1 byte BMeCT(
aHaToMu4 Scatte

Mutpononbckmnm AnekcaHaop /| CbepUHBectuumm Android Platform



Hans Peter Luhn
iInternal IBM memo

Donald Knuth

The Art of Computer Programming

Rust HashBrown

Android ScatterMap

Joshua Bloch
Java 1.2 & HashMap

Go Swiss Tables



YT10 OyIeT B TOKIAe

* HAHOCEKYHAOHble onTUMM3aumnm hot path
e annokKauunm n Harpyska Ha GC
* MATTEPHbI AOCTYNa K MaMATU U KewWwn Npoueccopa



HashMap H - hash: Int, K - key, V - value

.
------------------------------------------------------------------------------------------------------------------------------------------

S IETT] TTTCTT T > H K V | e > H K \V NULl

ZARNCTYT CRTETTETTRETRETTREE > H K V | e > H K V | e > H K \V/ NUlL

Q weefrerrnrinninn, > H K V null




HashMap.put(| « | v |) i = | kK |.hashCode() % capacity = ..5 % 10 = 5

.
------------------------------------------------------------------------------------------------------------------------------------------

S IETT] TTTCTT T > H K V | e > H K \V NULl

ZARNCTYT CRTETTETTRETRETTREE > H K V | e > H K V | e > H K \V/ NUlL

Q weefrerrnrinninn, > H K V null




1 = ..hashCode() % capacity = ..4 % 10 = 4
0
1L o > H K V | e >| H K V null
2

ZIEL. ... ..o > H K V | e >| H . V | b > H K V null

Q weefrerrnrinninn, > H K V null




..hashCode() % capacity = ..4 % 10 = 4

.
------------------------------------------------------------------------------------------------------------------------------------------

0]

g I > H K Vv | >| H K V | null

2

3 /\ 7 N\

P2 I > H | >s| H E N s| H K Vv | nutll
1 G G

1§ [

7

Y] > H K v | null

Q




HashMap

null

null

loadFactor = size / capacity
DEFAULT_LOAD_FACTOR = 0.75

*
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

H K V null




HashMap.Node

static class Node<K,V> {
final int hash;
final K key;
V value;
Node<K, V> next;



HashMap.Node

static class Node<K,V> {
final int hash;
final K key;
V value;
Node<K, V> next;

16 bytes unm 12
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HashMap.Node

static class Node<K, V> { 16 bytes wnn 12 unn 8 (B HotSpot)
final 1nt hash;

final K Kkey;
V value; R Roman Kennke — Project Lilliput:

Node<K, V> next; Joker<?>, €I . Shrinking object headers in the Hotspot...

d /768 npocMoTpoB * 3 roga Hasapg

Roman Kennke 3 | ) & JPoint, Joker n JUG ru — Java-koHdepeHLuu

Red Hat

NoapobHee 0 Java-KoHpepeHuusx: — BecHon — JPoint:

Project Lilliput: Shrinki bject
e e T Tl https://jrg.su/gTrwHx — oceHnbto — Joker: https://jrg.su/h7yvG4 — — In ...

headers in the Hotspot JVM
4K




HashMap.Node

static class Node<K,V> {
final int hash;
final K key;
V value;
Node<K, V> next;

+ + + +

IN IN IN IN OO

bytes (B ART)
bytes
bytes
bytes
bytes

24

bytes
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inline fun <K, V> mutableMapO0f(): MutableMap<K, V>

?
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LinkedHashMap.Node

static class Node<K,V> {
final int hash;
final K key;
V value;
Node<K, V> next;
Node<K, V> before;
Node<K, V> after;

+ + + + + +

IN ININ IN IN IN OO

bytes (B ART)
bytes
bytes
bytes
bytes
bytes
bytes

52

bytes
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HashMap.Node<Int, Int>

static class Node<Integer, Integer> {
final int hash;
final Integer key;
Integer value;
Node<Integer, Integer> next;

8 bytes (B ART)
+ 4 pytes
+ 4 + 16 - 4 = 16 bytes
+ 4 + 16 - 4 = 16 bytes
+ 4 pytes

56 bytes
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HashMap.Node<Int, Int>

static class Node<Integer, Integer> { 8 bytes (B ART)
final 1nt hash; + 4 bytes
final Integer key; + 4 + 16 - 4 = 16 bytes
Integer value; + 4 + 16 - 4 = 16 bytes
Node<Integer, Integer> next; + 4 pytes

h 56 bytes
+ 4 x 1 / 0.75

61 bytes

5.5

22




HashMap

» O(1)

