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[1.. T]

Design Abstractions of Template Type/Domain LSM 
variants

B-Tree 
variants

LSH 
variants

4.

3.
Size ratio (T): The maximum number of entries in a block (e.g. growth factor in 
LSM trees or fanout of B-trees.

unsigned integer | 
function (func)

Runs per hot level (K): At what capacity hot levels are compacted.

5.

6. Logical block size (B): Number of consecutive disk blocks.

7.

Indexes             : Amount of memory allocated to indexes (fence pointers/hashtables).

Key size:

Value size: Denotes the size of values in the workload. All values are accepted as 
variable-length strings. 

8.

Bloom filter design: Denotes the granularity of Bloom filters, e.g., one Bloom 
filter instance per block or per file or per run. The default is file.

10.

Compaction/Restructuring algorithm: Full does level-to-level compaction; 
partial is file-to-file; and hybrid uses both full and partial at separate levels.

Run strategy: Denotes which run to be picked for compaction (only for partial/ 
hybrid compaction).

File picking strategy: Denotes which file to be picked for compaction (for partial/
hybrid compaction). For LSM-trees we set default to dense_fp as it empirically works 
the best. B-trees pick the first file found to be full. LSH-table restructures at the 
granularity of runs.

1.

2.

11.

12.

13.

Merge threshold: If a level is more than x% full, a compaction is triggered.14.

Full compaction levels: Denotes how many levels will have full compaction (only 
for hybrid compaction). The default is set to 2. 

15.

No. of CPUs: Number of available cores to use in a VM.16.

No of threads: Denotes how many threads are used to process the workload.17.

unsigned int

string/slice
max size set to 1 GB

Rule: should be less than size ratio.
unsigned int

Rule: should be less than size ratio.

unsigned int

64-bit floating point | 
function (func)

block | file | run 

Bloom filter memory            : Denotes the bits/entry assigned to Bloom filters. 64-bit float | func(FPR)

partial | full | hybrid 

first | last_full | fullest 

oldest_merged | 
oldest_flushed | dense_fp | 

sparse_fp | choose_first

64-bit floating point 

unsigned integer | 
function (func)

unsigned int

unsigned int 
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Denotes the size of keys in the workload. 

unsigned int
Runs per cold level (Z): At what capacity cold levels are compacted.

[2,.. 32] [32, 64, 
128, 256, ..]

[1000, 1001, …]
(T is large)

[1.. T] [T-1]

[1]

10 bits/key

N/A
file

first

dense_fp

first, fullest, 
last_full

choose_first

[1..L]

partial  partial

auto-configured from the sample workload 

auto-configured from the sample workload 

Example templates for diverse data structures

full,
partial

[0.7..1] 0.5

Use all available cores

Use 1 thread per CPU core
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A new 
design

2

7

32

h/w 
dependent

file

hybrid

fullest

dense_fp 
(hot),

choose_first 
(cold)

0.75

L-Y (from 
optimal config)

h/w 
dependent

9.

[64 MB, 128 
MB, …]

[1 MB, 2 
MB, …]

[64 MB, 128 
MB, …]

