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<your_favorite_data_structure>::delete (key)

{

//todo

}
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What is the delete tradeoff?

Deletes are almost exclusively logical

read

vs.

write 

?

b-trees, slotted pages, LSM-trees invalidate the entry under deletion
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delete tradeoffs

delete latency vs. future read performance

e.g., tree re-org, page re-org, more metadata in LSM

delete latency vs. data privacy

logical deletes keep around deleted entries, what if they leak?

delete latency vs. storage amplification

logical deletes keep around deleted entries and metadata!!
what if we persisted the 

deletes immediately?



delete tradeoffs

delete latency vs. persistent delete latency



delete tradeoffs

logical delete latency vs. persistent delete latency
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Even years later, Twitter doesn’t 

delete your direct messages
TechCrunch

Feb ’19

Deletes are fast and slow in an LSM 
Small Datum

Jan ’20

“LSM-based data stores perform suboptimally for 

workloads with deletes.”
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L1 buffer 

L2 

L3 

exponentially larger capacity

log-structured merge-tree 

size ratio = T 



53

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction



54

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction



55

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction



56

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction



57

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction

NEW NEW



58

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction

NEW NEW



59

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction



60

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction



61

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction



62

L1 buffer 

L2 

L3 

log-structured merge-tree 

partial compaction

NEW NEW NEW

amortized compaction cost 
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L3 

L1 buffer 

L2 

log-structured merge-tree 

Bloom 

filters  

5

fence 

pointers  

get(5)
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Now, let’s talk about deletes!
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write amplification

poor read perf.

space amplification
unbounded delete 

persistence latency

deletes in LSM-tree  

delete := insert tombstone 
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write amplification

poor read perf.

space amplification
unbounded delete 

persistence latency

delete := insert tombstone 

valuekey

RID TS flag

value

RID timestamp name department location

key

deletes in LSM-tree  
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value

write amplification

poor read perf.

space amplification
unbounded delete 

persistence latency RID timestamp name department location

key

TS flag

delete := insert tombstone 

valuekey

RID TS flag

deletes in LSM-tree  
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L2 

L1 buffer 

L3 
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5
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buffer 

get(5)

L1 

L2 

L3 

5

5

Bloom 

filters  
fence 

pointers  

5

deletes in LSM-tree  
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L1 buffer 
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delete(<3,7>)

5

<3,7>

5

range deletes in LSM-tree  
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L1 

L2 

buffer 

L3 

5

5

<3,7>

range deletes in LSM-tree  

Invalidated, but not directly!
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L1 

L2 

buffer 

L3 

<3,7> t3

range deletes in LSM-tree  

t25

t15

get(5)
Bloom 

filters  
fence 

pointers  

Now what?
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T
im

e
s
ta

m
p

Delete <3,7> @ t3=15

Delete <15,21> @ t=10

t25Is            valid?

We know t2 is before t3 (i.e., t2<t3, that is, t2 <15)



Delete Key

T
im

e
s
ta

m
p

t25Is            valid?

We know t2 is before t3 (i.e., t2<t3, that is, t2 <15)

<5, t2> (for t2<t3)

deleted entries

Delete <3,7> @ t3=15

Delete Key
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L1 

L2 

buffer 

L3 

<3,7> t3

range deletes in LSM-tree  

t25

t15

get(5)
Bloom 

filters  
fence 

pointers  

Invalidated Now what?

This is also invalid, we 

would never visit it
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RID timestamp name department location
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TS flag

sort key delete key
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delete all entries older than: D days

scattered occurrences
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deletes on a secondary attribute 

value

RID timestamp name department location

key

TS flag

sort key delete key

delete all entries older than: D days

superfluous I/Os 

latency spikesspace amplification

write amplification

poor read perf. 

unbounded delete 

persistence latency L3 

L2 

L1 

L4 
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space amplification
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unbounded delete 

persistence latency 

superfluous I/Os 

latency spikes

FADE

the solution 
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space amplification
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poor read perf. 

FAst DElete 

timely delete persistence  

L3 
L2 
L1 

L4 

1
5 8

9
3

1M 1KB entries, 5% deletes, 1MB buffer, T=10

within Dth
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timely delete persistence  

reduced space amplification 

improved read performance

higher write amplification 

1.2 - 1.4x

2.1 - 9.8x

4 - 25%

within Dth

FADE/25%

SN1 SN2 SN3 SN4 SN5
snapshot #

1M 1KB entries, 1MB buffer, T=10
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space amplification
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poor read perf. 

FAst DElete 

timely delete persistence  

reduced space amplification 

improved read performance

higher write amplification 
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1
5 8
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FADE/25%

SN1 SN2 SN3 SN4 SN5
snapshot #

1M 1KB entries, 1MB buffer, T=10

2.1 - 9.8x

0.7%

within Dth

1.2 - 1.4x
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superfluous I/Os 

latency spikes 

the solution 

FAst DElete 

timely delete persistence  

reduced space amplification 

improved read performance

higher write amplification 

L3 
L2 
L1 

L4 

1
5 8

9
3 FADE KiWi
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K Wsuperfluous I/Os 

latency spikes 

the solution 

FAst DElete 

KiWi
timely delete persistence  

reduced space amplification 

improved read performance

higher write amplification 

L3 
L2 
L1 

L4 

1

5 8

9

3
FADE
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L3 

L2 

L1 

L4 

scattered occurrences

space amplification

write amplification

poor read perf. 

unbounded delete 

persistence latency 

Key Weaving storage layout

delete all entries older than: D days
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higher lookup cost
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superfluous I/Os 

reduced latency spikes

1M point lookups, buffer = file = 256 pages, T=10
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the solution 
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suboptimal state-of-the-art design

FADE persists deletes timely

KiWi supports efficient 

secondary range deletes

for workloads with deletes  

using latency-driven compactions 

using key-interweaved data storage
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