« Ka)kgasa napa - otoenbHbit Node (overhead 24 ynn 32 banta)
« Autoboxing NpUMUTUBOB

* Pointer chasing n puck cache miss

17



ArrayMap



ArrayMap  H - hash: Int, K - key, V - value

.
------------------------------------------------------------------------------------------------------------------------------------------
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ArrayMap.put(| « [ v |) H = k |.hashCode() = 10

.
------------------------------------------------------------------------------------------------------------------------------------------

10 K
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ArrayMap.put(| « | v |) H = | k |.hashCode() = 9

.
------------------------------------------------------------------------------------------------------------------------------------------

9 K
10 V
K
vV
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ArrayMap.put(| & | v |) H = | k |.hashCode() = 9

.
------------------------------------------------------------------------------------------------------------------------------------------

9 K
9 V
10 K
V
K
V
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ArrayMap.get(| « |) H = | k |.hashCode() = 9

.
------------------------------------------------------------------------------------------------------------------------------------------

9 K
NED
10 K
V>
K
V
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ArrayMap

10 K

&

SparseArray

10 V

24



ArrayMap

* O(log n)

e 2 MaccmBa eBMecTto Node
« BcTaBka 0e3 annokayuunm
e SparseArray ong NnpuMMUTUBHDBIX KJTHOUYEN

25



Open Addressing / FlatHashMap



FlatHashMap

27



FlatHashMap

28



[
~
[
=

.hashCode() % 10

FlatHashMap o

.hashCode() % 10

H.
I
~
I

N

[
~]

1|« v .1 =| k |.hashCode() % 10

*
--------------------------------------------------------------------------------------------------------------------------------------
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FlatHashMap.put(| « | v [ ) i = | kK |.hashCode() % 10 = 4

.
--------------------------------------------------------------------------------------------------------------------------------------
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FlatHashMap.put(

0

1 | K V

2

S

4 K vV
G

5 | K vV
Ay

7 | K V

38

9

i = | kK |.hashCode() % 10 = 4

.
--------------------------------------------------------------------------------------------------------------------------------------
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1
~
1
IN

.hashCode() % 10

FlatHashMap o

.hashCode() % 10

H.
I
~
I

N

[
IN

1 i =| & |.hashCode() % 16

*
--------------------------------------------------------------------------------------------------------------------------------------
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FlatHashMap.remove (

4 K V
5 K vV
6

7 K V

fun remove(key: K) A
var i = key.hashCode() % capacity

while (keys[i] == null) {
if (keys[i] = key) {
// TODO delete
return
1
i

= next(i)

34



FlatHashMap.remove(| ¥ |)

fun remove(key: K) {

var i = key.hashCode() % capacity

while (keys[i] == null) {

3 E if (keys[i] = key) {
: keys[i] = null

4| K v E values[i] = null
; return
: i = next(i)

6

1
7 | K v )




FlatHashMap.get(

var 1

fun get(key: K): V? {

key.hashCode() % capacity

while (keys[i] == null) {
if (keys[i] = key) {

!
1
!

return values[i]

next(i)

return null

36



FlatHashMap.remove(| ¥ |)

0 ; fun remove(key: K) {
1 E var i1 = key.hashCode() % capacity
2 E while (keys[i] == null) {
E if (keys[i] = key) {
° ; keys[i] = TOMBSTONE
: values[i] = null
4 K V :
5 return
|2 }
E i = next(i)
: = }
}
7 | K v
g E val TOMBSTONE = Any()
9




FlatHashMap.get(| « |)

fun get(key: K): V? {

var i = key.hashCode() % capacity

: while (keys[i] == null) A
3 ; if (keys[i] = key) {
: return values[i]

4 | K v 1
' i

<; ; = next(i)
(;6 é return null
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FlatHashMap

» O(1)

* 2 MaccuBa BMecTo Node
« Autoboxing NpUMUTUBOB
* Pointer chasing n puck cache miss

-

39



rmouTu ScatterMap



noytm ScatterMap

0 O K V
1 10

2 10

S 10

4 O K V
5 11 g

6 10

7 O K V
3 10

9 10

41



noytn ScatterMap

0 00000011 K V

1 10000000

2 10000000

z | 10000000 hashCode = 0b ?1@1_1@11_@@1@_111@_11@1_@@11_1@1@_@111

| H1 | H2

25 ounT 7 OUT

4 00001001 K V

5 | 11111110 éé;;

