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J




el i > ~ 2
ra s %
- =5 "
BN e

LN

E. £3

$

SZ8gen, Switzerland -

Aos



INCREASE BANDWIDTH

REDUCE LATENCY
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L ATENCY

Alpenglow Finality Optimistic Confirmation
150ms (100-380ms)

:,E Known] [ Solana Finality

>400ms 12.8s
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Algorithm 1 Votor, event loop, single-threaded

1: upon Block(s, hash, hashparen:) do

2 if TRYNOTAR(Block(s, hash, hashparent)) then
3: CHECKPENDINGBLOCKS()

4 else if Voted ¢ state[s| then

5 pendingBlocks[s| «— Block(s, hash, hashparent)

upon Timeout(s) do
if Voted ¢ state[s] then
TRYSKIPWINDOW(s)

N

9: upon BlockNotarized(s, hash(b)) do
10: | state[s] « state[s] U {BlockNotarized(hash(b))}
11: TRYFINAL(s, hash(b))

12: upon ParentReady(s, hash(b)) do

13: | state[s] « state[s| U {ParentReady(hash(b))}
14: CHECKPENDINGBLOCKS()

15: | SETTIMEOUTS(s)

16: upon SafeToNotar(s, hash(b)) do

17: TRYSKIPWINDOW ()

18 if ltsOver ¢ state[s| then

19: broadcast NotarFallbackVote(s, hash(b))
20: state[s| « state[s] U {BadWindow}

21: upon SafeToSkip(s) do

22; TRYSKIP WINDOW(5)

23; if ItsOver ¢ state[s] then

24; broadcast SkipFallbackVote(s)
25: state[s] «— state[s] U {BadWindow}

> notar-fallback vote

> skip-fallback vote

Algorithm 2 Votor, helper functions

1:
2:

[s)]

12:
13:
14:
15:
16:
L

18:
19:

20:
21

22:
23:
24:
25:
26:
27:

28:
29:
30:

function WINDOWSLOTS(s)

| return array with slot numbers of the leader window with slot s
function SETTIMEOUTS(s) > set timeouts for the window with slot s
for i € WINDOWSLOTS(s) do

schedule event Timeout(i) at time clock()+Atimeout+ (2—35+1)-Aplock

> Check if a notarization vote can be cast.

function TRYNOTAR(Block(s, hash, hashparent))

if Voted € state[s] then
return false

firstSlot <— (s is the first slot in leader window)

if (firstSlot and ParentReady(hashparent) € state[s]

or (not firstSlot and VotedNotar(hashparent) € state[s — 1]) then
broadcast NotarVote(s, hash) >
state[s] «— state[s] U {Voted, VotedNotar(hash)}
pendingBlocks[s] «— L
TRYFINAL(s, hash)
return true

return false

notarization vote

function TRYFINAL(s, hash(b))

if BlockNotarized(hash(b)) € state[s] and VotedNotar(hash(b)) € state|s]

and BadWindow ¢ state[s] then
broadcast FinalVote(s)
state[s] «— state[s] U {ItsOver}

> finalization vote

function TRYSKIPWINDOW (s)
for k € WINDOWSLOTS(s) do
if Voted & state[k] then
broadcast SkipVote(k) ;
state[k]| < state[k] U {Voted, BadWindow}
pendingBlocks[k] < L

skip vote

function CHECKPENDINGBLOCKS()
for s : pendingBlocks[s] # L do
TRYNOTAR(pendingBlocks|s])

> jterate with increasing s




Solana Alpenglow Consensus
Increased Bandwidth, Reduced Latency
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White Paper v1.0, May 19, 2025

Abstract

In this paper we describe and analyze Alpenglow, a consensus protocol
tailored for a global high-performance proof-of-stake blockchain.

— .



350

L ATENCY HISTOGRAM

B00 o

T

3
Sy
-
ol
A\ LLLL /e
% —
/ B ———————
A (4 | A\
11U N
/ \¥
A
3 N7 . T ]
= 1
/ \
y \
| | B
J |
{ / !
|
{ 1 is
/ |
) | J w ‘.I. \ . C—
,' it i 8
/ / / 5 v S
714 el o ’

80 00



350

L ATENCY HISTOGRAM




L ATENCY HISTOGRAM

350

300 e SRR RS

100




TIMELINE 2025
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