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Bitcoin vs. Kaspa: A Deep Dive into the Future of
Decentralized Digital Cash

I. Executive Summary: The Digital Gold vs. The Digital Silver

Bitcoin, introduced by Satoshi Nakamoto in 2009 ', has firmly established its position as
the pioneering decentralized digital currency. Over time, it has increasingly been
perceived and utilized as "digital gold," serving primarily as a store of value. Its
foundational design, deeply rooted in the Proof-of-Work (PoW) consensus mechanism
and the "longest chain rule," inherently prioritizes robust security and unwavering
decentralization, even if this comes at the expense of raw transaction throughput.?

In contrast, Kaspa, which launched quietly in late 2021 °, represents a significant
evolutionary step in PoW consensus. This project explicitly aims to realize Satoshi
Nakamoto's original vision of "peer-to-peer electronic cash" ° by achieving
unprecedented levels of speed and scalability. Kaspa accomplishes this ambitious goal
through a revolutionary BlockDAG (Directed Acyclic Graph) architecture, which is
powered by the innovative GHOSTDAG protocol.?

The fundamental difference between these two systems lies in their architectural
approach to block creation and validation. Bitcoin's linear blockchain processes blocks
sequentially, a design that necessitates the discarding of "orphaned" blocks—those
valid blocks found simultaneously but not included in the main chain.” Kaspa's
BlockDAG, on the other hand, allows for the parallel creation of multiple blocks and
integrates all valid blocks into its ledger, dramatically increasing throughput without
compromising its core tenets of security or decentralization.®

This profound architectural divergence leads to a cascade of distinct implications across
every facet of their design. These differences manifest in areas such as transaction
confirmation times, overall network capacity, monetary policy, and their respective
long-term development philosophies. Understanding these distinctions is crucial for
appreciating their unique contributions to the evolving landscape of decentralized digital
currencies.



Il. Introduction: Setting the Stage for Decentralized Innovation

The Genesis of Digital Currency: Bitcoin's Foundational Principles

Bitcoin's inception marked a pivotal moment in the history of digital finance. It was
introduced by the pseudonymous Satoshi Nakamoto in 2008 through a whitepaper titled
"Bitcoin: A Peer-to-Peer Electronic Cash System"." The core objective of this
groundbreaking system was to enable online payments to be sent directly from one
party to another without the necessity of a financial intermediary. This design specifically
addressed the long-standing "double-spending problem" in digital currencies by
leveraging a decentralized network.'

The Bitcoin whitepaper provided the foundational blueprint for a decentralized digital
ledger, famously known as the blockchain. This ledger is secured through sophisticated
cryptography and a Proof-of-Work (PoW) consensus mechanism." A cornerstone of
Satoshi's design is the principle of trustlessness, meaning participants in the network do
not need to rely on the trustworthiness of other individuals or entities. Instead, they rely
on the verifiable cryptographic proof and the collective computational power of the
network." This inherent decentralization ensures that no single entity exerts control over
the network, effectively distributing power among a global network of nodes and
miners.®

The Evolution of Consensus: The Driving Forces Behind New Protocols

While Bitcoin was revolutionary, its design choices, particularly the deliberate 10-minute
block time, imposed inherent limitations on its transaction throughput and confirmation
speed.” These limitations have contributed to Bitcoin's evolution primarily into a store of
value, rather than a currency optimized for frequent, small transactions.® This situation
highlights what is often referred to as the "blockchain trilemma"—the concept that a
blockchain can effectively achieve only two of three core properties (decentralization,
security, and scalability) without significant compromise.'® Bitcoin consciously prioritizes
decentralization and security, often relying on Layer 2 solutions to address its scalability
needs.'®

The recognition of these trade-offs within traditional linear blockchains spurred
extensive research and development into alternative consensus mechanisms and



architectural designs. This pursuit led to the emergence of projects like Kaspa, which
explicitly seek to overcome these perceived limitations and achieve a more balanced
solution to the trilemma.®

Audience Primer: Basic Blockchain and Proof-of-Work (PoW) Concepts

For a crypto-curious to moderately technical audience, a brief review of foundational
concepts is beneficial. A blockchain is a decentralized, immutable digital ledger that
records all transactions across a network of computers. Each "block" within this ledger
contains a batch of transactions, and these blocks are cryptographically linked to the
previous one, forming a continuous "chain" of records.’

Proof-of-Work (PoW) is the mechanism by which new blocks are added to this
blockchain. Miners compete to solve complex mathematical puzzles, a process known
as hashing, which requires significant computational power. The first miner to
successfully solve the puzzle broadcasts their newly found block to the network and,
upon verification, receives a block reward. This intensive computational effort is
fundamental to securing the network against tampering and preventing issues like
double-spending.?

Introducing the BlockDAG: A Conceptual Overview of Directed Acyclic Graphs
(DAGSs) in Blockchain

Traditional blockchains, such as Bitcoin's, can be conceptualized as a single-file line at
a checkout counter, where only one block of transactions can be processed and added
to the chain at any given moment.'® If two miners happen to find valid blocks
simultaneously, one of these blocks is typically "orphaned" or discarded, representing
wasted computational effort.

