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Abstract –HTR-PM is an HTR demonstration plant with a structure of two modules 
feeding one steam turbine. Compared with the structure of one single reactor 
feeding one turbine, there are more devices shared between these two modules. 
When they are operated, the shared components are prone to introduce collisions or 
even logical deadlocks for different technical processes. The future commercial 
HTR-PM plants are supposed to comprise more modules for a larger turbine, thus 
the collision problem introduced by the shared components may become severer. 
Therefore, how to design suitable policies in the distributed control system (DCS) to 
relieve the collisions during using these shared devices is a new and also a very 
important problem. In this paper, the classifications of the shared devices are first 
addressed, and then how to identify the shared objects of an NPP is proposed. 
Furthermore, a general model for the control logic design is proposed, taking into 
consideration the collision avoidance, time delay and fairness. The example of how 
to apply the schemes to relieve the conflicts and deadlocks in the processes of using 
the shared devices in fuel element cycling system is illustrated. 

 
I. INTRODUCTION 

 
In nuclear power plants (NPPs), shared devices 

and systems are used in some areas for relevant 
benefits on the aspects of cutting costs, increasing 
reliability, and reducing construction time [1].  
Compared to other types of nuclear power plants, 
HTR-PM [2] is with a structure that two modules 
feed one steam turbine and hence shared objects 
(devices, components or systems) are inherently 
adopted much more widely, which  is brand new and 
different from the sharing applications in current 
NPPs and needs to confront the lack of the related 
design experiences. Therefore, how to identify the 
shared objects in HTP-PM and thereafter design 
corresponding control policies is one of the most 
important question during the plant deployment, 
especially during the design of the control logic of 
DCS.  

In [1], the strategies and evaluation for sharing 
systems are investigated and discussed by focusing 
on the International Reactor Innovative and Secure 
(IRIS) concept. The discussions in [1] are mainly on 
the tradeoff between cost benefits and safety issues 
while using sharing systems. Thus the achievements 
gained in [1] are basically useful for providing the 
references for the overall layout of a nuclear power 
plant before its construction, rather than directly 
guide the control logic design. In [3], a design of 
operation of the shared systems via a common 
control system is presented. Moreover, two types of 
shared systems and their related control strategies 
are discussed. Compared to [3], in this paper the 
shared objects are analyzed based on the view of 
how to design its related automatically control logic 
during the DCS design rather than focusing on the 
Human Interface System (HIS) design. Also, the 
automatic control logic proposed in this paper can fit  
both of the following two cases: where the objects 
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are shared between/among the systems inside a 
module; and the more complex case where the 
objects are shared between/among different modules.  

In this paper, a clear classification of the shared 
objects are proposed and the issues of shared objects 
are analyzed in detail. Moreover, a practical scheme 
about how to identify the shared objects for an NPP 
during the DCS design is presented. Also, a general 
algorithm which can be realized as function blocks 
and reside in DCS stations, is proposed for 
controlling the shared objects. 

The remainder of the paper is organized as 
follows. In section II, the types of the shared objects 
are discussed. Then, in section III, how to identify 
the shared objects for an NPP is analyzed and the 
scheme is introduced. Finally, the issues about using 
the shared objects is analyzed and a general model is 
proposed for automatically operating the shared 
objects. 

 
II. CLASSIFICATIONS OF SHARED 

OBJECTS 
 
The shared objects are diverse in HTR-PM. For 

the goal of designing a suitable control policy, it is 
important to clearly identify the types of the sharing 
objects in advance. In this section, we classify 
different sharing styles according to the sharing 
characteristics of an object. Following 
characteristics are considered and discussed: sharing 
levels; mutually excluded or not; whether the object 
is a single resource or contains multiple resources; 
and whether the shared object is fully used in a 
continuous way or only used with a large time 
interval in a discrete way. 

 
 II.A. Classification based on Sharing Levels 

 
A shared object could be a single device, a group 

of several devices, a subsystem, a whole system, and 
even a combination of several systems.  Thus the 
sharing level can be defined with four levels 
correspondingly. The control logic for the shared 
device should be designed accordingly. For example, 
the control logic should reside in a suitable position 
according to the sharing level. Also, it is one of the 
most important factors for the deployment of the 
hardware of DCS (i.e. the control panels and the 
control cabinets).   
 