6 10000000

7 01111111 K vV

38 10000000

9 10000000




nodytn ScatterMap

0 00000011 K

1 10000000

2 10000000

3 10000000

4 00001001 K

5 | 11111110 éésa

6 10000000

7 01111111 K

38 10000000

9 10000000

val Any.hl: Int get
val Any.hZ2: Int get

fun get(key: Any): Any? {
var 1 = key.hl % capacity

// OXXXXXXX

while (metal[i] == 0x80) { // 10000000
if (metal[i] = key.h2 && keys[i]

return values[i]

}

i = next(i)

}

// Hownu 90 nyctozo croTa
return null

KJIN4d HeT

key) {

43



nodytn ScatterMap

0 00000011 K

1 10000000

2 10000000

3 10000000

4 00001001 K

5 | 11111110 g

6 10000000

7 01111111 K

38 10000000

9 10000000

BitMask<uint32 t> Match(h2 t hash) const {
auto match ~mm setl epi8 (hash);
return BitMask<uint32 t>(
~mm movemask epi8( mm cmpeq epi8 (match, ctrl)));

4.4



nodytn ScatterMap

0 00000011 K

1 10000000

2 10000000

S 10000000

4 00001001 K

5 | 11111110 i

6 10000000

7 01111111 K

38 10000000

9 10000000

BitMask<uint32 t> Match(h2 t hash) const {
auto match ~mm setl epi8 (hash);
return BitMask<uint32 t>(
~mm movemask epi8( mm cmpeq epi8 (match, ctrl)));
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noytn ScatterMap

0 00000011

1 10000000

2 10000000

S 10000000

4 00001001

5 11111110

6 10000000

7 01111111

BitMask<uint32 t> Match(h2 t hash) const {
auto match = mm setl epi8 (hash);
return BitMask<uint32 t>(
_mm movemask epi8 ( mm cmpeq epi8 (match, ctrl)));

46



noytn ScatterMap

BitMask<uint32 t> Match(h2 t hash) const {
auto match = mm setl epi8 (hash);
return BitMask<uint32 t>(
_mm movemask epi8 ( mm cmpeq epi8 (match, ctrl)));

0 00000011

1 10000000

2 | 10000008 }

S 10000000

4 00001001

?Long

5 11111110

6 10000000

7 01111111




ScatterMap

48



ScatterMap
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ScatterMap

fun get(key: K): V? {
val index = findKeyIndex(key)
return if (index = 0) values[index] as V?
else null

50



internal inline fun findKeyIndex(key: K): Int {
val hash = hash(key)

Scattel"Map val hash2 = h2(hash)

val probeMask = _capacity
var probeOffset = hi(hash) and probeMask
var probelIndex = 0

while (true) {

val g = group(metadata, probeOffset)

var m = g.match(hash2)

while (m hasNext()) 4
val index = (probeOffset + m.get()) and probeMask
if (keys[index] = key) {

return 1ndex

1
m = m.next()

}.

if (g.maskEmpty() == 0L) {
break

}.

probeIndex += GroupWidth
probe0ffset = (probeOffset + probeIndex) and probeMask

}.

return -1



internal inline fun findKeyIndex(key: K): Int {
val hash = hash(key)

Scattel"Map val hash2 = h2(hash)

val probeMask = _capacity
var probeOffset = hi(hash) and probeMask
var probelIndex = 0

fun get(key: K): V? { : while (true) {
E val g = group(metadata, probeOffset)
var 1 = key.hashCode() % capacity : var m = g.match(hash2)
: while (m hasNext()) {
while (keys[i] == null) A E val index = (probeOffset + m.get()) and probeMask
if (keys[i] = key) { : if (keys[index] = key) {
return values[i] ; return index
5 : 5
i = next(i) : m = m.next()
s : Iy
return null : if (g.maskEmpty() == 0L) {
} E break
: 5

probeIndex += GroupWidth
probe0ffset = (probeOffset + probeIndex) and probeMask

}.

return -1



: val hash = hash(key)
Scattel"Map val hash2 = h2(hash)

val probeMask = _capacity
var probeOffset = hi(hash) and probeMask // % capacity
var probelndex = 0

var 1 = key.hashCode() % capacity



ScatterMap

while (keys[i] == null) {

while (true) A
val g = group(metadata, probeOffset)

if (g.maskEmpty() == 0OL) {
break

}.

