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1. the motivation for your project

The problem itself is that Bitcoin currently has a hard limit of 7 transactions per second,
and given the rate at which Bitcoin is growing, this limit will be reached soon. Thus, a solution is
required that would allow the Bitcoin network to grow alongside its demand and past this
boundary.

The inspiration for my project came from the presentation given in class by Nick Skelsey
and Alex Kuck. Specifically, it came from their discussion of the problem Bitcoin is facing with
respect to scaling and some possible solutions that would modify Bitcoin rather than shift to
something else. Throughout their lecture | wondered about each of the presented options and
how they would be implemented and, in particular, about what the implications would be
should each option be chosen. That is, what would be the result once Bitcoin underwent the
necessary changes and how different would this be from the original Bitcoin. This question was
the basis for my project and the reason why it is entitled rather openly as Bitcoin Block Size Op-
tions.

Preliminary research quickly led me to the discovery that numerous competing interests
exist within Bitcoin. Despite all groups having a vested interest in the success of Bitcoin, many
have differing opinions on what success means and how that success ought to be achieved.
Thus, the sights of my project shifted to an attempt to find alternative possibilities that might
satisfy all parties involved, or at least enumerate certain qualities that are desirable in which-
ever solution is realized.

2. background, including a description of related work (with references)

The background for my project is heavily intertwined with the project itself, as one of
my intentions was to decide which properties of current solutions are undesirable, and con-
struct an alternative knowing what not to include.

BIP 100

BIP 100 is the earliest BIP that tries to respond to Bitcoin’s scaling problem with a solu-
tion that involves modifying the block size in some way. It was created and written-up by Jeff
Garzik and currently holds about 66% of the miners’ votes out of the 90% it requests to become
active. The main idea of this BIP is to allow the miners to decide the maximum block size
through votes given in each block’s scriptSig. Specifically, this proposal would get rid of the pre-
sent 1MB cap, keep the historical 32MB cap, and introduce a new floating limit. The floating
limit would be recalculated every 12000 blocks (~3 months) to be the minimum value of all the
votes after the top 20% and bottom 20% are cut off.



Reference: [1], [2

BIP 101

BIP 101 is one of the main changes that BitcoinXT hopes to implement for the Bitcoin
network. This proposal intends to increase the max block size in a scheduled manner and at a
predictable rate. It would first increase the 1MB limit to 8MB then double every two years for
20 years, finishing with a maximum of 8192MB. It plans to begin once January 11, 2016 has
passed and 750 out of the past 1000 bocks found are created by miners using BIP 101
(BitcoinXT) software.

Reference: [3], [4], [5

BIP 102

BIP 102 is a temporary solution also proposed by Jeff Garzik. It is exceedingly simple and
would just increase the current 1MB cap to 2MB. The purpose of this BIP is to give the Bitcoin
community more time to determine which solution they wish to implement. One small issue
with this proposal is that it included a date by when it was to be instated, and that date has al-
ready passed without the proposal being accepted. Though this is the case, this BIP still stands
as an option to consider.

Reference: [6]
BIP 103

This proposal by Pieter Wuille would systematically increase the block size by about
4.4% approximately every 97 days, which is equivalent to 17.7% every year. These values are
based off numbers in a Cisco report on bandwidth growth, which Wuille considers to be the
bottleneck of the Bitcoin network. BIP 103 is intended to reduce the effect of large blocks on
the Bitcoin network, which will be discussed later in this section, as well as minimize the strain
on all nodes, allowing for greater decentralization in that respect.

Reference: [7], [8], [9

BIP 105

BIP 105 is similar to BIP 100 in that the miners get to decide what the block size should
be through the blocks they mine. This proposal was created by BtcDrak in order to address the
issue that large miners, whose blocks would be more prevalent and thus would get more votes
in this system, benefit from larger blocks, as | will elaborate upon later, and thus would always
aim for the highest maximum block size and gain an advantage. BIP 105 intends to stifle this by
inflicting a cost upon the miners who want to vote for an increase to the block size. This cost



would be in the form of a higher difficulty in the block they mine. It also tabulates votes differ-
ently, selecting the median rather than the lowest of the middle 60%.

