
UpBit: Scalable In-Memory 
Updatable Bitmap Indexing
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Basic Bitmap Index
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Basic Bitmap Index
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FastBit and WAH

• WAH: word-aligned hybrid
• Space overhead

• Data size ↑
• Cardinality (number of distinct values) ↑



WAH

• If we have a long range of consecutive bits with the same value, 
we can compress them



WAH
Raw bit vector (155 bits)
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WAH

• Encoded bit vector are partitioned into 32-bit words
• Literal word

• | 0 | 31-bit raw bitmap |
• Fill word

• | 1 | 1-bit fill bit | # of 31-bit raw bitmap filled with the fill bit |



WAH

0 1 0 0 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 0 0 1

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

0 1 1 1 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0

Raw bit vector (155 bits)

32 bits



WAH

• Frequent encoding and decoding are inefficient
• Getting the ith position will require to decode all bit vectors from 

start to the ith position
• Query/update will need to encode the entire bit vector



Update-Conscious Bitmap (UCB)

A
1
3
2
1
2
2
3
3
2

1
0
0
1
0
0
0
0
0

0
0
1
0
1
1
0
0
1

0
1
0
0
0
0
1
1
0

A=1 A=2 A=3

1
1
1
1
1
1
1
1
1

EB

1
2
3
4
5
6
7
8
9

index



UCB (query)
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UCB (efficient deletion)
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UCB (update)
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UCB

• When the number of updates goes up
• The compressibility of the EB goes down
• When reading, the time needed to decoding and re-encoding goes up

• Therefore, It is not very scalable



Updatable Bitmap (UpBit)

• The compressibility of the EB goes down when the number of 
updates goes up
• UpBit introduces one update bit vector (UB) for each value bit vector (VB), 

and UB is merged to VB periodically to decrease the compressibility of 
UB

• Decoding and re-encoding is inefficient when updating and 
reading
• UpBit adds fence pointers to compressed VB to enable partial decoding



Notations

• An attribute 𝐴
• 𝑑 unique values
• 𝑉𝐵 = 𝑉! ∀𝑖 ∈ {1, … , 𝑑}}
• 𝑈𝐵 = 𝑈! ∀𝑖 ∈ {1, … , 𝑑}}



The internals of UpBit



The internals of UpBit

• Value-Bitvector Mapping
• Update Bitvectors



UpBit Operations (Retrieving the value of a row
)



UpBit Operations (Get a bit in a particular row
)



UpBit Operation (Make use of the fence 
pointers)



UpBit Operations (Searching)



UpBit Operations (Searching)



UpBit Operations (Deleting)



UpBit Operations (Deleting)

Delete row 2



UpBit Operations (Updating)



UpBit Operations (Updating)

Update row 2 from 20 to 10



UpBit Operations (Inserting)



UpBit Operations (Inserting)

Update row 2 from 20 to 10



UpBit Operations (Merging)



Tuning UpBit

• The UB-VB merging threshold
• The fence pointer granularity
• The level of parallelism used



Tuning UpBit (merging threshold)



Tuning UpBit (fence pointers granularity)



Tuning UpBit (# of parallelism)



Performance and conclusion
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