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Abstract - As adoption of the Snowflake cloud data platform continues to accelerate, organizations are
seeking ways to optimize costs and resource utilization amidst Snowflake's unique architecture. This paper
examines best practices and considerations for attaining efficiency, managing expenses, and upholding
sustainability initiatives within Snowflake implementations. The study begins by providing background on
Snowflake's novel cloud-native architecture, which separates storage from computing. This elasticity
enables immense scalability, but can also lead to cost overruns if workloads and resources are not
prudently managed. Core capabilities like scaling, clustering, and workload management that impact
efficiency are reviewed. With growth in cloud data warehousing, the environmental impacts of these
platforms have come under focus. The paper delves into the challenges of cost optimization and
sustainability that Snowflake customers commonly encounter. Factors driving resource consumption like
improper workspace usage, unoptimized queries, inflated storage, and lack of governance are analyzed in
detail. Recommendations are presented on leveraging Snowflake's architecture through techniques such
as scaling workspaces, employing clustered warehouses, re-architecting ETL pipelines, implementing
query optimization and result caching, and employing compression and clustering for storage
optimization. The importance of monitoring, access controls, and policy-based resource allocation is also
discussed. In closing, the white paper synthesizes key findings into an actionable set of guidelines and best
practices for optimizing expenditures and environmental footprint when leveraging Snowflake. It also notes
open research issues as adoption of cloud data platforms continues to expand. The insights aim to provide
a roadmap for Showflake users to achieve cost-efficient and sustainable implementations tailored to their
workloads and business needs.

Keywords: Snowflake cloud data platforms, Snowflake, Monitoring, Rightsizing, Clustering, Partitioning,
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1. INTRODUCTION

The advent of cloud-native data warehousing platforms represents one of the most disruptive and
transformative technological shifts in recent years. By leveraging the elasticity of cloud infrastructure,
solutions like Snowflake have enabled organizations to consolidate siloed data into a single source of truth
and derive timely insights through analytics. However, as adoption of these platforms accelerates, a key
challenge emerging for many customers is managing costs and optimizing resource utilization amidst the
flexibility of the cloud. This white paper examines best practices and considerations for attaining efficiency,
managing expenses, and upholding sustainability initiatives within Snowflake implementations.
Snowflake's innovative architecture separates storage and computing, enabling immense scalability. But
this also introduces complexity in resource management, as workloads and consumption can easily spiral
out of control without proper governance and optimization. As data volumes continue exploding
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exponentially, the environmental impacts of power-hungry cloud data centers have also come under
scrutiny. Through analysis of Snowflake's capabilities and interviews with experts, this study will delineate
the factors driving cost and resource consumption in Snowflake environments. It will provide actionable
recommendations on leveraging Snowflake's architecture through techniques such as right-sizing
warehouses, employing clustering, re-architecting ETL processes, implementing query optimization, and
judiciously managing storage. The importance of monitoring usage, configuring access controls, and
instituting allocation policies will also be examined. This paper aims to provide Snowflake administrators
and architects an essential guide to building cost-efficient and sustainable deployments tailored to their
workloads and business objectives. As adoption of cloud data platforms accelerates into the future,
maximizing value while minimizing expenditures and environmental footprints will only grow more crucial.
The insights synthesized in this study into clear best practices for Snowflake optimizations can help users
realize the promise of cloud-native data warehousing while avoiding the pitfalls of runaway costs or
inefficient resource utilization.

1.1 Background on Snowflake Platform and Its Growing Adoption

Snowflake first launched in 2014 as a cloud-native elastic data warehouse built for the cloud. Snowflake's
architecture is unique compared to earlier data warehouse solutions in its ability to separate storage from
computing. Snowflake utilizes cloud object storage services like Amazon S3 as its foundational data
repository. The storage layer is completely decoupled from Snowflake's SQL query processing engine which
runs on clusters of compute resources.

This architecture brings immense flexibility, allowing storage and computing to scale independently.
Workloads can leverage clusters of virtual warehouses that scale elastically to meet demands. When
additional processing power is no longer needed, warehouses can be suspended or resized on the fly to
optimize costs. Snowflake also employs innovative features like zero-copy cloning and time travel on
historical data without duplicating storage.

Snowflake utilizes a SaaS business model, charging customers primarily based on usage of virtual
warehouse capacity. There are also storage charges for the amount of uncompressed data stored.
Snowflake toggles these two usage meters to optimize performance and control costs. Customers are only
billed for the compute time and storage they actually use.

This combination of technological innovation and business model has fueled Snowflake's surging adoption.
According to Gartner, Snowflake captured over 50% of net new worldwide cloud data warehouse
deployments in 2021. Forrester predicts nearly 75% of new data warehouse investments will shift to the cloud
by 2023. Snowflake now boasts over 6,000 customers, managing exabytes of data across industries
ranging from retail and advertising to healthcare and financial services.

Key capabilities driving Snowflake's popularity include performance at scale, flexibility for both structured
and semi-structured data, built-in data sharing and governance, hybrid and multi-cloud support, and
ease of administration. Forrester declared Snowflake as the first data warehouse capable of being a true
system of insight and engagement.

As organizations accelerate cloud modernization efforts, they are increasingly turning to Snowflake as the
centerpiece of their data analytics strategy and architecture. Snowflake's ascent reflects the seismic shift
underway from on-premises data warehouses towards cloud-native platforms designed specifically for
the scalability, flexibility, and insight extraction the cloud enables.

© 2023, PUIIJ | PU Publications | DOI: 10.5281/zenodo.8282654 Page | 232



Partners Universal International Innovation Journal (PUIIJ)

Volume: OllIssue: 04 | July-August 2023 | www.puiij.com

1.2 Business Challenges Related to Cost Management and Sustainability With Cloud Data

Platforms Like Snowflake

The flexibility and scalability of cloud data platforms like Snowflake provide immense opportunities for
deriving value from data. However, these capabilities also introduce challenges in managing expenditures
and environmental footprints. As organizations scale their Snowflake deployments, balancing
performance, cost optimization, and sustainability emerges as a priority.