Kaspa, however, introduces a different paradigm: the BlockDAG. This architecture can
be visualized as having multiple checkout counters open simultaneously.™ It forms a
web-like structure where numerous blocks can be created and added in parallel,
forming a directed acyclic graph rather than a strict linear chain.® To draw an analogy,
consider a multi-lane highway (the BlockDAG) compared to a single-lane road (a
traditional blockchain).’® On a multi-lane highway, traffic—or in this context,
transactions—can flow much faster because there are many parallel paths for blocks to



be included in the ledger, not just one sequential route. This fundamental shift in
architecture underpins Kaspa's approach to achieving higher throughput and faster
confirmations.

lll. Consensus Mechanisms: The Heartbeat of Decentralization

Bitcoin's Nakamoto Consensus: The Longest Chain Rule

Bitcoin's consensus mechanism, famously known as Nakamoto Consensus, is built
upon the foundational principle of Proof-of-Work (PoW) combined with the "longest
chain wins" rule. Miners on the Bitcoin network expend significant computational effort,
or hash power, to solve a cryptographic puzzle. This involves finding a hash value for a
block that meets a specific difficulty target.? This process is the "proof-of-work" that
validates the block.?

When a miner successfully finds a valid block, they broadcast it across the network.
Other nodes then verify the validity of the transactions contained within the block, as
well as the proof-of-work itself. Upon successful verification, these nodes begin to build
the next block on top of the newly accepted one.? The "longest chain wins" rule is the
core mechanism for resolving any temporary discrepancies or forks in the network. It
dictates that nodes always consider the chain with the most accumulated
proof-of-work—meaning the chain with the greatest number of blocks—as the legitimate
and canonical history of transactions.? This rule is Bitcoin's elegant method for achieving
consensus in a decentralized environment.*

The longest chain rule is more than just a simple measure of length; it functions as a
continuous, real-time vote by computational power. Satoshi Nakamoto explicitly
articulated this, stating, "The longest chain not only serves as proof of the sequence of
events witnessed, but proof that it came from the largest pool of CPU power".? This
implies that every hash contributed by a miner effectively acts as a vote for the specific
chain they are attempting to extend. If honest nodes collectively control the majority of
the network's hash power, their chain will naturally grow at the fastest rate, consistently
outpacing any competing or malicious chains.? This mechanism ingeniously addresses
the Byzantine Generals' Problem in a permissionless setting by linking the election of a
leader (the miner who finds the next block) to a scarce and verifiable
resource—computational power—rather than relying on pre-defined identities.” The
"longest chain wins" rule thus represents the emergent, collective decision of the



majority of the network's hash power.

A crucial component of Bitcoin's stability is its difficulty adjustment mechanism. The
protocol is meticulously designed to maintain an average block time of approximately 10
minutes.® The difficulty of the cryptographic puzzle that miners must solve is
automatically adjusted roughly every two weeks, specifically after every 2016 blocks.? If
blocks are being found, on average, faster than the 10-minute target, the difficulty
increases. Conversely, if blocks are found slower, the difficulty decreases.?’

This difficulty adjustment mechanism serves as a critical feedback loop, ensuring the
network's security and predictability regardless of fluctuations in the total mining power.
By dynamically adjusting the difficulty, Bitcoin guarantees a consistent supply of new
blocks and, consequently, a predictable emission schedule for new coins.™ This
predictability is paramount for the stability of its monetary policy. Furthermore, it
operates as a self-regulating economic incentive system: if more miners join the
network, the difficulty rises, making it harder for individual miners to find blocks and
potentially reducing their profitability, which discourages excessive centralization of
hash power. Conversely, if miners leave, the difficulty drops, making it easier to mine
and potentially attracting new participants. This dynamic equilibrium helps to maintain
the network's security by making a 51% attack prohibitively expensive and economically
unfeasible.?

The concept of "probabilistic finality" is central to understanding transaction confirmation
in Bitcoin. A transaction is not considered instantly final upon its inclusion in a block.
Instead, its finality increases probabilistically as more blocks are added on top of the
block containing the transaction.? While a transaction typically receives its first
confirmation (inclusion in a block) after approximately 10 minutes, its "irreversibility"
strengthens significantly with each subsequent block. It is generally accepted that a
transaction achieves a high degree of confidence in its finality after 6 confirmations,
which usually takes about one hour.?

This probabilistic nature of Bitcoin's finality is a direct consequence of the "longest chain
wins" rule and the inherent possibility of temporary forks in the blockchain.? While a 51%
attack, where an attacker controls the majority of hash power, is theoretically possible,
the immense computational cost of redoing the proof-of-work for multiple blocks makes
such an attack exponentially harder and more expensive as more confirmations
accumulate.? This means that for high-value transactions, waiting for multiple
confirmations is a crucial security best practice. However, for everyday payments, this
waiting time can introduce significant friction in the user experience '?, which has
contributed to Bitcoin's primary role as a store of value rather than a currency for rapid,
frequent transactions. This trade-off between rapid finality and robust security is a



fundamental characteristic of Nakamoto Consensus.®

Kaspa's GHOSTDAG/PHANTOM Protocol: Embracing Parallelism

Kaspa is built upon a revolutionary "blockDAG" architecture, which represents a
scalable generalization of the Nakamoto Consensus.” Unlike traditional linear
blockchains that process blocks one after another, Kaspa's BlockDAG allows for
multiple blocks to be created and confirmed simultaneously.” This design enables the
network to process blocks in parallel, akin to a multi-lane highway where traffic flows
without bottlenecks.™

