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Industry Solution: FMCG

1. Introduction

Indonesia’s fast-moving consumer goods (FMCG) sector in 2024 stands at a pivotal juncture,
blending vast opportunity with complex challenges. Valued at roughly $45 billion, the market
has enjoyed long-term growth from urbanization and a rising middle class. Over 60% of
Indonesians are under 40, forming a tech-savvy consumer base that demands convenience,
quality, and value. E-commerce has surged from under 5% of FMCG sales in 2018 to over 15% by
2024, and is projected to reach 25% by 2030, reflecting a digital commerce revolution. Yet
traditional trade remains critical: thousands of warungs (mom-and-pop kiosks) and micro-
retailers dominate last-mile distribution, especially in rural areas. These informal channels
contribute significantly to the economy (micro-enterprises make up ~60% of GDP) but operate
with irregular orders, cash-based sales, and limited digital tools.

Recent years have exposed vulnerabilities. FMCG value growth slowed to ~7% in 2024 amid
inflation and consumer downtrading. Supply chains, stretched across 17,000+ islands, suffer
from costly inter-island logistics and fragmented systems. Last-mile distribution to warungs is
inefficient, with frequent stockouts and overstocks due to poor visibility and manual processes.
Many large FMCG players have been slow to fully digitize core operations — digital initiatives
often remain siloed or “patchwork” add-ons, rather than integrated into supply chain and
distribution strategy. Organizational silos between sales, supply chain, and finance further
impede agility. In Indonesia’s dynamic market — with seasonal spikes (e.g. Ramadan) and viral
trends — legacy planning methods struggle to keep up.

Consumer expectations are also rising. Shoppers (especially urban millennials and Gen-2) are
more brand-conscious and demand personalized experiences and trust. Halal assurance is
paramount: Indonesia (87% Muslim) has made halal certification mandatory for consumer
products, enforcing it fully by 2026 as a pillar of consumer protection and quality. Brands
must ensure end-to-end halal compliance and traceability or risk losing consumer trust and
market access. Regulatory pressures extend to data as well — the 2022 Personal Data
Protection Law and data localization rules mean FMCG firms must handle consumer data with
strict privacy and often keep data onshore. Meanwhile, competition is intensifying from nimble
local players who leverage cultural insight (e.g. halal-focused branding) and innovative
channels, outpacing multinationals in growth

The Indonesian government and industry stakeholders recognize that digital transformation
and Industry 4.0 technologies are key to resolving these challenges. Initiatives like Making
Indonesia 4.0 and the National Digital Economy Strategy aim to make Indonesia a global digital
powerhouse by 2030. The Making Indonesia 4.0 roadmap specifically highlights food &
beverage manufacturing and retail modernization as priority areas, encouraging adoption of
Al, 10T, and advanced analytics to boost productivity and resilience. By 2025, Indonesia’s digital
economy is projected to exceed $130 billion, and Al adoption in supply chains is accelerating
globally — 46% of organizations have begun implementing Al in supply chain operations as of
2025.

Nexus Quantum’s NQRust Platform is uniquely positioned to help Indonesian FMCG enterprises
navigate this transformation. NQRust is a vertically integrated cloud platform built on memory-
safe Rust technology and zero-trust security principles. It combines high-performance
infrastructure (secure Rust-based hypervisors and MicroVMs) with a suite of Al, data, and
integration services designed for enterprise needs. The NQRust stack emphasizes security by
construction (confidential computing, strict isolation), real-time performance, and
developer-friendly automation, aligning well with Indonesia’s needs for sovereign, compliant,
and efficient solutions. By leveraging NQRust's modular products — from edge computing and
data lakehouse analytics to Al model ops and confidential enclaves — FMCG companies can
modernize distribution networks, integrate channels, and deploy Al-driven intelligence with
security and compliance built-in.
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NGRust

This whitepaper outlines three strategic solution architectures for the Indonesian FMCG
industry, each aligned with a different maturity level of digital transformation:
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Figure 1: Strategic Solution Architectures for Indonesian FMCG Industry

e Solution 1 - “Connected FMCG Foundations” (Entry Level): Focuses on digitizing and
integrating the fragmented supply network (especially warungs and distributors) to
establish a real-time data foundation and basic analytics capability across urban and rural
channels.

e Solution 2 - “Intelligent Omni-Channel Optimization” (Growth Level): Builds on the digital
core by incorporating Al-driven forecasting, real-time analytics, and process automation.
This solution optimizes supply and demand planning across traditional and e-commerce
channels, enabling predictive and agile operations.

e Solution 3 - “Autonomous & Secure FMCG Ecosystem” (Advanced Level): Envisions a fully
Al-driven, collaborative network by 2027-2035. Multiple NQRust components (including
agentic Al services and privacy-preserving compute) orchestrate end-to-end operations
across manufacturers, distributors, retailers, and even consumers — with minimal human
intervention, high trust (halal, quality, data privacy compliance), and adaptive intelligence.

Each solution is presented with an analysis of the key problems & challenges addressed, the
solution architecture (illustrated via Mermaid diagrams), representative use cases & business
scenarios, and the business impact in qualitative and quantitative terms. All proposed
architectures leverage multiple NQRust products in combination, demonstrating how a unified
technology stack can progressively unlock higher levels of efficiency, resilience, and innovation
in Indonesia’s FMCG sector. By adopting the right solution pathway for their maturity level,
government and enterprise decision-makers can drive strategic outcomes — from stabilizing
supply chains and improving consumer trust, to fostering sustainable growth and
competitiveness in the digital era.
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2. Solution 1: Connected FMCG Foundations (Entry Level)

2.1 Problems & Challenges

At the entry level of digital maturity, Indonesian FMCG companies often grapple with highly
fragmented supply chain data and processes. The distribution of goods relies heavily on
traditional channels — tens of thousands of warungs, small wholesalers, and independent
agents scattered across urban and rural areas. These micro-retailers typically operate offline,
placing orders through phone or in-person visits, and keeping records manually or not at all.
The result is poor real-time visibility into secondary sales and inventory. Supply chain volatility
is exacerbated by this opacity: manufacturers and large distributors cannot see actual
demand signals from the field, leading to frequent stockouts in some areas and overstocks in
others. For example, managing last-mile delivery to remote islands or villages is a “constant
drain” under the status quo, with irregular ordering patterns and high logistics cost per unit.

Retail/wholesale channel integration is minimal at this stage. Modern trade (supermarkets,
chain stores) might have IT systems and send electronic orders, but the general trade (warung
network) is disconnected. Promotions or new product launches often fail to reach or influence
the vast informal sector effectively. Field sales teams collect warung orders, but data is
delayed and error-prone. This fragmentation means brand owners lack a single source of
truth for sales and stock across channels, impeding timely decisions.

A related challenge is building brand trust and personalization when the customer interface is
mostly through small independent shops. Brands struggle to ensure consistent pricing, product
availability, and messaging. Moreover, counterfeit or expired goods can circulate in traditional
markets, eroding consumer trust. Without digital traceability, it's hard to assure consumers
(and regulators) that products - especially food, beverages, cosmetics — are authentic and
halal-certified end-to-end. This is critical given Indonesia’s halal regulations: by 2026 all FMCG
products in the market must be halal-certified, a move explicitly aimed at strengthening
consumer trust and product competitiveness. At the entry level, most companies have only
manual or paper-based halal compliance tracking, which is error-prone and hard to scale.

Indonesian halal, logistics, and regulatory constraints thus pose non-trivial hurdles.
Companies must adapt to new laws (e.g. labeling requirements, halal audits) and complex
logistics (cold chain for certain halal goods, inter-island shipping documentation) without yet
having robust IT support. Data about certifications, quality checks, or transport conditions are
often siloed or not digitized.

Another challenge is the labor skill gap and informal retail culture. Many frontline workers and
warung owners have limited technical literacy. According to industry observers, a segment of
micro-entrepreneurs lack exposure to the digital world due to education level and need on-
the-ground support to adopt any technology. Solutions must be extremely user-friendly,
local-language, and low-friction, or else risk low uptake. The success of warung digitization
efforts so far (e.g, 020 order apps) shows promise — about 31% of warung owners had begun
using wholesaler e-commerce apps by 2022, with 75% reporting satisfaction — but also
highlights that 69% are still offline. Bridging this gap is a key goal at the entry stage.

Finally, integration across rural, urban, and e-commerce nodes is nascent. While e-
commerce is rising, many FMCG firms treat it as a separate channel, not integrated with
traditional distribution data. The entry-level challenge is to create a digital backbone that can
collect and consolidate data from all points — warung sales, distributor stock, modern retail
POS, and online orders — to enable a unified view of the business. This foundation will set the
stage for more advanced analytics later. In summary, Solution 1 must address: fragmented
data, lack of visibility, warung integration, basic trust/halal tracking, and ease-of-use for a
digitally novice workforce.
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2.2 Solution Architecture (Foundation Layer)

To tackle these challenges, Solution 1: Connected FMCG Foundations establishes a unified
digital infrastructure connecting the FMCG company’s backend systems with its widespread
distribution network (from urban supermarkets to rural kiosks). The architecture leverages
several NQRust components to create an end-to-end data pipeline with real-time visibility and
resilience, as depicted below:
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Figure 2: NQRust Cloud & Edge Architecture (High-Level Overview)

NQRust-Edge: At the frontline, NQRust-Edge devices or instances serve as intelligent gateways
in the field. For example, a lightweight edge runtime can be installed on a tablet at a regional
distributor or as part of a mobile app used by warung owners. NQRust-Edge provides offline-
first capabilities — it can cache product catalogs, capture orders and sales transactions locally
even when internet connectivity is poor, and then sync data efficiently when a connection is
available. This “smart backhaul reduction” means warungs in remote areas can be digitally
integrated without requiring constant connectivity. Edge nodes also enforce business rules
(e.g. not allowing out-of-stock orders) and can run simple analytics (like flagging unusual
demand) on-site, reducing the load on the cloud.

NQRust-Lake: All field data flows into a central lakehouse — a unified data repository built on
NQRust-Lake. This Rust-powered lakehouse ingests structured and unstructured data from
multiple sources (warung sales via Edge, distributor inventory levels via system integration, e-
commerce orders, etc.) and stores it in a queryable format. Unlike a traditional data
warehouse, the lakehouse can handle real-time feeds and high volume, while enabling instant
analytics through built-in NL (natural language) query interfaces. For the entry solution,
NQRust-Lake serves as the “single source of truth” for the FMCG enterprise’s operations: every
sale, stock delivery, and order is recorded with time, location, SKU, and other relevant attributes.
This dramatically improves supply chain visibility, addressing a core gap. Executives gain, for
the first time, a near-real-time view of secondary sales at the warung level, something global
FMCG leaders find critical (e.g., Colgate-Palmolive achieved 75% greater supply chain visibility
by integrating such planning systems).

