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Wait, this is SRECon?

A core understanding of the data structures that 
powers stateful applications we operate helps us  

make better decisions
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Liability Disclaimer

I absolve myself of all responsibility if you use the  
example code shown and you lose your data or have an incident 

 
https://gist.github.com/suhailpatel/331ffa65f434a9743dfb1db893931361
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https://gist.github.com/suhailpatel/331ffa65f434a9743dfb1db893931361




https://jepsen.io 
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B-Tree
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Searching within a B-Tree
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B-Trees are used in many index implementations
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Inserting within a B-Tree
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Inserting within a B-Tree
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Rebalancing
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Random & Sequential I/O

Source: The Pathologies of Big Data by Adam Jacobs (2009) 
https://queue.acm.org/detail.cfm?id=1563874
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Bought a coffee 
Paid the rent 

Put some money in a pot 

Event based data
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Log-Structured Merge-Tree (LSM Tree)

Make inserting data really efficient by leveraging 
sequential disk operations rather than lots  

of random disk operations



@suhailpatel | SRECon EMEA 202219

Database systems built on the LSM Tree
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Inserting items

writes over time 

memtable 2614 2234 75



@suhailpatel | SRECon EMEA 202221

@dataclass 
class Item(object): 
    key: str 
    value: str 

class SRECon2022Database(object): 
    memtable = [] 

    def insert(self, key: str, value: str): 
        self.memtable.append(Item(key=key, value=value)) 
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Inserting items

writes over time 

memtable 2614 2234 75

2614 22 34 75sstable file 1
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Inserting items

writes over time 

memtable

2614 22 34 75sstable file 1

2614 2234 75 83 2 792 90
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Inserting items

writes over time 

memtable

2614 22 34 75sstable file 1

2614 2234 75 83 2 792 90

832 7 9290sstable file 2
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@dataclass 
class Item(object): 
    key: str 
    value: str 

    def sort_key(self): 
        return (self.key) 

    def to_line(self) ->- str: 
        return f"{self.key}\n" 

class SRECon2022Database(object): 
    memtable, sstables = [], [] 

    def insert(self, key: str, value: str): 
        if len(self.memtable) >=$ 5: 
            self.flush() 
        self.memtable.append(Item(key=key, value=value)) 

    def flush(self): 
        filename = f”fancy-{int(time.time_ns())}-sstable.db" 
        with open(filename, "a") as f: 
            for item in sorted(self.memtable, key=lambda x: x.sort_key()): 
                f.write(item.to_line()) 
                f.write('\n') 

        self.memtable = [] 
        self.sstables.append(filename) 
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@dataclass 
class Item(object): 
    key: str 
    value: str 

    def sort_key(self): 
        return (self.key) 

    def to_line(self) ->- str: 
        return f"{self.key}\n" 

class SRECon2022Database(object): 
    memtable, sstables = [], [] 

    def insert(self, key: str, value: str): 
        if len(self.memtable) >=$ 5: 
            self.flush() 
        self.memtable.append(Item(key=key, value=value)) 

    def flush(self): 
        filename = f”fancy-{int(time.time_ns())}-sstable.db” 
        with open(filename, "a") as f: 
            for item in sorted(self.memtable, key=lambda x: x.sort_key()): 
                f.write(item.to_line()) 
                f.write('\n') 

        self.memtable = [] 
        self.sstables.append(filename) 
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Deleting an item

writes over time 

memtable

2614 22 34 75sstable file 1

2614 2234 75 83 2 792 90

2 7 9290sstable file 2 83
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Deleting an item

writes over time 

memtable

2614 22 34 75sstable file 1

2614 2234 75 83 2 792 90

832 7 9290sstable file 2

100 3 83 17



@suhailpatel | SRECon EMEA 202229

Deleting an item

writes over time 

2614 22 34 75

2614 2234 75 83 2 792 90

832 7 9290

100 3 83 17

sstable file 3 1003 8317

memtable

sstable file 1

sstable file 2
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Deleting an item

writes over time 

2614 22 34 75

2614 2234 75 83 2 792 90

832 7 9290

100 3 83 17

sstable file 3 1003 8317

memtable

sstable file 1

sstable file 2

T + 1T + 4T + 3 T + 2T + 5

T + 10T + 9T + 8 T + 6T + 7

T + 13T + 12 T + 11T + 14



@suhailpatel | SRECon EMEA 202231



@suhailpatel | SRECon EMEA 202232

Updating an item

writes over time 

memtable

2614 22 34 75sstable file 1

2614 2234 75 83 2 792 90

832 7 9290sstable file 2

83’
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class SRECon2022Database(object): 
   ...$$ 