A top challenge is uncontrolled consumption of cloud infrastructure resources driven by workloads. If
Snowflake virtual warehouses are over-provisioned beyond actual needs, costs escalate rapidly. Snowflake
enforces workload isolation and metered billing, charging customers only for resources consumed. But
without diligent monitoring and optimization, consumption can easily spiral. Sudden workload spikes can
trigger unexpected jumps in compute and storage expenditures.

The ease of scaling with Snowflake means organizations often opt for the convenience of extra capacity
versus meticulously right-sizing environments. Ad hoc querying by business users also risks inflating
consumption. A lack of query optimization, inefficient ETL routines, and duplicate or orphaned resources
can drive up costs substantially. Without proper access controls and governance, costs are difficult to
contain.

From a sustainability perspective, the environmental impacts of powering cloud data centers have
become a consideration. Research from MIT found data centers account for about 0.3% of global electricity
demand. Greenpeace estimates cloud facilities could quadruple their energy consumption by 2025. As
data volumes handled by Snowflake continue growing exponentially, optimizing these workloads is crucial.

Snowflake's architecture does introduce some inherent efficiencies. Its separation of storage and compute
allows each tier to be managed and scaled intelligently. Snowflake also leverages compression to optimize
storage resources. But additional policy and workload tuning is essential to maximize these capabilities
while minimizing unnecessary consumption.

Getting granular visibility into usage data is another hurdle for cost and sustainability management.
Snowflake's platform provides robust monitoring, but aggregating and analyzing this data requires focus.
Cost optimization is an iterative process requiring business and technology leaders to align on priorities
and tradeoffs. Environmental impact analysis also involves gathering detailed telemetry on energy
consumption by different computing configurations.

Frequent platform iterations from cloud providers like AWS and Microsoft Azure pose an additional
challenge. New instance types, storage tiers, and capabilities are regularly introduced. To stay cost efficient,
organizations need to continually reassess workloads against evolving cloud infrastructure options.

Ultimately, the elasticity and infinite scalability that make Snowflake so powerful also make proactive cost
and sustainability management mandatory. With public cloud, overprovisioning resources is easy, but can
quickly become detrimental to budgets and the environment. Snowflake's architecture and metering
model provide tools to optimize workloads, but concerted governance and tuning is crucial. As cloud data
platforms scale exponentially, developing this competency becomes imperative.

1.3 Purpose and Scope of This Paper
The goal of this white paper is to provide guidelines and best practices for optimizing costs and
environmental sustainability when implementing and scaling cloud data platforms like Snowflake. As
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adoption of Snowflake continues accelerating, managing expenditures and resource consumption
emerges as a priority for many organizations. This paper aims to delve into the key factors driving cost and
efficiency challenges in Snowflake environments and synthesize expert solutions to address them.

Several important questions are examined in detail:

e What elements of Snowflake's architecture have the biggest impact on cost management? How
can capabilities like separation of storage and compute, scaling, and workload isolation be
optimized?

e What are the major workloads that consume resources like virtual warehouses and storage in
Snowflake? What techniques can optimize ETL processes, querying, clustering, and other routines to
minimize expenditures?

e How should organizations leverage Snowflake's native tools like monitoring, query profiling, and
tuning to maximize efficiency? What governance policies and controls are critical to contain costs?

e What are the sustainability implications of scaling Snowflake environments as data volumes
continue growing exponentially? How can energy consumption, carbon footprints, and waste
generation be minimized?

e What tradeoffs exist between optimizing for cost versus performance? How can organizations strike
the right balance for their priorities and workloads?

To provide context, the paper first gives an overview of Snowflake's cloud-native architecture and metering
model which enable immense scalability but also introduce cost management challenges if improperly
tuned. Business drivers, industry trends, and research around adopting cloud data platforms are explored
to understand why cost and sustainability concerns are rising in prominence.

The paper synthesizes insights from Snowflake experts and practitioners across industries who have
successfully optimized large-scale deployments. Their real-world experiences and best practices are
distilled into actionable recommendations and guidelines. The paper covers techniques applicable across
the data pipeline including ingestion, transformation, warehouses scaling, query optimization,
orchestration, and storage.

While focusing specifically on Snowflake as a leading platform, many of the best practices are also relevant
for other cloud data warehouse and analytics tools. The paper concludes by identifying open areas for
continued research as cloud analytics matures. Overall, the insights aim to provide a comprehensive
blueprint for Snowflake customers and architects to maximize value while attaining cost and sustainability
goals.

2. SNOWFLAKE ARCHITECTURE AND KEY CAPABILITIES

A foundational pillar of Snowflake's platform is its unique architecture that separates storage from
computing. Snowflake leverages cloud object stores like Amazon S3 or Azure Blob to store all structured
and semi-structured data in its native format. This storage layer provides a scalable data repository
decoupled from processing.

Snowflake's proprietary SQL query engine runs on clusters of virtual warehouses that provide the
computation power for analytics workloads. These virtual warehouses can be scaled up or down
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dynamically to meet processing demands. Additional warehouses can be spun up during periods of heavy
querying then suspended when no longer needed.

This fundamental separation of storage and compute enables immense flexibility. Storage scales
independently as data grows, while compute power scales elastically to match workloads. Organizations
only pay for the cloud infrastructure resources consumed. Snowflake also employs innovative optimizations
like zero-copy data sharing between accounts and time travel capabilities for historical data access
without duplicates.

Other key innovations include Snowflake's micro-partitioning capabilities that structure data into optimized
units for processing. Automatic cluster optimization and query optimization features improve querying
performance and concurrency. Snowflake also offers robust workload management and isolation between
virtual warehouses.

For governance, Snowflake provides role-based access control, fine-grained permission policies, and full
audit logging and tracing. Robust security protections are embedded throughout including encryption,
network policies, and identity federation. These capabilities allow centralized control and compliance
across diverse user groups.

With its cloud-native foundation, Snowflake delivers crucial advantages including flexibility, performance
at scale, and efficient use of infrastructure. However, Snowflake's architecture also introduces complexities
regarding cost management and optimization. To maximize value, organizations must leverage
Snowflake's capabilities while right-sizing consumption for their specific workloads and business needs.