II.B. Mutually Exclusive or Not 
 
 The shared object is with an attribute of mutual 
exclusion if it cannot serve all the potential clients at 
the same time. The simplest case is that the object 
can only serve one client at a time. For a shared 
objects without the attribute of mutual exclusion, the 
control logic design process can be carried out as 

that of regular (not shared) devices. However, for 
the design of HIS, the shared object even without 
mutual exclusion attribute should additionally be 
considered about the authority of the operation [3]. 
When the shared object is mutually exclusive, the 
contention between the potential clients exists and 
the control logic is more complex, which should be 
clearly addressed and solved during the DCS design. 
Thus, this paper mainly focuses the shared objects 
with an attribute of mutual exclusion. 
 

II.C. Single Resource or Multiple Resources 
 

The simplest case is that the shared object has 
only a single resource and can only serve one client 
at a time. However, for  the reliability issue, the 
shared objects are often designed with some 
redundant backups or counterparts. The situation is 
defined as a shared object with multiple resources 
when its backup components can also serve the 
potential clients at the same time when the primary 
component is working. If the backup components of 
a shared object cannot provide service when the 
primary component is working, the shared object is 
regarded as containing a single resource.  

For the case that a shared object with backup 
components and can only serve a client at a time, the 
switchover between its components is in charge of 
its own control logic rather than the sharing control 
logic. 
 

II.D. Fully Occupied or Not 
 

 The occupation of the shared object can be 
described by duty ratio. Higher duty ratio means that 
a larger proportion of time of the shared object is 
occupied by the clients. This attribute is also very 
important for the control logic design, as it is related 
to how serious the contention is between the 
potential clients. For the shared object with a high 
duty ratio and a large number of potential clients, the 
suitable collision resolution mechanism should be 
carefully considered during the control logic design.  

 
III. IDENTIFY THE SHARED OBJECTS 

 
Before the specific control logic is designed for a 

shared object, it is important to identify the shared 
objects of a NPP. 

Based on the experience of the control logic 
design for HTR-PM, the key steps of identifying the 
shared objects are summarized as Fig. 1 and 
described as follows. 

First, the collection of the functions should be 
defined according to the documents of Operational 
Requirements. In Fig. 1, the element 1 1M F  means 
the first function related to the first module. The 
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elements 1 1 1 2 1, , NM F M F M F  represents all the 
high level functions that NPP’s module 1 should 
provide. There may be several modules in an NPP, 
i.e. two in HTR-PM. 

Each high level function is realized by many 
function blocks. Combined with the information 
from the documents of Process Control 
Requirements, the second step is to subdivide the 
high level function into many function blocks. As 
Fig. 1 shows, taking the high level function 1 1M F  as 
an example, it is supported by 1n  function blocks, 
which are 

11 1 1 1 1 2 1 1, , nM F B M F B M F B . 

How to define the function blocks is very 
challenging for DCS engineers, as it not only needs 
enough experience on computer science, process 
control and communications, but also a thorough 
understanding of process mechanical systems are 
required.  

  
1 1 1 2 1, , NM F M F M F

11 1 1 1 1 2 1 1, , nM F B M F B M F B
21 2 1 1 2 2 1 2, , nM F B M F B M F B

2 1 2 2 2, , NM F M F M F

1 2, , Md d d

 
Fig. 1: The steps of identifying the shared objects of 
an NPP. 
 

Based on the results from the second step, the 
third step is to identify which devices are shared by 
different function blocks. The identification process 
is carried out by mapping the devices to the function 
blocks. As Fig. 1 shows, a collection of all function 
blocks in an NPP can be defined as 

{ }1 1 1,
NFB L N nC M F B M F B= , where L represents 

the number of the identical reactor modules(in HTR-
PM L is 2).  A collection of all devices are defined as 