This approach fundamentally redefines what constitutes "valid" computational work in a
Proof-of-Work system. In Bitcoin, blocks discovered simultaneously are often
"orphaned" and discarded, representing wasted computational effort."” GHOSTDAG,
however, integrates

all valid blocks into the BlockDAG structure.® This means that even when miners create
blocks at the same time, none of their work is rendered useless; the network seamlessly
weaves all valid blocks into its ledger.'® This redefinition of valid work is a profound
architectural shift, challenging the traditional blockchain model where competition often
leads to discarded effort. Instead, GHOSTDAG transforms concurrency into a powerful
feature, enabling significantly higher throughput without compromising network
security.® Every miner's computational effort contributes meaningfully to the network's
overall security and progress, making the mining process more efficient and equitable.™

The GHOSTDAG (Greedy Heaviest Observed SubTree Directed Acyclic Graph)
protocol is Kaspa's custom consensus mechanism responsible for ordering these
parallel blocks.® It ensures that all concurrently created blocks are arranged in a
consistent and universally agreed-upon order.'® This is achieved by identifying the
"heaviest" k-cluster within the DAG and then topologically sorting it.?” The protocol is
designed to favor "well-connected, honest blocks" in its ordering process.® One can
imagine this process as a team of librarians: instead of a single librarian meticulously
sorting books one at a time, GHOSTDAG is like multiple librarians simultaneously
organizing books and efficiently placing them on shelves in a structured manner,
ensuring everything is in its proper place.

This design transforms what would typically be a conflict (forks) in Bitcoin into a
collaborative effort that enhances the network's robustness. In Bitcoin, simultaneous
block discoveries lead to temporary forks, which are resolved by the longest chain rule,



effectively discarding one of the competing branches.? GHOSTDAG, by contrast,
incorporates these parallel blocks, turning what would be "orphans" into integral
components of the ledger.® This means that instead of competing to produce the

single next block, miners contribute to a broader graph of blocks, and the GHOSTDAG
algorithm then deterministically orders them. This cooperative inclusion of blocks allows
for significantly higher block rates without compromising security, as an attacker would
need to outwork all honest blocks within the entire BlockDAG, not just a single linear
chain, to succeed in a malicious act.™

Looking to the future, the DAGKnight protocol represents the next evolution of Kaspa's
consensus model, serving as a successor to GHOSTDAG.* DAGKnight introduces a
"no-delay-bound model," which means that transaction confirmation times will adapt
automatically to the prevailing internet speed.® This is a critical enhancement over
GHOSTDAG, which is non-responsive to network latency fluctuations.?®> DAGKnight's
objective is to achieve Nakamoto consensus security independently of block rates,
provide rapidly converging linear ordering, and ensure responsiveness to actual network
latency.?

DAGKnight is envisioned as a "perfect" Proof-of-Work-based consensus algorithm,
designed to have no speed limitations beyond the physical constraints of hardware. It is
being developed to be suitable for smart contracts and to scale itself dynamically as
network latency improves.? This continuous innovation in the core consensus layer
underscores Kaspa's ambition to push PoW to its theoretical limits, making it
competitive with even permissioned systems in terms of speed. The fact that
GHOSTDAG is "non-responsive to network latency" # is a subtle yet crucial limitation,
as it implies that even if network conditions improve, confirmation times would not
automatically accelerate. DAGKnight directly addresses this by making confirmation
adaptive to internet speed.? This is a profound objective: to create a PoW system that
operates at "internet speed" °, thereby making it suitable for real-time applications that
have traditionally relied on centralized or permissioned systems. This ongoing
commitment to innovation within the core consensus layer highlights Kaspa's dedication
to maximizing Layer 1 capabilities, rather than solely relying on Layer 2 solutions for
scalability.

IV. Throughput and Scalability: Transaction Velocity and Network
Capacity



Bitcoin's Throughput Limitations

Bitcoin's design incorporates a deliberate 10-minute block time, a choice made by
Satoshi Nakamoto to ensure network stability, security, and a consistent rate of block
production.’ This means that a transaction typically takes up to 10 minutes to receive
its first confirmation, which is its inclusion in a newly mined block."

These confirmation delays have significant implications for user experience. Such
waiting periods can lead to frustration for users who expect immediate responses,
particularly in scenarios involving everyday payments like purchasing coffee or bus
tickets.' From a digital interaction perspective, this translates to "slow interactions" and
"delayed content rendering".?’ This characteristic has largely reinforced Bitcoin's primary
role as a store of value rather than a high-frequency transactional currency.®

Due to its 10-minute block time and a historically limited block size (initially 1MB),
Bitcoin's base layer inherently processes a relatively low number of transactions per
second (TPS), estimated to be around 7 TPS." This low throughput frequently leads to
network congestion during periods of high demand, which in turn results in increased
transaction fees and further delays in confirmation times.

Bitcoin's Layer 2 Scaling Strategy: The Lightning Network

To address its inherent throughput limitations, Bitcoin primarily relies on Layer 2 scaling
solutions, with the Lightning Network (LN) being the most prominent example.'® The
Lightning Network operates through bidirectional payment channels established
between two nodes, facilitating "off-chain" transactions.*' In this model, only the initial
opening and final closing of these channels, or any disputes arising within them, are
settled and recorded on the main Bitcoin blockchain.®" This architecture allows for a
multitude of micropayments to occur between parties without burdening or "bloating" the
main blockchain with every single transaction.*'

While Layer 2 solutions like the Lightning Network offer significant scalability benefits,
they come with certain trade-offs. Integrating Layer 2 solutions can introduce



considerable complexity, adding technical overhead for both developers and users.*?
Furthermore, the Lightning Network, by its very design, remains dependent on the
underlying Bitcoin blockchain for final settlement and security. Consequently, any
security or performance issues on the Layer 1 Bitcoin network could potentially impact
the operations of Layer 2 solutions built upon it.*