(MB)
<latexit sha1_base64="/5TgrGfWufOcCIst21nbl20EoZo=">AAAB7HicbZBNSwMxEIZn/az1q+rRS2gRKkLZ9aLHUi9ehApuW2iXkk2nbWg2uyRZoSz9DV48KCJ48gd589+Yfhy09YXAw/vOkJkJE8G1cd1vZ219Y3NrO7eT393bPzgsHB03dJwqhj6LRaxaIdUouETfcCOwlSikUSiwGY5upnnzEZXmsXww4wSDiA4k73NGjbX88l23dt4tlNyKOxNZBW8BpWqxc/EBAPVu4avTi1kaoTRMUK3bnpuYIKPKcCZwku+kGhPKRnSAbYuSRqiDbDbshJxZp0f6sbJPGjJzf3dkNNJ6HIW2MqJmqJezqflf1k5N/zrIuExSg5LNP+qngpiYTDcnPa6QGTG2QJnidlbChlRRZux98vYI3vLKq9C4rHhuxbv3StUazJWDUyhCGTy4gircQh18YMDhCV7g1ZHOs/PmvM9L15xFzwn8kfP5A7ulj3E=</latexit><latexit sha1_base64="14bKrNOmq/ldCICXHR+PnLXusmQ=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqAglcaPLUDduhAqmLbShTKaTduhkEmYmQgh9BjddKOLWB3LXt3F6WWjrDwMf/38Oc84JEs6Utu2ZVdja3tndK+6XDg6Pjk/Kp2ctFaeSUI/EPJadACvKmaCeZprTTiIpjgJO28H4fp63X6hULBbPOkuoH+GhYCEjWBvLqz32G1f9ctWu2wuhTXBWUHUrvevpzM2a/fJ3bxCTNKJCE46V6jp2ov0cS80Ip5NSL1U0wWSMh7RrUOCIKj9fDDtBl8YZoDCW5gmNFu7vjhxHSmVRYCojrEdqPZub/2XdVId3fs5EkmoqyPKjMOVIx2i+ORowSYnmmQFMJDOzIjLCEhNt7lMyR3DWV96E1k3dsevOk1N1G7BUES6gAjVw4BZceIAmeECAwSu8wbslrKn1YX0uSwvWqucc/sj6+gHFD5D3</latexit><latexit sha1_base64="14bKrNOmq/ldCICXHR+PnLXusmQ=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqAglcaPLUDduhAqmLbShTKaTduhkEmYmQgh9BjddKOLWB3LXt3F6WWjrDwMf/38Oc84JEs6Utu2ZVdja3tndK+6XDg6Pjk/Kp2ctFaeSUI/EPJadACvKmaCeZprTTiIpjgJO28H4fp63X6hULBbPOkuoH+GhYCEjWBvLqz32G1f9ctWu2wuhTXBWUHUrvevpzM2a/fJ3bxCTNKJCE46V6jp2ov0cS80Ip5NSL1U0wWSMh7RrUOCIKj9fDDtBl8YZoDCW5gmNFu7vjhxHSmVRYCojrEdqPZub/2XdVId3fs5EkmoqyPKjMOVIx2i+ORowSYnmmQFMJDOzIjLCEhNt7lMyR3DWV96E1k3dsevOk1N1G7BUES6gAjVw4BZceIAmeECAwSu8wbslrKn1YX0uSwvWqucc/sj6+gHFD5D3</latexit><latexit sha1_base64="ktqA0hGq77GqKFPh3CWo1TQAMw4=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoMQm3Bno2WIjY0QwUsCyRH2Nptkyd7esTsnhCO/wcZCEVt/kJ3/xk1yhSY+GHi8N8PMvDCRwqDrfjuFjc2t7Z3ibmlv/+DwqHx80jJxqhn3WSxj3Qmp4VIo7qNAyTuJ5jQKJW+Hk9u5337i2ohYPeI04UFER0oMBaNoJb96329c9ssVt+YuQNaJl5MK5Gj2y1+9QczSiCtkkhrT9dwEg4xqFEzyWamXGp5QNqEj3rVU0YibIFscOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vG6Kw5sgEypJkSu2XDRMJcGYzD8nA6E5Qzm1hDIt7K2EjammDG0+JRuCt/ryOmld1Ty35j14lXojj6MIZ3AOVfDgGupwB03wgYGAZ3iFN0c5L86787FsLTj5zCn8gfP5A6kmjeg=</latexit>

(MBF )
<latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit>

(MFP )
<latexit sha1_base64="ckjcEas2Y7pRNf/Q7w8uoqfV+Cg=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqAhlxo0ui4K4ESrYC7RDyaSnbWgmMyYZoQx9CTcuFOnW13Hn25heFtr6Q+Dj/88h55wgFlwb1/12MmvrG5tb2e3czu7e/kH+8Kiuo0QxrLFIRKoZUI2CS6wZbgQ2Y4U0DAQ2guHNNG88o9I8ko9mFKMf0r7kPc6osVazdN9Jb6vjs06+6JbdmcgqeAsoVgrt8wkAVDv5r3Y3YkmI0jBBtW55bmz8lCrDmcBxrp1ojCkb0j62LEoaovbT2bxjcmqdLulFyj5pyMz93ZHSUOtRGNjKkJqBXs6m5n9ZKzG9Kz/lMk4MSjb/qJcIYiIyXZ50uUJmxMgCZYrbWQkbUEWZsSfK2SN4yyuvQv2i7Lll78ErVq5hriycQAFK4MElVOAOqlADBgJe4A3enSfn1flwJvPSjLPoOYY/cj5/ACfhkNs=</latexit><latexit sha1_base64="1NR2689rQ3ib7gunD1deRJc7MpI=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFqAgl6UaXQUHcCBXsBdpQJtNJO3QyiTMTIYS+hAguFHHr67jr2zi9LLT1h4GP/z+HOef4MWdK2/bEyq2tb2xu5bcLO7t7+wfFw6OmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzR9TRvPVGpWCQedBpTL8QDwQJGsDZWu3LXy27q47NesWxX7ZnQKjgLKLul7vnLxE3rveJ3tx+RJKRCE46V6jh2rL0MS80Ip+NCN1E0xmSEB7RjUOCQKi+bzTtGp8bpoyCS5gmNZu7vjgyHSqWhbypDrIdqOZua/2WdRAeXXsZEnGgqyPyjIOFIR2i6POozSYnmqQFMJDOzIjLEEhNtTlQwR3CWV16FZq3q2FXn3im7VzBXHk6gBBVw4AJcuIU6NIAAh2d4g3fr0Xq1PqzPeWnOWvQcwx9ZXz8xS5Jh</latexit><latexit sha1_base64="1NR2689rQ3ib7gunD1deRJc7MpI=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFqAgl6UaXQUHcCBXsBdpQJtNJO3QyiTMTIYS+hAguFHHr67jr2zi9LLT1h4GP/z+HOef4MWdK2/bEyq2tb2xu5bcLO7t7+wfFw6OmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzR9TRvPVGpWCQedBpTL8QDwQJGsDZWu3LXy27q47NesWxX7ZnQKjgLKLul7vnLxE3rveJ3tx+RJKRCE46V6jh2rL0MS80Ip+NCN1E0xmSEB7RjUOCQKi+bzTtGp8bpoyCS5gmNZu7vjgyHSqWhbypDrIdqOZua/2WdRAeXXsZEnGgqyPyjIOFIR2i6POozSYnmqQFMJDOzIjLEEhNtTlQwR3CWV16FZq3q2FXn3im7VzBXHk6gBBVw4AJcuIU6NIAAh2d4g3fr0Xq1PqzPeWnOWvQcwx9ZXz8xS5Jh</latexit><latexit sha1_base64="yeNugYnASlYi/l4IX5ohjnFFoos=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0m86LEoiBehgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rSdUmsfywYwT9CM6kDzkjBortSt3veymPjnrlcpu1Z2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfze6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCSz/jMkkNSjZfFKaCmJhMnyd9rpAZMbaEMsXtrYQNqaLM2IiKNgRv8eVl0jyvem7Vu/fKtas8jgIcwwlUwIMLqMEt1KEBDAQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8ARVij1I=</latexit>

