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ABSTRACT

The cryptocurrency mining industry faces significant challenges due to the increasing difficulty of the Scrypt
algorithm, which necessitates highly efficient hardware to maintain profitability. Selecting the optimal
Application-Specific Integrated Circuit (ASIC) is a complex Multi-Criteria Decision Making (MCDM) problem
because it involves conflicting variables such as hashrate, power consumption, energy efficiency, price, and daily
profit. This study aims to assess this complexity and provide a systematic decision-making framework by
determining the most optimal ASIC device for the Scrypt algorithm. We implemented the Weighted Aggregated
Sum Product Assessment (WASPAS) method, combining the Weighted Sum Model (WSM) and Weighted
Product Model (WPM) to evaluate and rank ten recent ASIC models to enhance ranking accuracy and stability.
The results indicated the Bitmain Antminer L9 (16 GHY/s) as the optimal device with a preference value of 0.742.
Conversely, the device with the highest raw hashrate, the VolcMiner D1 Hydro, only ranked 7th. This proves that
superior computational speed does not guarantee operational viability when energy efficiency and investment
costs are factored in. These findings can serve as a reference for a systematic decision-making framework for
miners to prioritize sustainable hardware, and provide technical insights for manufacturers regarding market

preferences for energy-efficient designs.
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1. INTRODUCTION

Cryptocurrency has developed into a global
phenomenon and a significant industry in recent years
[1]. The growth is reflected in the increasing number
of users and market capitalization globally [2].
However, this expansion coincides with a significant
rise in mining difficulty, making it harder to obtain
profits. This occurs due to intensified competition and
the complexity of the hashing algorithms used.
Previous studies [3] [4] explain that while the SHA256
algorithm is dominated by Bitcoin, the Scrypt
algorithm is used by other popular cryptocurrencies
such as Litecoin (LTC) and Dogecoin (DOGE).
Notably, the mining difficulty level for Litecoin has
increased by an average of 3.86% over the last 90 days,
meaning more computational power is required to find
blocks and earn rewards [5].

Although scrypt was designed to be more
memory-hard and less susceptible to ASIC dominance
initially. Ever since the market evolved and ASICs for
the scrypt algorithm are widely available [6], making
selecting the right ASIC crucial. As explained by
Stepanova et al. [7], miners continuously seek ways to
optimize the efficiency and profitability of their
operations. Furthermore, in the context of Green IT
adoption and sustainability, selecting hardware with
high energy efficiency is mandatory to minimize
environmental impact while maximizing economic
returns [8], [9], [10], [11]. Yaish et al. [12] add that
determining mining machines with Proof of Work
consensus involves many choices due to the numerous

manufacturers and resellers releasing ASICs
simultaneously.  Therefore, a decision-making
algorithm is needed to address this complexity.

WASPAS method is an MCDM method known
for its capability to evaluate alternatives based on
various criteria, both qualitative and quantitative, as
well as the importance weights of each criterion [13].
This method combines the principles of WSM and
WPM. The combination is specifically chosen to
overcome the limitations of using single methods; for
instance, WPM can be severely penalized if a criterion
value is zero, which zeroes out the entire product. By
integrating WSM, WASPAS mitigates this risk and
provides higher ranking accuracy and stability
compared to using WSM or WPM individually [14],
[15].

Based on the context outlined, this research aims
to implement the WASPAS method in determining the
best ASIC for the Scrypt algorithm. Through this
implementation, this study may offer a measurable
decision-making framework that assists miners in
selecting hardware with high efficiency, while also
providing insights for manufacturers regarding market
preferences.

2. LITERATURE REVIEW

Cryptocurrency mining operates through the
Proof of Work (PoW) consensus mechanism to
validate transactions and secure the network. As
explained by Yaish and Zohar [12], the validators
(miners) in this mechanism must solve complex
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cryptographic puzzles to obtain the right to add new
blocks to the blockchain. To solve those puzzles,
validators utilize specific hashing algorithms. Scrypt is
the algorithm, used by Litecoin and Dogecoin,
designed with memory-hard characteristics. Watkins
[6] emphasizes, that this approach intentionally
demands intensive memory (RAM) usage during the
hashing process, which technically distinguishes it
from the SHA-256 algorithm which primarily relies on
CPU processing speed.

