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Abstract—Cloud gaming is a novel service provisioning technology that offloads parts of game software from terminals to powerful
cloud infrastructures. However, the commercial charging model for cloud gaming is still in its infancy. In this article, we reveal the
deficiencies of existing cloud gaming pricing models and propose CryptoArcade, a token-based cloud gaming system that adopts
cryptocurrency as a payment method. Using cryptocurrency, CryptoArcade provides a transparent and resource-aware pricing method,
enabling a time irrelevant silent payment on the floating price to protect players’ interests, which avoids the Quality of Experience (QoE)
degradation caused by traditional dynamic models. While CryptoArcade can solve the problem of pricing strategies, players still face
decision headaches caused by having commission overhead and pre-deposit amounts on blockchains. To better understand players’
trading behaviors in this decision-making, we consider a marketplace where players trade tokens through smart contracts before
gaming sessions. Considering the uncertainty of future token consumption, we use Prospect Theory (PT) in modeling and obtain the
optimal solution in closed form. When comparing with the benchmark expect utility theory (EUT), we show that with the same external

factors, EUT players are more likely to buy tokens than PT ones.

Index Terms—Cloud gaming, pricing, blockchain, token, prospect theory

1 INTRODUCTION

LOUD gaming, services that offload the game programs

from the traditional consoles to the cloud, executes the
core game logic and game runtime on the cloud and conveys
the game content to the players via video stream, which
reduces the hardware resource requirement in the thin cli-
ents. We are now getting a more solid version of the cloud
gaming future landscape from the recent announcement of
several big companies. During the Game Developers Confer-
ence (GDC) 2019 conference, Google offered Stadia, a cross-
platform cloud gaming platform, aiming to provide cloud
gaming service through the browser. Meanwhile, Tencent
Cloud released its cloud gaming solution at ChinaJoy 2019.
Recently, Oppo provided a cloud gaming experience over
5G at Mobile World Congress (MWC) 2019, while Microsoft
will also test the xCloud game streaming service in Korea
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over the 5G soon. Forsaken World, the new massively multi-
player online role-playing game (MMORPG) from Perfect
World, also launched a cloud version on China Telecom’s
cloud gaming platform in 2020. Worldwide game and tech
firms are exploring cloud gaming as a new way to deliver
game services, and the dawn of 5G provided solutions to the
pain point of network problems faced with cloud gaming in
the past few years, which also fueled up this field.
Extensively studies have been conducted to optimize
cloud gaming services, including graphical rendering [2],
edge allocation [3], bandwidth allocation [4], server resource
management [5], and dynamic streaming [6]. In contrast, few
researchers investigated novel cloud gaming pricing strate-
gies, which adopt playing time as their pricing criteria. The
existing cloud gaming pricing strategy follows a traditional
time granularity pricing in other cloud computing services.
For example, PlayStation Now', the most popular operating
cloud gaming platform, charges its customers with a
monthly subscription policy. The players need to pay the
subscription fee in advance at the beginning of a month to
access their cloud gaming services. However, this method
implies a high pre-paid price, which means the players need
to play sufficient time to make their payment worthwhile.
Therefore, the players with high service stickiness may bene-
fit from the monthly subscription, while others may suffer
from over-pay loss because of their limited playing time. At
the same time, the subscription needs resource provision for
all the subscribed players on a large time scale, which leads
to cloud computing resources idle and wasted. Another
method is the spot price, as dynamic pricing is used in
cloud gaming, solving the previous issues nicely in many

1. https:/ /www.playstation.com/en-us/explore/playstation-now/
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discontinuous computing services, which is fine-grained and
sensible to the market demand. For example, Parsec” applies
an hourly spot pricing model, where the players pay $0.5 to
$0.8 per hour according to the host. However, new issues
emerged in cloud gaming when using the spot price. Cloud
gaming services have high requirements for the quality-of-
service experience over a long continuous time. Floating pri-
ces will directly force players to change service demands,
which may devastate players’ service experience. For exam-
ple, if a silent payment method is used, the players will be
charged pay-as-you-go with a floating price. This will make
players concerned about their payment during the gaming
session, as they need to estimate the current service price
and their balance to determine how much time they should
or will play. If using payment requests instead, as the fine-
grained pricing model requires a cost based on a certain time
unit, the frequent payment requests will also affect the play-
ers’ gaming experience. Another problem with the spot price
is that the floating price in the payment process will be non-
transparent, which introduces price discrimination risks to
the players. As players can only have a rough estimation of
the service price, the transparent problem in payment allows
the service provider to arbitrarily control the price with no
protection for players’ utility. Hence, none of these pricing
strategies is good in practice [7], [8].

To mitigate the above issues, a new business model or
pricing strategy should be established. First, the newly pro-
posed model should protect the user’s payment, no matter
what they already paid or will pay in the future. This
requires the new model to keep the paid value while mak-
ing the payment process transparent. Second, to utilize the
computing resource, the service price of this new model
should be floated with the market demand. Third, to protect
the game experience from the worry of price and interrup-
tion of the payment request, a silent payment way on float-
ing price without concern should be applied.

Motivated by the tokenization and transparency of the
blockchain, we propose and implement CryptoArcade by bor-
rowing the idea from the traditional amusement arcade,
which installs coin-operated machines to provide the cloud
gaming service. Specifically, it is a novel cloud gaming sys-
tem that employs cryptocurrency as the coin, a.k.a. token, to
start the cloud gaming service, which consists of two parts:
token issue protocol and CloudAracde. Token issue protocol, a
smart contract deployed by the service provider (SP) on the
blockchain, can enable automatic price determination and an
autonomous liquidity mechanism for tokens. Players can
buy or sell tokens for participating in cloud gaming by call-
ing it. Unlike the time-based rental in traditional cloud pric-
ing models, CloudArcade sells gaming content not by the
length of gaming periods but by challenging opportunities
(e.g., a limited three lives in Contra). The tokens store the
payment value during the exchange and service purchase
process. Players can consume tokens with their needs, thus,
the over-paid problem caused by the coarse granularity pric-
ing can be solved. From the players’ perspective, arbitrary
price manipulation by SPs can be prevented because transac-
tions are transparent and traceable on the blockchain.

2. https:/ /parsecgaming.com/
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At the same time, CryptoArcade publishes the price of a
game on smart contracts and represents the price with a rel-
atively constant number of tokens, which is determined by
the game content and estimated demanded resources. Since
the instant price of a token directly reflects the number of
tokens in circulation, the actual price for the game will be a
dynamic index of market demand. As the token price will
silently manipulate the players” purchase behavior, Cryp-
toArcade can leverage it to optimize the resource consump-
tion of the cloud gaming system. The pricing scheme in
CryptoArcade is not related to the gaming period. For
example, if you buy ten tokens in advance, it will still be ten
tokens after minutes. Also, as token stores, a floating price
using tokens to pay the service reflects the state of market
conditions. Thus, the time anxiety and disturbance intro-
duced by the spot model can be eliminated, promoting the
player’s gaming experience. To overcome the performance
issue of the blockchain when players use tokens to purchase
cloud gaming services, we also integrate the payment chan-
nel technique to provide players with more credible, lower-
cost, and higher-frequency transactions.