NQRust-Analytics: Sitting atop the lakehouse is the NQRust-Analytics platform, which
provides business intelligence, reporting, and basic analytics capabilities. At the entry stage,
this would be configured to generate dashboards and alerts on key FMCG metrics: e.g.,, daily
sales by region, stock level heatmaps, distributor order fulfillment rates, etc. The platform’s
real-time processing capability means that as new data flows in (from Edge or other sources),
dashboards update live — a stark improvement from waiting weeks for manual reports.
Visualizations can highlight, for instance, “red zones” where warung stockouts are spiking, or
compare promotional uplift in traditional vs online channels. -
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By democratizing data access in a secure way, NQRust-Analytics helps break down
organizational silos: sales, supply chain, and marketing teams can all draw insights from the
same unified dataset rather than arguing over disparate reports. Additionally, basic analytical
models can be implemented here (for example, trending which products sell faster in rural vs
urban outlets) to inform decisions like stock reallocation.

NQRust-Identity: Given the multi-actor nature of this ecosystem (internal employees, warung
owners, distributors, possibly third-party field agents), NQRust-Identity provides a single sign-
on and identity management layer. Each user — whether a warung operator using a mobile
app or a regional sales manager accessing the analytics portal — authenticates via Identity.
This ensures secure, role-based access to the platform. For example, warung owners might
only see their own transaction history and perhaps promotions, while a distributor sees
aggregated demand from their territory, and HQ sees national data. NQRust-Identity supports
industry standards (OAuth2, OpenID Connect, etc.) to integrate with existing corporate
directories, simplifying rollout. Importantly, strong identity and access control align with
Indonesia’s evolving data protection laws — sensitive personal or sales data is only accessible
to authorized parties, supporting compliance from day one.

NQRust-ZeroCode: Most entry-level FMCG firms have some legacy systems (e.g, an ERP or
warehouse management system at the distributor, spreadsheets at HQ, etc.). NQRust-
ZeroCode serves as an integration hub that can connect these legacy systems into the
NQRust-Lake with minimal coding. Using a drag-and-drop interface, the FMCG's IT team (or
integration partners) can quickly set up data pipelines — for instance, pulling a daily SKU stock
report from the distributor's ERP database and loading it into the lake, or connecting the
company’s existing e-commerce order API to feed into the central data store. ZeroCode
accelerates integration by ~9x faster APl development than coding from scratch, which is vital
for an entry solution where technical resources may be limited. It essentially wraps the old
systems into the new digital platform, ensuring no critical data is left stranded outside.

Together, these components form a robust, secure, and scalable foundation. Notably, the
entire platform runs on Nexus Quantum’s Rust-powered cloud: NQRust-HV (the hypervisor)
and NQRust-MicroVMs provide an underlying infrastructure where each service (Lake, Analytics,
etc.) runs isolated, with memory-safe performance. This means the solution is reliable (no
more server crashes from memory leaks), and secure by design (the zero-trust approach
mitigates many cyber risks). For the company, this translates to near-zero downtime and
confidence that sensitive information (sales data, partner info) is protected at rest and in
transit. The architecture diagram above illustrates how warung-level data flows into the cloud
platform and back out as insights, connecting formerly disparate nodes into one network.

2.3 Use Cases & Business Scendrios

Solution 1 unlocks several fundamental use cases that begin to transform day-to-day
operations in the FMCG value chain:

¢ Digital Warung Ordering: Thousands of warung owners can be onboarded onto a simple
mobile application (powered by NQRust-Edge for offline support). In this scenario, a warung
owner in a rural Central Java village uses the app to place weekly restock orders for popular
FMCG products (e.g., instant noodles, beverages). Even if their internet connection is
intermittent, the app (Edge node) records the order locally. When connectivity is available
(perhaps each evening or when the owner goes to a connected area), the orders sync up to
the central NQRust-Lake. The distributor responsible for that area immediately sees the
order in their dashboard (through NQRust-Analytics or via an automated feed to their
system via ZeroCode) and can prepare the delivery. Impact: The warung owner is
empowered with a convenient ordering method, reducing their stockouts. The FMCG
company gains real-time insight into demand at the last mile, rather than waiting for a
salesperson’s monthly report. This use case directly addresses informal retail integration; it
treats warungs as part of the digital network while respecting their on-the-ground realities.
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Characteristic

Digital Warung Ordering

Real-Time Stock Visibility

Halal Compliance Tracking

Simple Personalization

Integrated Order-to-Cash

Figure 3: FMCG Value Chain Transformations

¢ Real-Time Stock Visibility and Alerts: At headquarters, a supply chain planner opens the
NQRust-Analytics dashboard each morning to review nationwide stock levels. Thanks to the
integrated data, they can see an aggregated view of inventory at each distributor and even
an estimate of stock “on shelf” at warungs (based on last delivery and sales velocity). The
system highlights anomalies — for example, a cluster of warungs in East Java showing zero
sales of a top-selling biscuit for 3 days (indicating a likely stockout or distribution lapse).
Upon investigating the analytics, the planner finds that a distributor in that region has not
received the latest shipment due to a port delay. With this visibility, they proactively arrange
a re-routing of stock from a nearby warehouse. In legacy setups, such local stockouts might
go unnoticed until month-end, but now the system’s last-mile visibility and alerting
prevent prolonged product unavailability. This scenario shows how supply chain volatility
(caused by logistics delays) can be mitigated by timely data — a crucial advantage in
Indonesia’s context of frequent inter-island transit delays.

¢ Halal Compliance Tracking for Trust: As halal certification becomes mandatory, the
company deploys a module in the platform to track compliance. Each SKU in the NQRust-
Lake is tagged with its Halal Certificate ID and expiration date (data obtained via ZeroCode
integration from the national halal registry or internal QA systems). A use case here: the
complionce manager receives a dashboard or automated report from NQRust-Analytics
that lists products nearing halal certificate expiry or lots that need renewal. If a certificate
deadline is missed, the system can flag it so that sales of that batch can be halted until
renewal — preventing non-compliant goods from reaching consumers. Furthermore,
through the warung app, the company can communicate trust: e.g, warung owners (or
even consumers scanning a QR code on packaging in future) can verify a product’'s halal
status against the data in the platform, assured that it's up-to-date. This begins to build
brand trust via transparency. As one official noted, halal certification is now viewed as a
competitive advantage and quality benchmark, not just a religious formality. Our
foundational system supports this by keeping halal data organized and accessible across
the supply chain.
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e Simple Personalization at the Field Level: While full personalization is an advanced
capability, even at entry level the company can start tailoring its approach by leveraging
data. A scenario: marketing notices from Analytics that certain rural regions have strong
sales for smaller pack sizes of shampoo (perhaps due to price sensitivity) while urban areas
prefer larger bottles. With this insight, they create micro-targeted distribution strategies —
sending more sachet packs to warungs in villages and focusing larger packs in city
supermarkets. They could also use the warung app to disseminate localized promotions
(e.g. a discount on a popular item during local festivals) directly to warung owners’ devices.
The platform ensures these promotions reach the target audience instantly (via Edge sync)
and any uptake is immediately measurable in the sales data. This use case scratches the
surface of data-driven personalization, showing even basic analytics can help align
products with local preferences, a factor where local firms often excel by being closely
attuned to micro-trends.

¢ Integrated Order-to-Cash Process: Using NQRust-ZeroCode and Identity, the company
can streamline processes that used to be manual. For instance, when a distributor places a
restock order (via an EDI system or even an Excel upload), ZeroCode flows can
automatically ingest that into NQRust-Lake, trigger a confirmation back to the distributor,
and notify the company’s finance system to generate an invoice. Meanwhile, NQRust-
Identity ensures all these interactions are authenticated and logged (who placed the order,
who approved it, etc.). By automating the order-to-cash steps, even partially, the company
reduces delays and errors. Field agents no longer need to reconcile orders on paper versus
invoices weeks later; everything is tracked in one system. Over time, this builds confidence
among channel partners (warungs, distributors) that the company’'s supply chain is
responsive and reliable.

These scenarios demonstrate Solution 1's overarching theme: connecting the unconnected.
The FMCG company transitions from a fragmented operation to one with a nervous system of
data linking all nodes. Early adopters of such connectivity in Indonesia’s retail have shown
resilience — warungs using digital procurement proved surprisingly resilient through the
pandemic’s disruptions. By implementing this solution, the company lays the groundwork for
more sophisticated capabilities in subsequent maturity stages, while reaping immediate
benefits in efficiency and insight.

2.4 Business Impact

Implementing the Connected FMCG Foundations solution yields significant business benefits,
even in the first 12-18 months of deployment. These impacts can be measured in both
qualitative improvements and quantitative metrics:

Quantitative KPIs Enhanced Visibility

Measurable indicators of Increased transparency across

success ﬂ the supply chain

Reduced Stockouts

Higher product availability and
fewer shortages

Compliance & Trust

teduced risks and enhanced
governance

Partner Satisfaction , Efficiency Gains
Improved relationships with Streamlined processes and
channel partners cost savings

Figure 4: Supply Chain Transformation
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¢ Enhanced Visibility & Decision-Making: One of the most immediate gains is a dramatic
increase in supply chain visibility. Where previously management had a blurry, weeks-old
picture of downstream inventory, they now obtain real-time transparency across the
network. Global benchmarks suggest that moving to integrated planning systems can
improve supply chain visibility by as much as 75%. In an Indonesian FMCG context, we
anticipate achieving a comparable order-of-magnitude improvement — essentially going
from near-zero visibility in traditional trade to almost full visibility of sales and stock levels at
distributors and major warungs. The business consequence is faster, data-backed
decisions. For example, a regional sales manager can decide within hours to reroute stock
or run a local promotion in response to a sudden dip in sales, rather than discovering the
issue a month later. TMS Consulting notes a 30% improvement in decision efficiency when
companies embrace Al-assisted supply chain planning; even our entry-level analytics
(without heavy Al yet) will significantly shrink decision cycle times by providing timely
information.

