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interfacg warnlevet0):  # M aple 12
# interfacd rtablesize 32) :

with( LinearAlgebra :

with(Bits) :

I
\

V VYV

> K:= proc(a, b) return KroneckerProduat ab) end proc:

E> T := proc(x) return Transposé xend proc:

> VSte:= proc(n) # Generates a list of computational states forubits
local i, L; #eg. n=2= | 100) |01 |10/ |11/ |

L := Matrix(1, 2");
Setting$ defaultbits n);
for i from 1to2" do
L[1,i] := cat( |, String(i— 1, msbfirsy, ")");
end do;
# print(L);
returnlL; # returns Matrix L
L end proc:
> Gxnot:= proc(bit) #
local i, srow; Irow;
global M;
srow:= 2 + 1,
lrow := 2% — 1
for i from srowtolrow by 2 do
M := RowOperation M[i, (i +1)1]);
end do;
end proc:
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> Gnotx:= proc(bit)
local i, srow, Irow;

global M;
Srow := 2;_

for i from srowtolrow by 2 do
M := RowOperation M[i, (i + Irow) ]);
end do;
end proc:

Defining wor king matrices/operator s

> 12 = IdentityMatrix(2); 4 := IdentityMatrix(4);
CNOT:= RowOperatiofil4, [3, 4]);
G23:= RowOperatiofil4, [2, 3]); G24:= RowOperatiofl4, [2, 4]);

1 .
H:= —— Matrix([[1,1], [1,-1]]);
J2

M3 := Multiply( K(G23 12), Multiply(K(12, CNOT), K(G2312) ) ) : # swap gate
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The gates

G1:= K(CNOT,K(H, 1)) :
G2:= K(14, K(CNOT, 2)) :
G3:= K(K(I2, H), M3) :
G4:= K(12,K(CNOT, 14) ) :
G5:= K(I2, K(H, K(CNOT, 12) ) ) :
G6:= K(12,K(14,K(H,12))) :
G7:=K(I2,K(M3 12)) :
G8:= K(12,K(4,K(H,12))) :
G9:= K(14, M3) :

G10:= K(12,K(14, G24) ) :

M := |dentityMatrix(16) :
G11 := K(Gxnot(4),H) :

M := IdentityMatrix(32) :
G12:= Gnotx5) :

Initial State Functionsfunctions

Co := Matrix([[a], [B]]) :
St:= T(VStél)) :

¢ == Multiply(T(Co), St)[1,1]; # the unknown qubit to be teleported

¢:=00)+ 1) )
gl = Matrix([[O], [1]]) : # ancillary qubits
g0 := Matrix([[1], [O]]) :
St:= T(VStg5) ) :
Co0:= K(Co, K(qg1, K(q0, K(qO g0)))):
|¥0) := Multiply(T (Co0), St)[1, 1]; # initial state: unknown qubit with ancillary qubits

|y0):= 0.]01000 + B |11000/ ©)

Col := Multiply(G1, Co0) :
|yd) := factor( Multlply( T(Cod, SH[1, 1]);

lyl):= E J2 (0./01000+ 0.[01100+ B |10000'+ B |10100) @)



> Co2:= Multiply(G2 Col) :
|y2) := factor( Multlply( T(Co2, SH[1, 1]);

|y2):= E V2 (0011104 B 10110+ 0. |0100¢/+ B |10000) (5)

> Co03:= Multiply(G3, Co2) :
w3/ = collect Multlply(T C03 SH[1,1], [ Bl);

._ 1 1
1yB):= (E 100000 — E 01117 — E 01000+ |00111)) o+ (E 10000+ - 1111 ©)

+ % 111000 + % |10111)) B

> Co4:= Multiply(G4, Co3) :
|y4) := collec{ Multiply( T( Co4, St)[1, 1], [0, B]);

)= (% 101100/ — % 01011+ % 100000+ % |00111)) o+ (% 120000+ % 111011 @

+ % 111100+ % |10111)) B

> Co5:= Multiply(G5, Co4) :
|y5) := collec{ Multiply( T( Co5, St)[1, 1], [0, B]);

|y5):= (% J2 01110+ % J2 |0000Q/+ % J2 01011+ % J2 |00101— % V2 00110 (8)
. % J2 |0001+ % J7Z 0110V + % JZ2 |01oocy) o+ (% JZ |11000/+ % J72 |10110
+ % JZ 110101+ % JZ 110000 — % JZ 11017+ % JZ 110017+ % JZ 111101
-5Z 11110 B