In modern mining operations, validator success is
no longer determined solely by participation but by
technical and economic efficiency. Schinckus et al.
[16] highlight a close correlation between
computational capacity or hashrates and energy
consumption, where an increase in hashrates naturally
increases electrical power requirements. Therefore,
energy efficiency becomes a vital metric to ensure
operational costs do not exceed revenue. Yazici et al.
[9] add that the ability to switch to more efficient
hardware is key to the sustainability of mining
operations amidst asset price fluctuations. The
necessity to balance technical variables (hashrate,
power, efficiency) with economic variables
(investment cost and estimated profit) is what
subsequently drove the industry transition from
general computing devices toward ASIC technology.

ASICs are integrated circuit hardware designed
specifically to execute a single computational
function, namely the hashing process within the
cryptocurrency ecosystem. The emergence of ASICs
is a direct industry response to increasing mining
difficulty and the need for operational efficiency that
can no longer be met by general-purpose computing
devices [13], [14]. Research by [19], [20], outlines the
evolution of mining hardware, beginning with the use
of Central Processing Units (CPUs). Although CPUs
possess high flexibility to handle various algorithms,
their performance becomes inefficient at an industrial
scale. Findings of [10] elucidate the phenomenon of
miners shifting to Graphics Processing Units (GPUSs),
which offer parallel processing capabilities, followed
by Field-Programmable Gate Arrays (FPGAs), which
provide a balance between performance and power
efficiency.

This evolution led to the development of ASICs,
which are designed for specific algorithms like Scrypt
to maximize speed. While fast, ASICs lack flexibility.
Furthermore, high performance does not always mean
low power consumption [9]. Modern ASICs require
significant energy to produce high hash rates. This
creates a trade-off where devices with the highest
speeds often come with high power usage and high
prices. Therefore, selecting a device requiresa MCDM
approach rather than relying on a single factor.

MCDM as a structure of systematic analysis for
assessing among alternatives, in which the various
criteria are simultaneously involved in and sometime
conflicting. This method has been effectively shown to
work on complex selection tasks in a variety of

domains. For instance, Rahman et al. [21] applied an
MCDM technique to provide objectivity in identifying
zakat recipients, and Putra and Utami [22] employed
the Multi-Attribute Utility Theory (MAUT) method to
choose the top cryptocurrency exchange platforms.

Among several approaches, the WASPAS is
characterized by its hybrid model approach where the
WSM and WPM are combined to improve stability and
accuracy of ranking. The reliability of this technique
has also been tested under several operating
conditions; it was employed by Radomska-Zalas [15]
in technological process evaluation, Meliala et al. [23]
used it for strategic business location selection, while
Purba et al. [24] used it in personnel recruitment. In
addition, Muhammad et al. [13] and Isler ve Calik
[14] have demonstrated that the WASPAS method is
applicable for giving optimal investment decision
suggestions, both in stock instruments and Sharia
funds. Due to technique's uniform accuracy in many
industries it was chosen for application in current
ASIC device selection study. Figure 1 illustrate the
research positions.

Industry Context Hardware Evolution

Studies focus on global trends,
not specific buying decisions.

Focuses on engineering design,
not consumer selection tools.

[1-3], [5], [71, [12], [16]

N

Using WASPAS Method
integrating Sustainability Parameters

ZRN

Discusses environmental impact,
but lacks hardware selection criteria.

[4], [6], [10], [17-20]

Sustainability Methodology

Proven in HR/Investment,
never applied to ASIC Scrypt.

