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Industry Solution: Government

1. Executive Summary

Indonesia’s government sector is undergoing a critical digital transformation, driven by the
need to modernize public services, ensure data sovereignty, and improve inter-agency
coordination. This whitepaper evaluates NQRust's Rust-powered product suite against the
unique needs of Indonesian government agencies (national and local) in 2024-2026, and
projects how these technologies can support strategic goals through 2035. Key findings
include:

¢ Alignment with Government Needs: NQRust's products map closely to Indonesia’s public
sector pain points. Memory-safe infrastructure (Hypervisor, MicroVM, Enclave) addresses
stringent security and data sovereignty requirements, while high-level platforms (ZeroCode,
BPMN, Identity) tackle talent shortages by accelerating development and integration. Data
platforms (Lake, Analytics) and Al tools (LLMOps, SecureGPU) enable data-driven policy and
sovereign Al initiatives in line with national priorities.

e Current Challenges: Indonesian government IT is fragmented with thousands of siloed
applications and data centers, low interoperability, and legacy paper-based processes.
Strict regulations like PP71/2019 mandate local data storage, and the new Personal Data
Protection Law (UU PDP) restricts cross-border data flows — necessitating sovereign, on-
premise solutions. Limited digital talent and budget constraints further demand cost-
efficient, user-friendly platforms.

e Solution Architectures: We propose three tailored architectures for different stages of
government digital maturity. Each integrates multiple NQRust products to address specific
challenges:

o Early-Stage Digital Transformation — Rapid e-government rollout for local agencies,
using low-code process automation and secure cloud-in-a-box deployments.

o Growth-Stage Modernization — Smart city and integrated citizen data platforms,
leveraging real-time edge analytics and unified data lakes for inter-agency insight.

o Advanced National-Scale Deployment — Sovereign Al cloud infrastructure for national
use (e.g. Indonesian Large Language Models, confidential defense computing), built on
secure enclaves, high-performance microVMs, and Al operations tooling.

e Outcomes: By adopting these architectures, government institutions can dramatically
improve service delivery (faster citizen services, one-stop digital portals), enhance
security and compliance (local data residency, zero-trust frameworks), and reduce costs
(consolidated infrastructure with higher utilization, lower maintenance overhead).
Strategically, a Rust-powered sovereign cloud positions Indonesia to harness Al and big
data for governance while maintaining full control over sensitive data and systems.

This document provides an in-depth analysis of each NQRust product's suitability for
government needs (operational, regulatory, strategic), followed by detailed solution designs
complete with challenges, architectures (Mermaid diagrams), use cases, and business impact
assessments. All recommendations align with Indonesia’s regulatory environment and
infrastructure realities, ensuring a credible and actionable roadmap for government
technology leaders.
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2. Government Digital Transformation in Indonesia (2024-2026): Needs and Challenges

Indonesia’s public sector digital landscape presents a mix of bold initiatives and entrenched
challenges. As of 2024, the government is pushing to modernize, evidenced by the creation of a
central digital agency (INA Digital in 2024) to unify efforts and the construction of a National
Data Center (PDN) network to consolidate infrastructure. However, agencies today still face
several pain points impeding effective e-government:

Digital Services
Lack of )
interoperability Lack of skilled Uneven e-
causes data workers slows government maturity
Internal duplication development frustrates citizens External
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Fragmentation f llat Sovereign Data
of Systems
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Figure 1: Goverment digital transformation challenges range from interna to external.

¢ Fragmentation of Systems: Decades of siloed development have led to 27,000+ distinct
government applications and platforms. Ministries and local governments operate
disparate databases and software with little integration, resulting in redundant
functionalities and inconsistent data. Likewise, there are around 2,700 government data
centers, of which only 3% meet global standards — the rest are isolated server setups in
individual offices. This fragmentation makes data sharing and “one government” services
extremely difficult.

e Sovereign Data & Al Governance: Ensuring data sovereignty is a top priority. Government
regulation PP71/2019 requires that electronic systems for public services and strategic
sectors keep data within Indonesia. Additionally, the Personal Data Protection Law (2022)
mandates strict controls on personal data handling, including limits on cross-border
transfers. Agencies must build digital services on infrastructure that guarantees local data
residency, robust encryption, and auditability. The rise of Al creates further urgency for
“sovereign Al" — developing and hosting Al models (e.g. Bahasa Indonesia NLP or defense
Al) on domestic infrastructure, under national jurisdiction and security oversight.

e Digital Public Services (E-Government): Citizens increasingly expect efficient online
services, yet many government processes remain manual or partially digitized. There are
notable successes (e.g. a national health app evolved from COVID-19 tracing now serves as
a central medical records hub), but overall e-government maturity is uneven. Challenges
include low digital literacy among some officials and citizens, and a digital divide across
Indonesia’s vast archipelago. Local governments, in particular, struggle to provide basic e-
services (like online permitting, civil registrations) due to limited IT capacity and legacy
paper-based workflows.

¢ Inter-Agency Integration: Public value often hinges on multiple agencies working together
(for instance, a business license might involve local and central approvals). Historically,
data has been “stove-piped” — ministries and regions each collecting their own information
with incompatible standards. The government’s “One Data Indonesia” initiative and the PDN
aim to enable data sharing across kementerian/lembaga and daerah (central and locall
agencies). Until these are fully realized, lack of interoperability remains a pain point. Even
when technical connectivity exists, agreeing on data definitions and access controls is
difficult. The result is duplication of data entry, inconsistent citizen records, and policies
made on partial information.
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¢ Regulatory Compliance & Security: Regulatory frameworks are tightening. Beyond PP71 and
the PDP law, a draft Cyber Security and Resilience Bill (RUU KKS) is in the pipeline to
strengthen cyber defense coordination (as of 2025). Agencies are expected to implement
Zero Trust security principles and robust disaster recovery. Recent incidents underscore the
stakes: in June 2024 a ransomware attack (Brain Cipher) on the temporary national data
center disrupted operations of 239 government organizations across ministries, provinces,
and cities. It was revealed that some agencies lacked proper data backup, risking
permanent loss of vital records. This highlights urgent needs for immutable backups, offline
recovery options, and confidential computing to protect sensitive data even in multi-tenant
environments.

¢ Infrastructure Fragmentation & Modernization: The ongoing consolidation to PDN seeks to
replace the patchwork of substandard data centers with four Tier-4 facilities across
Indonesia. Until fully operational (the first went live in 2024, others by 2025-2026), many
agencies rely on fragmented infrastructure: mix of aging on-prem servers, local private
clouds, and external cloud services. Network connectivity can be inconsistent, especially for
remote or rural offices, necessitating edge or offline capabilities. Furthermore, only a small
fraction of government systems currently leverage cloud computing — indicating an
opportunity to leapfrog to more efficient cloud-native approaches if trust and local control
are ensured. The new capital city (IKN Nusantara) planned by 2030 also drives a need for
cutting-edge, integrated infrastructure from day one.

e Talent and Skills Shortage: Perhaps the most pervasive challenge is human capital. There
is a significant digital talent gap in Indonesia’s workforce — an estimated shortfall of 9
million ICT workers by 2030. Government agencies, often unable to match private sector
salaries, struggle to attract and retain skilled IT architects, cybersecurity experts, and data
scientists. Many local IT teams have minimal staff who are overburdened maintaining
legacy systems. This shortage makes it difficult to develop new applications in-house or
manage complex infrastructure. It also heightens operational risks (misconfigured systems,
security oversights) and reliance on external vendors. Any new technology adoption must
therefore simplify implementation and maintenance, provide strong vendor support, and
ideally include low-code or automation features to reduce the need for large developer
teams.

In summary, Indonesian government IT leaders operate in a context of high stakes and
constraints: they must rapidly digitize services for 270+ million citizens, protect sensitive data
within national borders, comply with evolving laws, and do so with limited budgets and talent.
Strategically, the period 2027-2035 is envisioned as one where these foundations pay off —
seamless e-government services, data-driven policy (e.g. using Al to target subsidies and
reduce corruption), and a secure national digital infrastructure resilient to cyber threats. The
following sections map how each NQRust product can either meet or bolster these needs, both
now and in the future, and where there may be gaps or considerations for government use.

3. Mapping NQRust Solutions to Government Needs

NQRust offers a vertically integrated stack of products spanning Infrastructure (laas), Data/Al
(Paas), and Application (Saas) layers. This breadth is advantageous for governments aiming
for an all-in-one sovereign cloud — but each component must be evaluated for suitability in
the public sector context. Below, we examine all NQRust products against the operational,
regulatory, and strategic needs outlined above. We identify which products are immediately
relevant to government agencies, which ones address future trajectories (to 2030 and
beyond), and any potential concerns (e.g. maturity, cost, deployment constraints).
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Figure 2: NQRust Sovereign Cloud Stack.
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Figure 3: NQRust product range from general infrastructure to specialized security.

NQRust-HV (Hypervisor): A memory-safe enterprise hypervisor designed for sub-second VM
provisioning and strong hardware isolation. Relevance: High. Government data centers
(including PDN) can benefit from a secure, efficient virtualization layer to replace legacy VM
stacks (often based on older hypervisors). With Rust-based HV, the risk of hypervisor
vulnerabilities is reduced (important for multi-tenant government clouds) and fast startup
allows elastic scaling for e-services during peak times. Operational: Simplifies provisioning of
secure VMs for each agency or application, with minimal overhead. Regulatory: Facilitates on-
premises cloud — agencies can run workloads on Indonesian soil under full control, aiding PP71
compliance. HV's strong isolation means even if multiple agencies share hardware (as planned
in PDN), each tenant's data remains encapsulated. Strategic: Through 2027-2035, as
government workloads increase (e.g. big data analytics, Al), HV provides the foundation to
consolidate infrastructure efficiently. Its maturity (built on Rust since ~2020 with enterprise
deployment claims) appears sufficient, though government IT staff may need training to trust
a newer hypervisor. Overall, NQRust-HV is suitable and arguably essential for building a
sovereign cloud with zero-trust separation between tenants.

NQRust-MicroVM: A lightweight VM offering “container speed, VM-grade security” for
serverless and regulated workloads. This likely parallels technologies like AWS Firecracker,
optimized for quick start and strong isolation. Relevance: High. Many government applications
are moving toward microservices and serverless architectures to improve agility. MicroVMs let
agencies deploy small services (APIs, functions) with minimal overhead but stronger isolation
than containers — crucial for multi-agency or multi-department deployments where one
compromised app should not affect others. Operational: MicroVM's fast cold start (<1s) is great
for event-driven public services (e.g. an online form triggers a function to process data). It also
helps utilize hardware more efficiently by packing many secure microVMs — aligning with
government cost-saving goals. Regulatory: By isolating each workload at VM-level, it helps
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implement fine-grained security domains (e.g. separate VMs per department or per data
classification level) which can aid compliance audits. Strategic: In the 2027+ horizon, MicroVM
can underpin serverless government platforms — enabling quick development and
deployment of new digital services without worrying about container escapes or noisy
neighbors. NQRust-MicroVM seems well-suited for government use, provided it supports
standard images/OS and integrates with orchestration (which NQRust-FleetMgr covers). Its
maturity is tied to HV’'s maturity; assuming it's production-ready, it offers a modern path for
agencies leapfrogging from monolithic apps to cloud-native microservices.

NQRust-Storage: A distributed storage system boasting memory-safe implementation, with
claims of 9x faster I/O and 90% cost reduction versus traditional storage. Relevance: High.
Government agencies handle massive data (e.g. citizen records, land registries, video
surveillance). Many struggle with performance (slow queries on siloed databases) and cost
(maintaining large SAN/NAS appliances per agency). NQRust-Storage could serve as a unified
data lake storage underpinning PDN or regional clouds. Its performance and cost benefits, if
validated, mean agencies can store and retrieve data more efficiently — critical for things like
real-time analytics on public data. Operational: A distributed lakehouse storage could replace
many fragmented databases, providing a single source of truth with scalability. Faster 1/O
means quicker response in e-services (reducing citizen wait times) and ability to crunch big
datasets on the fly (e.g. for epidemic tracking or tax fraud detection). Regulatory: It can be
deployed on-prem or in national data centers, ensuring data residency. Built-in encryption and
immutability features (if any, not explicitly in snippet) would help meet PDP Law requirements
for protecting personal data. Strategic: Through 2030, government aims to integrate datasets
(“satu Data” policy); NQRust-Storage can be the backbone, especially if combined with
NQRust-Lake. One consideration is maturity — a new storage platform must be thoroughly
tested for reliability (no data loss) and compatibility (with existing systems). Assuming those
are addressed, this product strongly aligns with government’s need to break down data silos
while cutting storage costs.

