ChistaDATA: Building Planet-Scale Real-Time Analytics and
Machine Learning Infrastructure on ClickHouse

Enterprise-grade solutions delivering exceptional performance, scalability, and reliability for the world's most demanding data workloads



v¢ EXECUTIVE SUMMARY

Full-Stack ClickHouse Infrastructure Operations Excellence

ChistaDATA stands as the premier full-stack ClickHouse infrastructure operations provider, delivering comprehensive 24*7 enterprise-class consultative
support and managed services. Our mission centers on empowering organizations to harness the full potential of real-time analytics and machine
learning at planetary scale.

We specialize in transforming complex data challenges into competitive advantages through expert implementation, optimization, and ongoing
management of ClickHouse-powered infrastructure. Our team brings deep technical expertise combined with proven operational excellence to ensure

your analytics infrastructure operates at peak performance around the clock.

With a focus on enterprise readiness, we deliver automated solutions that reduce operational overhead while maximizing system reliability, enabling your
teams to focus on deriving insights rather than managing infrastructure.



Global Operations, Local Expertise

Worldwide Presence

ChistaDATA operates from our California headquarters with strategic
operations spanning the globe. Our distributed team model ensures we
provide 24*7 coverage and localized expertise across all major
technology and business centers.

e North America: San Francisco, Vancouver
e Europe: London, Germany, Russia, Ukraine

e Asia-Pacific: Singapore, India, Australia

Enterprise-Scale Support

Our global infrastructure enables us to deliver consistent, high-quality
service regardless of your organization's location or time zone. We
maintain strategic partnerships and technical expertise across regions to
support multinational deployments.

This worldwide footprint allows us to provide on-site consulting, regional
data center optimization, and compliance with local data sovereignty
requirements while maintaining unified service standards.



Trusted by Global Industry Leaders

Fortune 500 companies across industries rely on ChistaDATA to power their mission-critical real-time analytics and machine learning infrastructure. Our

enterprise client portfolio demonstrates our ability to deliver at scale for the world's most demanding organizations.

Financial Services

Morgan Stanley, American Express Travel,
VISA, PayPal

Powering real-time fraud detection, risk
analytics, and transaction processing at
massive scale

Retail & Consumer
Nike, PRADA, Starbucks, Unilever, Carlsberg
Real-time inventory, customer

personalization, and supply chain
optimization

Technology & Media
Netflix, Viacom, National Geographic, Sony

Enabling content analytics, user behavior
tracking, and recommendation systems

Manufacturing & IoT

Honda loT, Garmin, Airbus

Sensor data analytics, predictive
maintenance, and operational intelligence

Telecommunications

Verizon, network performance monitoring
and customer analytics infrastructure

Processing billions of events daily for
network optimization and customer
experience enhancement

Logistics

Blue Dart logistics and delivery optimization
platform

Real-time package tracking and route
optimization processing millions of
shipments



Core Value Proposition: Enterprise-Class Data Infrastructure Excellence

Performance at Scale

Delivering sub-second query responses across petabyte-scale
datasets with proven optimization techniques that maximize
hardware efficiency and minimize operational costs. Our
performance engineering ensures your analytics infrastructure
operates at peak efficiency.

Data SRE Expertise

Comprehensive site reliability engineering practices specifically
tailored for database infrastructure. Our proactive monitoring,
automated remediation, and capacity planning ensure 99.9% uptime
for your mission-critical analytics workloads.

Planetary Scalability

Purpose-built infrastructure architectures that scale horizontally and
vertically to meet growing data volumes and query loads. We design
systems that grow with your business, from terabytes to petabytes
and beyond, without performance degradation.

Enterprise Readiness

Security, compliance, and governance frameworks that meet the
stringent requirements of Fortune 500 organizations. We implement
robust access controls, audit logging, encryption, and compliance
measures aligned with industry regulations.



CHAPTER 1

The ClickHouse Advantage

Understanding the technology foundation that powers real-time analytics at planetary scale



Why ClickHouse for Real-Time Analytics

ClickHouse represents a fundamental breakthrough in high-performance analytics
database technology. As a column-oriented SQL database purpose-built for OLAP
workloads, ClickHouse delivers unprecedented performance for analytical queries across
massive datasets.

Unlike traditional row-oriented databases designed for transactional workloads,
ClickHouse's architecture is optimized specifically for the analytical query patterns that
dominate modern data analytics: aggregations, filtering, and complex joins across billions
of rows.

This architectural focus enables organizations to perform real-time analytics on
streaming data while simultaneously supporting complex historical analysis across years
of data—all within a single, unified platform.