54



ScatterMap

if (keys[i] = key) {
return values|[i]

}.

var m = g.match(hash2)
while (m.hasNext()) 4

val index = (probeOffset + m.get()) and probeMask

if (keys[index] =
return 1ndex

1

m

= m.next()

key) {

55



ScatterMap

next(i)

1

probeIndex += GroupWidth

probe0ffset

(probe0ffset + probelndex) and probeMask

56



ScatterMap

internal typealias Group =
internal typealias Bitmask

const val BitmaskLsb: Long
const val BitmaskMsb: Long

Long

Long

0x01010101010160101L // 0000 0001 0000 0001
Ox8080808080808080L // 1000 QOO0 1000 0000

57



ScatterMap

0 00000011

1 10000000

2 10000000

3 10000000

4 00001001

5 11111110

6 10000000

7 01111111

38 10000000

9 10000000

Group

01111111 10000000 11111110 00001001 10000000 10000000 10000000 00000011

58



Empty: 1 0 0 0 0 0 0 O
. Deleted: 11111118
ScatterMap ; FULl: ©h h hhhhh

*
-----------------------------------------------------------

while (true) {

if (g.maskEmpty() == 0L) {
break

}

inline fun Group.maskEmpty(): Bitmask {
return (this and (this.inv() shl 6)) and BitmaskMsb
1

59



Empty: 1 0 0 0 0 0 0 O
. Deleted: 11111118
ScatterMap ; FULl: ©h h hhhhh

*
-----------------------------------------------------------

inline fun Group.maskEmpty(): Bitmask {
return (this and (this.inv() shl 6)) and BitmaskMsb

}.

0. 000010601 11111110 10000000

60



Empty: 1 0 0 0 0 0 0 O
. Deleted: 11111110
ScatterMap ; FULl: @ h h h h h h h

*
-----------------------------------------------------------

inline fun Group.maskEmpty(): Bitmask {
return (this and (this.inv() shl 6)) and BitmaskMsb

}.

0. 000010601 11111110 10000000

1. 11110110 00000001 01111111 = inv this
L o L

2. 10000000 01011111 11000000 = 1. shl &

3. 00000000 01011110 10000000 = 2. and this

4. 00000000 OOOOOOOO 10060600 = 5. and BitmaskMshb

61



ScatterMap

inline fun group(metadata: LongArray, offset: Int): Group {
val 1 = offset shr 3
val b = (offset and 0x7) shl 3
return (metadatal[i] ushr b) or (metadatal[i + 1] shl (64 - b) and (-(b.toLong()) shr 63))

62



ScatterMap

inline fun group(metadata: LongArray, offset: Int): Group {
val 1 = offset shr 3
val b = (offset and 0x7) shl 3
return (metadatal[i] ushr b) or (metadatal[i + 1] shl (64 - b) and (-(b.toLong()) shr 63))

}.

[77 66 55 44 33 22 11 00], [FF EE DD CC BB AA 99 88]; offset = 2

63



ScatterMap

offset shr 3

val 1
val b

[77 66 55 44 33 22 11 00],

offset / 8 = 0
(offset % 8) = 8 = 16

o -
i1l

offset: Int

(offset and 0x7) shl 3

[FF EE DD CC BB AA 99 88]; offset = 2

// wHpekc Long, B KOTOpoM HaudyumHaeTca offset
// cpBur oT rpaHuy Long B 6uMTax

64



ScatterMap

(metadatali] ushr b) or (metadatali + 1] shl (64 - b)

[77 66 55 44 33 22 11 00], [FF EE DD CC BB AA 99 88]; offset = 2

offset / 8 = 0
b = (offset % 8) = 8 = 16

H.
I

Ux0000776655443522
Ux22838000000000000

metadatal[®] ushr 16
metadatal[1l] shl (64 - 16)

LSBsS
MSBs

65



ScatterMap

[77 66 55 44 33 22 11 00],

i = offset / 8 = 0O
b = (offset % 8) = 8 = 16

LSBsS
MSBs

metadatal[®] ushr 16

metadatal[1l] shl (64 - 16)

[FF EE DD CC BB AA 99 88]; offset

Ux0000776655443522
Ux22838000000000000

2

and (-(b.toLong()) shr 63))

