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Executive Summary

The telecommunications industry has spent decades paying an invisible tax — not on spectrum,
not on fiber, not on equipment — but on integration. Every vendor addition, every OSS/BSS
upgrade, every new platform triggers a cascade of systems integration work that consumes
engineering resources, delays ROI, and compounds into a maintenance burden that never fully
resolves.

This white paper argues that the solution is not more Al — it is a patented platform that uses Al
alongside ten other foundational innovations to deliver a different outcome altogether: productivity
as a service. Rapax's Bruce capability transforms OSS/BSS integration from a perpetual cost
center into a repeatable, self-improving operational workflow.

The financial case for a regional Tier 2 operator is clear: eliminate $2—$5M in annual integration
spend and redirect that capital toward the network growth that determines competitive survival.

1. The Hetnet Trap: Why Integration Debt Never Stops
Compounding

The heterogeneous network — the “hetnet” — was never a choice. It was the inevitable result of
three decades of technology waves crashing on top of each other. Telcos built copper networks,
added coax, overlaid fiber, layered in DSL, deployed 3G, then 4G, then 5G, now XGS-PON. Each
wave arrived with its own vendors, its own element management systems, its own data models,
and its own integration requirements. The result is a modern telecom infrastructure that looks less
like an engineered system and more like a geological formation — layer upon layer of
accumulated technology, each strata requiring different tools to read.

The Architecture of Accumulation

A typical Tier 2 or Tier 3 North American carrier today operates between eight and fifteen distinct
OSS/BSS platforms simultaneously. This is not negligence — it is the logical outcome of the
hetnet model. Each platform was best-in-class when acquired. Each integration was justified by
a business case. The problem is that networks do not evolve in clean waves; they accumulate.
And every element that accumulates requires:

+ Aninitial integration effort to bring it into the operational stack

* An ongoing maintenance commitment every time an upstream or downstream system
changes

* A re-integration project whenever a platform is upgraded, replaced, or retired

+ Specialized human expertise to manage each integration point — expertise that is
increasingly scarce
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This creates what operations leaders increasingly recognize as “integration debt” — a growing
liability denominated not in dollars but in engineering hours, deployment delays, and brittle system
dependencies that fail at the worst possible moments.

Why This Problem Is Uniquely Severe in Telecom

The systems integration challenge in telecom is structurally worse than in other industries, for
three reasons:

Data model fragmentation. Telecom OSS/BSS systems were built across multiple
generations of standards — TMF NGOSS, eTOM, SID — each partially adopted and
incompletely implemented by vendors. There is no universal data model. Every integration
requires a custom translation layer.

Vendor lock-in by design. Legacy OSS/BSS vendors built proprietary APIs, proprietary data
formats, and proprietary integration frameworks. Integration complexity is a competitive moat for
incumbents — and they have no incentive to reduce it.

Operational criticality. Unlike integrations in retail or financial services, telecom OSS/BSS
integrations touch live network operations. A failed integration does not mean a report runs
slowly — it means alarms are missed, tickets are not created, and customers lose service.

THE VERIZON ILLUSTRATION

Verizon’s 2023 Annual Report disclosed capital expenditures of $18.8 billion alongside an
operating expense base that continues to grow faster than revenue. EBITDA margins have
compressed as network complexity has grown — and this pattern holds across AT&T, T-Mobile,
and virtually every large North American carrier.

The root cause is not spectrum costs alone; it is the operational overhead of managing layered,
heterogeneous infrastructure at scale. The integration layer is a primary driver of that overhead.
And unlike spectrum, it does not generate returns — it only generates maintenance.

2. The Scissor Effect: When Integration Costs Threaten the
Business Model

The “Telco Scissors Effect” describes the divergence between two trend lines: the exponential
growth in network complexity and the plateauing of revenue per unit of capacity delivered. As
those lines diverge, operating margins compress. The scissors close.

