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Entropy

® |n classical Shannon’s theory,
H(X)=-) P{X =ua}logP{X =ux}.

The entropy H(X) measures the uncertainty of
a data source, which is equivalent to how

much information we can get when we learn
the value of X.

GivenY , the amount of information we

gained from X can be measured by the
conditional entropy:

I .t.
H(X|Y)=H(X,Y) - H(Y). always positive



Neumann’s Entropy

® |n the quantum world, the Neumann’s entropy

S (p) and conditional entropy S (p |O) are
defined by

S(p) = —tr(plog p),
S(plo) = S(p,0) — S(0),



Mystery of Negative
Quantum Entropy

® Quantum Theory is radically different with
classical theory.

® Especially so-called entanglement of
quantum states, or EPR states gives us
negative quantum conditional entropy.

— Long mystery...



Solution with
Quantum Merging

® |n 2005, Horodecki, Oppenheim and Andreas

proposed the concept of partial information
and quantum merging in [5].

When S (p) < 0, they can store the excess of
the certainty in the bank and use them in
the future.

Thus, the performance of quantum merging
is certainly different with the classical
information processing.
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LTS I'HH_. 11}, Furthermore, when e fnal
stages of cell division are inhibited in hippo-
campal or eultured Drosephile newrons, the
daughiter cells contain two centrosomes. These
cells form twi |.-'_|-:||1.'I newrites that extend from
positions directly overying the two centro-
somes (Fig. Le). Although the experiments are
carried owtl in different organisms, they indi-
cale thal centrosomes are mqui.rul] and guffi-
cient for determining the postion of axen
autgrowth, Furthermore, they sugpest the
existence of a ‘stage 07 in which cell palarity
exigts without any visible effect. This pre-exist-
ing polarity 15 used at later stages to direct
mewrite formation and axon specification.

These obeervations reveal exciting parallels
between differentiating neurons and other
el iypes in which centrosomes initiate polari-
ation. Shortly after Fertilization, zygotes
[single-celled embrvos) of the nematode
worm Caenorhabditis elegans become highly
perlarined EJIIIIF whiat will becomme the anteriar-
posterior axis . This polarity i needed during
the first cell division 1w segregate proteing
differentially inte what will become the two
daughter cells, which will go an o have dil-
ferent futes. The axis af polarity in O, slaggans
ypotes is determined by the sperm entry-
padnl, with polarization being initisted by an
inberaction between the centrosome [E:nn'iﬂuﬁ
by the sperm) and the cell membrane’.

The similazity between . elepans and neu-
roms extends 1o the mmalecelar bevel. Bath polas-
ity processes seem Lo invalve an evalutionarily
conserved sl of proteing known as Par pro-
teins™, In C. elegans, Par-3 and Par-6 and the
u}pita] pralein beiase O {aB 3] bocalize Lo the
anterior cell membrane, whereas Par-1 and
Par-2 are concentrated posteriody. In hippo-
campal nevrons, Pas-3 and Par-6 are found
anlby in U axon, and i ey are overexpressed,

irmeedved in cell signalling) and — like axon far-
mation and O, elggens palarity — it reguires
Par-6 and aPRC (refl. 5). Altheagh the unction
and distribution of these proteins during early
neurinal differentiation (the hypotletical stage
0} are unknown, # s likely that they contred the
croas-1alk between centroseames and the cell
membrane in neurons as well,

What happens downstream af the Far
prodeing? The protein Rac {another small
G Fase) is primarily responsible for lamelli-
podium frmation, and Par-3 interacts with
the Bac activatars Taml and STEF {rell 41 So
Par-3 could be responsible for lamellipodium
formation through localized Rac activation.
Thus, by analegy v other cell-polarity events,
we can already draw a malecular pathway far
newrile autgrowih that can be tested in the
hippocamgal neuron cultwre model. It should
be moted, however, that Drosophila axen
aulgrawth is independent of Par-6 and aPKC,
and the propesed pathway must be verified
experimentally before any further conclusions

wan be drawn,
Tl results of Calderon de Andaet el imply

QUANTUM INFORMATION

that the orientstion ol the fnal aeuronal
division is essential for cormecl wiring of the
developing brain. Although such ardentation is
undeubtedly vital in invertebrates, s relevance
in vertebrates is unclear”. The mechanisms
rispansible for the crientation of cell division
havve cnly recently begun to emenge in nverte-
brates”, Identification of those mechanizms in
vertethrates will allow us o manipulate the ori-
entation of cell division and test the elfects on
axon gutgrowlh — an experiment ultimately
required to conficm the mechanism proposed
by Calderon de Ands and collsygues. |
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Putting certainty in the bank

Patrick Hayden

A new way to manipulate quantum states resslves a long-standing
conundrum about who knows what, and when and how, in the quantum
world. The resultis, as one has come to expect, startling and counterintuitive.

Claude Shannen's landmark 1948 theory of

communication’ tackles a nuls-and-bals

" .~ Eaw

possible not just o be certain, but to be maose
than certain.




