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Dict analysis
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Implemented in dict.h / dict.c

● Redis의 K/V Hash table 구조체가구현되어있음.
○ Redis data storage

○ Redis HM types

● Dynamic hashing을사용함.
○ 2개의 hash table을사용하여구현.

○ Collision

■ linear chaining

○ Rehash

■ Expandable (Similar!)

■ Incremental
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Dict structures

● dictEntry
○ hash table에저장되는 entry

○ key, value, next pointer를가지고있음

● dictht
○ dictEntry를저장하는 hash table

○ size, used 정보도저장함

● dict
○ hash table을관리하는구조체

○ 2개의 dictht를가지고있음

■ rehash
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Dict structures

● dictType
○ dict의 polymorphism을구현함

○ dict에서사용하는 function들을 override

● dictIterator
○ dict(hash table) iteration를담당 (SCAN)

○ safe / unsafe
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dictEntry

Data Type Name Description

void* key 키

(union)

void*

uint64_t

int64_t

double

val

u64

s64

d

값

dictEntry* next (Chaining) Hash 값충돌시다음 entry pointer
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dictht

Data Type Name Description

dictEntry** table (Bucket) Entry pointer array

unsigned long size Bucket size

unsigned long sizemask Bucket Size에맞는 hash key를 bitwise 추출하기위한 mask

unsigned long used Used entry size
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dict

Data Type Name Description

dictType* type Dict type (pre-defined)

void* privdata -

unsigned long sizemask Size에맞는 hash key를 bitwise추출하기위한 mask

long rehashidx
Rehash 해야할 bucket start index

Rehash중이아니면, -1로 set되어있다

unsigned long iterators 현재작업중인 ‘safe’ iterator 개수
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dictType

Data Type Name Description

uint64_t *hashFunction Hash function

void* *keyDup Key duplication

void* *valDup Value duplication

int *keyCompare Key compare function

void *keyDestructor Key destructor (zfree)

void *valDestructor Value destructor (zfree)
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● dbDictType

● setDictType

● hashDictType

● clusterNodesDictType

● ...etc

● Hash function generator는 “siphash”을사용함
○ https://en.wikipedia.org/wiki/SipHash

dictType

Defined 

in 

server.c
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redisDb

dictTypedict dictht dictht

table (bucket)

0

1

2

...

dictEntry key v

dictEntry key v

dictEntry key v

dictEntry key v
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Add / Delete key
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Add

● dictAdd()에의해수행됨
○ dictAddRaw / dictSetVal 로나누어서수행함

● dictAddRaw()
○ dict에 key에해당하는 dictEntry를생성시키는 function

○ key에해당하는 bucket index를구한다음, bucket chain에 entry를추가시킴

○ entry만추가하고 value는 set하지않음

○ key가이미 dict 내부에존재하면, existing을 populate시켜주고 return

● dictSetVal()
○ dictType에맞는 value duplicate function을호출함.

■ 거의 default를사용함. (entry->v.val = val)
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table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg
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table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

16

dictAdd(d, “lee”, “jh”)

hash(lee) & sizemask = 13



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

17

dictAdd(d, “lee”, “jh”)

hash(lee) & sizemask = 13

13

...
Key is not exist!



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

18

dictAdd(d, “lee”, “jh”)

13

...

dictEntry dictSetKey(d, entry, “lee”)



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

19

dictAdd(d, “lee”, “jh”)

13

...

dictEntry lee Finish dictAddRaw(d, “lee”, existingPtr)



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

20

dictAdd(d, “lee”, “jh”)

13

...

dictEntry lee dictSetVal(d, entry, “jh”)



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

21

dictAdd(d, “lee”, “jh”)

13

...

dictEntry lee jh Finish dictAdd(d, “lee”, “jh”)



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

22

dictAdd(d, “kim”, “jk”)

13

...

dictEntry lee jh

hash(kim) & sizemask = 0

Animation

Key is already exist!



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

23

dictAdd(d, “kim”, “jk”)

13

...

dictEntry lee jh

hash(kim) & sizemask = 0

Finish dictAddRaw(d, “kim”, existingPtr)

populate existingPtr = dictEntry kim

return NULL



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry sung hs

dictEntry gim totoro

dictEntry choi wg

24

dictAdd(d, “jung”, “hs”)

13

...

dictEntry lee jh

hash(jung) & sizemask = 1

Animation

Key is not exist!



