
commit
Alice

collectCom
Alice

4 ADA

5 ADA

commit
Bob

10 ADA

init
Alice

mint:
ST, PT_alice 
.. PT_carol close

Alice

T_min
T_max

fanout
Bob

burn: 
ST, 

PT_{..}

fee

fee

fee

out1: 3 ADA
0

Layer
1

commit
Carol

fee

fee

Unparameterized 
validator, so all Heads 

share the same 
address

Check that there is a PT
in the output matching 

the tx signer

change

change
1

change

1

change

3

fee

change

change

change

Empty commit

H(ν_commit) -> ν_initial

cid
Commit

[TxOutRef]

PT_alice, 2 ADA

H(ν_commit) -> ν_initial

cid
Commit

[TxOutRef]

PT_bob, 2 ADA

H(ν_commit) -> ν_initial

cid Collect []

PT_carol, 2 ADA

ν_head

Initial cid out- ref 
[Party] 3 CP 

CollectCom

ST, 2 ADA

CP .. Contestation period

ν_commit

cid, Party, [Commit] Collect [Proof]

PT_alice, 2 + 9 ADA

 ν_commit

cid, Party, [Commit] Collect [Proof]

PT_bob, 2 + 10 ADA

PKH .. PubKeyHash
H(x) .. Hash of x

ν_commit

cid, Party, [] Collect []

PT_carol, 2 ADA

All Hydra protocol 
transactions include a fixed

2 ADA right now

0

verifyInclusion(Proof, empty, η_0)

collect all recorded Commits, 
require proof to that they are in η_0

(or: all proofs together result in η_0)

ν_head

Closed cid out- ref 
3 η_3 [Party] DL

Fanout 3 [Proof]

ST, PT_alice..PT_carol, 22 ADA

0

Fanout redeemer 
determines 

"numberOfFanout
Outputs" -> 

change need to 
be "after" these

Spending an any 
TxOut to forge 
unique tokens

ST / PT share the same 
(parameterized) minting 
policy (μ_head), whose 

MintingPolicyHash can be 
seen as the "HeadId" CS(ST) = CS(PT_alice) = 

HeadId
TN(ST) = "HydraV1"

TN(PT_alice) = PKH_alice

CS(x) .. Currency symbol
TN(x) .. Token name

Only Alice can commit from 
this ν_initial output because 

TN(PT_alice) == PKH_alice
NOTE: ν_initial ignores the CS

The on- chain code does 
not use the Party, but we

keep it to simplify off- 
chain observing code

Check that there is an ST in
the output, which basically 
means it's spent into the 

Head script

ν_head

Open cid out- ref 
CP [Party] η_0

Increment Proofs 
[TxOutRef]

ST, PT_alice..PT_carol, 27 ADA

φ_seed -> H(ν_initial) -> H(ν_head) -> μ_head

NoDatumInMint ()

The Minting policy does 
determine the parties from the 

transaction for checking minting 
of PTs, thus it needs H(ν_head)

to lookup the head datum

out2: 3 ADA

1

out3: 5 ADA

2

Each committed TxOut 
(and its TxOutRef) are 
recorded in a Commit 

datum

T_max - 
T_min <= DL

DL = T_Max
+ CP

cid paired with out- ref to 
check soundness of heads 
off- chain, on- chain we 
would just use cid then

HeadId = cid =
H(μ_head(H(ν_head), φ_seed))

Multiple 
UTxO can 

be 
commited

Locked by 
Bob's 

(mainchain) 
verification key

5 ADA

10 ADA

tx1
Alice

3 ADA

6 ADA

tx3

Carol

5 ADA

20 ADA

Signed by 
Alice's 

signing key

U0 U2
U3

4 ADA

U1

10 ADA

3 ADA

increment
Carol

fee
change

1

ν_head

Open cid out- ref 
CP [Party] η_10 Decrement ξ_3 1 

Proofs

ST, PT_alice..PT_carol, 42 ADA

15 ADA

U1

Uα

15 ADA

15 ADA

tx2
Bob

6 ADA

3 ADA

10 ADA 10 ADA

3 ADA

6 ADA

15 ADA

Propose 
committed 
UTxO as Uα

Proposal gets
accepted by 

U2 = U1 + Uα 
being signed

3 ADA

Uω

Request 
removal of Uω 

as snapshot 
leader

Carol might not 
be snapshot 
leader? New 

request: 
ReqDec?

decrement
Carol

change

2

ν_head

Open cid out- ref 
CP [Party] η_3

1 Close ξ_3

ST, PT_alice..PT_carol, 22 ADA

fee

Removal of Uω
gets accepted 

by multi- 
signing 

snapshot 3

Decrement 
with snapshot 

3 including 
removal of Uω

verifyExlusion(Proof, η_1, η_3)

Each decommitted output 
needs to proven to be in η_1 

and not in η_3

out1: 20 ADA

0

The same 
snapshot 

can be used 
to close

Decrement 
redeemer contains 
numberOfOutputs 

(here: 1), head 
output and others 
need to be after

verifyInclusion(Proof, η_0, η_1)

Each committed output needs to
be proven to be in η_1 and not 

in η_0

verifySignatures([Party], η_3, ξ_3)

ξ needs to contain valid signatures 
of all parties

Final(η, U)

for each distributed output, require 
proof that it is in η_3

(or: that all proofs together result in η_3)
outputs are 
available, so 

shorter proofs 
possible here?

Record 
out refs 
in SMT?

Requires a 
succinct data 

structure to prove
inclusion & 
exclusion 

(MPT/SMT)

Layer
2