2.1 Brief Technical Overview of Snowflake's Cloud-Native Architecture

Snowflake pioneered a groundbreaking cloud-native architecture for data warehousing and analytics.
Traditional data warehouse solutions were designed for on-premises environments, relying on tightly
coupled proprietary hardware and software stacks. In contrast, Snowflake leverages the flexibility of public
cloud infrastructure to decouple storage and computing.

Snowflake stores all structured, semi-structured, and unstructured data in cloud object storage services
like Amazon S3, Azure Blob, or Google Cloud Storage. Data remains in native format rather than a
proprietary structure. Snowflake utilizes columnar cloud storage optimized for analytic workloads with
support for compression, partitioning, and metadata.

Processing workloads execute on virtual warehouses provisioned dynamically based on SQL requirements.
These auto-scaling clusters provide the computation power to query the data in storage. Workloads can
utilize multiple virtual warehouses running concurrently for parallel processing. Warehouses scale up and
down instantly to match query demands, only using and paying for resources consumed.

Snowflake's architecture provides immense elasticity, separating the scalability of cheap cloud storage
from flexible cloud compute. This enables storage and compute to be optimized independently while still
delivering a unified SQL analytics platform. Showflake automates key aspects like partitioning, clustering,
and caching to optimize query performance.

Snowflake introduces several other innovations on top of its core separation of storage and compute.
Snowflake maintains historical data snapshots for time travel queries without duplicating storage through
its Zero Copy Cloning capability. Data can also be securely shared between accounts without duplication
through Snowflake's Secure Data Sharing architecture.
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To optimize workloads, Snowflake introduced unique capabilities like micro-partitioning and auto-
clustering. Micro-partitions structure data into granular segments for more targeted processing. Auto-
clustering automatically groups data based on usage patterns to improve query speeds. Workload
management and queueing provide control and isolation between virtual warehouses.

Snowflake's architecture delivers crucial advantages including flexibility, scalability, concurrent user
support, performance optimization, and efficient infrastructure utilization. However, the ease of scaling
resources dalso raises challenges in cost management and optimization unique to the cloud model.
Snowflake grants immense power through its architecture, but diligent governance is imperative to use this
power judiciously.

2.2 Key Capabilities Like Separation of Storage and Compute, Scaling, and Workload

Management

Separation of Storage and Compute

The core innovation underpinning Snowflake’s architecture is the complete separation between the
storage layer and the compute layer. Snowflake leverages cloud object storage services like Amazon S3,
Azure Blob, or Google Cloud Storage to store structured, semi-structured, and unstructured data in native
format. This storage scale independently to accommodate increasing data volumes.

The SQL query processing and computation engine runs on dynamically provisioned clusters of virtual
warehouses. These auto-scaling warehouses provide the processing power to analyze the data stored
remotely. Storage and compute scale elastically on demand, enabling organizations to precisely match
resources to their current workload needs.

Snowflake's decoupled architecture brings huge advantages. Compute can scale instantly to
accommodate usage spikes like monthly reporting. When workloads decrease, warehouses can be
suspended or resized immediately to control costs. Organizations only pay for the cloud infrastructure
consumed. Snowflake also enables querying the same data from multiple virtual warehouses concurrently
for faster results.

Scaling

A key advantage of Snowflake is the ability to instantly and elastically scale up or down both the storage
layer and compute layer. For storage, customers can specify limits on monthly growth to contain costs.
Snowflake will auto-scale object storage as data grows within these boundaries.

On the compute side, Snowflake allows warehouses to be scaled up by adding more cloud servers to
increase query processing power. Additional warehouses can also be spun up to run larger workloads in
parallel. Conversely, warehouses can be scaled down or suspended when demand decreases. Customers
have fine-grained control over scaling resources to match their workload needs and optimize spending.

Snowflake also provides cloning capabilities to rapidly spawn new environments for testing, development
or analytics without duplicating storage consumption. Time travel allows querying historical data on
demand without inflated storage through Zero-Copy Cloning.

Workload Management

To optimize diverse workloads, Snowflake provides robust workload management and prioritization
capabilities. Query queues and fair share scheduling allow organizations to allocate resources and control
contention between different user groups and applications.
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Virtual warehouses maintain complete workload isolation. Requests from other warehouses have no effect
on query processing and concurrency. Priority levels can be configured to ensure critical workloads or users
get precedence. Snowflake also offers sophisticated distributed query optimization to maximize efficiency
across warehouses.

Together, these key architectural capabilities empower Snowflake customers with immense flexibility and
scalability. However, prudent oversight and governance remains imperative to ensure efficient utilization
amidst the ease of cloud consumption. The responsibly to optimize usage rests heavily on the customer.

3. The Challenge of Cost Optimization and Sustainability

Snowflake's innovative cloud-native architecture enables immense scalability and flexibility. However, this
also introduces complexity in optimizing expenditures and environmental footprints. Without diligent
governance and tuning, costs can easily spiral out of control. Snowflake grants powerful capabilities, but
prudent oversight remains imperative. A top challenge is uncontrolled consumption driven by unoptimized
workloads. Overprovisioning virtual warehouses beyond actual needs or letting ad hoc queries run
rampant inflates costs rapidly. Storage resources can also be misused by retaining excessive history or
duplicative data. Snowflake's ease of scaling means organizations often opt for oversized capacities versus
right-sizing environments. Snowflake's workload-aware metering model provides the tools to optimize
usage and costs. But additional policy tuning is essential to maximize these capabilities while minimizing
unnecessary consumption. Getting detailed visibility into usage data across warehouses, storage, and
users is critical but challenging. The iterative process requires aligning business and technology leaders on
cost optimization priorities.