64-bit floating point | 
function (func)

[2048, 4096, …]

func(FPR)

Buffer capacity         : Denotes the amount of memory allocated to in-memory 
buffer/memtables. Configurable w.r.t file size.
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[1.. T]

Design Abstractions of Template Type/Domain LSM 
variants

B-Tree 
variants

LSH 
variants

4.

3.
Size ratio (T): The maximum number of entries in a block (e.g. growth factor in 
LSM trees or fanout of B-trees.

unsigned integer | 
function (func)

Runs per hot level (K): At what capacity hot levels are compacted.

5.

6. Logical block size (B): Number of consecutive disk blocks.

7.

Indexes             : Amount of memory allocated to indexes (fence pointers/hashtables).

Key size:

Value size: Denotes the size of values in the workload. All values are accepted as 
variable-length strings. 

8.

Bloom filter design: Denotes the granularity of Bloom filters, e.g., one Bloom 
filter instance per block or per file or per run. The default is file.

10.

Compaction/Restructuring algorithm: Full does level-to-level compaction; 
partial is file-to-file; and hybrid uses both full and partial at separate levels.

Run strategy: Denotes which run to be picked for compaction (only for partial/ 
hybrid compaction).

File picking strategy: Denotes which file to be picked for compaction (for partial/
hybrid compaction). For LSM-trees we set default to dense_fp as it empirically works 
the best. B-trees pick the first file found to be full. LSH-table restructures at the 
granularity of runs.

1.

2.

11.

12.

13.

Merge threshold: If a level is more than x% full, a compaction is triggered.14.

Full compaction levels: Denotes how many levels will have full compaction (only 
for hybrid compaction). The default is set to 2. 

15.

No. of CPUs: Number of available cores to use in a VM.16.

No of threads: Denotes how many threads are used to process the workload.17.

unsigned int

string/slice
max size set to 1 GB

Rule: should be less than size ratio.
unsigned int

Rule: should be less than size ratio.

unsigned int

64-bit floating point | 
function (func)

block | file | run 

Bloom filter memory            : Denotes the bits/entry assigned to Bloom filters. 64-bit float | func(FPR)

partial | full | hybrid 

first | last_full | fullest 

oldest_merged | 
oldest_flushed | dense_fp | 

sparse_fp | choose_first

64-bit floating point 

unsigned integer | 
function (func)

unsigned int

unsigned int 
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Denotes the size of keys in the workload. 

unsigned int
Runs per cold level (Z): At what capacity cold levels are compacted.

[2,.. 32] [32, 64, 
128, 256, ..]

[1000, 1001, …]
(T is large)

[1.. T] [T-1]

[1]

10 bits/key

N/A
file

first

dense_fp

first, fullest, 
last_full

choose_first

[1..L]

partial  partial

auto-configured from the sample workload 

auto-configured from the sample workload 

Example templates for diverse data structures

full,
partial

[0.7..1] 0.5

Use all available cores

Use 1 thread per CPU core
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A new 
design

2

7

32

h/w 
dependent

file

hybrid

fullest

dense_fp 
(hot),

choose_first 
(cold)

0.75

L-Y (from 
optimal config)

h/w 
dependent

9.