{ }1 2, ,d MC d d d= , where M represents the 
number of devices in the NPP under the control of 
DCS. Based on the above definitions, the problem 
can be abstracted to be a mapping process between 
these two typical collections. The process of 
identifying the devices related to a function block 
can be described as mapping the relative elements in 

dC  to FBC . The specific mapping process can be 
finished by staining different colors to the elements 
of dC , which is similar with the idea of Graph 
Coloring. With this idea, each element in FBC  is 
assigned with an individual color and this color will 
be stained to the related element in dC  if the 
function block is (even partially) supported by it. In 

this way, a device in dC  will be stained with a color 
or many colors when it is used to support a function 
block’s capability. Finally, the shared objects can be 
identified by selecting the elements which are 
stained with multiple (no less than two) colors in dC . 
Fig. 2 shows a simple example about identifying the 
devices. Suppose there are two colors, 1c and  2c , 
representing two different function blocks, which 
we label as 1FB  and 2FB  for the sake of description. 
The first device 1d  is used to realize 1FB , thus 1d  is 
stained with color 1c . Similarly, 2d  is stained with 
color 2c . The device 3d  is used to support these two 
function blocks, thus it is stained with both 1c  and 

2c . On the contrary, the device 4d  has nothing to do 
with 1FB  and 2FB , thus in this coloring process it is 
left to be blank. By checking the results of the 
coloring process, it is easy to find out which the 
shared device is. Moreover, the information about 
which function blocks  the device belongs to is 
clearly reflected. 

c1 c2

d1 d2

d3 d4

 
Fig. 2: An example of mapping process. 

 
Remarks: (1) It is important to address that after 

mapping the elements of  dC  to FBC , some sorting 
and classifying operations are also needed to form 
shared device groups, shared sub-system, and shared 
systems. (2) Besides the control logic design, the 
hardware assignment should also be carried out 
based on the results of the sharing identification. 

 
IV. CONTROL LOGIC DESIGN FOR A 

SHARED OBJECT 
 

Sharing can be beneficial in many aspects, yet it 
also can bring some defects that needs to be suitably 
dealt with. In this section the main problems about 
the sharing are first addressed. Then a general model 
with the considerations about how to solve the key 
problems are proposed. 
 

IV.A. Issues about using shared objects 
  
Collision and Efficiency: the negative side 

effects to the device control are unavoidable when a 
control process needs to share some resources with 
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other processes. The most typical effect is collision. 
When two or more processes try to use the same 
object at the same time, collision will happen and 
the system will suffer from performance degradation. 
Furthermore, the complex collision may induce the 
deadlock into control processes. Thus, to design a 
scheme as the collision solution for  a shared object 
is of primary importance during the control logic 
design. There are many collision resolution schemes 
in computer science [4] and communication areas 
[5][6], such as the token-ring and CSMA mechanism. 
However, as the requirement of the real time 
performance, these existed mechanisms cannot be 
used in the process control logic directly. 
Furthermore, in DCS, the number and the behaviors 
of the control processes are determined. Thus the 
prior knowledge about the control process 
participating in the contending for the shared object 
can be used for the design of the collision resolution. 

Time delay: The time delay are introduced by the 
following aspects: (1) when the shared object’s 
resources are occupied, other control processes are 
supposed to wait. This waiting period contributes 
the time delay significantly; (2) the collision 
resolution process run by the DCS needs time; (3) 
the communication time between the control 
processes contending the shared object should also 
be considered. Regarding the above-described (1) 
and (2),   the specific control logic for the shared 
object needs to be carefully designed, especially for 
the time critical control processes. Regarding (3), 
suitable communication style, including the 
hardware configuration, should be devised (i.e. in 
HTR-PM, the control variables are transmitted by 
the specifically directly connected wires between 
control stations rather than through Ethernet).  

Fairness: The shared object is expected to be 
used according to the need of all participating 
control processes. However, some of the control 
processes may always get the opportunity of 
operating the shared object, leaving others into 
starvation. The starvation can further stop the 
running of the related system and resulted in serious 
economic loss for an NPP. Thus, the fairness about 
using the shared object should be considered during 
the control logic design. In the following general 
model, a scheme is proposed to guarantee the 
fairness among the clients by recording the numbers 
that they obtaine the operation opportunities.    

 
IV.B. General Model 

 
This subsection presents a general model to deal 

with the collision on the shared object with the 
considerations of efficiency, time delay and fairness. 

As Fig. 3 shows, it is supposed that a shared 
object has ( )1M M ≥  resource/resources and there 

are ( )N N M>  processes requesting to use this 
shared object. If the shared object has only one 
resource, it means that the shared object can only 
serve one process at a time. This is also practical and 
is related to the fact that several processes share a 
resource rather than multiple resources.  

 

 
Fig. 3: N  clients share an object that M  resources 
are included. 
 