Reference: [10]
BIP 106

Written by Upal Chakraborty, BIP 106 is the first proposal that attempts to respond au-
tomatically to the amount of space used in recent block. In essence, if the size of 50% of the
blocks in the past difficulty cycle are above 90% of the current max block size, the max block
size doubles. Otherwise, if the size of 90% of the blocks found in the past difficulty cycle are be-
low 50% of the max block size, the max block size halves. If neither of these cases are true, the
max block size remains the same. To address a number of arguments, it was later edited to pro-
pose a second solution which would determine the max block size based on the last block size
calculation as well as the transaction fees collected by miners.

Reference: [11], [12], [13], [14], [15]

Adam Back’s Compromise

Like BIP 102, this proposal is a temporary measure. It would immediately increase the
max block size to 2MB. Then it would increase to 4MB after 2 years, and 8MB 2 years after that.
As stated, this is a provisional proposal based on the principle that there is no way to know
where technology will be or how it will advance.

Reference: [16]
Flex cap

Flex cap is another proposal that is not a BIP, but has nonetheless garnered attention
within the Bitcoin community as a potential solution. It was thought up by Gregory Maxwell
and is another twist on giving miners control over the block size maximum. In the flex cap sys-
tem, each individual miner decides for himself whether to increase his max block size with a
penalty of a higher difficulty or decrease his max block size and be allowed a lower difficulty.
The change in difficulty would vary depending on how much larger the miner wants their block
to be, with the current working proposal being quadratic with respect to the difference in size.
There would also be a limit in place to ensure no miner deviates too far from the current maxi-
mum.

Reference: [17], [18

No Limit



In Scaling Bitcoin 2, a paper and presentation by Peter R argued for the removal of the
block size limit entirely without any other changes. The rationale behind this was that when-
ever a miner wished to include an additional transaction in a block, there is an increase in the
risk of that block orphaning due to the additional time it would take for that block to propagate
across the network. This risk can be used to create a supply and demand graph, whereby the
miner can determine which transactions to include for maximum profit.

Reference: [19

Large Block Size

There has been much discussion on the potentially negative effects of allowing large
blocks on the network under any of the above methods or any other method that may increase
the maximum block size. This concern comes from the amount of time it takes for blocks to
propagate across the network and how that time increases exponentially with the size of the
block. Consider a miner that has just found a block. It sends the new block to the nodes it is
connected to, and while they verify it and send it to their neighbors, the miner that found the
block is already working on finding the next one. If that miner is small and possesses little hash-
ing power, this is not much of an issue, as they have a low chance of finding the block in that
time. If the miner has a lot of hashing power, this becomes more of a problem, as they have a
greater chance of finding the next block before the other miners even realize that they should
be looking for it. Small versus large blocks has a very similar effect as small versus large miners.
Small blocks propagate quickly and give the miner that found the block very little in the way of
a head start, but as the blocks grow larger, so does the time it takes for the block to reach the
rest of the network. In this way, the advantage that large miners get is compounded.

The threat that this poses is not simply that they large miners will have an easier time
finding blocks, but that this may eventually lead to centralization of the Bitcoin network with
only a few large miners and no small ones simply because there is no environment that can sus-
tain them. No one in the community denies that larger blocks are beneficial to larger miners,
but there is some variance on how much they do.

Reference: [20], [21], [22], [23], [24]

3. Explanation of what you did

The first thing | did as part of my project was to discover and accumulate any and all
problems with the individual proposals. This was done primarily in order to understand why
there hadn’t been any decision on the part of the community on which proposal to accept.
Once | had the problems associated with the proposals, | attempted to derive the broader qual-
ities that make the proposals unsuitable. Additionally, | grouped the proposals on whether they
showed inherent favoritism for users, miners, or nodes. In the process of assigning group pref-
erence to each proposal, | enumerated the specific needs of miners, users, and nodes. Finally, |



used the information | had gained to construct a new proposal that possessed few or none of
the aforementioned qualities.