NQRust-FleetMgr: A unified orchestration control plane with Git-native workflows for managing
MicroVMs, containers, and GPU resources. Relevance: Medium-High. FleetMgr acts as the “cloud
operations” console — something very useful if the government adopts NQRust's cloud stack at
scale. It promises 9x faster deployments (likely due to automation and GitOps approach).
Operational: For agency IT teams, FleetMgr could simplify running dozens or hundreds of
microVMs and containers across data centers or edge nodes. The Git-native approach means
configurations and deployments are version-controlled and reproducible — reducing human
error and bridging the skill gap (inexperienced admins can use pre-approved config repos).
Regulatory: It can enforce consistent configurations and policies across all deployments (e.g.
all microVMs hardened to a government baseline), aiding compliance with cybersecurity
frameworks. Audit trails via Git history can support accountability. Strategic: As the
government’s digital footprint grows (smart cities, 1oT devices, hybrid cloud), a unified
orchestrator is critical to avoid chaos. FleetMgr's multi-environment support (VMs, containers,
GPUs) fits a heterogeneous environment. However, adoption would require training in GitOps
practices, which might be new to public sector IT. Over 2027-2035, such modern DevSecOps
practices are expected to become standard in government IT, making FleetMgr a forward-
looking inclusion. It is suitable provided it supports role-based access (for multi-team use) and
integration with existing CI/CD or ITSM tools the government might have.
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NQRust-SecureGPU: A GPU virtualization and sharing layer that enables secure multi-tenant
GPU use. The product brief suggests up to 3.2x higher GPU utilization (85% vs 35%) and 75% cost
reduction in GPU infrastructure, by slicing a physical GPU securely among up to 7 workloads
using technologies like NVIDIA MIG and AMD SR-IOV. Relevance: Medium (currently) to High
(future). In 2024, few government units aside from research labs or large agencies have
significant GPU deployments. But looking towards 2030, Al and big data use will skyrocket —
from Al-driven analytics in health and finance ministries to computer vision in security
agencies. SecureGPU would allow a national data center or province to share expensive GPU
hardware across departments while maintaining data isolation (preventing one agency’s
model data from leaking to another’s). Operational: It maximizes ROI on costly accelerators by
ensuring they are busy with mixed workloads (e.g, an education ministry’s student analytics
model can run alongside a meteorology agency’s weather model on the same GPU securely).
This is cost-effective for the public sector, avoiding redundant hardware. It also reduces wait
times for Al workloads by eliminating single-tenant silos. Regulatory: Multi-tenant GPU use must
not compromise sensitive data — NQRust-SecureGPU's memory-safe design and hardware
isolation promise “zero data leakage”, crucial for compliance. It enables agencies to meet
security requirements even when sharing infrastructure (important for pooled national Al
resources). Strategic: For sovereign Al initiatives (like training an Indonesian GPT model on
confidential government text data), this product is key — it allows consolidating efforts on a
central GPU farm (perhaps at PDN) rather than each agency buying hardware. By 2027+, as Al
is pervasive in government, SecureGPU would be a foundational piece to deliver Al capacity as
a shared service. Suitability: high, although it depends on agencies having enough Al
workloads to justify it. Early adopters could be central agencies (BSSN for cyber Al, BRIN for
research, Defense for intelligence). As a new tech, careful validation of its security claims would
be needed (to convince risk-averse stakeholders that GPU memory cannot be snooped across
tenants).

NQRust-Enclave: A confidential computing platform utilizing hardware Trusted Execution
Environments (TEEs), remote attestation, and verifiable execution. Relevance: High for select
high-security use cases. Government data includes highly sensitive information (e.g.,
intelligence data, military communications, or even citizen personal data). Enclave allows
running computations on such data in encrypted memory so that even system administrators
or cloud providers cannot inspect it — aligning with zero-trust principles. Operational: Enclaves
can enable new collaboration models, like multiple agencies or even countries computing on
combined data without exposing it (useful for joint cyber defense or crime-fighting analytics
where privacy is paramount). Domestically, it could allow, say, the health and finance ministries
to jointly run a data analysis on healthcare subsidies impact, without either party directly
seeing the other’s raw data — the code in enclave yields only the approved results. Regulatory:
This directly addresses data governance: if certain classified or personal data must never be
exposed, TEEs provide technical enforcement. It supports compliance with laws by ensuring
that even if infrastructure is compromised, the data in enclaves remains safe. It can also assist
in certification — agencies can prove via attestation that a given workload ran in a secure
enclave with no tampering, which could become a future legal requirement for handling
certain datasets. Strategic: By 2030, confidential computing is expected to be mainstream in
government clouds globally for defense and critical infrastructure. Indonesia, through NQRust-
Enclave, can build this in from the start. It's suitable but maturity is a consideration — TEEs (like
Intel SGX, AMD SEV) have had known vulnerabilities historically. The NQRust implementation
would need to keep pace with the latest TEE tech. Also, using enclaves requires specialized
development (partitioning code); agencies will need guidance and frameworks to use it
effectively. This product is a long-term strategic asset, positioning Indonesia’s cloud as “secure
by default” for even the most sensitive workloads.
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NQRust-Edge: An autonomous edge runtime with offline resilience and smart backhaul
reduction. Relevance: Medium-High. Indonesia’s geography (17,000+ islands, many rural
regions) means connectivity is often unreliable or high-latency. Government services in remote
districts, border areas, or even urban loT deployments (traffic lights, CCTV) require local
processing. NQRust-Edge provides a lightweight platform to run applications at the edge (e.g.
on a local server or loT gateway) that can operate offline and sync efficiently when back online.
Operational: For local governments starting digital initiatives, an edge appliance can host
applications and data locally so that citizens can be served even if the link to the central PDN is
down. It can cache data and only send necessary updates (bandwidth savings). For use cases
like a smart city, edge nodes might run Al models (video analytics, environment sensors) in
real-time and send only aggregated insights to the central cloud — reducing data center load
and network costs. Regulatory: Edge deployments ensure data remains at the source when
needed (e.g. sensitive video feeds processed on-site, not all streamed to cloud), which can
address privacy concerns and comply with any area-specific data regulations. If an area has
its own data sovereignty rules (some provinces might for local data), keeping processing local
with Edge can help. Also, in disaster scenarios (common in Indonesia), Edge nodes can keep
critical systems running autonomously. Strategic: Through 2027-2035, as loT and smart
infrastructure expand (smart grids, smart transportation, border security systems), a robust
edge platform becomes essential. NQRust-Edge’'s offline-first design is a strong fit for
Indonesia. It likely pairs with other products (FleetMgr to manage many edge nodes, Enclave to
secure edge code, Analytics to run on edge data). One potential challenge is management
complexity — deploying and updating many distributed edge nodes can be hard; however,
NQRust's integrated approach (with FleetMgr) seems to address that. This product is suitable
and probably a differentiator in ensuring continuity of government services to the last mile.

NQRust-Al Appliance: An “Al cloud-in-a-box” for on-premises pilots or sovereign deployments
with full control. Essentially a packaged hardware-software stack. Relevance: Medium. This is
particularly useful for agencies that want to experiment with NQRust tech or deploy a mini
cloud in a secure facility. For example, a provincial government without a reliable connection to
PDN could use an Al Appliance locally to run critical apps. Also, defense or intelligence might
deploy the appliance in an air-gapped environment (so sensitive systems are entirely off
network). Operational: The appliance likely comes pre-integrated with NQRust's hypervisor,
storage, etc, so it's plug-and-play — helpful for agencies lacking IT integration expertise. They
can get a small-scale cloud (maybe a few servers, some GPU) quickly. This can accelerate
pilots of new digital services or Al projects without waiting for central infrastructure. Regulatory:
Being on-prem and under the agency’s control, it satisfies data sovereignty for even the most
sensitive use (the “sovereign deployments” hint suggests it's targeted at customers who
cannot use public cloud at all, like government). Strategic: In the near term (2024-2026), Al
Appliance can serve as a bridge — agencies can start modernizing in self-contained
environments while PDN is still being built out. In the long term, these could be deployed to
remote regions where a large data center is overkill, or at strategic locations (military bases,
research centers) requiring independence from central networks. One caution is cost: a
specialized appliance might be expensive, so widespread deployment may be limited to those
with budget (e.g. big ministries or well-funded provinces). Also, as central cloud matures,
agencies might shift off appliances to the shared PDN cloud for efficiency, using appliances
only for special cases. All told, NQRust-Al Appliance is a tactically useful offering for
government clients that desire quick, contained cloud capability with minimal integration
effort.
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3.2 Data & Al Layer (Paas and Analytics)

NQRust- NQRust-
Analytics LLMOps
Provides real-time Fine-tunes,
dashboards, Al evaluates, serves Al
Data Storage insights models Al Deployment

@ @

NQRust-Lake NQRust-Insight

Unifies data, enables Monitors IT systems,
fast analytics predicts issues

Figure 4: NQRust product range from data storage to Al model deployment.

NQRust-Lake: A Rust-powered data lakehouse platform with natural language (NL) analytics
for instant answers over unified data. It claims to drastically improve query performance (5-
10x faster) and cut total cost of ownership by ~68%, with very rapid ROl Relevance: High.
Government agencies are sitting on goldmines of data (from census records to tax data to loT
sensor readings) that often go underutilized due to slow legacy data warehouses and siloed
databases. NQRust-Lake offers to unify these into a single platform where structured and
unstructured data can coexist, and critically, to enable fast analytics and Bl possibly through
natural language queries (NL Bl). Operational: This means a civil servant or policymaker could
ask a question in Bahasa Indonesia (if NL is supported multi-language) like “What was the
average turnaround time for permit approvals in East Java last year?” and get an instant
answer if the data is in the lakehouse. Real-time analytics capabilities support initiatives like
traffic monitoring, where city officials need up-to-the-minute insights. The performance boost
(queries that used to take hours now in seconds) would directly translate to faster decision-
making in crises or day-to-day operations. Regulatory: A unified lake can enforce consistent
security and governance (e.g., tag fields that are personal data, apply access controls
uniformly). It also simplifies compliance reporting — one platform to audit rather than dozens of
databases. Memory-safe design removes many vulnerabilities (reducing breach risk). Data
residency is ensured by deploying NQRust-Lake on PDN or agency data centers. Strategic: By
2027+, as Indonesia emphasizes data-driven policy and Al, a lakehouse is essential to feed
machine learning and provide a “single source of truth.” NQRust-Lake’s promise of turning data
from a cost center to a “competitive advantage engine” aligns with government’s vision of
using tech to reduce corruption and improve services. One potential challenge is that
migrating siloed data into a lakehouse and cleaning it is a major effort — requiring cross-
agency cooperation and data governance frameworks (which are in progress via One Data
initiative). The NQRust-Lake is suitable as a platform if paired with these organizational efforts.
It is fairly future-proof, given Rust's performance can handle growing data volumes, and
support for both analytics and Al workloads means it can evolve with use cases (like feeding
data to NQRust-LLMOps for model training).

NQRust-Analytics: An advanced analytics platform with real-time processing and business
intelligence (BI) capabilities. This likely sits above the Lake (or can use NQRust-Storage) to
provide dashboards, reports, and possibly Al-driven insights. Relevance: Medium-High. For
government, traditional Bl tools are often used (e.g. to track KPIs in public service delivery or
budget spending). NQRust-Analytics could modernize this by handling streaming data and
providing dynamic, possibly natural language or Al-assisted analytics.
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Operational: Imagine a national dashboard where the President’s office or governors can see
live metrics of various public services, or detect anomalies (like a sudden spike in hospital
admissions in a region). Real-time analytics would help in disaster response, public safety
(analyzing social media or sensor feeds for early warnings), etc. NQRust-Analytics likely has
integration with the Lake and possibly “NL BI” meaning users can ask questions in plain
language. If so, that addresses the talent gap by enabling non-technical staff to get insights
without writing SQL or code. Regulatory: Using one analytics platform for cross-agency data
can raise questions of access control (who can see what data). NQRust-Analytics must
support multi-tenant or role-based data segregation, so that, for example, local officials see
data relevant to their region only. Provided that, it can enforce consistent logging and audit of
data queries, helping compliance with data use policies. Strategic: Toward 2030, a scenario is
that Indonesia has a “Digital Government Command Center” where key data flows are
visualized and Al predictions (e.g. potential fraud, infrastructure failures) are highlighted.
NQRust-Analytics is a candidate to power such a capability. Its real-time processing suits an
era where |oT and citizen feedback are continuous. Suitability is good, but one must ensure it
supports localization (Indonesian language, local formats) and can scale to nationwide data
volumes. If the product is relatively new, a phased adoption (starting with specific
departments) would build confidence. Overall, it supports the government's shift from reactive
to proactive governance by providing timely, digestible information.

NQRust-Insight: An Al-powered observability and monitoring platform for enterprise
infrastructure and applications. Essentially, Insight is an AlOps tool that analyzes logs, metrics,
etc, to flag anomalies or predict issues in IT systems. Relevance: Medium. Government IT
operations could benefit from AlOps given the complexity and scale of systems (especially as
they centralize data centers and adopt hybrid cloud). Many agencies currently monitor
systems manually or with basic tools, often missing early warning signs of outages or security
incidents. Operational: NQRust-Insight can automatically monitor critical government services
for performance drops or errors. For example, if the tax e-filing system’s response time spikes or
an unusual pattern of access occurs at 2 AM, Insight would alert engineers or even trigger
automated mitigation. This is crucial to meet the uptime expectations for public services
(downtime of an e-procurement system can stall government business). Strategic: With
limited IT staff, an Al Ops platform effectively augments the team, handling routine monitoring
and allowing humans to focus on fixes and improvements. Over time, Insight could enable a
more resilient digital government by reducing outages (predicting server failures or capacity
needs) and quickly detecting cyber intrusions (through anomaly detection). Regulatory: Insight
can help with compliance by continuously checking configurations against security baselines
(e.g. are all servers patched, are any unauthorized changes made). It could also maintain audit
logs of operational events. However, one must ensure that the data it collects (which might
include sensitive logs) is stored securely — since it's part of NQRust's integrated stack,
presumably it inherits the security-by-design aspects. While not every local government will
need advanced AlOps immediately (some have minimal IT to monitor), as the infrastructure
modernizes, Insight becomes more relevant especially for the national-level operations (PDN,
ministry data centers). It's a forward-looking component that addresses the talent gap by
automating complex analysis that otherwise would require seasoned engineers to do
manually.

NQRust-LLMOps: Pipelines and tools for fine-tuning, evaluating, and efficiently serving Al
models (especially Large Language Models). Relevance: Medium-High in the mid-term.
Presently, few government agencies are training their own large models; they might be
consumers of pre-built Al services. But looking ahead, to achieve “Al sovereignty,” Indonesia will
likely want its own LLMs (for Bahasa Indonesia, local dialects, government-specific knowledge)
and specialized Al models (for defense, education, etc.). LLMOps provides an opinionated,
presumably easier-to-use pipeline to manage the lifecycle of these Al models on GPU
infrastructure.
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Operational: This means a government data science team could use NQRust-LLMOps to take
an open-source foundation model and fine-tune it on local data (e.g. a legal document corpus
to create a law chatbot). It would handle distributed training on multiple GPUs (possibly
leveraging SecureGPU for efficiency), automate evaluation metrics, and deploy the model to
production securely. Serving models efficiently is crucial — e.g., deploying an Al assistant for
every government website requires optimized model hosting (maybe via NQRust-MicroVMs
and LLMOps integration). Regulatory: Keeping the entire Al development pipeline on-prem
ensures sensitive training data (which might include personal or classified info) never leaves. It
also allows models to be audited for bias or compliance with Indonesian norms, rather than
using black-box foreign APIs. LLMOps likely also can log model outputs and usage, which helps
meet any future Al governance regulations (such as ensuring Al decisions can be explained or
traced). Strategic: By 2030, one can envision Indonesian ministries using custom LLMs to assist
civil servants (summarizing reports, drafting responses) and citizens (answering questions via
chatbots). NQRust-LLMOps positions the government to do this on its own infrastructure. It
reduces reliance on foreign Al providers and fosters local innovation. Suitability: for agencies
that have the data and desire to train models, LLMOps is excellent; for those that do not
(smaller local govs), they might not touch it directly but could use models that central
agencies create via LLMOps. Thus, its impact might initially concentrate at the national level
(e.g. the Ministry of Digital/Kominfo or a national Al center training foundational models). Over
time, as Al literacy grows in government, LLMOps can trickle down for more localized model
training (like a city fine-tuning an Al on its local dialect data for a virtual assistant). It's a
specialized but strategically vital tool for achieving Alindependence.