Key Capabilities

e True real-time ingestion and querying
e Linear scalability to petabytes

e SQL compatibility with extensions

e Vectorized query execution

e Distributed processing

e Native compression



Columnar Architecture: The Foundation of Performance

ClickHouse's column-oriented storage architecture fundamentally transforms how data is stored, accessed, and processed, delivering performance
improvements that range from 10x to 100x compared to traditional row-oriented databases.
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Column Storage Vectorized Execution Analytical Optimization

Data stored by column rather than by row, CPU cache-friendly operations processing Architecture specifically designed for
enabling efficient compression and selective entire columns at once using SIMD aggregation, filtering, and analytical query
reading of only required columns instructions for maximum throughput patterns

[J Technical Insight: When querying a table with 100 columns but only analyzing 5, ClickHouse reads only those 5 columns from disk. Traditional
row-oriented databases must read all 100 columns, resulting in 20x more 1/0 operations and proportionally slower query performance.



Performance Metrics: Built for Speed

1B+ 100x <1s

Rows Per Second Performance Gain Query Response
Processing throughput on modern hardware, Typical performance improvement over Sub-second response times for complex
enabling real-time analytics on streaming data traditional databases for analytical workloads aggregations across billions to trillions of rows

with minimal latency

These performance characteristics enable entirely new classes of applications and analytical capabilities. Interactive dashboards can query billions of

rows in real-time, machine learning models can train on fresh data continuously, and business users can explore data without waiting for pre-aggregated
reports.

The combination of high ingestion rates and fast query performance means organizations can analyze data as it arrives, eliminating the traditional gap
between data collection and insight generation that plagues conventional analytics architectures.



Technical Superiority: Data Storage Excellence

Compact Storage Without Garbage

ClickHouse implements a storage engine design that eliminates data
fragmentation and garbage accumulation—problems that plague many
analytical databases over time.

The MergeTree engine family continuously merges data parts in the
background, maintaining optimal storage efficiency and query
performance even as data volumes grow and data is modified.

This architecture ensures that storage costs remain predictable and query
performance doesn't degrade over time, unlike systems that require
periodic full reorganizations or vacuum operations.

CPU-Efficient Vectorization

Modern CPUs can process multiple data elements simultaneously through
SIMD (Single Instruction, Multiple Data) operations. ClickHouse's query
execution engine is specifically designed to leverage these capabilities.

By processing entire columns of data in vectorized batches, ClickHouse
achieves CPU efficiency levels impossible for row-at-a-time processing
engines, translating directly to faster queries and lower infrastructure
costs.

This optimization means more queries per server, reduced cloud
computing costs, and the ability to handle larger workloads on existing
hardware.



Compression Excellence: Minimizing Storage Costs

Intelligent compression is fundamental to ClickHouse's efficiency, dramatically reducing storage costs while simultaneously improving query
performance through reduced I/0 operations.

LZ4 Compression ZSTD Compression Intelligent Selection

Default compression algorithm providing Advanced compression achieving superior Automatic compression algorithm selection
excellent speed with good compression ratios, compression ratios for cold data and archival based on data characteristics and access
optimized for scenarios where decompression storage, reducing storage costs by up to 10x patterns, balancing storage efficiency with
speed is critical for query performance compared to uncompressed data query performance

ClickHouse's columnar storage architecture enhances compression effectiveness because similar data types stored together compress more efficiently
than mixed row data. This synergy between columnar layout and compression delivers storage density that can exceed 10:1 compression ratios on typical
analytical workloads.



Competitive Analysis: ClickHouse vs Traditional Solutions

Capability
Real-time ingestion

Query performance

Scalability

Total cost of ownership
Operational complexity
Compression efficiency

SQL compatibility

ClickHouse

Excellent

Sub-second

Linear to
petabytes

Very low
Low
Excellent

Full support

Teradata

Limited

Seconds-Minutes

Expensive scaling

Very high
High
Good

Full support

Hadoop

Batch-oriented

Minutes-Hours

Complex scaling

High
Very high
Good

Limited

Oracle

Limited

Seconds-Minutes

Limited

Very high
High
Moderate

Full support

PostgreSQL

Poor

Slow on large
data

Vertical only

Moderate
Moderate
Limited

Full support



CCCCCCCC

Real-Time Analytics
Infrastructure

Building responsive, scalable systems that transform data into insights instantly



Real-Time Analytics: Challenges at Scale

+ @%

High-Velocity Data Streams Massive Volume at Petabyte Scale

Modern applications generate millions of events per second from user Organizations accumulate petabytes of historical data while
interactions, 10T sensors, transaction systems, and operational simultaneously ingesting terabytes daily. Analytics infrastructure must
telemetry. Traditional batch processing creates unacceptable delays handle both real-time streams and historical context without

between data generation and insight availability. compromising performance or cost-efficiency.

Ultra-Low Latency Requirements Complex Query Patterns

Business decisions, fraud detection, and personalization require sub- Real-time analytics combines streaming aggregations, complex joins,
second response times. Infrastructure must deliver consistent multi-dimensional analysis, and machine learning inference—all
performance under varying load conditions while maintaining executing concurrently on the same infrastructure without resource

accuracy and reliability. contention.