According to the situation in the real projects, 
the  M resources are supposed to be identical, yet 
N  clients are not always the same with each other. 
In this subsection, a general model is presented to 
solve the problem about how N  processes can 
efficiently get the service of the share object.  

A collection is defined as { }1 2, , ,R MC S S S= , 
which represents M  available resources of a shared 
object. These M  resources are physically identical 
and each of them is labeled by a serial number. 
Moreover, { }1 2, , ,P NC P P P=  is defined as the 
collection of the clients, which are also labeled by a 
serial number.  

In a practical project, the priorities of clients are 
not always the same. Thus, among N  clients, 
suppose there are ( ),i i N≤  priorities, which are 

1p , 2p ,…, ip . Moreover, suppose 1 2p ip p< < < . 
For each priority [ ], 1,jp j i∈ , accordingly there are 

[ ], 1,jn j j∈  clients. Thus 
1

i

j
j

n N
=

=∑  is satisfied.  

For jn  clients related to the priority 

[ ], 1,jp j i∈ , each client is assigned a number, 

, 1,jk jf k n⎡ ⎤∈ ⎣ ⎦ , to mark how many times the client 
has obtained the shared object. And an additional 
weight , 1,jk jw k n⎡ ⎤∈ ⎣ ⎦  is assigned to jkf  according 
to the real usage frequency needed by this client 
relevant to the need of other clients with the same 

priority. 
1

1
jn

jk
k

w
=

=∑  should be satisfied. 

Other three important tagging variables are 
defined as: (1) [ ], 1,lR l N∈ is for tagging each client 
whether it has submitted a request or not. 1 
represents that it submitted a request and 0 
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represents not; (2) [ ], 1,lPreemptive l N∈ is for 

tagging whether the process [ ], 1,lP l N∈  is 
preemptive or not. 1 represents preemptive and 0 
represents not; (3) [ ], 1,lO l M∈  represents whether 
the resource is occupied or not. 1 represents 
occupied and 0 represents not. 

Based on the above definitions, the resolution 
of the conflicts between the clients is designed as 
Algorithm 1. 

Algorithm 1 provides the solution by following 
key schemes. 

Conflict resolution: processes participated to 
contend for the shared object are arranged by their 
priorities. The process with  { }1 2max , , ip p p  and 

{ }min | 1,2, ,jk jk jf w k n⎡ ⎤× = ⎣ ⎦ (suppose that the 

jp  is the maximal priority of the current 
participated processes) is selected to obtain the 
service of the shared object. 

Fairness: the processes with the same priority 
are collected and each process’s frequency of 
obtaining the shared object is recorded. When there 
are more than two processes with the same priority 
contending the shared object, the process with lower 
frequency will be selected to be served first. 
Moreover, besides the frequency record,  each 
process is assigned with a weight according to the 
real situation. Take two processes A and B as an 
example, process A may always need to use the 
shared object twice in an hour and B only  uses the 
shared object once. In this case, the weights for A 
and B are 1 3  and 2 3 , respectively. This weight 
mechanism fits the fact that processes in a practical 
project may inherently need different serve 
frequency. 

Time delay: based on Algorithm 1, the processes 
can obtain the services of the shared of object in a 
no conflict way, thus there is no time wasted 
resulted from the contention. Moreover, the process 
that needs to be served faster can be configured with 
a higher priority. The processes which are less 
important or and need to occupy the shared object 
longer can be assigned lower priorities. Moreover, 
the supporting of the preemptive mechanism in 
Algorithm 1 is greatly beneficial for the real-time 
process.   

 
IV.C. Supporting the Manual Operation 

 
 The manual operation for shared objects is also 
needed, especially for debugging/commission period 
and the accident situations. Regarding the operation 
by automation based on the above general model, if 
a control process needs the shared object 
immediately, the manual operation can be realized 
by setting/changing the priorities through HIS. If the 

Algorithm 1 The steps for N  Clients requesting to use an
object with M  resources 

Initialization 
1: Assign [ ], 1,jp j i∈  to the processes in { }1 2, , , NP P P

2: Set  [ ], 1,lPreemptive l N∈  according to the 
characteristics of the related process lP  
3: Set jkf  to be 0 and configure  jkw , where 

