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Fconomics of
BTC fees

e Confirmed volume per unit of time is a scarce resource:
- No more than 6MB/hour worth of transactions on avg.

® This ensues from two params locked at protocol level:
- fixed block size (~1MB, i.e. 106 minus headers etc.)

Unlike In traditional | _
- controlled speed of block confirmation (every 10’ on avg.)

payment systems, in BTC...

e The fee is freely chosen by the customer, tip-like,
not by the “service providers” (miners);

e Dually, miners are free to process or put on hold
transactions indefinitely, as they wish.

_ (a) It reasons in terms of “fee paid per byte occupied” ﬁ?aﬁ
HOW does a fluid mgrket (whereas the transacted amount plays little/no role); LX,
adjust to these conditions? | () fees rise under large demand of transactional capacity;

What do Bitcoin

O, (c) different “QoS” levels emerge for different fee “tiers”;
w*w* users experience?

(d) fees get too high for some use cases;

. . . . (5
(e) tries to fill each block with the “best” transactlons

(new competition for fees in addition to block mining). 2/

What does a “rational miner”
do under these conditions?
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1000
Up to 2 orders of magnitude
100 in “confirmation speedup” achievable
by granting larger fees to miners
1
0.1
0.01
0.001 Little or no improvement
after 2eu/KByte
100u
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|[Random sample of 250k transactions sent & confirmed during April 201 /]
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Post-congestion, fees per transaction
seem to revert to a baseline (in BTC) even
as market valuation (and fees in EUR) grow

Fees may suddenly
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Mining as an
optimisation problem

Given n transactions with fees v1, ..., v, (satoshi) and size w1, . . . , w, (bytes),
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n
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Given n transactions with fees v1, ..., v, (satoshi) and size w1, . . . , w, (bytes),
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Mining as an
optimisation problem

Given n transactions with fees v1, ..., v, (satoshi) and size w1, . . . , w, (bytes),
let ¢’ be the capacity of the block (in bytes); then, decide whether the i-th

transaction should be included (x; = 1) or not (x; = 0) in so as to:

n

maximize Z L+ Uy Known to be NP-Hard. Some variants have (F)PTAS.
i=1 Tractable in practice?
n r&= Difficult in practice, too. Typical instance is like this:
subject to Z ;- w; < C n=50k objects, w; in 100-100k, »; in 0-10M, C=1000k
i=1

Is this uncommon?

subject to x; < x; V(i,7) € E | o Our analysis shows it isn’t; strongly
precedence-constrained instances

: oo Is this infrequent?
subject to x; +; <1 V(i,7) € D &= Yes; policy applied by nodes neutralises this case

Is this negligible?

(Wnt1, Vnt1)s (Wnt2, Vnt2), - - - == No: 1,860 new transactions arrive (avg) to miners in
the time it takes (avg) to confirm a block [2017 values]
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Mining as an
optimisation problem

Given n transactions with fees vq, ..., v, (satoshi) and size w1, . . . , w, (bytes),
let ¢’ be the capacity of the block (in bytes); then, decide whether the i-th
transaction should be included (x; = 1) or not (x; = 0) in so as to:
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