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Advanced Certificate in Telecom Analytics and Data Science

Big Data Architecture in Telecommunications

Aggregation Layer

Concept: The stage in a telecom big-data architecture where raw event streams are combined, filtered, and
summarized to reduce volume before further analysis.

Related terms: Data Lake, ETL, Stream Processing

Explanation: In a cellular network, millions of call detail records (CDRs) and hand-over events are generated
each minute. The aggregation layer groups these records by time interval, cell ID, or service type, producing
metrics such as average call duration or hand-over success rate. This reduces storage costs and speeds up
downstream analytics.

Practical application: Daily network performance dashboards that rely on hourly aggregated KPlIs.
Challenges: Selecting appropriate aggregation windows to balance detail versus storage, and ensuring that
aggregation does not obscure anomalous events needed for fraud detection.

Analytical Engine

Concept: The compute component that runs complex queries, statistical models, and machine-learning
algorithms on telecom datasets.

Related terms: SQL Engine, Spark, Flink

Explanation: The analytical engine can be a distributed processing framework such as Apache Spark, which
enables parallel execution of large-scale jobs like churn prediction or radio-resource optimization. It reads
data from the data lake or warehouse, applies transformations, and writes results back to storage or
visualization tools.

Practical application: Running a clustering algorithm to segment subscribers based on usage patterns.
Challenges: Managing resource allocation to avoid contention with real-time streaming jobs, and tuning the
engine for both batch and interactive workloads.

AP| Gateway

Concept: A centralized entry point that exposes RESTful or gRPC services for accessing telecom data assets.
Related terms: Microservices, Service Mesh, Security Layer

Explanation: The gateway handles authentication, rate limiting, and request routing to back-end services
such as subscriber data queries or network health APIs. In a big-data environment, it enables external
analytics platforms to retrieve processed datasets without direct access to storage clusters.

Practical application: Providing a secure endpoint for a third-party marketing tool to fetch churn scores for
targeted campaigns.

Challenges: Ensuring low latency for high-volume requests, and maintaining consistent versioning as
underlying services evolve.
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Bandwidth Optimization

Concept: Techniques and algorithms used to improve the effective utilization of network capacity.
Related terms: Traffic Shaping, QoS, Adaptive Bitrate

Explanation: By analyzing historical traffic patterns stored in a data lake, telecom operators can predict
congestion periods and proactively adjust routing policies or allocate additional spectrum.
Machine-learning models ingest real-time telemetry to recommend dynamic bandwidth allocation.
Practical application: Reducing packet loss during a major live event by pre-emptively diverting traffic to
under-utilized cells.

Challenges: Dealing with the latency between data collection and decision execution, and avoiding
over-provisioning that inflates operational costs.

Cell Site Data

Concept: Information collected from base stations, including signal strength, hand-over logs, and hardware
status.

Related terms: RAN Metrics, SON, Radio Logs

Explanation: Cell site data is a primary source for network performance analysis. It is streamed in near
real-time to the ingestion layer, where it is enriched with location metadata and stored for both historical
trend analysis and immediate fault detection.

Practical application: Identifying a deteriorating antenna that causes increased drop rates in a specific
sector.

Challenges: Managing the high velocity of data from thousands of sites, and handling heterogeneous
formats across equipment vendors.

Cloud-native Architecture

Concept: Designing big-data systems that leverage cloud services for scalability, elasticity, and managed
operations.

Related terms: Kubernetes, Serverless, SaaS

Explanation: In telecom, a cloud-native approach means deploying data pipelines on container
orchestration platforms, using managed storage like object buckets, and employing serverless functions for
event-driven processing. This reduces the need for on-premise hardware and speeds up feature delivery.
Practical application: Auto-scaling a Spark cluster during a nightly batch job that processes monthly usage
records.

Challenges: Ensuring data sovereignty, meeting strict latency SLAs, and integrating legacy OSS/BSS
components that were not built for the cloud.

Data Lake
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Concept: A centralized repository that stores raw and processed data in its native format, typically using
object storage.