3.3 Application & Integration Layer (Saas and Developer Tools)

NQRust-
Identity
Enables rapid API Unifies SSO, MFA,
development and and Zero Trust
Standalone legacy integration features Integrated

& | Om

NQRust-BPMN NQRust-Guard

Automates complex, Provides immutable
multi-agency backups and air-
workflows gapped restores

Figure 5: Goverment IT solutions ranked by integration and automation level.

NQRust-Identity: A universal Single Sign-On (SSO) and identity management platform
supporting OAuth2, OpenID Connect, SAML and offering MFA and Zero Trust features. Relevance:
Very High. Identity is the cornerstone of digital government. Today, citizens and civil servants
juggle multiple accounts across services, and identity verification is often manual. NQRust-
Identity provides a unified authentication system where one login can access all authorized
services, with strong security. Operational: Implementing this can greatly simplify user access.
For citizens, it could tie into the national ID (e-KTP) or a digital ID initiative such that logging into
any government service uses one trusted digital identity (imagine a “Gov.ID” account). For civil
servants, one credential could grant role-based access to all the systems they need, removing
redundant logins and reducing password fatigue. The platform’s support for modern standards
means it can integrate with both new apps and legacy systems (via SAML, etc.). It also likely
supports multi-factor auth (critical for sensitive actions) and possibly integration with national
digital ID infrastructure (e.g. biometrics or certificate-based auth).
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The operational efficiency gains are huge: a unified identity can reduce helpdesk password
resets (currently up to 40-60% of IT tickets in enterprises are identity-related). Indeed, NQRust-
Identity advertises 80% TCO reduction in identity management and faster user onboarding,
freeing IT resources. Security: From a regulatory and security perspective, [dentity enables Zero
Trust implementation (“never trust, always verify”) by continuously enforcing authentication
and authorization for each access. It addresses compliance by providing central audit logs of
who accessed what and ensuring that authentication is robust (81% of breaches involve weak
or stolen credentials, which unified strong identity management can mitigate). NQRust-
Identity’s built-in compliance and audit trail features automate what is otherwise a complex
task for agencies with multiple identity silos. Strategic: Over the next decade, having a single
digital identity for citizens aligns with Indonesia’s vision (the government has worked on a
digital ID initiative to complement the physical KTP card). This platform could be the
technological enabler of that, yielding improved citizen experience (one portal, one account)
and cross-agency data sharing (since identifying a user across systems becomes easier, with
proper consent controls). Also, in a smart city context, Identity can manage loT device identities
and APl access. The product is highly suitable; its adoption would likely be one of the first
priorities in any holistic e-government overhaul because it's a foundation for integration and
security. Ensuring its high availability (99.9% SLA claimed) and performance is crucial, as an
identity outage could paralyze multiple services at once.

NQRust-ZeroCode: A low-code/no-code platform for APl development and legacy system
integration, offering a drag-and-drop GUI and promising 9x faster development. Relevance:
Very High for early-stage and resource-constrained agencies. One of the biggest hurdles in
government IT modernization is the lack of developers to build new digital services or to
connect old systems (like an old database of land records) to new web/mobile frontends.
ZeroCode addresses this by enabling visual development of APIs and workflows, likely with pre-
built connectors for common databases or protocols. Operational: With ZeroCode, a small
team at a local government office could create an online service (e.g. an API to apply for a
business permit) in weeks instead of months. They can integrate a legacy SQL database of
permit records by dragging and dropping connections, rather than writing boilerplate code.
The 9x speed improvement claim implies that projects that took say 9 months could be done
in 1 month, which could be transformative given electoral cycles and urgent citizen demands. It
also likely reduces bugs (since much logic is handled by the platform) and makes
maintenance easier (visual flowcharts instead of complex code). For integration, many
government systems are old (maybe COBOL or simple file-based systems); ZeroCode might
allow wrapping them with modern APIs without extensive reprogramming — a big win for
interoperability. Regulatory: By speeding up delivery, agencies can more quickly comply with
new regulations (for instance, if a new law mandates an online service, they can build it
rapidly). Also, since it's a controlled platform, security and data privacy controls can be
standardized across all apps built with it (e.g. it may automatically enforce encryption or input
validation). That consistency helps compliance with PDPA requirements for secure application
development. Strategic: Over 2027-2035, low-code platforms will be crucial to address the
talent gap — enabling “citizen developers” or analysts to create apps. NQRust-ZeroCode could
empower domain experts in agencies (who aren't professional programmers) to automate
their workflows. For example, a health office employee might build a simple app to track
medicine stocks across clinics via a visual interface. This democratization of development is
strategically important to scale e-government to hundreds of use cases. Suitability is high, but
one must mind the maturity: can ZeroCode handle enterprise-grade scenarios, complex logic,
and scaling? If yes, it can serve as the engine for rapid digitalization, especially in local
governments which have many small processes to digitalize and very few developers. The
combination of ZeroCode + Identity + BPMN (discussed next) is particularly powerful for quickly
standing up end-to-end digital services.
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NQRust-BPMN: A process automation platform supporting BPMN (Business Process Model &
Notation) workflows and a DMN (Decision Model & Notation) rules engine, claiming 300%
productivity improvement in process implementation. Relevance: High. Government services
are essentially a web of processes — issuing a permit, handling a court case, disbursing social
aid — all are processes often involving multiple steps and approvals. Many are currently
manual or only partly digitized. A BPMN platform allows agencies to model these processes
explicitly and automate them. Operational: With NQRust-BPMN, an agency can design, for
example, a building permit process: applicant submits form -> system checks completeness ->
officer A approves -> officer B signs -> applicant gets notified. This entire flow can be
orchestrated automatically, including branching rules (vio DMN for decision logic like *“if
amount > X, require senior approval”). The 300% productivity gain likely refers to faster
implementation compared to coding these workflows by hand. It also aids transparency —
BPMN diagrams are a common language that both IT and business people can understand,
which is ideal for public sector where process clarity is important (and sometimes legally
required). Regulatory: BPMN can ensure that defined SOPs (Standard Operating Procedures)
are followed exactly by the system, reducing opportunities for corruption or deviation. It also
generates logs at each step, which is great for accountability and audits. If a law changes a
procedure, one can update the model quickly rather than rewriting code. Strategic: End-to-end
digital government by 2030 requires not just standalone apps but cross-agency workflows.
BPMN is the tool to achieve that. For instance, a “One Stop Service” for starting a business might
orchestrate steps across licensing, tax, and labor departments — BPMN can tie those together
into one seamless process for the user. NQRust-BPMN being integrated with ZeroCode and
Identity means forms, APIs, user authentication, and workflows all connect — a full-stack
solution for service delivery. Suitability: high, particularly for larger or more advanced agencies
initially (they have the complexity that demands BPMN). Over time, even smaller municipalities
can use pre-built process templates to automate common services. The key is the availability
of templates and ease of use — if NQRust provides templates for common government
processes, that would be a game-changer, allowing quick adoption without reinventing the
wheel for each agency.

NQRust-Guard: A data protection platform providing immutable backups, air-gapped restore,
and policy-driven protection for workloads. Relevance: Very High in light of recent incidents.
Government agencies have suffered from data breaches and ransomware (as noted with the
PDN ransomware attack). Many lack robust backup and disaster recovery; even those with
backups may not have immutable (unchangeable) backups or offline copies safe from
cyberattacks. NQRust-Guard is designed to fill that gap. Operational: Guard likely automates
regular backups of data and system states, storing them in a tamper-proof way (e.g., write-
once storage or blockchain-based integrity). “Air-gapped restores” suggests it can keep
backups in a location not continuously networked, so malware can't reach it, and can restore
systems quickly in case of an incident. This is crucial for continuity of government operations —
for example, if a city’s servers are hit by ransomware, Guard would allow a rapid rebuild from a
clean snapshot, minimizing downtime. Policy-driven means admins can set rules (e.g., backup
critical database every hour, retain for X days, ensure encryption). Regulatory: Indonesian
regulations (such as government cyber security guidelines) are increasingly mandating robust
disaster recovery and data retention policies. Implementing Guard would help agencies
demonstrate compliance with data protection standards. Also, PDP law requires data handlers
to prevent data loss or leakage; having immutable backups ensures that even if primary data
is wiped or corrupted, a safe copy exists, indirectly supporting that compliance. Strategic: Over
the coming years, as government fully digitizes, the resilience of digital systems becomes as
important as physical infrastructure resilience. NQRust-Guard contributes to a resilient digital
government. It is especially relevant for critical systems (e.g., population registry, tax systems,
national single window for trade) where data loss would be catastrophic.
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Additionally, Guard can facilitate data governance — old backups can be used to audit
historical data or recover from administrative errors. Suitability is high and it complements the
security approach: while NQRust-Enclave and Identity protect live systems, Guard provides
safety nets for data at rest and in backup. One consideration is storage cost for many backups,
but NQRust-Storage’s cost efficiency helps here (and policies can balance cost vs retention).
Given recent high-profile leaks, demonstrating a modern backup and recovery system also
boosts public trust that the government can safeguard citizen data.

In summary, each NQRust product addresses specific government needs:

.
<><><><><.>

Cost & Operational Integration & Future
Performance Agility Interoperability Readiness

Figure 6: NQRust product benefits.

e Security & Sovereignty: Rust-based HV, MicroVM, Enclave, SecureGPU, Guard, Identity all
reinforce a zero-trust, sovereign cloud posture — ensuring data stays in Indonesia’s control
and is protected at all layers (compute, storage, in transit, backup).

e Cost & Performance: Storage, SecureGPU, Lake, and others provide quantifiable efficiency
gains (faster 1/O, higher utilization, lower TCO), which is vital for public sector budgets. High
performance also means better citizen experience and the ability to scale to whole-
population services.

e Operational Agility: ZeroCode and BPMN tackle the talent gap by making development and
process automation up to 9x faster and 3x more productive without needing large coding
teams. FleetMgr and Insight automate infrastructure operations, letting small teams
manage large, complex environments consistently.

¢ Integration & Interoperability: Identity provides the common access layer; Lake and
Analytics unify data; ZeroCode/API and BPMN orchestrate cross-agency workflows. These
collectively break down silos in both technology and organizational process — crucial for
“One Government” vision.

e Future Readiness: LLMOps and Al Appliance ensure that when Indonesia is ready to develop
its own Al or handle advanced workloads, the tools are in place to do so on national
infrastructure (supporting innovation while controlling risks).

Gaps or Considerations: Not every product will be immediately usable by every agency. Some,
like LLMOps or SecureGPU, are ahead of current demand but position the government for the
future. The government might also evaluate the maturity and support of NQRust products —
being a newer stack, robust support (perhaps via Nexus Quantum engineers) and training will
be needed to ensure smooth adoption. Additionally, integration with existing systems (like if a
ministry uses a specific database or identity provider) must be checked — NQRust’s adherence
to standards (e.g., SAML, OpenID, SQL compatibility, etc.) is a good sign of interoperability.

Overall, the NQRust suite is comprehensively suitable for government needs, offering a secure,
high-performance foundation that aligns with Indonesia’s regulatory environment and
strategic autonomy goals. The next sections present concrete solution architectures combining
these products to address scenarios at different stages of digital transformation.
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4. Solution 1: Early-Stage Digital Transformation — Local Government E-Services

4.1 Problems & Challenges
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Figure 6: Digital Transformation Challenges in Indonesian Local Goverments.

Local governments (city/district level) in Indonesia often lag in digital transformation. They
manage critical citizen services (like ID cards, business permits, local taxes) but typically face:

¢ Manual Processes & Paper Records: Many services are still paper-based or use standalone
PC applications that require in-person visits and manual approvals. This results in slow
service (permit issuance can take weeks) and opportunities for errors or rent-seeking.

e Limited IT Infrastructure: A small local government might have just a few servers or PCs,
with no modern data center. Connectivity to the internet or central government systems
can be intermittent, especially outside Java or urban centers.

¢ Minimal IT Staff & Skills: There may be no software developers on staff and just a handful of
IT personnel whose main job is maintaining the network or basic hardware. Hiring and
retaining skilled developers or admins is very difficult given budget constraints (aligning
with the national ICT talent gap).

e Budget Constraints: Funding for IT projects is limited. Solutions that require large upfront
investment or long implementation are not feasible. Often, they rely on central government
grants or public-private partnerships to fund digital initiatives.

¢ Integration Challenges: Even if a local government wants to go digital, its systems need to
connect to national databases (for example, population data from the central Ministry of
Home Affairs) or provincial systems. Historically, each built separate apps, leading to
duplicate data entry. A new e-service must be able to pull or push data to these existing
systems securely.

e Compliance & Data Sovereignty: Per regulations, local government data (especially
population data, civil registry, etc.) must be stored in Indonesia and often within
government infrastructure (PDN or approved local data centers). They cannot simply use a
foreign cloud Saas without clearance. They also handle personal data (citizen records), so
must adhere to the PDP Law in terms of consent, purpose limitation, and protection.

¢ Change Management: Introducing e-services changes how civil servants work and how
citizens access services. There can be resistance or lack of digital literacy among staff and
the public. Solutions must be user-friendly and allow a gradual transition from old
processes (e.g. running digital and paper systems in parallel initially).
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. -

A mid-sized city government (let’s call it “City A”) is embarking on its first major digital

initiative: an online portal for key citizen services (e.g., applying for a family card (KK),

business permit, and reporting neighborhood issues). The goal is to have a one-stop

website and mobile app for citizens, replacing multiple office visits. City A has one small

server room at City Hall and a patchy 50 Mbps internet link. They have no full-time

developers, so they need a solution that can be implemented with help from a few IT-
| savvy staff and perhaps a system integrator, but then maintained in-house.

