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ABSTRACT

The accelerated adoption of artificial intelligence (Al) in academia
has created new demands on computing infrastructure, pushing
institutions to rethink how resources are allocated. This paper pro-
poses a governance model for fair and efficient access to university-
owned GPU clusters, grounded in decentralized identity (DID) and
verifiable credentials (VC). Drawing from scheduling theory in op-
erating systems, we outline how eligibility proofs—such as GPA,
coursework, or research needs—can be used to assign priority in
resource queues. We present a roadmap for implementation within
a Latin American university context, with an initial prototype al-
ready under development. Our approach aims to reduce friction
in resource access while reinforcing institutional policies on eq-
uity and transparency. By aligning DID-based authentication with
cryptographic proofs and scheduling logic, we offer a scalable strat-
egy that could serve as a reference for other educational environ-
ments seeking responsible Al infrastructure governance.
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Computer systems organization — Distributed architectures;
Social and professional topics — Computing and business man-
agement.
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1 INTRODUCTION

Access to artificial intelligence (AI) resources for scientific research
and the development of proprietary models has become one of the
main challenges for universities around the world. Conventional
processors lack the necessary resources to train these models, so
specialized processors (GPU/TPU) must be used, in addition to a
technical support infrastructure that can be costly in terms of ini-
tial investment, energy consumption, and concurrent use. There-
fore, for Latin American institutions, which often have limited bud-
gets, ensuring access to these tools for their students and researchers
is a significant challenge that must be addressed strategically.

The current situation evokes a long period in the history of
Costa Rican computing. It was in 1968 [5] when the first com-
puter arrived on Costa Rican soil thanks to IBM. At that time, costs
were high and equipment was scarce, so, given this inconvenience,
equipment use was centrally assigned in batches. Users handed in
their punch cards and waited for them to execute sequentially. This
dynamic was appropriate for the constraints of the time, but it’s
not far removed from the current environment with Al resources: a
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scarce and expensive commodity that must be managed with safety
and efficiency criteria.

More than five decades later, the challenge seems to reappear
like a ghost: how to strategically distribute Al computing resources
fairly and efficiently to drive academic research and innovation.

2 AI COMPUTING COSTS

The training of Al models involves analyzing costs from two per-
spectives: local infrastructure and cloud services, each with dis-
tinct financial implications.

In a local environment, the cost per CPU or GPU clock cycle is
composed of three factors: energy consumption, hardware depreci-
ation, and operational expenses (technical staff, cooling, physical
space, etc.). For example, a high-end GPU card with a consump-
tion of 250 W, running intensively for 10 hours, may require more
than 3.5 kWh, in addition to the average electricity cost, which
results in a significant expense. Therefore, when considering the
initial investment in equipment, under continuous operation, the
cost should be amortized over a period of three to five years. In the
cloud, the cost is calculated per hour of use. Currently, reserving
a next-generation GPU unit (such as the NVIDIA H100) can range
between 3-4 USD per GPU hour in reserved mode and exceed 30
USD per node hour in on-demand mode. Considering that training
amedium-sized language model can require thousands of compute
hours, final costs can exceed tens of thousands of dollars [1].
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Figure 1: Illustrative cost comparison for a 1000 GPU-hour
across different infrastructures. The values are representa-
tive and may vary depending on the use case.

From the detailed cost analysis, it becomes evident that neither
cloud nor local infrastructure offers an ideal scenario. On one hand,
the cloud may be convenient for experimental and short-duration
workloads, while a solid in-house infrastructure is justified when
usage is continuous and projects high levels of utilization. Thus,



while infrastructure is an important consideration, effective gov-
ernance of access remains the central axis for optimizing Al model
training costs.

3 OPENDID, SSI' Y VERIFIABLE CREDENTIALS

To implement solid governance, reliable identification and verifi-
cation mechanisms are essential. This is where the cornerstone
comes into play: decentralized identity (DID) and verifiable cre-
dentials (VC), technologies promoted by the W3C [13][14].

