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% ncl ude pol ycode. f nt
o or mat ¥ "\ltimes"
% or mat *° "\rtimes"

\ subsection{Description of the quantum stack}\I| abel {subsec: quant unst ackdescri pti on}

%f fal se
\ begi n{ code}
{-#OPTI ONS_GHC - f no-war n- or phans #-}

nodul e QSM Quant untSt ack. QSRot at i on
(rotateup, preconditi onQdat aStructs, rotatel nOrder,
di scard, (+*+), (-"*-), (++), (-/-), gsNegate,
pul I Singl e, pullup, fixD agonal
)
wher e
i mport QSM Quant unt ack. @SDef i nition
i mport QSM Quant untt ack. @QSMani pul ati on
i mport QSM Machi neErrors
i mport Data. d assConp
i mport Data. d assical Dat a
i mport QSM Basi cDat a
i mport Data. Tupl es
i mport Data. Li st
inmport Utility.Extras

\ end{ code}
%endi f

The function |rotateup|] works in conjunction with the |pullup|] and | descendMap|
functions to rotate a node

to the top of the stack. The first argunent

is the address of the node

to bring up. The second is the | Quantunttack| to

rotate.

The function works by doing a recursive check and descent.

There are two cases.

\ begi n{descri ption}

\itenf Already at top] --- Just return the current stack.

\iten] Sonewhere el se] --- Use |descendMap| to rotate the desired
node to the top of each of the sub-stacks, then apply |pullup].
\ end{ descri ption}

\ begi n{ si ngl espace}
\ begi n{ code}

rotatel nOrder :: (Quantum b) => [StackAddress] -> Quantunttack b ->
Quant untt ack b

rotatelnOrder [] g = (¢

rotatelnOrder (nmnns) q = rotatelnOrder nns $ rotateup nmq

rotateup :: (Quantumb) => StackAddress -> Quantunttack b ->
Quant untt ack b
rotateup s stack
| isStackLeaf stack = stack
| s == address stack
= stack
| otherwi se
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= --trinftack $
pullup s $
descendMvap (rotateup s) stack
\ end{ code}
\ end{ si ngl espace}}

In order to pull up nodes, the function |pullSingle

is defined to work on nodes \enph{wi th a single sub-node}.
This simplifies the rotation i ssues when nodes have
constructors with different bound sub-nodes.

{\ begi n{si ngl espace}
\ begi n{ code}
pul | Single :: (Quantum b) =>
St ackAddr ess ->
Quantunttack b ->
Quantunttack b
pul | Single _ gs@QuantunStack _ _ _ StackZero) = Qs
pul | Single _ gs@QuantunStack _ _ _ (StackValue _))
\ end{ code}
\ end{ si ngl espace}}

:qS

The details of the pull up code are elided.

The function |pull Single

handl es the case of the

search address being either on top or the

second el enent of the | QuantuntBtack|. As with |rotateup|, if

the target node is already on top,

no change is made. In the case where the target node
is the next elenent on the stack

an exchange is done to bring the second elenent to

the top of the stack. This is achieved by

buil ding a new stack with the second el enent at

the top and the first el ement

at the first set of sub-stacks. The sub-stacks

are re-ordered so that their

"tree path" remains the same.

The "tree path" can be thought of as the path

needed to descend the sub-stacks.

% f codeOnly || showSupport Functi onDet ai
\ begi n{ code}
pul | Single s gs
| s == address gs = Qs
| 1 == length (subStacks gs) =
let gs2 = gHead "pullSingle " $ subStacks gs -- only one
tsubsubs = map (: []) $ subStacks gs2
remapped = map (\x -> gs{onDi agonal = Fal se, subStacks = x}) tsubsubs
in gs2{onD agonal = onDi agonal gs, subStacks = remapped}

pull Single s gs = error " Pulling m ssed out"

fixDiagonal :: (Quantumb) => Bool -> Quantunftack b -> QuantunStack b
fi xDi agonal a gs
= let ss = subStacks gs
in case descriptor gqs of
StackQubit _ -> if a then diagonalize gs
el se undi agonal i ze gs
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-> gs{onDi agonal = a,
subStacks = map (fi xDi agonal a) ss}

di agonalize :: (Quantumb) => QuantunStack b -> QuantunStack b
di agonal i ze qs@ Quantuntack a _ _ (StackQubit _))