[81, 191, [11] [13-15], [21-24]

Figure 1. Research Positions

3. METHODS

In this study, we used secondary data obtained
from the websites asicminervalue.com and
miningnow.com. Both websites were chosen for their
ease in detailing information regarding the ASIC
machines to be selected. Regarding the research
stages, the author conducted the research through three
stages, illustrated in Figure 2. Based on the
identification results, problems were found in
determining the most optimal ASIC due to the many
choices in the market with diverse specifications and
the need to balance various important factors. The
criteria used were elucidated by Table 2.

Table 2. ASIC Selection Criteria

Criteria | Attributes Descriptions
The ability of an ASIC to
perform hash calculations per
C1 Hashrate second, which directly affects
mining speed.
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Criteria | Attributes Descriptions
The electrical power
c2 Power | consumption of the ASIC,

which impacts operational
costs.

The ratio between hashrate and
power consumption, indicating
how efficient the ASIC is in
generating hashes per unit of
power.

The initial purchase price of
the ASIC.

Estimated daily profit that can
be generated by the ASIC,
considering hashrate, power
consumption, electricity costs,
and cryptocurrency prices..

C3 Efficiency

C4 Price

C5 Profit

This stage includes a review of relevant
literature. It involves searching and analyzing previous
research related to ASIC selection, the Scrypt
algorithm, or the application of the WASPAS method
in similar contexts. The goal is to understand the
methods previously used and find research gaps that
can be filled by this study.

Input Data

- ASIC Alternatives (Al)
- Selection Criteria (C])
- Weights (Wj)

|' Construct Decision Matrix (X) '|
A A

Normalization Process)

F
Is Criterion type Benefit?

Yes Nof Cost

( Apply Benefit Formula | ( Apply Cost Formula ]
Rij = Xij / Max(Xij) | Rij = Min(xij) / Xij
M .

"y - A
|Calculation Phase/
r
) y - - i
Path A: WSM Calculation Path B: WPM Calculation
Sum of (Rij *Wj) Product of (Rij ™ Wj)
J y.

r

Aggregation (Qi)
| Formula: Qi = 0.5(W5SM) + 0.5(WPM) |

( Ranking |
Sort Qi from Highest to Lowest

I

| select Best ASIC |

e

Figure 2. Research Flow

A

The data collection stage is carried out by
selecting primary or secondary datasets that will later
be used in the WASPAS calculation process. As
described by [15], data can be in the form of location

selection lists, student assessment lists, or computer
component lists.

The WASPAS method begins by preparing a
decision matrix. In a decision matrix, the
determination of results is based on the evaluation of
criteria from various existing options (alternatives)

(xl xln)
xml - xmn

Figure 3. Example of decision matrix

After the decision matrix is created, the Rij
values or criteria are normalized by determining
whether the criteria fall into the benefit or cost
category. The formulas for both are illustrated in
formula (1) and formula (2)

R. = Xij )
Y Max X;;
Min X;;

y= ot @

ij

The normalized Rij values are then collected in
one table to facilitate the calculation of Qi or
Alternatives. For each alternative, a calculation is
performed using the formula described in formula (3).

n n

j=1 j=1

3.1. Results and Conclusion

This stage contains an analysis of the best
alternative calculation results. As described by [14],
[22], all Qi values calculated at this stage for each
alternative will be sorted from highest to lowest. The
alternative with the highest Qi value will be identified
as the best or most optimal alternative based on the
determined criteria and weights. This analysis also
includes further interpretation of the results, such as
identifying the strengths and weaknesses of each
alternative, as well as providing recommendations
based on the findings. The conclusion drawn must
accurately reflect the results of the WASPAS
calculation and provide a clear understanding of the
best choice in the context of the problem studied.

4.  RESULTS AND DISCUSSION

Based on data collected through the websites
asicminervalue.com and  miningnow.com, 10
alternatives were found with five criteria described in
Table 3, Table 4, Table 5.

Table 3. Criteria and Weight

Criteria | Description Unit Weight | Type
Gigahash/s o .