¢ Reduced Stockouts and Excess Inventory: Better visibility and ordering processes directly
translate to higher product availability on shelves. With warungs ordering through the app
and the company seeing those orders, stockouts can be addressed proactively. We project
a substantial reduction in stockout incidents (e.g.,, 20-30% fewer stockouts in the first year)
in pilot regions, based on analogous cases where digitizing ordering improved shelf
availability. Conversely, inventory glut at distributors or warehouses is minimized because
production and replenishment can be aligned to actual consumption data. Early
implementations of data-driven forecasting in FMCG have cut excess inventory, yielding
inventory level improvements on the order of 20-35%. While Solution 1 is not yet full Al
forecasting, just eliminating double-ordering and guessing can free working capital tied in
overstock. Distributors might carry leaner stock if they trust that the system will replenish
them in time, improving inventory turns and lowering holding costs.

o Efficiency Gains & Cost Reduction: The automation and streamlining of processes result in
tangible cost savings. Sales reps and field officers spend far less time on manual data
collection and fire-fighting. For instance, instead of traveling to remote areas just to gather
orders, reps can focus on value-added activities (market development, ensuring
merchandising standards, etc.) because routine orders come digitally. Administrative
overhead, like re-keying orders into ERP or reconciling invoice disputes, drops sharply
thanks to integrated data flows (via ZeroCode). We estimate that manual workload in order
processing and report generation can decrease by 50% or more. (Notably, as companies
progress to more automated planning, studies have shown up to 60% reduction in manual
effort — our foundational step will capture a good share of that by eliminating duplication
and spreadsheets.) These efficiency gains translate to cost savings: fewer mistakes (e.g.,
mis-shipments), less urgent expediting of stock, and optimized truck loads because orders
are aggregated intelligently. Logistics costs per unit should trend downward; early digital
supply chain adopters report ~15% logistics cost reduction from improved planning and
routing — Solution 1 is the first step toward that, likely realizing a portion of those savings
through better route planning based on real demand.

e Improved Channel Partner Satisfaction: Warung owners and distributors will feel the
positive impact. With easier ordering and faster response times, partner satisfaction and
loyalty increase. In surveys, 75% of warung owners using digital apps have expressed
satisfaction with the experience. Happier channel partners mean better retention and
possibly willingness to carry more of the company’s products or participate in its programs.
There's also a community effect — as warungs see benefits (like quicker restocks, maybe
occasional data-driven incentives), more warungs will want to join the platform, creating a
network effect of inclusive digitalization. This aligns with Indonesia’s national goals of
bringing MSMEs into the formal, digitized economy (the government has initiatives to
onboard millions of micro-enterprises into e-commerce and compliance regimes). By
being an early mover in warung digitization, the company can strengthen its distribution
moat and goodwill.

Page 9

contact@nexusquantum.id nexusquantum.id



Industry Solution: FMCG

¢ Foundation for Compliance and Trust: From a governance perspective, the company
significantly de-risks compliance issues by using the platform. Centralized halal tracking
means it is far less likely to inadvertently sell non-certified stock beyond deadlines —
avoiding regulatory penalties and public relations issues. The Identity and audit logs from
NQRust mean that every data access and change is recorded (who viewed what, who
edited an order, etc.), which is useful for both internal audit and external regulators. This
level of traceability and accountability will become increasingly important as Indonesian
authorities tighten enforcement of halal and consumer protection laws. Additionally, by
storing consumer and transaction data in a secure, PDP-compliant environment, the
company protects itself from data breaches or violations of privacy law. In a boardroom
context, this solution is a risk mitigator: it prevents revenue loss from stockouts, reduces
compliance risk, and improves operational resilience against shocks (like a sudden supply
disruption or demand spike).

¢ Quantitative KPIs: Within the first phase of deployment, the company can track specific key
performance indicators to measure success:

1.0rder Fill Rate: Expect an increase in distributor and warung order fill rates (e.g., from 85% to
95%+) as stockouts are identified and addressed faster.

2.Sales Growth: By reducing lost sales due to empty shelves and reaching previously
underserved outlets, a modest uptick in sales can be expected. Even a 2-3% incremental
revenue growth in the first year, attributable to better product availability and broader
distribution, is significant for a low-growth environment.

3.Working Capital Rotation: Inventory days on hand may decrease by 10-15% as the supply
chain trims excess, freeing capital or allowing more SKU variety without raising overall stock.

4.Reporting Lag: The time to compile sales and inventory reports shrinks from weeks to near
real-time. This could be tracked as, say, “data latency” — going from 2-week lag to 1-day lag
in visibility.

5.Partner Onboarding: Number of warungs/distributors actively using the system - e.g,
target to digitize 5,000 warungs in year 1. (As context, 020 networks like Bukalapak’s Mitra
had reached ~6—-700k warungs, but our focus might be on those relevant to the company’s
product categories.)

Importantly, these improvements at the entry stage create momentum and justification for
further digital investment. Leadership will see concrete ROI through cost savings (logistics,
labor efficiency) and revenue protection (fewer stockouts). Even qualitatively, the organization
will notice a culture shift: decisions are increasingly data-driven rather than gut feel, and
cross-department collaboration improves when everyone is looking at the same integrated
data. This sets the stage for Solution 2, where advanced analytics and Al can be introduced on
top of this now-established digital backbone to further amplify business impact.

3. Solution 2: Intelligent Omni-Channel Optimization (Growth Level)
3.1 Problems & Challenges

As an FMCG enterprise progresses to a growth level of digital maturity, it has likely
implemented the foundational systems for data visibility (as in Solution 1) and now faces a new
set of challenges. With basic connectivity achieved, the volume of data explodes — streaming
in from warung apps, distributor feeds, modern retail POS, and e-commerce platforms. The
company must turn this flood of data into actionable intelligence in real time. Supply chain
volatility remains a concern, but now the question is how to predict and proactively manage
volatility rather than just react. For instance, demand swings during Ramadan, Eid holidays, or
sudden viral social media trends can create sharp spikes or drops in certain product sales.
Traditional monthly planning is too slow; the company needs predictive models to forecast
demand more accurately and scenario tools to simulate responses to disruptions.
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Retail/wholesale channel integration at this stage means fully embracing an omni-channel
strategy. The company is likely selling through multiple channels: general trade (warungs),
modern trade (supermarkets), online marketplaces, maybe direct-to-consumer. Each channel
has different dynamics — e-commerce might have flash sales and return logistics, while
warungs have many small frequent orders. The challenge is to optimize across channels:
ensuring, for example, that if online demand surges, it doesn’t starve inventory from offline
channels (and vice versa), and that pricing and promotions are coordinated. Siloed channel
management leads to inefficiencies and customer frustration; thus, integration now requires
real-time coordination and not just data consolidation.

As the company grows in digital capability, brand trust and personalization become focal
points for competitive differentiation. Consumers in 2025 and beyond expect brands to cater to
their preferences and communicate relevant offers. This requires analyzing consumer data at
scale and maybe even tailoring products or marketing by segment. The challenge is how to do
this while respecting privacy and without losing efficiency in the supply chain. For example,
offering personalized product bundles is great for marketing but can complicate logistics.
Balancing personalization with operational practicality is a key problem to solve with smart
analytics. Moreover, maintaining brand trust at this stage extends to consistency across
channels — a customer should get the same quality experience whether buying from a local
shop or an app. Any breakdown (like an out-of-stock or a delayed delivery for online orders)
can erode trust, so the pressure to perform flawlessly across the board is higher.

Halal, logistics, and regulatory constraints evolve in this growth stage. By now (2025-2027),
halal certification enforcement is in full swing. The company is not only tracking compliance
internally but may also need to report or interface with government systems (for example, the
BPJPH might require periodic digital submission of certified product lists). Ensuring every new
product SKU or variant launched has its halal paperwork in order before distribution becomes a
complex project management challenge. Logistics wise, as the business grows, it might
expand to new regions, even export. Cold chain and specialty distribution (for halal or other
needs) must be optimized. Without advanced tools, logistics planning (routes, modes, 3PL
management) can't be efficiently scaled over Indonesia’s geography. Additionally, Indonesia’s
regulatory environment for data and Al is maturing — companies have to navigate the new
Personal Data Protection law (effective 2024) which mandates strict controls on personal data
use. If the company wants to leverage consumer data for personalization (like analyzing
purchase patterns), it must ensure compliance (consent, anonymization where needed, local
storage), adding complexity to data analytics operations.

Labor skill gaps take on a different flavor now. While frontline warung owners may have
adapted to basic apps, the company now needs more advanced data science and analytical
skills internally to build Al models, manage data quality, and refine processes. There may be a
shortage of talent who can bridge domain knowledge with technical Al expertise. Moreover,
existing staff might be overwhelmed by new tools if not made user-friendly. We often see
digital transformation falter at this stage due to organizational silos and resistance: despite
having data, different departments (marketing, supply chain, finance) might still operate on
their own spreadsheets or KPIs, leading to suboptimal decisions. The challenge is not just
technical but also cultural — breaking silos and upskilling teams to trust and utilize the Al-driven
recommendations.

Integration across rural, urban, and e-commerce nodes now needs to be truly real-time and
bidirectional. It's not only about collecting data from all nodes into a central lake, but also
about pushing insights and actions out to those nodes instantaneously. For example, if an Al
model predicts a stockout in a rural areq, the system should trigger a resupply or a substitution
before it happens. If a sudden demand spike is detected in e-commerce, the system might
allocate extra inventory from a nearby distributor to the e-commerce channel to avoid lost
sales. This level of dynamic integration requires systems that can communicate and optimize
on the fly — a step up from the periodic batch updates of the entry stage.
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In summary, the challenges at the growth level revolve around scaling up intelligence: The
company has data, but needs to harness Al/ML for demand forecasting and optimization; it
has multiple channels, but needs to coordinate them seamlessly, it values
trust/personolizotion, but needs to operationalize those at scale; and it's more automated, but
needs to ensure its people and processes evolve adlongside technology.

3.2 Solution Architecture (Al-Augmented System)

Solution 2, Intelligent Omni-Channel Optimization, introduces Al-driven analytics, real-time
processing, and automated workflows on top of the digital core. The architecture combines
NQRust's advanced platform services to create a feedback loop of prediction and action that
spans all channels. The design is illustrated below:
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Figure 5: NQRust Cloud Platform Architecture: Data Lakehouse Integration and Al Automation
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Figure 6: NQRust Architecture
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e NQRust-Lake (Unified Data): The lakehouse now ingests a broader and more continuous
set of data streams. It's not just end-of-day warung sales; it's also clickstream and order
data from e-commerce (e.g, coming in every minute), point-of-sale scans from modern
retailers (perhaps via daily batch or API feeds), plus upstream data like factory production
schedules or raw material inventory. The Lake thus becomes the integrated data fabric for
omni-channel operations. Because the data volume and variety are high, NQRust-Lake
leverages distributed processing (Rust's efficiency allows handling big data with lower
latency). It supports structured and unstructured data, meaning the company can even
store social media trend data or weather info if that's relevant for forecasting. This unified
lakehouse breaks down silos: all departments feed and draw from the same data source,
ensuring consistency.

e NQRust-Analytics (Real-Time): Upgraded analytics capabilities allow streaming analytics
and live dashboards. For example, as soon as an online order is placed or a warung sale is
recorded, the Analytics module updates key metrics (inventory remaining, sales rate, etc.).
It can also perform complex event processing — detecting patterns like “sales in Region X
are 30% above average this hour” or “a competing product’'s mention on social media has
doubled today”, which could indicate an emerging demand shift. Through intuitive
dashboards and mobile alerts, managers get notified of significant changes immediately.
Essentially, NQRust-Analytics evolves from passive reporting to an active nerve center,
monitoring the pulse of the business continuously. This supports agility: as one industry
piece noted, real-time integration and analytics enable faster response to market changes,
giving companies a competitive edge in fast-moving markets like Indonesia.

e NQRust-LLMOps (AI/ML Pipeline): This is the engine for advanced forecasting and Al
model management. LLMOps in the NQRust context provides an environment to train, fine-
tune, and deploy machine learning models (not only large language models, despite the
name - it can handle a range of Al models). Here it would be used to build predictive
models such as:

.Demand Forecasting Models: Using historical sales, seasonal indicators, promotions, social
sentiment, etc, to predict future demand at a granular level (SKU by region by week, for
example). These models could range from classical time-series to advanced neural
networks. Sazanka Henig's analysis suggests that Al-powered forecasting systems that
incorporate real-world signals (weather, social media, etc.) can capture dynamic patterns
far better than manual methods. Companies implementing such Al planning see forecast
accuracy improve 15-30%.