Although the CryptoArcade can solve the problems of
pricing strategies in cloud gaming, players confront new
decision-making problems. 1) High commission: Purchasing
tokens on blockchains requires a significant commission,
known as the gas fee® that is not related to the number of
tokens purchased at one time. 2) Advance payment: Players
need to attach enough tokens to the pre-deployed payment
channel smart contract before the cloud gaming service to
ensure that the game does not end due to a lack of tokens.
Therefore, before starting a cloud gaming on CryptoArcade,
players need to make a careful consideration on how many
tokens to buy or sell at a time.*

Located at the player’s premises, we focus on one play-
er’s trading behavior under the future token consumption
uncertainty, given the current token price and quantities of
remaining tokens in her/his wallet. Specifically, we need to
solve how many token she/he sells or buys to maximize
her /his utility? To answer the above question, we calculate
the maximum expected utility for holding the different
number of tokens, considering his future consumption
uncertainty, the current token price, and gas fee[10]. How-
ever, substantial empirical evidence has indicated that pre-
dictions based on Expected Utility Theory (EUT) can be
significantly inconsistent with observations from reality due
to the psychological complexity in humans’ decision-mak-
ing mechanisms. Hence, prospect theory (PT) has been pro-
posed to provide a user-centric view to address this issue,
considering three significant aspects: reference points,
asymmetric value function, and probability distortion [11].
To better understand the players’ trading behaviors before
participating in CryptoArcade, we formulate the trading
decision problem as an optimization problem, where the

3. Because of the boom of decentralized finance (DeFi) since 2020,
the evolution of gas price during the second half of 2020 has been
increasing in an unprecedented manner. For example, in September
2019, the average price was 0.0225ETH ($4.8 at the time), and one year
later, it was 0.193ETH ($74.9 at the time) [9].

4. Players can purchase multiple tokens at once to reduce the num-
ber of purchases and thus reduce the gas fee consumed during the pur-
chase process.
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player will decide her/his selling or purchasing token quan-
tity. Moreover, We discuss and compare the practical
insights by comparing the analysis under PT and EUT. The
significant contributions of this paper are shown as follows:

o  System Design and Implementation: We propose and
implement the first cloud gaming system named
CryptoArcade. Specifically, we adopt cryptocur-
rency to solve the problem of traditional time granu-
larity pricing and adopt the special silent payment
method to protect players’ game experience while
utilizing computing resources. In addition, we lever-
age the payment channel to address the performance
issues of the blockchain, providing low-cost, faster
transactions between players and the SP.

e  Prospect Theory-based player behavior model and analy-
sis: Due to the uncertainty of future token demand
faced by players in CryptoArcade when they buy or
sell tokens, we model players’ behavior based on
prospect theory considering the effect of token price
and gas fee on both EUT and PT players’ strategies.
Compared with the benchmark EUT, PT players are
more likely to buy tokens under the same external
conditions.

The rest of this paper is organized as follows. We review
related work in Section 2 and illustrate the overview and
design of the proposed cloud gaming system in Section 3.
The EUT and PT player’s behavior models are presented in
Section 4. We then formulate and solve the optimization
problem in Section 5. Afterward, we illustrate the system
implementation and numerically evaluate the sensitivity of
the player’s optimal decision for several model parameters
in Section 6. Finally, section 7 concludes this paper.

2 RELATED WORK

2.1 QoE of Cloud Gaming and Dynamic Pricing

As a kind of cutting-edge cloud computing paradigm, cloud
gaming shows promise to the economic landscape of com-
puting. The pricing is a critical issue for cloud gaming
because it directly affects players” budgets, influencing play-
ers’ QoE [12]. Though static pricing is the dominant strategy
today, dynamic pricing has been widely studied and dis-
cussed in the past few years. It tries to solve the problems in
static pricing by adjusting prices according to the demands in
the cloud service market. Dynamic pricing schemes such as
real-time pricing, auction-based pricing, and job scheduling
pricing are discussed and proposed [13], which are adopted
in some real-world applications, including cloud computing
[14], [15], [16], edge computing [17], [18], and power control
[19]. These pricing schemes usually develop a floating price
algorithm based on both users and service providers and
indirectly use price to manage the demands on the users’
side, leading to a devastation of users’ service experience.
Meanwhile, due to opaque pricing, service providers can
manipulate prices to gain more significant benefits. A typical
example is the spot price proposed by the Amazon Web Ser-
vice (AWS) [20]. Xu et al. [12] conduct an empirical study on
Amazon’s spot price history to show that, in contrast to the
common belief [21], Amazon’s spot price is unlikely to be set
according to market supply and demand. Rather, price

oscillates within a narrow band most of the time, which is
more likely to be controlled by Amazon.

Here, we apply cryptocurrency to CryptoArcade mainly
because it fulfills our critical needs: 1) its price reflects the
demand in the market, which is not controlled by the compa-
nies; 2) it provides a secure and transparent payment process.

2.2 Token Issuing Problem

Many different decentralized exchanges (DEXs) have been
proposed using different market marker mechanisms, rang-
ing from classic order book mechanism [22] to other more
complicated approaches with particular bonding curve [23].
Directly applying the classic order book mechanism on ser-
vice pricing can bring the low liquidity problem [24]. Specifi-
cally, token transactions need to match the buyer and seller,
leading to liquidity loss and hindering the transactions.

To mitigate the above issues, early automated market
maker-based DEXs (AMM-based DEXs) such as Bancor [23]
used bonding curve model for pricing assets: in this models,
the function specifies the cost of an asset based on the total
available supply. Another possible model for pricing assets
named constant product market marker (CPMM), first
introduced by Uniswap [25], [26], does not require the abil-
ity to change the supply of an asset in order to measure its
price. Instead, Uniswap holds assets whose relative price
we wish to measure in its reserves. Uniswap specifies a pric-
ing function that maps the assets’ quantities in reserves to
their marginal price. Although the CPMM-based AMMs are
similar in spirit to bonding curve-based AMMs, we will dis-
tinguish them as a separate class of AMMs because of rela-
tively distinct range of applicability.

2.3 PT-Based Players’ Behavior Analysis

The research of using behavioral economics (and PT in partic-
ular) to understand user decisions in networking is at its
infancy stage. Li et al. [27] considered a linear value function
with the probability distortion and compared the equilibrium
strategies of a two-user random access game under EUT and
PT. Xiao et al. [28], and Wang et al. [29] considered a linear
value function with the probability distortion and character-
ized the unique Nash Equilibrium of an energy exchange
game among microgrids under PT. Yu et al. [30] considered
the general S-shaped value function in studying a secondary
wireless operator’s spectrum investment problem.