[64 MB, 128 
MB, …]

[1 MB, 2 
MB, …]

[64 MB, 128 
MB, …]

(MB)
<latexit sha1_base64="/5TgrGfWufOcCIst21nbl20EoZo=">AAAB7HicbZBNSwMxEIZn/az1q+rRS2gRKkLZ9aLHUi9ehApuW2iXkk2nbWg2uyRZoSz9DV48KCJ48gd589+Yfhy09YXAw/vOkJkJE8G1cd1vZ219Y3NrO7eT393bPzgsHB03dJwqhj6LRaxaIdUouETfcCOwlSikUSiwGY5upnnzEZXmsXww4wSDiA4k73NGjbX88l23dt4tlNyKOxNZBW8BpWqxc/EBAPVu4avTi1kaoTRMUK3bnpuYIKPKcCZwku+kGhPKRnSAbYuSRqiDbDbshJxZp0f6sbJPGjJzf3dkNNJ6HIW2MqJmqJezqflf1k5N/zrIuExSg5LNP+qngpiYTDcnPa6QGTG2QJnidlbChlRRZux98vYI3vLKq9C4rHhuxbv3StUazJWDUyhCGTy4gircQh18YMDhCV7g1ZHOs/PmvM9L15xFzwn8kfP5A7ulj3E=</latexit><latexit sha1_base64="14bKrNOmq/ldCICXHR+PnLXusmQ=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqAglcaPLUDduhAqmLbShTKaTduhkEmYmQgh9BjddKOLWB3LXt3F6WWjrDwMf/38Oc84JEs6Utu2ZVdja3tndK+6XDg6Pjk/Kp2ctFaeSUI/EPJadACvKmaCeZprTTiIpjgJO28H4fp63X6hULBbPOkuoH+GhYCEjWBvLqz32G1f9ctWu2wuhTXBWUHUrvevpzM2a/fJ3bxCTNKJCE46V6jp2ov0cS80Ip5NSL1U0wWSMh7RrUOCIKj9fDDtBl8YZoDCW5gmNFu7vjhxHSmVRYCojrEdqPZub/2XdVId3fs5EkmoqyPKjMOVIx2i+ORowSYnmmQFMJDOzIjLCEhNt7lMyR3DWV96E1k3dsevOk1N1G7BUES6gAjVw4BZceIAmeECAwSu8wbslrKn1YX0uSwvWqucc/sj6+gHFD5D3</latexit><latexit sha1_base64="14bKrNOmq/ldCICXHR+PnLXusmQ=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqAglcaPLUDduhAqmLbShTKaTduhkEmYmQgh9BjddKOLWB3LXt3F6WWjrDwMf/38Oc84JEs6Utu2ZVdja3tndK+6XDg6Pjk/Kp2ctFaeSUI/EPJadACvKmaCeZprTTiIpjgJO28H4fp63X6hULBbPOkuoH+GhYCEjWBvLqz32G1f9ctWu2wuhTXBWUHUrvevpzM2a/fJ3bxCTNKJCE46V6jp2ov0cS80Ip5NSL1U0wWSMh7RrUOCIKj9fDDtBl8YZoDCW5gmNFu7vjhxHSmVRYCojrEdqPZub/2XdVId3fs5EkmoqyPKjMOVIx2i+ORowSYnmmQFMJDOzIjLCEhNt7lMyR3DWV96E1k3dsevOk1N1G7BUES6gAjVw4BZceIAmeECAwSu8wbslrKn1YX0uSwvWqucc/sj6+gHFD5D3</latexit><latexit sha1_base64="ktqA0hGq77GqKFPh3CWo1TQAMw4=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoMQm3Bno2WIjY0QwUsCyRH2Nptkyd7esTsnhCO/wcZCEVt/kJ3/xk1yhSY+GHi8N8PMvDCRwqDrfjuFjc2t7Z3ibmlv/+DwqHx80jJxqhn3WSxj3Qmp4VIo7qNAyTuJ5jQKJW+Hk9u5337i2ohYPeI04UFER0oMBaNoJb96329c9ssVt+YuQNaJl5MK5Gj2y1+9QczSiCtkkhrT9dwEg4xqFEzyWamXGp5QNqEj3rVU0YibIFscOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vG6Kw5sgEypJkSu2XDRMJcGYzD8nA6E5Qzm1hDIt7K2EjammDG0+JRuCt/ryOmld1Ty35j14lXojj6MIZ3AOVfDgGupwB03wgYGAZ3iFN0c5L86787FsLTj5zCn8gfP5A6kmjeg=</latexit>

