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Abstract: Given the important role of the carbon market in fighting against global warming,
the impact of information on the efficiency of the scheme is a critical issue for both its designers
and the central authority. At least two aspects of information are worthy of attention. First is the
incompleteness of information, with which the firms make decisions to minimize their abatement
cost and maximize their profit. Second is the mechanism of information transmission. Based on an
agent-based framework we established in our previous work, we explicitly depicted the first aspect
and analysed its impact on firms’ decision-making and consequent market results. In this paper,
we focus on the second aspect, transmission mechanism of information, which is depicted as an
observation network among firms. The basis in reality is that the firms in the carbon market are
usually from different industries or areas, and it is relatively easier to observe the conditions of
firms from the same industry or area, corresponding to neighbours in the network. Four scenarios
are considered, including no network, regular network, random network, and small-world network.
We find that the existence of an observation network has a significant influence on the market results.

Keywords: carbon market; agent-based model; incomplete information; observation network

1. Introduction

Facing the challenge of global warming and the pressure of carbon emission reduction,
the scheme of emission trading has been regarded as a flagship policy instrument. Numerous studies
have been conducted on the design [1,2] of this scheme. Additionally, the impact of the scheme
has also been evaluated, including is impact on the macro economy [3-5], economic performance of
sectors or firms [6,7], and financial performance of firms [8,9]. However, several aspects of complexity
have pushed traditional equilibrium-based models to their limit, including the dynamic aspect of
market evolution, bounded rationality, heterogeneity, and incomplete information of the firms in
the market. So, in our previous work [10], we establish an agent-based framework for the simulation
of the carbon market, considering the four aspects of complexity above. Within this framework,
firms’ incomplete information is explicitly modelled as an attribute “Eyesight” of firms (EYE;),
representing the limited number of other firms that a firm can observe when forming its forecast
of the allowance price. Then, we analyse its impact on firms’ decision-making and consequent
market results. We find that there is a statistically significant impact of firms’ EYE; on the market
results: when EYE; rises, the average allowance price rises, and firms’ total adoptions of low-carbon
technologies decreases. Furthermore, we find that the social average abatement cost decreases
with rising EYE;, which indicates a higher efficiency of the carbon emission trading scheme. This is
because with more information, more inefficient adoptions of low-carbon technologies are avoided.

Apart from the incompleteness of information, another aspect worthy of attention is the
transmission mechanism, which is the main focus of this paper. It is depicted as an observation
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network among firms. The basis in reality is that the firms in the carbon market are usually from
different industries or areas, and it is easier to observe the conditions of firms from the same industry
or area. These conditions include production quantity, energy intensity, adoption of low-carbon
technologies, etc. Neighbouring firms in the observation network correspond to firms from the same
industry or area. As far as we know, no study has yet analysed the influence of firms” observation
network on the carbon market, neither theoretically nor empirically. However, in a broader view of
network science, the influence of the observation or interaction network among agents has been a
common issue in the studies of financial markets [11-13] and technology diffusion processes [14-16].
Correspondingly, the agent-based model is one of the major tools for a relevant analysis. Both of these
strands of studies provide referential significance. In this paper, we attempt to simulate the influence
of firms’ observation network in the carbon market based on an agent-based model.

In our model, the introduction of observation is related to the formation of firms’ forecasts of
the allowance price. Firms form their forecast based on two aspects of information. First, a firm
(e.g., firm 7) forms its fundamental estimate of the allowance price based on conditions of EYE;
neighbour firms that it can observe. By observing the other EYE; firms’ condition, firm i can calculate
a fundamental estimate of the allowance price from the equilibrium perspective based on three
aspects of information. The first is expected total emission of these EYE; firms, which is calculated
based on their historical emission, total production in the rest periods of the abatement phase, and
current energy intensity. The second is current holdings of emission allowance of these EYE; firms.
The third is the marginal abatement cost curve (MACC) of these EYE; firms, which is calculated
based on their available low-carbon technologies, and the calculation method is introduced in
Section 2.2. The total allowance gap of these EYE; firms can be calculated based on the first two
aspects of information. Then, the fundamental estimate of the allowance price can be calculated
with MACC combined. Second, firm i calculates the moving average of the allowance price,
which represents the technical aspect of information. Finally, firm i’s forecast of the allowance
price is a combination of both fundamental and technical information. This forecast serves as a
uniform benchmark for firm i to coordinate its multiple abatement-oriented decisions, to minimize
its abatement cost and maximize its profit. As a result, the existence of an observation network
among firms can influence firms’ forecasts of the allowance price through fundamental aspects
of information, as well as their abatement-oriented decisions and the consequent market results.