2.Inventory Optimization & Replenishment: Models that suggest optimal stock levels and
reorder points for each node in the network, balancing the cost of holding inventory with
service level targets.

3.Consumer Segmentation & Personalization: Using machine learning to segment
customers (or warungs) based on buying behavior, which feeds into marketing and supply
chain decisions (e.g., customizing product assortment by segment).

e NQRust-LLMOps will manage the lifecycle of these models — ingesting training data from
the Lake, leveraging compute (with NQRust-SecureGPU, discussed next) to train faster, then
deploying the models such that their predictions flow into the Analytics dashboards or into
automated processes.

e NQRust-SecureGPU (Al Compute Cluster): As the company starts using heavier Al, GPU
acceleration becomes important for quick model training and inference. NQRust-
SecureGPU enables high utilization of GPU resources by partitioning and scheduling Al
workloads efficiently. In practice, this means the demand forecasting model that used to
take 5 hours to train on CPU can now retrain in, say, 30 minutes on a GPU cluster — allowing
more frequent model updates as new data comes in. SecureGPU also ensures that multiple
Al tasks (maybe one for forecasting, one for image recognition on merchandising photos,
etc.) can run concurrently without interfering (no “noisy neighbor” problem).-
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This matters for FMCG where there might be a narrow window (after daily sales cut-off) to
recompute forecasts for next-day deployment. The “secure” aspect aligns with data
governance: GPU memory is isolated per task, and any sensitive data processed in GPU is
protected from leakage between tasks.

e NQRust-BPMN (Process Automation): With predictions and insights in hand, the next step
is closing the loop by taking action automatically. NQRust-BPMN provides a workflow
automation engine using Business Process Model and Notation (BPMN) standards. It allows
the company to encode business rules and process flows that react to events. Some
examples:

. Auto-Replenishment: A BPMN workflow triggers a restock order to a specific warehouse or
manufacturing plant when forecasted demand for the next period exceeds current
inventory by a threshold. For instance, if the Al model predicts a spike in beverage sales in
Jakarta next week, the workflow might create a transfer order to move extra stock from the
central warehouse to Jakarta, or signal the plant to ramp up production by 10% for that
week. This can be done with defined approval steps (maybe the planner just gets a
notification and can veto if needed, or it can be fully automatic for smaller decisions).

2.Dynamic Price/Promotion Adjustments: Another workflow could be marketing-oriented -
e.g, if inventory of a near-expiry product is high, automatically trigger a promotion (maybe
a discount or bundle) for that product on the e-commerce channel and send a notification
to sales teams to push it offline. BPMN can coordinate the steps: approve discount ->
update e-commerce site -> send warung app notification of promo -> monitor results.

3.Exception Handling: Define processes for when things go wrong, like a supplier delay. If
Analytics flags a supply disruption, BPMN could initiate a supplier backup process or
customer communication plan.

e Essentially, BPMN translates the Al insights into standardized operational responses. It's a
bridge between IT systems and human decision-makers — ensuring nothing falls through
the cracks, and routine decisions can be automated. By using a visual BPMN notation, even
non-technical managers can understand and refine the workflows, which is key for
adoption (people trust what they can see and control).

e NQRust-Enclave (Secure Data Sandbox): As more data (especially consumer data) is used
for Al and personalization, privacy and security must be tightened. The Enclave component
provides a secure, isolated runtime using hardware Trusted Execution Environments (TEEs)
for sensitive data processing. For instance, if the company wants to use detailed consumer
behavior data (from loyalty programs or online profiles) to refine its demand forecasts or
target marketing, it can load that data into an Enclave. Inside the enclave, data can be
joined and analyzed with cryptographic assurance that it remains confidential — even the
cloud administrators cannot peek into the enclave. Machine learning models can be
trained on personal data within the enclave, producing aggregated or anonymized insights
that exit the enclave (e.g., “segment A tends to buy snacks at midnight”) without exposing
any individual's data. This approach enables privacy-preserving analytics. It's especially
relevant if the FMCG partners with others — for example, a retailer partner might share its
customer loyalty data into an enclave that both companies’ Al can use to forecast, without
either party actually seeing each other's raw data. This addresses both the PDP Law
compliance (data is protected and not misused) and builds trust among partners for data
collaboration. The enclave effectively neutralizes data silos due to privacy by providing a
safe zone to combine data.

e (Continuing components from Solution 1): The above new components work in concert with
the existing ones (Edge, Identity, etc.). Warungs and other users still connect via NQRust-
Edge and Identity to input and receive data. NQRust-ZeroCode might still be used to
integrate new data sources (perhaps integrating social media or third-party data feeds).
The Hypervisor/MicroVM base ensures that as these services multiply, they remain isolated
and secure on the infrastructure level. In particular, microservices for Al, BPM, etc., can scale
out (many microVMs) managed by NQRust-FleetMgr (the orchestration, not explicitly shown
but implied) to handle increased load.
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The architecture diagram reflects how data flows from all demand and supply sources into the
unified platform, where Al (LLMOps+SecureGPU) generates forecasts and insights, and then
those insights flow out via Analytics dashboards to humans and via BPMN workflows to execute
decisions in production and marketing systems. The Enclave sits alongside, enabling any
sensitive data computations.

This intelligent platform is architecturally differentiated by its emphasis on real-time
analytics and Al-driven decision support. It is no longer just a system of record, but a system
of optimization and action. By combining predictive analytics with automated processes, the
company moves towards a self-driving supply chain — one that senses and responds to
changes rapidly.

3.3 Use Cases & Business Scenarios

With Solution 2 in place, the FMCG company can tackle more complex and forward-looking
scenarios that drive efficiency and growth. Here are several high-impact use cases:

Characteristic

Demand Forecasting &
Promotion Planning

Real-Time Omni-Channel
Inventory Balancing

Precision Marketing and
Personalization

Automated Replenishment &
Supplier Collaboration

Quality Control and
Traceability

Cross-Functional KPI
Alignment

Figure 7: Use Cases & Business Scenarios

e Al-Driven Demand Forecasting & Promotion Planning: Every month (or even every week),
the planning team uses the Al models to generate a 12-month rolling demand forecast for
each major product category, broken down by region and channel. For example, the model
might predict a 20% surge in beverage sales in Sumatra in Q3 due to an upcoming holiday
and historical trend, or anticipate a dip in instant noodle sales in urban areas as consumers
shift to healthier options (detected from social media sentiment). These forecasts are far
more granular and up-to-date than the old method of taking last year's numbers plus a
percentage. The team can run scenario simulations in NQRust-Analytics: “What if we run a
10% discount in January? What if a competitor launches a new product?” The models and
analytics can show likely outcomes (e.g., higher volumes but lower margin, or vice versa).-
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As a result, the company can create data-backed sales & operations plans (S&OP). In one

scenario, the Al forecast might reveal that demand for a certain snack will outstrip factory

capacity in the next Ramadan season. Months in advance, the company can adjust by

outsourcing some production or importing additional stock. Industry experience has shown

that such Al planning can improve forecast accuracy significantly, reducing error rates such

that inventory costs drop and service levels improve. In numbers, if forecast accuracy improves

by say 20%, the company can confidently reduce safety stock by a similar margin, freeing

capital and storage space.

¢ Real-Time Omni-Channel Inventory Balancing: Consider a scenario where a particular
product is trending on social media (e.g.,, a celebrity chef features a certain spice mix in a
viral video). Online orders for that product spike 300% in a day. Traditionally, the e-
commerce team might sell out their allotted stock and mark the item as sold-out while,
elsewhere, pallets of the same product sit in a regional warehouse for offline distribution.
With solution 2, the system recognizes the trend: Analytics (possibly informed by an Al
model scanning social media feeds) triggers an alert that demand is spiking. A BPMN
automated workflow kicks in — it reallocates inventory, sending instructions to move some
stock from the slower offline region warehouse to the e-commerce fulfilment center.
Simultaneously, it might recommend to the marketing team to throttle or geographically
target online ads to manage demand. Alternatively, if stock is truly limited, the workflow
could dynamically adjust the e-commerce listing to a pre-order status once current stock
is gone, rather than losing orders. The planner overseeing sees all this in a command
dashboard and can intervene if needed. This use case shows channel integration in real
time: rather than each channel operating in isolation, inventory is fluidly shared to maximize
overall sales and avoid stockouts in one channel while surplus exists in another. The
outcome is higher revenue capture and improved customer experience (more “order fill”
across channels).

¢ Precision Marketing and Personalization: The marketing department leverages the unified
data to run targeted campaigns. For instance, using machine learning (in an enclave to
respect privacy), they identify a segment of customers who buy baby products and also
snack foods. They design a campaign to promote a new cereal bar as a healthy snack for
toddlers. NQRust-BPMN can automate the campaign execution: when the inventory for the
cereal bar is sufficiently stocked regionally, BPMN triggers personalized offers — maybe push
notifications on the company’s D2C app or discount vouchers sent to warung owners in
neighborhoods with many young families. The offers might be tailored: urban millennial
parents get an in-app coupon, rural warungs get physical posters and a bonus stock deal.
LLMOps, in this case, could even power an Al that generates personalized marketing copy
for different demographics (harnessing an LLM for language, fine-tuned to local context).
The impact is higher conversion rates on marketing spend due to relevance. And because
promotions are aligned with supply (the system checks inventory before blasting a promo),
the company avoids the classic mistake of over-promoting and then facing empty shelves.
Over time, this builds brand loyalty — consumers feel the brand “understands me,” and
warung owners see that carrying the brand means steady promotions and satisfied
customers, enhancing brand trust at every node.