> Co6:= Multiply(G6, Co5) :
|y6) := collec( Multlply(T ( Co8, St [1, 1], [o, B])

|y6):= (Z 01117+ Z 100000/ — Z 101110+ Z 101100 + % 101000+ % 101001 ©)
+ L 00117+ L 00100+ L 00110/ L |0101+ + 01010+ + 0110V~ = [0000Y
4 4 4 4 4 4 4
1 1 1 1 1 1
+ 2100010+ < 00011 — — |001ocy) o+ (— 110100+ ~ |10000— ~ |1100Y
4 4 4 4 4 4
1 1 1 1 1 1 1
+ o M111Y+ 2 11100+ & [11110— - [11100+ - 10119+ - [10010+ - 11000

- % 110011 — % 110110 + % 111010+ % 111011+ % 110101+ % |10001)) B



> Co7:= Multiply(G7, C06) :
|y7):= coIIecl( Multlply(T Co7, St [1,1], [, B])

7= ( - 101100+ Z 101000 + Z 01117 — Z 100001+ % 100010/ + % 100011 (10)

1 1 1 1 1 1 1

— L 100100+ L 00100+ L 00110+ L 10011V~ -+ [0100V+ + 01010+ = (01011
4 4 4 4 4 4 4
1 1 1 1 1 1

+ 101100+ L 01110+ |oooool) o+ (— 120100+ ~ |10000— ~ [11110/
4 4 4 4 4 4
1 1 1 1 1 1 1

+ - 11110+ 7 11000+ < [10000+ - [10010'— -+ [1001V+ = |10100+ - [10111

+ % 111000+ % 111010 — % 111017+ % 111100+ % 111107 — % |1011ch B

> Co8:= Multiply(G8, Co7) :
|y8) := collec{ Multiply( T( Co8, St)[1, 1], [0, B]);

|yB):= (% V2 101000 — % V2 101010+ % V21011010 — % V2 101110+ % V2 100000/ (11)
- % JZ 100110/ + % JZ 100107 — % JZ |00011)) o+ (% JZ 111010+ % JZ 110101
+ % JZ 111110+ % J2 110000 + % J2 110110 + % JZ 110017+ % JZ 111000
+ % J2 |11101)) B

> Co09:= Multiply(G9, Co8) :
|yR) := coIIecl( Multlply(T Co9, SY[1, 1], [oc B);

19):= ( L /7 o1y- L J_ 2 100111+ — J_ 2 101100 — i JZ 01011+ i JZ 00100 (12)
1 J_ 2100013+ J_ 2101000+ J_ |oooocy) o+ ( JZ 1111+ & J— 2 111100
+ Z V2 |10100 + Z V2 10111+ Z V2 11011+ Z V2 110011+ Z ﬁ |11000
+ % JZ |1ooool) B

> Co010:= Multiply(G1Q Co9) :
|yd0) := collecl( Multiply( T Col0,SY[1, 1], [o, B]);

|p10):= ( = /2 |0100V+ = ﬁ |01100)— % V2 100001/ — % J2 101101 — % J2100100 (13)
+ Z JZ |01000/+ Z ﬁ 100000+ % JZ |001ool) o+ (% J7Z 11100+ % JZ |10100
+ % J2 11100+ % V2 |10001+ % V2 |11000+ % V2 |11000+ % V2 10100
+ % JZ |1ooocy) B



> Coll:= Multiply(G11 Co10) :
|y¥11):= collecq Multlply(T Coll St[1,1], [oc B);

lyA1):= (5 100001+ E 100101+ E 01001+ |01101)j o+ (% 110010+ < 111010

(14
1 1
+ o 111110+ |10110J) B
> Col12:= Multiply(G12 Coll) :
|y12):= collecq Multlply(T Cola St[1,1], [oc B);
|y12):= (E 110101 + E 120001+ E 11100+ 3 |11001)j o+ (% 110010/ + % 111010 (15)

+ % 111110+ % |10110J) B
Notice that we can re-write|y12) as
1

2([190) + o+ 1) 3  afr} o)

Thelast 2 qubits allowsthe recovery of the unknown state ¢. This can be done by operating with a
CNOT gate on thelast 2 qubits.

> G13:= K(K(I2, 4), CNOT);

Co13:= Multiply(G13 Co12);
|y13):= collec{ Multiply( T( Co13, St [1, 11, [a, B]);

32 x 32 Matrix
Data Type: anything

G13:=
Storage: rectangular

Order: Fortran_order

32 x 1 Matrix
Data Type: anything
Storage: rectangular

Order: Fortran_order

yA3):= (% 110107+ % 120001 + % 111100+ % |11001)) o+ (% 111010+ % 111117

+ % 110017+ % |10111)) B

Col3:=

(16)

Wecan re-write|yd3) as

(190 + o)+ 1) + e ool 4o}



