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Abstract: In order to overcome the problems of long time and low recall rate
in traditional product webpage Ul visual interface layout planning methods, the
paper proposes a product webpage Ul visual interface layout planning method
based on clone selection algorithm. Define the clone selection algorithm and
determine the population evolution process of the interface layout planning.
Based on this, determine the operation operator of the visual interface layout
planning clone selection algorithm, and design the web UI visual interface
layout planning algorithm flow to realise the visual interface layout planning.
The experimental results show that when the number of product interfaces is
100, the number of extreme points of the planning function is 103, the interface
layout planning time is only 7 s, and the data recall rate is as high as 96.5%. It
can be shown that the method in this paper has a better visual interface layout
planning effect.
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1 Introduction

The product web site can effectively display a full range of products. The better the
product web UI visual interface layout design effect, the better it can attract customers to
purchase. How to enable users to obtain more product information in an effective time
and attract more users Attention, web page layout planning technology came into being
(Hung and Wang, 2020; Huang et al., 2019; Zhao and Lu, 2019). The core issue of
product interface layout planning is page location design. The development of society has
promoted the advancement of web page layout planning technology. The page layout
planning technology at home and abroad evaluates the effect of page layout planning by
product information search time and network data search recall rate (Oppenlaender et al.,
2020; Wang et al.,, 2020). However, the following problems will arise under this
evaluation standard: First, for most users who do not rely on product content, the
retrieval efficiency of the visual interface has been improved, but most product web
pages will be relatively single (Rantung et al., 2020). Second, different interfaces will
have unique application scenarios (Ali and Kurniawan, 2019). So, what kind of visual
parameters need to be designed for these different interfaces, and how will the planning
effect be affected? Related scholars have conducted in-depth research on the layout
planning of the product web UI visual interface, and have achieved certain research
results.

In related research, Gao and Huang (2019) proposed a visual cognition human-
computer interaction interface layout optimisation method, through the visual cognition
theory to analyse the cognitive characteristics of the web interface, design page layout
ideas according to different user behaviour habits, and extract at the same time The
layout-related factors of the human-computer interaction interface use the user’s
cognitive load to realise the visual cognition of the interface layout and realise the layout
planning method of the human-computer interaction interface. This method can improve
the optimisation time of the interface layout, but there is a problem of not considering
how to avoid the local optimal solution. Ji et al. (2020) proposed a method of interface
information layout planning based on cognitive rules, matching the position of each
interface information by geometric position, and realising the construction of interface
information layout task model through cognitive factors, obtaining reasonable interface
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layout task information elements, and using particle swarm algorithm Solve the interface
layout planning function, and find the optimal layout plan according to the inertial weight
to realise the geometric position of the interface. This method can effectively improve the
efficiency of interface layout planning, but the optimised web interface has the problem
of low data recall rate. Wang and Zhang (2019) proposes a spatial interface planning
method based on the perspective of metaphorical cognition, which uses metaphorical
cognition methods to map the creation rules of spatial interfaces, and uses symbolic and
philosophical features to realise the layout planning of product web Ul visual interfaces.
This method can effectively improve. After optimisation, the web interface data recall
rate, but there is still a problem that the interface planning takes a long time.

In order to solve the problems of the above methods, a layout planning method of
product web UI visual interface based on clone selection algorithm is proposed. The
overall plan of this article is as follows:

1 In order to improve the data recall rate of the web interface after layout planning,
define the visual interface layout planning problem, determine the population
evolution process of the web Ul visual interface layout plan, and complete the
optimisation of the optimal position variable of the interface layout.

2 Based on the population evolution process, design the operation operator of the
visual interface layout planning clone selection algorithm to obtain the optimal
position node function, and reduce the number of optimal points of the web Ul
visual interface.

3 According to the results of the optimal planning location node function of the
product page Ul visual interface, the product page Ul visual interface layout
planning algorithm process based on the clone selection algorithm is proposed, and
the optimal location point clone selection of the interface layout planning is
obtained, which effectively solves the Ul Visual interface layout planning takes a
long time.