    def insert(self, key: str, value: str): 
        if len(self.memtable) >=$ 5: 
            self.flush() 
        self.memtable.append(Item(key=key, value=value, timestamp=time.time_ns())) 

    def update(self, key: str, new_value: str): 
        self.insert(key, new_value) 

    def delete(self, key: str): 
        if len(self.memtable) >=$ 5: 
            self.flush() 
        self.memtable.append(Item(key=key, timestamp=time.time_ns(), is_deleted=True)) 

   ...$$ 
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Searching for an item

writes over time 
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binary search
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Searching for an item

writes over time 
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2614 2234 75 83 2 792 90

832 7 9290
binary search

binary search

search

100 3 83 17memtable

sstable file 1
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class SRECon2022Database(object): 
   ...$$ 

    def search_in_sstable(self, sstable, key) ->- List[Item]: 
        records = [] 

        with open(sstable) as f: 
           for line in f.readlines(): 
               if not line.strip(): 
                   continue 

               item = Item.from_line(line.strip()) 
               if item.key ==$ key: 
                   records.append(item) 

        return records 

   ...$$ 
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class SRECon2022Database(object): 
   ...$$ 

    def search(self, key) ->- Optional[Item]: 
        records = [] 
         
        # Read from our SSTables and find any that match this particular key 
        for sstable in self.sstables: 
            records.extend(self.search_in_sstable(sstable, key)) 

        # Read from our Memtable and find any that match this particular key 
        records.extend(filter(lambda x: x.key ==$ key, self.memtable)) 

        # Sort by timestamp ascending pick the most recent record (last timestamp wins)  
        records = sorted(records, key=lambda x: x.timestamp) 

        # Apply some logic to see what we return: 
        # - If we found no matches, return nothing 
        # - If our last item was a deletion event, return nothing 
        # - Otherwise, return the most recent result 
        if not records: 
            return None 
        elif records[-1].is_deleted: 
            return None 
        else: 
            return records[-1] 
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Avoid looking in unnecessary files

writes over time 

memtable

2614 22 34 75sstable file 1

2614 2234 75 83 2 792 90

832 7 9290sstable file 2

binary search

search

100 3 83 17
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Bloom filters

A probabilistic data structure that can be used to  
determine whether an item is potentially in a set or  

definitely not in a set 
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Bloom filters
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Bloom filters
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Bloom filters
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Is an item in the set?
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is in the set? = definitely not
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Is an item in the set?
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is in the set? = possibly yes
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Is an item in the set?
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bit array 
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is in the set? = possibly yes



@suhailpatel | SRECon EMEA 202246

Bloom filters to the rescue

writes over time 

memtable
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Compacting data together

writes over time 

2614 22 34 75sstable file 1

832 7 9290sstable file 2

sstable file 3 223 8392
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2614 22 34 75sstable file 1

832 7 9290sstable file 2

sstable file 3 228392

Compacting data together

sstable file 9001 - 
compacted 3 2614 34 75222 7 83 90 92
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2614 22 34 75sstable file 1

832 7 9290sstable file 2

sstable file 3 22

3

8392

Compacting data together

sstable file 9001 - 
compacted 2614 34 75222 7 83 90 92
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Compaction strategies

• Size Tiered - Aim to merge together SSTables of a similar size into larger 
SSTable files 

• Levelled - Aim to group SSTables in a way that keys are not spread across 
multiple files, making reads more efficient 

• Time Window - Aim to group data that has a similar timestamp within a 
particular time window



@suhailpatel | SRECon EMEA 202251



@suhailpatel | SRECon EMEA 2022

What did we cover?

52

• The choice of data structure matters, understand the relationship between 
hardware and software



@suhailpatel | SRECon EMEA 2022

What did we cover?
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• The choice of data structure matters, understand the relationship between 
hardware and software 

• LSM Trees and SSTables can be simple, and for many programming 
languages, you don’t need to re-implement from scratch
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What did we cover?
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• The choice of data structure matters, understand the relationship between 
hardware and software 

• LSM Trees and SSTables can be simple, and for many programming 
languages, you don’t need to re-implement from scratch 

• You can add optimisations like bloom filters and compaction and tune these 
based on resource consumption prioritisation
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