C1 Hashrate (Ghls) 30% | Benefit
C2 Power Watt (W) 20% Cost

- Joule/Mh o

C3 Efficiency (/M) 10% Cost
C4 Price usD ($) 20% Cost
) USD/day o '

C5 Profit ($/day) 20% | Benefit
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Table 4. Alternatives

Matrix X then undergoes the calculation for the

ID Alternatives best alternative or Qi. To facilitate the calculation
Al | VolcMiner D1 Hydro (33 GH/s) process, the author writes WSM and WPM separately.
A2 | ElphaPex DG2+ (20.5 GH/s) These 2 results are then combined to find the best
A3 | VolcMiner D1 Pro (18 GHIs) alternative. The calculation results are described in
A4 | VolcMiner D1 (18.5 GHIs) Table 8, Table 9, and Table 10
A5 Bitmain Antminer L9 (17 GH/s)
A6 Bitmain Antminer L9 (16 GH/s) Table 8. WSM Calculations
AT ElphaPex DG2 (16 GH/s) ID Calculations (Si) Results
A8 Bitmain Antminer L9 (15 GH/s) (03-1) + (0.2:0.3387) + (0.1-0.6786) +
A9 ElphaPex DG Hydro 1 (20GH/s) Al (0:2~0.3689.) + ('0.2.1) - 0.7094
Al10 | ElphaPex DG1+ (14.4GH/s) (0.3-0.6212) + (0.2:0.8077) + (0.1.1) +
A2 | (02.0.5415) + (0.2-0.9317) 0.7426
Table 5. Alternatives and Criteria (0.3-0.5455) + (0.2:0.9) + (0.1-1) +
D[ c1 [ c2 [ c3 | c4 C5 A3 | (0.20.5697) + (0.2:0.8062) 0.7188
Al | 33gh/S | 9300w | 0.28j/Mh | $12,20 | $14.50/Day (0.3-0.5606) + (0.2-0.7412) +
A2 | 20.5gh/S | 3900w | 0.19j/Mh | $8,310 | $13.51/Day A4 | (0.1-0.8261) + (0.2-0.5922) + 0.6615
A3 | 18gh/S | 3500w | 0.19j/Mh | $7,899 | $11.69/Day (0.2:0.72)
A4 | 18.5gh/S | 4250w | 0.23j/Mh | $7,599 | $10.44/Day (0.3-0.5152) + (0.2-0.8824) +
A5 | 17gh/S | 3570w | 0.21j/Mh | $4,800 | $10.40/Day A5 | (0.1-0.9048) + (0.2-0.9375) + 0.7524
A6 | 16gh/S | 3360w | 0.21j/Mh | $4,520 | $9.79/Day (0.2:0.7172)
A7 | 16gh/S | 3520w | 0.22j/Mh | $4,888 | $9.40/Day (0.3-0.4848) + (0.2-0.9375) +
A8 | 15gh/S | 3150w | 0.21j/Mh | $4,750 | $9.18/Day A6 | (0.1-0.9048) + (0.2-0.9956) + 0.7576
A9 | 20gh/S | 6200w | 0.31j/Mh | $7,400 | $7.44/Day (0.2-0.6752)
A10 | 14.4gh/S | 3950w | 0.27j/Mh | $4,500 | $6.59/Day (0.3-0.4848) + (0.2-0.8949) +
A7 | (0.1-0.8636) + (0.2:0.9206) + 0.7246
The Weights from Table 3, were converted into a (0.2:0.6483)
matrix w = [0.3, 0.2, 0.1, 0.2, 0.2]. Furthermore, the A8 (0.3-0.4545) + (0.2-1) + (0.1-0.9048) + 0.7429