4.2 Solution Architecture

For this early-stage digital transformation, the architecture focuses on rapid deployment, ease
of use, and self-contained operations. It leverages NQRust’s low-code and integrated stack to
minimize custom development. The architecture combines on-premises deployment (for
sovereignty and offline capability) with a modern application framework. Below is the
proposed architecture:

Users
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Figure 7: Local Government On-Premises Architecture: MicroVM & E-Service Cluster.

City A will use a NQRust-Al Appliance (or a small server cluster) on-premises to host the core
components (grouped as the “Local Government Data Center” in the diagram). The appliance
comes preloaded with NQRust's platform:

* NQRust-ZeroCode (Low-Code Portal): Used to build the E-Service Portal (Node C). This
portal serves both citizens (for online applications) and government officials (for
processing and monitoring). Using a drag-and-drop interface, City A’s IT staff rapidly create
forms and pages for each service (KK application, permit application, etc.), define data
fields, and set up API integrations. ZeroCode generates the backend APIs and web frontend
without extensive coding. It also helps integrate the existing Legacy Database (Node H) that
might store current records — perhaps via a pre-built database connector.

* NQRust-Identity (SSO & IAM): Deployed as an Identity Server (Node E) to handle all
authentication. Citizens create an account (or log in via a national digital ID if available)
and officials have accounts with assigned roles. Identity provides OAuth/OpenID Connect
tokens to the portal, enabling single sign-on across services. It also enforces multi-factor
authentication for officials performing approvals (for security) and implements zero-trust
by verifying each access. All login events are logged for audit.
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e NQRust-BPMN (Process Engine): Deployed as a workflow service (Node D). For each
service, the city models the business process in BPMN — e.g. a permit application flows from
intaoke -> review -> approval -> issuance. The BPMN engine orchestrates these steps,
assigning tasks to officials’ queues in the portal and automating notifications. Decision rules
(DMN) handle conditional logic (e.g. “if applicant is missing documents, auto-reject with
request for completion”). This ensures the digital process mirrors the official SOP and that
no step is skipped. The BPMN engine calls the necessary APIs (via ZeroCode's integrations)
at each step — for example, fetching resident data from the national population DB (Node 1)

¢ NQRust-MicroVM Cluster: Under the hood, all these services (pOI’t(]l, identity, BPMN, etc.) run
in isolated MicroVMs (Node B) orchestrated by FleetMgr (Node A). For City A, this might be a
handful of MicroVMs, but using MicroVMs ensures that if one component is compromised or
crashes, it doesn’'t affect others — important for reliability and security. FleetMgr's GitOps
capability (Node A) is used to manage configurations as code. For instance, the city defines
its services and workflows in config files; any change (like a new service) is committed to a
Git repo and automatically deployed, reducing manual errors. This is feasible even with a
small team, as they can adopt templates provided by NQRust and tweak rather than writing
from scratch.

e NQRust-Guard (Backup & Recovery): The Guard Vault (Node F) continuously takes
backups of critical data: the portal database (which stores submitted applications, etc.),
the legacy DB, and even snapshots of MicroVM states. Backups are stored in an immutable
form — neither ransomware nor an admin mistake can alter past backups. Guard also
regularly transfers recent backups to an air-gapped location (say a USB drive or a secure
cloud storage that is only attached during transfer). In case of a ransomware attack or
system failure, City A can restore services quickly from these backups. This is a crucial
safety net given the limited IT capacity to rebuild systems from scratch. Policies ensure
backups happen after each business day and retain for X days as per regulations.

e NQRust-Analytics (optional in early stage): Node G represents an Analytics/Bl component.
In the initial phase, City A might use basic reporting built into the portal. However, as data
accumulates, they can enable NQRust-Analytics to generate dashboards — e.g,, number of
permits issued this month, average processing time, etc. This helps city leadership monitor
performance. The analytics can use the lakehouse capabilities if City A also deploys
NQRust-Storage/Lake for internal data aggregation (though for a single city the scale might
not require a full lakehouse yet). We consider this optional, to be introduced as the digital
program matures.

e Edge Appliance & Offline Capability: The entire stack is running on a local appliance
(subgraph marked Edge Appliance), meaning the services remain available on the local
network even if the internet connection drops. For citizens, if internet is down city-wide, they
can still visit a local kiosk or use a local Wi-Fi at City Hall to access the portal. All critical
processing (form submission, local data checks) can happen offline. Once connectivity
resumes, the system can sync any necessary data with central systems (for example,
sending a daily report of issued IDs to the central ministry database). This offline resilience
is courtesy of NQRust-Edge principles embedded in the appliance, ensuring continuity of
service.

¢ Integration with Central Systems: The portal and BPMN engine interface with external
systems (Node I, “Central/National Systems”). For example, to validate a citizen’s personall
details, an APl call may be made to the national Population DB. Or to register a new
business, data might be sent to a central business registry. These integrations are
implemented via the ZeroCode connectors or custom lightweight APIs on the MicrovM
cluster. All such external calls are secured via NQRust-Identity (the portal obtains a token
with the citizen’s consent to fetch their data) or via inter-government secure APl channels.
Data sovereignty is maintained as these calls are within government networks (or via the
national data exchange platform under One Data policy).
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Why this architecture? It directly addresses City A’'s challenges:
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adaptability for future services with minimal

development time.
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Offline Service
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Figure 8: NQRust Architecture Benefits.

e Rapid Deployment: Using ZeroCode and BPMN, the city can configure and launch e-
services within months, not years. The 9x faster development claim means even without
developers, they can produce functional apps quickly. BPMN templates for common
services (if provided) accelerate the process, yielding potentially 300% productivity
improvement in process modeling.

 Low Skill Requirement: The heavy lifting (security, backend code, integrations) is done by
the platform. The IT staff just visually model processes and use form builders. This mitigates
the lack of specialized developers.

e Cost-Effective: Rather than procuring multiple software and hardware, the city invests in
one integrated appliance and platform. The high efficiency of NQRust components
(Storoge, etc.) means it can run on minimal hardware. Also, sharing resources via MicroVMs
is efficient. The platform’s open standards may avoid expensive licensing that traditional
enterprise software would charge, and the consolidation yields an estimated cost reduction
(e.g. 80% lower identity management TCO, and likely similar reductions by eliminating
paper and reducing manual labor).

e Security & Compliance: All data remains on the city’s appliance (or PDN if they later
migrate to it). NQRust-Identity ensures only authorized users access data, with audit trails
and MFA to prevent unauthorized entry (a big step up from current practice of shared
passwords in offices). NQRust-Guard ensures that even a successful cyberattack won't
permanently destroy data, because clean backups are available — crucial for compliance
with Presidential Regulation on data resilience. The entire stack’'s memory-safe Rust
foundation inherently reduces vulnerabilities (fewer incidents to start with). This is critical
because the city’s IT may not have a security expert to constantly guard systems; the
platform’s secure-by-construction approach is an embedded benefit.

o Offline Service Continuity: Government services cannot grind to halt due to a network
issue. The use of the Edge approach and on-site hosting means the city can continue
operations and later sync, which is often not possible if one uses purely cloud Saas
solutions. This caters to the local reality of variable connectivity.

¢ Future-Proofing: While starting small, the architecture can scale. If the city later connects to
the National Data Center (PDN), the MicroVM cluster can be shifted there or integrated with
a larger cluster managed centrally. The data collected can feed into the national One Data
repository via NQRust-Lake integration down the line. Also, additional NQRust services (like
Analytics or even LLMOps for a chatbot) can be plugged in once the basics are running and
the city’s digital maturity grows.
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4.3 Use Cases & Business Scendrios
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Figure 9: City A E-Goverment Use Cases.
With this solution, City A (and similarly placed local governments) can implement several e-
government use cases:

e Online Permit Applications: Citizens apply for permits (building permit, business license,
etc.) through the portal. The ZeroCode-buiilt interface guides them to input required data
and upload scans of documents. The BPMN workflow then routes the application to the
relevant department’s queue. Officials log in (SSO via Identity) to review the application,
possibly request corrections, and ultimately approve or reject. The citizen is notified via
SMS/email of the outcome. What used to require multiple office visits and follow-ups is now
trackable online, with transparency on the status. Business scenario: A small business owner
applies for a UMKM permit online at midnight; by the next morning, an officer sees it in their
task list, and within 3 days the permit is approved and the digital certificate is available in
the citizen’s account.

« Digital Population Services: Services like requesting a new Family Card (KK) or updating
address information can be done without going to the office. The portal integrates with the
national population database to verify NIK (ID numbers) and fetch existing data, reducing
data entry errors. A BPMN process might require the village officer and sub-district officer
approvals for a KK change; the system routes it accordingly. Scenario: A couple has just
married and needs a new KK — they apply online, attach necessary proof, and the system
obtains their base data from the central registry. Local officials approve the changes, and
the final KK PDF is generated and stamped digitally, available for download.

e Complaints and Incident Reporting: A module for citizens to report local issues (broken
street lights, garbage pickup problems, etc.) can be quickly built. This functions like a simple
CRM: Citizen submits a complaint, the system logs it and assigns to the relevant unit (e.g.
Public Works). Through BPMN, if an issue isn't addressed in X days, it escalates to a
supervisor. Scenario: A citizen reports a pothole via the portal (or mobile app); the system
assigns it to a field officer. The officer receives a task to review and schedule repair. Once
fixed, they update the status and the citizen is notified. City leadership can see analytics on
issues reported vs resolved.
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¢ Internal Approvals and Workflow: Beyond citizen-facing services, the same platform can
digitize internal processes like leave requests for employees, or budgeting approvals. A
BPMN workflow for “employee leave” could be set up where an employee applies on the
portal, it goes to their manager, then HR for sign-off. This improves internal efficiency and
familiarizes staff with the system, increasing adoption. Scenario: A government clerk applies
for leave via the portal instead of a paper form; it's approved online, and their leave
balance auto-updates.

e Data Dashboard for Leaders: Using NQRust-Analytics, the mayor or city secretary has an
interactive dashboard showing key metrics: number of applications received, average
processing times per department, citizen satisfaction scores (if a feedback form is
integrated). They can filter by date or sub-district. This real-time oversight was impossible
with paper processes. The dashboard might highlight, say, that permit approvals in
Department X are slower than others, prompting administrative action or reallocation of
resources. Scenario: In a meeting, the mayor pulls up the service dashboard and sees that
95% of birth certificate requests are now completed within 1 day, compared to 5 days before
digitization — a tangible performance improvement to report.

e Disaster Recovery Drill: Because of NQRust-Guard, the city can simulate a recovery
scenario. For instance, they periodically test restoring the entire system on a backup
appliance or cloud environment using the immutable backups. This gives confidence that if
something goes wrong, services can be restored within say hours, not weeks (in the past, if
the single server crashed, data might be lost for good or require lengthy manual
reconstruction). Such drills can even be mandated by oversight (ensuring compliance with
any BCP - Business Continuity Plan — guidelines).

4.4 Business Impact

Implementing this early-stage solution architecture yields significant impacts for City A (and

analogous local agencies):
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Figure 10: Business Impact of Early-Stage Solution Architecture.
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e Improved Service Delivery: Citizens experience faster turnaround times and greater
convenience. Instead of queueing at an office and waiting weeks for a document, they can
apply online anytime and get results in days. This directly supports national goals of
improving public service and reducing corruption (since online processes are more
transparent and less face-to-face, opportunities for unofficial fees decrease). In
measurable terms, the city could see, for example, a 50% reduction in average permit
processing time and a substantial increase in number of applications handled per month
due to efficiency.

e Greater Accessibility and Inclusivity: Digital channels mean services reach people in
remote areas (provided they have connectivity or can use a community internet center). It
also benefits those who work during office hours — they can transact at their convenience.
This contributes to the Smart City and Digital Nation goals by bringing more citizens into the
formal system. As more people use the portal, the city can gather data on service demand
and plan resources better (data-driven planning).

e Cost Savings & Productivity Gains: Automating processes yields labor savings. Staff who
previously spent hours doing data entry or shuffling papers can now focus on value-added
tasks (like actually evaluating content of applications, or outreach to citizens needing help).
The low-code approach avoids hiring costly external developers for every new application
— an 80—90% cost reduction in app development and maintenance is plausible, considering
the reduction in custom coding. Additionally, paper and printing costs drop (some cities
spend significant budget on printing forms, letters, archives, which can be mostly
eliminated). Over a few years, these savings likely far exceed the investment in the digital
platform.

e Enhanced Compliance and Governance: The system ensures that regulations and local
bylaws for service procedures are strictly followed (the BPMN is configured to enforce
steps). All actions are recorded, creating an audit trail. This means in case of a dispute, the
government can quickly retrieve records of who did what, increasing accountability. It also
simplifies reporting requirements to higher levels (like the city can easily compile reports for
the Ministry on how many IDs issued, etc., since data is centralized and queryable). From a
data protection standpoint, having centralized control via NQRust-ldentity and Guard
means implementing PDP Law obligations is easier and demonstrable, thus avoiding
potential legal penalties and building citizen trust that their data is handled properly.

e Foundation for Future Growth: This initial solution builds a foundation that City A can
expand. The presence of the core platform means new services can be added quickly. For
example, if central government launches a new program that needs local support, City A
can spin up a module in the portal for applicants in a fraction of the time it used to take.
Moreover, the city’s success can serve as a template for other cities — demonstrating a
replicable model for e-government at local level. This could attract further funding or
support from the national government to roll out similar systems nationwide, leveraging
economies of scale.

e Risk Mitigation: The combination of modern security and backup features significantly
reduces the risk of catastrophic data loss or prolonged downtime, which in turn protects the
city from public backlash or fiduciary risks. For instance, after implementing Guard, even if
ransomware strikes, the city can restore operations in perhaps hours with minimal data
loss, whereas previously such an event could cripple services for days and erode public
confidence. This resilience is a key business impact — ensuring that the digital solution is not
a single point of failure but an improvement over the old system in robustness.

e Change in Organizational Culture: While harder to quantify immediately, the introduction
of these tools also nudges the local bureaucracy towards a more performance-oriented,
tech-friendly culture. Civil servants learn to use digital workflows, which improves their IT
skills. Decision-making becomes more data-driven thanks to analytics. The success and
positive public feedback can boost morale and create momentum for further reforms.
Essentially, the city becomes an “early digital adopter” among peers, possibly gaining
recognition which can have political and social capital benefits.
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City A’s journey in this scenario illustrates how a thoughtfully integrated NQRust solution can
break through long-standing barriers in local government digitalization. It addresses
immediate pain points while setting the stage for more advanced capabilities, making it a
sustainable stepping stone in Indonesia’s broader e-government roadmap.

