[',q],[r]] ~ [[ql] ~ I

i:-p,',q. [i]
v
i-r. (p,!,ql
!
p- [!,ql
!
r. [q]
-1
no
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Cut via frontier depth-first search

fs (L0 1-1,2).

fs([Node|Rest] ,KB) :-
findall (X,arc(Node,X,KB),Children),
append(Children,Rest,NewFrontier),
fs(NewFrontier,KB).
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Cut via frontier depth-first search

fs([OO1-7,2.
fs([[cut|TI|_1,KB)) :- fs([T]1,KB).
fs([Node|Rest] ,KB) :-

findall (X,arc(Node,X,KB),Children),

append(Children,Rest,NewFrontier),
fs(NewFrontier,KB).
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Cut via frontier depth-first search

fs(LOO1-1,).

fs([[cut|T]|_],KB)) :- fs([T],KB).

fs([Node|Rest],KB) :- Node = [H|_], H\== cut,
findall (X,arc(Node,X,KB),Children),

append(Children,Rest,NewFrontier),
fs(NewFrontier,KB).
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Cut via frontier depth-first search

fs([OO1-7,2.

fs([[cut|TI|_1,KB)) :- fs([T]1,KB).

fs([Node|Rest] ,KB) :- Node = [H|_], H\== cut,
findall (X,arc(Node,X,KB),Children),

append(Children,Rest,NewFrontier),
fs(NewFrontier,KB).

if(p,q,r) :- (p,',q); r. % contra (p,q);r

67/71



Cut via frontier depth-first search

fs(LOO1-0,0.
fs([[cut|T]|_],KB)) :- fs([T],KB).
fs([Node|Rest] ,KB) :- Node = [H|_], H\== cut,

findall (X,arc(Node,X,KB),Children),
append(Children,Rest,NewFrontier),

fs(NewFrontier,KB).
if(p,q,r) :- (p,',q); r. % contra (p,q);r
negation-as-failure(p) :- if(p,fail,true).
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Exercise (Prolog)

Suppose a positive integer Seed links nodes 1,2,... in two ways
arc(N,M,Seed) :— M is Nx*Seed.
arc(N,M,Seed) :—- M is N*Seed +1.

e.g. Seed=3 gives arcs (1,3), (1,4), (3,9), (3, 10) ...
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Exercise (Prolog)

Suppose a positive integer Seed links nodes 1,2,... in two ways
arc(N,M,Seed) :- M is Nx*Seed.
arc(N,M,Seed) :—- M is N*Seed +1.

e.g. Seed=3 gives arcs (1,3), (1,4), (3,9), (3, 10) ...

Goal nodes are multiples of a positive integer Target
goal(N,Target) :- 0 is N mod Target.

e.g. Target=13 gives goals 13, 26, 39 ...
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Exercise (Prolog)

Suppose a positive integer Seed links nodes 1,2,... in two ways
arc(N,M,Seed) :- M is Nx*Seed.
arc(N,M,Seed) :—- M is N*Seed +1.

e.g. Seed=3 gives arcs (1,3), (1,4), (3,9), (3, 10) ...

Goal nodes are multiples of a positive integer Target
goal(N,Target) :- 0 is N mod Target.

e.g. Target=13 gives goals 13, 26, 39 ...

Modify frontier search to define predicates

breadthist(+Start, 7Found, +Seed, +Target)
depthist (+Start, ?Found, +Seed, +Target)

that search breadth-first and depth-first respectively for a
Target-goal node Found linked to Start by Seed-arcs.
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