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Memory	Buffer
a	temporary	space	that	holds	data	in	memory

Implementations	of	memory	buffer
vector1

skip-list2

hash-hybrids3

4 trie
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LSM	Basics

Why	do	we	care?



Ideal	buffer	implementation?



skip-list



Implementation:	Skip-list

great	for	mixed	w/l	
some	extra	space	needed	
good	for	point	queries	

96 72 54 96 72 54

44 66
get(7)

						insert	cost:					<latexit sha1_base64="AO1STQFUTNjim4mIK/iME9G7dm8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBXqpswIPpYFXbjSCvYBnaFk0kwbmkmGJCMMQ/0VNy4UceuHuPNvzEy70NYDgcM593JPThAzqrTjfFtLyyura+uljfLm1vbOrr2331YikZi0sGBCdgOkCKOctDTVjHRjSVAUMNIJxle533kkUlHBH3QaEz9CQ05DipE2Ut+ueBHSI4xYdjepeUwM4e1J3646dacAXCTujFQbR2GBZt/+8gYCJxHhGjOkVM91Yu1nSGqKGZmUvUSRGOExGpKeoRxFRPlZEX4Cj40ygKGQ5nENC/X3RoYipdIoMJN5VDXv5eJ/Xi/R4aWfUR4nmnA8PRQmDGoB8ybggEqCNUsNQVhSkxXiEZIIa9NX2ZTgzn95kbRP6+55/ezetHENpiiBA3AIasAFF6ABbkATtAAGKXgGr+DNerJerHfrYzq6ZM12KuAPrM8fp4+XEw==</latexit>

O(logN)

point	query	cost:					<latexit sha1_base64="AO1STQFUTNjim4mIK/iME9G7dm8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBXqpswIPpYFXbjSCvYBnaFk0kwbmkmGJCMMQ/0VNy4UceuHuPNvzEy70NYDgcM593JPThAzqrTjfFtLyyura+uljfLm1vbOrr2331YikZi0sGBCdgOkCKOctDTVjHRjSVAUMNIJxle533kkUlHBH3QaEz9CQ05DipE2Ut+ueBHSI4xYdjepeUwM4e1J3646dacAXCTujFQbR2GBZt/+8gYCJxHhGjOkVM91Yu1nSGqKGZmUvUSRGOExGpKeoRxFRPlZEX4Cj40ygKGQ5nENC/X3RoYipdIoMJN5VDXv5eJ/Xi/R4aWfUR4nmnA8PRQmDGoB8ybggEqCNUsNQVhSkxXiEZIIa9NX2ZTgzn95kbRP6+55/ezetHENpiiBA3AIasAFF6ABbkATtAAGKXgGr+DNerJerHfrYzq6ZM12KuAPrM8fp4+XEw==</latexit>

O(logN)

space	complexity:					<latexit sha1_base64="FyNMxyus2SA+diK4EIis//sI0kM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CVahIpQZwceyoAs3agX7gLaUTJppQzOZIckUytA/ceNCEbf+iTv/xsy0C209EDiccy/35HgRZ0o7zreVW1peWV3Lrxc2Nre2d+zdvboKY0lojYQ8lE0PK8qZoDXNNKfNSFIceJw2vOF16jdGVCoWiic9jmgnwH3BfEawNlLXttsB1gOCefIwKd2f3p107aJTdjKgReLOSLFy5Geodu2vdi8kcUCFJhwr1XKdSHcSLDUjnE4K7VjRCJMh7tOWoQIHVHWSLPkEHRulh/xQmic0ytTfGwkOlBoHnplMc6p5LxX/81qx9q86CRNRrKkg00N+zJEOUVoD6jFJieZjQzCRzGRFZIAlJtqUVTAluPNfXiT1s7J7UT5/NG3cwBR5OIBDKIELl1CBW6hCDQiM4Ble4c1KrBfr3fqYjuas2c4+/IH1+QM1y5Wv</latexit>

O(N +M)

N	:	entries	in	buffer	
M	:	meta	data
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Implementation:	Vector