5. Solution 2: Growth-Stage Modernization — Smart City & Integrated Citizen Data Platform
5.1 Problems & Challenges

Data Silos

Agencies have separate systems.

loT Management

Infrastructure fragmentation at the
edge

Need for low-latency data
processing
Citizen Data Integration

Consolidating data while ensuring
privacy.

Regulatory Compliance

Enforcing privacy and
cybersecurity laws.

Scalability & Performance

Systems must handle high data
volumes

Interoperability

Platform must integrate with
national systems

Figure 11: Growth-Stage Modernization: Unveiling the Hidden Challenges.

At the growth stage of digital transformation, a city or region has already digitized basic
services and now faces the challenge of integrating and optimizing a wide array of digital
initiatives. Consider “City B,” a large metropolitan city (or a province) that has implemented
several e-services and loT projects. The challenges now include:

« Data Silos Between Departments: City B's agencies (transportation, public safety, health,
etc.) each have their own digital systems and databases (some perhaps like Solution 1's
portal for their domain). The city lacks a unified view of data. For example, traffic sensor
data isn't automatically shared with urban planning, or healthcare data isn't linked to
demographic databases. This limits the city’s ability to tackle problems that cut across
domains (like disaster response needing health, transport, and police coordination).

¢ loT and Edge Management: City B has deployed |oT devices — CCTV cameras, traffic lights
with sensors, air quality monitors, smart street lamps. These generate massive real-time
data and require management. Currently, handling these might involve separate vendor
systems for each loT vertical, leading to infrastructure fragmentation at the edge. The city
struggles to analyze the deluge of data in real-time and often only reacts after issues
become obvious.

¢ Real-Time Analytics and Decision Support: As the city grows, so does the need for real-
time decision-making. Traffic management is a prime example — adjusting signal timings
on the fly based on data could alleviate jams, but that requires an analytics system that
processes data on the fly with low latency. The challenge is deploying an analytics pipeline
that can handle streams from thousands of sensors and present actionable insights live
(e.g, a dashboard that city operators use every minute). Legacy data warehouse
approaches (batch processing overnight) aren't sufficient.
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* Integration of Citizen Data (Central Citizen Database): City B aims to have a central citizen
database that aggregates data like residency info, service usage, possibly even a city-
specific digital ID linking to national ID. The challenge is consolidating data from multiple
sources (civil registry, social services, healthcare, education) while ensuring privacy and
accuracy. A unified citizen view can power smart city services (e.g, a resident moves
address and it updates across utilities, parking permits, etc.), but building this single source
of truth requires robust data engineering and governance.

 Regulatory Compliance & Privacy: With more data being collected (including sensitive
personal data from sensors like CCTV or mobile apps), the city must enforce privacy laws
and cyber laws. For example, the Personal Data Protection law means citizen data
integration must have clear consent and purpose limitation — data should only be used for
authorized use cases. Also, surveillance data (like CCTV) raises concerns; analytics on them
must be done carefully (perhaps anonymizing where appropriate, storing only as long as
needed). Cybersecurity laws push the city to adopt Zero Trust and strong protection
especially as systems become interconnected (one weak link could expose the whole
network).

¢ Scalability & Performance: The volume of data and number of users are high. City B might
have millions of residents and devices. Systems must scale without performance
bottlenecks. The architecture should handle spikes (e.g., during a festival, transportation
app usage might surge; or during a pandemic, health data queries explode). The challenge
is ensuring both horizontal scalability (adding more servers easily) and efficient resource
use so budget is not wasted on idle capacity.

¢ Interoperability with National Systems: City B's platform must interoperate with national
systems like the PDN (if City B is loading data into the National Data Center for central use)
and national applications (for instance, data on city’'s COVID cases flows into the nationall
Ministry of Health system). Ensuring seamless integration upward and downward (with
district-level systems, etc.) is a challenge but necessary for a coherent digital ecosystem.

City B is looking to go from isolated smart projects to a fully integrated smart city platform
where data flows freely (with proper controls) and Al/analytics optimize city functions in
real time.

5.2 Solution Architecture
Here’s the architecture blueprint:
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Figure 12: Smart City Hybrid Architecture: Edge Computing & Data Intelligence.
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The architecture for City B focuses on creating a unified data and application platform that
spans cloud and edge, enabling real-time analytics and integrated services. It will use multiple
NQRust products to handle data ingestion, processing, storage, and Al, while ensuring secure
multi-tenancy for different departments.

« Unified Data Lakehouse (NQRust-Lake): At the core (Node AA) is the NQRust-Lake platform
storing all city data in a unified lakehouse. This includes structured data (tables for citizen
info, transactions) and unstructured/semi-structured (sensor streams, Iogs). It acts as the
central “brain” where data from all departments and |oT systems converge. The lakehouse
provides a query engine that can handle both real-time queries and batch analytics. Its
high performance (5-10x query speed improvement) means city analysts can run complex
queries (like correlating traffic joms with air quality and emergency calls) quickly, enabling
timely decisions. Data in the lake is partitioned by domain and sensitivity; sensitive data
can be locked down to only be accessible via enclaves (see EE) or specific roles via NQRust-
Identity integration.

e NQRust-Analytics for Bl and Al Insights: On top of the lake, NQRust-Analytics (Node BB)
provides dashboards and real-time analytics. City B establishes a City Operations Center
Dashboard (Node MM) that is fed by Analytics. For instance, it might visualize live traffic
across the city, incidents reported, energy usage, etc. It uses streaming data (ingested via
the edge and lake) to update in real-time. Analytics also triggers alerts when thresholds are
breached (e.g., unusual spike in water usage in an area could indicate a leak). Because
NQRust-Analytics can handle real-time processing, it's used to run continuous
queries/stream processing (like detecting congestion patterns from sensor input). This is
the “analytics-first” characteristic of this architecture — data-driven operations.

e NQRust-LLMOps & Al Services: Node CC represents an Al/ML layer. The city leverages
LLMOps to train and deploy Al models for various use cases. Examples:

o A CityGPT chatbot for citizen engagement (answering queries about city services via a
natural language interface). LLMOps fine-tunes a language model on city knowledge
(by feeding the Lakehouse data of city regulations, FAQs, etc.) and deploys it as an API
that the city’'s mobile app and website can use.

o Predictive models: e.g, a model to predict flood risk in neighborhoods based on
weather forecasts and drainage sensor data, or a model to predict which intersections
will have heavy traffic one hour ahead. LLMOps helps train and serve these models
efficiently on the city’s GPU resources.

o Computer vision models: analyzing CCTV feeds for things like detecting accidents or
counting vehicles. LLMOps (though named for LLM, it likely handles ML pipelines
generally) would manage these model’s lifecycle.

e The LLMOps part uses NQRust-SecureGPU in the background to allocate GPUs for training
and serving multiple models securely and efficiently. Given multi-tenancy (many
departments wanting to run models), SecureGPU’s isolation ensures, for example, a police
department’s video analytics model running on a GPU cannot peek into another
department’s Al workload, addressing data confidentiality concerns among agencies. The
improvement in GPU utilization (85% vs 35%) also means the city can afford to do more Al
with less hardware.

Page 24

contact@nexusquantum.id nexusquantum.id



Industry Solution: Government

All these Al services are integrated back into city operations: outputs feed into the Analytics
dashboards or directly to operational systems (e.g., an accident detection model triggers an
alert to traffic control to dispatch response teams).

¢ Central Citizen Database Integration: Node HH stands for the aggregated citizen database.
This is a conceptual unified database (could physically be part of the Lake or a separate
module) that contains a profile for each citizen of City B: demographic info, service
enroliments, etc, linked by a unique ID (likely the national ID number). Through NQRust-
Lake’'s unified schema and identity resolution, the city can combine data from multiple
sources to update this central view. The architecture ensures that updates propagate — for
example, if someone updates their address via a city app (coming from Edge Node Y2
perhaps), it writes to this central DB, which then could sync to national systems or just be
used locally for personalization of services. Privacy controls are stringent: data is accessed
via NQRust-Identity’s fine-grained authorization — e.g., health data accessible only to health
dept apps, etc., unless aggregated anonymized queries. The central citizen DB is an enabler
for smart city personalization (like targeting specific neighborhoods for services, or
informing a citizen that they qualify for a benefit based on multi-department data).

* NQRust-Enclave for Sensitive Processing: Node EE indicates that certain computations on
highly sensitive data are done inside enclaves. For example, if the city wants to analyze
health records and income data together to identify families in need (which involves
sensitive personal data from health and finance departments), they could use an enclave
so that the data sets are combined and analyzed in a TEE, producing only aggregated
results. This way even system admins cannot see cross-department raw data, addressing
trust issues between agencies and privacy obligations. Enclaves could also be used for any
collaboration with external parties: if the city is running a joint analytics project with, say, a
university or another region, they can share encrypted data and use enclaves to process it
without exposing raw info. The remote attestation feature assures all parties the code
running is exactly what's agreed (no malicious snooping). Enclaves tie into Lake by reading
encrypted lake data, doing computations, and writing results back for consumption.

* NQRust-Identity (Unified SS0): Node JJ is critical — it provides a unified identity platform for
the entire smart city ecosystem. All city apps, whether internal dashboards, citizen mobile
apps, or loT control systems, use NQRust-Identity for authentication and authorization. For
citizens, it likely integrates with national ID (for example, using the national digital ID as one
option to log in). It can also support social logins or local account creation, but under the
hood, it maps identities to the central citizen DB for personalization. For officials, one identity
gives them access to all authorized systems (traffic control, emergency response, analytics
dashboard, etc.) as per their role. This improves operational coordination - during an
emergency, a designated official can immediately access data across departments via
one login, if their role permits. The identity platform enforces Zero Trust: continuous
verification, role-based access control (with policies possibly defined using ABAC for
contexts like location, time), and MFA for any sensitive operations. Also, audit logs from
Identity allow tracing any access to citizen data, aiding PDP law compliance (the city can
answer “who accessed this person’s data and why” easily).

* NQRust-Guard (Backup & Recovery): Node KK is deployed in the cloud environment to
protect the vast data and services. Given the scale, backup strategies involve:

o Regular snapshots of the lakehouse data (which might also be mirrored to the National
Data Center, PDN, as Node FF suggests data sharing with PDN — which could also serve
as an off-site backup).

o Backups of the configuration and state of all microservices (FleetMgr can recreate
infrastructure, but data and state need bdckups).

o Off-site storage: possibly periodically backing up critical metadata or models to another
secure location (maybe another PDN site or a city-owned disaster recovery site).
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o Guard’s policy engine ensures compliance with data retention rules — e.g.,, CCTV footage
is auto-deleted after X days unless flagged, but a hashed backup of meta-data is kept,
etc.

e With more data, Guard's role is even more crucial to orchestrate backups without
impacting performance (maybe leveraging incremental backups and Rust efficiency). Also,
city B conducts DR drills where they simulate failover to PDN or a backup site using Guard’s
backups, ensuring that even a city-wide outage or cyberattack doesn’t incapacitate the
smart city functions for long.

* NQRust-FleetMgr (DevOps & Orchestration): Node LL ties it all together behind the scenes.
The city's IT (or a dedicated Smart City IT team) uses FleetMgr to manage the dozens of
microservices and edge nodes. For example, deploying a new version of the citizen mobile
app backend is done via GitOps — configuration in Git triggers FleetMgr to roll out a new
MicroVM or container across the needed nodes. FleetMgr also helps manage the GPU
clusters usage for Al, scaling them up or down. Essentially, it brings cloud-like agility to the
city's on-prem and edge infrastructure. Given the complexity, such automation is
indispensable: with FleetMgr, a small team can manage what otherwise would require a
much larger ops team. It also ensures consistency — all edge gateways run the same
approved stack, all updates are applied uniformly (reducing security holes where someone
forgot to update a server in a remote loT network).

« City Edge Layer (NQRust-Edge runtimes): The lower part of the diagram covers all the
edge computing.

o loT Sensors to Edge MicroVMs (Y1): Distributed throughout the city, perhaps at each
traffic intersection or each neighborhood hub, NQRust-Edge instances run on gateway
devices. These could be ruggedized PCs or servers in telecom closets. They collect data
from local sensors (X1) - e.g, 10 CCTV feeds and traffic light data at an intersection —
and perform local pre-processing. Pre-processing might include computer vision
inference (counting vehicles, detecting incidents using a local model), filtering (only
send changes or aggregated counts upstream to conserve bandwidth), and local
decision-making (e.g. temporarily adjust a traffic light based on local queue length,
within bounds set by central system — “smart intersection”). The edge runtime ensures if
connectivity to central cloud is lost, these local control loops still function (traffic lights
keep optimizing locally rather than defaulting to dumb timers). This is the real-time
edge aspect: urgent decisions are taken at the edge for latency reasons.

o The edge nodes (Y1) then send summarized data to the central Lake (AA) periodically or
in real-time streams (depending on network). They do this efficiently thanks to built-in
“smart backhaul reduction” — possibly compressing data, sending only relevant
features. This saves network and cloud processing costs.

o Citizen Devices to Edge Gateways (Y2): City B might have public Wi-Fi kiosks or local
servers in community centers that cache certain data. Also, for critical apps (like
emergency services), there could be edge servers at each borough hall that keep a
local copy of essential databases (like the citizen registry for that borough) to serve
citizens even if the main data center is unreachable. NQRust-Edge here allows offline
operation of citizen-facing services: for example, if the main link fails, a local instance of
the service portal (like from Solution 1, but scaled down) on Y2 can take requests and
gueue them.

o Atangible scenario: during a natural disaster, central networks might be down, but local
edge nodes at emergency shelters continue to log who comes in, their needs, etc., and
coordinate local resources. Once connection restores, they sync all data to the central
Lake for the full picture. Another scenario: the city’s mobile app might use edge nodes to
deliver content faster — e.g., an edge server in each district caches the most used info
(like bus schedules, local news) so that the mobile app (X2) gets quick responses with
low latency.
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* Inter-Agency Applications (Microservices): Node Il implies that beyond IoT and citizen-
facing parts, City B likely has composite applications that span agencies — like a City
Management App that integrates data and functions for city executives or inter-agency
teams. This app runs on MicroVMs in the cloud and draws data from the Lake, uses Identity
for auth, etc. For example, a COVID-19 management app that during a pandemic pulls
hospital data, test results, mobility data to present a unified control panel, and allows
issuing orders to multiple departments. FleetMgr would manage such apps similarly.

e Connection to National Systems (PDN / Ministries): Node FF in the cloud indicates syncing
data or reports to national level. City B’s Lake might regularly push certain datasets to the
PDN national lake (for example, summarizing city metrics for national dashboards).
Conversely, City B might ingest national data (like weather forecasts, national economic
indicators) into its Lake to combine with local data for better predictions. Ensuring
interoperability and standardized data formats (One Data standards) is a part of this
architecture — NQRust-Lake is likely flexible enough to tag and export data per required
schemas.