(MBF )
<latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit>

(MFP )
<latexit sha1_base64="ckjcEas2Y7pRNf/Q7w8uoqfV+Cg=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqAhlxo0ui4K4ESrYC7RDyaSnbWgmMyYZoQx9CTcuFOnW13Hn25heFtr6Q+Dj/88h55wgFlwb1/12MmvrG5tb2e3czu7e/kH+8Kiuo0QxrLFIRKoZUI2CS6wZbgQ2Y4U0DAQ2guHNNG88o9I8ko9mFKMf0r7kPc6osVazdN9Jb6vjs06+6JbdmcgqeAsoVgrt8wkAVDv5r3Y3YkmI0jBBtW55bmz8lCrDmcBxrp1ojCkb0j62LEoaovbT2bxjcmqdLulFyj5pyMz93ZHSUOtRGNjKkJqBXs6m5n9ZKzG9Kz/lMk4MSjb/qJcIYiIyXZ50uUJmxMgCZYrbWQkbUEWZsSfK2SN4yyuvQv2i7Lll78ErVq5hriycQAFK4MElVOAOqlADBgJe4A3enSfn1flwJvPSjLPoOYY/cj5/ACfhkNs=</latexit><latexit sha1_base64="1NR2689rQ3ib7gunD1deRJc7MpI=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFqAgl6UaXQUHcCBXsBdpQJtNJO3QyiTMTIYS+hAguFHHr67jr2zi9LLT1h4GP/z+HOef4MWdK2/bEyq2tb2xu5bcLO7t7+wfFw6OmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzR9TRvPVGpWCQedBpTL8QDwQJGsDZWu3LXy27q47NesWxX7ZnQKjgLKLul7vnLxE3rveJ3tx+RJKRCE46V6jh2rL0MS80Ip+NCN1E0xmSEB7RjUOCQKi+bzTtGp8bpoyCS5gmNZu7vjgyHSqWhbypDrIdqOZua/2WdRAeXXsZEnGgqyPyjIOFIR2i6POozSYnmqQFMJDOzIjLEEhNtTlQwR3CWV16FZq3q2FXn3im7VzBXHk6gBBVw4AJcuIU6NIAAh2d4g3fr0Xq1PqzPeWnOWvQcwx9ZXz8xS5Jh</latexit><latexit sha1_base64="1NR2689rQ3ib7gunD1deRJc7MpI=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFqAgl6UaXQUHcCBXsBdpQJtNJO3QyiTMTIYS+hAguFHHr67jr2zi9LLT1h4GP/z+HOef4MWdK2/bEyq2tb2xu5bcLO7t7+wfFw6OmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzR9TRvPVGpWCQedBpTL8QDwQJGsDZWu3LXy27q47NesWxX7ZnQKjgLKLul7vnLxE3rveJ3tx+RJKRCE46V6jh2rL0MS80Ip+NCN1E0xmSEB7RjUOCQKi+bzTtGp8bpoyCS5gmNZu7vjgyHSqWhbypDrIdqOZua/2WdRAeXXsZEnGgqyPyjIOFIR2i6POozSYnmqQFMJDOzIjLEEhNtTlQwR3CWV16FZq3q2FXn3im7VzBXHk6gBBVw4AJcuIU6NIAAh2d4g3fr0Xq1PqzPeWnOWvQcwx9ZXz8xS5Jh</latexit><latexit sha1_base64="yeNugYnASlYi/l4IX5ohjnFFoos=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0m86LEoiBehgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rSdUmsfywYwT9CM6kDzkjBortSt3veymPjnrlcpu1Z2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfze6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCSz/jMkkNSjZfFKaCmJhMnyd9rpAZMbaEMsXtrYQNqaLM2IiKNgRv8eVl0jyvem7Vu/fKtas8jgIcwwlUwIMLqMEt1KEBDAQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8ARVij1I=</latexit>

64-bit floating point | 
function (func)

[2048, 4096, …]

func(FPR)

Buffer capacity         : Denotes the amount of memory allocated to in-memory 
buffer/memtables. Configurable w.r.t file size.

memory to 
cover L

memory for 
hash table

memory for 
first level

1 design morphology



[1.. T]

Design Abstractions of Template Type/Domain LSM 
variants

B-Tree 
variants

LSH 
variants

4.

3.
Size ratio (T): The maximum number of entries in a block (e.g. growth factor in 
LSM trees or fanout of B-trees.

unsigned integer | 
function (func)

Runs per hot level (K): At what capacity hot levels are compacted.

5.

6. Logical block size (B): Number of consecutive disk blocks.

7.

Indexes             : Amount of memory allocated to indexes (fence pointers/hashtables).

Key size:

Value size: Denotes the size of values in the workload. All values are accepted as 
variable-length strings. 

8.

Bloom filter design: Denotes the granularity of Bloom filters, e.g., one Bloom 
filter instance per block or per file or per run. The default is file.

10.

Compaction/Restructuring algorithm: Full does level-to-level compaction; 
partial is file-to-file; and hybrid uses both full and partial at separate levels.

Run strategy: Denotes which run to be picked for compaction (only for partial/ 
hybrid compaction).

File picking strategy: Denotes which file to be picked for compaction (for partial/
hybrid compaction). For LSM-trees we set default to dense_fp as it empirically works 
the best. B-trees pick the first file found to be full. LSH-table restructures at the 
granularity of runs.

1.

2.

11.

12.

13.

Merge threshold: If a level is more than x% full, a compaction is triggered.14.