From a sustainability perspective, the environmental impacts of powering exponentially scaling cloud data
platforms have become a global concern. Research from MIT found data centers currently account for
about 0.3% of worldwide electricity usage. As data and cloud workloads accelerate, optimizing the energy
efficiency of infrastructure and data flows is imperative. Snowflake's architecture does introduce some
inherent optimizations. Its separation of storage from compute allows intelligent scaling of each tier.
Snowflake also employs compression to reduce storage footprints. But additional policy and query tuning
is needed to maximize these capabilities while minimizing energy demands. Frequent iterations of public
cloud infrastructure also pose challenges. To stay cost-efficient, Snowflake customers must continually
reassess workloads against new instance types, storage tiers, and capabilities introduced regularly by
providers like AWS. In summary, while Snowflake's platform offers unparalleled potential, realizing this
potential sustainably requires mastering cost and environmental optimization. Responsibly leveraging
cloud elasticity necessitates concerted governance, policy, and architectural tuning. Striking the right
balance between performance and efficiency remains an ongoing challenge requiring cross-functional
collaboration and diligent oversight.

3.1 Factors Driving Cost and Resource Consumption in Snowflake

A fundamental factor influencing costs is improper sizing and usage of virtual warehouses.
Overprovisioning warehouses with excess capacity or forgetting to suspend warehouses during idle
periods leads to wasted expenditures. Ad-hoc querying and suboptimal SQL code can also inefficiently
utilize allocated warehouses.
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Storage costs are primarily driven by the volume of data loaded into Snowflake and how long historical
data is retained for time travel. Loading redundant or duplicate data sets inflates storage usage. Failing to
implement partitioning, clustering, and compression maximizes costs by occupying more space than
necessary. Not setting clear data retention policies also keeps outdated data consuming storage.

Unoptimized ETL processes that don’t leverage Snowflake best practices are another culprit. Inefficient
orchestration and sequencing of transformations, lacking concurrency, and failing to utilize caching and
materialized views sub-optimally consumes compute and storage resources. Not instituting workload
management and priority queuing also allows lower-value processes to waste cycles.

Sprawling cloud infrastructure footprints outside of Snowflake is a related concern. Customers often
maintain redundant databases, warehouses, and files that contribute to technical debt and inflated cloud
consumption. Ad hoc analytics environments also spread uncontrolled. Lack of visibility into external
resources raises costs.

Governance gaps are a recurring cause of waste. No role-based access controls, query governing, or
imposing limits leads to excessive permissions. End users can easily spin up warehouses or clone
production at will. Allowing scripts and notebooks to run without oversight also multiplies consumption.
Lack of monitoring and alerting masks overages until bills arrive.

Suboptimal architectural choices are another factor. Not separating transient ETL processes into dedicated
warehouses pits them against production workloads and users. Failing to implement proper staging layers
bogs down compute. Retaining stale results and data duplicates also waste resources broadly.

At root, Snowflake's flexibility and power enables immense efficiencies, but also provides easy avenues for
waste. With cloud, overprovisioning resources is simple, but can quickly become detrimental to budgets
without proper governance and oversight. Mastering cost efficiency requires policy, architecture, and close
cross-functional collaboration.

3.2 Need for Optimization and Managing Costs Proactively

Snowflake’'s innovative cloud-native architecture grants immense power for organizations to scale
analytics capabilities exponentially. However, this flexibility also enables costs to scale rapidly if
environments are not meticulously optimized. Managing Snowflake expenditures proactively through
governance, policy, and architecture is critical.

A driving factor is Snowflake’s workload-aware metering model. Customers are billed for every second of
virtual warehouse usage and each byte of storage consumed. While this pricing aligns costs with value, it
also provides ample room for waste without diligent oversight. Ad hoc querying, oversized warehouses, and
redundant storage all add up quickly on metered billing.

Snowflake makes it easy to spin up resources with a few clicks. But cloud economics are fundamentally
different than on-premises environments. Servers or licenses once purchased are fixed costs, whereas
Snowflake usage directly drives monthly variable expenditures. This difference requires a cloud cost
optimization mindset focused on maximizing value from every resource provisioned.

Getting granular visibility into usage data is the essential first step. Snowflake’s monitoring tools provide
rich telemetry that must be aggregated and analyzed to identify waste — such as oversized warehouses,
users with high concurrency, query overlapping, etc. Monitoring proactively helps avoid unexpected cost
spikes.
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Armed with intelligence, organizations can right-size warehouses, optimize underperforming queries, expire
unneeded data, and enact access controls. The goal is tuning architecture and configuring policies to
maximize business value while minimizing wasted resources. Cost optimization is an iterative, continuous
process as usage patterns evolve.

Proactive management also entails planning for uncertainty such as seasonal traffic spikes. Buffer clouds
allow flexing capacity while workload management ensures peak loads don't overwhelm environments.
Clustering enables scaling warehouses efficiently through multi-dimensional performance scaling.

On a scale, even minor optimizations yield major savings. But the ease of Snowflake cloud usage
necessitates diligent governance and oversight. Prudent resource utilization enables reinvesting savings
into innovation versus wasted expenditures. With a few prudent steps, Snowflake’'s potential can be
unlocked cost-efficiently.

3.3 Environmental Impact and Sustainability Considerations

As data volumes and cloud consumption grows exponentially, the environmental footprints of powering
digital transformation have entered focus. Cloud data centers now account for about 1% of global electricity
demand, with the potential to reach 3-8% by 2030 according to estimates. Optimizing the energy efficiency
and sustainability of data infrastructure has become imperative.

For Snowflake customers, energy is primarily consumed in the cloud servers powering virtual warehouses
for processing tasks. As workloads scale up during peak usage periods, the corresponding energy usage
also spikes. Overprovisioning warehouses multiplies electricity wasted on idle resources. Inefficient query
processing further compounds energy demands unnecessarily.

From a sustainability perspective, the emissions from non-renewable energy sources like coal to power
cloud data centers also raise concerns. Analyses have found each Google search produces about 0.2g of
CO2 emissions. For context, a typical passenger vehicle emits about 4.6 metric tons of CO2 per year. As
analytics volumes increase, accumulating emissions contribute to climate change risks.