3 DESIGN OF CRYPTOARCADE

In this section, we first introduce the system overview of
CryptoArcade. Then, we illustrate the token issue protocol
and CloudArcade, respectively.

3.1 System Overview

In this subsection, we present an overview of our proposed
system, composed of the game store, cloud gaming service,
and blockchain platform. In our system, games are run in vir-
tual machines (VMs) in the cloud and configured by a cloud
gaming service, which uses a uniform token for access and
game time continuation. Tokens in the system are used for
unlocking the game by unlocking the control panel, which can
be purchased by calling the token issue protocol. When the
asset in the game is run out, the control panel will be locked,
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Fig. 1. System overview of CryptoArcade.

or the game cannot continue. To access or continue gaming,
tokens should be paid. Our design is depicted in Fig. 1.

Unlike traditional cloud gaming services, here, we only
choose to serve coin-op arcade games, which require coins to
start or continue the gaming sessions in the cloud gaming.
The arcade game is time irrelevant but only related to the
avatar life quantity or the time limits in the game design. A
new payment request is needed if the lifetime or any other
finite representative regarding the payment is exhausted.
This particular character eliminates all the pricing concerns
relevant to the playing period. In CryptoArcade, we set a
game service price as a certain number of tokens written in a
smart contract. This first provides a transparent payment
process that helps players to have a clear understanding of
the cost they need to pay. Second, though the number of
tokens is relatively constant, the price of tokens can always
reflect the actual market demand. The game service price is
automatically adjusted according to the market condition,
and resource optimization based on dynamic pricing manip-
ulation can be achieved in that sense.

3.2 Token Issue Protocol

Integrating the dynamic pricing ability of cryptocurrency
into the real market, liquidating the token, maintaining the
token price in a reasonable range, and keeping the price
elasticity to reflect the supply and demand of the market are
crucial to the success of the CryptoArcade. The AMM-based
DEXs seem to be proper for our case. However, the C°PMM-
based DEXs, such as Uniswap and Sushiswap, define a rela-
tionship between two or more tokens [31]. The price of
tokens changes on a fixed “bonding curve”, depending on
the ratio of tokens in the pool, which can be dramatically
affected by arbitrageurs’ behaviors.” To keep the token price
be relatively stable, we introduce the Bancor protocol.
Besides providing autonomous liquidity for tokens on the

5. The price of the cryptocurrency are volatile. For example, the
price of ETH at the beginning of 2017 was roughly $10; a year later, it
was over $1,400 [32]. And now, it has been over $4,000 in 2021.
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smart contracts [23], Bancor defines a relationship between
token price and supply. Specifically, the token’s price is con-
tinuously recalculated according to not only the balance of
the connector’s® value but also the total supply of the
tokens. The SP can tune the three critical parameters,
namely, the connector weight, initial connector balance, and
initial token supply, to determine the initial token price and
price-supply relation of the token issuing method [33]. This
method has been used widely to maintain relatively stable
cryptocurrency prices in several protocols, such as Aave-
gotchi” and FEL®

As shown in Fig. 2, the SP uses the historical data and
knowledge of the service, with its designed pricing strategy
to determine the normal price in fiat. Normal price in fiat is
an estimated service price presented by fiat currency using
the non-peak non-valley demand data. Then, SP determines
the service price in token, claiming the relationship between
the token number and service access (e.g., one token a ser-
vice). Based on the normal price in fiat, price in token and
knowledge of the service demand, SP can tune the parame-
ters for the token issue contract. After the token issue proto-
col is determined, players who interact with the protocol
can generate a real-time dynamic exchange rate between
the issued token and fiat currency. According to this
dynamic exchange rate, the price in token can be appropri-
ately mapped to a market price in fiat, achieving the
dynamic pricing for service.

3.3 CloudArcade

After trading tokens via calling token issue protocol, players
can buy cloud gaming services in CloudArcade. We illus-
trate our design of CloudArcade in Fig. 3. Video games are
executed in the VMs hosted by cloud gaming services and
have their corresponding game service URLs. These services
are registered in a local database of the cloud server. From
the perspective of players, players need to first log in to their
cryptocurrency wallets to access the game store. Then they
can query game prices through the interaction with the smart
contract deployed by the CloudArcade. The game store

6. The connectors are other frequently-used cryptocurrencies, such
as USDT, USDC, DAI and ETH

7. https:/ /aavegotchi.com/

8. https://docs.fei.money/protocol /bondingcurve

323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

350
351
352
353
354
355
356
357
358
359
360



361
362

363

364
365
366
367
368
369
370
371
372
373
374

375

376
377
378
379
380

382
383
384
385
386
387
388
389
390
391
392

FAN ETAL.: CRYPTOARCADE: A CLOUD GAMING SYSTEM WITH BLOCKCHAIN-BASED TOKEN ECONOMY 5

I

Virtual Machine

| 9 < Streaming >
Interact
Cloud Gaming Service

Update Service Info | Unlock Games
Connect With Service URL

I ) I Exchange
Return Service URL = Semcs Infovgmauon
| ﬁ@" I Send Signature Q
Game Store Cloud Server
T T Query Game Pr|ce
Purchase Service
Using Signature Verify Signature
l D Player @ |
Devices et Smart Conlracl
N
Deploy | e @
Payment Channel U ¢ > ‘
Payment Channel Blockchain Network
L

Fig. 3. CryptoArcade architecture.

automatically retrieves other game services information
from the cloud server, as specified in Section 3.3.2.

3.3.1 Game Service Setup

Game services provided in the CloudArcade should main-
tain games that have outside control over their primary pro-
cesses. A game process should be blocked or terminated
when no activation signal is received. Meanwhile, it should
also be a non-roguelike genre that players can pick up any-
time to continue playing. To this end, games run in VMs
should be modified to fulfill the following requirements: 1)
a game’s process can only be run or continued when acti-
vated; 2) the game can be only activated by the central
server; 3) the game’s process should be blocked again when
current service is over.

3.3.2  Game Service Information Fetching

We use a centralized cloud server to store the basic informa-
tion of the game services and a smart contract deployed on
the Ethereum platform to store the price of the games. The
game store will automatically query the game service infor-
mation from the cloud server, like the name and degree of
crowdedness. It will also open up a bi-directional communi-
cation channel to receive the server’s latest price and queue
information. To completely use the game store, players first
need to inject their wallet accounts. Players may use self-
hosted wallet plugins in their browser and authorize wallet
accounts in the store. The store will automatically trigger
the account address, balance, and other essential informa-
tion of the wallet. If the wallet did not login yet, a warning
message would be generated. After the wallet information
is successfully detected, players can fetch the game services
information by clicking the query button on a particular
game card. The game store will then query the price

through the interaction with the smart contract we previ-
ously mentioned.

