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twice(In, Qut) := In=[NINs] | X:=N#2., OQut=[X|%s]. twice(lNs, Xs).
twica({ln, Qut) :- In=[] | Out=[].
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xor¥et{lnl. In2, Que) :- true |
Link{Inl, InHi, 1), link{In2. InK2, 1)
hiddenUnit {InBL1/0, InH2Z/0, OutH),
link{inl, In01, 13, link{InZ, In02, 1), 1ink{Dut¥, In0%, -1),
outputTnit{ia01/0, In02/0, [A03/0, Cut).

Tizk{linl!Ins], Sut, ¥=ight) = true |
wutlieinieWeight, OQui={0utlifusz]
Digniins. Duts, Weight).

Simkill gun, ) oo= true | Qut=[].

higdealait {74180/, 5/BL, Out) - trus |
Sum:=1{+Z1. greater{Sum, L.5.Cutl). Out={fuzll|Cu:s].
Eiddealait(4/41, B/BL, Outs),
hiddenUnit{& a1, [Bi|B]/_. Dut) := true
Sum:=Al4EL, greater(Sum, 1.5, Cutl), Qut=[0ut]lOuts],
hiddealnit{A /41, B/BL, Quts)
hiddenlnit([1/_. [1/_. 0ut) := true | Qut=[].

outputUnit([AL[A]/_, B/BL, C/CL. Out) := true |
Sum:=Al+4B1+Cl, greater(Sum. 0.5, 0utl), Outs[OutlfQuts],
outputbnit(4/41, B/BL, C/C1, Outs).
outputlnit (A/41, [B1IB]/_, C/CL, Qut) :- true |
Sum:=A1+B1+C1, greater{Sum, 0.5 Outl), Out=[QutllCuts].
outputUnit(A/AlL, B/BL, C/C1, Outs).
outputUnit{A/ AL, B/BL. [CLICY/_, Qut) :- true |
Sum:=A1+BI+CL. greater(Sun, 0.5, Qutl), OQut=[QutliOuts],
outputUnit(4/41, B/B1, C/C1, Outs).
outputUnit ([1/_, [1/_. [1/_.0ut} :- true | Qut=[].

greater(X, Y, Out) :- X>Y | Qut=l.
greater(d, ¥, 0ut) := X=<Y | Out=0.
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sum{[XLIXD, DYLIY]. 20 o= true | Z1:=X1#YL, Z=[211Zs], sum(X/X1.Y/v1.Zs).
sum([XLIXT/_. Y/ Y1, 00 o= true | Zl:ski#¥l, I=[Z2112s), sum(X/X1,¥/V1, Zs).
sun (XKL, (YEIYD/_ 20 o= true | Zl:=X1#Y1, Z=[Z1(Zs), sum(X/X1,¥/Y1, Zsg)
sum([]/_, [1/_,2) := true | Z=[].
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go{N1,NI) :- true
instream{inSeq).
preparel0 (N2, InSeq, start, [nput, start, Target. (starti0utstrean])
nedal{¥1, K2, Tnput, Output, Target)
construztOutput (Dutput, Qutstraam)

grsparelliN, Seq, Last!, Taput, LastT. Tacget, [0198]) - srue |
feq = [rn
srite( ==> "}, writel0), nl, nll Sezil,
differencellastT.0, 0, TotzlDif)
pif o= Totallif kK

tart, _ Dify = true | DNF = 0.
difference({TITs]. [0i0s].00.0) :- true |
Il := abs{T-C},
03 .= DO4DI,
difference{Ts, 0s, D3, D).
difference([]. [1.00,D} :- true | D = DO.