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry jung hs

dictEntry gim totoro

dictEntry choi wg

25

dictAdd(d, “jung”, “hs”)

13

...

dictEntry lee jh

dictEntry sung hs



Delete

● dictDelete()에의해수행됨

● dictUnlink()
○ dictEntry를메모리에서날리지않고, bucket table에서만지움

○ 이점

■ 다음의상황에서 lookup을 2번하는걸방지할수있다.

26



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry jung hs

dictEntry gim totoro

dictEntry choi wg

27

dictDelete(d, “kim”)

13

...

dictEntry lee jh

dictEntry sung hs



table (bucket)

0

1

2

...

dictEntry jung hs

dictEntry gim totoro

dictEntry choi wg

28

dictDelete(d, “kim”)

13

...

dictEntry lee jh

dictEntry sung hs



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry jung hs

dictEntry gim totoro

dictEntry choi wg

29

dictUnlink(d, “kim”)

13

...

dictEntry lee jh

dictEntry sung hs



table (bucket)

0

1

2

...

dictEntry kim dy

dictEntry jung hs

dictEntry gim totoro

dictEntry choi wg

30

dictUnlink(d, “kim”)

13

...

dictEntry lee jh

dictEntry sung hs



Expand / Rehash
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Expand / Rehash

● Key를 Add할때, hash bucket 사이즈가정해져있으면 collision이많이발생함
○ Linear Chaining이많이생기게됨

○ Find / Add / Delete load ↑

● Bucket table보다사용한 entry 개수가더많아지면 table을 expand
○ Find key operation할때마다 check

○

● Bucket table size는 2^n으로 늘어남

● Rehash를 trigger할수있게준비함. (rehashidx = 0) 32



● Rehash는 redis server에서주기적(1ms)으로실행함
○ ht[1]이 Expand 되었을때만 rehash가가능함

○ 한꺼번에 rehash하지않고조금조금씩 rehash

○ incremental rehash

● (Rehash method) dict는 2개의 Bucket table을가지고있음
○ Rehash가일어나지않는이상, ht[0]에서 entry를 find

○ Expand는 ht[1]의 size를 2배로늘림

○ Rehash는 Expand된이후에 ht[0]의 entry address를 ht[1]로다시 hash function을수행하여

hash함.

Expand / Rehash

33



● Rehash 작업을한꺼번에진행하지않고, 일부만진행한뒤잠시멈춰놓는방

법
○ ht[0]에남는 entry 없이 Hash 작업이모두완료되면 return 0

○ ht[0]에남은 entry가있으면 return 1

● Rehash중인 dict는 ht[0]와 ht[1] 모두사용한다.
○ Find: ht[0], ht[1] 모두조회

○ Add: ht[1]에작성

● Rehash가완료되면 ht[1]을 ht[0]로옮긴다.
○ Rehash중이지않을때는 ht[0]만사용하도록함. 코드통일성.

○ address coping이기때문에 memory load가거의없음.

Incremental rehash
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0

1

2

3

ht[0] DICT_HT_INITIAL_SIZE = 4ht[1]
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0

1

2

3

ht[0] Add entries...

dy hs

wg

jh

ht[1]
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0

1

2

3

ht[0] Expand triggered

dy hs

wg

jh

ht[1]

0

1

2

3

4

5

6

7

2^2 => 2^3으로늘어남
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1

2

3

ht[0]

dy hs

wg

jh

ht[1]

0

1

2

3

4

5

6

7

0

rehashidx = 0

Incremental Rehashing…



dy hs

wg

jh

39

1

2

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

hash(dy) = 1101100(2) hash(hs) = 1101000(2)

sizemask = size - 1

= 4 - 1

= 3

= 11(2)

0

Incremental Rehashing…



dy hs

wg

jh

hash(dy) = 1101100(2)

1101100(2) & 11(2)

= 0

40

1

2

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

hash(hs) = 1101000(2)

1101000(2) & 11(2)

= 0

0

Incremental Rehashing…



dy hs

wg

jh

41

1

2

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

hash(dy) = 1101100(2) hash(hs) = 1101000(2)

sizemask = size - 1

= 8 - 1

= 7

= 111(2)

0

Incremental Rehashing…



dy hs

wg

jh

hash(dy) = 1101100(2)

1101100(2) & 111(2)

= 100(2)

= 4

42

1

2

3

ht[0] Incremental Rehashing…ht[1]

0

1

2

3

4

5

6

7

hash(hs) = 1101000(2)

1101000(2) & 111(2)

= 0

0
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0

1

2

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

hs

wg

jh

Incremental Rehashing…
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0

2

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

hs

wg

jh

Incremental Rehashing…

1 rehashidx = 1 finish rehash temporary…

return 1...
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0

2

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

hs

wg

jh

Incremental Rehashing…

1 rehashidx = 1 Process other redis operations…

ht[0], ht[1]이모두사용됨.