3.3.3 Service Purchase

After receiving the information from the smart contract and
cloud server, the player can make a transaction when avail-
able services exist for a specific game. However, the average
playing time for an arcade game is relatively low, and the
purchase requests will be very frequent. Besides, the
throughput of blockchain pales in comparison to centralized
payment systems such as VISA [34]. This pending time will
result in too much waiting for a service like that. Moreover,
because there exists an emission for every transaction, there
will finally be many total events for all the payment pro-
cesses, which adds difficulty for the cloud server to search
the latest block that matches up with the need. The search-
ing process will become slower as the event blocks grow
up. Also, there is a problem with frequent interactions of
smart contracts in this system, resulting in some delays.

To solve the problems mentioned above, we integrate the
payment channel” — a second layer protocol into CloudAr-
cade, as illustrated as Fig. 3. The payment channel is widely
studied and utilized by researchers in solving such problem
[18], [35], [36]. Players now use the payment channel instead
of directly committing transactions to the blockchain to per-
form purchase actions. A payment channel is a pre-payment
offline transaction model designed to allow players to make
multiple transactions without committing these transactions
to the blockchain. Here, instead of directly calling the smart
contract deployed by CloudArcade to make a transaction,
the player first deploys a smart contract by himself, which
is then called the payment channel. The player needs to
attach enough tokens to the contract to make further trans-
actions. Every time a payment channel is created, the game
store will send its address and the player’s account address
to the central cloud server. The server will then update the
record in the local database if there already exists a payment
channel in the local database for the corresponding player’s
wallet account. The old address will be replaced with the
new one, and CloudArcade will record the address for fur-
ther claims and fund release.

When a player makes a transaction, he needs to authorize
a payment by signing the message with the newest cumula-
tive payment and the payment channel address, then send-
ing it to the cloud server. After receiving the signature, the
cloud server will deconstruct the signed message to check
whether the signature is valid. The following checks are per-
formed: 1)Address wverification: That means the contract
address and player address inside the signature will be vali-
dated. The player's address will be confirmed to see
whether it is matched up with the player that sends this sig-
nature to the cloud server. The contract address will be vali-
dated to avoid a replay attack. The request will be rejected if
there exists any wrong in the previous check process. 2)
New Total Amount Verification: The cloud server can get the
newly paid fees by comparing the new accumulated price
inside the signature, and the record new verified

9. https:/ /solidity.readthedocs.io/zh/stable/solidity-by-example.
html\#micropayment-channel

393
394

395

396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448


https://solidity.readthedocs.io/zh/stable/solidity-by-example.html\#micropayment-channel
https://solidity.readthedocs.io/zh/stable/solidity-by-example.html\#micropayment-channel

449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

466

467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489

6
- Get Price Information Validate § E;
9 ""o
"
Smart Contract Signature
Get Services Status and Get Account | Sign Signature
Payment Channel Info Address J
< «—
Update New Channel Address —==slime
Database CloudServer Wallet
Send Payment Channel
Address
Return Available Service URL E
( AccumulatedMoney
. ‘ Deploy Channel > U)
'- — -—
Player PaymentChannel

Fig. 4. Validation in CloudArcade.

accumulated price to the local database. If the newly added
price is not matched with the current game price demon-
strated in the smart contract, the request will be rejected. 3)
Total Amount Exceeding Verification: As the payment channel
always has a ceiling for the pre-paid ether amount, the
cloud server needs to check whether the new total amount
already exceeds the maximum. If so, the request will be
rejected. The check process can be graphed as Fig. 4. If all
checks are correct, the service allocation process will be con-
ducted. And the latest signature and the total amount of the
given wallet address will be updated. When CryptoArcade
decides to withdraw money, it only needs to present a
signed message to the smart contract. After the authenticity
of the message is verified, the fund will be released. Because
the payment is offline and does not operate on the block-
chain network, it eliminates the pending problems in
CryptoArcade.

3.3.4 Service Allocation

After receiving the fxhash in the previous step, the player
can now use it to exchange the corresponding game service
from the cloud server. The player sends his txhash together
with the account address to the central cloud server, and
the cloud server will fetch all the GamePayoutSuccess
events from the smart contract. The central server can find
the latest event performed by the account address and check
whether the txhash is valid. The local database will also be
used to make verification. The following checks are per-
formed in the verification process: 1) Whether the txhash has
been used. That is whether or not the txhash has already
been recorded in the local database for this account address.
If the txhash is already used, the allocation requests will be
rejected. 2) Whether the txhash is the latest. That is if the
txhash matches the latest GamePayoutSuccess event that
cloud servers retrieved from the smart contract or not. If
not, the allocation requests will be rejected. If all checks
pass through, the cloud server will derive the game ID from
the data part of the GamePayoutSuccess event and check
whether available resources exist to provide the game ser-
vice for the particular game identified by the game ID. If
not, the activation process will still be rejected. If there are
enough resources on a cloud server, the server will unlock

IEEE TRANSACTIONS ON CLOUD COMPUTING

the corresponding game in the local VM by rewriting the
lock file and sending the service URL back to the player.
The latest txhash for this account address will be updated.
Then the updated service information will be broadcast to
all players.

3.3.5 Game Service Access

After receiving the valid service URL, the player can access
the game service. All games are run in the VMs with a lock
file inside. The game is only runnable when the lock file is
false, and only the cloud server can unlock these files. These
files will be reset true after a game service ends like life end
or time is up. The cloud gaming service hosts all games, and
they will have their corresponding configuration file that
determines their streaming and control properties and the
service URLs. And all service URLs and lock files will be
registered in the local database of the cloud server. The
cloud gaming service will start streaming these game con-
tent when a configuration is run, and the service URL can
be used to access these games. In this sense, the player can
only access the service whose inside game has already been
set unlocked. In practice, the service URL will be generated
randomly to ensure the game experience’s safety, which can
be easily done by changing the configuration file of specific
game service.

4 PT AND EUT-BASED PLAYER’S MODEL

Although CryptoArcade can solve the problems of price
fluctuation and opaque pricing in traditional cloud game
pricing, due to the payment channel'® and transaction fee
during the token purchase process, players need to estimate
the tokens needed for the cloud gaming before purchasing
tokens. To better understand the players’ decisions when
buying or selling tokens, we use EUT and PT to model
player behavior, respectively.

As illustrated in Fig. 1, we consider a cloud gaming ser-
vice market consisting of a SP and an extensive set [J of
players. Each player is associated with a wallet and can
obtain tokens by calling token issue protocol before cloud
gaming. The token price 7 is volatile and depends on the
demand for tokens at the current moment. Hence, a player
can buy or sell tokens based on the current token price and
future token consummations. We consider the operation for
an extended period divided into 7" session slots. For nota-
tional convenience, we normalize the length of each session
slot to be one. Moreover, we assume that total N players are
at tth session slot. Since the number of players in the cloud
gaming service market is large, a single player’s choice will
have a negligible impact on the market."'

