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Quantum Tomography, Teleportation and Distributed Quantum Computing

Quantum Possibility Space

The Quantum Possibility space 1s a set of wavefunctions ‘P,
cach represented by (1) a state vector and (i1) a complex magnitude.

QPS={%¥o...¥,... ¥, } QPS = set of wavefunctions, 0 ... x ... p
¥ = wavefunction of state vector x
V.= 1q:N-1...q:n...q0> g1 = n'th qubit in state vector x

- —1 sum of squared magnitudes of state
Z— Y = vector wavefunctions is unity

Multi-Qubit State Vector

qn=[0> or |1= State vector equals

b1 Y rect I'-1=T"'-1
ary siale vector= q Sum two to power gV N
| gN-1...qn...q0 = =Q= Z 2 1= for |1> states
g=0 For all N qubits

The Quantum Possibility Space 1s a new way to compactly and accurately represent
quantum tomography i.e. the composite state vectors and complex magnitudes that define
wavefunctions of the multi-qubit entangled state.
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Quantum Possibility Space in JSON

[{"teleport™: {"manifest": [{"index": &, "qubit"™: "zero"},
{"index": 1, "qubit": "yeong"},
{"index": 2, "qubit": "nihil"}],
"gquantumPossibilitySpace": [{"magnitude": {"imaginary": 8.5},
"vector": @},
{"magnitude": {"imaginary": -8.5},
"vector": 1%},
{"magnitude": {"imaginary": 8.5},
"vector": 6},
{"magnitude": {"imaginary": -0.5},
"vector": 7}]13}7%,

{"teleport™: {"manifest": [{"index": @&, "qubit": "one"},
{"index": 1, "qubit™: "il"},
{"index": 2, "gqubit": "unus"}],
"guantumPossibilitySpace”: [{"magnitude": {"imaginary": @.46194},
"vector": @},
{"magnitude": {"imaginary": -0.4619%4},
"vector™: 1},

{"magnitude”: {"real"™: ©.191342},
"vector": 2},

{"magnitude”: {"real™: ©.191342},
"vector": 3},

{"magnitude”: {"real™: ©.191342},
"vector": 4},

{"magnitude": {"real": ©.191342},

"vector": 5},

{"magnitude": {"imaginary": ©8.46194},
"vector": 6},

{"magnitude”: {"imaginary": -0.46194},
"vector": 7}]1}7,

o

Quantum Tomography, Teleportation and Distributed Quantum Computing

RFC 4627 The application/json Media Type
for JavaScript Object Notation — D. Crockford

{"teleport”: {"manifest™: [{"index": &, "qubit™: "two"},
{M"index": 1, "qubit"™: "i"},
{"index": 2, "gubit": "duo"}],
"gquantumPossibilitySpace”: [{"magnitude": {"imaginary": ©.353553},
"vector": @},
{"magnitude": {"imaginary": -©.353553},
"vector": 1},

{"magnitude": {"real": ©.353553},
"vector": 2},

{"magnitude": {"real"™: ©.353553},
"vector": 3},

{"magnitude”: {"real™: ©.353553},
"vector": 4},

{"magnitude": {"real™: @.353553},

"wvector": 5},

{"magnitude": {"imaginary": 8.353553},
"vector": 6},

{"magnitude": {"imaginary": -8.353553},
"vector": 7}]1}F] 11
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Alice’s quantum gate CirCUit (Brassard) Quantum Tomography, Teleportation and Distributed Quantum Computing
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EVOlution Of Alice’s Quantum State (1) Quantum Tomography, Teleportation and Distributed Quantum Computing

. 1 000 > state probabilities state probabilities state probabilities
0 0.2 0.4 0.6 0.8 1 | xOx> 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