= Quantunsttack a True [fixDi agonal True (zz gs), fixDi agonal False (zo qgs), fixDi agonal Tr
ue (oo gs)] (StackQubit di agQbs)

undi agonal i ze :: (Quantum b) => Quantunfttack b -> Quantunttack b
undi agonal i ze qs@ QuantuntBtack a _ _ (StackQubit ))
= Quantunttack a Fal se
(map (fixDi agonal Fal se) (gval ues gs))
(StackQubit full Qbs)

\ end{ code}
%endi f

The function | pullup| breaks the input | Quantunttack| into
a list, each of which is a | Qantunttack|] with a single sub-node.
|pull Single| is applied to this list and the results are nerged.

{\ begi n{si ngl espace}
\ begi n{ code}

pul lup :: (Quantum b) =>
St ackAddr ess - >
Quantunttack b ->
Quant untt ack b
pul lup s gs = fixDiagonal (onDiagonal gs) $
foldr (+*+) zerostack $ map (pull Single s) $ doBreak gs

\ end{ code}
\ end{ si ngl espace}

The function |preconditi onQataStructs| is used when doing a transformon a quantum stack. It
wil |
rotate up the requisite nunber of \qubits{} for the transform

FI XME UNUSED! ! !'!

{\ begi n{si ngl espace}
\ begi n{ code}

preconditionQdataStructs :: StackAddress -> Int -> Quantunttack b ->
((Quantunsttack b -> Quantunttack b), Quant unttack b)
precondi tiondataStructs _ _ Qs = (id,gs)

--preconditionQataStructs Nothing n q@ StackCons _ ) =
-- | et (ol dnms, upnns) = get UpAddresses n

- - g = foldr (flip rotateup) g $ reverse upnns

-- in (\gs -> (rotatelnOrder $ reverse oldnns ) gs, q')
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--preconditionataStructs _ _ gs = (id,qgs)
\ end{ code}
\ end{ si ngl espace}}

The function | get UpAddresses| is used only by |preconditionQataStructs| to determ ne
the addresses of both the data nodes that are going to possibly be

rotated down and the addresses of the \qubit{}s to rotate up. The

function | get UpAddresses| will only return

the required nunmber of \qubit{} addresses.

It uses the subordinate functions |getQubits| which returns

a list of the bound variables which are \qubits{} and | getDstacks|

which returns a list of pairs of addresses of other data nodes and \qubits{}
at lower levels in the quantum stack. These subordi nate functions

are explained nmore fully bel ow.

{\ begi n{ si ngl espace}

get UpAddresses ::(Quantumb) => Int -> Quantunttack b ->
([ St ackAddr ess], [ St ackAddr ess])
get UpAddr esses n gs
| n<=0=([].[])
get UpAddresses n (Quantunttack nm _ [sstack] (StackData [(cons,addrs)]))
= let gbnns = getQubits addrs sstack
dst acks = get DSt acks addrs sstack
m=n - (length gbnns)
nor eaddresses = foldr (\(x,y) (a,b) -> (x ++ a, y++b)) ([1.[]) $
(map $ get UpAddresses nj) dstacks
in (nmfst noreaddresses,
take n $ gbnnms ++ (snd noreaddresses))
get UpAddresses _ _ =
error "Indeterm nate qubit order for transfornt

\ end{ si ngl espace}}

The function |getDStacks| first filters its first argument (a list of

| St ackAddr ess| es) by determ ning which of them are data nodes. These

are then paired with the current quantum stack and in each case, that node
is rotated up to the top of the quantum stack. This is then

suitable for further recursion by |getUpAddresses|

The filtering function |isDtype| returns true if the top node is
a data node with the correct address, otherwise it recurses down the quantum stack.