6 4 9 2 7 5

dynamic

static

great	for	insert-heavy	w/l	
no	extra	space	needed	
expensive	point	queries	

insert	cost:					
<latexit sha1_base64="NVgkAOvEsVihQTfwCoMhFj/1Jtw=">AAAB9XicbVDLSsNAFL2pr1pfVZduBqtQNyURfCwLunBnBfuANpbJdNIOnUzCzEQpIf/hxoUibv0Xd/6Nk7QLbT0wcDjnXu6Z40WcKW3b31ZhaXllda24XtrY3NreKe/utVQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja8yv/1IpWKhuNeTiLoBHgrmM4K1kR56AdYjgnlym1adk365YtfsHGiRODNSqR/5ORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN8lTp+jYKAPkh9I8oVGu/t5IcKDUJPDMZJZSzXuZ+J/XjbV/6SZMRLGmgkwP+TFHOkRZBWjAJCWaTwzBRDKTFZERlphoU1TJlODMf3mRtE5rznnt7M60cQ1TFOEADqEKDlxAHW6gAU0gIOEZXuHNerJerHfrYzpasGY7+/AH1ucPh2GU1Q==</latexit>

O(1)

N	:	entries	in	buffer

point	query	cost:						<latexit sha1_base64="iOpmOS2fuvhi5qE47e4iioLrclc=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBKtQN2Wm4GNZ0IUrrWAf0I4lk2ba0ExmSDJKGfofblwo4tZ/ceffmJl2oa0HAodz7uWeHC/iTGnb/rZyS8srq2v59cLG5tb2TnF3r6nCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SZ+q1HKhULxb0eR9QN8EAwnxGsjfTQDbAeEsyT20n55qRXLNkVOwNaJM6MlGpHfoZ6r/jV7YckDqjQhGOlOo4daTfBUjPC6aTQjRWNMBnhAe0YKnBAlZtkqSfo2Ch95IfSPKFRpv7eSHCg1DjwzGSaUs17qfif14m1f+EmTESxpoJMD/kxRzpEaQWozyQlmo8NwUQykxWRIZaYaFNUwZTgzH95kTSrFeescnpn2riCKfJwAIdQBgfOoQbXUIcGEJDwDK/wZj1ZL9a79TEdzVmznX34A+vzB7NylPI=</latexit>

O(N)

get(7)

6 4 9 2 7 5

space	complexity:					<latexit sha1_base64="iOpmOS2fuvhi5qE47e4iioLrclc=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBKtQN2Wm4GNZ0IUrrWAf0I4lk2ba0ExmSDJKGfofblwo4tZ/ceffmJl2oa0HAodz7uWeHC/iTGnb/rZyS8srq2v59cLG5tb2TnF3r6nCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SZ+q1HKhULxb0eR9QN8EAwnxGsjfTQDbAeEsyT20n55qRXLNkVOwNaJM6MlGpHfoZ6r/jV7YckDqjQhGOlOo4daTfBUjPC6aTQjRWNMBnhAe0YKnBAlZtkqSfo2Ch95IfSPKFRpv7eSHCg1DjwzGSaUs17qfif14m1f+EmTESxpoJMD/kxRzpEaQWozyQlmo8NwUQykxWRIZaYaFNUwZTgzH95kTSrFeescnpn2riCKfJwAIdQBgfOoQbXUIcGEJDwDK/wZj1ZL9a79TEdzVmznX34A+vzB7NylPI=</latexit>

O(N)

8 1

8 1



depends	on	a	workload	composition
insert	heavy
insert	with	point	queries
insert	with	range	queries
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4 insert	with	updates

Ideal	buffer	implementation?
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Implementation:	Hash	Hybrids
pre<ix		

length	(X)

bucket		
count	(H)

N	:	entries	in	buffer	
M	:	meta	data

f(k)
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Implementation:	Hash	Hybrids
pre<ix		

length	(X)

bucket		
count	(H)

N	:	entries	in	buffer	
M	:	meta	data

f(k)
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Implementation:	Hash	Hybrids
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Implementation:	Hash	Hybrids
pre<ix		

length	(X)

bucket		
count	(H)
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M	:	meta	data
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Implementation:	Hash	Hybrids
pre<ix		

length	(X)
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Implementation:	Hash	Hybrids
pre<ix		

length	(X)

bucket		
count	(H)

N	:	entries	in	buffer	
M	:	meta	data

f(k)
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What	do	we	do	for	overflow?