ChistaDATA's Solution Architecture

Our full-stack approach to ClickHouse optimization delivers enterprise-grade infrastructure that seamlessly scales from on-premises deployments to
serverless cloud DBaa$S operations, providing flexibility without compromising performance or reliability.
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Assessment & Design Deployment & Configuration Integration & Migration

Comprehensive analysis of workload patterns, Automated provisioning of optimized ClickHouse Seamless integration with existing data pipelines,
data volumes, query requirements, and business  clusters with proper sharding, replication, and ETL processes, and business intelligence tools
objectives to design optimal infrastructure security configurations tailored to your with zero-downtime migration strategies
architecture requirements

04 05

Optimization & Tuning Monitoring & Support

Continuous performance optimization including schema refinement, query  24*7 proactive monitoring with automated alerting, incident response, and
optimization, and infrastructure tuning based on production workload ongoing optimization to maintain peak performance
patterns



Data Ingestion Excellence

Streaming Ingestion Batch Processing Intelligent Pipelines

e Apache Kafka integration for high- e Bulk imports from data lakes and e Schema evolution handling for changing
throughput event streaming warehouses data structures

e Amazon S3 continuous import for cloud- e Scheduled ETL pipelines for historical data e Data validation and quality checks
native architectures ¢ File-based ingestion supporting CSV, e Transformation logic at ingestion time
integration o Database federation for legacy system queues

e Change Data Capture for database integration
replication Resilient, self-healing data pipelines with

Optimized for large-scale data migrations and comprehensive observability
Micro-batch processing with configurable periodic updates

latency and throughput trade-offs



Performance Optimization Framework

Automated Provisioning Query Optimization
Intelligent cluster sizing based on workload Automatic query plan analysis, index
analysis, automated node configuration, and Q recommendations, and query rewriting for
optimal resource allocation optimal execution paths
Performance Monitoring . Schema Design Audits
s
Continuous tracking of query performance, — Regular reviews of table structures, partition
resource utilization, and system bottlenecks N strategies, and encoding choices to maintain

with automated remediation peak efficiency

This continuous optimization cycle ensures your ClickHouse infrastructure adapts to changing workloads and data patterns, maintaining optimal
performance as your business scales.



Query Performance Breakthrough Results

40-70% 10x

Query Performance Improvement Response Time Reduction Concurrent Query Capacity
Typical optimization gains through schema Dramatic decrease in query latency enabling real- Increased ability to handle simultaneous
design, indexing strategy, and query tuning time interactive analytics analytical workloads without degradation

These improvements translate directly to business value: faster decision-making, improved user experiences, reduced infrastructure costs, and the ability
to unlock new analytical capabilities that were previously impractical.

Our optimization approach combines automated tooling with deep ClickHouse expertise, identifying opportunities that generic database optimization
tools miss. We understand the nuances of ClickHouse's query planner, storage engines, and distributed execution model to extract maximum
performance.



Scalability Architecture: Growing Without Limits

Vertical Scaling Horizontal Scaling

Optimize hardware utilization before expanding cluster size: Linear performance scaling through distributed architecture:

e Memory optimization for in-memory aggregations and caching e Sharding strategies distributing data across nodes for parallel
e Storage tiering with NVMe for hot data and HDD for cold data processing

e CPU selection matching vectorization capabilities to workload * Replication for high availability and read scalability

' S S ' e Dynamic rebalancing as capacity needs evolve
Right-sizing instances prevents over-provisioning and controls costs while

maintaining performance headroom. Add nodes to increase capacity and performance proportionally without
architectural changes.

[J Predictive Capacity Planning: Our monitoring systems track growth trends and resource utilization patterns to forecast scaling needs months in
advance, enabling proactive capacity expansion before performance impacts occur.



High Availability & Disaster Recovery

9,

Multi-Node Clusters

Distributed architecture with data replication across availability zones
ensures continuous operation even during node failures or
maintenance windows

e Automatic failover with zero data loss

e Rolling updates without downtime

e Geographic distribution for disaster recovery

=

Backup & Recovery

Comprehensive backup strategies protecting against data loss while
enabling point-in-time recovery for any scenario

e Incremental backups minimizing storage costs
e Cross-region replication for geographic redundancy

e Automated backup validation and testing

Our high availability architecture delivers 99.9% uptime SLAs through redundancy at every layer: network, compute, storage, and application. Automated
monitoring detects and responds to issues before they impact users, while comprehensive runbooks ensure rapid incident resolution when manual

intervention is required.



24*7 Monitoring & Observability

Comprehensive monitoring infrastructure providing real-time visibility into system health, performance metrics, and operational status across your entire

ClickHouse deployment.

(N

Unified Dashboard

Single pane of glass for cluster health, query
performance, resource utilization, and system
alerts. Real-time metrics visualization with
historical trending for capacity planning and
performance analysis.

U
Distributed Tracing

End-to-end query execution visibility from

ingestion through processing to result delivery.

Identify bottlenecks, optimize query plans, and
troubleshoot performance issues with detailed
execution traces.