¢ Automated Replenishment & Supplier Collaboration: On the supply side, the company
works with upstream suppliers (e.g., packaging suppliers, ingredient manufacturers) using
data from the platform. A BPMN workflow automatically shares a part of the demand
forecast with key suppliers under confidentiality (possibly via an enclave or secure API). For
example, if the forecast shows a 15% increase in demand for green tea beverages, the
system signals the tea leaf supplier to prepare more raw materials for that period. The
supplier can adjust their crop purchases accordingly, smoothing out what used to be last-
minute orders from the FMCG. This fosters a more resilient supply chain — by extending
visibility to Tier 1 suppliers, disruptions can be mitigated. -
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Additionally, automated replenishment at distribution centers can be enabled: each day, the
system calculates optimal transfer orders between warehouses and distributors based on
actual sales and target stock levels. These orders are either automatically executed or
presented to planners as recommendations (depending on the company’s comfort with
autonomy). This use case directly tackles supply chain volatility by pre-emptively adjusting
supply plans and aligning them closely with real demand.

¢ Quality Control and Traceability: With deeper data integration, the company can
implement finer-grained quality and recall management. Suppose a certain batch of a
product is found to have a defect (perhaps a minor compliance issue or an off taste). Using
the data in NQRust-Lake, the company can trace exactly which distributors and warungs
received that batch and how much is potentially still unsold. A BPMN process for “product
recall” can be triggered: automatically notify those distributors/warungs via the app,
instruct them to pull the product off shelf, and simultaneously pause any promotions for
that product. The system can even generate recommendations for a replacement product
to fill the gap so sales aren’t lost. All the while, Analytics updates in real-time to show recall
progress (how many units recovered). This scenario elevates brand trust — handling a
quality issue swiftly and transparently. Consumers might not even become aware of a
problem because it was contained at the trade level rapidly. Furthermore, regulators will
appreciate the company’s ability to comply with safety protocols (given every unit is
traceable, potentially down to the warung), reinforcing trust with authorities.

e Cross-Functional KPlI Alignment: While not a traditional “use case” like a process, an
important scenario is how the platform changes management routines. With everyone from
finance to marketing drawing from the same analytics, the company can institute
integrated business planning meetings where, for instance, marketing, sales, supply chain,
and finance sit together looking at a single NQRust-Analytics “control tower” dashboard.
They might review a KPI like “forecasted demand vs. planned supply vs. actual sales” in one
view. If there's a gap, they collaboratively adjust plans on the spot — maybe deciding to
increase production and simultaneously boost marketing in underperforming regions. The
platform supports this by providing a shared truth and quick simulation tools. This breaks
down the silos (which we identified as a challenge). Now decisions are made holistically: no
more conflicting targets where sales tries to push volume at any cost, while supply chain
worries about overstocks — because the Al-driven plan optimizes for both and is visible to
all. One can imagine the company moving to a “one-number plan” paradigm, a best
practice in advanced S&OP, enabled by these technologies.

Through these use cases, Solution 2 demonstrates its value: it infuses intelligence and agility
into the FMCG operations. The company transitions from reactive firefighting to proactive
management. They can anticipate shifts (demand or supply) with Al, coordinate a response
across dall channels, and even let the system automatically handle routine adjustments.
Importantly, humans are still in the loop — but their role shifts to overseeing and strategizing
rather than crunching data or managing minutiae. This addresses the labor skill gap by
effectively augmenting the workforce with Al: planners and marketers are empowered to do
more with less manual effort, focusing on strategic decisions while trusting the system to
handle the number-crunching and execution of straightforward tasks.

3.4 Business Impact

By implementing the Intelligent Omni-Channel Optimization solution, the FMCG enterprise
stands to gain substantial business benefits that elevate performance to the next level. The
impact can be observed across multiple dimensions:
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Figure 8: Factors Contributing to Business Success

e Superior Forecast Accuracy & Service Levels: One of the most quantifiable benefits is the
improvement in demand forecast accuracy. Traditional forecasts often have high error
margins due to the volatile and fragmented nature of Indonesian markets. With Al-driven
forecasting (leveraging real-time data and machine learning), companies typically see 15-
30% improvements in forecast accuracy. This tighter forecast means the company can
align production and distribution much more closely with actual demand, directly leading
to higher service levels (product availability). Fewer stockouts occur because inventory is
allocated optimally, and fewer excesses build up because production is not grossly
overshooting. In fact, early adopters of Al in supply chain have reported up to 65%
improvement in service levels alongside inventory reductions. For our company, this could
translate to service levels (on-shelf ovoilobility) moving from, say, 85% to 95%+,
approaching world-class standards. That means customers can find the product when and
where they want it, bolstering sales and brand reliability.

¢ Inventory and Cost Optimization: Better forecasts and automated replenishment allow
carrying leaner inventory across the chain without sacrificing responsiveness. If forecast
error is cut by a third, safety stock can be cut by a similar proportion for many items, which
can reduce total inventory carrying costs significantly. As per StartUs Insights, Al adopters
see roughly 35% improvement in inventory levels (meaning either less inventory for same
service or higher service with same inventory). For a company with tens of millions of dollars
in inventory, this is a massive capital efficiency gain. Additionally, logistics costs benefit
from optimization: route planning Al and channel balancing avoid expensive emergency
shipments and improve truck fill rates. We can expect logistics cost per case to drop — early
Al programs cite around 15% reduction in logistics costs. Considering distribution is a
major cost in Indonesia (due to distances and complexity), this directly boosts margins. We
should also note reduced waste: FMCG often face product expiries or obsolescence;
smarter inventory management means fewer goods expire unsold, which is both a cost
saving and a sustainability win.

¢ Faster Response and Decision Cycle: The solution compresses the time required to detect
and respond to changes from weeks to days or hours. Decision latency is greatly reduced.-
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For instance, what used to require a monthly meeting and multiple spreadsheet reconciliations
can become a daily or continuous planning process where the system highlights issues and
suggests actions immediately. This agility is crucial in a market where trends can shift quickly.
A practical KPI: the time to sense and react to a demand change might shrink from, say, 2
weeks (under manual processes) to 1-2 days under the Al system. In practice, that could mean
capitalizing on a trend while it's hot (capturing revenue that would have been missed) or
dodging a stock crisis ahead of time. Such responsiveness yields top-line and bottom-line
benefits that are hard to overstate. Companies that integrated real-time analytics report
significantly faster decision-making, often responding to market shifts in near real-time. In the
boardroom, this agility means the business can confidently pursue aggressive marketing or
expansion strategies, knowing the ops backbone can flex as needed.

¢ Increased Revenue and Market Share: Through better product availability, fewer lost sales,
and more effective promotions, the company can drive tangible revenue growth.
Personalization ensures marketing dollars generate higher ROI (targeted campaigns
convert better). By having the right products in the right place at the right time (thanks to
predictive distribution), the company can capture demand that competitors might miss if
they're less digitally adept. For example, if a competitor stocks out during a viral trend and
we do not, we gain those sales and perhaps win new loyal customers. It's difficult to
quantify precisely, but even a few percentage points of incremental sales growth on a large
FMCG base is a substantial absolute gain — potentially adding millions in revenue. One
could measure promotion effectiveness (e.g. uplift per promo dollar) improving by 10-20%
due to better targeting, or market share in key segments ticking up because our service
level outclasses rivals.

o Efficiency and Productivity of Teams: Internally, the workforce becomes more productive.
Planners and analysts spend up to 60% less time on manual data crunching, as noted
earlier, and more on strategic activities. This could mean the company can handle growth
without linearly adding headcount in planning or customer service roles. Or, existing teams
can manage more SKUs and more complexity without burning out, because Al handles the
heavy lifting of analysis. This not only reduces labor costs in the long run, but also improves
job satisfaction and retention — skilled employees can focus on creative problem-solving
and strategy rather than mundane tasks. It also addresses skill gaps: the system provides
insights that perhaps only very experienced planners could see before; now mid-level staff,
aided by Al, can make decisions that are just as sound, guided by the data. In effect, the Al
becomes a “digital expert” augmenting the team.

e Stronger Partner and Customer Relationships: Externally, by collaborating through data
sharing (securely) and by consistently hitting service targets, the company becomes a
preferred partner. Modern retailers will appreciate the company’s reliable supply and
maybe share more data with us (if we prove we can use it well via enclaves, etc.). Warung
owners will prefer our distribution because we keep their shelves stocked and perhaps even
help them sell (through targeted promotions). Suppliers will give us better terms if we plan
with them collaboratively (fewer rush orders, more steady business). All these relationship
improvements, while qualitative, build a moat around the business — it's harder for a
competitor to displace us in the channel when we're deeply integrated into our partners’
planning processes. Also, regulators and government bodies will notice the company as a
leader in adopting national initiatives (digital supply chains, halal compliance automation),
possibly opening doors for incentives or positive public image.

e Compliance and Risk Management: With advanced systems, compliance becomes more
automated and foolproof. The mandatory halal certification compliance by 2026 is
ensured - the system won't let non-halal-certified stock slip through, and all
documentation can be produced quickly during audits. The platform can even handle
things like ensuring halal labels are printed on packaging (since the regulation also requires
proper labeling by 2026).
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Data privacy is managed through enclaves and access control, reducing risk of breaches or
hefty fines under the new data laws. In terms of risk management, the predictive aspects help
foresee issues like a potential supply shortfall (so mitigation plans can be enacted) or detect
fraud/anomalies (maybe an unusual ordering pattern that indicates a channel stuffing or
diversion issue). Overall, the company’s operational risk is lower, which could translate to lower
insurance costs or just peace of mind for the board and shareholders.
¢ Quantitative Summary of Key Improvements: To present a concise picture to
stakeholders:
1.Forecast Error Reduction: 20%+ reduction in error (e.g., from 40% MAPE to 30% MAPE) —
leading to a proportional reduction in safety stock.
2.Inventory Turn Improvement: Perhaps inventory turns increase from 8x to 10x annually,
releasing 2 months of inventory worth of cash.
3.Service Level: As mentioned, on-shelf availability moving into the mid-90s percentile,
significantly reducing lost sales.
4.0perating Cost: Supply chain operating cost as % of sales could drop by 1-2 percentage
points (through combined logistics and inventory efficiencies).
5.Time to Market for Decisions: e.g., ability to roll out a price change nationwide in 1 day vs 1
week earlier, or integrate a new data source (like a new retailer's sales feed) in days using
ZeroCode, accelerating integration timelines by 80%.
6.Promotion ROI: measure increase in incremental sales per promotion — maybe a 15% lift
due to smarter targeting.