[ ]1, , 1, jj i k n⎡ ⎤∈ ∈ ⎣ ⎦  

4:Build i  subsets 1 2, , , iC C C , each of which has the 

[ ], 1,jn j i∈  clients, which are with the same priority jp  

5: Set [ ], 1,lR l N∈ to be 0 and set  [ ], 1,lO l M∈  to be 0 

Task 1: Request 
1:while TRUE do 
2:  if a request from lP  is received then 
3: Find the client in the very collection according 

its priority { }1 2, , , , jp p p p p∈  

4:   Set lR  to be 1 
5:  end if 
6:end while 

Task 2: Serve 
1: while TRUE do 
2:  j i=  
3:  while TRUE do   
4: Count the number of the processes in jC  that 

submitted request (by judging lR ) and define it 
as 0N  

5:    -1j j=  
6:   if 0 0N >  or  1j <  then 
7:    break while 
8:   end if 
9:  end while 
10: Select the process in jC with the minimal value of 

jk jkf w×  and define it as SelectedP  
11:  if there is at least one idle resource in RC then 
12: Randomly choose one resource among the idle 

resources to serve SelectedP  
13: Set lR  to be 0 and set the related lO  to be 1 
14: else if there is at least one resource in RC  is 

occupied by a preemptive process 
( 1lPreemptive = ) then 

15: Select the resource that occupied by a process 
with the lowest priority to serve SelectedP  

16: Set lR  related to SelectedP  to be 0 
17: Set the related lO  to be 1 
18: Set lR  related to the process who provide the 

resource to be 1 
19:  end if 
20:end while 
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resources of a shared objects are all occupied by 
non-preemptive control processes, in this case some 
of these control processes may need to be 
paused/stopped after the negotiations. 
 

V. A TYPICAL EXAMPLE IN HTR-PM 
 

The fuel element cycling system in HTR-PM is 
one of the most complex system in HTR-PM. thus 
here we take it as an example to illustrate the 
process of the identification of the shared objects 
and how to design the control logic for a shared 
object.  

According to the Operational Documents, the 
fuel elements cycling system is in charge of loading 
and unloading of the fuel elements and graphite 
elements.  The main functions can be summarized as 
follows: (1)  unloading the elements from the reactor; 
(2) judging the elements’ type (graphite, fuel or 
spent fuel) and transmit them through different 
pipelines; (3) loading the new fuel elements.  

Then, by thoroughly go through the Process 
Control Requirements, the main functions can be 
subdivided into 150 function blocks  for the regular 
process control. Then 260 devices, which are with 
more than 1600 I/O points in total,  are mapped to 
these 150 function blocks. Based on this mapping, 
the shared devices are selected out and grouped.  

Take the function block of gas switchover for 
example, 19 devices are grouped as a shared object 
(named GS in the following description). The shared 
object GS is used to realize the operations of: (1) 
vacuum targeting pumping; (2) inflating the helium 
gas with certain pressure. As the vacuum pumping 
and gas inflating operations are need both by 
loading new fuel and unloading spent fuel. GS is 
unavoidably shared by at least the loading control 
process and unloading process. Moreover, elements 
loading and unloading mechanism parts of the fuel 
element cycling system is shared by two modules. 
Thus, GS is not only shared by different control 
process inner a module, but also it is shared by the 
control process of different modules. 

After the identification process, GS is logically 
grouped from 19 devices. Thus, regarding the 
hardware design, the I/O points of GS are connected 
to a common control station, which is specifically 
set for shared objects.  

Regarding the software design, there are four 
control processes (each module has a fuel loading 
and spent fuel unloading control process)  will try to 
request to use GS. Assign the priority, usage 
frequency weight according to the operational 
requirements. Then, the control logic can be directly 
designed as the general model.  

 

 
VI. CONCLUSION 

 
By thoroughly analyzing their characteristics, the 

classifications of the shared objects and the 
problems of their applications in NPPs are clearly 
addressed. Then, a scheme about how to identify 
and unite the shared objects is proposed. Finally, we 
propose a general model about how to control a 
shared object with multiple participating control 
processes and also multiple  resources. The 
identification scheme and the general model are 
summarized and abstracted from the experience 
during the design of the control logic of DCS for 
HTR-PM, which can also be the references for other 
kinds of NPPs, especially for the NPPs with multiple 
modules. 
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