Bandwidth demand continues to double roughly every 18 months, driven by video streaming, loT
proliferation, and Al inference at the edge. Revenue per bit continues its multi-decade decline as
broadband becomes commoditized. The result is a structural margin squeeze that every telecom
CFO is navigating in real time — and that every VP Engineering is being asked to solve with a
flat or shrinking headcount.
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Where the Blade Cuts Deepest

The Scissors Effect is frequently discussed in the context of capex. What is less often
discussed, but felt just as acutely by operations leadership, is how the effect manifests in the
OSS/BSS and integration layer:

8-15 3-5 35-50% $2-8M

OSS/BSS Platforms Active Integration Projects S| Cost Share of total AT It

typical Tier 2/3 operator at any given time OSS/BSS project cost Malnter_1ance .mld'SIZe
carrier estimate

These are not sunk costs — they are recurring costs. Every year, the integration layer demands
reinvestment simply to hold its current state. Vendor upgrades require re-testing. API
deprecations require emergency remediation. Network topology changes require re-configuration.
The integration layer does not depreciate to zero. It compounds.

The Workforce Crisis Accelerant

Compounding the structural economics is a workforce reality every VP Engineering is navigating:
the engineers who built and understand these integrations are retiring. The institutional knowledge
embedded in a decade-old integration between a mediation system and a billing platform is not
documented — it lives in the memory of a senior architect who will be gone within five years.
When that knowledge walks out the door, the cost of every subsequent integration change
increases dramatically.

According to Nokia Bell Labs research, zero-touch network initiatives are projected to reduce
operational expenditures by up to 30% by 2026. The window to capture those savings is open —
but only for operators who make the architectural shift before the knowledge gap becomes a
staffing crisis.

© 2026 Citus Technologies, LLC rapax.app | sales@rapax.app Page 4



RAPAX | Productivity as a Service for Network Operations

3. Why Nothing Has Fixed This Yet

The telecom industry has recognized the integration problem for years. The response has been
a succession of approaches — each of which reduced some friction while leaving the fundamental
cost structure intact.

The Sl Firm Model

Systems integrators built their telecom practices on the complexity of OSS/BSS integration. Day
rates of $150 to $300 per hour for senior integration architects are standard. A mid-size integration
project runs 6 to 18 months and costs $1 to $5 million before ongoing maintenance is considered.

The S| model works — until something changes. And in telecom, something always changes. The
Sl firm’s project ends, the specialized resources roll off, and the carrier is left holding an integration
that only those departed engineers fully understand. The next change event triggers another
engagement, another project, another invoice. The relationship does not end. The invoices just
keep coming.

The iPaaS and Middleware Model

Integration Platform as a Service tools — MuleSoft, Boomi, Azure Integration Services — promise
to democratize integration through visual flow builders and pre-built connectors. In telecom
OSS/BSS, they fall short for the same reason: they reduce the tooling cost of integration but not
the expertise cost. Building a NETCONF adapter for a Nokia 7750 SR still requires someone who
understands YANG models, the Nokia CLI, and the target system’s data schema. The platform
does not supply that knowledge. It only provides the container.

The Homegrown Engineering Team

Larger operators have responded by building internal integration engineering teams. This works
well when it works — but it creates its own fragility. Internal teams develop point solutions
optimized for today’s architecture, not tomorrow’s. Staff turnover carries the same institutional
knowledge risk as the SI model. And internal teams rarely have the bandwidth to both maintain
existing integrations and build new ones simultaneously. The backlog grows. Workarounds
accumulate. Technical debt compounds.

A CRITICAL DISTINCTION BEFORE YOU READ FURTHER

If you are expecting this white paper to argue that a large language model will solve your
integration problem — stop. You have likely already experimented with Al coding assistants,
prompt-based integration generators, or ChatGPT-style tools for OSS/BSS work. And you likely
found what every serious telecom engineering team has found: Al generates plausible-looking
code that lacks the operational context to run reliably in your environment.

Rapax is not selling Al. Rapax is selling a patented outcome platform that uses Al as one of more
than ten underlying innovations. The distinction is not marketing. It is the reason it works.
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The Fundamental Flaw Across All Approaches

What all of these approaches — Sl firms, iPaaS platforms, internal teams, and Al tools — share
is a dependency on specialized human expertise at every integration event. The human is not a
control layer. The human is the integration. When the API changes, a human must reconfigure.
When a new device type arrives, a human must build the adapter. When a vendor upgrades their
data model, a human must re-map the fields.

This makes integration costs inherently linear with integration activity — and integration activity in
a hetnet only increases over time. Breaking that dependency requires a fundamentally different
architecture. One where the machine carries the integration knowledge, adapts to changes, and
builds new connections from conversation rather than specialized code.

