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Abstract

With the appearance of quantum theory, more and more people began to focus on this area, but it is so confusing that its education
is very difficult. First, the article discussed a virtual laboratory system for quantum mechanics education. Second, the rule setting is
also analyzed to provide us an effective proof system and correctness system to affirm virtual quantum laboratory. Third, And
virtual laboratory is studied from its operational system, rule setting and semantics environment which includes the input and
output of virtual laboratory. Last, some conclusions and future directions are given at the end of the paper.
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1. Introduction

1.1 Related Work

Today, virtual laboratory plays a very important role in
modern education. Oke, et al (2016) [ introduced a Marine
Virtual Laboratory (version 2.1) enabling efficient ocean
model configuration. Al-Khalifa (2017) @ presented
CHEMOTION: A gesture based chemistry virtual laboratory
with leap motion. Dehn (2017) [ described Is it a construction
material from the virtual Laboratory. Ortega-Moody, et al
(2017) ™ proposed Virtual laboratory of industrial scenarios
for training in the areas of automation and control. Popovic,
Naumovic (2016) B studied virtual laboratory and learning
management system in optimal control theory education.
Jezierska, et al (2016) produced the virtual laboratory for
student understanding of biophysics. Gomez-Sacristan (2016)
[l talked about virtual laboratory for QoS study in next-
generation networks with metro ethernet access. Liu (2017) @8
discussed the design and implementation of intelligent
computer aided instruction system based on WEB. Xiao
(2017) ©! displayed research on the construction of computer
aided instruction system based on comprehensive education
model. Siqueira, (2017) % introduced a specific segment of
the private education system: low-cost private schools,
Portillo-Torres (2017) Y made a research oneducation:
prospects and challenges for the education system. Sergeev
(2017) 122 presented onward to international free education
system in dermatology. Kobayashi, et al (2017) %! described
an application framework for smart education system based on
mobile and cloud systems.

Recently quantum mechanics appeared and presented us a
difficult in its education because it is so confusing. Ryoji
(2016) exhibited inequality of effort in an egalitarian
education system. Abramo, (2016) [*3 put forward The north-
south divide in the Italian higher education system. Lopez
(2016) 61 illustrated Preliminary analysis of farm workers
perception about continous education system in the Region of
Murcia. Dutta (2015) ! developed Some drawbacks of the

higher education system in India. Gong, Liu, Jiao, et al (2015)
1181 put forward a novel earthquake education system based on
virtual reality. Zhang, (2017) ' proposed what regulates the
catalytic activities in AGE catalysis, and an answer from
quantum  mechanics/molecular mechanics  simulations.
Alhaidari (2017) 2 discussed reconstructing the potential
function in a formulation of quantum mechanics based on
orthogonal polynomials. Aerts, (2017) 3 researched the
extended bloch representation of entanglement and
measurement in quantum mechanics. Fernandez, et al (2015)
(221 extended Ad Hoc physical Hilbert spaces in quantum
mechanics.

1.2 Organization of the Article

Section 2 makes the definition of the operational system of
virtual laboratory. Section 3 includes the rule setting of virtual
laboratory. In section 4, the initiation of semantics
environment and the input and output of virtual laboratory is
described. In section 5, it includes the verification for virtual
guantum laboratory. In section 6, examples and illustration are
made descriptions of. Section 7 is the conclusions of the full
text.

2. Operational system of virtual laboratory
Here Hgy is written for the tensor production of these situation
spaces of any quantum variable; that is,

H, = ® H

X
all  x

For simple presentation, E is applied to stand for the void
program. A quantum arrangement is a set (B, p), in which B is

a quantum programme or E, p e ' (H ;) is a part denseness

performer upon Hay, and it is applied to denote the (global)
situation of quantum variable.

Let X =X,...,X, be a quantum record. A linear performer
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y on H contains a cylinder expansion

v ® UVar\{K} @
on H,,, in which 4 is the unchanged performer upon
the Hilbert space ®

xevar\{x }
As aresult, y is here for its expansion Eq. (1), and it could be

known without any difficulty from the framework, without
being confused.

This performing semantics of quantum programme is made
definition of as a transitional connection — between quantum
arrangement. A transition

(B.p) —(B'.p)

denotes that after performing quantum programme B, one
procedure in situation p, the situation of quantum variable gets

p’, and B'is the remain of B yet to performed. Particularly,
if B'=E, then B ends in situation p’. The initializing “x :=
0 arranges quantum variable x to the fundamental situation
|O>. In the law (Initializing) and as a result, |¢>X is applied to

denote the situation l¢> of the system indicated by quantum
variable x. Therefore, for any situations|¢>, |l//> of the x

system, an performer |¢>X<l//| can be made definition of on

the situation space.
The x system, as what is listed below:

(#),(wl9), = wi#)l9),

for each situation |¢'>of the x system. At times,

|¢>X<w| ought to be comprehended as its cylinder expansion
on Hay on the basis of Eq. (1). Similarly, |¢>i and |¢>i<(//|

can be made definition of while X is a quantum record and
|¢> and |l//> are situations in Hy . In order to see the part of

initializing more apparently, the situation of type(x) = integer
is considered to be an example. Firstly, a special situation is

reviewed in which p is a pure situation; that is, P =|l//><l//|

for certain |l//> eH,,. |l//> is written in this type:

|W> :Zk:gk|l//k>v

In which |1//k> is a production situation for each k, for
example

Vi) = @ Vi)

all x'

Then

p :nggr|Wk><Wl |'
Kl

After the initializing the situation getss:
= 37[0)(nlpIn), (0
- s 219) (nlw. v 1),

S R AL T) CXCERe )

X"#X
= Z 8.8 <‘//1X

> il v f|0), 0] @vi v |
=[0), <0|®{ng9. W |V @ Wi e |]

X'#X

Generally, assume P is created through a whole {(gi ,|l//i>)}
of pure situations; that is,

p= iZgiIV/l)(wil-

Foreveryi, p, = | l//i><l//i | is written down and it is supposed

that it gets piX0 after the initializing. Through the above

argumentation, P;, can be written down in the following type
mentioned next:

Pio = Zk:gikqo>x<0| ®|¢uk><¢uk |)

In Which|¢lk>e Hvangg for all k. Then the initializing makes
the p get

- 330 ol 0
—zg.[zw CUXC] I

- i0.(0), 0/l o)

From Egs. (2) and (3) it can be seen that the situation of
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variable x is arranged to be |O> and situations of the

alternnative quantum variable are invariant. The statement
“X := OX” simply indicates that single transformation O is
operated on quantum record X, leaving the situations of the

quantum variable not in X invariant. Notice that J in the
targeted arrangement of the law (Single Transformation)

indeed represents the cylinder expansion of & on H,, (see

Eq).(1)). A resembling remark is used to the laws for
measuring and loops. Sequential work resembles its opposite
number in classical computation. The programme build

“measureJ[X] : B is a quantum summary of a classical

situational statement. Recollect that the initial step in the
performance of the situational statement “if C then B; else B,”
is to examine whether Boolean statement C is met.

3. Rule setting of virtual laboratory
Suppose a countably unlimited arrangement Var of quantum

variable. The symbols X, X', X", X, X;, X,,...would  be

applied as metavariable varying over quantum variable.
Recollect that in classic computation, a type is used to indicate
the scope of a variable. Therefore, in quantum computation, a
form ought to be the situation space of the quantum system
indicated by certain quantum variable. Formally, a form Q is
a title of a Hilbert space H,, . In this composition, merely two

fundamental forms are considered: Boolean and integer. The
outcomes acquired in this composition can be generalized
without difficulty to the example with more forms. The
Hilbert spaces indicated through Boolean and integer are what
listed below:

Hgoolean = H2,
Hipeser = Ho

int eger

Notice that the arrangements indicated by forms Boolean and
integer in classic computation are just the computational basis
0f Hgoolean aNd Hinteger, €aCh. NOW suppose that every quantum
variable x possess a type type(x), which is Boolean or integer.
The situation space Hy of a quantum variable x is the Hilbert
space indicated through its type; that is,

Hx= thpe(x)-

A quantum record is made definition of to be a limited order
of apparent quantum variable.

The situation space of a quantum record X = X;,...,X, is the
tensor production of the

situation spaces of the quantum variable taking place in x; that

s, Hi=®H,

At present the syntax of quantum programmes can be made
definition of. The quantum programmes thought in this
composiyion are quantum expansions of classic while-
programmes. Formally, they are produced by the grammar

listed below:

B:=skip|x:=0] X=X | B1; B2 | measureﬂ[)_(]:
B | while n[X]=1doB

in which

—X is a quantum variable and Xa quantum record;

— 0 in the expression “X:=X" is a single performer on
H . Partiularlly, if type(x) = integer, then the expression x :=
0 +kx, in which o +k is the k-translation performer, will
usually be short to x := x + k;

—in the expresssion “measure 7[X]: B, 7= {n, }is a

measuring on the situation space 5 of x, and B = {Bm} is
a series of quantum programmes such that every result m of

measurement 7 accords with By;
—n ={n,,n,, } in the expression “while 77[X]=1 do B” is

ayes-no measuringon H, .

The instinctive idea of these quantum programme builds will
geet clear after bringing into their performing semantics in the
next part.

“=” js used to indicate syntactic equilization of quantum
programmes. The technical definition listed below will be
needed as a result.