difference(_, =
|

prep0(N, Seq. Last]. Input, LastT, Target. Dif. Output) := Dif »= 0.1 |
Input = [Lastl]inputl],
Target = [LastT|Targetl],
preparel0(N, Seq, Last!, Inputl, LastT, Target!, Dutput)
prepO(N, Seq, _, Input, _, Target, Dif, Qutput}) := Dif < 0.1 |
getOne{Seq, Seql, Inputl, Targetl},
prepl0l{N, Seql, Inputl, Targetl, Enput, Target, Output)

prepifl (N, Seq, Inputl, Targetd, Input, Target, Output) ;= Inputd ¥= end |
[nput = [lnputdlls],
Target = [TargetOITs],
preparel0(N, Seq, Input0, Is, Target0, Ts, Output).
prepl0l(_, Seq, end, end, Input, Target, _} :- true
Seq = [1, Input = []. Target = []

getOne{Seql, Seq, Input. Target) :- true |
Seql = [nl,
write{" Input pattern: "), read(input)| Seql]
getOnel (Scql, Seq. Input, Target).



getOnel (Seql, Seq, Input, Target) := Input ¥= ond |
Seql = [
write{ Tarzet pattern: *), read(Target)| Seq).
getirel (Seql. Seq, end, Target) - true | Segd = Seq, Target = end.

andel €N %L, In, Qut, Target} :- toue
giszribucel(in, Guil),
laseri(yi, utl, [ai)

levell{[!!1s], Out) := true |
Out = [{0,FB) |0s].
tmitl([,0,FB),
leveli(ls, Os).

levell ([J,0ut) :~ trus | Out = []

unitt{ln, Jut, FB) = In = [L_1_21_0 |
suml {In, 0, Net, Inl. Del ta),
0 = |/ (1+exp(=-Net}),
Out = [0]0s],
FBE = [FBLIFBs],
Delta := FBL # Net#{l-Net},
unitl{Inl, Os, FRs).
unit1¢0[T1_3, Oout, ) :- true | OQut

(1.

level2([111s]. out, [TITs]) :- true |
Qut = [0]os],
upit2{1,0,T),
lavel2{ls,Ds, Ts).
level2([].Out, {1} := true | Out = [].

unitZ{In, Out, [TITs]) := In = [[_I1_11_1 |
suml ([n, 0, Net, Inl, Delta},
0 = I/ {1+exp(=Net}),
Out = [0]0s],
Delta := (T-0) # Net#{l-Net},
unit2(Inl, Os, Ts).

unie2 (L0110, Out, (1) :- true | Out = []).



semi([[(First, Feedback) |Rest}]!s], Sun0, Sum, B, Delta)
Feedback = Delta,
Suml := Sum0+First,
E = [Rest|®s],
sunl{ls, Suml, Sum, Rs, Delta).
sezif[1,5u=d. Sem. B, ) :- true | Sup = Sumd. R = [1.

tavest{_, 01, 0ut) = true | setNilsalliduts,

lawerf(N, £{1, F30iTsl, Out) :— trus
mekedre{l, 4, 1. Out, Jut], Feedbacks),
total (Feedbacks, FB),
layer2(X, s, Dutl).

layer2{_, [J.0ut} :- trus | setNiisall{Out).

setKilsAl11{[XiY]) :- true |

X = [l

setNilsAll(Y).
setNilsAl1([]) := true | true.

total (Nums, Sum) :- Nums = [[_1_11.0 1
Sum = [8158s],
totall (Kums, 0, 5, Nums1),
total (Nuasl, Ss).

total {[[J1_],5unm) := true | Sum = [].

total 1 ([[NIR]INs], Sum0, Sum, Rest) :- true |
Rest = [RIRs],
Suml := Suml+N,
totall{Ns, Suml, Sem, Rs).
totall{(], Sum0, Sum, Rest} :- true |
Sum = Sum0,
Rest = [].