Regarding the observation network, four scenarios are considered in this paper,
including “no network”, “regular network”, “random network”, and “small-world network”.
The reason for choosing these four kinds of network as scenarios is that their average EYE; can be
controlled equal, which guarantees the comparability among different networks. The “no network”
scenario serves as the base scenario in the analysis. Based on the simulation results, we find that the
existence of an observation network has a significant influence on the market results, including the
allowance price and trading volume in the carbon market, product price and production in the
output market, and firms’ total adoption of low-carbon technologies. While there is no significant
difference among the three scenarios with the observation network, above all, when the observation
network exists, the social average abatement cost increases with firms’ average EYE; rising,
which indicates an efficiency loss with increasing information. This is because the existence of an
observation network among firms delays the transmission of information, which leads to higher
revenue loss in the output market when the average EYE; of firms rises.

This paper is structured as follows: Section 2 presents a brief introduction of our model.
A detailed introduction can be found in our previous work [10]. Section 3 introduces settings
of the simulation scenarios, and simulation results are shown and discussed in Section 4.
Finally, conclusions are given in Section 5.
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2. Model

2.1. Model Structure

This model simulates an abatement phase with T periods and each period is denoted by t.
There are NA agents, representing the target firms, in the carbon market, who compete with each
other in both of the output and the carbon markets. All firms share a common goal, which is to
maximize their total profit. However, given the abatement pressure, firms need to coordinate three
abatement-oriented options, including production adjustment, low-carbon technology adoption,
and allowance trading. By the end of the abatement phase, firms’ total emissions of CO, are verified,
and those who emit more than the holdings of allowance must pay a high fine for each ton of
excess emission. In order to characterize this whole process, we introduce a complex time frame
in this model.

As shown in Figure 1, in each period ¢, corresponding to a day in the real world, agents first
make their decisions of production quantity, which is recorded together with the amount of induced
emission of CO; under their condition of energy intensity. The price of the output is calculated based
on a linear market demand curve, which is P/ = A — B x yN4 4i. Then, the agents go through the
forecast process and form their forecast of the allowance price, which serves as a uniform benchmark
for agents to coordinate three abatement-oriented options, including production adjustment,
low-carbon technology adoption, and allowance trading. The trading process in the carbon market is
organized based on a continuous double auction mechanism.
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Figure 1. Model structure.

2.2. Low-Carbon Technology and Marginal Abatement Cost Curve

There are NT low-carbon technologies considered in this model. Each of them is modelled
as three parameters, including adoption cost coefficient (IC;), operating and maintenance cost
coefficient (OMC;), and energy-saving coefficient (ES;). However, since different agents have
different attitudes toward risk (which are depicted by heterogeneous values of their payback period,
PB;), the average abatement cost of a technology j for agent i is calculated as follows:

. . ES.xP¢
IC'+ZP£11 OMCJ ES]y P
y Py (1+77)
acy! = / 1)
£ PB;
Zy llESj X EF

where 7 is the risk-free rate of return, P° is the price of energy, and EF is the emission of each unit
of energy utilization. Furthermore, based on the estimation of agent i’s production in the remaining
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periods of the abatement phase, denoted by Q!, potential abatement of technology j for agent i in
period t is calculated as Ai’j = ESj x Q} x EF. Thus, based on the calculation of aci’j and Ai’j for
all available low-carbon technology options of agent i, a marginal abatement cost curve (MACC)
for agent i or a group of agents can be calculated. It is worth noting that unlike the MACCs in
previous work by Baker et al. [17] and Bauman et al. [18], in which the abatement cost is essentially
resulted from production reduction and factor substitution, the MACC in our model follows the idea
of Li and Zhu [19], and it explicitly reflects the cost and abatement potential of multiple low-carbon
technologies from a bottom-up perspective.