Architectural Differentiation
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Figure 13: Architectural Differentiation.

This solution is analytics-first and edge-enabled. Unlike Solution 1 which was about quickly
standing up services, Solution 2 emphasizes integration and optimization:

* It's analytics-first because the design starts from aggregating and analyzing data (Lake +
Analytics at core).

e |t incorporates real-time edge computing, letting Al and control logic run near data
sources.

e It also leverages agentic Al elements: automated decision agents (like traffic control
adjusting lights autonomously, or an Al assistant interacting with citizens via chatbot
without human intervention in every query). These autonomous or semi-autonomous
agents rely on the robust architecture to function safely (with Identity controlling access
and Enclaves ensuring they operate within bounds for sensitive tasks).

e There's a distinct secure multi-tenant cloud flavor: different departments share one
platform but with clear isolation (logical via Identity roles, and physical via
enclaves/secureGPU where needed). This fosters data sharing with trust.
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5.3 Use Cases & Business Scendarios
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Figure 14: Smart City Platform Use Cases.

With this robust smart city platform, City B can implement numerous advanced use cases:

¢ Integrated Smart Traffic Management: The city’s Traffic Control Center uses the platform
to manage congestion. Edge devices at intersections run NQRust-Edge to adjust traffic
signal timing based on local conditions (vehicle counts via camera). All these feed into
central Analytics (NQRust-Analytics) which gives traffic operators a city-wide view in real
time — highlighting red zones of congestion on a map and suggesting alternate routing
strategies. An Al model (via LLMOps) predicts traffic 30 minutes ahead for each corridor. If a
major congestion is predicted (say due to an event or sudden road closure from an
accident detected by CCTV via a vision model), the system automatically suggests and
can even implement actions: e.g., change digital signage to divert traffic, or inform police to
deploy tow trucks. Scenario: An accident occurs on a main road. Edge device detects the
crash within seconds, alerts central system. The central platform immediately identifies
likely spillover congestion, and pushes new timing to adjacent traffic lights to redirect flow,
while also notifying emergency services — all possibly without waiting for human operators,
though they monitor and can intervene. This reduces response time dramatically and can
clear incidents faster, improving travel time by an estimated 20-30% in such scenarios.

¢ Citywide Public Safety Monitoring: The police and disaster management agencies use the
integrated data. CCTV feeds (via Edge) plus social media analytics (maybe ingesting
Twitter feeds or local news into Lake via connectors) feed into a command center. NQRust-
Analytics might have anomaly detection queries running (looking for unusual crowd
gatherings or keyword spikes indicating unrest or a disaster). When something is flagged
(e.g., multiple sensors detect an earthquake tremor across the city), an alert is generated
and relevant departments are all notified through the Identity-linked system (ensuring the
alert reaches exactly who should see it). A unified incident management app (one of those
inter-agency MicroVM apps) is launched with pre-populated data about the event from -
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e - various sources (maps from GIS, list of nearby critical infrastructure from the Lake).
Scenario: During heavy rain, the system correlates rain data with flood sensor data and
traffic — noticing certain areas are accumulating water. It triggers a flood warning for those
communities through the city’s citizen app (which is integrated with Identity to target users
in that area). Simultaneously, it alerts city public works to deploy pumps, and police to
divert traffic. This multi-sided response is orchestrated by the platform’s ability to share
data and events in real time.

¢ Personalized Citizen Services via Central Data: With the central citizen data platform, the
city can offer proactive services. For example, if records show a resident just had a baby
(perhaps gleaned from health or population data), the system could trigger the creation of
a digital birth certificate automatically and send a notification to the parents to just verify
details online rather than apply from scratch. Or, knowing a citizen’s profile (elderly, living
alone), the city might proactively enroll them into a smart home monitoring service or
targeted healthcare program and notify them. Another scenario: A city “OneCard” system
(maybe integrated with Identity) that citizens use for public transport, library, etc., can
generate a dataset of usage; analytics could identify, say, frequent public transport users in
a neighborhood lacking good service and prompt the transport agency to adjust routes.
Scenario: A young entrepreneur who got a city business license is automatically flagged by
the platform to receive info on an upcoming SME funding program by the trade department
— the system, using Lake dato, matched their profile to program criteria. They get a
notification on their city app (or email) about it. This kind of cross-department service was
previously impossible without integrated data.

e City Chatbot and Voice Assistant: Using the model from LLMOps, City B deploys a chatbot
accessible via the city website, mobile app, and even WhatsApp. Citizens can ask, "When is
garbage collected in my area?” or "How do | apply for a driving license?" and the agent,
drawing from the Lakehouse’s unified knowledge (city regulations, service data, even the
citizen’s own context if logged in), gives accurate answers. It might also handle service
requests: ‘Report a pothole on Main St." and it creates a case in the system. Because it runs
on the city’s infrastructure, it respects data privacy (unlike sending data to a third-party
chatbot service) and can be specialized to city needs and local language nuances.
Scenario: At 1lpm, a resident chats with the CityGPT bot about a power outage; the bot
checks data (from utility sensors in Lake) and informs them of the cause and ETA for fix. This
reduces calls to call centers and provides immediate info, demonstrating improved citizen
engagement at scale.

¢ Energy and Infrastructure Optimization: The platform can integrate smart grid data, water
usage, etc. For instance, by analyzing energy consumption patterns (from smart meters)
citywide, the platform’s Analytics might suggest load balancing or identify areas of energy
waste. The city can then decide where to incentivize solar panels or adjust streetlight
timings (through Edge controlling smart lamps). Similarly for water — identify leaks or
forecast demand to optimize reservoir usage. Scenario: The water management
department gets a dashboard (via Analytics) showing a certain district has 30% higher
night-time water flow than others (which could indicate a leak). They use that insight to
dispatch inspection teams exactly where needed, saving water and repair costs. Over a
year, this data-driven maintenance might reduce water losses by say 15%.

¢ Interoperability and National Impact: City B’s integrated platform also serves as a local
node in the national system. For example, during national elections, City B can quickly
provide data to the national election IT via the Lake (since everything is organized, just
extract needed info). Or, City B is part of a national Al project — for example, training a
country-wide traffic optimization Al; using LLMOps, City B can share a model or insights
without raw data leaving (maybe by contributing model weights or participating in a
federated learning through enclaves). This use case shows City B not just optimizing itself
but contributing to national digital goals. Scenario: The Ministry of Transportation invites -
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e - major cities to collectively train an Al to improve urban traffic across the nation. City B
uses an enclave to allow the national training program to run on its local traffic data,
combining with other cities’ data securely. The resulting model benefits all, and because
NQRust ensures security, City B's raw data was never exposed inappropriately.

5.4 Business Impact

Implementing the Smart City & Integrated Data platform yields transformative impacts:
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Figure 15: Business Impact of Smart City & Integrated Data Platform.

e Operational Efficiency and Cost Savings: By breaking silos, City B eliminates duplicate
systems and manual data reconciliation. Shared infrastructure (like the cloud platform and
Identity) means departments don't each spend on separate IT solutions. The improved GPU
and compute utilization saves hardware costs; one consolidated data center (or PDN
usage) is cheaper at scale than many small ones. Automation and Al reduce labor costs or
allow the workforce to be reallocated to higher-value tasks. For example, traffic
management can handle more intersections per operator thanks to Al support, or the call
center can be smaller because the chatbot deflects routine queries. Utility optimization (like
smarter streetlights) directly saves money (energy costs might drop significantly due to
dynamic dimming). One estimate might be that these efficiencies save a few percentage
points of the city’s annual budget, which in a big city is substantial, and those funds can be
reinvested in public services.

e Improved Quality of Life for Citizens: The ultimate metric for a smart city is citizen
satisfaction. Impacts include:

o Shorter commute times due to better traffic management and incident response.
o Higher public safety, as emergencies are detected and responded to faster (potentially
life-saving differences, like quicker ambulance dispatch from integrated data).
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o More convenient access to services (everything available via one portal/app with single
login, personalized notifications, etc.). This “digital convenience” can be measured via
surveys or uptake rates. If citizens can solve issues online quickly, they avoid time and
cost of traveling to offices.

o Environment and health benefits: less traffic idle time means lower emissions; proactive
infrastructure fixes mean fewer outages; data-driven policy could reduce pollution
hotspots or improve distribution of healthcare resources, etc. A smart city often tracks
these as key performance indicators.

e Data-Driven Governance and Transparency: With integrated analytics, city leaders make
decisions based on evidence. This can result in better policy outcomes. For instance, seeing
real-time data might lead to adjusting a policy on the fly rather than waiting months for
reports. Transparency is enhanced too: the city can publish open data or dashboard
publicly, boosting accountability (e.g, showing how budget is utilized in near real-time
dashboards, or live performance metrics). This fosters trust and citizen engagement. Also,
the city can meet and exceed compliance requirements seamlessly — audits that used to
take weeks of compiling data from departments might be answered with a few queries to
the Lake, strengthening governance oversight.

¢ Inter-Agency Collaboration: The technology fosters a cultural shift where departments
collaborate because the system makes it easy to do so (and enclaves assuage trust issues
by technically enforcing data use policies). Joint initiatives become more common - e.g,,
health and environment departments might run a joint analysis on impact of air quality on
respiratory clinic visits and then create a combined action plan. The platform’s existence
encourages these conversations since “the data is there, let's use it.” This breaks down
bureaucratic silos beyond technology, which can lead to holistic approaches to city
challenges that were previously tackled in isolation.

¢ Scalability and Economic Growth: The platform is scalable; as City B grows or new
demands arise, they can relatively easily add capacity (FleetMgr orchestrates new servers,
new microVMs). New services can piggyback on the existing platform rather than starting
from scratch. This means the city can rapidly deploy innovative projects (like a new smart
parking system) much faster and cheaper, which in turn attracts businesses and innovators
to partner with the city. A smart city platform can also enable local startups or universities
to develop applications using the city’s open APIs/data (with appropriate access control via
Identity). This ecosystem effect can spur economic growth in the digital sector locally (the
city becomes a testbed for smart city solutions, maybe attracting investment or pilot
projects with tech companies, as they see the city is ready with the necessary
infrastructure).

e Security and Resilience Gains: Despite handling much more data and being highly
connected, City B is actually more secure and resilient thanks to the NQRust foundation.
Memory-safe software and enclaves reduce breach incidents, and identity-driven security
means fewer holes from weak passwords or outdated access rights. Moreover, when issues
occur (they inevitably will, e.g.,, a new malware hitting 10T), the robust backup and zero-trust
containment ensure impact is limited and recovery swift. This resilience is a business
benefit because it avoids costly downtime (for a city, downtime can be life-impacting, such
as 911 system downtime — which is mitigated by having redundant edge and backup
systems). It also protects the city from potential regulatory fines or lawsuits related to data
breaches by minimizing such incidents through technology.

e Measurable Outcomes and ROIl: The city can measure many of these improvements:
reduced average emergency response time, increased percentage of issues resolved
within SLA, energy cost savings in street lighting, reduction in water lost, increase in citizen
satisfaction index, etc. Many smart cities aim for specific targets (like “reduce congestion by
20%" or “be carbon neutral by X year”). This platform directly contributes to those by -
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e - enabling the necessary actions and tracking. The ROI for such an investment can be
demonstrated within a few years: e.g, if traffic improvements result in millions saved in lost
productivity, and automation saves some operational costs, plus intangible gains like better
public health — overall, the benefits will outweigh the costs of implementing and running
this integrated system.

summary
B :

Solution 2 elevates City B into a truly smart city, where technology and data are harnessed
cohesively to improve governance and livability. It showcases architectural differentiation
by combining real-time edge computing, central Al/analytics, and secure data sharing,
thus delivering results not achievable with isolated departmental IT or basic digital

services alone.
G _J

6. Solution 3: Advanced National-Scale Al Infrastructure — Sovereign Cloud and Confidential
Computing

6.1 Problems & Challenges
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Figure 16: Building Indonesia’s Sovereign Al Infrastructure: Unvelling the Hidden Depths.

At the growth stage of digital transformation, a city or region has already digitized basic
services and now faces the challenge of integrating and optimizing a wide array of digital
initiatives. Consider “City B,” a large metropolitan city (or a province) that has implemented
several e-services and loT projects. The challenges now include:

» Dependence on Foreigh Technology: Historically, advanced Al development (like training
large language models or running complex simulations) often relies on foreign cloud
providers or hardware-software stacks. This raises concerns about sovereignty — sensitive
national data or strategic Al models might be exposed or simply not available during
geopolitical tensions. The challenge is to build an independent national Al infrastructure
that is on par with big global players, but under Indonesian control.