{\ begi n{si ngl espace}

get DSt acks :: Quantum b => [ StackAddress] -> Quantunttack b ->
[ Quant untst ack b]
get DSt acks nns q =
(map (uncurry rotateup)) $ getDtypesAddrsAndQ nns q

get Dt ypesAddr sAndQs :: Quantum b => [ St ackAddress] ->
Quantunttack b ->
[ (St ackAddress, Quantunttack b)]
get Dt ypesAddr sAnd@ addrs g =
zip (filter (flip isDiype q) addrs) $ repeat q
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\ end{ si ngl espace}}

{\ begi n{si ngl espace}
\ begi n{ code}

di scard :: (Quantum b) => StackAddress ->
Quantunttack b ->
Quant untt ack b

di scard addr = byAddress addr discardit

di scardit :: (Quantumb) =>
Quantunttack b ->
Quant untt ack b
di scardit stk =
i f onDiagonal stk then
case descriptor stk of

StackC assical _ ->
foldr (+/+) zerostack $ subStacks stk
StackQubit = ->

zz stk +/+ oo stk
St ackData dvals ->
l et addrs = map snd dval s
stacks’ = map (di scardEach addrs) $ subStacks stk
in foldl’ (+/+) zerostack stacks’

_ -> stk
el se
case descriptor stk of
Stackd assical _ ->
foldr (+"+) zerostack $ subStacks stk
StackQubit _  ->

zz stk +"+ 00 stk
St ackData dvals ->
| et addrs = map snd dval s
stacks’ = map (di scardEach addrs) $ subStacks stk
in foldl’ (+"+) zerostack stacks’
_ -> stk

di scardEach :: (Quantumb) => [[StackAddress]] -> QuantuntBtack b -> Quantunfttack b
di scardBach = foldl’ (.) id . map discard . concat

\ end{ code}

%endi f
%rODO The second | evel one is interesting in that there may be
%i f ferent addressess bound under the same constructor. |’mnot sure what

% s the correct thing to do in that case. Is it as sinple as just renam ng
% he conflicting
%nes. |Is there a determnistic way of doing that?

%x does that inply a different structure is really required, i.e. a nap from

% (| Constructor|, [StackAddress]) pairs to the sub stacks. My gut |ikes the second
%etter. i.e., you can have a list that is Nil OR Cons ("1, Nl) OR

% ons (0", (Cons "1', Nil)). I'll continue for now with out changing that.

%

%-or exanple how woul d you renane to Nil and Cons ("1, Nil) being the same thing -
%loesn’t make sense to ne.

%-or now, Take head of addresses
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The function | addabl e] ensures the two stacks are
conpati ble \emph{at the top level}. Substacks may be in a different order.

Two functions, $+*+$ and $+/ +$ are defined where the first expects
to deliver a non-diagonal result and the second a diagonal result. The
argunents to either can be diagonal or non-diagonal.

% f codeOnly || showC assDerivations
\ begi n{ code}

addable :: (Numb) => QuantuntBtack b -> Quantunftack b -> Bool
addabl e s1 s2 = isStackZero s1 ||

i sStackZero s2 ||

address sl1 == address s2

(+"+) :: (Quantum b) => Quantunftack b -> Quantunttack b ->
Quant untt ack b
(+"+) gs@Quantunttack _ _ _ StackZero) a
| isStackQubit a
= let qvs = qvalues a

in set Qual ues qvs (a{onDi agonal = Fal se})
| otherwise = a
(+"+) a gs@Quantunttack _ _ _ StackZero)
| isStackQubit a
= let qvs = qvalues a
in setQual ues gvs (af{onDi agonal = Fal se})
| otherwise = a
(+"+) gsl@ QuantunStack = (StackVal ue a))
gs2@ Quantunttack _ _ _(StackVal ue b))
= g¢sl{onDi agonal = Fal se, descriptor = StackValue (atb)}
(+"+) gsl@QuantuntStack al _  (StackQubit )) gs2@ QuantuntBtack a2 _ _ (StackQubit ))
| al == a2