A

Intelligent Alerting

Proactive anomaly detection with machine
learning-powered alerts that adapt to your
workload patterns. Escalation policies ensure
critical issues reach the right team members
immediately.
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Machine Learning Infrastructure

Powering intelligent applications with real-time data and advanced analytics



Machine Learning Infrastructure on ClickHouse

ChistaDATA's real-time analytics infrastructure provides the foundation for advanced Data Science, Machine Learning, and Al applications. By combining
ClickHouse's exceptional query performance with purpose-built ML infrastructure, we enable organizations to deploy intelligent systems that learn and
adapt in real-time.

Traditional machine learning architectures separate data warehousing ML Infrastructure Capabilities
from model training and inference, creating latency and synchronization
challenges. Our integrated approach brings ML directly to the data, * Realtime feature computation

eliminating costly data movement and enabling models to train on the * Online model training and updates

freshest data available. e Low-latency inference serving

This architecture supports the complete ML lifecycle: feature engineering, * A/Btesting frameworks

model training, hyperparameter optimization, deployment, and monitoring e Model performance monitoring
—all operating on a unified data platform that scales to petabytes. e Experiment tracking and versioning



Timely Decision-Making with Machine Learning

Real-Time Data Collection Model Inference
Events stream into ClickHouse with millisecond Execute trained models directly in ClickHouse or via
latency from applications, sensors, and transaction integrated inference engines with sub-second latency
systems
1 2 3 4
Immediate Feature Engineering Actionable Insights
Transform raw events into ML features using Feed predictions back to applications for real-time
ClickHouse's powerful SQL capabilities and personalization, alerting, or automated decision-
materialized views making

This real-time ML pipeline enables use cases impossible with traditional batch processing: fraud prevention that stops transactions before completion,
personalization that adapts to user behavior within seconds, and operational optimization that responds to changing conditions immediately.



Dynamic Model Training: Continuous Learning

Static ML models trained on historical data degrade over time as patterns shift and new behaviors emerge. Our infrastructure supports continuous model

retraining, ensuring predictions remain accurate as your business and customers evolve.

Streaming Data Integration

Real-time data streams continuously update training datasets,
capturing the latest patterns and trends without waiting for batch
processing windows

Online Learning Algorithms

Incremental learning techniques update models without full retraining,
enabling rapid adaptation to emerging patterns

Automated Retraining Pipelines

Triggered by data drift detection, performance degradation, or
scheduled intervals, retraining pipelines execute automatically using
the latest data

Model Validation & Deployment

Automated validation ensures new models improve performance
before automatic deployment with zero-downtime switching



Anomaly Detection & Fraud Prevention

Financial Services

Real-time transaction monitoring analyzing
hundreds of features per transaction to detect
fraudulent patterns:

e (Credit card fraud detection with <1s
latency

e Account takeover prevention

e Money laundering detection through graph
analysis

e Risk scoring for loan approvals

Machine learning models process millions of
transactions daily, blocking fraud while
minimizing false positives that frustrate
legitimate customers.

Cybersecurity

Network traffic analysis and threat detection
protecting enterprise infrastructure:

e Intrusion detection systems analyzing
packet flows

e DDoS attack identification and mitigation

e Insider threat detection through behavior
analysis

e Zero-day exploit pattern recognition
Behavioral baselines establish normal

patterns, enabling rapid detection of
suspicious activities and security incidents.

E-Commerce

Protecting online platforms from various fraud
vectors:

e Payment fraud prevention at checkout

e Account creation abuse detection

e Promotion and coupon fraud mitigation

e Seller fraud on marketplace platforms
Ensemble models combine multiple detection

strategies to catch sophisticated fraud while
maintaining excellent user experiences.



Personalization & Customer Experience

Modern customers expect personalized experiences that anticipate their needs and preferences. Real-time ML infrastructure makes sophisticated

personalization accessible at scale, processing user behavior and delivering tailored experiences instantly.

Real-Time User Behavior Analysis

Track and analyze user interactions across
channels as they happen. ClickHouse
processes clickstreams, page views,

searches, and transactions in real-time,
building comprehensive user profiles that
inform personalization engines.

Session-based features capture immediate
context while historical aggregations provide
long-term preference understanding,
enabling personalization that balances
current intent with established preferences.

AI-Driven Product Recommendations

Collaborative filtering, content-based
recommendations, and deep learning
models combine to suggest products
customers are most likely to purchase. Real-
time updates ensure recommendations
reflect the user's current browsing session
and recent purchases.

A/B testing frameworks continuously
evaluate recommendation algorithm
performance, automatically promoting
superior approaches and maintaining
optimal conversion rates.

Personalized Marketing Campaigns

Dynamic segmentation and campaign
optimization leverage real-time data to
deliver the right message at the right time
through the right channel. Predictive models
forecast customer lifetime value, churn
probability, and product affinity.