4. Productivity as a Service: The Rapax Bruce Platform

Rapax is an Al-native service assurance platform built specifically for telecommunications network
operations. Its integration automation capability — Bruce — is not a product feature. It is a
patented outcome platform, developed from the ground up to address the structural reasons that
integration in telecom has never been solved at scale.

The distinction matters. You can prompt any large language model to generate an SNMP adapter.
What you cannot prompt a language model to do is understand your specific network’s topology,
draw on your previous integrations as context, commit the result to your version control system,
build a production container image, deploy it to your infrastructure, and verify through your
inventory system that devices are appearing and alerts are flowing — all within a single guided
conversation. That capability is not Al. That is a platform.

What Bruce Actually Is

Bruce — the Business Rules Upgrade Customization Engineer — is the integration architect
within the Rapax multi-agent system. Bruce is purpose-built for one outcome: reducing the time,
cost, and expertise required to connect Rapax to the network elements, element managers, and
OSS/BSS platforms that your operations depend upon.

Bruce achieves this through a combination of more than ten patented innovations, of which Al-
driven code generation is one component. The others include: a structured integration knowledge
base built from telecom-specific operational context; a requirements gathering engine trained on
OSS/BSS integration patterns; vendor-enrichment logic that processes MIB files, YANG models,
and API documentation to produce environment-specific adapters; and a closed-loop verification
system that confirms operational outcomes — not just deployment success.
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The Conversational Integration Pipeline

The most operationally significant aspect of Bruce is not what it produces — it is how it works.
Integration with Bruce does not begin with a statement of work. It begins with a conversation.

Conversational Requirements Gathering

An operator describes the integration need in plain language. Bruce asks targeted clarifying
questions — about the source system, the target data types, the expected event volume, and
any vendor-specific constraints. No requirements document. No discovery workshop.

Context-Grounded Template Selection

Bruce selects from six production-grade integration templates based on the requirements.
Critically, Bruce enriches the selection with context from your previous integrations — so a
second Nokia integration benefits from everything learned in the first.

Documentation-Enriched Code Generation

Operator-provided documentation — MIB files, YAML configurations, vendor API specs, as-
built diagrams — is ingested and used to produce an integration specific to your
environment. The code is grounded in your stack, your vendor versions, your naming
conventions.

GitHub Commit and Version Control

The generated integration is committed directly to your configured GitHub repository with
structured commit messaging. Every integration is version-controlled from day one, with no
manual developer handoff required.

Cloud-Native Container Build and Deployment

Bruce builds a Docker image from the committed code, pushes it to your container registry,
and deploys the running container to your infrastructure — completing the full developer-to-
production pipeline through conversation alone.

Multi-Agent Outcome Verification

After deployment, Bruce queries Nora (Rapax’s network inventory agent) to confirm that
expected devices have appeared in inventory, and checks the monitoring pipeline to verify
that alerts are flowing. Bruce delivers an outcome report — not a deployment confirmation.

The Compounding Advantage: It Gets Easier Every Time

The most durable aspect of the Bruce architecture is that it learns. Not in a marketing sense — in
a structural sense. Every integration that Bruce builds and deploys adds to the accumulated
operational context that future integrations draw upon. The second Nokia NMS integration
benefits from the first. The third vendor onboarding takes a fraction of the time of the first. The
institutional knowledge that previously walked out the door with a departing S| engineer now lives
in the platform.
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This is what transforms integration from a repeating cost into a depreciating one. The first
integration with a new vendor type requires the most effort. By the fifth, the platform has seen the
pattern, learned the vendor’s quirks, and can produce a production-ready adapter in hours rather
than weeks.

WHAT PRODUCTIVITY AS A SERVICE MEANS IN PRACTICE

Rapax does not sell Al. It sells outcomes: integrations deployed, alarms correlated, incidents
resolved, engineers freed for higher-value work. The underlying technology — including Al,
patented correlation logic, cloud-native orchestration, structured inter-agent communication, and
more — is the engine. The outcome is the product.

This distinction is not semantic. It is the reason Rapax can offer a productivity model where
traditional Sl firms offer a time-and-materials invoice.