Rehashing is fired again!

Start at Bucket 1

46

0

2

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

hs

wg

jh

Incremental Rehashing…

1 rehashidx = 1

sy

ms

se

jw
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0

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

jw

wg

jh

Incremental Rehashing…

1

rehashidx = 2

sy

ms

se

hs

2
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0

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

jw

wg

jh

Incremental Rehashing…

1

sy

ms

se

hs

2

hash(wg) = 1101010(2)

1101010(2) & 11(2)

= 2

1101010(2) & 111(2)

= 2
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0

3

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

jw

wg

jh

Incremental Rehashing…

1

sy

ms

se

hs

2
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0

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

jw

wg

jh

Incremental Rehashing…

1

sy

ms

se

hs

2

3

finish rehash temporary…

return 1...

rehashidx = 3
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0

ht[0] ht[1]

0

1

2

3

4

5

6

7

dy

jw

wg

se

Incremental Rehashing…

1

jh

ms

sy

hs

2

3

...

Finish rehash last one
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0

ht[0] ht[1]

4

5

6

7

dy

jw

wg

se

Incremental Rehashing…

1

jh

ms

sy

hs

2

3

rehashidx = -1

At last, return 0

Rehashing is finished



SDS
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abcdefghijklmnopqrstu \0

abcdef\0sdfl\0asdfasc\0sdf \0
Not 

representable 

with C string

Representable 

with C string
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abcdefghijklmnopqrstu \0

abcdef\0sdfl\0asdfasc\0sdf \0

Calculate 

length of string

⇒ strlen()

⇒ O(n)



SDS?

● Simple Dynamic Strings

● 특징
○ Simpler to use (just like C string)

○ Binary safe

■ string 공간전에 string 정보를나타내는 header를저장해서사용

■ 모든 binary를표현할수있음 (중간에 “\0”이있어도출력가능)

○ Computationally more efficient

○ Compatible with normal C string functions (not perfectly yet)

○ Heap allocation
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SDS?

● Why use this?
○ Natural C string library만으로는 high level 단계의 string operation을적용하기가까다로움 (귀

찮)

○ high level string operation

○ high performance with no penalty

○ compatibility
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SDS?

● 장점
○ 다른 custom string library과는다르게, sds 타입이 C string type과 compatible함.

■ 그래서 C string library에다가 sds를그대로사용할수있음.

■

○ String buffer에접근하여사용하는것이아니기때문에, string에접근할때별도의 reference 

variable이필요가없어짐. (additional memory address buffer가필요없음)

■ string->buf 로사용하는경우는 string에접근할때마다 implicit하게 address buffer를생성

한다고함.

○ 사용하는 Address가시스템적으로항상동일하기에 Cache에도용이함.
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SDS?

● 단점
○ String의 spec(concat, size, …)을변경하려면항상함수를통하여변경해야함.

function 내부에 side effect가있는지판단하기어려움으로항상유의해야함.

버그가생길수있음.

○ SDS string을여러 place에서 share하여사용하면, 해당 string을변경할때마다여러 place에서

사용하고있는 reference들을모두변경해야하는경우가생길수있음.

→ 사용할때 reference count를관리하는 structure로 sds sharing을관리해주어야함
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dykim_nickname

movie_name

sds(“totoro”)

단점 1 – side effect
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dykim_nickname

movie_name

sds(“totoro”)

movie_name = sdscat(totoro, “ our neighbor”)

단점 1 – side effect
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dykim_nickname

movie_name

movie_name = sdscat(totoro, “ our neighbor”)

sds(“totoro our neighbor”)

Side effect!