Marketing automation systems integrate
directly with ClickHouse, executing
campaigns based on real-time triggers and
user behaviors for maximum engagement
and ROI.



Predictive Maintenance & IoT Analytics
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Sensor Data Monitoring Predictive Failure Detection Operational Optimization

Ingest millions of sensor readings per second Machine learning models trained on historical Real-time analytics optimize manufacturing
from industrial equipment, vehicles, and failure data predict equipment problems days processes, logistics operations, and resource
infrastructure. Time-series analysis identifies or weeks in advance, enabling proactive allocation based on current conditions and
trends and patterns indicating potential maintenance scheduling and preventing costly predicted future states, maximizing efficiency
failures before they occur. unplanned downtime. and reducing waste.

loT deployments generate enormous data volumes—terabytes daily for large industrial operations. ClickHouse's compression and query performance
make it possible to store and analyze years of sensor data economically while maintaining the sub-second query performance required for real-time
operational decisions.



Streaming Data Analysis at Scale

Modern applications generate continuous streams of data from social media platforms, sensor networks, financial markets, and transaction systems.
Processing these streams with Al algorithms requires infrastructure that combines high ingestion rates with powerful analytical capabilities.

Social Media Intelligence

Analyze sentiment, trends, and influence
across social platforms in real-time. Natural
language processing models extract
insights from millions of posts, enabling
brand monitoring, crisis detection, and
market intelligence.

Topic modeling and entity recognition
identify emerging trends and conversations
relevant to your business, while sentiment
analysis tracks brand perception and
customer satisfaction.

Financial Market Analysis

Process market data feeds, news sources,
and alternative data to power algorithmic

trading, risk management, and investment
research. Microsecond-latency processing
enables high-frequency trading strategies.

Time-series forecasting models predict
price movements, volatility, and market
regime changes, while portfolio optimization
algorithms balance risk and return
dynamically.

Transaction Stream Processing

Real-time analysis of payment transactions,
user activities, and business events enables
immediate insights and actions. Complex
event processing identifies patterns across
multiple transaction streams.

Windowed aggregations and session
analysis extract meaningful metrics from
high-velocity streams, feeding dashboards
and operational systems with current
business state.



Generative Al Integration with ChistaDATA

ChistaDATA's Al-powered support platform represents the next evolution in database operations, applying generative Al and large language models to
automate complex operational tasks and optimize system performance.

Intelligent Query Optimization

Predictive Maintenance

Al analyzes query patterns and execution plans to automatically suggest Machine learning models trained on historical operational data predict
optimizations. The system learns from production workloads to potential issues before they impact production. The system monitors
recommend schema changes, index additions, and query rewrites that thousands of metrics to identify anomalies and trigger preventive actions

improve performance.

automatically.

Natural language interfaces allow users to describe analytical questions Capacity forecasting leverages Al to predict resource needs based on

in plain English, with the Al generating optimized ClickHouse SQL queries growth trends, enabling proactive infrastructure scaling and preventing

that execute efficiently at scale.

D

Smart Configuration

Al-driven recommendations for optimal
system configuration based on workload
characteristics

performance degradation.

.9 ﬁﬁﬁ

Automated Remediation Conversational Operations
Self-healing systems that detect and resolve Natural language interface for database
common issues without human intervention administration and troubleshooting tasks



CHAPTER 4

Technical Architecture

Deep dive into the engineering excellence that powers enterprise-grade ClickHouse operations



ChistaDATA Server for ClickHouse

ChistaDATA Server represents our purpose-built platform for deploying, managing, and optimizing ClickHouse infrastructure. Developed through years of
production experience with Fortune 500 workloads, it automates operational complexity while providing the flexibility required for diverse use cases.

01 02 03

Intelligent Provisioning Lifecycle Management Performance Optimization

Automated cluster deployment with optimal Version upgrades, security patching, and Continuous monitoring and automated tuning
configurations based on workload analysis and configuration management without downtime or  maintaining peak performance as workloads
capacity requirements data loss evolve
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Security & Compliance Disaster Recovery

Enterprise-grade security controls, audit logging, and compliance Automated backup management and tested recovery procedures ensuring
framework implementation business continuity

The platform abstracts operational complexity, allowing your teams to focus on extracting value from data rather than managing infrastructure. Whether
deployed on-premises, in the cloud, or in hybrid configurations, ChistaDATA Server delivers consistent operational excellence.



Automated Cluster Provisioning

Deployment Automation
Our provisioning engine handles the complete cluster lifecycle:

¢ Infrastructure as Code defining cluster topology declaratively

e Automated node configuration with optimal OS and ClickHouse
settings

¢ Network architecture setup including load balancers and firewalls
e Storage configuration with appropriate disk types and RAID levels

Provisioning completes in minutes rather than days, with consistency
across environments from development to production.

Enterprise Features

Security and management capabilities built-in from the start:

e ZooKeeper configuration for distributed coordination and replication
e SSL/TLS encryption for data in transit with certificate management

e RBAC integration with existing identity providers (LDAP, Active
Directory)

¢ Monitoring instrumentation with metrics export and alerting

Compliance requirements and security best practices implemented
automatically.