— 10 =
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makebrc (¥, N, [n, Out, Qutl, Feadback) = K » 0 |
out = [[0U10]10s],
Outl = [0l0s1],
Feedback = [FBIFBs],
arc(¥, in, 01, FB),

hi = N = L.
Wi o= W% | [,
makedre (W1, N1, In, Os, 0sl, F3s),
sivedrsi 0. 0ue, Outl, Fesdbaskd o= truz | Dut = [], Qutl = [I. Teachzzi
" s].ﬂ T Feadhack) trus |
[{0.0)10s]
U B I
updateNeighu (W, [, 0. W]
Feadback = [FE|FRs],
FB == ¥ & [,

arciWl, ls, Os, FBsl.
ref_, [3.0ut,FB) :- true | Qut = [1. F8 = [].

updateWeight (01, Input, Delta, New) := wajt{Delta) |
¥ =05,
New := 0ld + £ # Delta # [nput.

distribute{[FirstIRest], Qut) :- true |
distl(First, Qut, Qutl}),
distribute({Rest, Qutl).

distribute{[], Out) :- true | setNilsAll{Out).

distl{[1[1s],0,R) := true |
0 = [[I|Rest]]0s],
= [Rest|Rs].
distl{ls,0s, Bs).
disti([].0.R) = true | O = []. R = [].

constructOutput ([, 0) = 1T = [{_| J1 11|
gatherFirstAlL{I, 01, 11),
0 = [01]0s],
constructOutput {11, Os).
constructOutput ([£]1_).0) :- tree | 0 = [].



gatherFirstAlL([[First|Rest]|Others), Pack, Coatinue) := true |
Pack = [First]Fsl.
Continee = [Rest|Rs],
gatharFirstAll(Ochers, Fs, Bs).
gatharFirstAl1{[). Pack. Continue} :- true | Pack = [}, Cantinve = [].
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net{ln, Out, Target) :=-
laverl{in, M1},
hiddenLevel (M1, M2},
taverli{MI. N2 Error).

e g T | oS §
cutzeslnisiME Dut, Targat, Error.

layerlovinl, inlt, dwl w2 w3 W4 W3 W& Qut) = tros o

LR LT A
PR S S PR
Tr o Aot M ALent
.|.L..".‘I_.:._. .iL,La.!.__-.

PimR{inl W, Oundi,

link{ial. ¥4, Gus
link(fal WE Dot
link{laZ WE.Guth),

Out=C(0utl, Outd), (Jutd, Outd), (Dutld, Ouid)).

ol

bl
i

layerZ{{Inl, Ir?, Ind), Out Ercor) := true
link{lnl, W1, Cutl, Error),
link{Inl, %2 0Out2 Error),
link(Inl, W3, Outd, Error),
Out={Cutl, Out?, Qutd).

ovtputUnit{In, Qut, Target, Error) :- true |
add3{In. Ket},
makeQutput (Net, Qut),
getQutputError (Net, Out, Target. Error)

makeQutput {(Inl? In27, In37), 0ut™} :-
Out is 1/(1+exp{-{Inl+In2+In3}}}.

getOutputError (Net?, Out?, Target?, Error”) -
Error is (Target-Out)®Net$({1-Net).

link{In W Out Errer) :- true |
weighten{in, [Wis], Qut),
getNewWeight (W, Error. In. ¥s)

getNewWeight (01d, [E1|Es], [Inl]lIns]l. ¥) :- true |
W1 := We0. S#E1#1nl,
W=[W1[Ws],
getNewWeight (W, Es. Ins, Ws).
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link{X?, ¥7, 0ut) -
Qut 1s KXW,

hiddenlevel{{lnl, In2, In3}),0ut} :- true |

hiddenlUnit{Inl, Outl),
kiddenlnit{lal, Qut2),
biddenTait(ln?, Outl),
Cur={0uil.Qut2, Qutl).
Riddanlais{{inl7, I72%:, Cu™) ==

add3((Inl7?. InZ7. 1037}, 0ut™) :-
Cut is Ini+ial+ibi.
addi({In1?, [n2?), 0ut™) :-
Out is Ini+ind.

ut 45 1{iesnzi-{Inl+ln2}}}.
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