A notable concern with the Lightning Network is the potential for a degree of
centralization concerning assets and routing. Although the underlying Bitcoin network
remains highly decentralized, the Lightning Network itself, particularly in terms of
liquidity provision and routing nodes, can introduce elements of centralization.” Users
might, in some instances, find themselves relying on centralized custodians for the
management of their funds within payment channels.*’

Bitcoin's strategic choice to scale via Layer 2 solutions highlights a fundamental tension:
the desire to maintain the purity of the base layer (prioritizing decentralization and
security) by offloading usability aspects (such as speed and low fees) to higher layers.
This approach, however, can introduce new vectors for centralization. Satoshi
Nakamoto's initial vision for Bitcoin was a "peer-to-peer electronic cash system"." Yet,
the inherent throughput limitations of the original design ' necessitated the
development of Layer 2 solutions like the Lightning Network. While LN undeniably
improves transaction speed and reduces fees *', the nature of payment channels and
routing introduces complexities and potential points of asset centralization. This
creates a "layered dilemma" where the base layer retains its high decentralization, but
practical, high-frequency use cases migrate to layers that might entail compromises on
decentralization or require a different trust model. This represents a pragmatic solution
to the blockchain trilemma, but it is not a direct solution implemented at the base layer
itself."®

Kaspa's Layer 1 Scaling Approach: Direct Capacity Expansion

Kaspa is engineered for "instant confirmation" of transactions.” Transactions broadcast
to miners can be included almost immediately in the ledger.® The network currently
operates at a rate of 10 blocks per second (BPS) ’, with ambitious long-term goals of
scaling to 32 BPS and ultimately reaching a vision of 100 BPS.” This high block rate
enables transactions to be visible across the network within one second and to be fully
confirmed, on average, within 10 seconds.’” This rapid confirmation makes transactions
feel "almost instant" to the user.?

Kaspa's BlockDAG structure is key to its ability to scale horizontally. This architecture



allows for the parallel generation and processing of multiple blocks, directly overcoming
the performance limitations inherent in traditional linear blockchains.” The network
"scales horizontally, adding capacity through parallel block creation rather than relying
on larger blocks or layer-2 solutions" for its fundamental transaction processing.” This
design ensures that the network can effectively handle increased traffic and demand
without experiencing congestion or slowdowns.™

Kaspa's direct Layer 1 scalability paradigm challenges the long-held conventional
wisdom that Proof-of-Work chains must scale primarily via Layer 2 solutions. It
demonstrates a viable path for achieving direct Layer 1 scalability. For many years, the
prevailing narrative within PoW blockchain development has been that the Layer 1 must
remain lean, secure, and decentralized, with scalability concerns being offloaded to
Layer 2 solutions.'® Prominent Bitcoin Core developers, such as Gregory Maxwell and
Luke-jr, have even asserted that "slow confirmation, high fees will be the norm in any
safe outcome" and that "it is no longer possible to keep fees low" on the base layer.*
Kaspa directly contests this assertion by presenting a PoW Layer 1 that can achieve
high throughput and sub-second confirmations

without sacrificing its core principles of security or decentralization.® This represents a
significant paradigm shift, suggesting that the "blockchain trilemma" might not be as
rigid for POW systems as previously assumed, or that its trade-offs can be managed
differently and more effectively at Layer 1 through a BlockDAG architecture. This
approach proposes a future where the base layer itself can handle substantial
transaction volumes, potentially reducing the necessity for complex Layer 2 solutions for
basic payment functionalities.

While Kaspa prioritizes Layer 1 scaling for its core payment functions, it also has plans
to support "based ZK rollups" for smart contracts and decentralized applications
(dApps).? In this model, Kaspa's Layer 1 will serve as the foundational layer, providing
sequencing, data availability, and settlement for these Zero-Knowledge (ZK) layers. This
design aims to ensure full integrity and composability across the system.?® This layered
approach is intended to allow Kaspa to scale for more complex functionalities via rollups
without compromising its decentralization or finality. It will leverage Kaspa's high BPS to
enable robust, real-time attestation networks, also known as oracles.?

Comparative Analysis of Scaling Trade-offs

The scaling philosophies of Bitcoin and Kaspa present a clear divergence. Bitcoin's
approach is to maintain a minimal and highly secure Layer 1, pushing complexity and



high transaction volumes to Layer 2 solutions.'® Kaspa, conversely, aims to maximize
the capabilities of its Layer 1 for high-speed, secure payments, while still leveraging
Layer 2 for more complex functionalities like smart contracts.® This represents a
fundamental difference in how they approach direct versus indirect scalability. Kaspa
seeks direct Layer 1 scalability for its core payment functions, whereas Bitcoin relies on
indirect Layer 2 solutions to achieve higher throughput.™

When revisiting the trade-offs of the blockchain trilemma:

e Security: Both networks maintain strong Proof-of-Work security.® Bitcoin's Layer 1
is exceptionally secure, and the Lightning Network inherits this security, albeit with
some concerns regarding asset centralization within channels.'® Kaspa's BlockDAG
architecture enhances Layer 1 security by incorporating more valid work into its
ledger.™

e Decentralization: Bitcoin's Layer 1 is highly decentralized.®> However, the Lightning
Network introduces some risks of centralization for assets managed within its
channels.’® Kaspa aims to maintain a high degree of decentralization even with its
high block rates by reducing mining reward variance, which in turn discourages the
formation of large mining pools.?

e Complexity: Layer 2 solutions, while offering scalability, can add layers of
complexity to the user experience and development process.*” Kaspa's Layer 1
approach aims for a simpler user experience for payments by handling these
directly on the base layer, while offloading more complex dApp logic to Layer 2
solutions.®

e User Experience: Bitcoin's base layer can be slow and expensive for direct
payments, particularly during periods of network congestion.’ The Lightning
Network improves this, but it requires users to manage payment channels. Kaspa,
in contrast, offers an "almost instant" feel for transactions directly on Layer 1 #°,
aiming to eliminate concerns about congestion and high fees for basic payment
functionalities.