4  Design three experiments of web UI visual interface optimisation extreme points,
layout optimisation time, web interface data recall rate, and compare and analyse the
method of this article and the method of Gao and Huang (2019), Ji et al. (2020), and
Wang and Zhang (2019) Interface layout planning effect.

2 Product web Ul visual interface layout planning

In order to improve the actual effect of the product webpage UI visual interface layout
planning, the clone selection algorithm is introduced. This algorithm can generate a new
generation by mutation and de-cloning according to the generation group during the
planning and development process, thereby expanding the search range and speeding up
the convergence speed through clone selection It can be seen that the use of the clone
selection algorithm can transform the UI visual interface layout planning problem into a
clone selection problem, so as to improve the convergence of the interface layout
planning (Choi et al., 2020; Hikmah et al., 2020).
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2.1 Definition of Ul visual interface layout planning problem

In the UI visual interface layout planning, the optimisation problem of choosing
X = {xl,x2,... X } as the optimal position variable of the interface layout is expressed

> m

by formula (1):
P=max{f(e’l(A)):A/1} (1)

In the above formula, the string with a certain length limit for the interface layout is
A=a,,a,,...,a,, which is the antibody code of the clone selection algorithm of the

optimal position variable X in the layout (Maimunah et al., 2020; Rahi et al., 2020; Zheng
and Ling, 2019; Oswal and Palmer, 2020), represented by A = e(X ) ; at the same time, X

is called Is the decoding of antibody 4, at this time X =e™' (4); the position data set / in

the UI visual interface is also called antibody space (Biskjr et al., 2019), f'is expressed as
the real-valued position change function on the position data set / in the Ul visual
interface, and f It is called the antibody-antigen affinity function.

For antibody A4 of the UI visual interface, the allele of the target planning position is
denoted as a;. In order to improve the effectiveness of the interface layout, the allele can

be divided into m gene antibody paragraphs of length /; (/ = le. ). Each gene antibody

i=1
paragraph is represented by x;, and x, €[d,,u,], i=1,2,...,m .

At this time, the binary code is used to express the interface position layout decoding
(Sutabri et al., 2019) as:

u —d [ o
x, =d + ’21, ’(Zajlf 1] (2)
=

In the above formula, d; represents the bit weight in the binary code; u; represents the bit
weight in the interface layout position.

Obtain the antibody population space of the UI visual interface layout plan at this
time, you can get:

I"={4:4=[A4,..A). 4 €l,1<k<n| 3)

In the above formula, n represents the size of the antibody population planned by the
interface, and n is A positive integer. In this case, antibody group A:[AlAz...An]

represents the N-tuple of antibody 4, and [" can be represented as a point in the
antibody population space. At this time, the global optimal solution set of the interface
layout plan is (Lower, 2020):

B*={Ae]:f(A)=f*Emax(f(A'):A'eI)} 4

The neighbourhood set of the sub-optimal solution A for the interface layout planning of
antibody A4; can be defined as:

& (4)={4o<|4-4]<24 el )
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In the above formula, &'(4,) represents the number of &"(4,) elements; |A,. —Aj|

represents the optimal distance of the interface layout planning (Kemal and Nursetyo,
2020). Define the non-neighbourhood set of the suboptimal solution A of the interface
layout planning position as:

& (4)={4|o<r<|4-4]|.4 <1 (6)

Interface layout planning location population Under the influence of the clone selection
algorithm, the population evolution process of Ul visual interface layout planning is
shown in formula (7):

A(K) S B(k) S C(6)TA(K) > D (k) S5 E (k) > A(k+1) e

According to the above process, Figure 1 shows the population evolution process of Ul
visual interface layout planning.