Implementation:	Hash	Hybrids
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Implementation:	Hash	Hybrids
pre<ix		

length	(X)

N	:	entries	in	buffer	
M	:	meta	data

f(k)

What	if	we	don’t	store	prefix?
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vector
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collision



more	meta	space	needed	

0
1
2
3
bucket		
count	(H)

Implementation:	Hash	Hybrids
pre<ix		

length	(X)

N	:	entries	in	buffer	
M	:	meta	data

f(k)
12401def

12301abc

skip-list
vector

linked-list

great	for	mixed	w/l	

good	for	point	queries	
insert	cost:					<latexit sha1_base64="U7Ldusq3pHRK8N52/5SIkPtegP0=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliFuqkzgo9lQRddaQX7gM5QMmmmDc0kQ5IRylDwV9y4UMSt3+HOvzEz7UKrBwKHc+7lnpwgZlRpx/myCguLS8srxdXS2vrG5pa9vdNSIpGYNLFgQnYCpAijnDQ11Yx0YklQFDDSDkZXmd9+IFJRwe/1OCZ+hAachhQjbaSevedFSA8xYuntpOIxMYA3J/Xjnl12qk4O+Je4M1KuHYY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRS8hJFYoRHaEC6hnIUEeWnefwJPDJKH4ZCmsc1zNWfGymKlBpHgZnMwqp5LxP/87qJDi/9lPI40YTj6aEwYVALmHUB+1QSrNnYEIQlNVkhHiKJsDaNlUwJ7vyX/5LWadU9r57dmTauwRRFsA8OQAW44ALUQB00QBNgkIIn8AJerUfr2Xqz3qejBWu2swt+wfr4BrRSl54=</latexit>

O(logN/H)

point	query	cost:					<latexit sha1_base64="U7Ldusq3pHRK8N52/5SIkPtegP0=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliFuqkzgo9lQRddaQX7gM5QMmmmDc0kQ5IRylDwV9y4UMSt3+HOvzEz7UKrBwKHc+7lnpwgZlRpx/myCguLS8srxdXS2vrG5pa9vdNSIpGYNLFgQnYCpAijnDQ11Yx0YklQFDDSDkZXmd9+IFJRwe/1OCZ+hAachhQjbaSevedFSA8xYuntpOIxMYA3J/Xjnl12qk4O+Je4M1KuHYY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRS8hJFYoRHaEC6hnIUEeWnefwJPDJKH4ZCmsc1zNWfGymKlBpHgZnMwqp5LxP/87qJDi/9lPI40YTj6aEwYVALmHUB+1QSrNnYEIQlNVkhHiKJsDaNlUwJ7vyX/5LWadU9r57dmTauwRRFsA8OQAW44ALUQB00QBNgkIIn8AJerUfr2Xqz3qejBWu2swt+wfr4BrRSl54=</latexit>

O(logN/H)
space	complexity:					<latexit sha1_base64="FyNMxyus2SA+diK4EIis//sI0kM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CVahIpQZwceyoAs3agX7gLaUTJppQzOZIckUytA/ceNCEbf+iTv/xsy0C209EDiccy/35HgRZ0o7zreVW1peWV3Lrxc2Nre2d+zdvboKY0lojYQ8lE0PK8qZoDXNNKfNSFIceJw2vOF16jdGVCoWiic9jmgnwH3BfEawNlLXttsB1gOCefIwKd2f3p107aJTdjKgReLOSLFy5Geodu2vdi8kcUCFJhwr1XKdSHcSLDUjnE4K7VjRCJMh7tOWoQIHVHWSLPkEHRulh/xQmic0ytTfGwkOlBoHnplMc6p5LxX/81qx9q86CRNRrKkg00N+zJEOUVoD6jFJieZjQzCRzGRFZIAlJtqUVTAluPNfXiT1s7J7UT5/NG3cwBR5OIBDKIELl1CBW6hCDQiM4Ble4c1KrBfr3fqYjuas2c4+/IH1+QM1y5Wv</latexit>