Schema Design Excellence

Optimal schema design is fundamental to ClickHouse performance. Our expertise in table structures, storage engines, and data organization patterns

ensures your implementation achieves maximum efficiency.

MergeTree Engine Family

Selection and configuration of the optimal MergeTree variant for your
use case: ReplacingMergeTree for deduplication, SummingMergeTree
for pre-aggregation, AggregatingMergeTree for rollups,
CollapsingMergeTree for change tracking

TTL Management

Time-to-live policies automatically removing old data or moving it to
cold storage. Implement data retention policies at the table, partition,
or column level, reducing storage costs while maintaining query
performance

Primary Key Optimization

Careful primary key selection based on query patterns to minimize data
scanning. Composite keys ordered by cardinality and query frequency
for optimal index utilization and query performance

Partition Strategies

Intelligent partitioning by time, geography, or business dimensions
enabling partition pruning for faster queries. Optimal partition
granularity balancing query performance with metadata overhead



Advanced Indexing Strategies

While ClickHouse's primary key provides the main data organization, supplementary indexes dramatically improve specific query patterns. Our indexing

strategy balances query performance improvements against storage costs and ingestion overhead.

MinMax Indexes

Lightweight indexes storing minimum and maximum values for
each data granule. Excellent for range queries on numeric or date
columns with minimal storage overhead. Automatically prune
granules outside query range.

Bloom Filter Indexes

Probabilistic data structure identifying granules that definitely
don't contain values, reducing unnecessary data scans.
Particularly effective for high-cardinality string columns with
equality queries.

Set Indexes

Store unique values within each granule for efficient filtering on
low-cardinality columns. Enable rapid equality checks and IN
clause operations by identifying relevant granules quickly.

Cost-Benefit Analysis

Each index type has trade-offs in storage cost, ingestion
performance, and query improvement. We analyze query patterns
to recommend indexes delivering maximum benefit relative to
their cost.



Sharding & Distributed Queries

Horizontal scaling in ClickHouse distributes data across multiple servers Sharding Strategies
through sharding, enabling linear performance scaling and enormous

dataset support. Our distributed architecture expertise ensures optimal * Hash sharding ensures even data distribution across nodes

data distribution and query performance. ¢ Range sharding for time-series data with temporal access patterns

e Custom sharding keys aligned with query patterns for optimal

Distributed Table Architecture
performance

Distributed tables provide a unified interface to sharded data, e Rebalancing strategies as data volumes grow or nodes are added
automatically routing queries to relevant shards and aggregating results.

Applications query a single distributed table while ClickHouse parallelizes

execution across the cluster.

[0 Distribution Optimization: Query performance depends critically on data locality. Our sharding strategies minimize cross-node data movement
by aligning shard keys with common query filters, ensuring most queries execute on a single shard for maximum efficiency.



Performance Tuning Parameters

Parameter Category

Memory Management

Merge Operations

Distributed Queries

Query Limits

Connection Pooling

I/0 Configuration

Key Settings

max_memory_usage,
max_bytes_before_external_group_by,
max_memory_usage_for_user

background_pool_size,
max_bytes_to_merge_at_max_space_in_pool

max_distributed_connections,
distributed_aggregation_memory_efficient

max_execution_time, max_rows_to_read,
timeout_before_checking_execution_speed

max_connections, max_concurrent_queries

max_read_buffer_size, min_bytes_to_use_direct_io

Impact

Prevents OOM while maximizing in-
memory processing

Balances ingestion rate with merge
overhead

Optimizes cluster query performance

Prevents resource exhaustion from
expensive queries

Optimizes concurrent workload handling

Balances I/0 performance and memory
usage

These parameters require careful tuning based on workload characteristics, hardware capabilities, and performance requirements. Our monitoring

identifies suboptimal configurations and recommends adjustments.



Security & Compliance Framework

a

Authentication & Authorization

Enterprise identity integration:

LDAP/Active Directory integration for
centralized user management

OAuth 2.0 and SAML support for modern
authentication

Multi-factor authentication enforcement

Role-based access control with fine-
grained permissions

v

Data Protection

Comprehensive security controls:

e Row-level security restricting data
access by user attributes

e Column-level security hiding sensitive
fields

e Data masking for Pll and confidential
information

e Encryption at rest and in transit

QD

Compliance & Auditing

Meeting regulatory requirements:

Comprehensive audit logging of all data
access

GDPR compliance with data retention
and deletion

HIPAA security controls for healthcare
data

SOC 2 controls and documentation



Cost Optimization Strategies

Effective cost management requires understanding the relationship between infrastructure sizing, storage strategies, and query patterns. Our
optimization approach reduces total cost of ownership while maintaining performance.

Right-Sizing Analysis

88 Continuous monitoring identifies over-provisioned resources. Recommendations balance cost reduction against performance
headroom requirements.