Figure 1 Population evolution process of interface layout planning

Clonal deletion ‘ Auk) ‘ Aa(k) ‘ ‘ An(k) ‘ ‘ Aik) ‘ ‘ An(k) ‘ AK)
[
\\\\
 —
v »_\ v\/‘r\
B(k)
A A,
Clone
reproduction Qi @
‘ ‘ A, ‘ Ay Am ‘ ‘ An ‘ ‘ A ‘ | Ay | .. ‘ Ay C(k)U’A(k)
Short
con:mclicn y N N o v y . A A 4 A
LA Ay ‘ ‘ Ar ‘ Az ‘ A ‘ ‘ A ‘ v | An ‘Am' ‘ A’ ‘ Ar ‘ ‘ A H ‘ Ay “ Ay ‘ D(k)
et l i i
connection v v v v \ 4 A 4 y
Ca[ac [ far] e [ae ] Jar e A [T A A [ A ] A ] ew

Clonal selection

v
‘ Ay(k+1) ‘ ‘ Ax(k+1) ‘ D ‘ An(k+1) ‘D‘ Ai(k+1) ‘B‘ Ay(k+1) ‘ A(k+1)

2.2 Confirmation of Operation Operator of Clonal Selection Algorithm

In order to reduce the number of extreme points of the function and solve the problem of
falling into the local optimal solution, the population evolution process of the interface
layout planning is obtained according to Section 2.1, and the process of determining the
interface layout operation operator is designed.

There will be multiple extreme points in the interface layout planning, that is,
multiple points can meet the optimal position constraint requirements of the product
interface layout planning, and it is easy to fall into the local optimisation problem. For
this reason, it is necessary to delete redundant locations in the Ul visual interface layout
plan through clone delete (7)) to improve the best effect of the layout plan. In this

process, the concept of objective function is introduced. The principle of objective
function is to express the required objective form through variables. In this article, the



6 Y. Wang, J. Chao and X. Wang

objective function is designed to obtain the cloned value-added antibody to obtain the
optimal solution (King et al., 2020).
Now express the function set during the clone deletion operation as:

B(k)=T; (A(k))={T; 4 (k)....T; 4,(k)} ={B4. B 4,..... B,A,} (8)

In formula (8), clone deletion can plan the optimal position of the proliferation antibody
and redundant antibody of the page layout. At this time:

B+p+..+0 =n ©)

And the clone multiplication (7") in the interface layout plan can extract the sub-optimal
position of the best position in the page layout rules, at this time:

C(k)=T¢ (B(k))=[ T2 (B, (k))..... T (B, (k)] (10)
C (k)=T:(B/(k))=I1B,(k), i=12,..n (11)

In the above formula, I, represents the g, dimensional row vector with element 1, which

is the g, clone of antibody B, . Generally take:

q[(k)zlnt{NC xf(B[(k))/jZ";f(Bj(k))} i=1,2,...,n (12)

In the above formula, N, >n represents the set value related to the clone scale; Int(o)

represents the round-up function. After cloning, the population becomes:

C(k)={C, (k).C,(k).....C, (k)| (13)
In formula (13):

C (k)=[C, (k)] =B, (k). B, (k)..... B, (k) (14)

C,(k)=B,(k)=B,(k),j=12,.q, (15)

The short connection 7. is to clone and multiply ¢, antibodies according to a point in

sc

the f () space of the objective function:
G, (k)= B; (k)= B, (k),j=12,....q,,C, (k) e C(k) (16)

Among them, &' (C,) produces a new antibody D,(k)eD(k), and transmits the

information from C, (k) to D, (k), the node closest to the target in &"(C,), and A is
relatively small. Which is:

D(k)=T2(C(k)) =[ T2 ((Ck))ronTe((C)) ] (17)
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In formula (17):

T ((Ch))=C, o {qlnqlynndl ) (18)

In the above formula, ¢/, ={1,0}" represents the column vector with the same dimension
as C,, and its element value is |qu| < A with the number of 1 to ensure that D, is in the

C, neighbourhood, and oc represents the "exclusive OR" bit operation of matrix

elements, and the short connection is planned through the interface Later, the antibody
population is:

D(k)={A4(k),D, (k),D, (k),....D, (k)}, D, (k)= 4 ={4,, 4,,.... 4, | (19)

i

The long connection T is to select a point in the non-neighbourhood &* (D. (K )) of
D, (k) according to the preset probability g, to generate the antibody E, (k) e E(k):

T

E(k)=T:(D(k))=[To(D, (k), Te(D, (k),....To (D, (k) ] (20)

Clonal selection operation 7, is to select outstanding individuals from the progeny after

the respective clones of antibodies are proliferated, short-linked, and mutated to produce
new antibody groups. At this time, the interface layout operation operator of the antibody
group is:

E(k)={A(k),E, (k),....E, (k)} Q1)

At this point, the optimal location node function for the clone selection planning of the
product page Ul visual interface layout is:

A(k+1)=T¢ (E(k)) = max{E, (k)} = {E, (k)‘maxf(e’l (E,))j=12.0q} (22)

As a result, the optimal planning location node function of the Ul visual interface of the
product page is obtained, and the layout planning of the Ul visual interface is realised.