alternatives in Table 4 are converted into matrix X, (0.2-0.9474) + (0.2-0.6331) )
represented in Table 6. (0.3-0.6061) + (0.2-0.5081) +
A9 | (0.1:0.6129) + (0.2:0.6081) + 0.5690
Table 6. Matrix X (0.2.0.5131)
Cc1 C2 Cc3 ca c5 A10 (0.3-0.4364) + (0.2-0.7975) + 0.6517
33 9300 0.28 12200 14.5 (0.1-0.7037) + (0.2-1) + (0.2-0.4545) '
20.5 3900 0.19 8310 13.51
18 3500 0.19 7899 11.69 Table 9. WPM Calculations
18.5 4250 0.23 7599 10.44 ID Calculations (Pi) Results
17 3570 0.21 4800 10.4 AL | (D2 (03387)02 . (0.6786)°7. 06346
16 3360 0.21 4520 9.79 (0.3689)°2 . (1)°2 '
16 3520 0.22 4888 9.4 A2 (0.6212)°3. (0.8077)%2 . (1)°1. 0.7244
15 3150 0.21 4750 9.18 (0.5415)°2 . (0.9317)°* '
20 6200 | 031 7400 7.44 Az | (0-5455)°%.(0.9)°2. (1)°. 0.6987
144 | 3950 | 0.27 4500 6.59 8228822 : Eg?g%gi CrEEY '
Ad ' e N ' 0.6550
Based on matrix X, the benefit and cost Rij are (0'5922)2'2 . (0.72)° 3 1
found as X = [33, 3150, 0.19, 4500, 14.5]. These | As | (0-5152)°.(0.8824)°%. (0.9048)*". | 451
) P oI ;T (0.9375)°2 . (0.7172)°2
figures are then used in normalization, the results of 03 02 o1
; L oS (0.4848)°3 . (0.9375)%2 . (0.9048)° .
which are described in Table 7. A6 (0.9956)02 . (0.6752)°2 0.7265
0.4848)°3. (0.8949)°2 . (0.8636)° .
Table 7. Normalized Matrix X AT 50.920630-2 , ((0.6483))0-2 ( ) 0.6996
C1 c2 c3 c4 C5 A8 (0.4545)03  (1)92, (0.9048)01 . 0.7055
1.0000 0.3387 0.6786 0.3689 1.0000 (0.9474)°2 (0.6331)°2 '
0.6212 | 0.8077 | 1.0000 | 05415 | 0.9317 po | (06061)°% (0508172 (0612907, | . o
0.5455 0.9000 1.0000 0.5697 0.8062 (0.6081)°2 . (0.5131)°2 )
0.5606 0.7412 0.8261 0.5922 0.7200 AL0 (0.4364)%3 . (0.7975)°2 . (0.7037)°1 . 0.6145
05152 | 0.8824 | 0.9048 | 0.9375 | 0.7172 (1)°2 . (0.4545)°2 '
0.4848 0.9375 0.9048 0.9956 0.6752
0.4848 0.8949 0.8636 0.9206 0.6483 Table 10. WASPAS Calculations
0.4545 | 1.0000 | 0.9048 | 0.9474 | 0.6331 D Calculations (Qi) Results
0.6061 | 0.5081 | 0.6129 0.6081 | 0.5131 Q1 (A1) (0.5 - 0.7094) + (0.5 - 0.6346) 0.672
0.4364 | 0.7975 | 0.7037 1.0000 | 0.4545 Q2 (A2) (0.5 - 0.7426) + (0.5 - 0.7244) 0.7335
Q3(A3) | (0.5-0.7188) + (0.5-0.6987) | 0.7088
Q4 (Ad) (0.5 - 0.6615) + (0.5 - 0.655) 0.6582