Storage Tiering

@ Hot data on fast NVMe storage, warm data on standard SSDs, cold data on object storage. Automatic lifecycle
management moves data between tiers based on access patterns.

Query Cost Analysis

[ Identify expensive queries consuming disproportionate resources. Optimization recommendations
reduce costs while improving performance for all users.

Compression Optimization

QF

Aggressive compression on cold data reduces storage costs by 10x with minimal
performance impact on infrequent queries.

Reserved Capacity

For predictable workloads, reserved cloud instances reduce compute
costs up to 60% compared to on-demand pricing.



CHAPTER 5

Industry Use Cases

Real-world success stories demonstrating transformative business impact



Financial Services: Real-Time Fraud Detection

Challenge Solution

A major financial institution processed millions of transactions daily, ChistaDATA implemented a real-time fraud detection platform on

facing increasing fraud losses and customer complaints about false ClickHouse, analyzing 200+ features per transaction with sub-second
positives blocking legitimate purchases. Their legacy fraud detection latency. Machine learning models score transactions in real-time, blocking
system operated in batch mode with 15-minute delays, allowing suspicious activity before completion.

fraudsters to complete multiple transactions before detection. o o
The system processes complete transaction history, identifies related

The system couldn't analyze the breadth of features needed for accurate accounts through graph analysis, and updates behavioral baselines
fraud detection—transaction history, device fingerprints, behavioral continuously. Integration with the authorization flow enables immediate
patterns, and network analysis—without unacceptable latency. decline of fraudulent transactions.

95% 60% $12M

Fraud Detection Accuracy False Positive Reduction Annual Savings

Significant improvement in identifying fraudulent ~ Fewer legitimate transactions incorrectly flagged Reduced fraud losses and operational costs

transactions



E-Commerce & Retail: Personalization at Scale

A leading online retailer needed to deliver personalized product recommendations across millions of daily sessions while integrating real-time behavior
with historical purchase patterns. Their existing recommendation system relied on nightly batch updates, missing opportunities to capitalize on current

browsing sessions.

Implementation

Real-time recommendation engine processing clickstream events as
they occur, updating user profiles and generating personalized
recommendations instantly. ClickHouse stores complete user
interaction history while computing aggregated features for ML models.

A/B testing framework continuously evaluates recommendation
algorithms, automatically promoting superior approaches. The system
handles 50,000 requests per second during peak traffic with 99th
percentile latency under 50ms.

Business Impact

18% increase in conversion rate from improved recommendation
relevance. 25% higher average order value through better cross-sell and
upsell suggestions. 30% improvement in customer engagement
measured by click-through rates on recommendations.

The retailer reduced infrastructure costs by 40% compared to their
previous system while handling 3x higher traffic volumes,
demonstrating both superior performance and economic efficiency.



Telecommunications: Network Performance Optimization

Challenge Results

National carrier struggling with network performance 70% reduction in mean time to detection for network

monitoring across thousands of cell towers. Delayed issues. 40% decrease in customer-reported problems.

detection of issues caused customer complaints and Proactive capacity planning prevents congestion.
churn.

Solution Expansion

Real-time telemetry ingestion from network equipment Success led to deployment for customer experience
with automated anomaly detection. Machine learning analytics, usage pattern analysis, and predictive
identifies degradation patterns before customer maintenance across infrastructure.
impact.



IoT & Manufacturing: Predictive Maintenance

Manufacturing Challenge

Global manufacturer with thousands of
production machines generating terabytes of
sensor data daily. Unplanned equipment
failures caused production line shutdowns
costing millions in lost revenue.

Traditional SCADA systems provided basic
monitoring but lacked predictive capabilities.
Historical data resided in disconnected silos,
preventing comprehensive failure analysis.

ChistaDATA Solution

Unified loT analytics platform ingesting sensor
data in real-time from all production facilities
worldwide. Time-series analysis and machine
learning models trained on historical failure
data predict equipment problems days in
advance.

Integration with maintenance management
systems automatically schedules preventive
service, optimizing technician utilization and
parts inventory.

Measurable Outcomes

65% reduction in unplanned downtime

45% lower maintenance costs through
optimization

$8M annual savings from prevented failures
20% improvement in equipment utilization

3-month ROI on platform investment



Digital Advertising: Campaign Analytics at Scale

A global AdTech platform serving billions of ad impressions daily needed comprehensive campaign performance analytics with real-time attribution and
ROI tracking. Their existing infrastructure buckled under query loads, with reports taking hours to generate.

@ Petabyte-Scale Data Processing Real-Time Campaign Dashboards
ClickHouse ingests and stores complete impression, click, and Advertisers view campaign performance with minute-level latency,
conversion data—5TB daily growing to 2PB total. Retention enabling rapid optimization decisions. Complex multi-dimensional
policies automatically archive data to cold storage while analysis across geography, device type, creative variant, and
maintaining query performance on recent data. audience segment executes in seconds.