4.1 Player’s Modeling
In this subsection, we define the player’s specific costs
incurred to participate in CryptoArcade.

10. Before the cloud gaming service, players need to add enough
tokens to their pre-deployed payment channel smart contract address
to ensure that the game does not end for lack of tokens.

11. The impact here refers to the effects of player decisions on the
current token price.
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e Token fee: Token fee refers to the cost for buying
tokens at a price 7; in the ¢th session slot. We con-
sider a static game and denote the strategy of player
Jjby o}, with o; € [-Rj, +00), which is the number of
tokens that player j buys or sells, where R; is the
number of remaining tokens in player j's wallet. Spe-
cifically, positive values of o; indicate that player j
purchases tokens via calling token issue protocol, and
negative values of o; represent that the player j sells
tokens back to the token issue protocol. o; > —R;
implies that the player can not sell more tokens than
the remaining tokens in the wallet.

e Transaction fee: Transaction fee, also known as the
gas fee, refers to the transaction cost for token trans-
fers or the execution of smart contract code in a block-
chain. Gas fees are paid in the native currency of
Ethereum, ether (ETH), which is calculated as the gas
used multiplied by the gas price. Specifically, gas G
refers to the unit that measures the amount of compu-
tational effort required to execute specific operations
on the Ethereum network.'? For instance, token trans-
fers always take up 21,000, and a transaction involv-
ing smart contracts would take up a greater amount
of gas, with the exact value determined by the com-
plexity of the transaction. Gas price u is charged by
miners to use the computational power of Ethereum,
which is generally quoted in “gwei”. The conversion
factor between ether and “gwei” is represented as g =
1079. Hence, the total transaction fee can be calculated
as GugP.;,, where Py, represents the price of ETH at
the current time slot. For simplicity, we use f to
denote the transaction fee. Hence, the transaction fee
for participation in cloud gaming services can be
summarized as follows:

f ) if Uj 7'é 07

eloy) = {o, if ;= 0. W

If player j decides to buy or sell tokens (.e.,
o # 0), the transaction fee is f, if player j decides to
use the remaining tokens without buying and selling
operations (i.e., o; = 0), the transaction fee is 0.

e Satisfaction Loss: Another critical factor that the
player j needs to consider is the future token con-
sumption uncertainty in the current session slot. If
his token consumption exceeds his total tokens, she/
he will incur a satisfaction loss. For simplicity, we
consider a linear satisfaction loss function in the spe-
cific interval,

0, if Rj+0;—d; >0,
b= 5o

. (2
kj(Rj-FO’j—dj)v if R]'+Uj—dj < 0,

where k; is the satisfaction coefficient to represent
satisfaction-seeking level of player j and d; repre-
sents the token consumption of player j in this
time slot. Moreover, R;, k; and d; are constants
for player j.
Next, we derive the player’s expected utilities under both
EUT and PT.

12. https:/ /ethereum.org/en/developers/docs/gas/

4.2 Utilities Under EUT

We focus on a single player’s decision-making problem and
ignore the player index j for notional convenience. Hence
we will write the future token demand of player j as d, the
strategy as o, the remaining tokens, and the satisfaction
coefficient as R and k, respectively. We assume that the
player’s token consumption in the current session slot has I
possible values d; : i =1,2,---,1, with the corresponding
probabilities p; : ¢ = 1,2, ---, I such that Zz'I:1 p; = 1. Hence,
if a player buys o tokens, his utility under EUT will be rep-
resented as follows:

I
Upyr(o) = Zpi[—ﬂd + L(o) — ¢(0)]. 3)

i=1

4.3 Utilities Under PT

In this subsection, we formulate the PT player’s utility con-
sidering the three parts of PT, namely S-shaped value func-
tion v(z), probability distortion function w(p), and reference
point u,.s [37]. Moreover, we discuss the impact of the three
features on a PT player’s utility.

Reference point u,.s [37] refers to players’ personal bench-
mark to evaluate their final utilities, which varies from per-
son to person. Specifically, the player will consider
obtaining a gain if the actual outcome is higher than the ref-
erence point. Otherwise, she/he will think that she/he suf-
fers from a loss. Hence, players with high reference points
always have high expectations of the outcome. Players with
low reference points always have low expectations. The ref-
erence point will significantly affect the player’s subjective
valuation of the outcome and strategies.

Subjective valuation v(u) can be calculated by the actual
outcome u. Behavioral studies show that an S-shape asym-
metrical valuation function can better capture practical
human psychological loss and risk preference. Specifically,
the function v(u) is concave in the gain region (i.e., u > 0)
and convex in the loss region (i.e.,, v < 0). Moreover, the
impact of the gain is smaller than the loss, i.e., |v(—u)| >
v(u), Yu > 0. For a special case in Fig. 5 (i.e., the blue line),
v(u) increases with increasing u.

U — Ure ﬁ?
o(w) = { ( 7)

=AUy — u)’s7 U < Upef,

u > Upef,y

(4)

where 0 < <1 and A > 1. We use g to represent the risk
aversion parameter. A smaller g indicates that the value
function is more concave in the gain region (i.e., v > 0) and
convex in the loss region (i.e., v < 0), which represents that
the player is more risk-averse in gains and risk-seeking in
losses. Besides, the loss penalty parameter A also signifi-
cantly affects the PT player’s utility. A larger A indicates
that the player is more loss averse.

Probability distortion function w(p) represents humans’ psy-
chological over-weighting of low probability events, and
under-weighting of high probability events [38], as shown in
Fig. 6. A commonly used probability distortion function is

w(p) = exp(—(—Inp)*),0 < & <1, (5)

where « is the probability distortion parameter, which
depicts how a player’s subjective evaluation distorts the
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Fig. 6. The probability distortion function w(p) in PT.

real probability. A larger « means a smaller probability dis-
tortion [38]. p refers to the real probability, and w(p) repre-
sents the corresponding subjective probability under PT.

Considering the above three features in PT, a player’s
expected utility under PT is

~

upr = Z w(p;)v(—mo + L(o) — c(o)]. (6)

i=1

Combined Egs. (3) with (6), we can obtain that the play-
ers’ utility function under EUT is a special case of utility
function under PT, with the parameter choices of A = =
o =1and u,.; = 0.

5 SOLVING THE EUT AND PT-BASED
OPTIMIZATION PROBLEM

To simplify the presentation and better illustrate the
insights, we assume I = 2 for the rest of the paper. More
specifically, we consider two possible future token con-
sumption in the current time slot: d, and d;, with d;, > d; >
R > 0. We use p to represent the probability of low token
consumption and 1 — p to represent the probability of high
token consumption dj,.
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5.1 Performance of the EUT-Based Cloud Gaming
Service Game

To solve the EUT-based optimization problem mentioned in
Section 4.2, we first consider the player’s utility maximiza-

tion problem and formulate Eq. (3) as follows:

1
maxzpi[_m’ + L(0) = c(o)],
st. =o€ [~R,+00).