= setQualues (zipWth (+*+) (qgvalues gsl) (qvalues qs2)) (gsl{onDi agonal = Fal se})
(+"+) (Quantunttack al _ sl (Stackd assical cvsl)) (Quantunttack a2 _ s2 (Stackd assical cvs?2)

| al == a2 = let (rcvs,rs) = unzip $ stackUnionWth (+"+)
(zip cvsl s1) (zip cvs2 s2)
in (Quantunttack al False rs (Stackd assical rcvs))
(+"+) (Quantunttack al _ sl (StackData dvl))
(Quantunttack a2 _ s2 (StackData dv2))
| al == a2 = let (rdv,rs) = unzip $ stackUnionWth (+"+)
(zip dvl sl1l) (zip dv2 s2)
in (Quantunttack al False rs
(Stackbata rdv))
(+"+) stkl stk2 = let nnsl = address stkl
stk2’ = rotateup nmsl stk2
in if addable stkl stk2 then stkl +"+ stk2’
else let stkl' = trinStack Nothing stkl
nml’ = address stkl’

stk2'' = trinBtack Nothing $ rotateup nnl’ $ trinStack Nothi
ng stk2
in if addable stkl' stk2' ' then stkl' +"+ stk2'’
el se error $ badgsAdd (show stkl) (show stk2)
(-"-) :: (Quantumb) => Quantunttack b -> QuantuntStack b -> Quantunftack b

N
(-~-) a b =a +"+ gsNegate b



09-10-24
12:08:33 PM QSRotation.lhs

(Quantum b) => Quantunttack b -> Quantunttack b ->
Quantunttack b

(++) gs@Quantunttack _ _ _ StackZero) a
| isStackQubit a
= setQualues [zz a, zo a, oo a] (afonDi agonal = True})
| otherwise = a
(+/+) a gs@QuantuntStack _  StackZero)
| isStackQubit a
= setQualues [zz a, zo a, oo a] (af{onDi agonal = True})
| otherwise = a
(+/+) gs1@ QuantuntStack _ _ _ (StackVal ue a))
gs2@ Quantunttack _ _ _(StackVal ue b))
= gsl{onDi agonal = True, descriptor = StackVal ue (a+b)}
(++) gsl@QuantuntStack al _ _ (StackQubit _)) gs2@ Quantunttack a2 _ _ (StackQubit _))
| al == a2
= setQualues [zz qsl1 +/+ zz s2,
zo gsl +*+ zo Qs2,
00 gsl +/+ oo gqs2] (gsl{onDi agonal = True})
(+/+) (Quantunttack al _ sl1 (Stackd assical cvsl)) (QuantunfStack a2 _ s2 (StackC assical cvs2)
)
| al == a2 = let (rcvs,rs) = unzip $ stackUnionWth (+/ +)
(zip cvsl s1) (zip cvs2 s2)
in (Quantunttack al True rs (StackC assical rcvs))
(+/+) (Quantunttack al _ sl (StackData dvl))
(Quantunttack a2 _ s2 (StackData dv2))
| al == a2 = let (rdv,rs) = unzip $ stackUnionWth (+/ +)
(zip dvl sl1) (zip dv2 s2)
in (Quantunttack al True rs
(Stackbata rdv))
(+/+) stkl stk2 = let nnsl = address stkl
stk2' = rotateup nnmsl stk2
in if addable stkl stk2' then stkl +/+ stk2’
else let stkl' = trinfStack Nothing stkl
nml’ = address stkl’
stk2'’ = trinStack Nothing $ rotateup nml’ $ trintStack Not hi
ng stk2
in if addable stkl' stk2'’' then stkl' +/+ stk2'’
el se error $ badgsAdd (show stkl) (show stk2)
(-1-) (Quantum b) => Quantunttack b -> QuantuntStack b -> QuantunfStack b
(-/-) a b =a ++ gsNegate b

gsNegate :: (Quantumb) => Quantunttack b -> QuantunStack b
gsNegate gs = case descriptor gs of
StackVal ue a -> gs{descriptor = StackValue (negate a)}

in gs{subStacks = sns}

\ end{ code}

%endi f

-> let sns = map gqsNegate $ subStacks gs