. 0 . OOO .
O Multi-Touch Attribution c()3 CohortAnalysis

Sophisticated attribution models analyze customer journeys Behavioral cohort analysis tracks user segments over time,
across multiple touchpoints, accurately crediting conversions to measuring retention, lifetime value, and engagement patterns.
contributing campaigns. Graph analysis identifies influential paths Multi-region deployments provide local query performance for

through the marketing funnel. global advertisers.



Success Metrics Across Industries

System Uptime

Query Performance

Infrastructure Cost...

Development Velocity

Mean Time to Resolution

1
0 80 160 240

These metrics represent typical improvements our clients achieve through ChistaDATA's ClickHouse infrastructure and operational expertise. Actual
results vary based on starting conditions, workload characteristics, and organizational factors, but the pattern of substantial improvement remains
consistent across industries and use cases.



Return on Investment: Quantified Business Value

3-6

Months to Positive ROI

Typical payback period from cost savings and
revenue improvements

my,

10x

Cost Advantage Three-Year ROI
Total cost of ownership vs traditional data Average return on infrastructure investment over
warehouse solutions three years

Value Drivers

Cost Reduction Revenue Enhancement

e Lower infrastructure costs through efficient resource utilization e Faster time-to-market for analytics-driven features

e Reduced licensing fees compared to proprietary databases e Improved customer experiences increasing retention
e Decreased operational overhead through automation e Enhanced operational efficiency reducing waste

e Minimized cloud computing expenses via optimization e New revenue opportunities from real-time insights



CHAPTER 6

Service Offerings

Comprehensive support and managed services ensuring operational excellence



Enterprise-Class 24*7 Consultative Support

ChistaDATA provides round-the-clock expert support ensuring your mission-critical analytics infrastructure operates flawlessly. Our support model

combines rapid incident response with proactive optimization, delivering peace of mind for enterprise operations.

30-Minute Response SLA

Severity 1 production issues receive

Dedicated Account Managers

Technical Account Managers who

immediate attention from senior engineers 8 understand your infrastructure,
with deep ClickHouse expertise, available business requirements, and strategic
24*7*365 objectives

Support Tier Structure

Severity Level

Severity 1

Severity 2

Severity 3

Severity 4

Definition Response SLA

Production system down, critical 30 minutes
business impact

Major functionality impaired, 12 hours
workaround available

Minor functionality issue, no 24 hours
business impact

General questions, feature 48 hours
requests, optimization

Multi-Channel Access

Support through phone, email, Slack, and
ticketing system—choose the channel that
works best for your team

Resolution Target

4 hours

48 hours

5 business days

Best effort



DBA Consultative Services

Our Database Administrator consulting services bring world-class ClickHouse expertise to your team, covering the full spectrum of database operations
from initial architecture design through ongoing optimization.

_._ %8
0o
Architecture Design SQL Engineering
Strategic infrastructure planning aligned with business requirements. Query optimization, stored procedure development, and database
Schema design, cluster topology, and capacity planning for optimal object creation. Best practices for efficient data modeling and query
performance and cost efficiency. patterns.
+
Performance Optimization Backup & Disaster Recovery
Systematic performance tuning identifying and resolving bottlenecks. Comprehensive backup strategies with tested recovery procedures.
Index optimization, query plan analysis, and configuration tuning for Point-in-time recovery capabilities and cross-region replication for
maximum throughput. business continuity.
+
High Availability Data Archiving
Multi-node cluster design with automatic failover. Zero-downtime Lifecycle management policies balancing performance, cost, and
upgrades and maintenance procedures ensuring continuous compliance. Tiered storage strategies with automated data

operation. movement.



Contact Us
Contact ChistaDATA Inc. — We are a 24*7*365 Operations company. We will respond to your queries ASAP.

ChistaDATA Inc. is a premier provider of ClickHouse consulting, support, and managed services, operating round-the-clock, 24 hours a day, 7 days a week,
365 days a year. As organizations increasingly rely on real-time analytics and high-performance data processing, ClickHouse has emerged as a leading
columnar database management system known for its speed, scalability, and efficiency in handling large volumes of data. ChistaDATA Inc. specializes in
helping businesses harness the full potential of ClickHouse through expert guidance, proactive support, and comprehensive managed solutions tailored
to meet diverse operational needs.

At the core of ChistaDATA's offerings is a deep technical expertise in ClickHouse architecture, deployment strategies, performance optimization, and
troubleshooting. Whether you are planning to migrate to ClickHouse from another database system, scaling your existing infrastructure, or seeking
ongoing maintenance and monitoring, ChistaDATA provides end-to-end support to ensure seamless integration and optimal performance. Their team of
certified professionals brings years of hands-on experience in deploying ClickHouse across cloud platforms, on-premises environments, and hybrid
setups, ensuring that each solution is customized to align with the client's specific business goals and technical requirements.

info@chistadata.com
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