O(N +M)



Analyze:	Hash	Hybrids
N	:	entries	in	buffer	
M	:	meta	data

bucket	count	(H)pre`ix	length	(X)

X	=	0,	H	>	0	
or	

X	=	key	size,		
H	=	1

any	data	structure
kiv,…,	kNvf(ki-N)

X	=	key	size,	
H	=	N

hash-table
kvf(ki)

kvf(kN)



Analyze:	Hash	Hybrids
N	:	entries	in	buffer	
M	:	meta	data

bucket	count	(H)pre`ix	length	(X)

X	
H

b	is	a	`inite	set	of	
pre`ixes	{b1,…,bm}	
for	range	queries

X	=	0,	H	>	0	
or	

X	=	key	size,		
H	=	1

any	data	structure
kiv,…,	kNvf(ki-N)

X	=	key	size,	
H	=	N

hash-table
kvf(ki)

kvf(kN)

??
??

What	could	be	the	possible		
values	for	X	and	H?

same	pre`ix	for	start	and	end	key



Analyze:	Hash	Hybrids
N	:	entries	in	buffer	
M	:	meta	data

bucket	count	(H)pre`ix	length	(X)

X	
H

b	is	a	`inite	set	of	
pre`ixes	{b1,…,bm}	
for	range	queries

X	=	0,	H	>	0	
or	

X	=	key	size,		
H	=	1

any	data	structure
kiv,…,	kNvf(ki-N)

X	=	key	size,	
H	=	N

hash-table
kvf(ki)

kvf(kN)

What	could	be	the	possible		
values	for	X	and	H?

same	pre`ix	for	start	and	end	key

=	len(b1)
>	len(b)



Analyze:	Hash	Hybrids
N	:	entries	in	buffer	
M	:	meta	data

bucket	count	(H)pre`ix	length	(X)

X	=	
H	>X	=	0,	H	>	0	

or	
X	=	key	size,		

H	=	1

any	data	structure
kiv,…,	kNvf(ki-N)

X	=	key	size,	
H	=	N

hash-table
kvf(ki)

kvf(kN)
len(b1)
len(b)

b	is	a	`inite	set	of	
pre`ixes	{b1,…,bm}	
for	range	queries

hash	hybrid(a)

X	=	len(b1), s	is	selectivity		
of	range	query??H	<=

What	could	be	the	possible	H	value?

same	pre`ix	for	start	and	end	key



Analyze:	Hash	Hybrids
N	:	entries	in	buffer	
M	:	meta	data

bucket	count	(H)pre`ix	length	(X)

X	=	
H	>X	=	0,	H	>	0	

or	
X	=	key	size,		

H	=	1

any	data	structure
kiv,…,	kNvf(ki-N)

X	=	key	size,	
H	=	N

hash-table
kvf(ki)

kvf(kN)
len(b1)
len(b)

b	is	a	`inite	set	of	
pre`ixes	{b1,…,bm}	
for	range	queries

hash	hybrid(a)

X	=	len(b1), s	is	selectivity		
of	range	queryH	<=

What	could	be	the	possible	H	value?

same	pre`ix	for	start	and	end	key
size(buffer)/(N	x	s)



Analyze:	Hash	Hybrids
N	:	entries	in	buffer	
M	:	meta	data

bucket	count	(H)pre`ix	length	(X)

X	=	
H	>X	=	0,	H	>	0	

or	
X	=	key	size,		

H	=	1

any	data	structure
kiv,…,	kNvf(ki-N)

X	=	key	size,	
H	=	N

hash-table
kvf(ki)

kvf(kN)
len(b1)
len(b)

b	is	a	`inite	set	of	
pre`ixes	{b1,…,bm}	
for	range	queries

hash	hybrid(a)