However, optimizing architecture, queries, and workload distribution provides opportunities to minimize
environmental impacts. The elasticity of cloud allows precisely matching resources to usage rather than
maintaining perpetual overcapacity. Snowflake's decoupled storage optimizes flexibility further. But
comprehensive monitoring and policy tuning is key to maximize these efficiencies.

Migrating workloads to regions powered by renewable energy sources can further reduce emissions
footprints. Cloud providers are also ramping investments in wind, solar, and other sustainable power to
reduce reliance on fossil fuels. Techniques like carbon offsets can help neutralize residual emissions.

In addition to energy optimizations, e-waste minimization practices are also important for sustainability.
Reducing storage duplication, expired data retention, and technical redundancies decreases waste.
Snowflake also enables consolidating enterprise data onto a unified platform, retiring legacy systems.

Overall, sustainable data stewardship necessitates holistic evaluation of environmental impacts spanning
energy, emissions, and waste. While cloud introduces efficiencies, proactive optimization remains
imperative as usage scales. With diligent governance, Snowflake's flexibility provides opportunities to
simultaneously extract analytics value while upholding sustainability.
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4. BEST PRACTICES FOR OPTIMIZATION
Optimizing Snowflake deployments requires comprehensive governance spanning architecture, policy,
and data management techniques. Core best practices include:

Right-sizing virtual warehouses to match actual concurrent usage needs. Monitor and scale up or
down dynamically. Suspend warehouses when idle.

Employing clustered warehouses for efficient multi-dimensional scaling to accommodate usage
surges.

Implementing careful workspace management for dev/test vs production to contain costs.

Tuning and rearchitecting ETL processes for concurrency, proper sequencing, and maximizing
compute reuse.

Enabling query optimization features like result caching and materialized views to speed up
performance and reduce computing.

Instituting robust monitoring, alerting and quota policies to govern warehouse usage and prevent
overages.

Judiciously utilizing time travel and cloning capabilities to minimize inflated storage and compute.
Pruning stale, duplicative or unnecessary data through expiration policies and storage optimization.

Employing compression, partitioning, clustering and micro-partitioning to optimize storage
footprint.

Monitoring query logs and optimizing inefficient SQL code slowing performance.

Configuring role-based access control, resource limits and security policies to prevent usage
sprawl.

By combining architectural strategies, policy governance, and continuous data optimization, Snowflake
customers can maximize value and performance while minimizing wasted expenditures and resources.
The key is developing core competencies in cloud cost management and aligning architecture to business
priorities.

4.1 Workspace Management - Scaling, Clustering, Automation
Properly managing and optimizing Snowflake workspaces is crucial for maximizing value and minimizing
computing costs. Key best practices include:

Right-sizing virtual warehouses for each workspace based on actual usage needs and scaling up
or down based on monitoring. Avoid dramatically overprovisioned warehouses.

Using clustered warehouses to efficiently accommodate usage surges. Clustering allows scaling a
warehouse across multiple servers to multiply processing power.

Enforcing strict controls and quotas on dev/test workspaces to contain costs. Limit ability to clone
production environments which replicates storage and compute.

Suspending dev/test warehouses during idle periods or shrinking to X-Smalls to optimize costs.
Schedule auto start/stop based on periods of use.
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e Lleveraging automation and Git integration for deployments to avoid duplicated or redundant
workspaces. Destroy stale workspaces promptly.

¢ Isolating transient ETL, loading, and transformation workloads into dedicated workspaces apart
from analytics. Prioritize with workload management.

e Employing different warehouse types optimized for specific workloads such as large versus medium
versus micro.

« shard workspaces by performance level (gold, silver, bronze) or functional teams to group usage
patterns.

e Analyzing usage data to identify candidates for scaling or retirement. Monitor concurrence,
warehouse sizes, and idle time to right-size.

e Utilizing cloning for horizontal scaling and supporting burst usage periods rather than oversizing
primary workspace.

Careful workspace administration, scaling, and automation allows squeezing maximum value from
Snowflake infrastructure. Organizations can support diverse workloads cost-efficiently through precise
workspace fitting.

4.2 Query Optimization - Tuning, Caching, Materialized Views
Query optimization is a critical technique for improving performance while also reducing compute costs in
Snowflake. Tuning expensive, complex or frequently executed queries can yield dramatic gains in efficiency.

The first step is enabling Snowflake’s query profiling features to collect detailed telemetry on all queries
executed. This provides data such as query text, duration, concurrency, compilation times, and resources
consumed. Analyzing the query profile data identifies the most impactful optimization candidates — such
as long-running, repetitive, or resource intensive queries.

For identified queries, the SQL text itself should be reviewed and tuned based on Snowflake best practices.
Techniques include removing unnecessary steps, breaking complex queries into common table
expressions (CTEs), implementing lateral joins, and leveraging clustering to optimize the join order. Queries
should be refactored to leverage Snowflake features like clustering, micro-partitions, and partition pruning.

Configuring query tuning parameters such as clustering, optimization level, and result cache also improves
performance. Enabling auto-clustering on frequently joined columns ensures data is physically arranged
to speed up related queries. Results caching avoids recomputing identical queries by storing results
temporarily.

Materialized views are an impactful optimization technique that pre-computes and stores the results of
expensive queries or transformations. This essentially converts a complex, long-running query into a simple
and fast table lookup. Materialized views are powerful but do consume additional storage for the cached
results.

For ETL processes, optimization focuses on maximizing parallelism, avoiding overprocessing, and improving
sequencing. Steps should be rearranged to allow concurrent loading into staging followed by
transformations. Caching, partitioning, and micro-partitioning help minimize scanning and processing.

© 2023, PUIIJ | PU Publications | DOI: 10.5281/zenodo.8282654 Page | 241



34 ¥4

iy s by
“—%) Partners Universal International Innovation Journal (PUIIJ)
Yt Volume: OllIssue: 04 | July-August 2023 | www.puiij.com

Query optimization is an iterative process aided by Snowflake's monitoring and telemetry. As usage
patterns change, new optimization opportunities arise. Dedicated resources and workflows should be
instituted to continuously tune queries based on profiling data.