2.3 The layout planning process of the product page Ul visual
interface based on the clone selection algorithm

In order to improve the efficiency of interface layout planning, the process of designing
the product page Ul visual interface layout planning algorithm of the clone selection
algorithm is as follows:

In the first step, the product interface layout planning antibody group is initialised,
the size of the interface planning population is N, and the maximum number of iterations
in the product page UI visual interface planning process is K ,q,,4,k=0.

The second step is to initialise the optimal position of the product interface layout
plan:

4(0)=1{4,(0),4,(0).....4, (0) e I} (23)
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The third step is to calculate the affinity between the optimal location of the page layout
plan and the location range:

A(0):{ £ (A4 (0)),.... f™ (4, (0))} (24)

The fourth step is to design and judge the loop condition. When k=K _ or
‘ f(e! (A* ))— f ‘ < ¢ is satisfied, the loop is ended; 4" is the optimal antibody position
of the interface layout, and f~ is the optimal value of the objective function of the
interface layout planning. When the function f~ satisfies the loop end condition, get the

best position of the interface layout plan; otherwise, continue the loop;
The fifth step is to clone and delete multiple extreme points in the interface layout
planning:

B(k)=T; (A(k))={T; (4, (k)).T5 (4, (K))..onT (4, (K)))
= {IB]A]’ﬁZAZ""’ﬂnAn}

The sixth step is to clone and multiply the target location node in the interface layout
plan:

C(k)=T¢ (B(K))=[ T (B, (k). T (B, (K)o, (B, (K)) | (26)

The seventh step, the mutation planning operator in the interface layout space:

(25)

1 The short connection operator in the interface layout space is expressed as:

D(k)=T<(C(k))=[T(C (k). T (C, (8))] 27)
2 The long link operator in the interface layout space is expressed as:
E(k) =T (D(k)) =[ T2 (D, (k)).....T5 (D, (k)| (28)

The eighth step, the product page Ul visual interface layout plan the best location point
clone selection:

A(k+1)=T¢ (E(k)) = max{E, (k)} = {E, (k)| max f (e” (Eif)), j=12.... qi} (29)

In the ninth step, the number of iterations is increased, k£ =k +1; continue the algorithm
calculation, and go to step 4.

Based on the above steps, the design of the product page Ul visual interface layout
planning method based on the clone selection algorithm is completed. For the actual
application effect of the method in this paper, it is necessary to design experiments to
further verify.

3 Experimental research

In order to more comprehensively evaluate the product webpage Ul visual interface
layout planning effect of the method in this paper, the product webpage Ul visual
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interface of a certain company is used as the experimental data, and the product webpage
UI visual interface layout planning method based on the clone selection algorithm
(the method in this article) is used as the experimental method. , Optimise the layout of
human-computer interaction information interface design based on the theory of visual
cognition (Gao and Huang (2019) method), the user interface information layout design
method based on the cognitive law (Ji et al. (2020) method), and the space based on the
perspective of metaphorical cognition The interface design research (the method of Wang
and Zhang (2019)) is used as a comparison method for experimental verification. At the
same time, in order to ensure the accuracy of the experimental results, experiments were
carried out many times and the average value of the values was taken as the result, and
the experimental environment under different methods was kept consistent.

3.1 Experimental indicators

This article designs three experimental indicators to verify the effects of different
methods on the layout planning of the product web UI visual interface. The experimental
indicators are:

1 The number of extreme points for the optimisation of the planning function

The smaller the number of optimal points in the planning function, the better the layout
planning effect of the product webpage UI visual interface, effectively avoiding the
problem of local optimisation, and improving the effectiveness of the product webpage
layout planning. Conversely, the more extreme points in the planning function, the worse
the layout planning effect of the product web Ul visual interface, and the easier it is to
fall into a local optimum.