Full compaction levels: Denotes how many levels will have full compaction (only 
for hybrid compaction). The default is set to 2. 

15.

No. of CPUs: Number of available cores to use in a VM.16.

No of threads: Denotes how many threads are used to process the workload.17.

unsigned int

string/slice
max size set to 1 GB

Rule: should be less than size ratio.
unsigned int

Rule: should be less than size ratio.

unsigned int

64-bit floating point | 
function (func)

block | file | run 

Bloom filter memory            : Denotes the bits/entry assigned to Bloom filters. 64-bit float | func(FPR)

partial | full | hybrid 

first | last_full | fullest 

oldest_merged | 
oldest_flushed | dense_fp | 

sparse_fp | choose_first

64-bit floating point 

unsigned integer | 
function (func)

unsigned int

unsigned int 
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Denotes the size of keys in the workload. 

unsigned int
Runs per cold level (Z): At what capacity cold levels are compacted.

[2,.. 32] [32, 64, 
128, 256, ..]

[1000, 1001, …]
(T is large)

[1.. T] [T-1]

[1]

10 bits/key

N/A
file

first

dense_fp

first, fullest, 
last_full

choose_first

[1..L]

partial  partial

auto-configured from the sample workload 

auto-configured from the sample workload 

Example templates for diverse data structures

full,
partial

[0.7..1] 0.5

Use all available cores

Use 1 thread per CPU core
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A new 
design

2

7

32

h/w 
dependent

file

hybrid

fullest

dense_fp 
(hot),

choose_first 
(cold)

0.75

L-Y (from 
optimal config)

h/w 
dependent

9.

[64 MB, 128 
MB, …]

[1 MB, 2 
MB, …]

[64 MB, 128 
MB, …]

(MB)
<latexit sha1_base64="/5TgrGfWufOcCIst21nbl20EoZo=">AAAB7HicbZBNSwMxEIZn/az1q+rRS2gRKkLZ9aLHUi9ehApuW2iXkk2nbWg2uyRZoSz9DV48KCJ48gd589+Yfhy09YXAw/vOkJkJE8G1cd1vZ219Y3NrO7eT393bPzgsHB03dJwqhj6LRaxaIdUouETfcCOwlSikUSiwGY5upnnzEZXmsXww4wSDiA4k73NGjbX88l23dt4tlNyKOxNZBW8BpWqxc/EBAPVu4avTi1kaoTRMUK3bnpuYIKPKcCZwku+kGhPKRnSAbYuSRqiDbDbshJxZp0f6sbJPGjJzf3dkNNJ6HIW2MqJmqJezqflf1k5N/zrIuExSg5LNP+qngpiYTDcnPa6QGTG2QJnidlbChlRRZux98vYI3vLKq9C4rHhuxbv3StUazJWDUyhCGTy4gircQh18YMDhCV7g1ZHOs/PmvM9L15xFzwn8kfP5A7ulj3E=</latexit><latexit sha1_base64="14bKrNOmq/ldCICXHR+PnLXusmQ=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqAglcaPLUDduhAqmLbShTKaTduhkEmYmQgh9BjddKOLWB3LXt3F6WWjrDwMf/38Oc84JEs6Utu2ZVdja3tndK+6XDg6Pjk/Kp2ctFaeSUI/EPJadACvKmaCeZprTTiIpjgJO28H4fp63X6hULBbPOkuoH+GhYCEjWBvLqz32G1f9ctWu2wuhTXBWUHUrvevpzM2a/fJ3bxCTNKJCE46V6jp2ov0cS80Ip5NSL1U0wWSMh7RrUOCIKj9fDDtBl8YZoDCW5gmNFu7vjhxHSmVRYCojrEdqPZub/2XdVId3fs5EkmoqyPKjMOVIx2i+ORowSYnmmQFMJDOzIjLCEhNt7lMyR3DWV96E1k3dsevOk1N1G7BUES6gAjVw4BZceIAmeECAwSu8wbslrKn1YX0uSwvWqucc/sj6+gHFD5D3</latexit><latexit sha1_base64="14bKrNOmq/ldCICXHR+PnLXusmQ=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqAglcaPLUDduhAqmLbShTKaTduhkEmYmQgh9BjddKOLWB3LXt3F6WWjrDwMf/38Oc84JEs6Utu2ZVdja3tndK+6XDg6Pjk/Kp2ctFaeSUI/EPJadACvKmaCeZprTTiIpjgJO28H4fp63X6hULBbPOkuoH+GhYCEjWBvLqz32G1f9ctWu2wuhTXBWUHUrvevpzM2a/fJ3bxCTNKJCE46V6jp2ov0cS80Ip5NSL1U0wWSMh7RrUOCIKj9fDDtBl8YZoDCW5gmNFu7vjhxHSmVRYCojrEdqPZub/2XdVId3fs5EkmoqyPKjMOVIx2i+ORowSYnmmQFMJDOzIjLCEhNt7lMyR3DWV96E1k3dsevOk1N1G7BUES6gAjVw4BZceIAmeECAwSu8wbslrKn1YX0uSwvWqucc/sj6+gHFD5D3</latexit><latexit sha1_base64="ktqA0hGq77GqKFPh3CWo1TQAMw4=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoMQm3Bno2WIjY0QwUsCyRH2Nptkyd7esTsnhCO/wcZCEVt/kJ3/xk1yhSY+GHi8N8PMvDCRwqDrfjuFjc2t7Z3ibmlv/+DwqHx80jJxqhn3WSxj3Qmp4VIo7qNAyTuJ5jQKJW+Hk9u5337i2ohYPeI04UFER0oMBaNoJb96329c9ssVt+YuQNaJl5MK5Gj2y1+9QczSiCtkkhrT9dwEg4xqFEzyWamXGp5QNqEj3rVU0YibIFscOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vG6Kw5sgEypJkSu2XDRMJcGYzD8nA6E5Qzm1hDIt7K2EjammDG0+JRuCt/ryOmld1Ty35j14lXojj6MIZ3AOVfDgGupwB03wgYGAZ3iFN0c5L86787FsLTj5zCn8gfP5A6kmjeg=</latexit>