Table 1: Key Technical Specifications Comparison

Feature Bitcoin Kaspa

Consensus Mechanism Nakamoto Consensus GHOSTDAG/PHANTOM




(Longest Chain PoW)

(BlockDAG PoW)

Block Time (Target)

~10 minutes °

~1 second (current 0.1s target,
10 BPS) ’

Current Block Rate (BPS)

~0.1 BPS (1 block every 10
mins)

10 BPS ’

Target/Vision BPS

N/A (L1 remains slow)

32 BPS, Vision 100 BPS ’

Estimated Base Layer TPS

~7TPS

Thousands of TPS "

Primary Scaling Approach

Layer 2 (e.g., Lightning
Network) '

Layer 1 (BlockDAG, parallel
blocks) '

Smart Contract Support

Limited (via L2/sidechains) '®

Planned via "based ZK rollups"
onlL1?®

V. Security and Immutability: Fortifying the Digital Ledger

Shared PoW Foundation

Both Bitcoin and Kaspa share a fundamental reliance on Proof-of-Work (PoW) as their
core security mechanism.® PoW is designed to ensure the integrity of the network and
its resistance to malicious attacks by demanding significant computational effort for the
validation of transactions and the creation of new blocks.® This shared foundation
underscores their commitment to decentralized, trustless security.

51% Attack Resistance



A 51% attack is a theoretical scenario where a single entity or a coordinated group
gains control of more than 50% of a blockchain network's total computational power, or
hash rate.®> With such a majority, an attacker could, in principle, prevent new
transactions from being confirmed, reverse their own transactions (known as
double-spending), or even prevent other legitimate miners from finding blocks.?

Bitcoin's primary defense against a 51% attack lies in the sheer scale and immense cost
of its network. The computational power required to control over 50% of the global
Bitcoin hash rate is "highly impractical and expensive".® To successfully modify past
transactions, an attacker would need to not only redo the proof-of-work for the target
block but also for all subsequent blocks that have been added to the chain. They would
then need to generate a new, longer chain that surpasses the work of the honest
network.” The exponential increase in computational effort required with each additional
block makes such an attack increasingly difficult and costly over time.

Kaspa's BlockDAG design inherently enhances its resistance to 51% attacks." By
integrating parallel blocks into the BlockDAG structure, the protocol reduces the
frequency of orphaned blocks and, crucially, diminishes an attacker's advantage.' This
architectural choice fundamentally alters the economics and feasibility of a 51% attack,
requiring an attacker to outwork

all honest blocks, not just a single chain. In a traditional linear blockchain, a 51%
attacker theoretically only needs to generate a longer single chain than the honest
chain.? However, in Kaspa's BlockDAG, because all valid parallel blocks contribute to
the overall "weight" or "heaviness" of the DAG '°, an attacker aiming to reverse
transactions or create a competing history would need to expend computational effort
equivalent to outworking

all of the honest blocks in the entire BlockDAG, rather than just a linear sequence of
blocks.™ This significantly escalates the computational power and coordination
necessary for a successful attack, rendering it exponentially more difficult and costly
than on a traditional single-chain PoW system with the same aggregate hash rate. This
represents a profound shift in PoW security economics, as it effectively leverages the
very concurrency that linear blockchains typically discard.

Immutability and Trustlessness

Both Bitcoin and Kaspa are designed with strong principles of immutability and
trustlessness. In Bitcoin, once transactions are confirmed and included in a block, and



subsequent blocks are added on top of it, the record becomes virtually immutable. This
is due to the cryptographic linking of blocks and the immense computational work
required to alter past blocks without invalidating the entire chain that follows.
Trustlessness is achieved because participants do not need to trust each other; instead,
they rely on cryptographic proof and the decentralized verification processes performed
by the entire network."

Similarly, Kaspa ensures robust network security and immutability by maintaining its
Proof-of-Work consensus and leveraging the GHOSTDAG protocol.”” The GHOSTDAG
algorithm plays a critical role in this by ensuring that all parallel blocks are arranged in a
consistent order that is universally agreed upon by the network. This means that "no
one can rewrite history without outworking all the honest blocks" within the BlockDAG."

Despite their architectural differences—Bitcoin's linear chain versus Kaspa's
BlockDAG—both systems ultimately converge on the core principle that computational
effort provides an unassailable foundation for immutable record-keeping. While their
methods of organizing blocks differ, both Bitcoin and Kaspa derive their security and
immutability from the same fundamental principle: the immense and verifiable
computational work (PoW) required to validate and add blocks.? This shared reliance on
energy expenditure as a "cost of attack" is what renders them trustless and highly
resistant to censorship or alteration. The key distinction lies in

how that computational work is aggregated and validated to form the canonical history,
with Kaspa finding a way to make more of that work contribute effectively towards
network security.