2 Time spent on layout planning

This article uses the product webpage Ul visual interface layout planning time to reflect
the layout planning efficiency. The longer the product webpage Ul visual interface layout
planning time, the higher the interface layout planning efficiency, and the shorter the
interface layout planning time, the lower the interface layout planning efficiency.

3 Web page data recall rate

This indicator can reflect the planned web application effect. The higher the recall rate of
the product webpage data, the faster the response speed of the network data. Conversely,
the lower the recall rate of the product webpage data indicates the slower the response
speed of the network data.

The paper uses the above-mentioned experimental indicators as the test indicators for
the layout planning effect of the product web UI visual interface, so as to analyse the
comparative experimental results.

3.2 Analysis of the results of optimisation of the number of extreme points in
the planning function

In order to verify that different methods are easy to fall into the local optimal solution
problem for the product web Ul visual interface planning function, the multi-extremum
point function is used to optimise the number of extremum points to measure the Gao and
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Huang (2019) method, Ji et al. (2020) method, Wang and Zhang (2019) method. The
method and the interface planning effect of this method, the specific results are shown in
Table 1.

Table 1 Number of optimisation extreme points of Ul visual interface planning function

Ul visual interface planning function to optimise the number of extreme points/a

Number of
pages/piece Methods in Gao and Methods in Methods in Wang  Method of this
Huang (2019) Jietal (2020) and Zhang (2019) article
10 35 42 58 12
20 56 65 65 21
30 68 76 86 30
40 83 98 90 42
50 123 143 152 51
60 154 176 254 67
70 178 214 325 72
80 189 264 432 86
90 228 325 542 91
100 264 356 688 103
110 289 389 697 119
120 328 425 743 131
130 376 479 785 136
140 412 547 789 148

Analysing Table 1 shows that the number of optimisation extreme points of the UI visual
interface planning function is different under different methods. When the number of
web pages is 50, the number of extreme points for the optimisation of the Ul visual
interface planning function of Gao and Huang (2019) method is 123, and the number of
extreme points of the visual interface planning function of Ji et al. (2020) method is 143.
The number of extreme points of the visual interface planning function of the method is
152, and the number of extreme points of the visual interface planning function of the
method in this paper is 51. When the number of web pages is 100, the number of extreme
points for the optimisation of the UI visual interface planning function of the Gao and
Huang (2019) method is 264, and the number of extreme points of the visual interface
planning function of the Ji et al. (2020) method is 356. The number of extreme points of
the visual interface planning function of the method is 688, and the number of extreme
points of the visual interface planning function of the method in this paper is 103.
According to the data in the above table, the number of extreme points in each interface
of the method in this paper is much lower than that of the other three methods, generally
one. However, the number of extreme points in each interface under other methods is
obviously more. The reason for this result is that the method in this paper effectively
solves the problem of easily falling into local optimum through clone proliferation and
clone deletion, which reduces the number of optimisation extreme points to a certain
extent.
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3.3 Analysis of time-consuming results of layout planning

In order to verify the efficiency of the product webpage UI visual interface layout
planning, Gao and Huang (2019) method, Ji et al. (2020) method, Wang and Zhang
(2019) method, and the method of this paper are used to verify the time used for the page
layout planning, and the results are shown in Figure 2.

Figure 2 Time change curve of product webpage Ul visual interface layout planning
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Analysing Figure 2 shows that the more the number of product web UI visual interfaces,
the longer the interface layout planning will take. When the number of product interfaces
is 40, the web UI visual interface layout planning of Gao and Huang (2019) method takes
39s, the web UI visual interface layout planning of Ji et al. (2020) method takes 28s, and
the web Ul visual of Wang and Zhang (2019) method The interface layout planning takes
30s, and the web UI visual interface layout planning of the method in this paper takes
only 3s. When the number of product interfaces is 100, the web UI visual interface layout
planning of Gao and Huang (2019) method takes 39s, the web UI visual interface layout
planning of Ji et al. (2020) method takes 44s, and the web UI visual of Wang and Zhang
(2019) method The interface layout planning takes 48s, and the web UI visual interface
layout planning of the method in this paper takes only 7s. The interface layout planning
of the method in this paper takes significantly less time than the other three methods, and
the interface layout planning efficiency is higher. The reason for this result is that the
method in this paper calculates the affinity between the optimal position of the page
layout plan and the position range, and optimises the interface layout planning algorithm
process through the clone deletion of multiple extreme points and the clone proliferation
of the target position node. To a certain extent, the efficiency of UI visual interface
layout planning has been improved.
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3.4 Result analysis of web page data recall rate