The proposal is to issue a digital student ID card that acts as a
verifiable credential. This card, which will be published by the In-
stituto Tecnoldgico of Costa Rica (TEC), contains relevant informa-
tion such as grade history, certified courses, enrollment status, and
more. Additionally, these mechanisms have other advantages such
as selective disclosure and zero-knowledge proofs (ZKPs), where
students could be more cautious with the information they choose
to share, choosing to share only what is necessary, for example:

o "I have passed the Fundamentals of Al course”
e "My GPA is higher than 85”
The following figure represents a typical case of a trust triangle
and how it would look in the current scenario.

Issuer
(University)

presents VP

Verifier
(AI Service)

(Student Wallet)

Figure 2: SSI trust triangle with a DID/Trust layer anchoring
identifiers, keys, and status.

Several recent studies have explored the use of decentralized
identity for authentication and access control beyond financial con-
texts. Park et al. proposed OmniOne, a blockchain-based SSI plat-
form integrated with OpenID Connect for cloud authentication [9],
while Turkanovi¢ et al. introduced EduCTX, a blockchain-based
platform for issuing and verifying academic credits [12]. These ap-
proaches demonstrate the feasibility of adopting DID/VC frame-
works for secure and auditable resource governance within aca-
demic environments.

3.1 Actors in decentralized digital identity

Under this proposal, the main actors in decentralized digital iden-
tity are three: the issuing institution (Issuer), in this case the TEC,
which grants verifiable credentials [14] to students; the student
now acts as the Holder, storing the credentials in their digital wal-
let; and finally, the Verifier, which in this case would be the verifi-
cation process for accessing Al resources or specialized computing
processing.

This model is an alternative that seeks to avoid relying on cen-
tralized authentication repositories, since validation is performed
through verifiable evidence against credentials issued and signed
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by the institution. This demonstrates that trust does not depend
on a closed database like a traditional system, but rather on a de-
crypted digital identity ecosystem.

3.2 OpenDID and the blockchain-based trust
layer

The component that would act as a “trust layer” is known as Open-
DID [9][13][14], a framework that enables the interoperable man-
agement of decentralized identifiers (DIDs). OpenDID establishes
mechanisms for registering, resolving, and verifying identifiers, en-
abling different applications to efficiently trust the origin and ve-
racity of credentials. This, following the example, could be the re-
source allocation scheduling system.

At this point, a permissioned blockchain like Hyperledger Fab-
ric or Besu, plays a leading role: it does not store personal infor-
mation or academic records, but provides guaranteed immutabil-
ity and traceability of multiple DID records, associated keys, and
credential status (valid, suspended, or revoked). In this way, the
blockchain acts as a trusted public registry managed by smart con-
tracts, while the student would remain in control of their creden-
tials in their digital wallet [10].

This permissioned architecture aligns with consortium gover-
nance models typical in academic or governmental networks, where
participating institutions jointly maintain validator nodes under
defined trust and access policies. Such a setup provides a balance
between transparency and operational control, ensuring that iden-
tity registries and credential states remain verifiable without ex-
posing private student data.

3.3 Latin American context and digital
sovereignty

This discussion of decentralized digital identity is not unique to the
Latina population.

Locally, citizens is highlighted [3] [4] the need for public insti-
tutions to adopt and integrate identity models that add technologi-
cal sovereignty to citizens, models that increase their control over
their data.

This approach is directly and clearly linked to sovereign identity
models [10], where individuals are the primary custodians of their
personal information, where validation occurs without intermedi-
aries.

Applied to the context of the TEC, this approach means that stu-
dents would not only be entitled to a digital ID, but would be the
primary administrators of their own identity attributes, deciding
how and with whom that information is shared. It’s an ideal sce-
nario, where students are at a solid age to recognize the virtues of
this new approach, which would provide almost immediate feed-
back in an increasingly digitalized era.