4. your results

First in this section | will discuss the needs of the various parties in Bitcoin, then | will list
each proposal from earlier in this report and identify its faults and shortcomings. | would like to
add that this paper is not meant to show that none of the current proposals would function,
but rather that they do have issues that can be addressed.

Needs of miners

The need of miners is another piece of background that ought to be addressed in this
section. Most miners are a part of the Bitcoin network in order to make profit. This is currently
accomplished mostly through generation of new coins, but the intention is for it to be eventu-
ally managed by transaction fees. Therefore, whatever solution is chosen must keep this this in
mind and be conducive to a healthy transaction fee market.

Needs of users

The needs of the users counteract those of the miners when it comes to transaction
fees. While the miners require fees in order to operate, the users obviously want to pay as little
as possible to get their transactions validated and included in the block. While | emphasized
paying as little as possible, it is also important that there is space in the blocks for the users’
transactions.

Needs of nodes

The needs of the nodes are rather simple. Nodes are supporters of the Bitcoin network
unable to make profit nor transact with a Bitcoin address. Thus, they are relatively unaffected
by this problem as a whole. A couple aspects of their functioning are worth discussing, how-
ever, which are the desires for low bandwidth costs, meaning smaller blocks, and a predictable
growth rate. Paying for bandwidth is the main operating cost of a node, so anything that in-
creases the amount of bandwidth required by the node is unappreciated. Having a predictable
growth rate for the max block size allows the nodes to know when they should schedule an up-
grade or get out of the network due to them being unable to fulfil the demands of the network.
Both of these needs that affect nodes are in the interest of decentralization.

BIP 100

The fundamental issue with BIP 100 is the amount of power it grants to the miners. Cur-
rently, mining in Bitcoin is not heavily decentralized, with 4 miners controlling over 75% of
hashing power, and 7 controlling 92%. Given this, those 7 miners are in full control of the block



size. They may choose to increase it to its maximum for their own benefit, or any of them with
21% hashing power may decide to keep the max block size to a minimum completely uninhib-
ited and cause transaction fees to spike. In other words, this proposal introduces a new 21% at-
tack and there is no guarantee or even incentive for the miners to keep the block size in line
with demand.

Tags: miner control, bad for users
BIP 101

BIP 101 avoids any party having ultimate control over the block size through scheduling
of upgrades at specific times. This, however, raises two important issues. First, the values for
the max block size to be set to are arbitrary, as is its growth rate. They are numbers that were
chosen because they sound safe, and are unrelated to the demands of the network or needs of
any party. By the time it has completed its growth, the max block size will be at 8GB, and there
is nothing that suggests the number of transactions would grow alongside it. Additionally, it is
highly likely that the number of generated Bitcoin per block would have reached 0.78125,
which when coupled with the effectively nonexistent transaction fee market would make min-
ing unsustainable.

Tags: arbitrary cap, nonresponsive, bad for miners
BIP 102

BIP 102 is quite simple, but even it has reasons why it cannot be considered a solution.
Primarily, it is the fact that it is temporary. BIP 102 is just pushing back the problem to a later
date. Furthermore, like BIP 101, the 2MB proposed cap is arbitrary.

Tags: temporary, arbitrary cap
BIP 103

This proposal is unique amongst the other proposals in this paper, as it mainly caters to
the needs of nodes instead of users or miners. It focuses on keeping the maximum on what the
network can physically handle. This, however, addresses neither the needs of users nor that of
miners adequately. If the demand for space in a block increases at a rate greater than 17.7% a
year, there will not be enough space in the blocks for all users’ transactions. Otherwise, if the
rate is less than 17.7% per year, which is far more likely, there will be no incentive for transac-
tion fees, and miners will suffer.