| 001 = o
| zero, mihil, yeong = T
. | 010 = | one, unus, il =
| two, duo, i= -1
| 011 = | three, tres, sam = -
| four, guattuor, sa = T
. | 100 = | five, quingue, o = —
| 101 = | six, sex, yuk = —
| seven, septem, chil = —
. | 110 = | eight, octo, pal = -
| nine, novem, gu = —T
111> | ten, decem, sip = —
| eleven, undecim, sip-il = -1
| twelve, duodecim, sip-i = —
| thirteen, tredecim, sip-sam = —T
| fourteen, quattuordecim, sip-sa = —
| fifteen, guindecim, sip-o0 = T
| sixteen, sedecim, sip-yuk = —
| seventeen, septendecim, sip-chil = T
| eighteen, duodeviginti, sip-pal = —
| nineteen, undeviginti, sip-gu = T
| twenty, viginti, i-sip = T
| twenty-one, viginti unus, i-sip-il = —
| twenty-two, vigintl duo, i-sip-i = T
| twenfy-three, vigindi tres, i-zip-sam = —
| twenty-four, viginti quattuar, i-sip-sa = 1
| twenty-five, viginti quingue, i-sip-0 = —
| twenty-six, viginti sex, i-sip-yuk = —
| twenty-seven, viginti septem, i-sip-chil = —
| twenty-eight, ducdetriginta, i-sip-pal = -1
| bewenty-nine, undetriginta, i-sip-gu = —
| thirty, friginta, sam-sip > —T
| thirty-ome, tiginta unus, sam-sip-il = —
| thirty-two, tiginta duo, sam-sip-i = T
| thirty-three, triginta tres, sam-sip-sam = —
| thirty-four, triginta quattuour, sam-zip-sa = —
| thirty-five, friginta gquingue, sam-sip-o0 = T
| thirty-six, friginta sex, sam-sip-yuk = —
| thirty-sewen, triginta septem, sam-sip-chil = -1
| thirty-eight, duodequadraginta, sam-sip-pal = —
| thirty-nine, undequadraginta, sam-sip-gu = —T
| forty, quadraginta, sa-sip = —
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Evolution Of Alice’s Quantum State (2) Quantum Tomography, Teleportation and Distributed Quantum Computing

state probabilities state probabilities state probabilities

. 000> 0 0.2 0.4 0.8 0.8 1 0 02 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
| 001> | zero, nihil, yeong = T
|

010 = | one, unus, i

. l | twro, duo, i= T
| 011 = | three, tres, sam = —
. | 100 > | four, quattuor, za = T
| five, quingue, o= —
| 101 = | 8¢, zex, yuk = T
| seven, septem, chil = —
o= | eight, octo, pal = =
111 > | nine, novem, gu = T

| ten, decem, sip= —

| eleven, undecim, sip-il = -

| twehee, duodecim, sip-i= —

| thirteen, tredecim, sip-sam = —T

| fourteen, quattuordecim, sip-sa>= —
| fifteen, quindecim, sip-o = T

| sxfeen, sedecim, sip-yuk = —

| seventeen, septendecim, sip-chil = T

| eighteen, ducdeviginti, sip-pal = —

| nineteen, undeviginti, sip-gu = 1

| twenty, viginti, i-sip= T

| twenty-one, viginti unus, i-sip-il = —

| twenty-two, vigintl duo, i-sip-i= T

| tweenty-three, vigindi tres, i-sip-sam = —

| twenty-four, viginti quattuor, i-sip-sa = 1

| terenty-five, viginti quingue, i-sip-0 = —

| twenty-six, viginti sex, i-sip-yuk = -1

| twenty-zeven, viginti septem, i-sip-chil = —

| twenty-eight, duodefriginta, i-sip-pal = 1

| twrenty-nine, undetriginta, i-sip-gu= —

| thirty, friginta, sam-sip = T

| thirty-one, tiginta unus, sam-sip-il = —

| thirty-two, triginta duo, sam-sip-i = 1

| thirty-three, friginta tres, sam-sip-sam = —

| thirty-four, triginta quattuour, sam-zip-sa = —

| thirty-five, friginta gquingue, sam-sip-0= T

| thirty-six, triginta sex, sam-sip-yuk = —

| thirty-seven, triginta septem, sam-sip-chil = —
| thirty-eight, duodequadraginta, sam-sip-pal = —
| thirty-nine, undequadraginta, sam-sip-gu = T
| forty, quadraginta, sa-sip= —
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B Ob ,S quantum gate circuit (Brassard) Quantum Tomography, Teleportation and Distributed Quantum Computing
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EVOlution Of BOb ’s Quantum State Quantum Tomography, Teleportation and Distributed Quantum Computing

state probabilities state probabilities
0 0.2 0.4 06 0.8 1 0 0.2 0.4 0.6 0.3 1
| xoom, sufur, null = T
| ik, moja, eins = —
| ob, mibili, zwei = -1