3.4 Access governance and scheduling theory

In operating systems, resource allocation to processes is addressed
by scheduling algorithms [11]. This algorithm describes mul-
tiple approaches, among which batch algorithms and priority al-
gorithms stand out. The priority scheduling algorithm determines
that tasks with the highest assigned value are executed before those
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with the lowest value, ensuring that resources are used according
to the criteria defined by the system policy.

Applied in a university context, this perspective allows us to
imagine a scenario where the use and access to GPUs is managed
as if they were processes in a queue. Students who meet certain
criteria, such as maintaining a high GPA or passing specific Al-
related courses, receive higher priority in the execution queue. In
this way, instead of depending on an administrative process, access
is determined automatically, fairly, and verifiably, replicating the
logic of operating systems.

In practical deployments, this governance layer can be integrated
with existing HPC schedulers such as Slurm [7] or PBS [6]. In such
cases, the DID/VC-based verification service would issue authen-
ticated job tokens or priority weights that are consumed by the
scheduler’s native queueing mechanism (e.g., FairShare or Priori-
tyQueue). This design enables interoperability with existing clus-

ter infrastructures while introducing verifiable and privacy-preserving

access policies.

3.5 Alresource planning based on verifiable
credentials

Now, following the university scenario, this approach allows us to
imagine an ecosystem where access to GPUs is managed as if stu-
dents were processes in a queue. Each student could present their
CV, demonstrating their eligibility level—for example, a high GPA,
having taken an advanced Al course, or a justified research need
— which the scheduler would take into account when assigning a
priority level in the queue.

In this way, an administrative process would be automated, mak-
ing the process more fair, auditable, and decentralized. The logic
of operating systems is quite similar: an “identity” with certain at-
tributes is presented, and the system assigns the task according to
the defined policies.

The parallel is clear: Just as in the 1960s [5] computing time
had to be carefully allocated to optimize a scarce resource, today
university policy is required to support the efficient use of Al re-
sources under a transparent and equitable framework.

3.6 Priority Function Definition

To guarantee equitable access, the scheduling mechanism must
translate the student’s verifiable attributes and the estimated re-
source usage time into a measurable priority score. Inspired by
classical scheduling algorithms from operating systems [11], each
GPU request is associated with a value P, calculated as a weighted
combination of verifiable credentials and estimated duration W:

P=wi XG+wy XC+w3 XR (1)

where:

e G = normalized GPA value (0-1 scale), proven through a
Verifiable Credential (VC),

e C = indicator of completed Al courses (1 if key courses
were completed),

e R = research necessity factor, issued by a supervisor or in-
structor,

The weights (wj, w, w3) are defined equitably with a value of
0.33 each, allowing a balance between academic merit, curricular
progress, research necessity, and operational efficiency. The esti-
mated duration W, is used in the ordering rule which penalizes
excessive workloads, prioritizing requests that require less com-
puting time to optimize overall resource utilization.

A higher value of P represents a higher priority within the sys-
tem, under which tasks would be ordered in descending order by
P (from highest to lowest). This behavior corresponds to a non-
preemptive priority scheduling policy, appropriate for batch pro-
cessing environments (batch scheduling).

Batch scheduling and ordering rule. The system operates in dis-
crete scheduling windows [11]. Within each batch, all requests are
frozen at the start, and the queue is ordered only once under a non-
preemptive scheme.

To combine merit (P;) and estimated duration (W;), the follow-
ing ordering index is used:

w;
Pi+e¢

@)

where ¢ > 0 avoids division by zero. Thus, shorter jobs with higher
effective priority are served first, reducing the average turnaround
time of the batch. When all P; are equal, (2) reduces to the clas-
sic Shortest Job First (SJF) algorithm; with different P;, a hybrid
Shortest & Weighted First model is obtained, which minimizes the
weighted sum of completion times [11].

Average turnaround time per batch. Given the non-preemptive
order chosen in the batch, the completion times are:

k
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and the average turnaround time is calculated as:
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Minimizing Tg contributes to more efficient resource usage and
improves the experience for users with short jobs without com-
promising system equity. This indicator will be reported per batch
along with the distribution of times by priority deciles, in order to
evaluate the model’s effectiveness.