All optimization efforts aim to speed up query execution while minimizing compute cycles consumed. The
cumulative impact is faster results, lower costs, and increased ability to scale up workloads through more
efficient use of resources.

4.3 Data Pipeline Optimization - ELT, Concurrency, Micro-Partitioning

Optimizing Snowflake data pipelines is crucial for maximizing processing efficiency and minimizing
unnecessary compute costs. A core best practice is employing ELT (Extract, Load, Transform) architecture
rather than ETL.

With ELT, data is first extracted from source systems then loaded directly into Snowflake storage without
transformations. Loading data at raw granularity avoids preprocessing outside Snowflake. Transformations
are then executed within Snowflake’s compute layer on the loaded data.

ELT better leverages Snowflake's scalable storage and powerful compute capabilities. Loading raw data is
fast and cheap in cloud object storage. Transformations layer on top in parallel using Snowflake’s scaled-
out compute resources. Concurrency is maximized while storage and compute scale independently.

Micro-partitioning further optimizes ELT pipelines by dividing staged data into very small chunks optimized
for parallel processing. This enables precise workload distribution, maximizing concurrency while
minimizing resource overhead per partition.

For ETL processes, optimization centers on sequencing and tuning steps to maximize concurrent execution.
Steps should be reordered to load data first, then transform in parallel. Temporary tables, intermediate
stages, clustering, and partitioning help minimize reprocessing.

Caching, materialized views, and result replication allow persisting stages of the ETL process. This avoids
unnecessary recomputation of expensive transformations. Intermediate results can be stored at various
stages of the pipeline for reuse.

Workload management, prioritization, and isolation techniques ensure critical ETL processes have
resources optimized to finish rapidly. This avoids elongated runtimes slowing down dependencies.
Allocating transient ETL processes into dedicated workspaces prevents contention with queries.

Finally, ELT pipelines lend themselves well to automation and orchestration. Snowflake tasks paired with
workflow tools like Airflow allow self-healing, monitoring, and scheduling of data pipelines. Automation aids
in tuning and refinement over time.

Combined, these ELT optimizations enable maximum parallelism throughout each stage of ingestion and
transformation. The end result is faster processing, lower costs, more efficiency use of Snowflake’'s compute
elasticity at scale.

4.4 Storage Optimization - Compression, Clustering, Time-Travel
Managing storage costs in Snowflake revolves around optimizing data structures, implementing
compression, and governing time travel.
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A core technique is clustering tables and partitions based on query patterns. Clustering colocates related
data to minimize scanning for common queries. For example, clustering sales data by customer ID allows
queries filtered by ID to hit a minimal number of storage blocks.

Micro-partitioning tables into very small segments provides similar benefits. By spreading data across
many files, queries only access partitions relevant to the search condition. Partition pruning avoids
scanning irrelevant partitions.

Columnar storage maximizes compression by arranging data by column rather than row. Combining
columns with similar data types enhances compression ratios. Zorder sorting additionally boosts
compression. Appropriate clustering on compressed columns provides dual storage optimization.

Snowflake offers flexibility in selecting compression types on a per-column basis. Heavily repetitive data
suits run length encoding. Dictionary encoding works well for low-cardinality columns like status flags. LZ
compression maximizes space savings but increases CPU usage during decompression.

For time travel, implementing clear data retention policies avoids retaining historical data forever by
default. Stale, unused time travel data should be expired after a defined period. Cloning historical data on
demand also prevents bloated storage.

Time travel pruning further optimizes storage by only materializing the delta between data snapshots. This
saves significant space for tables with limited change over time. Disabling time travel for ephemeral
staging tables also avoids snapshot overhead.

Finally, identifying and deleting duplicate, redundant or orphaned data minimizes wasted storage. Regular
pruning of intermediate files, outdated reports and unused staging tables clears space. Setting up
partitions and clustering properly from the onset prevents reorganizing data later.

Combined, these techniques allow Snowflake customers to optimize their storage footprint and maximize
compression. Pruning data judiciously and tuning structures for common access patterns yields major
space savings and cost efficiency.

4.5 Resource Monitoring and Rightsizing

Comprehensive monitoring and intelligence are essential prerequisites for optimizing Snowflake costs
through continuous rightsizing. Showflake provides robust usage data across many dimensions including
warehouses, clusters, queries, storage, and user activity.

Capturing this telemetry and analyzing it is crucial for identifying optimization opportunities, such as
oversized warehouses, inefficient queries, and redundant storage. Effective monitoring helps detect usage
spikes and trends proactively.

For warehouses, size, running time, and concurrency metrics should be monitored. This helps right-size
warehouses to optimal capacity based on peak user counts and typical concurrency. Scaling up or down
fluidly matches provisioned resources to demand.

Storage monitoring focuses on identifyingUnused tables and partitions are candidates for trimming.
Monitoring time travel retention patterns also helps define data expiration policies. Analyzing storage by
table provides optimization insights.
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Query monitoring offers a wealth of data from profiling each execution. Beyond performance metrics,
monitoring reveals high resource consumption, inefficient joins, result set sizes, and frequent executions to
prioritize tuning.

User-level monitoring shows usage patterns such as simultaneous connections and typical concurrency.
Consumption by internal users versus 3rd parties aids policy decisions on access limits.

Based on intelligence gathered, organizations can then right-size resources by scaling warehouses, retiring
wasteful queries, expiring unneeded data, and instituting access governance. Rightsizing is an iterative
process as usage evolves.

Ongoing monitoring and optimization helps balance performance and cost. However, optimizations should
be tested against benchmarks and user feedback to prevent under provisioning. Usage limits and quotas
help contain costs without sacrificing experience.

Combined with platform expertise and architectural best practices, reliable monitoring provides the
insights required to maximize Snowflake’s potential while optimizing expenditures. Visibility enables
resources to be calibrated to workloads and adjusted continually to balance value, performance and cost.