I 000 >

| peb, tatu, drei = — ] 1001 >
| plaub, nne, vier = — -
| tsib, tano, funf = - i Moo=
| rau, =ita, s.ec:hs =T - [ 011 =
| xya, saba, sieben = -
| yim, nane, acht = < - . | 100 =
| cuaj, tiza, neun = -1 -
| kaum, kumi, zehn = — . [ 101 >
| kaum ib, kumi na moja, eif = - . | 110 =
| kaum ob, kumi na mbili, zwolf = — ]
| kaum peb, kumi na tatu, dreizehn = - 111 =
| kaum plaub, kumi na nne, vierzehn = — — S (Gate {} S Gate {} _
| kaum tsib, kumi na tamo, funfzehn = — -
| kaum rau, kumi na sita, sechzehn = a
| kawm xya, kumi na saba, siebzehn = — -
| kaum yim, kumi na nane, achtzehn = — ]
| kaum cuaj, kumi na fiza, neunzehn = - -
| nees nkaum, ishirini, 2Zwanzig = T -
| nees nkaum ib, ishirini na moja, einundzwanzig = — ]
| nees nkaum ob, ishirini na mbili, zweivndzwanzig = 1 -
| nees nkaum peb, ishirini na tatu, dreiundzwanzig = - L *® T Gate ———&— il [ |
| nees nkaum plaub, ishirini na nne, vierundzwanzig = -1 - _ |
| nees nkaum tsib, ishirini na tano, funfundzwanzig = — . _ |

| nees nkaum raw, ishirini na sita, sechsundzwanzig = T
| nees nkaum xya, ishirini na saba, siebenundzwanzig = —
| nees nkaum yim, ighirini na nane, achtundzwanzig = 1
| nees nkaum cuaj, ishirini na tiza, neunundzwanzig = —
| peb cawg, thelathini, dreizig = -1

| peb caug ib, thelathini na moja, einunddreizig = —

| peb caug ob, thelathini na mbili, zweiunddreizig = T

| peb caug peb, thelathini na tatu, dreiunddreizig = —

| peb caug plaub, thelathini na nne, vierunddreizig = <

| peb caug tsib, thelathini na tano, funfunddreizig = T

| peb caug rau, thelathini na sita, sechsunddreizig =

| peb caug xyva, thelathini na saba, siebenunddreizig = —
| peb caug yim, thelathini na nane, achtunddreizig =

| peb caug cuaj, thelathini na fisa, neununddreizig = T

- i
| plaub caug, arobani, vierzig = I
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Tel ep ort ati on F Ormu1 a Quantum Tomography, Teleportation and Distributed Quantum Computing

and Qubit Functionality

Teleportation Formula

Brassard’s ‘Teleportation as a quantum
computation’ was functionally mapped

. . . . . qubit 0 a*|0= - Jﬂ:" 0= Functional Equation
by running multiple circuits with P L 50% 1=
different input states and state Alice's Bob's 2 [0> = ale? + b2 £
111 ce’ 1 qubit 1 c? 0= 50% |0=
superpositions for each of Alice’s qubits. . e 0% b s et s g2
circuit circuit
Results confirmed that the state of qubit2 €05 £0>  qubit2
Alice’s qubit 0 is teleported to Bob’s esp=1  FI1> B> g
qubit 2, however only if Alice’s qubit 2
is initially |0>. Qubit Functionality

When Alice’s qubit 2 starts as |1>, Bob’s

. Q¢ . > w1 > qubit 0 a® 0= qubit 0
teleported qubit 2 is ‘antisense’ with |0 R \ / U toel ™
and |1> swapped. _ :
Alice's Alice's
o ) _ _ qubit 1 c: 0= | Function qulbitl |
When Alice’s qubit 2 input is 50% [0> e T it Dont Care cuit
A circui circui
and 50% |1>, Bob’s teleported qubit 2 is
¢ > 1t : qubit 2 e? 0= qubit 2
nonsense’ with an equal mixture |0> PR / \ Chammel Sense ]
and |1>.
QIRG - IETF 124 Montreal 10
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Web based Quantum Teleportation

Quantum Tomography, Teleportation and Distributed Quantum Computing

Alice’s Quantum Computing System
sends entangled quantum state to

|

Key

b .
Bob’s Quantum Computing System Alice's
: Quantum
via QPS Quantum .
} Encoding
Computing T
. . S Circut
Key is any binary sequence (or seed ystem

for a binary sequence generator) used

to set Alice’s qubit 2 ‘channel sense’
qubit to |0> or |1>.