Tags: bad for miners, bad for users

BIP 105



BIP 105 addresses the large block issue when it comes to having miners in full control of
the max block size, but it ignores the small block issue. Unlike BIP 100, it has no 21% attack, as it
selects from the median, but it inherently incentivizes keeping the block small, as that has no
difficulty penalty. Not only would miners want to keep the blocks small, so they do not have to
mine at a higher difficulty, but also the blocks that do not vote for an increase would be more
prevalent in the block chain by virtue of the fact that there is a higher chance to find them with
the same hashing power. Additionally, having blocks mined at various difficulties will affect the
difficulty calculations for the next cycle. If the calculations choose to ignore the higher difficulty
faced by some miners, then the overall and average time to find blocks will decrease. If the cal-
culations take the higher difficulty blocks into account, the amount of time it takes to find
blocks will remain the same, but only until miners change their votes, either because the block
size changed successfully, or because they intended to game the system for a lower difficulty.

Tags: miner control, affects difficulty calculations
BIP 106

BIP 106 is the first proposal that attempts to produce a max block size in response to ac-
tivity on the network, which is something that cannot be done with scheduling nor when giving
any particular party control. This principle is something | emulate in my alterative solution. BIP
106, however, is only responsive to a certain extend due to the arbitrary caps that it imple-
ments. Since it changes the max block size by a factor of 2, any transaction fee market that may
have developed in the time leading up to the change is destroyed.

In BIP 106’s second proposal, this is accounted for, and the max block size is changed by
a ratio of the previous average block size over the current one. It also takes transaction fees
into account to prevent spamming with useless transactions. This brings a completely new vari-
able into the equation which introduces its own problems. Primarily, it fails to take the ex-
change rate of Bitcoin into consideration and assumes value will remain consistent between cy-
cles, which history has shown is not necessarily the case. Another small detail is the use of an
average over median is assessing the size of blocks.

Tags: bad for miners, arbitrary caps
Adam Back’s Compromise

Very much like BIP 102, this is a temporary measure and this cannot be considered a
true solution to the problem as it just passes the problem to a later date. Much like other pro-
posals, it imposes an arbitrary cap that sounds right.

Tags: temporary, arbitrary caps

Flex cap



Flex caps allows for different miners to have different difficulty levels based on their de-
cisions. This introduces one large issue that cannot be overlooked, which is how the block chain
will respond blocks of difficulties. The first case is that it takes the difficulty into consideration
when deciding which chain is the longest. This means a large block mined at a higher difficulty
will beat a smaller block mined at a lower difficulty if both are found at the same time. Consider
the event that they are not both found at the same time, however. If a small block is found first,
as is more likely the case, then should a miner mining a larger block stop and build off that
chain or continue on his own, hoping he can find it before there is another addition to the cur-
rent one? If the general response is to continue mining the same block, then the effective hash-
ing power of all miners is reduced, as they would not all be working on the same block/ set of
transactions. This would affect difficulty calculations in a similar manner as BIP 105 would. The
other option for miners is to always build off the new block, which is the same as the case
where the block chain does not take difficulty into account. This would make mining the small-
est block possible optimal, as they are more likely to be found first and would constitute the
longest chain. Additionally, this proposal gives miners full control over the max block size of the
network.

Tags: miner control, affects difficulty calculations
No Limit

The No Limit proposal was argued just recently, and so far the main issue that | see with
it is that it give no figures on approximately when and at what block size their supply and de-
mand graphs would intersect. Given the increasing rate of propagation through the network,
the point described in the paper may be a long way away. It is also possible that blocks will
reach a size that can hold all transactions for the whole world before encountering this point. If
this is the case, then there is no drive for transaction fees that would support mining.

Tags: bad for miners
Discussion of Qualities

One of the main trends | saw appear as | searched for problems relating to the individual
proposals was whether or not they were responsive to demands of the network. It is evident
that solutions that implement set schedules are unable to achieve this responsiveness. By defi-
nition, changes based on a schedule will change with time as the only factor, rather than block
sizes, transaction fees, or decisions made by any part of the network.