Table 2: Blockchain Trilemma Trade-offs

Trilemma Aspect Bitcoin (Base Layer) Bitcoin (with L2 like Kaspa (Layer 1)
Lightning Network)

High ° High (Base Layer), High ®
Moderate (L2

assets/routing

Decentralization

)18

High ° High (Inherits L1 High (Enhanced by

Securit
y security, L2 adds BlockDAG)




some complexity) *’

Low '8 High (Off-chain High (Direct L1

Scalability _ 3 T
transactions) parallel processing)

VI. Monetary Policy: The Economic Fabric of Each Network

Bitcoin's Halving Schedule

Bitcoin operates under a meticulously designed monetary policy characterized by a
fixed maximum supply and predictable halving events. The total supply of Bitcoin is
capped at 21 million coins.*® New bitcoins are introduced into circulation as block
rewards, which are granted to miners for successfully validating transactions and adding
new blocks to the blockchain.®> Approximately every four years, or specifically after every
210,000 blocks, the block reward awarded to miners is cut in half—an event known as a
"halving".*° The most recent halving occurred on April 20, 2024, which reduced the
block reward from 6.25 BTC to 3.125 BTC.*°

This halving mechanism is a core component of Bitcoin's economic model, designed to
mimic the scarcity of precious physical commodities like gold.*® By periodically reducing
the rate at which new bitcoins are created, the policy ensures a decreasing rate of
inflation over time.*° This engineered, controlled scarcity is a primary reason why Bitcoin
is frequently referred to as "digital gold" and is valued as a long-term store of value.*

Bitcoin's halving events are more than just technical adjustments; they are deeply
ingrained in its economic narrative, influencing market expectations and reinforcing its
"digital gold" status. The predictable, programmatic reduction in the supply of new
bitcoins “° creates a strong deflationary narrative, which stands in stark contrast to the
inflationary nature of most fiat currencies.*’ This predictable scarcity serves as a key
psychological driver for investors, significantly contributing to Bitcoin's appeal as a
robust store of value. Historically, halving events have often preceded significant price
rallies in the cryptocurrency market *°, although the precise causal relationship remains
a subject of ongoing debate. This dynamic reinforces the understanding that Bitcoin's
monetary policy is a central pillar of its long-term value proposition and fundamentally
differentiates it from systems characterized by high inflation.



Kaspa's Chromatic Phase Emission

Kaspa was launched under a "fair launch" model in November 2021, meaning there was
no pre-mine, no pre-sales, and no early investor allocations. This approach was chosen
to ensure 100% decentralization from its inception.® Kaspa's monetary policy unfolds in
two distinct phases: an initial pre-deflationary phase (which ran from November 2021 to
May 2022) and the subsequent "Chromatic Phase".*

During the Chromatic Phase, block rewards geometrically decrease over time, following
a unique schedule based on a "musical 12-note scale".” The initial block reward was
440 KAS. The reward effectively halves once per year, but this reduction occurs
"smoothly": each month, the block reward is incrementally reduced by a factor of

(1/2)1/12.*? The ratio of block rewards in consecutive months precisely mirrors the ratio
of frequencies of two consecutive semitones in a tempered chromatic scale. Each
averaged year within this phase is symbolically referred to as an "octave".” The
maximum supply of KAS is approximately 28.7 billion coins.’

Kaspa's elegant mathematical and musical analogy underpinning its emission schedule
is not merely an aesthetic choice; it is strategically designed to mitigate ASIC
dominance and foster mining decentralization. The "smooth" emission schedule ** has
profound implications for miner behavior and network decentralization. Unlike Bitcoin's
abrupt halving events, Kaspa's gradual reduction provides a more predictable and less
volatile reward environment for miners.*” This continuous, predictable reduction,
coupled with a fast block rate and high transaction per second (TPS) capacity, creates a
"low hardware entry barrier" for miners.** The core objective is that by the time
Application-Specific Integrated Circuits (ASICs)—specialized, high-performance mining
hardware—become dominant in the network, a substantial portion of the total KAS
supply will have already been mined by a broader, more decentralized base of GPU
miners.*® This represents a forward-thinking attempt to counteract the centralization
pressures that ASICs typically exert on Proof-of-Work networks, a challenge that Bitcoin
has notably faced.** The musical analogy makes this complex mathematical policy
surprisingly intuitive and memorable, highlighting a thoughtful approach to network
economics.

The monetary policy dictates the number of coins minted per second, rather than per
block. This means that if Kaspa changes its block rate in the future, the reward will be
adjusted proportionally to maintain the same consistent emission rate."® Furthermore,
Kaspa's fast block rate inherently decreases the variance of mining income. This
reduction in reward volatility lessens the incentive for individual miners to join larger



mining pools, thereby contributing to greater mining decentralization across the
network.®

Comparative Economic Implications

Both Bitcoin and Kaspa aim to achieve scarcity, but their mechanisms for doing so differ
significantly. Bitcoin's scarcity is driven by discrete, large halving events that occur
approximately every four years.*° Kaspa, conversely, implements a continuous, smooth
reduction in its emission rate, modeled on a musical chromatic scale.*?

