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Background: What is Cosmos!

m Network of blockchain networks
m PoS-driven
= CosmosBFT (Tendermint) consensus

m |nterBlockchain Communication
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Problem statement

Assess the performance of Cosmos blockchain
using quantitative analysis
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Performance Evaluation Process Algebra (PEPA)

P:=pPXP | P/L|S S:=(a,r)S | S+5 | A

Operators: Cooperation Hiding Prefix Choice

- action type P - model component
" - activity rate S - sequential component
- unknown action type A - countable set of constants

X
7
T
_|_ - unspecified rate
L

- cooperation set



PEPA model of the consensus process with homogeneous proposers in

Cosmos ecosystem

NewHeight =  (nh,n).Round;
Round, =) (r,n).Propose;
Propose; =4 (p, wi7;).Prevote; + (p, (1 — wy)~y;).NilPrevote;
Prevote; = (pv, wzB;).Precommit; + (pv, (1 — wz)pB;). Unsuccess;
NilPrevote; =4 (pv, Bi). Unsuccess;
Unsuccess; = (pc, 6;).Round;+ ¢
Precommit; 2 (pc, wgé;).Commit; + (pc, (1 — wg)d;). Round;+ 1
Commit; o (¢i,m).NewHeight
Roundg =4 (r,n).NewHeight

1 1 < 1 1 1
where ~v; = mazx| —, _ , Bi = maz| —, , , 0; = , ,
t; T1+(i—1)g te To+(i—1)g Ts+ (i —1)g

z'e{z,...,R},andnzTL4 6



Derivation graph
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Markov chain




Rates and parameters assigned

Name Duration
i i 1
Propose timeout, (T}) 3s w1 = Pr _Xl < Tl_ —]1—e t1 T
= Pr(Xs<Thl=1—¢ @
Prevote timeout, (T2) 1s Wy = I'rjAz > 12/ =1—¢€ ™2
ws — 1
Precommit timeout, (13) 1s
B 1 1
Timeout increase, (g) 0.5s i = mar t; T, + (1 —1)g
3 ( 1 1 )
Commit timeout, (Ty) 1s to’ Ty + (i —1)g




PEPA model of the consensus process with hon-homogeneous proposers

in Cosmos ecosystem

NewHeight =  (nh,n).Round;

(' Round; = (7, pppn).Propose;,, + (r,ppn).Propose;, + (T, pg n).Proposeig
Propose; =) (P, WippYipp) -Prevote; + (p, (1 — Wipp )Yipp )-NilPrevote;
Propose;,, & (p, wip7Yip ) -Prevote; + (p, (1 — wi,)7vip)-NilPrevote;

\Proposeis =4 (p, wig7ig).Prevote; + (p, (I — wig)7ig).NilPrevote; )

Prevote; ) (pv, wa B;).Precommit; + (pv, (1 — we)pBi). Unsuccess;
NilPrevote; & (pv, Bi). Unsuccess;
Unsuccess; & (pc, §;). Round; ¢
Precommit; < (pc, wgd;). Commit; + (pc, (1 — wg)d;). Round;+ 1
Commit; “ (¢i,n).NewHeight
Roundg =) (r,n).NewHeight
where Yipp jp s = maﬂ?( ! : 1 ), Bi = 1 :
1 tlFF/F/S T1+(i—1)g Te+(i—1)g 20
Sl ey Fip ie€{1,...,R},and n = T% while prr = pr = ps = %



Rates and parameters assigned

Name Duration
Propose timeout, (T1) 3s .
_ T
W1, = Pr|Xi,, <Ti]=1—e ‘irr
Prevote timeout, (12) 1s ' T
W1 g ZPT:XlF STl =1—¢e "r
Precommit timeout, (T3) 1s _ _ — 21
w1, = Pr|Xq, <Ti|=1—-e ™s
= Pr[Xy <Tp]=1—e¢
Timeout increase, (g) 0.5s W2 = T[ 2 > 12 = 1—¢€
wy — 1
Commit timeout, (Ty) 1s 21




Rates and parameters assigned

VPrr = 0.0483, VPp =0.0184, VPg= 0.0021
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Network throughput as a function of coefficient k:

Homogeneous model

Throughput, [blocks/s]
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Network throughput as a function of coefficient k:

Non-homogeneous model
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Network throughput as a function of coefficient o
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Network throughput as a function of timeout increase
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Conclusion

= We assessed the performance of Cosmos blockchain studying:
: Different verification time of round steps
: Optimal timeout for better throughput
: Timeout increase dynamics

= Future work includes comprehesive analysis of other network within Cosmos ecosystem
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