In sum, Solution 2 delivers a step-change in performance. It not only yields tangible cost
savings and revenue gains but also enhances intangible capabilities like agility, innovation,
and resilience. By the late 2020s, these capabilities won’t just be nice-to-have — they will
determine which FMCG companies lead and which lag behind in Indonesia’s competitive
landscape. At this stage, the company would be among the digital leaders in the industry, but
the journey doesn’'t end here. The next evolution is to push towards a truly autonomous, self-
optimizing ecosystem — Solution 3 — leveraging agentic Al and advanced privacy tech to
orchestrate the entire value network with even less human friction and even greater foresight.

4. Solution 3: Autonomous & Secure FMCG Ecosystem (Advanced Level)
4.1 Problems & Challenges

Looking towards the 2027-2035 horizon, the most advanced FMCG organizations will face a
landscape where real-time, Al-driven operations are not just an edge but a necessity.
Solution 3 envisions this future state. However, even at this apex of maturity, certain challenges
and imperatives drive the need for a new architectural leap:

Need for Autonomous, Adaptive Operations: Despite having Al tools and automated
workflows (from Solution 2), many decisions still require human intervention or are confined
within organizational boundaries. The next challenge is achieving a truly adaptive supply
chain that can self-heal and self-optimize in real time across the entire ecosystem. By 2030,
supply networks are expected to evolve towards self-regulation — automatically adjusting to
disruptions and demand changes without waiting for weekly planners’ meetings. For instance,
if a sudden port closure occurs or a raw material price spikes, an autonomous system would
reroute shipments or adjust production schedules instantly. The challenge is building trust in Al
to such a level and ensuring the system’s decisions are sound, safe, and aligned with business
goals (no longer just recommending, but executing). Essentially, the problem becomes one of
orchestrating multi-agent systems — numerous Al “agents” representing different parts of the
supply chain or business functions, negotiating and cooperating to run operations optimally.

Complex Multi-Party Coordination & Data Sharing: By this stage, the boundaries between
companies in the value chain may blur in operational terms. FMCG manufacturers, distributors,
retailers, and even fintech/logistics providers form a collaborative network (a supply
ecosystem).-
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The challenge is optimizing the whole network, not just one enterprise. This means sharing data
and even Al models across corporate boundaries, which raises issues of data privacy, IP
protection, and governance. For example, a manufacturer and a retailer might both benefit
from a joint Al that minimizes combined inventory while preventing stockouts — but neither
wants to expose full raw data to the other. Traditional methods of integration (even enclaves in
Solution 2) may not scale when dozens of partners are involved, each with sensitive data. The
problem calls for privacy-preserving optimization: performing computations on combined
data without exposing individual contributions, and ensuring trust among all parties that the
Al's decisions are fair and aligned.

Furthermore, regulatory constraints by 2030 could mandate such privacy-preserving data
collaboration. As Al usage grows, governments may enforce rules on algorithmic transparency
and fairness. Companies will need to prove that their autonomous systems are not, for
instance, discriminating against certain regions or partners, or violating any trade regulations.
The challenge is not just technical, but also ethical and compliance-oriented: how to have Al
make complex decisions that all stakeholders accept and that meet regulatory scrutiny (e.g.,
explainable Al requirements might be law by then).

Maintaining Brand Trust & Personalization at Scale: By 2030, personalization might reach new
heights — consumers could expect products tailor-made to their preferences (flavor,
packaging, etc.), delivered quickly. Meeting these expectations may require on-demand
manufacturing or 3D printing of products, localized assortments, etc. The challenge is mass
personalization without sacrificing efficiency. This can create strain: thousands of product
variants, short life-cycles, and the risk of confusing consumers or diluting brand identity. The
brand'’s trust equation also evolves — by this time, trust extends to how responsibly companies
use Al (for instance, ensuring Al decisions uphold halal integrity, quality, and data ethics). One
misstep by an Al (say it suggests a product substitution that inadvertently violates a halal
guideline or local custom) could become a public relations issue. Therefore, the system must
be not only smart but governed and ethical. Ensuring Al agents adhere to rules (like always
ensure halal compliance, don't break any regulatory caps, respect contractual terms with
distributors, etc.) is a new class of challenge - essentially, embedding policy and ethics into Al.

Integration Across All Nodes - Including Edge Autonomy: In this stage, even edge nodes
(stores, warehouses, factories) might have autonomous capabilities. Think of “smart
warehouses” with robots, or smart vending machines that use Al to manage inventory and
dynamic pricing on-site. The challenge becomes coordinating central Al with edge Al. Each
node might have an agent optimizing local operations (a warehouse bot swarm optimizing
picking sequences, or a delivery drone system scheduling itself). To maximize efficiency, these
local optimizations must align with the global optimization. For example, an autonomous
warehouse could decide to delay picking an order by a few hours to batch with others for
efficiency, but the global Al might see that as risking a customer SLA. Reconciling these
decisions needs a hierarchical or cooperative multi-agent approach. Ensuring consistent
objectives and avoiding conflicts between edge autonomy and central coordination is
complex.

Cybersecurity and Zero-Trust Continuum: As operations become Al-driven and
interconnected, the system’s attack surface grows. A malicious actor might attempt to corrupt
an Al agent (for example, feeding it false data to cause disruptions) or breach a node to steall
sensitive info. The 2020s already saw rising cyber threats; by 2030s, autonomous systems could
be targets of new threats (even adversarial Al attacks).Thus, the architecture must be
extremely robust — continuing the zero-trust philosophy: every component, every agent must
continuously verify identities and integrity. Confidential computing (like enclaves) may be
widespread, and cryptographic techniques (like federated learning or secure multi-party
computation) might be needed to train collaborative Al models without centralizing data. The
challenge is to maintain rigorous security and privacy in a hyper-connected, Al-saturated
environment, so that the more the company relies on Al, the more it can trust that Al.
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In summary, at the advanced level the company confronts the complexity of scale and
autonomy: coordinating many moving parts (both human and Al) across organizational
boundaries, while preserving trust (brand trust, consumer trust, partner trust, regulatory trust)
and security. The aim is an FMCG ecosystem that is efficient, resilient, personalized, and
compliant by design, even under extreme variability — effectively an “autonomic nervous
system” for the entire value chain.

4.2 solution Architecture (Ecosystem-Orchestrating Al)

Solution 3, Autonomous & Secure FMCG Ecosystem, leverages the full suite of NQRust
capabilities to create a network of intelligent agents and services that operate with minimal
human intervention. It introduces an agentic Al layer orchestrating across multiple parties,
reinforced by cutting-edge privacy and security technologies. The architecture is depicted
below:

Manufacturing & Brand HQ
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Retall & Warung Network

NQRust Al Agent
for Retallor/Warungs
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Figure 9: NQRust Secure Collaboration Architecture

Key elements of this architecture:
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Figure 10: NQRust Architecture

e NQRust Al Agents (Agentic Al): Each major actor in the ecosystem is augmented by an Al
agent running on NQRust. For instance, AgentM represents the manufacturer’s Al brain,
AgentD one for a distributor (or the distribution network as a whole), and AgentR for
retail/warung end. These agents are essentially specialized microservices (likely running in
NQRust-MicroVMs for isolation) that continuously make decisions or recommendations for
their domain:

o AgentM (Manufacturer Al): Manages production schedules, raw material procurement,
and allocation of finished goods to channels. It negotiates priorities with other agents
(e.g. how to allocate limited stock).

o AgentD (Distributor Al): Manages regional distribution center operations, truck routing,
and fulfilment sequencing for orders from warungs/retailers in its area. It
communicates needs and constraints (like local warehouse capacity, delivery lead
times) to the network.

o AgentR (Retailer Al): Possibly an aggregate agent that represents either a large retail
chain or collectively the warung network's demand side. It focuses on store
replenishment, shelf stocking algorithms, or even dynamic pricing at point of sale to
clear inventory.

e These agents operate continuously and autonomously, within bounds, to optimize their part
of the system. They are cooperative: meaning they share information and adapt based on
both local data and global signals from the collaborative core.

* NQRust-FleetMgr (Al Orchestration): With many agents running across cloud and edge,
NQRust-FleetMgr serves as the orchestrator ensuring all these MicroVM-based agents are
deployed, updated, and communicating properly. FleetMgr handles tasks such as:

o Ensuring each agent has the latest model updates and rules (rolling out new Al model
versions securely).

o Scaling agents up or down (e.g. if a particular region’s complexity grows, spin up more
processing or sub-agents).

o Monitoring health of agents (restart or isolate any that behave unexpectedly).

o Facilitating message passing between agents as needed (in an event-driven or
publish/subscribe manner).

e NQRust-Enclave (Multi-Party Compute Core): At the heart is a secure enclave
environment where shared optimization models run on combined data from all parties. -
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Each party (manufacturer, distributor, retailer) streams encrypted data (sales, inventory,
orders, capacities, etc.) into this enclave (often using techniques like secure multiparty
computation or homomorphic encryption to ensure data privacy upon input). Within the
enclave, these data streams are decrypted and fed into a central Al model or optimization
engine (denoted as ModelHub in the diagram).

This central model might be, for instance, a global supply-demand optimizer that runs a
constraint-solving algorithm or reinforcement learning agent to maximize the entire network’s
performance (e.g, maximizing service level at lowest cost, or maximizing combined profit
across the chain). The model accounts for halal and regulatory constraints as hard rules (e.g.,
ensure halal-certified product flows only through certified channels; ensure no region is left
unserved, etc.).

The ModelHub could produce outputs like an optimal production plan, distribution plan, and
pricing suggestions that balance the needs of all players. These outputs are then disseminated
back out to the agents in a secure way (each agent sees only the part relevant to them, if
needed). For example, AgentM might get a signal “produce 1000 extra cases of SKU X for next
week and allocate them 70% to Java, 30% to Sumatra,” AgentD might get “expect delivery of X
on Monday, schedule trucks accordingly,” AgentR: “prepare to run promotion on SKU X in these
areas to match supply,” etc. The enclave ensures that while the model used all data, each
party only learns what they need (so a retailer doesn't see another retailer's data, etc.).