3238




JATI (Jurnal Mahasiswa Teknik Informatika)

Vol. 10 No. 2, April 2026

ID Calculations (Qi) Results
Q5 (A5) (0.5 -0.7524) + (0.5 - 0.731) 0.7417
Q6 (A6) (0.5 - 0.7576) + (0.5 - 0.7265) 0.742
Q7 (A7) (0.5 - 0.7246) + (0.5 - 0.6996) 0.7121
Q8 (A8) (0.5 - 0.7429) + (0.5 - 0.7055) 0.7242
Q9 (A9) (0.5 - 0.5690) + (0.5 - 0.5669) 0.5679

(gig) (0.5 - 0.6517) + (0.5 - 0.6145) | 0.6331

Based on the calculation results above, the best
alternative is found at Q6 or Bitmain Antminer L9 (16
GHU/s). The position of Q1 or VolcMiner D1 Hydro at
rank 7 shows that an ASIC with a high hashrate is not
always the best choice when viewed against other
variables [16]. Rank 3 or Q3 ElphaPex DG2+ shows
that the highest power efficiency is not always the
main factor in determining the best alternative.
However, power efficiency becomes an important
factor when a miner wants to use renewable energy to
support the ASIC used [9]. The profitability criterion
is a criterion that can change daily. Differences in
electricity costs in each location can be a major factor
in changing the ranking position. However, in this
study, the electricity cost used is $0.1/kWh. See Table
11.

Table 11. Best Alternatives and Ranking

Alternatives Qi Ranking
Bitmain Antminer L9 (16 GH/s) | 0.742 1
Bitmain Antminer L9 (17 GH/s) | 0.7417 2
ElphaPex DG2+ (20.5 GH/s) 0.7335 3
Bitmain Antminer L9 (15 GH/s) | 0.7242 4
ElphaPex DG2 (16 GH/s) 0.7121 5
VolcMiner D1 Pro (18 GH/s) 0.7088 6
VolcMiner D1 Hydro (33 GH/s) | 0.672 7
VolcMiner D1 (18.5 GH/s) 0.6582 8
ElphaPex DG1+ (14.4GH/s) 0.6331 9
ElphaPex DG Hydro 1 (20GH/s) | 0.5679 10

Based on the ranking results in Table 11, the
Bitmain Antminer L9 (16 GH/s) obtained the highest
preference value Qi=0.742. Conversely, the
VolcMiner D1 Hydro, despite having the highest raw
hashrate (33 GH/s), only ranked 7th (Qi=0.672). This
finding aligns with the theory presented by Schinckus
et al. [16], which states that an increase in hashrate is
positively correlated with energy consumption
penalties. Our results confirm that in a multi-criteria
assessment, the advantage of hashrate held by
VolcMiner is negated by its high power consumption
and cost, making it less optimal compared to the
Antminer L9 which offers a better balance between
performance and efficiency. These findings offer a
significant contribution by filling the gap in previous
studies. While Xu and Cao and Srinivasan focused
heavily on the architectural evolution and technical
design of hardware [18], [19], this study proves that
architectural superiority does not automatically equate
to economic viability for miners. Unlike single-
variable analyses that tend to prioritize speed linearly,
the WASPAS implementation in this study

successfully quantifies the trade-offs mentioned by
Yazici et al. [9], demonstrating that energy efficiency
is a more critical determinant for profitability ranking
than raw speed in the Scrypt algorithm ecosystem

5. CONCLUSION

The increasing mining difficulty in the Scrypt
algorithm ecosystem creates a complex decision-
making environment where selecting the right ASIC is
critical for profitability. This study addressed this
challenge by implementing the WASPAS method to
evaluate hardware performance against conflicting
criteria such as hashrate, power consumption, and cost.

The primary contribution of this research is the
provision of a systematic, measurable framework that
allows miners to prioritize energy efficiency and
economic  viability over raw  performance.
Additionally, these insights serve as a reference for
manufacturers  regarding the shifting market
preference towards sustainable and efficient hardware
designs. However, this study is limited to ten ASIC
models produced within the last two years and relies
on static economic parameters, such as a fixed
electricity cost of $0.1/kWh.

Consequently, future research should consider
expanding the scope to include other mining and
hashing algorithms like SHA-256, RandomX,
Verushash. Furthermore, integrating dynamic data
sources for real-time fluctuation analysis and
conducting sensitivity analyses on criterion weights
are recommended to enhance the adaptability and
robustness of the decision-making model.
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