2.3. Agents

In this model, agents can be abstracted as collections of attributes and behavioural functions.
The attributes include their scale (Qf s T€presents agent i’s total production in the last year), initial
adoptions of low carbon technology (ITA;), payback period (PB;, represents agent i’s attitude
toward risk; a lower PB; indicates relatively higher risk-aversion), “eyesight” (EYE;), probability of
altering forecast of allowance (PrF;) or production quantity (PrA;), etc. Concerning the behavioural
functions, each agent has three abatement-oriented options: production adjustment, low-carbon
technology adoption, and allowance trading. However, in order to coordinate these three options,
agents first need to form their forecast of the allowance price, which serves as a uniform benchmark
for comparison.

2.3.1. Observation Network and Forecast

In each period, agent i has a probability of PrF; of adjusting its forecast of the allowance price.
As introduced in Section 1, when forming the forecast, agents combine two aspects of information.
First is the fundamental aspect of information, which is detailed information of EYE; other agents,
including their production quantity, energy intensity, historical emissions, allowance in hand,
available low-carbon technology options, etc. Second is the technical aspect of information, which is
the moving average of the allowance price. The technical aspect of information is the same
for all agents, while the fundamental aspects of information are different, depending on how the
observation network is established. Four scenarios are considered in this paper, including no network,
regular network, random network, and small-world network, as shown in Figure 2.

For the “no network” scenario, agent i randomly observes EYE; other agents in each period ¢,
and forms its forecast of the allowance price. Then in period ¢ 4 1, agent i forgets this information,
and randomly observes another group of agents, and forms its forecast of the allowance price.
Thus, in the “no network” scenario, by observing conditions of others, the agents get “limited
but global” information (in the “no network” scenario, though agent i can only observe a limited
number of other agents in each period t; however, since all other agents can be randomly observed
by agent i, we say agent i has “limited but global” information), while in the other three scenarios,
the observation network is set before the abatement phase, and the observation relationship between
two agents is mutual and constant. Thus, by observing others, the agents in these three scenarios
get “limited and local” information (compared with the “no network” scenario, since agent i in
these three scenarios can only observe a constant group of neighbour agents, we say agent i
has “limited and local” information). The regular network is a kind of network in which each
node has the same degree. While in the random network, some links are created randomly.
The small-world network was initially introduced to describe the transition from a regular network
to a random network. The generating algorithm of three networks can be found in the work by
Albert and Barabasi [20], and Watts and Strogatz [21]. The comparability among the four networks
is established on the basis of a common average degree of nodes; i.e., the average EYE; of agents
in the network.
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Figure 2. Four observation networks.

2.3.2. Abatement-Oriented Decisions

Based on the forecast of the allowance price, agent i coordinates its three abatement-oriented

options by making three decisions: production adjustment, adoption of low-carbon technologies,
and allowance trading in the carbon market. However, since hundreds or even thousands of agents
have to coordinate these three options along a dynamic process which contains great uncertainty,
their behaviours would inevitably reflect properties of bounded rationality, as they lack sufficient
time and information to make decisions. Thus, following the work by Gigerenzer [22], we assume that
agents make decisions based on a series of fast and frugal heuristics; i.e., rules of thumb (for simplicity,
here we provide a brief introduction of these rules, and a detailed introduction of each rule can be

found in our previous work [10]).

1.

Production Adjustment Decision

In each period, agent i has a probability of PrA; of adjusting its daily production.
We introduce a probability (Bi) to characterize agent i’s propensity to adjust its production
coefficient (6:) (Agent i’s daily production is gi = 61 x Q! /T, and 6, is set to 1, indicating that
agent i’s initial daily production was equal to its average daily production in the last year.
Then, during the abatement phase, when agent i wants to reduce its production, we let Gi 1=
0; — 6. In turn, when agent i decides to increase its production, we let 6; = 0; 4+ 6. Here, ¢ is
an exogenous parameter.). When agent i’s profit of unit emission from the output market
(cpal) (Here the emission allowance is treated as a production factor. Suppose that the product
price is P/ per ton, and the production cost is ¢; per ton. The energy intensity of agent i
is pi. The emission factor of the energy is EF. Then, profit of unit emission for agent i is

calculated as cpal = (Pf - ci)/ (0l x EF).) is higher than a benchmark price (bmpi) (Here,

bmpi is a benchmark price for agent i to make production decision, and it is calculated as
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bmpl = p fm; x prol. prof(k = 1,2,3) are agent i’s three behavioural parameters related to
its production decision. A detailed explanation of the behavioural parameters can be found
in the Appendix of [10].), it might increase its production, and the probability is calculated as

Bl = <cpa§/ bmp} — 1>pmi. When agent i’s profit of unit emission from the output market (cpal)
is lower than a benchmark price (bmp}), it might decrease its production and the probability is
calculated as g} = (bmpi /cpal — 1) pm?.