In order to verify the effect of web page layout planning under the method of Gao and
Huang (2019), method of Ji et al. (2020), method of Wang and Zhang (2019), and the
method of this article, the results of obtaining the recall rate of UI visual interface
webpage data are shown in Table 2.

Table 2 Ul visual interface webpage data recall rate

Recall rate of web page data in Ul visual interface/%

Number of
pages/piece Methods in Gao  Methods in Jiet ~ Methods in Wang Method of
and Huang (2019) al. (2020) and Zhang (2019) this article
10 88 66 78 97.9
20 86 69 76 98
30 75 84 81 99.3
40 79 76 80 96.5
50 73 72 69 99.6
60 75 80 64 97.9
70 81 82 72 93.6
80 80 58 77 98.8
90 69 67 68 98.3
100 73 66 75 96.5
110 76 65 83 97.4
120 70 68 86 98.2
130 82 73 88 97.4
140 85 79 84 96.8
mean value 78 71.8 77.2 97.6

Analysing Table 2 shows that the Ul visual interface web page data recall rate is different
when the number of web pages is different. When the number of web pages is 10, the UL
visual interface web page data recall rate of the Gao and Huang (2019) method is 88%,
the Ul visual interface web page data recall rate of Ji et al. (2020) method is 88%, and the
UI visual interface web page of Wang and Zhang (2019) method The data recall rate is
88%, and the UI visual interface web page data recall rate of this method is 88%. When
the number of web pages is 50, the Ul visual interface web page data recall rate of Gao
and Huang (2019) method is 73%, the UI visual interface web page data recall rate of Ji
et al. (2020) method is 72%, and the Ul visual interface web page of Wang and Zhang
(2019) method The data recall rate is 69%, and the UI visual interface web page data
recall rate of this method is 99.6%. When the number of web pages is 120, the UI visual
interface webpage data recall rate of Gao and Huang (2019) method is 70%, the UI visual
interface web page data recall rate of Ji et al. (2020) method is 68%, and the UI visual
interface web page of Wang and Zhang (2019) method The data recall rate is 86%, and
the UI visual interface web page data recall rate of this method is as high as 98.2%. The
web page data recall rate after the method planning in this paper is much higher than
other methods, which shows that the method in this paper can effectively improve the
web page data recall rate. The reason for this result is that the method in this paper
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redefines the layout planning problem of the visual interface, and converts the layout
planning problem of the UI visual interface into a clone selection problem, thereby
optimising the optimal position variable of the interface layout, and improving the recall
of the Ul visual interface webpage data rate.

4 Conclusion

In order to improve the planning effect of the product webpage Ul visual interface layout,
this paper proposes a product webpage Ul visual interface layout planning method based
on the clone selection algorithm.

1 In order to reduce the number of extreme points of the function, design the operation
operator of the visual interface layout planning clone selection algorithm, and solve
the problem of falling into the local optimal solution through clone proliferation and
clone deletion. When the number of web pages is 100, the visual interface planning
of the method in this paper The number of extreme points of the function is
only 103.

2 According to the results of the best planning location node function, the layout
planning algorithm process is proposed to realise the clone selection of the best
location point. The experimental results show that when the number of product
interfaces is 100, the web UI visual interface layout planning of the method in this
paper takes time It is only 7s, which shows that the interface layout planning
efficiency of the method in this paper is relatively high.

3 The article optimises the design of the optimal location variables of the interface
layout by defining the layout planning of the visual interface. When the number of
web pages is 120, the Ul visual interface web page data recall rate of this method is
as high as 98.2%, which shows that the method can effectively improve the recall
rate of web page data.
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