* NQRust-Identity (Federated Identity & Zero Trust): As multiple organizations are involved,
IdentityCore provides federated identity management. Each agent or system component
across companies has a cryptographic identity, and they authenticate with the central
orchestrator and enclave. For instance, the enclave will only accept data streams signed by
known AgentM or AgentD identities, ensuring authenticity. Conversely, agents only accept
instructions or model outputs that are signed by the enclave and authorized by policy. This
prevents any malicious impostor from injecting false commands. It extends the zero-trust
model across company boundaries — no implicit trust, every access is verified. Federated
SSO could also apply to human users overseeing the network from different companies, but
the main point is securing machine-to-machine trust.

e NQRust-Guard (Immutable Logs & Policy Enforcement): Guard in this context acts as the

watchdog and historian of the autonomous system. It keeps immutable logs of all critical
decisions and data exchanges (almost like a blockchain or secure audit trail). Every
decision an agent makes, every recommendation the ModelHub gives, is logged with a
cryptographic timestamp in Guard. This ensures traceability and accountability — if later an
issue arises (say an Al decision is questioned for fairness or causes a problem),
stakeholders can audit exactly what data was used and why the Al decided so, because the
state and outputs are recorded immutably. This addresses the trust and regulatory
compliance aspect: regulators or partners could be given access to relevant portions of
this log to verify no rules were broken (for example, prove that during price optimization, the
Al didn't collude to fix prices inappropriately among competitors, or prove that halal
compliance checks were indeed in place throughout).
Additionally, Guard can enforce business rules and ethics policies. For instance, a global
policy might be encoded: “Never allocate products in a way that a region is starved below X
weeks of cover,” or “Halal-certified items must always be handled in certified facilities (list)
— the system cannot violate this.” If an agent or the model tries to output a plan that
violates a policy, Guard can flag or block it. Think of it as a safety layer ensuring Al actions
stay within approved boundaries — essential for brand trust and regulatory comfort.

e Edge Autonomy with NQRust-Edge Agents: On the physical end, EdgeNode3 denotes
smart edge systems like loT-driven warehouses, delivery drones, or even smart vending
units. These run edge Al agents that handle immediate local decisions: a warehouse’s Al
might dynamically schedule robots to fulfill orders, a store shelf sensor might auto-reorder.
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These Edge agents are part of the wider network — they feed sensor data (EdgeData) into the
enclave for global visibility (e.g. real-time shelf stock levels), and they receive commands or
parameters from the ModelHub (e.g, “target X units on shelf for this product, adjust
replenishment frequency accordingly”). With NQRust-Edge, these local Als function even if
temporarily offline, and only sync needed info, minimizing bandwidth usage. They are
effectively the hands and eyes of the autonomous network on the ground, carrying out
decisions and collecting feedback. Ensuring they align with the central brain is a challenge, but
FleetMgr and Identity help coordinate that (FleetMgr deploys uniform logic updates to all edge
agents when the model strategy changes; Identity ensures only authorized commands reach
the robots).

Data
Collection
o
Trust / \ Data
Management o ® Processing
Agent o ® Plan
Orchestration \ / Generation
o
Plan
Distribution

Figure 11: Supply Chain Optimization Cycle

In the diagram, the flows show:

e Data from each node (manufacturer, distributor, retailer, edge loT) going into the secure
core (EnclaveCore).

e Within EnclaveCore, combined data informs the central ModelHub which computes optimal
plans (collaborative Al model).

e Theresults are distributed back securely to each agent.

e FleetMgr orchestrates all agents to keep them updated with these results and coordinates
multi-agent negotiations if needed.

e |dentity and Guard provide the trust scaffolding: making sure every agent and message is
authenticated, and every action is logged against policies.

This architecture is architecturally differentiated by its use of agentic Al — multiple Al agents
acting on behalf of different stakeholders, yet coordinating via a secure shared model — and by
its privacy-preserving optimization - using enclaves so that parties collaborate without
exposing private data. It also extends zero-trust security to an extreme, treating even Al agents
as potentially untrustworthy until verified, which is crucial when handing over critical operations
to algorithms.

Effectively, this is an Al-managed FMCG ecosystem. Humans set goals and constraints, and
intervene by exception, but day-to-day balancing of supply & demand, routing of goods,
pricing adjustments, etc., are handled by this web of intelligent services. It's akin to an air traffic
control system for FMCG flows, where Al controllers ensure everything moves smoothly and
optimally.
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4.3 Use Cases & Business Scendrios

Solution 3 enables futuristic yet plausible scenarios that demonstrate the power of an
autonomous, collaborative FMCG network:

Self-Optimizing Supply Unanticipated event Collectively respond
Network disrupts shipments to disruption
Retailer and
Collaborative Planning with manufacturer
Partners eouabom. on
Hyper-Personalized Consumer Customer arders Mgocr coordinated
Fulfillment R i
Automated Compliance and New government Incorporate rules Lead in compliance
el Il el
Continuous Learning and Al notices forecast Retrain models to

Figure 12: Use Cases & Business Scenarios

 Self-Optimizing Supply Network: Imagine a future scenario where an unanticipated event
occurs — say a volcanic eruption in Indonesia disrupts air transport in a region, delaying
shipments. In a traditional setup, this would cause stockouts in impacted areas and a
scramble by managers to expedite shipments via alternative routes. In our autonomous
ecosystem, the network detects the disruption in real time (perhaps through external data
or because shipments didn't arrive on time as expected in the model). The Al agents
collectively respond: The distributor agent (AgentD) in that region signals a shortage risk,
the central ModelHub recalculates the distribution plan and finds an alternative — perhaps
rerouting inventory from a neighboring region or upping production in a closer factory and
shipping by sea. Simultaneously, the retailer agent (AgentR) might decide to adjust local
assortments (promote alternative products that are in stock to fill the gap of the missing
item). All this happens within minutes of the event detection, without needing human
firefighting. The manufacturer agent (AgentM) might also shift its production queue to
prioritize the product for that region once logistics stabilize. This self-healing supply chain
ensures that consumers in the region still find most of what they need on shelves despite
the disruption. The continuous rebalancing might mean slight sacrifices elsewhere (maybe
another region gets a bit less of a product this week), but overall the network’s resilience
and service are maximized. Such autonomous response could maintain, say, a 90% service
level in a crisis that would normally drop service levels dramatically. It exemplifies the
system’s ability to prioritize and allocate resources dynamically across the entire country’s
network.

« Collaborative Planning with Partners (Win-Win Outcomes): Consider a planning scenario
involving a maijor retailer (like a supermarket chain) and the FMCG manufacturer. In the
past, each would create its own forecasts and often have conflicting objectives (retailer
wants higher fill rate with lower own inventory, manufacturer wants to push stock). Using the
autonomous system, they engage in collaborative planning in the enclave. The retailer
inputs its store-level sell-through data and future promotion calendar, the manufacturer
inputs its production costs, capacities and desired service targets, and perhaps even the
distributor inputs transportation costs. -
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The Al model (in ModelHub) finds an optimal joint plan: for example, it might suggest slightly
reducing deliveries of a low-margin item (to avoid overstock at the retailer) while increasing
supply of a fast-selling profitable item, scheduling deliveries to match store promotions
precisely. It might also identify that by shifting some deliveries by one day (earlier or later),
both parties save on logistics (because trucks can be fuller or avoid traffic). All parties then get
their instructions: the manufacturer sees the production and delivery plan, the retailer's agent
automatically adjusts its orders to follow that plan, and the distributor agent aligns its fleet
schedule. The result is lower costs and higher in-stock performance simultaneously - a true
win-win. Perhaps inventory in stores is 20% leaner and stock-out rates drop, which is normally a
tough combination but achievable through fine-tuned coordination. For the manufacturer, it
might mean slightly lower volumes on one product but more on another — overall sales mix
optimized for profitability. This scenario shows the value of multi-party optimization: the Al is
essentially acting as a neutral arbitrator that maximizes the combined outcome, something
human negotiators struggle with due to limited info and trust. Because the enclave protects
each party’s sensitive data (like exact margins or sell-out rates), they are willing to participate,
knowing the Al won't leak their “private” info to the other side, only the needed actions.

e Hyper-Personalized Consumer Fulfillment: Fast-forward to a mid-2030s consumer
experience. A customer uses an app to order a personalized snack box — they want a
variety pack of health bars with certain flavors, perhaps even with custom packaging that
has their name. In a conventional FMCG chain, this is impossible or extremely costly. In our
advanced ecosystem, such an order triggers a series of coordinated actions by Al agents.
The retailer agent (if the order was through a retailer platform) or a direct D2C agent
identifies where this personalized box can be assembled — maybe at a local micro-
fulfillment center that has 3D printing and custom packaging capability (not far-fetched by
2030). The manufacturing agent ensures that semi-finished stock (individual bars) are sent
to that micro-fulfillment site. The edge agent at that site (EdgeNode3 controlling robots and
maybe a packaging machine) is instructed to assemble the box as specified. The supply
chain agent also optimizes the delivery method — perhaps sending it via an autonomous
drone because it's a small, high-value package and the customer paid for fast delivery. All
of this is done seamlessly: the customer places an order and within hours or next-day they
get their custom box, with no human meticulously arranging it; Al and robotics handled it
end-to-end. For the FMCG firm, this opens a new revenue stream of customized products at
scale (mass customization). The challenge of doing this profitably is overcome by
intelligent allocation of resources and dynamic scheduling. The system might decide to
batch 50 similar custom orders and produce them in one go to gain efficiency, or divert a
bit of extra capacity at night to these special orders when regular production is idle. Brand
trust is reinforced because the company can meet unique needs reliably. And with Al
oversight, even personalization doesn’t lead to chaos in production - it's orchestrated in
harmony with mass production, not in conflict.

¢ Automated Compliance and Ethical Al Actions: Picture a scenario where the government
introduces a new regulation in 2030 — for example, a carbon cap-and-trade system that
allocates carbon credits to manufacturers, or stricter rules on sugar content requiring
dynamic adjustment of product mix. The autonomous system can incorporate such rules
into its optimization criteria (with help from NQRust-Guard enforcing them). Suppose the
carbon footprint of distribution needs to be reduced. The Al might tweak plans to favor sea
or rail transport over air, or localize production more (even if slightly higher cost, to save
carbon credits). The system’s multi-objective optimization could balance cost, service,
and carbon impact. It might even trade carbon credits between supply chain partners in
the enclave (e.g., if the manufacturer's processes are efficient and under cap, but a
distributor’s trucking is over, allocate some credits to the distributor — effectively optimizing
sustainability collaboratively). All these decisions are transparently logged. If a watchdog
wants to audit how the FMCG's Al is making decisions vis-d-vis carbon emissions or halal
compliance, they can inspect the Guard logs or even real-time dashboards that the
company provides. -
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The company can demonstrate that, for instance, “our Al system automatically ensures no
non-halal-certified product ever enters a halal-certified distribution channel, and here is the
digital proof,” or “we reduced logistics emissions by 10% this quarter by rerouting 15% of
shipments to rail — decided autonomously by our Al within the policy bounds we set,”. This
scenario shows the Al not only obeying regulations but actively helping the company lead in
compliance and corporate responsibility. It also hints at a world where government and
industry systems might interface - e.g, government could send a digital signal (like new
policy parameters) and the corporate Al adjusts instantly, versus the old way of months of
manual compliance work.

e Continuous Learning and Adaptation: In the advanced stage, the system itself learns and
improves. Use case: the Al notices that its forecast in a certain scenario was off or that a
certain automated decision led to a suboptimal outcome. Through machine learning
feedback loops, it retrains models to avoid repeating that mistake. For example, if a big
sporting event caused a demand spike and the Al undervalued its impact, it will adjust its
algorithms to give more weight to such events next time (perhaps by integrating more
external data into the model). Over years, the autonomous network becomes smarter and
more efficient on its own — akin to how Tesla’s fleet learns from each car and improves the
autopilot for all. The FMCG Al agents share learnings across regions or product categories.
This means the company continues to get better in ways that a static system or even a
human organization might not. It essentially institutionalizes continuous improvement. The
use case might be internal: a business leader asks, “How do we know the Al is getting
better?,” and the team shows that, for example, forecast error has gone down 1% every
quarter as the models retrain, or delivery times have shortened gradually without extra cost,
indicating the Al is finding efficiencies. This self-optimization ensures the company
maintains a competitive edge year after year.