X	=	len(b1),

s	is	selectivity	of	range	query
size(buffer)/(N	x	s)H	<=

b	is	a	`inite	set	of	
pre`ixes	{b1,…,bm}	
for	range	queries

hash	hybrid(b)



Implementation:	Trie
Node

Edge



Put	Implementation:	Trie
put(trie)

t

r

i

e
PTR

PTRK	:	max	size	of	key	
M	:	meta	data	
N	:	entries	in	buffer

pointer	to	value



more	space	optimized	

Put	Implementation:	Trie

t

r

i

e
PTR

put(tree)

e

PTR
e

What’s	the	difference?

K	:	max	size	of	key	
M	:	meta	data	
N	:	entries	in	buffer



Get	Implementation:	Trie

t

r

i

e
PTR

get(tree)

e

PTR
e

more	space	optimized	
good	for	point	queries	

a

n

l

PTR

PTR

l o

K	:	max	size	of	key	
M	:	meta	data	
N	:	entries	in	buffer

PTR

p

w

h

y

PTR

a

s

PTR



GetRange	Implementation:	Trie
getRange(tob,	was)

K	:	max	size	of	key	
M	:	meta	data	
N	:	entries	in	buffer

t

r

i

e
PTR

e

PTR
e

more	space	optimized	
good	for	point	queries	

a

n

l

PTR

PTR

o

PTR

p

w

h

y

PTR

a

s

PTR
insert	cost:					<latexit sha1_base64="RChTnfxVBFHVycOVKxb9NNM+B3A=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZcCMIWsE+oB1LJs20oZnMkGSUMvQ/3LhQxK3/4s6/MdPOQlsPBA7n3Ms9OV7EmdK2/W3lVlbX1jfym4Wt7Z3dveL+QUuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vgy9duPVCoWins9iagb4KFgPiNYG+mhF2A9Ipgnt9Py9Wm/WLIr9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSOqs4tUrtrlqq32R15OEIjqEMDpxDHa6gAU0gIOEZXuHNerJerHfrYz6as7KdQ/gD6/MH9kGSNg==</latexit>

O(K)
point	query	cost:					<latexit sha1_base64="RChTnfxVBFHVycOVKxb9NNM+B3A=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZcCMIWsE+oB1LJs20oZnMkGSUMvQ/3LhQxK3/4s6/MdPOQlsPBA7n3Ms9OV7EmdK2/W3lVlbX1jfym4Wt7Z3dveL+QUuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vgy9duPVCoWins9iagb4KFgPiNYG+mhF2A9Ipgnt9Py9Wm/WLIr9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSOqs4tUrtrlqq32R15OEIjqEMDpxDHa6gAU0gIOEZXuHNerJerHfrYz6as7KdQ/gD6/MH9kGSNg==</latexit>

O(K)

good	for	range	queries	

range	query	cost:					<latexit sha1_base64="Y8rfai8l036zfkg4Xm6ls6hBtzA=">AAACCXicbVDLSsNAFL3xWesr6tLNYBHqpiQi1WXBjSDUCvYBTSiT6aQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNoK2HrhwOOde7r3HizmTyrK+jKXlldW19cJGcXNre2fX3NtvySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3usz89j0VkkXhnRrH1A3wIGQ+I1hpqWciJ8BqSDBPbybla+QoFlCJ6j9EnvTMklWxpkCLxM5JCXI0euan049IEtBQEY6l7NpWrNwUC8UIp5Oik0gaYzLCA9rVNMR6j5tOP5mgY630kR8JXaFCU/X3RIoDKceBpzuzu+W8l4n/ed1E+RduysI4UTQks0V+wpGKUBYL6jNBieJjTTARTN+KyBALTJQOr6hDsOdfXiSt04pdrVRvz0q1eh5HAQ7hCMpgwznU4Aoa0AQCD/AEL/BqPBrPxpvxPmtdMvKZA/gD4+MbE0aZWA==</latexit>

O(K ⇥N ⇥ s)



