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x=17/(1-y)





struct first struct add

add x y = x+y
ad3 = add 3    -- arg. omis -> "fonction de"... ad3 2 -> 5

(pair x y) c = c x y  -- et comment extraire x,y?
first a b = a    -- ou : first = const, prédéfini
second a b = b   -- ou : second a = id, prédéfini
struct = pair 42 (-7)   -- création d'un objet opaque





≥
QBase

data Qubit = B0 | B1
data Oscil = X Double | P Double | N Integer | Z Complex
-- (Z c'est la paramétrisation par les états cohérents...)
-- ...
data IsoPion = Posit | Negat | Neutr
-- etc.





a, b, c,...

f ::  Nombres (f + g) x =

f x + g x ( *f) x = *f x





bracket

axis

ket

B0, B1

bracket a b = if a==b then 1 else 0

axis a = bracket a            -- ou, si on préfère :
axis a = \b -> bracket a b    -- lambda: fonction anonyme 





ax

(ket alpha)

ax1, ax2

ket alpha

ket alpha ax

ket alpha ax = ax alpha  -- fonction agissant sur une autre...

ket alpha (ax1 + ax2) = (ax1 + ax2) alpha
  = ax1 alpha + ax2 alpha
  = ket alpha ax1 + ket alpha ax2

(bra alpha) kt = kt (axis alpha)





bra alpha (ket beta) = ket beta (axis alpha)
   = axis alpha beta ≡ bracket alpha beta





 dual

coax ket

lower

coax lower coax

scalprod phi psi

(dual kt) alpha = conjugate (kt (axis alpha))
(coax kt) kt2 = kt2 (dual kt)
(lower br) alpha = br (ket alpha)

psi (dual phi)  -- Prouver: = conjugate (scalprod psi phi)





type Scalar = Complex Double  -- ou autre chose
class Eq a => Qbase a where   -- égalité : prémisse nécessaire
 bracket :: a -> a -> Scalar
 bracket j k = kdelta j k
axis alpha = bracket alpha    -- synonyme

instance Qbase Qubit
instance Qbase Oscil where
  bracket (N j) (N k)
   | j>=0 && k >=0 = kdelta j k -- pas de niveaux négatifs
   | otherwise = 0

class Vector v where       -- v est un el. d'espace vectoriel
 (*>)   :: Scalar -> v -> v
 (<+>)  :: v -> v -> v
 (<->)  :: v -> v -> v





b QV b, QK b

 ket, dual, bra

type QV b = b -> Scalar      -- axes
type QK b = QV (QV b)        -- kets
...
instance Vector Scalar where
 x  *> y  = x * y 
 x <+> y  = x + y  -- etc.
instance (Vector b) => Vector (a -> b) where
 (a *> f) x = a *> f x
 (f <+> g) x = f x <+> g x   -- etc.

...
scalprod v w = w (dual v)
norm2 kt = scalprod kt kt
normed kt = (1/sqrt(norm2 kt)) *> kt
...





Oscil

psi = normed (2*>ket B0 <-> 7*>ket B1)
show (norm2 psi))   -- pour l'affichage, si on le veut

bracket (X x) (N 0) = exp(-x*x/2)  -- f. d'Hermite d'ordre 0









(warp alpha beta) psi = psi (axis beta) *> ket alpha

B0 ⇆ B1

B1 H

(dyad phi psi) phi = chi (dual psi) *> phi





prj alpha = warp alpha alpha

qnot = warp B0 B1 <+> warp B1 B0
sigz = prj B0 <-> prj B1
had  = sqrt 0.5 *>(qnot <+> sigz)









ax_Op

op

(ax_Level ax) (N n) = sc(n) * (ax (N n))

sc

(op psi) ax = psi (ax_Op ax)

level psi = psi . ax_Level   -- (.) compose deux fonctions

ax_an ax (N n) = sqrt(sc n) * ax (N (n-1))
an = boost ax_an   -- boost = flip (.);  flip f x y = f y x
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(cnot kx ky) ax ay = r B0 id + r B1 qnot where
  r q op = prj q kx ax * op ky ay





f cnot

cnot op

deutsch f (axis B0) arbitr

fcnot f kx ky ax ay = r B0 + r B1 where
  op B0 = id;  op B1 = qnot  -- la négation  1-qb
  r q = warp q q kx ax * op (f q) ky ay

deutsch f = \ax ay ->
  let ph = fcnot f (had (ket B0)) (had (ket B1))
      axwarp a b ax = ax a *> axis b
      axqnot = axwarp B0 B1 <+> axwarp B1 B0 
      axhad = axqnot <+> axwarp B0 B0 <-> axwarp B1 B1
  in  ph (axhad ax) ay
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cnot

bell=(1/sqrt 2) *> (k0<*>k0 <+> k1<*>k1)

bell=cnot (had (ket B0) (ket B0)

id, qnot, sigz













 v  k  m  =  

v k m = 0.25*realPart((x . x . x . x) (ket (N m))(axis (N k)))
   where x = an <+> cr   -- Pas de termes imaginaires

data Ser a = a :> Ser a

(u0 :> uq) * v@(v0 :> vq) = u0*v0 :> (u0*:>vq + v*uq)
(u0 :> uq) / v@(v0 :> vq) = w0 :> wq where
     w0=u0/v0;  wq = (uq - w0*:>vq) / v





[0.75,

-2.625,  20.8125,  -241.289,  3580.98,  -63982.813  ...]

ebar = v 0 0 :> sum [v 0 k *:> psi k | k <- [2,4]]
psi k | k>0 = (v k 0 :> 
        sum [v k m *:> psi m | m <- [k-4,k-2 .. k+4]]) / 
            ((-k):>ebar)
      | otherwise = 0

psi k | k>0 = lpsi !! k -- indexation, lpsi[k]
      | otherwise = 0 
lpsi = 0 : ps 1 where

ps k = ((v k 0:>sum[v k m*>psi m|m<-[k-4,k-2..k+4]])/ 
          ((-k) :> ebar)) : ps(k+1)