66



ScatterMap

[77 66 55 44 33 22 11 00], [FF EE DD CC BB AA 99 88]; offset

offset / 8 = 0
b = (offset % 8) = 8 = 16

H.
I

Ux0000776655443522
Ux22838000000000000

LSBsS
MSBs

metadatal[®] ushr 16
metadatal[1l] shl (64 - 16)

X shl 64 = X

2

and (-(b.toLong()) shr 63))

67



ScatterMap

[77 66 55 44 33 22 11 00], [FF EE DD CC BB AA 99 88]; offset

offset / 8 = 0
b = (offset % 8) = 8 = 16

H.
I

Ux0000776655443522
Ux22838000000000000

LSBsS
MSBs

metadatal[®] ushr 16
metadatal[1l] shl (64 - 16)

.
.
X'

2

and (-(b.toLong()) shr 63))

X shl 64 = X if (b = 0) return metadatalil]

68



ScatterMap

(-b shr 63)

b =0 = 00000000_00000000_...

-b = 0 =0

shr 634 = 00000000_00000000_...
N\

b = 18 = 60BOBEGO_00000000_ ...

-b = -18 = 1

shr 63 = 11111111_11111111_...

N\

_00000000_00000000

_00000000_00000000

_00000000_00010010

2171717117171711_7171711711711711

69



ScatterMap

return (metadatal[i] ushr b) or (metadatal[i + 1] shl (64 - b) and (-(b.toLong()) shr 63))

[77 66 55 44 33 22 11 00], [FF EE DD CC BB AA 99 88]; offset = 2

offset / 8 = 0
b = (offset % 8) = 8 = 16

H.
I

Ux0000776655443522
Ux22838000000000000

LSBs = metadatal[®] ushr 16
MSBs = metadatal[l] shl (64 - 16)

return Ox0000776655443322 + (0x9988000000000000 * (if (b = 0) 0 else 1))




ScatterMap

var m = group.match(hash2)
while (m.hasNext()) {
val index = (probeOffset + m.get()) and probeMask
if (keys[index] = key) A
return 1ndex
1
m

= m.next()



Empty: 1 0 0 0 0 0 0 O
. Deleted: 11111118
ScatterMap ; FULl: ©h h hhhhh

*
-----------------------------------------------------------

inline fun Group.match(m: Int): Bitmask 1
val X = this xor (BitmasklLsb * m)
return (x - BitmaskLsb) and x.inv() and BitmaskMsb

0. 11111110 00001001 10060000 = this, 1001 = m

72



Empty: 1 0 0 0 0 0 0 O
. Deleted: 11111118
ScatterMap ; FULl: ©h h hhhhh

*
-----------------------------------------------------------

inline fun Group.match(m: Int): Bitmask 1
val X = this xor (BitmasklLsb * m)
return (x - BitmaskLsb) and x.inv() and BitmaskMsb

0. 111711110 00001001 10000000

this, 1001 = m

1. 00001001 00001001 BGOEO1BOEL = m * BitmaskLsh

2. 11110111 000GOOOO 10001001 = 1. xor this = x

5. 00000000 10000000 BOOOBEBOO = 5. and 4. and Bitmasklisb

73



ScatterMap

(x - BitmasklLsb) and x.inv() and BitmaskMsb

CBouncTBa HyneBoro bauTa:
» Crapwum 6ut Bcerpa 0, ncknwvatotca ymcna 10000000..11111111
 [Mocne BblYMTaHUA 1: cTapwum 6uT BCcerga 1, ncknwoyatorea Yymcna 00000001..10000000

0. 11110111 0000OCC00 10001001

X

1. 00001000 11111111 01110110 inv X

2. 11110101 1117117111171 10001000 = x - QUOOOOOL OOOODOOOT ODOOOOODOL

5. 00000000 111111171 0OBOOOBO = 1. and 2.

4. 00000000 10000000 OBOBOEOO = 5. and BitmaskMsb



ScatterMap

var m = group.match(Chash2) // 10000000 10000000 00000000
while (m.hasNext()) {
val index = (probeOffset + m.get()) and probeMask
if (keys[index] = key) A
return 1ndex
1
m

= m.next()

75



ScatterMap

var m = group.match(Chash2) // 10000000 10000000 00000000
while (m.hasNext()) {
val index = (probeOffset + m.get()) and probeMask
if (keys[index] = key) A
return 1ndex
1
m