Definition 3.1. The arrangement var (B) of quantum variable
in quantum programme B is recursively mae definition of like
this:

(1) If B = skip, then var(B) = @;

(2) If B=x:=0, then var(B) = {x};

(3) IfB=X:= &, then var(B) = {X} ;

(4) If B =By; By, then var(B) = var(B:) U var(By);

(5) If B =measure 77[)_(]2 B, then
var(B) = {x}uUvar(B, )

®1f B =  whil
var(B) = {X}u var(B),

n[)?]:ldo B, then

4. Semantics environment of virtual laboratory

The connotational semantics of the quantum programme is
made definition of as a semantic operation which charts part
denseness performers to themselves. More accurately, for any
quantum programme B, the semantic operation of B
summarizes the computed outcomes of all ending
computations of B.

It is written —>  for these reflexive and transitive closing of

—; that is <B, p> - <B', p'>

if and only if (B, p) —" (B', p’) for certain n > 0.
Definition 5.1. Let B be a quantum programme. Then its
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semantic operation is made definition of through
[[B]]: I"(Hy)—>T (Hy)

foralpe ' (H,,).

[8kp) =3 {p": (B, p) > (E. p')

It ought to be indicated that {|-[} in Eq. (4) represents a
multiset. The reason for applying the multiset is that the
identical denseness performer may be acquired by
distinguishing computational ways, as it can be seen from the
measuring and circle laws in the performing semantics.

Now certain fundamental properties of semantic operations
will be established. Firstly, their linearity

f@

LEMMA 5.1is proved. Letp;, p € I' (') and 4, 4,>0. If
AP, +A4,p,el" (), then for any quantum programme B,

there is [[B[(4, p, + 4 p,) = 4[] p,) + 4[]l p,)

The following fact can be easily proved by inference on the
framework of B:

—Claim: If (B, p,) —(B', p;) and (B, p,) —(B', p}),

then

(B, ,p, +4p.) = (B, 4, Py + A p)).

Then the conclusion is immediately followed.
Next, a presentation of the semantic operation [[B]] is given

on the basis of the framework of the programme B. In order to
do this for quantum circles, certain auxiliary mark is needed.

Let J be a quantum programme like [[J ]]: 0,, for
all pel’(H); say, J = while 77 wiviaipg =
x is a quantum variable, and 77 wiviar = {77 0= 0nx, 771 = J H,

1 do skip, in which

} is a ordinary measurement on Hy. (while 77[X]= 1 do B)0 =
J . (while 7[X]= 1 do B)n+1 = measure 77[X]: B, in which

B= B,,B,, and B, = skip, B, =B ; (while 77[X]= 1 do
B)n for all n > 0 is fixed.

PROPOSITION 5.1.
[[skin]] (p) = p. 1f type(x) = Boolean, then

[1x:=0lkm =[0), {1]pi1), (0] +[0),{0[pl0), (O]

and If type(x) =

[x=0lkp) = S, (nlein) (0] o

integer, then

[[% := X](p) = s @
[B.=B,I((p) = [[Bz IdIB.Iicp)) 5)

Hmeasure n[x ﬂ(p) > Bl pu) ©

[ while 7[x]=1do BJ](p)=Vi,[ while 7[X]=1 do
B)" ().
In which V represents the least over limit of part denseness

performer on the basis of the below part sequence & @ roor
(1),(2) and (3) are apparent. (4)By Lemma 5.1 and the
transition law for sequential article, it is obtained that

~[B.I . : (B ) > (E. p.))
Z 2]]p1-<81,p> “(E.p))

S p (B, p) -7 (B0 (BL ) 7 (B
=>{p':(B.p) > (E.p)and(B,, p,) > (E. )]
> {p:(B:B, p) > (E. P}

=[[B,:B,][(p).

follows instantly from the transition law for measuring. Two
auxiliary performers are brought into:

fiT (Hy)>T (Hy)
fi(p)=mpn’

forallpel’ (H) andi=0, 1. For simple presentation, while

nlx]_

for expression “while
proved that

[cwhite) [ p) = :Z_::[fo -([B

1 do B” is written. Firstly;, it is

I £)kp)

for all n > 1 by inference upon n. The example of n = 1 is
apparent. Then, through (1), (4), and (5) which are proved
above and this induction assumption on n — 1, it is obtained
that

¢ white)” [k(p) = [[B; (white)" [k £,(p)) + [[skip]k f (p))
= [l whitey"* [k([BT> ,)(p) + o p)

“ P :Z:Z[f" o([B]> ) k(B f.)(p) ®
=S olt,- el )
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Secondly, it follows instantly from Eg. (5) that
{[l( while)" ]]( p)}._, while is a rising order. Thus,

v [whitey [ p)
n=0
exists. Moreover, there is
[[while]|( p) = Zﬂp':(while, p) =" (E, p))

:ZZ{p’:<while, p)>" (E, p’)}
n=1
So it is enough to show that

o' (white ) > (&, ] |= (o)1, (8] ]

for all n > 1. This can be done without difficulty by induction
upon n.