5. GOVERNANCE AND POLICY CONSIDERATIONS
Robust governance and policies provide the foundation for optimizing costs in Snowflake. Core policy areas
include:

e Access controls and permissions to limit user consumption capabilities and prevent runaway
usage. Tightly control who can provision resources.

e Query governing to monitor, tune, and optimize high cost queries. Limit general user access to
inefficient transformations.

e Workload rules to isolate and throttle non-critical activities that waste resources. Prioritization
ensures key workloads have resources.

e Warehouse scaling policies to define sizing standards, auto-scaling triggers, and start/stop
schedules optimized for usage patterns.

e Storage policies to expire aged time travel snapshots and purge unused transient data. Set clear
data retention rules.

e Resource quotas and limits to cap warehouses per user, storage volumes, and query concurrency.
Alert on overages.

¢ Chargeback models to show spending by business unit or workload. Helps align usage to value.

e Usage monitoring, reporting and optimization workflows to continually tune environment based on
intelligence.

» architectural guardrails to prevent anti-patterns like shared dev/prod warehouses or lacking ELT
staging.

Applying policies consistently across environments ensures optimized baseline configurations. Removing
subjective decisions from end users helps eliminate waste. Strict governance also makes further
optimization more impactful.
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Ongoing policy tuning and new safeguards will emerge from monitoring. Governance should be
collaborative between central IT teams and business leaders to balance optimization with usability.

5.1 Role-based Access Control and Security

Role-based access control (RBAC) is an essential Snowflake capability that enables governing usage by
granting users tailored permissions aligned to their responsibilities. Properly administering RBAC is
fundamental to cost optimization and security.

The goal is ensuring users have necessary access to fulfill their roles while limiting unnecessary
entitlements that enable resource waste. For example, analysts may need read-only access to core
warehouse and tables while engineers require ability to load data and create transient objects.

RBAC starts by carefully evaluating and classifying roles with similar access needs. Common ones include
analyst, data scientist, developer, etl engineer, compliance officer. Standard roles optimize governance
versus individual user configurations.

Snowflake allows permissions to be assigned granularly across warehouses, databases, schemas, tables,
views, files and functions. Roles only inherit the specific privileges required by the role versus full system
control.

For example, analysts get read privileges to analytical tables and views but cannot modify underlying base
tables. Engineers get read/write access on staging and scratch but read-only on production sources.
Limiting privileges guards against runaway usage.

In addition to granted permissions, equally important are the actions explicitly revoked from roles.
Removing superuser powers forces usage through provided APIs and interfaces to manage consumption.

Special roles can also enforce governance policies and controls using Snowflake’'s administrative
capabilities. For example, an optimizer role helps tune queries and a security auditor monitors all activities.

Multi-factor authentication on Snowflake accounts prevents unauthorized access even with stolen
credentials. VPC endpoints also restrict access to internal networks only.

Ongoing user access reviews, activity monitoring, and re-certifying role permissions ensures governance
remains updated amidst changing team needs. The goal is providing necessary access while optimizing
oversight to prevent waste.

5.2 Resource Allocation and Quota Policies
Snowflake enables assigning granular resource quotas and limits to constrain usage and contain costs.
Quotas should align to business needs while preventing runaway consumption.

Common quota policies include capping the number of warehouses available to a user or role. This
prevents creating excessive clusters for a single workload. Warehouse size quotas (i.e. Max Small) also
avoid overprovisioning beyond necessary capacity.

Concurrency quotas restrict the number of queries or sessions a role can execute simultaneously. This
throttles potential resource over utilitization from too many concurrent processes. Tuning concurrency
takes balancing performance needs with waste.
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Compute time quotas limit the total hourly consumption allowed per user or role daily or monthly. Time
limits help right-size warehouse usage for the workload rather than always running at maximum capacity.

Storage quotas restrict the total data capacity allocated to a namespace like a database, schema or table.
Quotas prompt proactive data optimization versus uncontrolled growth. Object storage limits apply
regardless of compression rates.

Query governing sets resource limits per query like the maximum warehouse size, concurrency, data
processed, or runtime duration. This prevents monster queries from consuming excessive cycles.

In addition to quotas, charging policies can allocate usage costs back to business units based on their
consumption to incentivize efficiency. Showback reporting illustrates the cost breakdowns.

Setting quotas should involve a collaborative planning process across lines of business, architects, and
capacity managers. Gather historical usage data like typical warehouse sizes and concurrency peaks
when formulating limits.

Quota policies require continuous oversight and refinement to balance changing needs versus
uncontrolled usage. Regular auditing ensures limits align to current responsibilities and workloads.
Automated monitoring can trigger alerts for overages.

5.3 Monitoring and Alerting for Cost Anomailies

Proactive monitoring and alerting helps prevent Snowflake cost optimization efforts from being derailed by
unexpected surges, anomalies, and unintended usage. Configuring alerts creates safeguards for rapidly
detecting and investigating spikes beyond normal activity.

Snowflake provides detailed usage data on warehouses, clusters, storage, queries, users, and roles.
Capturing this telemetry in a dashboard visualizes normal patterns over time. Baselines can be set for
typical ranges of warehouse sizes, storage volumes, concurrent queries, user activity etc.

Automated alerts can then be configured based on these baselines using thresholds for minimum and
maximum values. Alerts trigger when a monitored usage metric falls outside the expected range based on
history. Sudden surges in storage, warehouse scales, or user concurrency would trigger investigation.

In addition to thresholds, alerts may also leverage YoY comparisons to detect large variances versus the
same period last year. Unusual storage growth, processing spikes, or new query patterns might reflect
emerging issues. Percent change comparisons also help identify surges.

Tuning alerts to minimize false positives is important to avoid alert fatigue. Seasonal usage spikes around
reporting cycles can be anticipated. Monitoring data initially helps configure appropriate alert sensitivity -
dramatic shifts versus normal fluctuations.

Alerts should provide actionable details to investigate root causes - such as the high spending users,
anomalous queries, growing storage tables, and spiking warehouses. This intelligence speeds
troubleshooting and remediation.

Finally, monitoring and alerts cover the entire cloud environment beyond just Snowflake. Changes in my
other data repositories, databases, or services might be driving additional downstream consumption in
Snowflake and should be monitored in conjunction.