= m.next()

inline fun Bitmask.hasNext() this == 0L



ScatterMap

var m = group.match(Chash2) // 10000000 10000000 00000000
while (m.hasNext()) {
val index = (probeOffset + m.get()) and probeMask
if (keys[index] = key) A
return 1ndex
1
m

= m.next()

inline fun Bitmask.hasNext() this == 0L

inline fun Bitmask.get() = countTrailingZeroBits() shr 3



ScatterMap

var m = group.match(Chash2) // 10000000 10000000 00000000
while (m.hasNext()) 4
val index = (probeOffset + m.get()) and probeMask
if (keys[index] = key) {
return 1ndex
1
m

= m.next()

inline fun Bitmask.hasNext() this == 0L

inline fun Bitmask.get() = countTrailingZeroBits() shr 3

inline fun Bitmask.next() = this and (this - 1L)

0. 10000000 10000000 OOOBOBOO = this
1. 10000000 01111111 211112111 = this - 1
2. 10000000 00000000 OOBOOOBO = O. and 1.



internal inline fun findKeyIndex(key: K): Int {
val hash = hash(key)

Scattel"Map val hash2 = h2(hash)

val probeMask = _capacity
var probeOffset = hi(hash) and probeMask
var probelIndex = 0

while (true) {

val g = group(metadata, probeOffset)

var m = g.match(hash2)

while (m hasNext()) 4
val index = (probeOffset + m.get()) and probeMask
if (keys[index] = key) {

return 1ndex

1
m = m.next()

}.

if (g.maskEmpty() == 0L) {
break

}.

probeIndex += GroupWidth
probe0ffset = (probeOffset + probeIndex) and probeMask

}.

return -1



ScatterMap

internal fun adjustStorage() {

if (_capacity > GroupWidth 8§& _size < 25/32 * _capacity)
dropDeletes()
} else {

resizeStorage(nextCapacity(_capacity)) // LOAD_FACTOR
}.

https://github.com/abseil/abseil-cpp/.../raw_hash_set.cc#L1587

{

7/8

25/32 = 0.78125

7/8 = 0.875

80



ScatterMap

O(1)

1 6anT BMecTo 32

BcTtaBka 6e3 annokauun

IntIntMap, LongLongMap, ... - 6e3 boxing

Cache friendly, npoBepku no 8 cnoToB 3a pa3 B LongArray
HeT pointer chasing

Load factory 0.875, Ha 17% 6onbuwe 4yemMm B HashMap

8l



Korma ncronp3oBaTh ScatterMap

* hot path c yacTbiMu put/get

 NONTOXMBYLAA Konnekuma, yyBctemutenbHasa K GC
* MPUMUTUBHbIE KIOYN NN 3HaYeHuqa (IntintMap n 1.4.)

82



Korzma He mncroib30Barh ScatterMap

e HY)XeH nopsanok BctaBku (LinkedHashMap)
e KONNEeKUMA ManeHbKas U KOPOTKOXUBYLLASA

83



ns / operation

ns / operation

get_hit_ random — ns per lookup

400 1 —$— HashMap

~— ArrayMap
350 4 —€— ScatterMap

300 -
250 -
200 -
150 A
100 A

50 A

16 64 256 1024 4096
entries (n)

put_empty presized — ns per put (log-y)

16384

65536

—— HashMap
~— ArrayMap
104 { —@— ScatterMap

(-]

o
w
1

=

o
N
]

$

t
—O— ——

11
¢
¢

101 -

100 -

16 64 256 1024 4096
entries (n)

16384

65536

iterate_forEach — ns per visited entry

100 1 —— HashMap.forEach
~— ArrayMap.forEach
—4— ScatterMap.forEach
--A-- ArrayMap.valueAt loop
80 -
60 -
g
C
Q
@
c
40 -
20 A
0 i 1 || 1 || 1 || 1
16 64 256 1024 4096 16384 65536
entries (n)
remove_then_reinsert — ns per (remove+insert) op (log-y)
| =$— HashMap
1 =8~ ArrayMap
104 { —€— ScatterMap
103 4
c :
o
o+t
o
)
Q
(@)
~ 102 4
n
- %
o= = = = ————
101 4
100 E 1 1 1 1 | 1 |
16 64 256 1024 4096 16384 65536
entries (n)




get_hit_ random — ns per lookup iterate_forEach — ns per visited entry

400 1 —$— HashMap == 100 1 —&— HashMap.forEach
~— ArrayMap ~— ArrayMap.forEach
350 4 —€— ScatterMap —4— ScatterMap.forEach
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