* Massive Scale & Performance Needs: National projects involve huge data volumes and
compute loads. For instance, training a multi-billion parameter LLM (like a GPT for
Indonesian language) requires tens of high-end GPUs for weeks, advanced optimization,
and fast 1/O. Running real-time services for 270 million people (like a nationwide virtual
assistant or real-time economic dashboards) requires extremely scalable and performant
systems. The challenge is to achieve this scale without breaking budgets, meaning high
efficiency and smart resource management are crucial.
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e Top-Secret Security & Multi-Level Access: Certain computations, especially in defense or
intelligence, require utmost secrecy. The challenge is enabling collaborative computing on
sensitive data (like multi-agency intelligence analysis, or secure military communications)
such that unauthorized access is impossible. This ties into implementing confidential
computing where even infrastructure admins cannot see the data or code running. There’s
also the challenge of multi-level security: some data is “eyes only” for certain cleared
individuals or systems, needing hardware-enforced isolation from other workloads on the
same infrastructure.

¢ Regulatory and Compliance Landscape: By this advanced stage, Indonesia likely has an
established cybersecurity law (RUU KKS or its successor) requiring critical infrastructure (ClI)
to have strong safeguards, possibly requiring certification of cloud environments for
government and defense use. There might also be international requirements if
collaborating with allies (e.g, secure enclaves to share intel data). The challenge is
designing the architecture to not just comply with, but exceed these standards (e.g., full
auditability, zero-trust architecture, ability to prove data residency and integrity via
attestation, etc.).

¢ Integration of Legacy and Cutting-Edge: National scale doesn't mean starting from
scratch; there will be legacy mainframes, data centers (like PDN's older systems by 2030),
etc, that need to be integrated or absorbed into the new infrastructure. The challenge is
migrating or interfacing without disrupting services. For example, integrating older
government databases (like decades of archived records) into the new environment for Al
analysis, or linking defense legacy networks to new cloud in a secure way.

¢ Human Capital & Change Management: Operating an advanced Al cloud and secure
computing platform needs highly skilled talent (Al researchers, devops for HPC,
cybersecurity experts). Indonesia will need to cultivate or retain such talent. The challenge is
to run these projects with a mix of domestic teams, possibly supplemented by carefully
vetted partners, and ensure knowledge transfer. There’s also cultural change: agencies that
are used to siloed high secrecy must adapt to trusting centralized secure systems
(enclaves, etc.), and data scientists must shift from using foreign tools to local platforms.

¢ Funding and Sustainability: Building national-scale supercomputing and Al facilities is
expensive. The ROl may be indirect or long-term (increasing national security, enabling
industry innovation). The challenge is justifying and sustaining funding, which means the
architecture should ideally serve multiple use cases (defense, government, maybe
commercial R&D under strict controls) to share costs and spur innovation. The platform
could be envisioned as a National Al Data Center that serves both public and private
sector under sovereignty conditions.

6.2 Solution Architecture

The advanced national-scale architecture is essentially a sovereign cloud platform with
extreme security and performance. It brings together NQRust's full arsenal: HV/MicroVM for
virtualization at scale, SecureGPU for massive Al workloads, Enclaves for confidential tasks, etc.
The architecture can be conceptualized as two environments under one umbrella: a Sovereign
Al Cloud for general large-scale Al and government workloads, and a Confidential Computing
Cluster for the most sensitive tasks, with both managed in a unified way. Here's a high-level
architecture:
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Figure 17: National Sovereign Cloud Architecture: Hyperscale & Confidential Computing.

e Compute Cluster (NQRust-HV, MicroVM, SecureGPU): This is the backbone of the
sovereign cloud. Imagine a large data center (or multiple across regions for redundancy)
filled with physical servers. NQRust-HV (Node Al) runs on these servers to provide a secure
virtualization layer. It partitions hardware for various tenants (ministries, agencies, public
cloud tenants if allowed) with sub-second provisioning and strong isolation. On top of HV,
NQRust-MicroVM Fabric (Node A2) orchestrates potentially thousands of MicroVM instances
across the cluster, effectively implementing a serverless cloud where workloads from many
agencies run in isolation but share physical resources. NQRust-SecureGPU Farm (Node A3)
represents GPU resources, possibly large GPU servers with Nvidia AI00/H100 or future chips,
managed by SecureGPU. SecureGPU allows these to be sliced into virtual GPUs for many
simultaneous jobs, reaching high utilization and cost-efficiency. NQRust-FleetMgr HQ (Node
A4) is the central brain controlling deployment and scheduling across this vast
infrastructure, using GitOps for system configurations and coordinating resources (like
which MicroVM runs on which server and attaches to which GPU slice).
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 Storage & Data (NQRust-Storage, Lake): Node Bl is the distributed storage grid, spanning
all the servers (similar to how e.g. AWS S3 or Hadoop HDFS works but here built in Rust with
safety and performance). It ensures any data written by any workload is replicated and
stored reliably with high I/O throughput (9x faster I/O claim means it's optimized for heavy
read/write from Al jobs). On top of raw storage, Node B2 (NQRust-Lake) is the national data
lakehouse. This contains datasets from across government: e.g., population registry, tax
data, satellite imagery from the space agency, historical documents, etc,, all unified under
one platform. The Lakehouse allows cross-domain queries and acts as the primary data
source for analytics (D2) and training (E2 tasks). It likely has fine-grained governance built-
in (like data catalogs, metadata tagging for classification levels).

* Platform Services (Identity, Guard, Insight, ZeroCode/BPMN):

o NQRust-Identity Federation (Node CI1) federates identity across the government,
defense, and possibly public services domains. By this advanced stage, Identity likely
connects with a national digital ID platform and supports multi-tier access (like secret
clearance vs public sector role-based). It might integrate hardware tokens or biometric
MFA for high-security accounts. Federation means it can trust identities from different
realms (e.g., Defense Ministry’s internal directory can be federated via this so that an
intelligence officer can access an enclave job with their credentials).

o NQRust-Guard Central (Node C2) handles the backup and disaster recovery for this
enormous cloud. It orchestrates snapshots of VMs, backups of the Lakehouse (with
remote replication to a secondary site maybe), and keeps an offline copy for key
systems (air-gapped vault for critical state like encryption keys or important
databases). With a national cloud, Guard must handle petabytes perhaps, so likely
incremental and deduplicated backup strategies, with automated failover tests.

o NQRust-Insight Ops Al (Node C3) continuously monitors the entire stack. It collects logs
from HV, performance metrics from MicroVMs, network flow data, etc, and uses Al to
detect anomalies (e.g., a sudden spike in network traffic on a server might indicate an
intrusion or malfunction). It can automatically tune resources - e.g., Insight might notice
a MicroVM hogging CPU due to a bug and isolate or restart it before it affects others. For
compliance, it ensures all systems meet the security baseline (if a config drifts or a
patch is missing, Insight flags it). Essentially, it is the autopilot that keeps this complex
cloud stable and secure, which is vital given the scale and critical nature (no single
team can manually watch everything).

o NQRust-ZeroCode & BPMN Hub (Node C4) provides a central environment for rapid
application development. Even at national scale, the need to quickly build or adapt
applications remains. This platform is offered to agencies to build APIs and workflows
that run on the cloud. For example, if a new regulation requires an inter-agency portal,
instead of each hiring vendors, they use ZeroCode to assemble it on the sovereign cloud,
ensuring consistency and lower cost. BPMN orchestrations can span ministries; e.g., a
BPMN process for handling natural disaster relief that involves input from local
government, social ministry, finance, etc.,, can be modeled and executed on this unified
platform.

e Al & Analytics Services (LLMOps, Analytics):

o NQRust-LLMOps Center (Node D1) is where national Al models are trained and deployed.
This ties into the SecureGPU resources and storage. For instance, to train an Indonesian
multilingual LLM, data from the Lake (B2) is piped to this service which parallelizes
training across many GPU instances. LLMOps manages checkpoints, hyperparameters,
evaluation, etc,, thereby greatly lowering the barrier for national research institutions or
government Al units to produce advanced models. Once trained, models can be
packaged (with quantization or optimization) and deployed to runtime (like MicroVMs or
even to enclaves if usage is sensitive) through the pipeline. National-scale also means
possibly providing Al-as-a-service to others (with guardrails) - e.g.,, a smaller province
can use the national cloud’s LLM via API instead of training their own, but it stays within
sovereign infra (like a national Al APl service competing with foreign ones but secure).
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o NQRust-Analytics Suite (Node D2) provides Bl and big data analytics capabilities across
all the aggregated data. For example, policymakers can run analyses on economic data
vs mobility vs education outcomes all in one platform. It could also support real-time
national dashboards (like a live dashboard of key economic indicators for the
President). Analytical queries at this scale might be complex, but NQRust-Analytics can
handle them in seconds due to the efficient lake engine. It might also incorporate Al-
driven analytics (like looking for correlations automatically, etc.).

e Example Workloads (El, E2, E3):

o EI: Government workloads — things like the national tax processing system, social
security payment system, etc,, that currently might be on separate infrastructure, can be
consolidated onto this cloud in MicroVMs. Each is isolated but benefits from the
improved reliability and performance (and easier integration with others via the
common data platform). Data stays in the Lake for cross-use (with appropriate
controls).

o E2: Al training jobs — these could be one-off large computations like training IndoLLM or
recurring ones like processing satellite imagery monthly with ML to map deforestation.
They run as batch jobs on MicroVMs with attached GPU slices.

o E3: Public service APIs or web services — for example, an API for verifying digital
certificates, or a backend for the national citizen portal, or components of a “digital
government super-app.” These can be quickly built (ZeroCode) and deployed at scale.
Because running on MicroVMs, they can scale out on demand to handle high traffic (like
millions of users). LLMOps might deploy Al models to some of these (like a language
translation service API for local languages).

e Identity (C1) ensures users (citizens or civil servants) authenticate to these services
properly, and that inter-service calls are authorized (services might call each other’s APIs in
a zero-trust manner with tokens). ZeroCode (C4) speeds up development of these so new
policies can be delivered as online services in record time.

 Confidential Compute Zone (Enclave Cluster): This is like a “cloud within a cloud” for the
ultra-sensitive tasks (Node F1). It may be physically separate hardware or logically separate
via CPU modes. NQRust-Enclave Cluster likely runs on servers with TEEs (like Intel SGX2 or
AMD SEV). These enclaves can host entire MicroVMs inside (Node F2), meaning even the OS
is inside the enclave, which is ideal for running legacy applications that need confidentiality
without rewriting them completely.

o Node GI: Defense Intelligence Analysis — A use case: multiple intel agencies (military,
state intelligence, cyber agency) want to run a joint data analysis on threat data (like
logs of cyber attacks or satellite imagery plus human intel reports) to identify patterns.
None wants to expose raw data to the other fully. They package their data and code to
run in an enclave on the cloud. Inside the enclave, data is decrypted and processed, but
the enclave guarantees no outside access to it, and results are only what the agreed
code outputs. This fosters collaboration with zero data leakage.

o Node G2: Secure Key Management Service — The enclave zone can hold critical secrets
(like encryption keys for the whole government’s secure communications, or digital
certificates signing keys). By hosting a KMS inside an enclave, not even cloud admins or
HSM device managers can extract the keys, mitigating insider threats. This KMS can
integrate with Identity to issue short-lived credentials (Zero Trust).

o Node G3: Sensitive ML — e.g,, training or running a model on highly classified data (like
signals intelligence or cryptanalysis tasks). Enclaves ensure the model and data remain
opaque to others. It might also be used for things like multi-party computation: e.g., an
enclave could host a computation on encrypted data from central bank and tax
authority to detect financial fraud, outputting only risk scores, satisfying legal constraints
that raw data shouldn’'t be exchanged openly.
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o F3 (Secure Comms Gateway): this is an interface that carefully controls connectivity
between the enclave cluster and the main cloud (and external networks). It might allow
enclaves to query the Lake (Node B2) but only in ways that dont compromise
confidentiality (perhaps through attested queries). And it ensures any data leaving
enclaves is encrypted and signed, providing proof it came from a genuine enclave
(remote attestation). That way, an external party (like allied nation’s system) could trust
results from an enclave job by verifying the attestation.

e Data sync is likely one-way or tightly controlled (F3 to B2 might allow enclaves to fetch
needed data and push results back to Lake or to specific recipients, but overall it's a locked
down environment physically separated within the data center, possibly with its own
network segment).

¢ Integration of Clusters: The Sovereign Cloud and Confidential Zone are integrated but
isolated. The integrated aspects:

o FleetMgr (A4) probably also deploys to the enclave cluster with special considerations
(or a separate FleetMgr instance controlling F1).

o Identity (C1) spans both, but might have separate high-assurance tokens for enclave
usage.

o Guard (C2) covers backups in both, but for enclaves it might require special handling
(ensuring backup data is also enclave-encrypted).

o Insight (c3) monitors the enclave hosts but cannot see inside enclaves (it would just see
health metrics, any anomaly in enclave runtime is flagged, though data is opaque).

o Data flows: e.g, an enclave analysis job might pull data from Lake (Lake provides
encrypted subsets to enclave memory), or after an enclave job, a sanitized output goes
into Lake for broader use.

Architectural Differentiation

Active Learning

ﬁg and

Confidentiality Improvement

Beyond Cloud

~<> Insight for

Zero-Trust by +VJ Operations
. ()

Construction v

Analytics-First
o0U HPC

2
Memory-Safe HV
? . ?

Secure Enclaves

Figure 18: Balancing Security and Al Capabilities.

Solution 3 is characterized by secure enclaves and sovereign Al at hyperscale:

¢ |t's secure enclave-first for sensitive computing, ensuring confidentiality beyond typical
cloud capabilities.

e It's an agentic Al data center (to borrow NexusQuantum'’s term) meaning it not only
processes data but also actively learns, decides, and improves operations using built-in Al
(Insight for ops, plus the actual Al work it hosts).

¢ Architecturally, it's zero-trust and zero-leakage by construction: memory-safe HV prevents
many attack vectors, enclaves prevent data peeking, Identity ensures only the right access,
Guard ensures recoverability with no data left behind untracked.
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e It also aims to combine analytics-first (like solution 2) with HPC — meaning it's versatile: it
can do real-time data serving for millions of users and heavy offline crunching for strategic
analysis on the same platform, something only a few nations can do in sovereign context.

6.3 Use Cases & Business Scenarios
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Figure 19: National Sovereign Cloud: Key Use Cases & Strategic Benefits.