Related terms: Data Warehouse, Schema-on-Read, Parquet

Explanation: Telecom operators ingest CDRs, network telemetry, and subscriber profiles into a data lake,
preserving granularity for future exploratory analysis. The lake supports multiple access patterns—from
SQL-on-Hadoop engines to machine-learning notebooks.

Practical application: A data scientist querying raw 5G session logs to discover new usage patterns.
Challenges: Preventing the lake from turning into a “data swamp” through proper governance, metadata
management, and access controls.

Data Mesh

Concept: A decentralized data architecture that treats data as a product owned by domain-specific teams.
Related terms: Domain-Driven Design, Data Ownership, Federated Governance

Explanation: In large telecom organizations, the data mesh approach assigns responsibility for cell-site
metrics, subscriber data, and billing logs to the respective product teams. Each team publishes curated
datasets via self-service APIs, enabling other teams to consume them without centralized bottlenecks.
Practical application: The fraud detection team directly accessing the “Subscriber Events” data product for
anomaly scoring.

Challenges: Maintaining consistent data quality across domains, and establishing unified security policies
without a central data lake.

Data Pipeline

Concept: A series of processes that move, transform, and store data from source to destination.

Related terms: ETL, ELT, Stream Processing

Explanation: A typical telecom pipeline ingests raw CDRs via Kafka, applies schema validation with Avro,
enriches records with subscriber metadata, and writes the result to a Delta Lake table for downstream
analytics. Pipelines can be batch-oriented, streaming, or hybrid.

Practical application: Real-time generation of network congestion alerts based on streaming telemetry.
Challenges: Handling schema evolution, ensuring exactly-once processing semantics, and providing
observability for debugging failures.

Edge Computing

Concept: Processing data close to its source, often at the network edge, to reduce latency and bandwidth
usage.

Related terms: Fog Computing, MEC, Distributed Analytics

Explanation: Edge nodes in a 5G deployment can run lightweight analytics—such as detecting abnormal
traffic spikes—and push only aggregated insights to the central data platform. This offloads the core
network and enables rapid response.
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Practical application: On-device inference of video quality metrics to adapt streaming bitrate in real time.
Challenges: Limited compute resources at the edge, synchronizing edge and central data stores, and
ensuring security of distributed workloads.

Event Streaming

Concept: Continuous flow of data records (events) generated by telecom systems, processed in real time.
Related terms: Kafka, Pulsar, Stream Processing

Explanation: Events like call setup requests, hand-over completions, and loT device telemetry are published
to topics. Consumers subscribe to these topics to perform real-time analytics, anomaly detection, or feeding
dashboards.

Practical application: Detecting a sudden surge in dropped calls and triggering an automated network
re-configuration.

Challenges: Managing back-pressure, guaranteeing delivery order, and scaling consumers to match peak
traffic volumes.

Hadoop Ecosystem

Concept: A suite of open-source tools built around the Hadoop Distributed File System (HDFS) for storing
and processing large datasets.

Related terms: MapReduce, YARN, Hive

Explanation: Although newer cloud storage options are common, many telecom operators still rely on
Hadoop clusters for historic billing data analysis. Tools like Hive provide SQL-like access, while Pig scripts
enable complex transformations.

Practical application: Running a monthly batch job that aggregates international call charges for regulatory
reporting.

Challenges: Migrating legacy workloads to more modern platforms, and optimizing resource utilization on
shared YARN clusters.

Hive Metastore

Concept: A centralized repository that stores metadata about tables, partitions, and schemas used by Hive
and compatible engines.

Related terms: Catalog Service, Data Catalog, Glue

Explanation: In telecom big-data environments, the metastore tracks definitions for CDR tables, network
performance logs, and subscriber profiles. It enables query engines like Spark SQL to discover schema
information without manual configuration.

Practical application: A data analyst writing a HiveQL query to join session logs with customer subscription
tiers.

Challenges: Keeping metadata synchronized with evolving source systems, and handling schema versioning
for high-frequency data ingestion.
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In-Memory Processing

Concept: Performing data computation directly in RAM to achieve ultra-low latency.

Related terms: Spark, Flink, Redis

Explanation: For tasks such as real-time fraud detection, telecom operators load recent transaction streams
into an in-memory store, allowing sub-second query response. This contrasts with disk-based processing,
which can introduce unacceptable delays.