Theorem 1. The optimization problem under EUT is a piecewise
function, which is not convex, so we discuss different cases and
calculate the corresponding optimal strategy. The player’s opti-
mal strategy under EUT is summarized as follows:

o If 0<a<(l-=pk and f<(k—mn)(d,—R)—
kp(dy — d;), the player’s optimal trading strategy is
0" =d, — R.

o If 1—pk<n<kand f<(k—m)(d —R), the
player’s optimal trading strategy is * = d; — R.

o Ifn > kand f < (7w — k)R, the player’s optimal trad-
ing strategy is 0* = —R.

o For any other conditions, the player’s optimal trading
strategy is o* = 0.

The proof of Theorem 1 is given in Appendix A, which
can be found on the Computer Society Digital Library at
http:/ /doi.ieeecomputersociety.org/10.1109/
TCC.2022.3210013.

5.2 Performance of the PT-Based Cloud Gaming
Service Game

To solve the PT-based optimization problem mentioned in

Section 4.3, we first consider the player’s utility maximiza-

tion problem and formulate Eq. (6) as follows:

I
max Z w(p;)v(—mo 4+ L(0) — ¢(0) — Upes]

st. o€ [~R,400)

Here we set the reference point u,.; = mR, which means
the player’s high expectation utility is her/his existing asset.
So the player’s utility is:

I
Ulo) =Y w(p:)(mR + 7o — L(0) + ¢(0))”. (7
=1

We compute its first-order derivative as follows:

o dL(o0) = dc(o)
o P ) ®)
(7R + 7o — L(0) + c(o))f 1.

One of the key challenges of computing the root of 2 = 0

is due to the (7 — %g’) + aca(;)) and the (nR+ 7o — L(o) +

¢(0))’!. To avoid a fractional order, we set the risk aversion
parameter f =1 to compare the player’s utility under PT
with the player’s utility under EUT.

Theorem 2. The optimization problem under PT is a piecewise
function, which is not convex, so we discuss different cases and

675
676
677
678
679

681
682

683
684
685
686

687
688
689
690
691
692
693
694
695

696
697
698
699

700
701
702
703
704

706
707
708
709
710

712
713
714

716
717
718

719

720
721
722

723
724


http://doi.ieeecomputersociety.org/10.1109/TCC.2022.3210013
http://doi.ieeecomputersociety.org/10.1109/TCC.2022.3210013

725
726

727

728

729

730

731
732
733
734
735

736
737
738
739
740
741
742
743
744

745
746

747
748
749
750
751
752
753
754
755

756

757

758

759
760
761

762
763
764
765
766
767
768

769

770

FAN ETAL.: CRYPTOARCADE: A CLOUD GAMING SYSTEM WITH BLOCKCHAIN-BASED TOKEN ECONOMY 9

calculate the corresponding optimal strategy. The player’s opti-
mal strategy under PT is summarized as follows:

e IfO< 717% and f < (nR— nd), — kR) +
% the player’s optimal trading strategy
iso* =dj — R.

o Ipr)w1p)<”<k“”df<(k 7)(d; —

player’s optimal trading strategy is o* = d; — R.

o Ifw > kand f < (w — k)R, the player’s optimal trad-
ing strategy is o* = —R.

o  For any other conditions, the player’s optimal trading
strategy is o = 0.

R), the

The proof of Theorem 2 is given in Appendix B, available
in the online supplemental material.

From the above two theorems, we can observe that a
player’s optimal token buying quantity is discontinuous.
This is due to the linearity of the utility function in the EUT
case and the convexity of the utility function in the PT case
with u,.¢. Details are given in Appendix A and B, available
in the online supplemental material. Besides, we have the
following facts.

Fact 1. When the gas fee f is small enough, the players under PT
and EUT have the same threshold gas fee' of the token price m.

Proof. From the Theorems 1 and 2, we know when the gas
fee f is small, all of the EUT players under the range of
token price (0, (1 — p)k] will buy token (d, — R) and the
range of token price ((1 — p)k, k] will buy token (d; — R).
So when the range of token price is (0, (1 —p)k] U ((1 —
p)k, k] = (0, k], the EUT players will choose the strategy to
buy tokens.

Similarly, all of the PT players under the range of
token price (0, w(pw(i%] will buy token (d, — R) and the
range of token price (%,k} will buy token (d; —

R). So, the buying token strategy for the range of token

price is (0’ u'(;;g;zlip)] U (uv(w)(Jru(l —p) k] (

the players under PT and EUT have the same threshold
gas fee of the token price . ]

k]. Therefore,

Fact 2. When the risk aversion parameter g = 1, for both PT and
EUT players, they are more likely to reach high token demand
dy, with decreasing p.

Proof. Proof.

When the g =1, we can easily find in the EUT condi-
tion, the token price and gas fee thresholds of the trading
strategy dj, — R are (1—p)k and (k—m)(d,—R)—
kp(dy, — d;), which are increasing with the decreasing p.
Similarly, in the EUT condition, the token price and gas

fee thresholds of the trading strategy d, — R are
% and (7R — wd), — kR) + %, which

also are increasing with the decreasing p. Therefore, both
PT and EUT players are more likely to reach high token
demand dj, with the decreasing p. 0

13. The threshold gas fee determines whether a player operates or
not.

Fact 3. When the risk aversion parameter g = 1 and probability
distortion parameter o = 1, a PT player with reference point
Upef = TR has the same threshold conditions with an EUT
player.

Fact 4. When the token price 7 is high enough, the player under
PT and EUT has the same threshold gas fee f. When the token
price  is large, which is higher than satisfaction coefficient k,
both EUT and PT players have one condition. If the gas fee is
smaller than (mw — k)R, they will sell all tokens. Otherwise,
they will choose no operations.

6 SYSTEM IMPLEMENTATION AND EVALUATION

In this section, we present the implementation of a proto-
type to demonstrate our proposed CryptoArcade system.

6.1 Enabling Technologies

We select a series of packages to fulfill the prototype devel-
opment requirements. For the blockchain platform, we
employ Ethereum'* due to its popularity in the decentralized
application community. To this end, solidity'> becomes our
smart contract programming language. For the client, we
adopt vue-cli'® and webpack'” framework to support the
fast development of the front-end. And we make a wallet
injection in the game store with the support of the Meta-
mask,'® a web browser plug-in to run Ethereum DApps
without running a full Ethereum node. The smart contract is
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invoked by web3.js,'” which is a JavaScript interface for con- 795
tract interaction. 796
6.2 System Deployment 797
We deploy our smart contract on Rinkeby Testnet,® an 79s

Ethereum testnet that developers use to test and perfect their
decentralized applications to conduct empirical experi-
ments. This is because that when we deployed CryptoAr-
cade, ETH? adopted PoW, which is one of the most
decentralized and secure blockchains. Although the block-
chain based on PoS and delegate Proof-of-Stake (DPoS) con-
sensus models has lower costs, its security and centralization
are controversial. The smart contract is deployed on Ether-
scan.”?> We designed two different smart contracts using
solidity. The first smart contract provides the interface for
the price query of the game services. It also provides the abil-
ity to directly use Ethereum as the payment method for the
cloud gaming services. The second smart contract is the pay-
ment channel contract provided by the solidity. Its bytecode
and API will be stored in the front-end, and players can use
them to deploy the payment channel with the help of the
Metamask. After successful deployment, the player can sign
the transaction using the address of the smart contract.