단점 1 – side effect
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sds1

sds2

shared_sds

단점 2 – reference problem

sds(“abcd”)

sds1 = shared_sds

sds2 = shared_sds

sds(“abcd”).reference_count = 3
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sds1

sds2

shared_sds

단점 2 – reference problem

sds(“abcd”)

shared_sds = sdsnew(“efgh”)
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sds1

sds2

shared_sds

단점 2 – reference problem

sds(“abcd”)

shared_sds = sdsnew(“efgh”)

sds(“abcd”).reference_count = 2

sds(“efgh”).reference_count = 1

sds(“efgh”)
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sds1

sds2

shared_sds

단점 2 – reference problem

sds(“abcd”)

shared_sds = sdsnew(“efgh”)

sds(“abcd”).reference_count = 2

sds(“efgh”).reference_count = 1

sds(“efgh”)
Expected
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sds1

sds2

shared_sds

단점 2 – reference problem

sds(“abcd”)

shared_sds = sdsnew(“efgh”)

sds(“abcd”).reference_count = 2

sds(“efgh”).reference_count = 1

sds(“efgh”)

Actual



Structure of SDS

68

HELLO WORLD!FreeLen \0 Free space

sds helloworld = sdsnew(“HELLO WORLD!”)

(char *)

helloworld ptr

sdshdr string



sds binarydata = sdsnew(binaryData)

(char *)

Structure of SDS

69

Binary\0Data\0TypeFreeLen \0 Free space

binarydata ptr

sdshdr string



Structure of SDS

70

Name Description

sdshdr string의 metadata를저장함. string 저장공간이전에저장

len string length

free (alloc) sds에남은 free space size

string string

free space string mutation에대비한 free space (size up에대비)



Power of SDS structure

● String length를구하는데 O(1)
○ metadata가무조건 string 앞에위치하기때문에 address 계산한번으로바로조회할수있음.

● C string compatible
○ 표면적으로는 string 부분의 pointer를바라보고있기때문에, C string library를자유로이사용할

수있음.

○ 다만내부에 “\0”이있으면거기까지만 data로인식해버리는단점이있음.

● Pre-allocated space (free space)
○ sdscat이많이발생하는경우를대비

○ 이게과하면오히려 loss이므로 redis는 1MB 이하로제한을두고있음.

● 최적화되어있는 sds functions
○ 필요할때만 sds reallocate. 최대한남은 sds space를활용하도록구현되어있음 71



Useful sds functions

● sds를 create / mutate / free를할때는 sds function들을사용해야함

● Functions

72



Useful sds functions

● Examples

73



GET / SET Command

Flow

74



Command

● Redis를수정할수있는 command

● redisServer에서 dict table로관리되고있음
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Command

● server.c에정의해놓은 redisCommandTable array를 redisServer에 populate

76



Command

● networking.c에서 client가 server의 command를실행시킬수있도록함

77



Command

● server.c의 processCommand에서는 client가요청한 command를실행한다.

78
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Redis Client

Network.c

processInputBuffer(c)

readQueryFromClient(c)

server.c

processCommand(c)

call(c)

c→cmd→proc(c)

Execute

Command

Procedure



GET / SET Command Procedure

● t_string.c에선언되어있음.

● get/setGenericCommand(c)에서 command 작업이수행됨.

80



getGenericCommand()

● db.c의 lookupKeyReadOrReply()을 이용하여 client가사용하고있는 db를

조회함.
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setGenericCommand()

● db.c의 lookupKeyWrite()을 이용하여 client가사용하고있는 db에 key를

조회하고, setKey()를이용하여 key를 write함

82



lookupKey()

● db의 dict structure를 dictFind를이용하여찾아냄

83



setKey()

● lookupKey()로 key가있는지조회한뒤, add를할지 overwrite를 할지정함

● dbAdd()는 dictAdd()를사용함.

● dbReplace()는 dictReplace()를사용함.

84
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t_string.c

getCommand(c)

getGenericCommand(c)

db.c

lookupKeyReadOrReply(c, key)

lookupKey(db, key)

network.c

addReplyBulk(c, obj)

addReply(c, obj)

Find from 

dict…

GET command procedure flow
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t_string.c

getCommand(c)

getGenericCommand(c)

db.c

lookupKeyReadOrReply(c, key)

lookupKey(db, key)

network.c

addReplyBulk(c, obj)

addReply(c, obj)

Find from 

dict…

GET command procedure flow
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t_string.c

getCommand(c)

getGenericCommand(c)

db.c

lookupKeyReadOrReply(c, key)
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