Practical application: Scoring each new call for fraud risk before routing it to the destination.

Challenges: Managing memory footprints, ensuring data durability in case of node failures, and scaling out
to handle peak traffic bursts.

loT Telemetry

Concept: Data transmitted by Internet-of-Things devices, including sensors, meters, and connected vehicles.
Related terms: MQTT, LoRaWAN, Device Shadow

Explanation: Telecom operators collect telemetry from millions of loT endpoints via narrow-band networks.
This data is streamed into the big-data platform for usage billing, predictive maintenance, and service
quality monitoring.

Practical application: Analyzing temperature sensor data to predict equipment failures in remote cell sites.
Challenges: Dealing with intermittent connectivity, diverse data formats, and ensuring secure transmission
across large device fleets.

Kafka Streams

Concept: A client library for building real-time, stateful stream processing applications on top of Apache
Kafka.

Related terms: Event Streaming, KSQL, Flink

Explanation: In telecom, Kafka Streams can join live CDR streams with subscriber master data to enrich
events on the fly, then write the enriched records to a downstream topic for analytics. Its low-latency
processing makes it suitable for alarm generation.

Practical application: Generating per-user real-time usage alerts when data consumption exceeds a
threshold.

Challenges: Managing state stores for large windows, handling repartitioning overhead, and ensuring fault
tolerance across broker failures.

Latency

Concept: The time delay between data generation and its availability for consumption or action.

Related terms: Round-Trip Time, Jitter, SLA

Explanation: In telecom analytics, low latency is critical for functions such as dynamic spectrum allocation or
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real-time QoS adjustments. Architecture decisions—Ilike edge processing versus central ingestion—directly
impact latency budgets.

Practical application: Adjusting radio parameters within 100 ms of detecting increased interference.
Challenges: Balancing the trade-off between processing depth and response speed, and mitigating network
congestion that inflates latency.

Machine Learning Model

Concept: A statistical algorithm trained on historical telecom data to make predictions or classifications.
Related terms: Supervised Learning, Feature Engineering, Model Registry

Explanation: Models such as gradient-boosted trees predict churn, while deep-learning networks classify
network anomalies. They consume features derived from CDRs, device telemetry, and subscriber attributes,
and output scores used by downstream services.

Practical application: Scoring each subscriber weekly for churn probability to prioritize retention offers.
Challenges: Ensuring model freshness with evolving usage patterns, handling class imbalance, and
interpreting model decisions for regulatory compliance.

Network Function Virtualization (NFV)

Concept: The decoupling of network functions (e.g., firewalls, load balancers) from proprietary hardware,
running them as virtual machines or containers.

Related terms: VNF, MANO, SDN

Explanation: NFV generates operational data—such as CPU utilization and packet processing rates—that
feeds into the big-data platform for capacity planning and performance optimization. Virtualized functions
can be scaled dynamically based on analytics insights.

Practical application: Instantiating additional virtualized EPC components during a surge in video streaming
traffic.

Challenges: Monitoring virtual function health in real time, and integrating NFV telemetry with legacy OSS/
BSS systems.

Operational Intelligence

Concept: The use of data analytics to provide actionable insights for day-to-day network operations.
Related terms: Dashboard, Alerting, Root-Cause Analysis

Explanation: By correlating alarms, performance metrics, and subscriber complaints, operators gain a holistic
view of network health. Real-time dashboards pull from streaming pipelines, while batch analytics feed
strategic planning.

Practical application: Automatically opening a trouble ticket when a KPI crosses a predefined threshold for
more than five minutes.

Challenges: Reducing alert fatigue, ensuring data completeness across heterogeneous sources, and
delivering insights in a format that operators can act upon quickly.

Read online: https://learnuni.com/glossaries/5370417/big-data- LearnUNI - 27 Jul 2026
architecture-in-telecommunications



LearnlUINI GLOSSARY

LEARNING SHOULD BE FREE

Predictive Analytics

Concept: Techniques that use historical data to forecast future events or trends.