14. https:/ /www.ethereum.org/

15. https:/ / github.com/ethereum/solidity

16. https:/ /cli.vuejs.org/

17. https:/ /webpack.js.org/

18. https:/ /metamask.io/

19. https:/ /web3js.readthedocs.io/en/v1.2.0/

20. https:/ /www.rinkeby.io/

21. Indeed, ETH executed the merge on September 15, 2022, which
completed the transition of Ethereum to Proof-of-Stake (PoS), officially
deprecating Proof-of-Work (PoW). Still, the merger is controversial,
and PoW has considerable followers in the Ethereum community.

22. https:/ /rinkeby.etherscan.io/
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CloudArcade
Pick The Number of Game and Check The Corresponding Price

BubbleShooter PacMan

rent Channel Adress. a Gotpr

urent Price You paid:

0 Ether

Fig. 7. Payment in CryptoArcade.

To deploy the CryptoArcade system, we set up the open-
source GamingAnywhere [39] platform as SP. Three open-
source games, including Mario,?® Bubble shooter,?* and Pac-
man,? are retrieved from the GitHub repositories to be exe-
cuted in the CryptoArcade. We design a simple lock and
unlock procedure for our game services. We define the
game service status: true for unlocked and false for locked
and store the status inside the JSON file lockfile.json under
the root of the game directory. The service ID will also be
stored in it. All lock files’ file paths and their corresponding
service identifiers will be stored in the database. The game
will continually scan the lock file, only when the status is
true, the game process can be run normally. So we initialize
all the game status as false. When a successful transaction is
confirmed, the server will unlock the allocated game service
and return the service URL as the response. Players can use
it to access the game service. The server also needs to mark
the given service as occupied in the database. For example,
when a service is over, the lifetime comes to zero. The game
process will rewrite the status to false and send the modifi-
cation request to mark the status of the service in the data-
base as available.

6.3 Demonstration

For CryptoArcade, the service price will be automatically
shown on the game card. Players can click the button at the
bottom of the page to deploy a new payment channel or
click the other button to get the payment channel address
they created in the past. After a channel is selected, a player
can now click the button on the game card to send transac-
tion requests. Paid request validation triggers a signature
warning from Metamask, as shown in Fig. 7. Upon confir-
mation, the signature will be sent to the server. If the signa-
ture is verified, the game store will notify the service URL.
The cumulative cost within the payment channel will
appear at the bottom of the page.

After getting the service URL from the server, the game
process can be visited and controlled via the support of the
GamingAnywhere clients, as demonstrated in Fig. 8.
Besides, we evaluate our system performance, and com-
plexity in our previous work [1].

23 https:/ / github.com /justinmeister /Mario-Level-1

24. https:/ / github.com/justinmeister/bubbleshooter

25. https:/ / github.com/CharlesPikachu/Games/tree/master/
Gamel4
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98 sd\ replayer: undefined key scan=81(0051) key=0(0000

Fig. 8. Demonstration of game play with CryptoArcade.

6.4 Simulation and Results

In this section, we provide numerical results to illustrate a
player’s behavior, and analyze the impact of PT model on
players” optimal decisions.

6.4.1 Effect of Parameters on Player’s

Threshold Gas Fee

We first illustrate the impact of PT model parameters, market
parameters, and demand uncertainty parameters on the play-
ers’ optimal decision. We use Python as the tool to evaluate the
player’s behaviors in the CryptoArcade system. We mainly
focus on the price and revenue change with different parame-
ters input. From the previous part, we know the reference
point U,.; = mR, which means the value of tokens in players’
payment smart contract before cloud gaming. We assume g =
1 and A = 2 [40]. Besides, we set R = 10, high demand d), =
60, low demand d; = 15, token price * = $1, and k = 3.

Impact of the probability distortion parameter o on a player’s
threshold gas fee. Fig. 9a considers three different probabili-
ties of low demand: low (p = 0.2), medium (p = 0.5), and
high (p = 0.8). The token price varies from 1.00 to 3.00 with
an increment of 0.25. We can observe that with the probabil-
ity distortion parameter « increases, the threshold gas fee f
decreases and then keep stable when p=0.8. This is
because a smaller « means a player will over underestimate
the probability of low demand, and it is more risk-seeking.
Hence, it will choose to meet its high demand when « is
small. Since the probability of low demand under PT rises
with the increasing «, the player will choose to meet the low
demand when « is around 0.3, and the threshold gas fee
will keep stable eventually. Besides, we can find that f is
independent of « when p =0.5. The reason is that low
demand and high demand probability are the same under
PT. Moreover, the threshold gas fee f increases in « when
p=0.2. The player chooses to meet the high demand
because of the high probability. Since a smaller « means
that a player will overestimate the low probability more, it
becomes more risk-averse when p is small. Under this con-
dition, the probability of low demand will decrease with the
increasing o under PT.

Impact of the Remaining Tokens R in the Wallet on a Player’s
Threshold Gas Fee. Fig. 9b illustrates how the player’s threshold
gas fee f changes with the different remaining token R and the
probability distortion parameter «. We assume that p = 0.2.
The remaining tokens R are 3, 5, and 10, respectively, and the
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Fig. 10. The effect of g and token price = on PT players’ behaviors.

token price varies from $1 to $3 with an increment of 0.25.
From Fig. 9b, we can observe that f increases accordingly as «
increases in three different values of R, respectively. This is
because as « increases, the probability of high demand under
PT will be larger, and the player will gain more revenue from
satisfying high token consumption. Hence, the threshold gas
fee raises with increasing «. Furthermore, we can find that f
decreases with increasing R. If a player holds more tokens in
his wallet, it will gain more revenue without buying extra
tokens to token part in cloud gaming. Hence, when the gas fee
is more significant, the player with more remaining tokens pre-
fers to use the remaining tokens rather than pay an extra gas
fee to buy tokens.