Practical analogy. The logic can be understood with a supermar-
ket analogy: a person with few items in their cart (W; small) and
who also has preferential access (P; high) goes first. In this way, the
sum of average waiting times decreases, and the system achieves
a balance between global efficiency and merit recognition.

Ties and robustness. In case of a tie in % higher P; is prioritized
first, then lower W;. If W; presents uncertz;inty or variability, it can
be discretized into categories {short, medium, long} and apply (2)
within and between categories.

Altogether, this combined priority function allows optimization
of Al resource access in university environments under a frame-
work of verifiable equity and transparent governance.



3.7 Zero-Knowledge Proof Application

Zero-Knowledge Proofs (ZKPs) [2] enable the holder to demon-
strate possession of an attribute without revealing its actual value.
In this governance model, range proofs can be used to validate
that a student’s academic performance exceeds a defined thresh-
old (e.g., “GPA > 85”) while maintaining privacy. However, such
proofs alone do not yield a numeric value that can be directly used
in the priority function (Equation 1).

To preserve, both privacy and mathematical operability, a thresh-
old to symbolic value mapping is proposed. The system defines
GPA ranges that are independently verifiable through ZKPs, where
each range corresponds to a normalized symbolic value G used in
the priority calculation:

ZKP range Symbolic Value Normalized G
GPA > 90 “High Excellence” 1.00
85 < GPA < 90 “Excellence” 0.90
80 < GPA < 85 “Proficiency” 0.80
70 < GPA < 80 ”Satisfactory” 0.70
GPA <70 "Below Threshold” 0.60

Table 1: Example of GPA verification ranges and correspond-
ing normalized symbolic values.

This approach ensures that the verifier (e.g., the GPU scheduling
system) can compute the priority score P without learning the stu-
dent’s exact GPA. The ZKP only certifies that the student belongs
to a specific range, and the system translates this verified category
into its corresponding symbolic value.

The proof process operates as follows:

(1) The issuer (university) defines a credential schema that in-
cludes the GPA attribute and publishes a set of threshold
circuits (e.g., > 70, > 80, > 85, > 90).

(2) The holder (student) generates a ZKP asserting which thresh-
old(s) they satisfy, without revealing the exact GPA.

(3) The verifier checks the proof against the issuer’s public ver-
ification key and assigns the corresponding symbolic value
of G to compute the final priority score P.

This model allows privacy-preserving prioritization: academic
merit influences resource allocation without disclosing sensitive
numerical data. It also enables the institution to update thresholds
dynamically (e.g., per semester or department) while maintaining
interoperability with Verifiable Credentials and DID-based authen-
tication.

3.8 End-to-End Process Flow: Summary

Figure 3 presents the end-to-end workflow for Al resource gov-
ernance built upon OpenDID and Verifiable Credentials. It inte-
grates the previously described components—University (Issuer),
Student (Holder), and AI Resource System (Verifier + Sched-
uler)—with the Blockchain Registry serving as a decentralized
trust layer for credential integrity and status verification.
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The process begins when the University issues a signed creden-
tial and registers its corresponding DID on the blockchain. The stu-
dent stores this credential in their wallet and later submits a Verifi-
able Presentation that employs Zero-Knowledge Proofs to vali-
date eligibility in a privacy-preserving manner. Upon receiving the
request, the Al Resource System retrieves the issuer’s verification
data from the blockchain, confirms credential validity, and applies
the Shortest & Weighted First (SWF) non-preemptive schedul-
ing algorithm to organize queued jobs by priority. Execution re-
sults and usage logs are subsequently anchored to the blockchain
to ensure transparency, traceability, and institutional compliance.

This representation consolidates the operational flow of the pro-
posed model, illustrating how decentralized identity and crypto-
graphic verification enable secure authentication, preserve privacy,
and promote fair allocation of AI computing resources within aca-
demic environments.