Experiments

RocksDB	v9.0.0

size	ratio						4	
buffer	size			16MB	
page	size						4KB		
entry	size					64B	
key	size									10

vector	dynamic

skip-list

hash	skip-list
hash	linked-listvector	static

insert	heavy
insert	with		
point	queries
insert	with		
range	queries

latency I/Os memory

2	Intel	Gold	6126	vCPUs	
192	GB	RAM	
240	GB	SSD	
Ubuntu	20.04	LTS	

buffer
workload

metrics
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insert	heavy

vector	is	10x	faster	than		
skip-list	for	an	insert	heavy	w/l	

120K	inserts	



insert	with	point	queries
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vector: 28.956 ms
skip-list: 0.003 ms
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Evaluation

140K	inserts,	200	interleaved	point	queries

vector	is	10x	faster	than		
skip-list	for	an	insert	heavy	w/l	
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Evaluation
120K	inserts,	interleaved	point	queries

vector	is	10x	faster	than		
skip-list	for	an	insert	heavy	w/l	

vector	is	worst	choice	for	w/ls	
with	point	queries		
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hash skip-list: 0.84 µs
skip-list: 2.56 µs

X=6, H=100K
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Evaluation
140K	inserts,	200	interleaved	point	queries

insert	with	point	queries

vector	is	10x	faster	than		
skip-list	for	an	insert	heavy	w/l	

vector	is	worst	choice	for	w/ls	
with	point	queries		



0 50 100 150 200
point query number

0

2

4

6

la
te

nc
y

(µ
s)

mean time
hash linked-list: 1.16 µs
skip-list: 2.56 µs

X=6, H=100K

skip-list

hash	linked-list

Evaluation
140K	inserts,	200	interleaved	point	queries

insert	with	point	queries

vector	is	10x	faster	than		
skip-list	for	an	insert	heavy	w/l	

vector	is	worst	choice	for	w/ls	
with	point	queries		

hash	buffers	are	2-3x	faster	
than	skip-list	for	point	queries	
w/ls
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range queries with X=4, H=100K

vector skip-list hash skip-list hash linked-list

Evaluation

insert	with	range	queries

vector	is	10x	faster	than		
skip-list	for	an	insert	heavy	w/l	

vector	is	worst	choice	for	w/ls	
with	point	queries		

skip-list	outperforms	for	w/ls	
with	range	queries

140K	inserts,	200	interleaved	range	queries

hash	buffers	are	2-3x	faster	
than	skip-list	for	point	queries	
w/ls



Evaluation
270K	inserts,	pre`ix	length	=	4vector	is	10x	faster	than		

skip-list	for	an	insert	heavy	w/l	

vector	is	worst	choice	for	w/ls	
with	point	queries		

hash	buffers	are	2-3x	faster	
than	skip-list	for	point	queries	
w/ls

skip-list	outperforms	for	w/ls	
with	range	queries

memory	footprint



Evaluation
270K	inserts,	bucket	count	=	100Kvector	is	10x	faster	than		

skip-list	for	an	insert	heavy	w/l	

vector	is	worst	choice	for	w/ls	
with	point	queries		

hash	buffers	are	2-3x	faster	
than	skip-list	for	point	queries	
w/ls

skip-list	outperforms	for	w/ls	
with	range	queries

memory	footprint



vector	perform	12%	less	`lushes;	
more	I/Os	in	hash	based	buffers
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1.5M	inserts	

vector	is	10x	faster	than		
skip-list	for	an	insert	heavy	w/l	

vector	is	worst	choice	for	w/ls	
with	point	queries		

hash	buffers	are	2-3x	faster	
than	skip-list	for	point	queries	
w/ls

skip-list	outperforms	for	w/ls	
with	range	queries



Ongoing	Work

explore	other		
implementations

tree,	trie,	heap

finding	best	
buffer

using	machine	learning	

switching	
buffer

on	the	fly	when	w/l	changes



Thank	You!
Questions?

Santiago,	Chile,	2024

Anatomy	of	LSM	Memory	Buffer