Impact of the Token Price w on a Player’s Threshold Gas Fee.
Fig. 9c considers three different probabilities of the low
demand and illustrates how the threshold gas fee f changes
with the token price 7. We assume that « = 0.2 and p = 0.2.
The probabilities of low demand are 0.2, 0.5, and 0.8, respec-
tively, and the token price varies from 1.0 to 3.0 tokens with
an increment of 0.25. Under these parameter settings, the
player chooses to buy extra tokens to meet the high demand
under three different probabilities of low demand when the
token price 7 is low. In contrast, it chooses to meet the low
C}emand as m increases. Hence, the three threshold gas fees
f are the same when x is larger than 1.75. Besides, the
threshold gas fee f grows along with the increase in the
probability of low demand when the token price 7 is low.

6.4.2 Effect of Parameters on Players’ Behaviors

Previous analysis and simulations in Sections 6.4.1 focus on
single player’s strategies. Here we conduct a numerical sim-
ulation to discuss a more realistic scenario where different

Token Price

(b) Var(B) =0.5

n=10

n=10
Token Price

(c) Var(B) =0.8

players may have other behaviors under different external
factors[41], [42], [43], [44].

To better illustrate the insight in real life, we adopt the dis-
tribution of PT parameters that comes from the literature in
psychology and behavioral economics. The literature investi-
gated the PT parameters of each subject in real life experiments
[41], [42], [43], [44]. According to the data fitting results in [40],
the parameters X follows a Gamma distribution with a shape
parameter s, = 3.2433 and a scale parameter 6, = 0.6018 (p =
0.4768), and that the parameter 8 follows a Gamma distribu-
tion with a shape parameter sz = 12.8662 and a scale parame-
ter 65 = 0.0583 (p = 0.1278). Besides, we collect the practical
gas fee of swapping from 2021-12-11 to 2021-12-18 with a inter-
val 30s from crypto.com® to decide the range of f (e,
$28 < f < $325). Unless otherwise stated, we set the average
practical gas fee of calling smart contracts as $80. Besides, we
assume there is a total of 100 players participating in the Cryp-
toArcade at the current epoch. We assume that some parame-
ters of players’ utility function to follow the uniform
distribution, with d; ~ U(15,30), d;, ~ U(30,60), R ~ U(5,15),
p ~ U(0,1). Moreover, we consider different players have dif-
ferent sensitivity to games and assume that the satisfaction
coefficient k ~ N (5, 8).

Impact of the Risk Aversion Parameter B on Players’” Optimal
Strategies. Utilizing the above empirical data, we will study
the impact of the heterogeneity of parameter 8. We generate
this parameter g through the Gamma distribution with a
fixed mean (05 = sg x 65 = 0.75)*". Figs. 10a, 10b and 10c

26. https:/ /crypto.com/defi/dashboard / gas-fees
27. The mean of the Gamma distributed random variable is the
product of the shape parameter s and the scale parameter 6, i.e., s x 6.
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Fig. 12. The comparison of EUT and PT players under different token price .

consider three different distribution of risk aversion param-
eter 8, and illustrate the effect of g and token price 7 on
players” behaviors. From the figure, we can obtain that the
percentage of players” behaviors is independent of the dis-
tribution of B. The fact is that the value function v(u) in
Eq. (4) is monotone increasing function with u, hence, the
optimal strategies of players only depends on the compari-
son of u under different strategies, rather than the value of
p. Besides, we can notice that increasing token price &
makes more players choose to sell tokens, while fewer play-
ers buy tokens. In this case, the token price can keep stable.
We use the Bancor protocol as token issue protocol, and the
token price is related to the number of tokens in circulation.
Specifically, When the token price is high, more players
choose to sell tokens, leading to an increase in the number
of tokens in the token issue protocol and thus, a decrease in
the token price. Similarly, When the token price is low,
more players choose to buy tokens, leading to a decline in
the number of tokens in the secondary market and thus an
increase in the token price. Moreover, we can observe that
when the token price is small (i.e.,, 7 =1) and the token
price is large (i.e., w = 20), the token market is more active.
In other words, more players buy or sell tokens via the
token issue protocol.

Comparison of EUT and PT Players Under Different Gas Fee f.
Fig. 11 compares the EUT and PT players’ optimal strategies
under the gas fee of $28, $80, and $385, which represents the
free Internet, standard Internet, and busy Internet. As we can
see, if the gas fee is small (free Internet), the players with EUT
and PT have the same strategies. When the gas fee is small,
the EUT players and PT players only need to consider the

token price, and the players under PT and EUT have the same
threshold of the token price. When the Internet is standard,
compared with the PT players, the EUT players are more
likely to buy tokens than no operations, and the number of
players to sell tokens is the same. The reason is that when the
range of token price is the same, the EUT players have a more
extensive range of gas fees f to operate (i.e., including buying
and selling). Also, We notice that with the gas fee increases,
both EUT and PT players change the buying and selling strat-
egies to the no operation. As a result, when the Internet is
busy, almost all players will choose no operation. The reason
is that the higher gas fee decreases the utility of operation.
Comparison of EUT and PT Players Under Different Token Price
7. Fig. 12 compares the EUT and PT players’ optimal strategies
under the token price of $1, $10 and $20. Fig. 11 compared
with the PT players, we can easily find that under the same
lower token price, the EUT players are more likely to buy
tokens rather than no operations, and the number of players
by selling tokens is the same. This is because, as we discussed
earlier, when the token price is small, under the same range of
gas fee f, the EUT players have a larger range of token price =
to buy the token and the same range of token price 7 to sell the
token. However, when the token price 7 is higher, like $20, the
EUT and PT players’ optimal strategies are the same. When
the token price 7 is large, both EUT and PT players have the
same threshold gas fee f for the buying and selling strategies.

7 CONCLUSION

We present CryptoArcade, a new cloud gaming business
model based on the blockchain-empowered token. It
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provides a new landscape of the commercial cloud gaming
business model, which tackles the various problem of the
current cloud gaming business model and pricing strategy.
The service on CryptoArcade is paid by token, whose price
reflects the market demand. By purchasing and using
tokens, players pay the floating price in a silent and time
irrelevant way, which protects the players’ utility and ser-
vice experience. On the other hand, the floating token price
also utilizes cloud computing resources via manipulating
consumers’ behaviors. By exploiting the smart contract, we
also ensure the transparency of the payment process. The
transparency payment builds up players’ trust in the plat-
form, implicitly increasing the number of players.

Located at the player’s premises, we use PT to formulate
the player’s decision problems under future token con-
sumption uncertainty to understand her/his realistic trad-
ing strategies. We have highlighted several key insights.
Specifically, we explore external factors such as token price
and gas fee on a PT player’s strategy. Besides, we provide
numerical results showing that the EUT players are more
likely to buy tokens than no operations under the same
external factors.

8 FUTURE VISION

In our future work, we consider three main aspects. One is
the deepening and improvement of the current model. Specifi-
cally, we consider extending PT and EUT from the special
case (i.e., I = 2) to more general cases. Also, we consider the
inclusion of myopic players in the model comparison.
Another one is token pricing. We will price the tokens based
on the resource consumption in cloud gaming from the SP’s
perspective.
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