G-network

® |n 1991, Gelenbe introduced the concept of
negative customers in Markovian network

setting[3].

® A negative customers are supposed to erase
one positive customer in queue while the
queue length is positive.

The stability and product form solution are
studied in the papers[3,2, | I].

Negative customer cannot be

stored...




Basics of Quantum
Information Theory

® qubit: |¢)) = al0) + b|1),
0) = (1,0) : [1) = (0,1)

® EPR pair: |5,,) = %(]O(D + [11)).

- (100){00] a5 + 1) (11]4)
® Density operator
7 op P:Zpi Vi) (Yil.

Example: »= %|0><0\ + i\1><1|-



Quantum Merging

quantum channel
I

classical channel




Case A: Independent pair

S(palps) =1

©

(10){0a + [1)(1]),

=

DO | —

pa =

Send Alice’s ¢
using either c

O

ps = |0)B.

ubit to Bob, by
uantum channel or

quantum tele

bortation.



Case B: Classically
strongly-correlated states

j S(palps) =0 j

1
pan = 5 (100} (00145 + [11)(11]45).
No need to send the information,
Bob has to create one qubit
synchronizing his qubit




Case C: Entangled state

S(palps) =0

1
Boo) = E(IOW +[11)).

EPR state is not only synchronized, but
also has the ability to transfer other
qubit, while Bob creates a new EPR pair
locally.




Quantum Merging
Server

quantum
merging

Poisson arrival with rate A



Positive and Negative
customers

@ rositive customer: qubit is independent with the
receiver end.

)\p :arrival rate

G(:E) _ P{S < x} :service time for |
quantum communication

O Negative customer: qubit is entangled with the
qubit at the receiver end.

/ .
An  -arrival rate



Negative Customers

Whenever there is a positive customer
waiting, those EPR pair of the negative
customers will be used to merge the positive
customer’s qubit immediately.

When there is no positive customer in the
system, we can save EPR pairs for future use.



M/G/1 £ queue

Arrival

o—mu@ o

Departure
O —[Caal

Stored

¢ —[HO0H @

Stored

Departure



State transitions

Ap: arrival of ©
positive customer Ecj
G

H: departure of O Ap: arrival of
POSItIVG customer I:aj Positive customer



The virtual waiting time

Suppose an additional virtual positive customer has been
arrived at our system at the time t. Ve allow this custome
to arrive prior to the time t. The virtual waiting time V(t) is
the difference between t and the time when this virtual

customer starts his service.

V(t)
? positive arrival

| negative arrival
¥ positive departure

S 2 S o S




Why Negative Virtual Waiting Time!

V(1)

? positive arrival
} negative arrival

{ positive departure

s

A

t

target



Censoring and ldle-time
Modification

N
Jreeteantal Note that idle periods are
N\\ e exponentially distributed with
the mean 1/(\, +\,)

V(t)

" t

CYCIe Started by a o ¢ positive arrival
POSltlve customers are | negative arrival

censored
Y ¥ A 1 e 4 *t

~censoring




Va(t)

new idle period

R T & A & i

1

Take out all the idle period, then substitute
them with new exponential random
variables with the mean 1/,

N Y

old idle period

The resulted modified process is an M/M/|

N

queue with the arrival rate An and the

service rate Ap

t



Mean Virtual Waiting
Time for Negatively
Censored Process

E[W,(t)] = Az’”@fn
El-Valt) = Zy T g EWal)
A+ A




Positively-Censored
Process.

® We can use the similar argument for the
positively-censored process.

® This time the queue can be analyzed as an
M/G/| queue.

® Adjusting the replacement of the idle time,
we have

EY, +1/X,
ElY, +1/(A, + M)

(Ap + M) E[S;]/2
(T4 An/pp) (L + Ap/1p)

E[V,(t)] =

E[W,)




E[V(1)]

positive cycle negative cycle

_ U?g(}‘p — AH)E[SIQ)]/Q B )‘n(,up — )‘p)

B = e ) U= A) Ml — A0 — A

Sy = min(S,T,),
pp = 1/ E|Sp]



Mean Actual Waiting
Time

Ak2(h = M) E[S2]/2
(p — An) (pp — Ap) (Ap + An) |

E[W] =

Stability condition
An < Ap < Up.



Large Negative

Customer Rate
An > A,

x ¢+ N OPLL L g

NN

® Eventually, we have infinite negative virtual
waiting time. Thus, no actual waiting time!




Large Positive
Arrival Rate

® Even the arrival rate of positive customers is
larger than service rate,

<X < pp=1/E[min(S,T,)]

still, we have finite mean waiting time.

o )‘p:“g%()‘p — An)E[Sg]/Q
L PR W TR W TS W W

However, if Ay > [y, then the waiting time
will blow up.




Quantum Merging Server
M/D/1x queue

percentage of

positive customers
309

70%




Positive Customer and
Mean Waiting Time

— — ‘ ‘ ‘ . “, .
0.5 0.6 0.7 0.8 0.9 1 ratio of positive