In terms of value proposition, Bitcoin's monetary policy strongly supports its narrative as
"digital gold," emphasizing its role as a long-term store of value.*® Kaspa's monetary
policy, when combined with its technical design for high throughput, aims to support its
function as a fast, spendable "digital silver," suitable for everyday transactions.®

Regarding miner centralization, Bitcoin has faced concerns due to the dominance of
ASICs, which can lead to the centralization of mining power within large pools. Kaspa's
emission schedule and high block rate are specifically engineered to counteract this
trend, promoting a more decentralized mining landscape by making solo or
smaller-scale mining more viable and less volatile.®

VIl. Development Philosophy: Vision and Evolution

Bitcoin's Ossification Debate

The concept of "ossification" in Bitcoin refers to the philosophical debate about whether
the protocol's core rules should be considered "set in stone," akin to a constitutional
document, to ensure its stability, predictability, and decentralization.** Proponents of this
view argue that such rigidity is essential for Bitcoin to fulfill its role as "digital gold," as
minimizing changes helps to maintain long-term trust and security.** Satoshi Nakamoto
himself alluded to this fixed nature, stating, "The nature of Bitcoin is such that once
version 0.1 was released, the core design was set in stone for the rest of its lifetime".*

However, critics express significant concerns regarding premature ossification. They



argue that it could prevent necessary updates that might enhance Bitcoin's scalability,
security, or functionality.*® This rigidity might hinder Bitcoin's ability to adapt to future
technological advancements, such as Zero-Knowledge (ZK) Proofs or improved smart
contract functionalities.* Furthermore, a slow pace of innovation could deter talented
developers from contributing to Bitcoin's core development, potentially leading to a
"developer talent drain" and impacting its competitiveness against more adaptable
cryptocurrencies.*

The pursuit of a "perfectly" stable and immutable base layer in Bitcoin, while securing its
digital gold status, inadvertently creates a philosophical barrier to direct protocol
evolution for other use cases. The "ossification" debate * reveals a deep philosophical
divide within the Bitcoin community. While the desire for a stable, unchanging base
layer is understandable for an asset positioned as "digital gold," it presents a paradox
for a technology that is still relatively nascent. By resisting significant Layer 1 changes,
Bitcoin implicitly pushes much of the innovation to Layer 2 solutions.*® This is a strategic
choice, but it means that Bitcoin's core protocol may not directly evolve to meet
emerging demands for high-throughput payments or complex smart contracts,
potentially ceding those use cases to other blockchain networks. A quote attributed to
Satoshi, "If you don't believe it or don't get it, | don't have the time to try to convince you,
sorry" 4, while perhaps taken out of its original context, can be interpreted as reflecting
this "set in stone" attitude that permeates a segment of Bitcoin's development
philosophy.

Kaspa's Continuous Innovation and "Peer-to-Peer Electronic Cash" Revival

Kaspa's creators explicitly set out to build a "more transaction-focused
network—something spendable, fast, and accessible," with the clear objective of
adhering more closely to "Satoshi Nakamoto's original peer-to-peer cash ideal".® This
vision stands in direct contrast to Bitcoin's evolution into primarily a store of value.® Dr.
Yonatan Sompolinsky, Kaspa's lead founder, is widely recognized for his extensive
research into making blockchains faster and more scalable, which directly informs
Kaspa's design principles.®

Kaspa operates under a fully decentralized, open-source, and community-managed
development model.?® Its fair launch, characterized by no pre-mine or early investor
allocations, has fostered a robust grassroots community following, emphasizing its
commitment to egalitarian principles.®

A key focus of Kaspa's development is optimizing for minimal latency in transaction flow



and user experience. It prioritizes "instant time-to-inclusion" (first confirmation) and "fast
(probabilistic) finality".® The sub-second block times are designed to enable "pre-trade
privacy" and "pre-trade stealth transactions," which are crucial features for protecting
users from frontrunning and Miner Extractable Value (MEV) manipulations—a growing
concern in the broader crypto space.® This represents a deliberate design choice to
combat such issues directly at the protocol level.

Kaspa's direct pursuit of Bitcoin's initial peer-to-peer cash ideal highlights how Bitcoin
has evolved into a primary store of value, leaving a significant void for a high-throughput
transactional Proof-of-Work currency. While Bitcoin's undeniable success as "digital
gold" is evident, its inherent design choices, such as the 10-minute block times and
limited Layer 1 throughput, have steered it away from its original utility as "electronic
cash"." Kaspa's core philosophy is to reclaim and perfect this foundational vision.® By
focusing on high block rates, sub-second confirmations, and Layer 1 scalability for
payments, Kaspa strategically positions itself as the "digital silver" to Bitcoin's "digital
gold".® This positioning suggests that the decentralized finance market may be
expansive enough to accommodate two distinct Proof-of-Work assets: one optimized for
long-term value storage and another for high-frequency, low-cost transactions. Both are
rooted in Satoshi's foundational principles but diverge in their practical evolution and
primary use cases. This is not merely about being a "faster Bitcoin," but about fulfilling a
distinct, yet original, purpose within the cryptocurrency ecosystem.

Looking ahead, Kaspa has outlined several significant technological milestones. These
include the planned implementation of the DagKnight protocol  and a Zero-Knowledge
(ZK) Layer 1 <> Layer 2 bridge 2, alongside the introduction of oracle voting
mechanisms.?® These major endeavors are planned as bundled hardforks, indicating a
proactive, adaptive, and continuous innovation approach to its development.?