Six Integration Templates, Production-Ready from Day One

Syslog Receiver Ingest device and application Cisco 10S syslog — Rapax alert
event logs pipeline

SNMP Trap Receiver Capture network fault notifications ~ Nokia FP4 traps — correlated alarm

stream

API Poller Scheduled data retrieval from OSS inventory pull — Rapax device
REST/SOAP APls sync

Webhook Listener Real-time event push from external BSS provisioning events — service
systems activation

Data Exporter Push Rapax data to downstream Alert feed — SIEM or analytics
platforms system

Ticketing Bridge Bi-directional incident Rapax alert — ServiceNow —
management sync resolution sync

5. The Financial Case: From Integration Tax to Growth
Capital

Industry Context: What US Telcos Spend on Integration

Precise industry-wide figures on OSS/BSS integration spend are not reported as a single line item
— they are embedded in capital expenditure, professional services, and operational labor costs.
However, multiple data points allow for a reasonable composite estimate:
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Spend Category Estimated Annual Total | Source / Basis
(US)

OSS/BSS Software Licenses $8-$12 billion IDC Telecom Software Market, 2024

Systems Integration Services $4-$7 billion ~40-50% of software investment in S

Internal Integration Engineering $2-%4 billion Allocated headcount in NOC/OSS
teams

Integration Maintenance & $1.5-$3 billion Est. 20-30% annual maintenance ratio

Rework

Total Integration-Related Spend ~ $15-$26 billion/yr Composite estimate, US market

Even at the conservative end, integration-related spending represents one of the largest
discretionary cost categories in US telecom operations — and unlike spectrum or physical
infrastructure, it produces no network capacity, no customer experience improvement, and no
competitive differentiation. It is, in the most literal sense, an operational tax.

The Tier 2 Regional Operator Financial Model

Consider a representative Tier 2 regional carrier: three-state fiber and wireless footprint, 500,000
subscribers, approximately 8,000 managed network elements across a multi-vendor environment.

Cost Element Traditional Model Rapax + Bruce Model

Sl services for new integrations (3-5/year) $900K — $2.1M $0 — $150K
Integration maintenance & emergency $600K — $1.2M $80K — $200K
rework

Internal integration engineering headcount $480K — $720K $160K — $240K
(loaded)

OSS/BSS downtime from integration failures  $200K — $800K $40K — $120K
Vendor upgrade re-integration projects $300K — $900K $50K — $100K
TOTAL ANNUAL INTEGRATION SPEND $2.48M - $5.72M $330K — $810K
Rapax Platform Investment (8,000 devices) — $910K — $980K
Net Annual Savings vs. Traditional Model — $1.57M — $4.74M

Under conservative assumptions, the payback period is less than 12 months — and the savings
compound as the integration portfolio grows, because each subsequent Bruce-built integration is
faster and cheaper than the last.
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The Reinvestment Opportunity

The financial case for Rapax is not simply cost reduction — it is capital reallocation. The $1.5 to
$4.7 million in annual integration savings represents engineering budget that can be redirected
toward activities that actually grow the network:

* Accelerating fiber-to-the-home buildout in underserved markets

* Funding 5G densification in high-demand corridors

* Investing in customer experience capabilities that drive NPS improvement
* Building data analytics infrastructure that creates competitive differentiation

The operators who win the next decade will not be those who spent less on integration — they
will be those who stopped spending on integration entirely, and invested those resources in
growth instead.

6. What Success Looks Like: A Regional Tier 2 Operator
Scenario

The Starting Point

A regional fiber and wireless carrier with 600,000 subscribers operates a network spanning three
states. Their OSS/BSS stack includes 11 platforms accumulated over 15 years: a Nokia network
management system, a legacy Netcracker BSS, Salesforce CRM, ServiceNow ITSM, a Calix
management platform for their FTTH build, and six additional operational tools inherited through
acquisitions. Their integration state: 31 active integration points, managed by two internal
engineers and a primary Sl firm relationship costing approximately $2.2M annually.