2. Low-Carbon Technology Adoption Decision

For simplicity, we assume that in each period ¢, agent i only considers the adoption of the
available low-carbon technology with the lowest average abatement cost. A probability (v})
is used to characterize its propensity to adopt this technology. Reasonably, we assume that
7i is related to four factors: (1) baci, which is the average abatement cost of the technology
being considered, and we assume a+}/dbaci < 0; (2) beai, which is the potential emission abatement
of the technology in the remaining periods of the whole abatement phase, and we assume
37 /dbeal > 0; (3) enait, which is agent i’s expected net allowance, which is its holdings of allowance
minus the expected total emission in the whole abatement phase, and we assume 9! /9enaif < 0;
and (4) bmit (like bmp, bmi is a benchmark price for agent i to make production decision, and it
is calculated as bmil = pfIi x inv}), which is the benchmark price for agent i to compare with
when making adoption decisions, and we assume av!/3bmij > 0.

On the other hand, as a probability, the value domain of ! is [0, 1]. Thus, based on the four
factors listed above and their relationship with ’yi, we introduce a modified sigmoid function
for the calculation of 'y;' as follows (here invf (k=1,2,3,4,5,6,7) are agent i’s seven behavioural

parameters related to its adoption decision; among them, inv?, invj-l, and inv? are larger than 1).
inv,3 inv‘:-3 invl-7
; 1 1 1
1
= —— . . 2
n . o bac} / bmiy .y enaij . 6 —bea; @)
1+ (znvi> 1+ (znvi> 1+ (zm)i)

3. Allowance Trading Decision

In this model, there are NK ticks in each period, each of which is denoted by s. On each tick,
an agent is randomly selected to trade with other agents in the carbon market. The trading
process is organized based on the continuous double-auction mechanism.

Once selected, an agent first considers whether to trade as a buyer or a seller. Then, it will
submit a bid or ask order to the order book. The order is a combination of a limit price POQS and
a limit volume VOi,S, meaning that agent i would like to sell (or buy) VOfIS units of allowance at
a price no lower (or higher) than POLS. Following the work by Raberto and Cincotti [23], we let
agent i decides its limit price and volume randomly according to the current allowance price and
its allowance gap (a detailed introduction can be found in our previous work [10]).

Additionally, concerning agent i’s decision of trading direction, we introduce a probability
(‘:i,s) to characterize its propensity to trade as a buyer or seller, and it is calculated as follows.
When the current price of allowance (Pf{,) is higher than the benchmark price (bmt},)
(The calculation of bmt’t',s is different from bmpils and bmi;S for containing the influence of
agent i’s net allowance (enati,s), the difference between holdings of allowance and expected
total emission in the whole abatement phase. Here we reasonably assume that the higher
(or lower) fznati’S is, the lower (or higher) agent i’s bmtils is, and the higher propensity for
agent i to trade as a seller. Because given other factors equal, when agent i’s enat; ; is high,
it faces a lower probability of being fined by the end of the abatement phase, and a higher
probability of losing the value of excess allowance in hands. In order to characterize this impact
of enatils on bmtirs, we also introduce a modified sigmoid function as follows: bmti,S = pf mlt X
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i tra;
{1 +0.05 x { {1/ (1 + (tra})emtt'sﬂ — 0.5} }.), agents might trade as a seller, and the

. 3
probability is calculated as &}, = (P 15/ bmiy — 1>tm' . When the current price of allowance (Pf;)
is lower than the benchmark price (bmtils), agents might trade as a buyer, and the probability

4
is calculated as é,{/s = <bmt§,5/ P — 1>tm' (here, trai-‘(k = 1,2,3,4) are agent i’s four behavioural
parameters related to its allowance trading decision). This probabilistic framework also follows
the idea of Raberto and Cincotti [23], but the introduction of bmtirs reflects the abatement
motivation of agents” allowance trading behaviours.