(MBF )
<latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit><latexit sha1_base64="8cDuZm7LfkPsN9vKhFsXScIwPu8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMcQQbwIEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqVW666bVm8lZt1B0y+4MZJl4GSlChlq38NXpRSwJURomqNZtz42Nn1JlOBM4yXcSjTFlIzrAtqWShqj9dHbvhJxapUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+WnXMaJQcnmi/qJICYi0+dJjytkRowtoUxxeythQ6ooMzaivA3BW3x5mTTOy55b9u4vipVqFkcOjuEESuDBJVTgFmpQBwYCnuEV3pxH58V5dz7mrStONnMEf+B8/gAA+o9H</latexit>

(MFP )
<latexit sha1_base64="ckjcEas2Y7pRNf/Q7w8uoqfV+Cg=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqAhlxo0ui4K4ESrYC7RDyaSnbWgmMyYZoQx9CTcuFOnW13Hn25heFtr6Q+Dj/88h55wgFlwb1/12MmvrG5tb2e3czu7e/kH+8Kiuo0QxrLFIRKoZUI2CS6wZbgQ2Y4U0DAQ2guHNNG88o9I8ko9mFKMf0r7kPc6osVazdN9Jb6vjs06+6JbdmcgqeAsoVgrt8wkAVDv5r3Y3YkmI0jBBtW55bmz8lCrDmcBxrp1ojCkb0j62LEoaovbT2bxjcmqdLulFyj5pyMz93ZHSUOtRGNjKkJqBXs6m5n9ZKzG9Kz/lMk4MSjb/qJcIYiIyXZ50uUJmxMgCZYrbWQkbUEWZsSfK2SN4yyuvQv2i7Lll78ErVq5hriycQAFK4MElVOAOqlADBgJe4A3enSfn1flwJvPSjLPoOYY/cj5/ACfhkNs=</latexit><latexit sha1_base64="1NR2689rQ3ib7gunD1deRJc7MpI=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFqAgl6UaXQUHcCBXsBdpQJtNJO3QyiTMTIYS+hAguFHHr67jr2zi9LLT1h4GP/z+HOef4MWdK2/bEyq2tb2xu5bcLO7t7+wfFw6OmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzR9TRvPVGpWCQedBpTL8QDwQJGsDZWu3LXy27q47NesWxX7ZnQKjgLKLul7vnLxE3rveJ3tx+RJKRCE46V6jh2rL0MS80Ip+NCN1E0xmSEB7RjUOCQKi+bzTtGp8bpoyCS5gmNZu7vjgyHSqWhbypDrIdqOZua/2WdRAeXXsZEnGgqyPyjIOFIR2i6POozSYnmqQFMJDOzIjLEEhNtTlQwR3CWV16FZq3q2FXn3im7VzBXHk6gBBVw4AJcuIU6NIAAh2d4g3fr0Xq1PqzPeWnOWvQcwx9ZXz8xS5Jh</latexit><latexit sha1_base64="1NR2689rQ3ib7gunD1deRJc7MpI=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFqAgl6UaXQUHcCBXsBdpQJtNJO3QyiTMTIYS+hAguFHHr67jr2zi9LLT1h4GP/z+HOef4MWdK2/bEyq2tb2xu5bcLO7t7+wfFw6OmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzR9TRvPVGpWCQedBpTL8QDwQJGsDZWu3LXy27q47NesWxX7ZnQKjgLKLul7vnLxE3rveJ3tx+RJKRCE46V6jh2rL0MS80Ip+NCN1E0xmSEB7RjUOCQKi+bzTtGp8bpoyCS5gmNZu7vjgyHSqWhbypDrIdqOZua/2WdRAeXXsZEnGgqyPyjIOFIR2i6POozSYnmqQFMJDOzIjLEEhNtTlQwR3CWV16FZq3q2FXn3im7VzBXHk6gBBVw4AJcuIU6NIAAh2d4g3fr0Xq1PqzPeWnOWvQcwx9ZXz8xS5Jh</latexit><latexit sha1_base64="yeNugYnASlYi/l4IX5ohjnFFoos=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0m86LEoiBehgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rSdUmsfywYwT9CM6kDzkjBortSt3veymPjnrlcpu1Z2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfze6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCSz/jMkkNSjZfFKaCmJhMnyd9rpAZMbaEMsXtrYQNqaLM2IiKNgRv8eVl0jyvem7Vu/fKtas8jgIcwwlUwIMLqMEt1KEBDAQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8ARVij1I=</latexit>