Table 3: Core Philosophy and Design Principles

Aspect

Bitcoin

Kaspa

Primary Goal

Digital Gold / Store of Value °

Peer-to-Peer Electronic Cash °

Scaling Philosophy

Layer 2-centric (off-chain) 18

Layer 1-centric (on-chain
parallel processing) "

Development Governance

Ossification / Stability-focused
39

Continuous Innovation /
Adaptive ©

Monetary Policy Mechanism

Fixed supply, 4-year halvings
40

Fixed supply, smooth
geometric (musical scale)

emission '

Key Innovation

Longest Chain PoW
Blockchain '

GHOSTDAG/PHANTOM
BlockDAG 8

VIil. Real-World Implications and Use Cases

Bitcoin's Established Role

Bitcoin has firmly established its primary function as a store of value within the digital
economy. Its robust security, inherent decentralization, and predictable scarcity make it
an ideal asset for long-term wealth preservation.' For high-value transfers where
security and immutability are paramount, and where waiting for multiple confirmations is
an acceptable trade-off, Bitcoin's base layer is exceptionally well-suited.

While its base layer is not optimized for rapid, small transactions, the Lightning Network
significantly expands Bitcoin's utility beyond just a store of value. It enables faster,
cheaper, and smaller payments, allowing for microtransactions and more frequent
transfers, albeit with the trade-offs concerning complexity and potential centralization




discussed previously.*’

Kaspa's Emerging Potential

Kaspa's design positions it uniquely for emerging use cases in the digital economy. Its
sub-second confirmations and high throughput make it exceptionally suitable for
microtransactions and e-commerce. For everyday payments, such as purchasing coffee
or bus tickets, where an instant proof of publication is required, Kaspa offers a seamless
experience.’

The network's speed and scalability also enable real-time payment applications,
allowing for immediate transaction processing without the typical concerns of network
congestion or high fees.” Furthermore, Kaspa's high throughput and its planned Layer 1
support for "based ZK rollups" ?® position it as a strong contender for decentralized
finance (DeFi) protocols that demand fast settlement times and high transaction
volumes.™ The protocol's explicit focus on features like pre-trade privacy and Miner
Extractable Value (MEV) mitigation also makes it particularly attractive for trading
applications where fair and transparent execution is critical.’

In terms of mining decentralization, Kaspa's architecture is designed to maintain low
node requirements, potentially allowing even modest computers to run full nodes.™ This
accessibility fosters genuine decentralization in the mining landscape, reducing the
barriers to participation.

Comparative Analysis of User Experience

The fundamental architectural choices of Bitcoin and Kaspa lead to vastly different user
experiences for common transactional use cases, thereby shaping their respective
market niches. For direct on-chain payments, Bitcoin's user experience can be slow and
costly, particularly during periods of network congestion.’ While the Lightning Network
improves this by enabling faster transactions, it introduces an additional layer of
complexity for users who must manage payment channels.

Kaspa, on the other hand, aims to provide a seamless, "almost instant" transaction
experience directly on Layer 1.?° This design actively eliminates concerns about network
congestion and high fees for basic payments.?® This directly addresses the "total



blocking time" issues # that often plague slow digital interactions, where delays can
lead to user frustration and abandonment. This difference in base-layer performance
creates a significant gap in user experience that will likely define their primary adoption
vectors: Bitcoin for long-term holding and large-value transfers, and Kaspa for everyday
digital cash.

IX. Conclusion: A Fork in the Decentralized Road

Both Bitcoin and Kaspa stand as pioneering Proof-of-Work cryptocurrencies, each
demonstrating an unwavering commitment to the core principles of decentralization,
security, and immutability.® Their most fundamental divergence, however, lies in their
consensus architecture: Bitcoin's adherence to a linear blockchain versus Kaspa's
innovative BlockDAG.'® This architectural choice cascades into distinct approaches to
scalability (Layer 2 versus Layer 1), transaction speed, and even their monetary policies
(Bitcoin's discrete halvings versus Kaspa's smooth chromatic emission).?®

Bitcoin has solidified its position as the bedrock of the cryptocurrency economy, serving
as a powerful store of value and a censorship-resistant medium for large-value
transfers. Its development philosophy, leaning towards ossification, prioritizes stability
and security above all else, effectively pushing innovation and high-volume transaction
processing to higher layers.*

Kaspa, with its BlockDAG and GHOSTDAG protocols, represents a bold re-imagining of
what a Proof-of-Work Layer 1 can achieve. It directly addresses the scalability and
speed challenges inherent in Bitcoin's base layer, aiming to revive the original vision of
fast, spendable "electronic cash".® Its continuous innovation and focus on Layer 1
efficiency for payments, complemented by plans for Layer 2 smart contract support,
positions it as a high-throughput alternative that pushes the boundaries of what is
possible for decentralized digital payments.

The comparison between Bitcoin and Kaspa is not a zero-sum competition; rather, it
illuminates the diverse and evolving needs within the broader decentralized economy.
Bitcoin's journey has undeniably cemented its status as "digital gold," a testament to its
robust and largely unchanging nature. Kaspa, in its pursuit of "digital silver,"
demonstrates that the foundational principles of Proof-of-Work can be adapted to
achieve unprecedented transaction speeds and scalability directly on Layer 1, thereby
fulfilling a distinct, yet equally vital, role in the ecosystem. The future of decentralized
digital cash may not be defined by a single monolithic chain, but rather by a vibrant,



complementary ecosystem where different protocols, each optimized for specific use
cases and trade-offs, coexist and interoperate. Kaspa's innovation pushes the
boundaries of Layer 1 Proof-of-Work, offering a compelling vision for truly fast,
decentralized payments in the digital age.
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