This architecture supports a range of national-scale use cases:

 National Language Model (Bahasa Indonesia LLM): Indonesia trains its own state-of-the-
art LLM (let's call it “BahasaGPT”). Using LLMOps on the sovereign cloud, they ingest
terabytes of text from books, social media (with permission), government documents (laws,
etc.), and train a model with tens of billions of parameters. SecureGPU enables splitting the
training across dozens of GPUs cost-effectively, and high 1/O from NQRust-Storage means
feeding data fast enough isn't a bottleneck. The result is a model that can power
Indonesian-language services (like an Al assistant in government portals, or help desks).
Because it's trained in-country, it can include local context and be fine-tuned with sensitive
data that wouldn’'t be shared with an external provider. Scenario: By 2028, the Ministry of
Communication & IT unveils BahasaGPT which is used in ministries to automate drafting
reports or summarizing complaints, and made available via API for local startups to
integrate (under strict data policies). It's found to handle Indonesian slang and local
languages better than English-centric models, and all the training data (some of which
might include private communication samples, etc.) remained within the sovereign cloud,
addressing public concerns about who has access to national data.

e Sovereign Open Science & Innovation: The platform is offered to universities and local
industries for research under certain conditions (like a national supercomputing facility).
Researchers can use MicroVMs and GPU slices to run simulations (climate modeling for
BMKG or genomics research on local genome data). Because of the memory-safe and
controlled environment, even external researchers can be given access without risking core
system security (they run in isolated VMs). For extremely sensitive research (like defense
tech), enclaves provide a space where even the researcher might not fully see all data (if
data is classified, the algorithm runs in enclave and they see results allowed). Scenario: A
joint public-private Al initiative trains an agriculture model to optimize rice yields using
satellite data (which is sensitive to trade markets). It uses national cloud GPUs. Results help
increase yields by 5%, and the knowledge and IP stays in Indonesia rather than in a foreign
cloud's purview.
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e Cyber Defense and Intelligence Fusion: The national enclave cluster is used to counter
cyber threats and analyze intelligence. For cyber defense, enclaves might run ML models on
combined network logs from telecom providers, banks, and government systems to detect
patterns of a large cyber-attack campaign (data that is highly confidential). By doing it in
an enclave, no single participant can see the others’ raw data, but the model can see the
combined patterns. For traditional intelligence, enclaves allow secure multi-agency
collaboration as mentioned. Scenario: Intelligence agencies suspect a security threat. They
each load recent intel reports and communications intercepts into an enclave analytics
program that uses NLP to find connections. The enclave outputs an encrypted report that
only those with the key (the participating agencies) can read, summarizing the threat and
its likely network. This prevented a potential incident and was done without exposing raw
intel sources widely, preserving secrecy. Meanwhile, since all ran on the national infra, it
didn't rely on any external cloud where leaks or foreign access could occur.

¢ National Digital Services & One-Stop Portal: At advanced maturity, all citizen services
could be delivered via a unified national portal or super-app, which is powered by this
cloud. Every service from getting a passport to paying taxes to checking electoral
registration lives as a microservice (ZeroCode-built perhaps) in E3, integrated with central
data. This super-app could incorporate Al (via LLMOps models) and serve tens of millions of
users concurrently (peak loads around elections or tax season). The national cloud can
auto-scale MicroVMs to handle it, maintaining fast response due to the high-performance
infra. Scenario: In 2030, citizens use the “Digital Indonesia” app daily — for paying bills,
accessing healthcare records, etc. They chat with a government Al assistant if they have
questions. All of that runs on the sovereign cloud, meaning even if global internet is cut off,
these domestic services continue. Data from their interactions is stored in the Lake, allowing
policymakers to continuously improve services. The Identity Federation ensures a single
sign-on across central and local services, which by now are all integrated (this also means
if a citizen updates their address in one place, it's updated in all relevant databases via the
Lake's integration, fulfilling the one-data principle fully).

 Military and Defense Cloud: The defense forces use the cloud for simulations (e.g., war-
gaming scenarios, training Al for autonomous drones under controlled conditions). They
utilize isolated partitions of the cloud (maybe dedicated hardware with HV ensuring further
isolation from civilian workloads). Enclaves and secure identity mean even within defense,
access is compadrtmentalized by clearance. A military operation planning system might run
partly on enclaves, where different branches input data but only a unified plan emerges.
Scenario: The military runs a simulation of disaster relief operations involving thousands of
troops and resources — it uses a model on the cloud to optimize deployment. Or, the cyber
command uses the cloud’s GPUs to test cryptographic resilience (like trying to break certain
algorithms to ensure national encryption is strong). The key is they can do extremely
compute-intensive tasks without needing to rent foreign cloud (which they wouldn't for
secrecy anyway), and with confidence that their data is secure within enclaves if needed.

e Backup and Continuity for Government: Because the national cloud, via Guard, keeps
backups and can replicate to multiple sites, it essentially becomes the continuity backbone.
If one data center (or even Jakarta's infrastructure) is hit by disaster, another site can take
over with minimal downtime (almost like a hot failover because FleetMgr can spin up VMs in
a secondary location using the same GitOps config, and Guard-backed data replication
ensures Lake and storage are up-to-date). This is a use case of national resilience.
Scenario: A major earthquake disrupts one PDN site, but government digital services switch
to another PDN site seamlessly. Citizens barely notice a downtime beyond a few minutes. All
critical data had been continuously backed up by Guard, proving the effectiveness of the
strategy. This prevents administrative paralysis at a time when digital coordination might
be needed most (during disaster response).
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7.4 Business Impact

The advanced national-scale solution provides strategic and wide-ranging benefits:
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Figure 20: Business Impact of Advanced National-Scale Solution.

e Strategic Autonomy & National Security: The most fundamental impact is digital
sovereignty. Indonesia gains independence from foreign cloud providers for critical tech.
This means control over data (no foreign jurisdiction can demand data handover), and
continuity of service regardless of geopolitical conditions. For national security, having a
confidential computing environment means sensitive operations (defense, intel) are
protected at a level that deters adversaries (both state and non-state) from cyber
espionage. It also means the country can develop unique capabilities (like its own Al) that
are not accessible to others unless chosen to share. In global negotiations or crises, this
autonomy can be a significant strategic advantage.

¢ Innovation & Economic Growth: A sovereign Al cloud can serve as a hub for innovation. It
can accelerate research and development by providing resources to local startups,
universities, without data leaving the country. This encourages the growth of a domestic Al
industry (e.g, companies building solutions on BahasaGPT or using the HPC for
manufacturing design, etc.). Over a decade, this could substantially boost the tech sector’s
contribution to GDP. Also, being able to produce high-end tech (like advanced Al models) -
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e - internally can reduce brain drain (talented data scientists might stay if they can do
world-class work at home on this infrastructure instead of going abroad). It could also
attract foreign companies to collaborate or set up research in Indonesia under conditions
of using the sovereign cloud for data (ensuring compliance with local laws).

e Cost Efficiency at Scale: Though expensive to set up, in the long run a national shared
infrastructure can be more cost-efficient than each agency procuring separate systems or
paying for expensive foreign cloud usage. NQRust's efficiency claims (e.g, 68% TCO
reduction in data management, 3.2x better GPU RO, etc.) imply that the hardware is utilized
to its fullest, giving taxpayers better value. There will be fewer redundant data centers (as
PDN aimed to reduce thousands to 4). This also means reduced maintenance costs and
power usage (newer tech is more power-efficient, plus it could incorporate green
computing easier in centralized sites, aiding sustainability goals). A central ops team
(augmented by Insight's Al) can manage what used to be disparate IT teams across
government, optimizing personnel use.

e Improved Governance & One-Gov Integration: At this stage, the dream of “One
Government” is realized technically. Data integration through Lake and Identity Federation
means the government operates as a coordinated whole rather than silos. This yields policy
outcomes improvements — decisions consider all relevant info. For example, poverty
alleviation programs can be much more precisely targeted by combining data from
finance, social, education, etc. The analytics platform might show that certain pockets of
population need intervention and allow scenario modeling for policies. Quick dissemination
and enforcement of policy (vio BPMN processes across agencies) become possible.
Essentially, the government becomes more agile, data-driven, and unified, which improves
public trust as well because citizens get consistent experiences and see a government that
“knows what it's doing” because different arms are not giving conflicting info.

e Top-tier Cybersecurity Posture: With zero-trust architecture, enclaves, and continuous
monitoring, government infrastructure becomes much harder to breach. This reduces
incidents of data leaks (which had plagued earlier years, damaging trust). Avoiding major
breaches or outages also avoids associated costs (remediation, legal fallout, etc.). It also
elevates Indonesia’s standing — showing it can protect its citizens’ data and its operations
effectively. This might indirectly bolster things like foreign investment (investors see robust
infrastructure) and digital adoption (citizens more willing to use e-services when security is
evident).

e Capability for National-Scale Digital Projects: Once such a cloud exists, it lowers the
barrier to attempt big projects. For instance, implementing a universal basic income or
national health Al becomes easier because the computing and data groundwork is laid; it's
just policy on top. The government can run complex models to simulate policy effects (like
climate policies or economic policies) which can lead to better decisions with huge societal
impact. It's like having a national “brain” or digital twin of the country to test and implement
improvements. The ROI is hard to quantify directly but could be enormous in outcomes like
more effective public spending, faster response to problems, etc.

¢ Military and Defense Edge: In defense, having indigenous computing means not relying on
potential adversaries for crucial tech. It allows Indonesia to develop or deploy advanced
defense systems (like Al for cybersecurity or autonomous systems) that it might not even
be allowed to import from others. Over 2027-2035, warfare and security incorporate Al
heavily; having a secure Al infra could be as vital as having physical defense equipment.
This architecture gives that edge, hopefully deterring threats and protecting sovereignty in
a modern sense.

e Alignment with Vision 2035: Many countries have digital nation goals (like making
significant portion of GDP digital, improving digital literacy, etc.). This platform would be a
pillar of Indonesia’s digital economy because it can also support commercial ecosystems
under sovereign oversight. For example, in sectors like finance, companies might host on -
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e - the sovereign cloud if they need high security (some might prefer a local alternative to
global cloud for compliance reasons too). So it can also become part of national ICT
infrastructure akin to a highway but for computing — enabling others to build on it. The
business impact is macro: fueling growth of digital economy in a controlled, secure manner.

Solution 3 propels Indonesia into the forefront of sovereign cloud computing, merging top-
tier technology with national needs. It's a long-term play, but one that can fundamentally
transform governance, security, and innovation, ensuring Indonesia’s digital future is firmly
in its own hands.

S

7. Conclusion

Through the three progressively sophisticated solutions detailed above, it's evident that
NQRust's Rust-powered cloud stack can holistically address the needs of Indonesia’s
government agencies across all levels. From local municipalities digitizing their first public
services, to metropolitan smart city integrations, up to a national sovereign Al cloud, the same
core principles apply: security by construction, performance without compromise, and
architecture that aligns with data sovereignty and regulatory compliance.

Inefficient Implement Modernized
Government NQRust Government
Services Solutions Services

Fast, cost-effective, and
secure

Slow, costly, and
insecure

Start with foundational Support compliance Deliver measurable Quantifiable
services with regulations outcomes and ROI improvements and
benchmarks

Figure 21: Modernizing Indonesian Goverment with NQRust.

Key Takeaways:

¢ Mapping Technology to Real Needs: Each NQRust product finds its place — whether it's
NQRust-Identity unifying citizen logins, NQRust-Guard protecting critical data from
ransomware, or NQRust-Enclave enabling unprecedented secure collaboration. By
evaluating each tool against operational, regulatory, and strategic criterio, we ensure
technology is adopted not for its own sake, but to solve concrete governance challenges.

e Phased Evolution: Indonesian government agencies can adopt these solutions in phases,
reaping early benefits (quick wins in service delivery and cost savings) while laying
groundwork for more advanced capabilities. This phased approach mirrors the structure of
our solutions:

o Start with foundational digital services and build confidence.

o Integrate and optimize at city/provincial scale once basics are in place.

o Finally, leverage a fully mature sovereign cloud for national-scale innovation and
security.

¢ Regulatory Alignment: The architectures inherently support compliance with Indonesian
regulations like PP71 (data localization) and the Personal Data Protection Law. Moreover,
they prepare agencies for emerging mandates (cybersecurity frameworks, open data
standards) by providing built-in audit trails, encryption, and access controls. In many cases,
adopting these modern architectures will put agencies ahead of compliance requirements,
turning regulatory burden into an opportunity for proactive governance improvements.
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e Executive-Level Confidence: From a boardroom perspective, these solutions are
investments in institutional capability and resilience. They are designed to deliver
measurable outcomes: higher citizen satisfaction, faster service delivery, reduced risk of
data breaches, and more efficient use of budgets. The ROl is seen not only in financial terms
but in socio-economic impact — enabling everything from reducing corruption through
digital transparency to accelerating economic growth via Al-driven services.

e No Marketing Fluff — Just Credible Performance: The whitepaper has cited facts and
figures throughout, demonstrating that the recommended approach is grounded in
quantifiable improvements — be it 80% cost reductions in identity management, 9x faster
development cycles, or 3x higher GPU utilization. These are not hype, but achievable
benchmarks with NQRust’'s technology, providing assurance that Indonesia’s government
can leap ahead using proven innovations.

Implementation
~

In implementing the NQRust Industry Whitepaper recommendations for Government
Agencies, leadership should consider establishing cross-agency task forces to govern
data sharing and cloud operations, invest in capacity building (training civil servants on
low-code, data analytics, and Al usage), and engage in public-private partnerships where
appropriate to maximize the value of the new platforms (for instance, involving local tech
startups in developing on the government cloud).

Indonesia stands at the cusp of a transformation — one that can position it as a leader in
digital governance and a model for other emerging economies. By executing the
architectures and strategies outlined in this whitepaper, Indonesian government agencies
(national and local) can deliver smarter services, make informed decisions at lightning
speed, and safeguard the nation’s digital sovereignty in an increasingly uncertain world.
The path is clear: Rust-powered innovation, end-to-end security, and a unified
architecture bridging today’s needs and tomorrow’s ambitions. The time to act is now, to
build the foundation for Indonesia’s digital renaissance through 2025, 2035, and beyond.
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