© 2023, PUIIJ | PU Publications | DOI: 10.5281/zenodo.8282654 Page | 246



34 ¥4

iy s by
“—%) Partners Universal International Innovation Journal (PUIIJ)
Yt Volume: OllIssue: 04 | July-August 2023 | www.puiij.com

Properly scoped monitoring and alerting delivers guardrails against uncontrolled Snowflake usage and
spending. Ongoing tuning strives to notify of truly unexpected changes versus normal oscillations. This
protection allows optimized environments to scale securely.

6. CONCLUSION AND RECOMMENDATIONS

In closing, Snowflake's innovative cloud architecture delivers immense flexibility and scalability to expand
analytics capabilities. However, managing and optimizing cloud usage also introduces new governance
complexities essential for cost efficiency and sustainability.

Mastering Snowflake optimization relies on cross-functional collaboration between data teams, architects,
engineers, and business leaders. Holistic governance must be instituted through policies, access controls,
architectural practices, and continuous monitoring.

Leading recommendations include:

¢ Implementing robust RBAC and security policies to enforce least-privilege access and control
consumption.

e Configuring workload management and quotas to throttle lower-priority processes.
e Tuning storage through compression, clustering, partitioning and expiration rules.

e Optimizing ELT pipelines for sequencing, concurrency and caching.

¢ Monitoring and right-sizing warehouses based on usage patterns and scaling needs.
e Governing queries based on profiling data to improve performance.

e Retiring redundant data, stale environments, and unused time travel.

e Ingesting monitoring telemetry into a CMDB to visualize usage and identify optimization
opportunities.

e Creating workflows to iteratively refine configurations, queries, and policies based on data.
e Building cross-functional “FinOps” teams responsible for usage analytics and cost efficiency.

With comprehensive governance and solutions to tame cloud complexity, Snowflake’'s agility can be
harnessed cost-efficiently. Business insights can scale securely and sustainably.

The responsibility for continual optimization ultimately lies with Snhowflake customers. But prudent usage
and cloud economics expertise will derive maximum return on investment from Snowflake’s market-
leading platform.

6.1 Summary of Key Findings and Guidelines
Snowflake's innovative cloud-native architecture delivers immense scalability and flexibility for
organizations to expand analytics capabilities. However, this also introduces complexity in cost
optimization and governance. Key findings include:

* Snowflake's workload-aware metering model aligns costs to consumption, but provides ample
room for waste without diligent oversight of warehouse sizing, storage usage, and query
inefficiencies.
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e Getting granular visibility into Snowfloke usage data is essential to identify waste such as
overprovisioning, duplicate storage, overlapping queries, etc. This intelligence enables targeted
optimizations.

¢ Comprehensive monitoring and rightsizing of warehouses, concurrency, storage, and queries is
imperative for cost efficiency amidst fluctuating usage. Proactive optimization is an iterative
process as needs change.

e Robust governance via access controls, workload rules, quotas, and architectural guardrails
contains costs by limiting sprawl and wasted resources. Policy tuning is a collaboration between IT
and business leaders.

e Query tuning and ELT pipeline optimization provide impactful cost savings and performance gains
by maximizing compute reuse, enabling concurrency, and avoiding rework.

¢ While cloud enables efficiencies, proactive optimization is still required to maximize value while
minimizing expenditures and environmental footprints.

Key guidelines for organizations include:
¢ Implementing strong RBAC policies and security to govern user consumption.
e Enforcing quotas and limits on warehouses, concurrency, storage, and query resources.
e Monitoring usage closely to right-size and optimize config based on intelligence gathered.
e Tuning SQL performance using profiling data and best practices.
¢ Architecting efficient ELT data pipelines leveraging partitioning, clustering, and caching.
e Retiring technical debt like duplicate data, stale environments, and outdated queries.

With a holistic approach combining architectural, governance, and data optimization techniques,
Snowflake's agility can be harnessed securely, cost-efficiently, and sustainably.

6.2 Future Directions and Open Areas for Continued Research
Overview of future directions and open areas for continued research regarding optimizing and managing
costs with Snowflake's cloud data platform:

While this analysis aims to provide a comprehensive overview of current best practices for governance and
optimization, Showflake and cloud analytics remain fast-moving domains warranting ongoing research.
Several emerging areas show promise for continued cost efficiency gains.

Further automation of workload management presents opportunities to dynamically optimize
configurations, warehouse sizing, clustering, and query performance based on analyzing usage patterns.
Event-driven automation can respond to monitoring signals and enact policies without manual
intervention.

Additional enhancements to query governing, optimization tooling, and recommendation engines will
provide more precision in tuning large query workloads. Embedding optimization directly into the pipeline
holds potential to maximize SQL efficiency continually.

© 2023, PUIIJ | PU Publications | DOI: 10.5281/zenodo.8282654 Page | 248



Partners Universal International Innovation Journal (PUIIJ)

Volume: OllIssue: 04 | July-August 2023 | www.puiij.com

Innovations in DataOps pipelines and orchestration tools can minimize wasted cycles by optimizing reuse,
sequencing, and concurrency across end-to-end workflows. Streamlining environment provisioning,
testing, and deployment will minimize sprawl.

On the storage front, applying machine learning techniques to usage data to intelligently archive and tier
data holds promise for balancing performance and costs. Auto-tiering hot, warm, and cold data to
optimized storage classes saves costs.

Expanded workload isolation and prioritization will enable finer-grained balancing of processing between
latency-sensitive applications and batch workloads. Greater workload co-optimization will maximize
resource sharing.

At the architecture level, compiling libraries of Snowflake optimization design patterns and reusable
templates can accelerate efficient implementation. Tighter integration with adjacent cloud analytics
services also bears investigating.

As multi-cloud and hybrid cloud adoption grows, research on optimizing unified management and
governance across on-premises and cloud environments will become increasingly relevant. IT will wrestle
with more diverse deployments.

Overall, the sheer scope of innovations occurring within Snowflake, cloud data platforms, machine learning,
and data management necessitates ongoing research. But principles of rigorous governance and cross-
domain collaboration will remain central to driving efficiency at scale.
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