4 ETHICAL AND SOCIAL ARGUMENT

Now, leaving aside the technical aspects, this model responds to an
ethical principle: ensuring that students who demonstrate ingenu-
ity and dedication can access tools they might not be able to access
due to economic or administrative limitations. Al computing has
become a driver of scientific innovation, so it is necessary to pro-
vide a multi-stakeholder access path to close a potential inequality
gap.

Under this criterion, the administration and governance of these
resources is presented as an efficiency mechanism, but above all, as
an academic equity policy. By implementing a resource allocation
strategy based on verifiable credentials with a priority scheduling
algorithm, the TEC is putting an important card on the table: merit
and academic need will be the parameters for allocating resources,
not arbitrary privileges.

This principle offers the potential to be expanded in the future
to interuniversity consortia in Costa Rica and Latin America, en-
abling the creation of shared infrastructures, promoting decentral-
ized digital identity, and improving local cooperation.

5 IMPLEMENTATION ROADMAP

The proposed plan contemplates a 12-month horizon, with progres-
sive phases that will provide feedback on technical feasibility and
scale the solution to the institutional level.

5.1 Months 1-2: Authentication for access to Al
resources

A pilot plan is being proposed for a digital ID with a DID for stu-
dents who require access to GPUs/CPUs. They could access it by
presenting a valid VC with the correct information. The initial ob-
jective would be to establish a basic authentication and usage trace-
ability mechanism, without the need to manually manage tradi-
tional credentials.

5.2 Months 3-6: Institutional Authentication

In this phase, the goal is to establish an institutional framework.
The digital ID card would be integrated with other TEC services
(digital library, registration systems, virtual laboratories), consoli-
dating student and faculty authentication under the SSI/VC model.
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Figure 3: End-to-end process flow integrating OpenDID, verifiable credentials, and priority scheduling.
5.3 Months 6-12: Institutional scholarship 12-month Roadmap

system and digital voting

Incorporation of scholarship allocation mechanisms using verifi-
able credentials that incorporate mechanisms to recognize academic
merit and special socioeconomic conditions, ensuring transparency
in awarding scholarships. Additionally, a decentralized institutional
voting module or academic consultations is proposed, resulting

in a cohesive use of the identity ecosystem and zero-knowledge

proofs.

5.4 Indicators to be evaluated

From this we derive the indicators that we must consider for its
evaluation:

(1) Operational Efficiency: percentage of successful versus failed
authentications.

Scalability: number of students/users integrated per phase.
Transparency and Equity: metrics for fair allocation of re-
sources and scholarships.

User Satisfaction: surveys and feedback from students and
faculty.

Institutional Compliance: integration with internal policies
and alignment with state regulatory frameworks.

In the figure below, we can see the temporal structure and roadmap
of the planned tasks.

6 CONCLUSIONS

Access to Al resources seems to be a new challenge that is already

burdening higher education in Latin America. However, as Karl

Marx said [8], “history repeats itself”: scheduling theory and the

search for efficient access to resources. However, these challenges

may mean new ways to “breaking out of the box” and confront

these barriers with ingenuity, optimism, and innovation that in-
tegrates the most current technological resources. Under this sce-
nario, the implementation of an emerging decentralized digital iden-
tity model can be justified, which also adds a fresh governance

layer to TEC.

Pl: AlAccesspummmy © = : @ = . ©
P2: Institutional auth

P3: Scholarships & voting
Pilot

Priority Policy Definition
SSO
Scholarships

Voting

Figure 4: 12-month roadmap: P1 (Aug-Sep), P2 (Oct-Jan), P3
(Jan—Jul).

Just as in 1969 [5], with the arrival of the first computer, batch
allocation was necessary for resource allocation and use, a simi-
lar scheme could be proposed with Al resources. However, this
time, an automatic allocation mechanism is being introduced. With
OpenDID and verifiable credentials, the TEC has a golden torch to
lead an initiative that combines technical efficiency, social equity,
and alignment with international best practices.
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