64-bit floating point | 
function (func)

[2048, 4096, …]

func(FPR)

Buffer capacity         : Denotes the amount of memory allocated to in-memory 
buffer/memtables. Configurable w.r.t file size.
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1 design morphology 2 per operation I/O cost 3 total cost

latency =
Total I/Oworkload

IOPS
= L



1 design morphology 2 per operation I/O cost 3 total cost

latency =
Total I/Oworkload

IOPS
= L

(latency)I/O concurrency
L L

k



Amdahl’s Law (1967)

sequential (1-f) parallel (f)
1 core

2 core

4 core

8 core

theoretical speedup k = T
T - fT + fT/n

1
1 - f(1 - 1/n) = 

T



r1 r2 r3 r4

w1 w2 w3 w4

LSM B-treeHybrid-1 Hybrid-2
Ops

Design class

LSH

r5

w5



H/W 1 H/W 2 H/W 3

H/W 1: D16s v3 (16 vcpus, 64 GB RAM), 25600 IOPS, premium SSD 
H/W 2: D8s v3 (8 vcpus, 32 GB RAM), 12800 IOPS, premium SSD
H/W 3: D16a v4 (16 vcpus, 64 GB RAM), 32x500 IOPS, non-premium SSD

0.965 0.953 0.95

0.94 0.94 0.92

0.9230.942 0.952

(Base data, #reads)

10M, 1M

50M, 5M

100M, 10M

r1 r2 r3 r4

w1 w2 w3 w4

LSM B-treeHybrid-1 Hybrid-2
Ops

Design class

LSH

r5

w5



proportion of parallelizable code = 0.2*0.91 + 0.8*0.71 = 0.75

20% reads +
80% writes

0.91 0.93 0.92 0.94

0.71 0.79 0.74 0.65

LSM B-treeHybrid-1 Hybrid-2
Ops

Design class

LSH

0.97

0.8
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WiredTiger
RocksDB

FASTER

massive number of 
unexplored designs

write-
optimized

read-
optimized

empty range 
+ insert

VMs of different 
capacity

different storage type 
(SSD, HDD, EBS)
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YCSB E variant (30% blind update, 20% 

non-empty range, 50% empty range)



RocksDB

WiredTiger

FASTER (no support for range queries)

Cosine X

++
RocksDB

WiredTiger
FASTER

Existing Systems

20K 60K 100K
Budget ($/month)

YCSB E variant (30% blind update, 20% 
non-empty range, 50% empty range)
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++
RocksDB

WiredTiger
FASTER

Existing Systems

RocksDB

WiredTiger

Cosine

20K 60K 100K
Budget ($/month)

YCSB E variant (30% blind update, 20% 
non-empty range, 50% empty range)

Btree + Azure + 
64 GB mem + 4 CPUs

Leveled LSM + AWS + 
128 GB mem + 8 CPUs

Hybrid + GCP + 128 
GB mem + 4 CPUs

size ratio (T): 12
hot merge thresh. (K): 4 
cold merge thresh. (Z): 9
tot mem (M): 128 GB
#parallelism: 8
VM: r5d.4xlarge
Cloud: AWS

size ratio (T): 15
hot merge thresh. (K): 1 
cold merge thresh. (Z): 8
tot mem (M): 64 GB
#parallelism: 4
VM: n1-highmem-16
Cloud: GCP

103
104
105
106
107

Th
ro

ug
hp

ut
 (k

op
s/

s)

FASTER (no support for range queries)



20K 60K 100K
Budget ($/month)

X

++
RocksDB

WiredTiger
FASTER

Existing Systems

RocksDB

WiredTiger

Cosine

AWS

GCP
Azure

LSM

BTree

LSH
Hybrid

YCSB E variant (30% blind update, 20% 
non-empty range, 50% empty range)

103
104
105
106
107

Th
ro

ug
hp

ut
 (k

op
s/

s)

Cosine

BTree

LSM

LSM
Hybrid Hybrid

FASTER (no support for range queries)





Self-
Designing 
Systems

robustness

data types 
and designs

extensibility

complex 
operationsIO and 

concurrency 

SLA and 
cloud

workload 
forecasting  

adaptability