The Three Integration Crises That Triggered the Evaluation

+ A Salesforce API version deprecation that broke the order-to-activation integration and
caused a 72-hour backlog of service orders — identified during customer escalations,
not monitoring

+ A Nokia NMS upgrade that changed the SNMP trap format for 14 device types, resulting
in a six-week gap in correlated alarm data that went undetected until a major outage

+ A Calix firmware update that altered the YANG model for GPON OLTSs, triggering an
emergency Sl engagement at $180,000 in unplanned spend

Each event followed the same pattern: a vendor change triggers an integration failure;
engineering teams scramble to scope the damage; an Sl engagement is contracted; the fix arrives
four to eight weeks later. The business pays in delayed service delivery, manual workarounds,
and emergency spend.
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The Rapax Bruce Deployment

The carrier deploys Rapax with a 90-day proof of concept focused on three integrations: the Nokia
NMS SNMP trap feed, the Calix GPON poller, and the ServiceNow ticketing bridge. Bruce is
provided with the relevant MIB files, the Calix APl documentation, and the ServiceNow integration
specifications.

All three integrations reach production within three weeks. The ServiceNow ticketing bridge —
previously a six-month SI project that had been on the backlog for two years — is live in four days.
Bruce commits the code to the carrier's GitHub repository, builds the container images, and
verifies through Nora that devices are appearing in inventory and alerts are flowing before marking
the integration complete.

Three months into the deployment, Calix releases a firmware update that alters the GPON YANG
model. Bruce detects the schema change, identifies the affected fields, proposes the remediation
to the integration engineering team, and — upon approval — deploys the updated integration with
no downtime. Total elapsed time: 6 hours. Under the previous model, this event would have
triggered a 4-week Sl engagement.

$2.1M 47 8 hrs 60%

Integration Events Internal Eng. Capacity
Resolved without external Freed redirected to new
S| engagement build

S| Spend Eliminated year-
over-year reduction

Avg Time-to-Resolution
vs. 4—6 weeks previously

The integration engineering team, freed from maintenance cycles, completes the full OSS/BSS
integration of two recently acquired regional ISPs — work estimated to require 18 months and
two additional headcount. With Bruce handling integration build and verification, the actual
elapsed time is 11 weeks.

7. The Decision in Front of You

The integration tax on telecom operations is not a new problem. What is new is that there is now
a productized, patented, proven path to eliminating it — not through another Sl firm, not through
another middleware platform, and not through a generic Al tool that generates plausible code
without operational grounding.

Rapax is a productivity platform. Its value is measured in integrations deployed, in engineering
hours reclaimed, in Sl invoices that never arrived, in the 6-hour remediation that used to cost
$180,000. The technology underneath — Al, patented correlation, cloud-native orchestration,
inter-agent verification — is the engine. The outcome is the product.

The operators who act on this now will compound the advantage. Every integration that Bruce
deploys and maintains is an integration that does not require a human specialist. Every Sl
engagement that does not happen is capital redirected to fiber, to 5G, to the customer experience
capabilities that determine whether a regional carrier thrives or consolidates in the next five years.
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Proof Exists. Ask to See It.

The scenario described in Section 6 is not hypothetical. Rapax is running in production networks
today, and the outcomes described above are real — in carriers with the same integration debt,
the same vendor mix, and the same skepticism about whether anything could actually change the
economics of this problem.

Seeing is believing. The most valuable conversation you can have is not with a Rapax sales
representative — it is with a Rapax customer or implementation partner who has lived through
the deployment and can tell you what changed on their P&L. We will arrange that conversation
for any serious evaluation.
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Start the Conversation

Bring your last three Sl invoices. We'll show you exactly where that spend goes
in the Rapax model.

Request a live demonstration in your environment, with your integration requirements.

Speak directly with a Rapax customer or implementation partner — we will facilitate
introductions.

Request a case study specific to your network profile.
Start a no-commitment consultation to assess your current integration portfolio.

rapax.app | sales@rapax.app | cal.com/shawn-ennis
Seeing is believing.

About Rapax and Citus Technologies

Rapax is an Al-native network service assurance and automation platform developed by Citus
Technologies, LLC, headquartered in Frisco, Texas. The platform is purpose-built for Tier 2 and Tier 3
telecommunications operators seeking to modernize their operational model without the cost and
complexity of traditional service assurance platforms. Citus Technologies is led by Shawn Ennis —
founder of Assure1 (acquired by Oracle, 2021), holder of 12 telecom domain patents, and a 25-year
veteran of network operations and service assurance.
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