Related terms: Time Series, Forecasting, Anomaly Detection

Explanation: Telecom operators apply predictive models to anticipate subscriber churn, forecast traffic
demand, and schedule maintenance. These models ingest features from usage logs, device health, and
external factors like weather.

Practical application: Predicting a 15 % increase in data traffic for a city during a major sporting event,
prompting pre-emptive capacity upgrades.

Challenges: Accounting for sudden market shifts, integrating external data sources, and quantifying forecast
uncertainty.

Real-time Processing

Concept: Immediate analysis of data as it arrives, often with sub-second latency.

Related terms: Streaming, Low-Latency, Event-Driven

Explanation: Real-time pipelines ingest network events, apply transformations, and produce alerts or
enriched streams for immediate consumption by control systems. Technologies such as Apache Flink or
Spark Structured Streaming enable this capability.

Practical application: Detecting a denial-of-service attack within seconds and triggering automated
mitigation.

Challenges: Maintaining state consistency, handling out-of-order events, and scaling processing nodes to
match traffic spikes.

Service Orchestration

Concept: Coordinating the deployment, scaling, and lifecycle of telecom services across physical and virtual
resources.

Related terms: NFV, MANO, Kubernetes

Explanation: Orchestrators consume analytics outputs—Ilike predicted load spikes—to decide when to
instantiate additional service instances. They interact with the underlying infrastructure via APIs, ensuring
that resources are provisioned efficiently.

Practical application: Auto-scaling a virtualized IMS component when user-generated video sessions exceed
a threshold.

Challenges: Aligning orchestration decisions with business policies, handling multi-vendor environments,
and ensuring rapid convergence after scaling actions.

Subscriber Data Management
Concept: Centralized handling of customer profiles, service entitlements, and usage records.
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Related terms: CRM, BSS, Master Data Management

Explanation: Accurate subscriber data is essential for analytics such as churn prediction, revenue assurance,
and personalized offers. The management system synchronizes with billing, network provisioning, and
marketing platforms, providing a single source of truth.

Practical application: Enriching real-time CDR streams with subscriber segment identifiers to enable
segment-level KPI monitoring.

Challenges: Maintaining data consistency across legacy systems, ensuring GDPR compliance, and handling
high-velocity updates during promotional campaigns.

Telemetry Ingestion

Concept: The process of capturing and transporting telemetry data from network elements into the
analytics platform.

Related terms: Collectors, Agents, Ingestion Pipeline

Explanation: Telemetry agents on base stations, routers, and servers push metrics via protocols such as
gRPC or NETCONF to a central broker. The ingestion layer validates, timestamps, and routes the data to
appropriate storage tiers.

Practical application: Storing per-minute CPU utilization of core routers for capacity trend analysis.
Challenges: Dealing with heterogeneous data formats, ensuring secure transmission, and scaling ingestion
endpoints to handle spikes during network upgrades.

Unified Data Platform

Concept: An integrated environment that combines storage, processing, and governance capabilities for all
telecom data assets.

Related terms: Lakehouse, Data Fabric, Integrated Analytics

Explanation: The platform provides a single access point for batch, streaming, and interactive workloads,
reducing data silos. It typically leverages technologies like Delta Lake for ACID transactions, coupled with a
catalog service for metadata discovery.

Practical application: A data scientist querying both raw 5G session logs and processed churn scores from
the same interface.

Challenges: Balancing competing performance requirements, implementing fine-grained security across
diverse user groups, and migrating legacy workloads without disruption.

Virtualized RAN (VRAN)

Concept: Deploying the radio access network functions as virtualized software components rather than
dedicated hardware.

Related terms: Open RAN, Cloud-RAN, Edge Compute

Explanation: VRAN generates extensive performance metrics—such as radio link quality and scheduling
latency—that are streamed to the big-data platform for continuous optimization. Virtualization enables
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rapid scaling and feature rollout via software updates.

Practical application: Dynamically reallocating processing resources to a congested cell during a large public
gathering.

Challenges: Ensuring ultra-low latency required for 5G, integrating with heterogeneous vendor equipment,
and maintaining synchronization between distributed virtual functions.
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