[ JOSE

Quantum
Possibility
Space

TWS Payload ] JWS Signature ]

Key is shared with Bob via a secure

i : - JSON Web Tok
side channel and informs if the [ cb loken

I

Header I

teleported qubit is equal to Alice’s
qubit 0 or opposite to it with
swapped |0> and |1> states.

RFC 7515 JSON Web Signature —
Jones, Bradley, Sakimura.

RFC 7519 JSON Web Token —
Jones, Bradley, Sakimura.

Validate

QIRG - IETF 12
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QPS pairs and Quantum Key DiStributiOH Quantum Tomography, Teleportation and Distributed Quantum Computing

_ ) ) PS = {¥,. ¥... ¥, QPS = set of p wavefunctions, 0 <x <p
Each QPS has a conjugate QPS* where the imaginary Q { v Wt .
, . P, = wavefunction of state vector x
component of each state vector’s complex magnitude Py=|qN-1...qmn ... g0 > o
is ne gate d. g«n = n’th qubit in state vector x
Quantum Key Distribution starts by sending each to a QPS* = {¥*o...P*.. W1} QPS* = set of p conjugate wavefunctions
separate system.
2 Y. -P* =1 Sum of products of conjugate state vector wavefunctions is unity
Quantum Computing System QPS-QPS* =1 Dot product of QPS and its conjugate QPS* is unity
System X : System Y * Each system processes entangled states
Conjugate complex magnitudes Conjugate complex magnitudes using its own quantum gate circuit.
Equal states’ probabilities : Equal states' probabilities
¢ ¢ « After quantum gate processing by each
Process Entangled States Process Entangled States system, measurements are made and
quantum gate circuits : quantum gate circuits exchanged. The measurement may be the
¥ v correlation of qubit states within each
Measure Entangled States Measure Entangled States system.
/ * Entanglement of the QPS key pair is

Exchange State Measurements

confirmed when each system is able to
match its internal state measurements with
those in its counterpart.

Confirm Key Pair Entanglement Confirm Key Pair Entanglement

j QIRG - IETF 124 Montreal 12
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Measurement and Collapse of QPS

Before measurement observation: |0=> and |1 states are in superposition
Qubit n wavefunction in Quantized Field Domain oscillates between |0 and 1> states

Quantum Tomography, Teleportation and Distributed Quantum Computing

qubit n Y|P = Wom|*? +  [Pal
| = '\/( Yuo? +  [Fuw?

a0 ® Qua.ﬂtum Field
Oscﬂlanuns

Probability of qubit n |0> =
Z |1P11[1:|39‘='|:'|2

Wavefunction in Fock Space = Frequency Domain coefficients

Wave ¥

wavefinction for qubit n

Probability of qubitn |1>=
W =1 2 are observed in the time domain.

Sampling Time = center of Observing Time Window function

* In the Quantum Field Theory model, energy
quanta exist as Fourier coefficient in the
frequency domain. Linear combinations are

@ ¥ present as superposition mixtures of |0> and |1>.

* Mutually exclusive discrete states |0> and |1>

* Quantum Randomness occurs because Quantum
Field Oscillations are asynchronous to the

. - . .
_ . i ) . .
! WaveParticl faverse Fourier Transform of ¥ Wavefunction Observer’s Sampling Time
*  Duality '~‘ Time Domain Real Sample Observation
v Observation in Real Space = Time Domain sample

Particle 0/1 100% 0> or

The non-observed state vector
magnitudes are combined with the
observed state vector magnitudes by
Root Sum of Squares Addition

22

100% |1>

Atter measurement observation: alternate qubit n state vectors combined
according to the quantized variable observed 0= or | 1= state

qubit n [Pyl = \ (PP + [P )
Observed 0= 1=
Vo = v ( [Paw* + [Fan® ) P = v ( [Fawl + [Fawl? )

wavefunction for qubitn

Combine m QPS \ IXgi0) = N ( [Xg) + IXg(ty ) v Ko = V ( IXgo) + Xy )

QIRG - IETF 124 Montreal 13
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