3. Simulation Settings

For the simulation, we assume the whole abatement phase includes 365 periods, and each
period includes 240 ticks. There are 100 firms competing with each other in this virtual world,
and they are ordered and numbered i (i = 1,2,3,...,100) according to their scale. All the attributes
of agents, parameters of market demand, and coefficients of low-carbon technologies are the same
as the settings of the base scenario in our previous work [10] (there is a complete introduction to
all the attributes, parameters, and coefficients, as well as their value settings for simulation in our
previous work [10]; however, since most of them are not related to the discussion in this paper,
they are omitted in this paper for simplicity). The only difference is the settings of the observation
network among agents. As introduced in Section 2.3.1, four kinds of networks are considered in
this paper, including no network, regular network, random network, and small-world network.
For each kind of network, the average EYE; of agents ranges from 10 to 40 with an interval of five.
For the “no network” scenario, each agent (e.g., agent i) randomly observe EYE; other agents in each
period t when forming its forecast of the allowance price. However, for the other three scenarios,
the observation network among agents is set before the abatement phase. Each agent, say agent i,
observes EYE; neighbour agents, and the observation relationship between two agents is mutual
and constant. The “no network” scenario serves as the base scenario in the analysis.

4. Results and Discussion

In this section, the simulation results of our model are organized in three parts to give a heuristic
explanation of the impact of the observation network among firms. First is its impact on allowance
price and low-carbon technology adoption. Second is its impact on allowance trading volume and
total production. Third is its impact on the efficiency of the carbon emission trading mechanism.

4.1. Allowance Price and Low-Carbon Technology Adoption

As introduced in Section 2.3.1, the agents in the “no network” scenario obtain limited but
global information, while the agents in the other three scenarios obtain limited and local information.
As a result, when an inefficient adoption of low-carbon technology occurs, it is easier to be observed
by more other agents in the “no network” scenario than in the other three scenarios. The agents who
observe the inefficient adoptions reduce their forecast of the allowance price immediately, which then
leads to a decline of the real allowance price. Thus, more inefficient adoptions of low-carbon
technologies can be avoided in the “no network” scenario than in the other three scenarios. The more
inefficient adoptions that are avoided, the tighter the allowance supply is, and the higher the average
allowance price is. These results are shown in Figure 3.

In Figure 3, the red lines represent the allowance price in the carbon market, and the light
red areas represent the variation in 30 simulations. The four horizontal dotted blue lines represent
the total technology adoption in each of the scenarios. The “no network” scenario has the least
adoptions of low-carbon technologies, which means that the most inefficient adoptions are avoided.
Additionally, as a result of more inefficient adoptions of low-carbon technologies, the allowance
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price falls to zero in the other three scenarios. However, these three scenarios do not exhibit
significant differences.

For a similar reason, the increase of EYE; indicates more information for agents to make
decisions, which also leads to less inefficient adoptions and a higher average allowance price. The “no
network” scenario follows different expansion paths from the other three scenarios when EYE; rises
(as shown in Figure 4), while the lines for the other three scenarios entangle with each other, which
indicates little difference among them.
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Figure 3. Allowance price and low-carbon technology adoption when EYE; is equal to 15.

4.2. Allowance Trading Volume and Total Production

Concerning the impact of the network structure on the trading volume of allowance and
total production, we also choose the simulation results for four scenarios with the agents” average
EYE; equal to 15 as an example. The relevant results are shown in Figure 5.

In Figure 5, we can see that for the “no network” scenario, firms’ total production—
represented by the dotted blue line—is significantly higher than that in the other three scenarios.
This is the same for the total trading volume of allowance. As introduced in Section 4.1, this is because
firms have limited but global information in the “no network” scenario, and inefficient adoptions of
low-carbon technologies are observed by more agents, which leads to a faster decline of both agents’
forecasts and real allowance price compared with in the other three scenarios. Additionally, firms can

also adjust their production faster, as shown in Figure 6.
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Figure 6. Production when EYE; is equal to 15.

At the same time, the higher total production of agents also leads to a higher trading volume
of allowance in the carbon market, as shown in Figure 5. This is because for the firms with
high abatement costs by low-carbon technology adoption, the more firms produce, the greater the
allowance gap is, and the higher the trading volume of allowance is in the carbon market.