This leads me to the second problem type that fails in a similar regard, which is any solu-
tion that relies on decisions made by one group. Unless we can trust that group to a) know ex-
actly what the network needs and b) move the network in that direction, the decisions they
make are not guaranteed to serve the needs of all groups. It is much more likely that they will
favor the group making the decisions.



The one proposal above that has appropriate responsiveness without incorporating de-
cisions by any group is BIP 106 which takes an algorithmic approach. Algorithmic approaches
lack inherent favoritism for any particular group, as well.

The next quality worth discussing is the preference for any one group. The most major
conflict between any groups on the Bitcoin network is that between miners and users. Miners
want money, and eventually expect to be supported by users, while users wish to spend as little
extra money as possible to get their transactions done. Thus, an equilibrium must be reached.
Having miners decide in any way, shape, or form gives them the upper hand when determining
a max block size. Likewise, any option that makes the block size unbounded or at least relatively
so when compared to the amount of space being used goes directly in favor of users.

The last property to be considered is whether or not a solution affects difficulty calcula-
tions. Only two of the solutions above (BIP 105 and Flex cap) involve changing the difficulty in
any way, but both had issues that must be resolves before any further consideration in this area
may be given. Changing the difficulty affects the difficulty calculations and may lead to faster or
slower block creation. It introduces an aspect of unpredictability and unreliability with confir-
mations.

My Proposal

My alternative solution to the max block size issue that Bitcoin is facing is as follows. The
maximum block size would be a calculated by a function of previous blocks’ sizes. Which set of
previous blocks would be used by the function is yet to be determined, as it demands further
calculation or a decision from the Bitcoin community as a whole. The set could vary in size from
144 (~24 hours), to 2016 (~2 weeks), to anything in between or beyond, depending on how
much variance is wished upon the max block size. It could also be a set that is not contiguous
with recent blocks, such as the range of 144 to 288 (24-48 hours) previous blocks. This would
introduce a delay and make the network less responsive to demand, but may give extra time for
transaction fee competition to emerge.

What the function previously specified would attempt to accomplish is to maintain
blocks’ fullness at a specified level. This level, like the set of previous blocks to be used by the
function, has yet to be determined, as it requires a heavy amount of analysis and decisions from
the community. The fullness is a representation of the amount of space used in a block relative
to the current max block size. To get a sense of fullness of the selected set of blocks, the func-
tion would average that of each individual block, or give a certain weight to the more recent
blocks (which is, again, a decision that requires more thought), or take the median of the set.
Once the fullness has been calculated, the max block size would change by a factor of the de-
sired fullness divided by the actual fullness. The desired fullness is intended to be a value be-
tween 0.0 and 1.0 that, when achieved, would produce an optimal transaction fee market. This
value may be discovered though either observation of the instance when current blocks reach
1MB, or calculation by someone more experienced in economics.



With this target in mind, it is obvious how my proposal would satisfy both miners and
users. The miners would have a healthy transaction fee market, supporting their costs, while
the users are guaranteed enough room for their transactions in the blocks. Nodes are a differ-
ent story completely, as this proposal does not address them. It relies on the fact that since the
block size will be on the borderline of the demand of the network, what the network can han-
dle is inconsequential. Any node unable to perform at the level the network requires is un-
needed by the network.

One concern of algorithmic approaches to finding a solution is whether or not they can
be gamed, by which | mean can a certain pattern of transacting or block creation influence the
size of the blocks. While it may be true in theory for my alternative, gaming the function would
require a continuous flow of transactions and thus be very expensive for an attacker.

Additionally, | have considered the possibility that there may be different expected
transaction rates at different times due simply to time zones. This proposal could work with
that and recalculate using the same parameters every 6 blocks or so (~1hour) as to ensure the
desired fullness is maintained worldwide.

In conclusion, there are many factors to be considered when attempting to describe an
ideal solution to the scaling problem the Bitcoin network is facing. There are a number of con-
flicting interests and viewpoints to consider beyond the safety and security of the Bitcoin net-
work. My alternative solution attempts to fulfil all interests to a fair degree.
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