A recursive portrayal of the semantic operation of a quantum
circle can be originated from the precedent proposition.
COROLLARY 5.1. If it is written while for quantum circle

“while 7[X]=1doB”, then for any P €T'"(H,,), it thinks

that [[while]i(p) = 7, pz +[[white (8]l p72, ))

Direct from Proposition 5.1, (6) and Eq. (5).

The proposition listed below demonstrates that a semantic
operation does not multiply the trace of denseness performer
of quantum variable.

|

PROPOSITION 5.2. For any quantum program B, it thinks
that

&([BIIp)) < &(p) forall pe T~ (H,,).

It continues by inference on the framework of B. Case 1. B =
skip. Apparent Case 2. B = x := 0. If type(x) = integer, then

(Bl = 3£00),(n[pln), (o)

= > &(,{0[0) {nlpln),

o[ ol
=¢(p)

It can be affirmed in a resembling way when type(x) =
Boolean.

Case3.B= X := OX.Then

(B p)) _&6pst) &5 6p) _E(p).

Case 4. B = By; B, It is followed from the induction

assumption upon B; and B; that

8k = (.15
S (=Y1)
<&(p)

Case 5. B = measure 7[X] : & . Next, by induction assumption,
it is obtained that

c(BIp) =>_&([B, a7, p,))
<> E@mnpn;)

E 5{@77;%] p}
=&(p)

5. Examples and illustration
Example 6.1. Assume that type( X, ) = Boolean and type( X,) =
integer. Regard the programme:

B=X =0; X,:=0; X, :=H,; X, = X, +2

X

measure 77[X,]: S

In which:
—1 is the measurement on the basis the computational base

{/0), [2) ¥ of Hz; thatis, 7= {77y, 7, 3.7, = |0)(0| and 7,
=1

—B=B,, B,,and
B, = skip;

B, = while N[X,] =1do X,:= Y,X,, in which Y, is a Pauli
matrix,

0 ©
N={Ng, N;},No = D[n)(n[and N, = > [n)(n]|.
N=—0 n=1
Let

po = ® 10),(0]

X#£Xg Xo

And
p=1), 1®[-1), (-1]® p,.

Then these computations of B beginning in p are
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—

B, p> <X2 =0;x:=H, ; X, =X, +2; measure pl>
—)<X1 H, ;X, =X, +2; measure, p2>

—><X2 ‘=X, +2; measure, p3>
N

< measure, p4>
{ B, Ps)
(B, Ps),
(B, Pg) —

_>< 2’_p6>

...
—>2H<X1 = ¥,%:B,, (=)™ pg)
—> <le(_1)n p6>

—(E, ps)

i

(X% =Y, %; B, Ps)

In which measure represents the expression “measure

nixl §”, and

P = 5[1),, A ®]2),, {2[® po.

So B can deviate from p. Notice that B, also possesses the
transition

(B,,(-1)" pg) > (E0,,)

but these transitions are all the time abandoned where the part
denseness performer of the targeted arrangement is the zero
performer.

Example 6.2. Let type(x) =
= (h-1

=2 e (= )=nl+nj{n),
n=1 n

= 310)0] G (=ni-nl+ njn),

integer, and let

Then = { n,,1,} is a yes-no measuring on the situation
space Hyof quantum variable x. Think the quantum circle:
while 7 [X]=1dox:=x+1.
For simple presentation, it is written that when for this
programme. Let P, = ®|O>X,<O|

X'#X

and © =|0) (0|® p,. Then

0y, if =012,

hile)" =
[[(W ile) ]](P) ;[z :712 kk !1k>x<kj® Po if n>3,

mewkm—%{fg _|>m0®p0
. 1&n-1 1
(i p) =532

This denotes that programme while ends upon input p with

1 1
possibility E , and it deviates from input p with possibilityE .
To make a conclusion of this part, it is seen that how quantum
programmes transform the situations of quantum variable and
how they gain access to quantum variable.
Let 1 < Var be a series of quantum variable. For any

performer y € L(Ha), it is written that

&, (y) for the part trace &, (7).

6. Conclusions

In the article, operational system, rule setting and semantics
environment of virtual laboratory have been studied.
Furthermore, the initiation of semantics environment and the
input and output of virtual laboratory have been clear and
definite. And virtual quantum laboratory have been confirmed.
When it comes to put into use, the single performers and
measurements in quantum programmes are often selected
from a specific fix, which is probably general; say, if a
programme merely has quantum variable of form Boolean,
then the single performers can be got from the normal series
of general gates, comprising the Hadamard, phase, CNOT,
and /8 gates and the measuring in the computational base is
required merely. For simple presentation, nevertheless, these
single performers and measurements are not selected to
specify since selecting them does have any vital distiction in
the theory researched in this composition.
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