On the other hand, as discussed in Section 4.1, when firms” average EYE; rises, more inefficient
adoptions of low-carbon technologies can be avoided, which also means stronger pressure for
firms to reduce their production for abatement. However, as a result of the existence of an
observation network, firms’ total production is further higher in the “no network” scenario than in
the other three scenarios. This is because although the stronger pressure leads to a sharper reduction
of production at the beginning of the abatement phase, the agents in the “no network” scenario can
adjust their production faster when they observe the inefficient adoptions of low-carbon technologies,
while the agents in the other three scenarios cannot. A comparison between the two examples with
average EYE; equal to 15 and 35 is shown in Figure 7.

As a result, the expansion paths of firms’ total trading volume and total production in four
scenarios are different: for the “no network” scenario, firms’ total trading volume of allowance
increases with average EYE; rising, as well as firms’ total production; while for the other three
scenarios, firms’ total trading volume of allowance decreases with average EYE; rising, as well as
firms’ total production. This is shown in Figure 8.
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Figure 8. Expansion paths of total trading volume of allowance and total production.

4.3. Efficiency of Carbon Emission Trading Mechanism

In our previous work [10], we found that the efficiency of the carbon emission trading
mechanism increases with firms’ rising EYE;, which is represented by the decline of the social
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average abatement cost. However, as discussed in Section 4.2, when the observation network exists,
firms’ total production decreases with rising EYE;, which means a higher abatement cost of revenue
loss in the output market. As a result, the existence of the observation network among firms reverses
the trend of the social average abatement cost with firms’ rising EYE;, as shown in Figure 9.
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=
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Figure 9. Expansion paths of social average abatement cost.

5. Conclusions

Based on the agent-based model we established in our previous work [10], we attempt
to simulate the impact of the information transmission mechanism on the carbon emission
trading scheme. The transmission mechanism is depicted as an observation network among firms.
Four scenarios are considered, including no network, regular network, random network,
and small-world network.

The simulation results are organized as three parts. First, the impact of different networks on
the allowance price and firms” adoption of low-carbon technologies are analysed. We find that with
limited but global information, more inefficient adoptions of low-carbon technologies are avoided
in the no network scenario than in the other three scenarios. This leads to lower total adoption
of low-carbon technologies, and higher average allowance price. Additionally, when EYE; rises
(which indicates more information for firms to make decisions), both firms’ total adoptions and
average allowance price rise in all four scenarios. However, the no network scenario follows
a different expansion path, and there is no obvious distinction among the other three scenarios.
Second, the impact of different networks on the trading volume of allowance and firms’ total
production are analysed. We find that the existence of the observation network delays the
transmission of information, and also delays firms” adjustments of production in the output market.
This leads to lower total production of firms, as well as a higher revenue loss as the social cost
of abatement. Third, following the second result, our model shows that the existence reverses the
trend of the social average abatement cost with the increase of firms’ EYE;, since the increase of firms
average EYE; leads to more abatement cost from revenue loss in the output market.

In conclusion, the existence of the observation network shows a significant impact on the
carbon emission trading scheme in our model. The most important reason is that when the
network exists, it delays the global transmission of fundamental information, which leads to
more inefficient adoptions of low-carbon technology and more revenue loss in the output market.

7

In other words, the existence of the observation network reduces the efficiency of the carbon
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emission trading scheme. In fact, the “no network” scenario we set does not exist in the
real world. However, the results and discussions above implicate the necessity of establishing a public
mechanism of information disclosure to offset the negative effect of a network that does exist in the
real world. According to the results of our simulation, a dynamically updated list of firms” adoption of
low-carbon technologies would help to improve the efficiency of the carbon emission trading scheme.

Finally, several limitations of this model need to be clarified. First, the “firms” in the model
only refers to firms with abatement targets in the carbon market, and the financial agents in the
real carbon market are not yet included. Second, as a theoretical simulation model, the agent-based
model foremost serves as a heuristic device for understanding the evolution of a complex system,
scenario analysis, and policy evaluation. In our future work, more work will be done on calibration
based on real data and empirical tests of the results of the model. Third, the impact of the
carbon emission trading scheme also relies heavily on the allocation mechanism of the allowance.
In this paper, the allowance is allocated based on a grandfathering mechanism, so firms” allocations
are not related to their real production. Thus, firms have stronger incentive to reduce their
production for abatement, which shares the same view with Fischer and Fox [24]. In our future work,
more allocation mechanisms will be analysed.
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