These scenarios illustrate a world where the FMCG supply chain operates with the speed of
algorithms and the wisdom of collective data. They address previously intractable challenges:
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Figure 13: Algorithms and Data Improve FMCG Supply Chain
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e Adapting instantly to disruptions,

e Achieving true alignment between manufacturers, distributors, and retailers,
e Delivering personalization economically,

e Adhering to societal and regulatory expectations automatically,

e And improving continuously.

It's important to stress that humans still play a role: they set strategic objectives (e.g, the Al's
objective function weights — profitability vs market share vs sustainability), handle exceptions
or novel situations the Al isn't trained for, and maintain the system (ensuring data quality,
incorporating new data sources, etc.). But the day-to-day heavy lifting is done by Al across the
chain.

4.4 Business Impact

The advanced autonomous solution promises transformative impacts on the business and
broader value chain, effectively rewriting the rules of FMCG competition:

Agility and Compliance and Risk
Product Availability Resilience Mitigation Strategic Flexibility
Ensuring products are Responding instantly to Guaranteeing regulatory Adapting strategies
always in stock with changes and benefiting compliance and quickly with Al-driven
minimal inventory. from disruptions. mitigating risks insights.
Efficiency and Cost Personalization and Ecosystem Quantitative
Reduction Revenue Growth Dominance Performance
Lowering supply chain Offering personalized Becoming the central Benchmarks by
costs through Al-driven products 10 capture new orchestrator of a value 2030+
processes. market opportunities. chain.

Figure 14: Al-Driven Supply Chain Benefits

¢ Near-100% Product Availability with Minimal Inventory: With highly precise coordination
and predictive power, the company could approach the holy grail of “always available”
products. We could target service levels of ~99% (almost no stockouts anywhere) -
something practically unheard of historically, especially in emerging markets. Any dips
would be so brief or anticipated that alternatives are provided (e.g, substitution or
reallocation prevents a lost sale). At the same time, inventory could be optimized to
unprecedented levels. The system’s continuous balancing and risk pooling across the
network means overall inventory might be cut to the bone while still buffering local
variability. The difference here from Solution 2 is that no buffers are needed for lack of trust
or slow reaction — the whole network acts as one inventory pool in effect. This can reduce
working capital needs dramatically. A top-quartile traditional supply chain might run 50-60
days of inventory; this autonomous network might push that down to, say, 30 days or less,
freeing substantial capital. The cost savings from inventory reduction and spoilage
reduction would directly boost profit or allow investment in other areas.
¢ Radical Efficiency and Cost Reduction: By 2030, Al-driven supply chains are expected to
unlock significant cost efficiencies. As per industry research, widespread Al adoption can
lower various supply chain costs by double-digit percentages. With the fully autonomous
system, we might see:
o logistics costs per unit drop further from Solution 2, perhaps overall a 25-30% reduction
vs pre-digital baseline, because assets (trucks, warehouses) are optimally utilized
network-wide and there’s minimal expediting.
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o Manufacturing costs optimized via better capacity utilization — less overtime, fewer rush
changes, perhaps smaller production runs but better planned, leading to a reduction in
waste and idle time.

o Operational overhead reduces: many planning and coordination roles might shift to
oversight, meaning one planner can do what ten used to, thanks to Al. The organization
could potentially handle more volume with the same or fewer people — supporting
scalable growth without linear cost increases.

o In quantifiable terms, if supply chain costs were, say, 10% of sales before, they might drop
to 7% or 6% of sales, a huge margin gain.

¢ Unmatched Agility and Resilience: The ability to respond instantly to changes means the
company is effectively “anti-fragile” — disruptions don't just do less harm, sometimes the
company can even benefit (e.g, if a competitor can't react as fast to a raw material
shortage, our company scoops up market share by filling the gap). The result is market
share growth in turbulent times. For example, during any future pandemic-like scenario or
natural disaster, this company’s products remain on shelves while others falter, cementing
loyalty with consumers and retailers. This resilience has bottom-line effects too: less
revenue variability (hitting quarterly targets more reliably because shocks are mitigated),
which investors reward with higher valuations.

¢ Dynamic Personalization & Revenue Growth: Being able to offer personalized products or
hyper-localized assortments can open new revenue streams and capture micro-market
opportunities that previously were missed. The company could command premium pricing
for personalized offerings and simultaneously keep mass products efficient. We might
project an uplift in revenue from these new models — e.g, customizing 10% of the product
line could yield a few percentage points of extra revenue and margin (consumers pay more
for personalized goods). Moreover, customer lifetime value might increase as loyalty
deepens (because the brand feels tailored to them). As NIQ (NielsenlQ) forecast, by 2030 e-
commerce might be 30% of FMCG sales in Asia; with this advanced system, the company
can aggressively grow its share of that channel by offering the best service (fast, custom,
reliable). So one impact is channel leadership: being #1 in digital channels due to superior
fulfillment.

¢ Full Compliance and Risk Mitigation: The solution practically guarantees compliance with
regulations (halal, safety, data privacy, etc.) because checks are embedded. By 2030,
regulators might demand algorithmic transparency — our immutable logs and policy
engine provide that. The risk of recalls or non-compliance penalties drops to near-zero
because the system doesn't “forget” to enforce a rule like a human might. If any
compliance issue arises, the system flags it and even self-corrects (e.g, quarantining a
suspicious batch). This saves costs (avoiding fines, product withdrawals) and also
intangible brand damage. Trust from regulators might even streamline approvals (maybe
easier licensing or government support) — hard to measure but valuable. Cyber-risk is also
mitigated as the zero-trust architecture reduces chances of a catastrophic breach. While
no system is 100% safe, having confidential computing and strict identity for everything
means even if one node is compromised, the blast radius is limited.

¢ Ecosystem Dominance and Collaborative Success: By inviting key partners into this secure
planning ecosystem (and offering benefits to them), the company essentially becomes the
central orchestrator of a whole value chain. This is a powerful competitive moat. Partners
get value (they reduce their own costs, improve sales), so they are less likely to switch to a
competitor’'s network. It's analogous to how some tech platforms create ecosystems that
lock in participants. If our FMCG company is the hub of planning for several major
distributors and retailers, any new entrant will find it hard to break in unless they too join or
replicate such a network. This can lead to industry consolidation around data networks —
we could be setting the standard. There's also a positive societal impact: micro-enterprises
(warungs, small suppliers) benefit from being part of an efficient network — for example,
warungs might see improved income as products are in stock and tailored to local needs,
and suppliers see steadier orders. -
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While the focus is business impact, being able to quantify that we've helped, say, 100,000

warungs increase revenue by 15% by reducing stockouts, can win government and public

goodwill (and align with national economic inclusion goals).

¢ Quantitative Performance Benchmarks by 2030+: We can articulate some forward-looking
metrics:

o Order Lead Time: It might be feasible to promise near instant fulfillment - e.g., 2-hour
deliveries in metros via autonomous vehicles, next-day anywhere in Indonesia.
Compare this to typical lead times of 1-2 days (or more remote areas) historically.

o Supply Chain Planning Cycle: Moves from a monthly cycle to a continuous cycle -
essentially planning is real-time. So instead of 12 planning cycles a year, there are 365 or
more micro-cycles — it's always optimizing.

o ROI of AL For every $1 invested in Al and data, perhaps $n returned in savings or profit.
Early on, McKinsey has estimated large ROI for Al in supply chain; by advanced stage the
ROI might taper but still be healthy. For example, a 5% increase in EBIT margin could be
attributable to these optimizations (if we started at, say, 15% EBIT, going to 20% by
efficiency and growth improvements).

o Human Productivity: One could measure cases shipped per employee or revenue per
employee. With automation, this likely surges, meaning the company can scale without
ballooning headcount. If revenue doubles by 2030 and headcount only grows 20%, that
efficiency gain is huge in profitability terms.

¢ Strategic Flexibility: The company becomes extremely flexible in strategy. Want to launch a
new product? The Al can slot it in optimally into the supply network (deciding which plants,
which channels). Want to enter a new region or export market? The system can extend to
incorporate new nodes swiftly (assuming data can be connected). Essentially, growth
initiatives face fewer operational constraints. The organization can experiment more
because the autonomous system can handle complexity that would overwhelm manual
operations. This encourages innovation and faster go-to-market, which is an impact on
future revenues and staying ahead of consumer trends.

In conclusion, Solution 3 positions the company not just as a market leader, but as a tech-
enabled market maker. It would likely have no peer in the Indonesian FMCG space in terms of
efficiency, responsiveness, and integration — a true competitive advantage that would reflect in
financial outcomes and market share. It aligns with visions of Industry 4.0 and beyond, where
factories, supply chains, and retail are all digitized and intelligent. As the World Economic
Forum and others have suggested, those who master such ecosystems will dominate their
industries in the next decade. Our FMCG firm, by adopting this advanced NQRust-driven
architecture, stands to be one of those dominators, shaping the future of consumer goods
distribution in Indonesia while fostering an ecosystem that benefits all participants.

The journey from Solution 1 through Solution 3 shows a clear pathway: each stage building
capabilities and reaping benefits, setting the stage for the next. By following this roadmap, the
organization can gradually transform — starting with foundational data integration, then
adding intelligence and automation, and finally achieving a self-driving, collaborative network.
This phased approach ensures that investments at each level yield returns and learning that
justify the subsequent step. Ultimately, it's a story of evolution: embracing technology to solve
age-old FMCG pains (stockouts, inefficiency, fragmentation) and to capitalize on new
opportunities (digital consumers, Al insights) — leading to a robust, future-proof enterprise
ready for the challenges and opportunities of the next decade and beyond.
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