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Separate concerns!
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data Set T 

list   :: Set T → [T] 
filter :: Set T → Set T

load   :: IO (Set T) 
write  :: Set T → IO () 

update :: ???



Case Study
Submit transactions to a blockchain
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Tx
Tx Tx

submitted & expired

Tx

data Set Tx 

list   :: Set Tx → [Tx] 
expire :: Set Tx → Set Tx



◆ ◆
Monolith

cardano-wallet

~350 
~160k

.hs files 
lines of code and tests
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Separate concerns

database operationsbusiness logic database operations

expire :: Set Tx 
       → DeltaSet Tx

update :: DeltaSet Tx 
       → IO ()

◆ business logic — support efficient updates
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expire :: Set Tx 
       → DeltaSet Tx

update :: DeltaSet Tx 
       → IO ()
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◆ ◆
DeltaSet1

apply :: DeltaSet1 a → (Set a → Set a) 
apply (Insert a) = Data.Set.insert a 
apply (Delete a) = Data.Set.delete a

data DeltaSet1 a 
   = Insert a 
   | Delete a

Set a
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class Delta

class Delta da where 
    type Base :: Type → Type 
   apply :: da → (Base a → Base a)

data DeltaSet1 a 
   = Insert a 
   | Delete a

instance Delta (DeltaSet1 a) where 
    type Base (DeltaSet1 a) = Set a 
    apply (Insert a) = Data.Set.insert a 
    apply (Delete a) = Data.Set.delete a

Set a
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data DeltaSet a 
  = [DeltaSet1 a] Set a

instance Delta da => Delta [da] where 
    type Base [da] = Base da 
    apply das a = foldr apply a das

◆ one Base type, many Delta



◆ ◆
List of Deltas

data DeltaSet a 
  = [DeltaSet1 a] Set a

instance Delta da => Delta [da] where 
    type Base [da] = Base da 
    apply das a = foldr apply a das

◆ one Base type, many Delta

apply (xs ++ ys) = apply xs . apply ys
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 where 
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expire :: Time → Set Tx → DeltaSet Tx
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    [Delete y | y ← filter isExpired xs] 
 where 
    isExpired x = expiryDate x < now
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Category: Delta

DB

df

Base DA Base DB

apply da apply (df (a,da))
f

f

Morphism = (f, df)

×
DABase DA
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database operationsdatabase operations
load   :: IO (Set Tx) 
write  :: Set Tx → IO () 

update :: DeltaSet Tx 
       → IO ()
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Store

data Store m delta = 
Store 
{ load   :: m (Base delta) 
, write  :: Base delta → m () 
, update :: delta → m () 
}

“facility for storing one value of type (Base delta)”



◆ ◆
Store

data Store m delta = 
Store 
{ load   :: m (Base delta) 
, write  :: Base delta → m () 
, update :: delta → m () 
}

delta = DeltaSet Tx 
Base delta = Set Tx

“facility for storing one value of type (Base delta)”

example



◆ ◆
Store

data Store m delta

“facility for storing one value of type (Base delta)”

◆ first-class 
◆ stored value :: type
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data Store m delta

update da1 update da2

loadwrite



◆ ◆
Store, testing

data Store m delta

apply da1 apply da2

write
update da1 update da2

load
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for: 
• submitted transactions 
• funds 
• addresses 
• transaction history 
• …

data Store m delta
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◆ ◆
Store, wallet

data Store m delta

list all transactions 
in-memory: ~0.5 min, ~7 GB RAM 
on-disk:  ~3.5 min, ~6 GB RAM

for: 

• transaction history



Conclusion
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business logic database operations

◆ efficient updates 
◆ class Delta 
◆ one type, many Deltas

◆ Store: type for stored value


