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e cpython/Include/cpython/dictobject.h

N ~ErS

TETFISEIR

FERAE CPython SERISEIAEMISHISIIIZ 31, B VERES—TF, MELRNESE—AT
ST R AL AR

BEBRT, HISAEHRFILA—NFHUR, B MRRFERZE O(1) FURIAISZER
LIZeRiss— o RRIER, XthE CPython RISLISC

TEIRE python3.6 fRAZREI, —M8E python REIFHENRAIIANOTE

hash key value

entries I—P T1B2756034185417731 keyd valued

17B9780971334566755 key2 value2

-1939530553900607628 keyl valuel

RIRRIN R FEHIRSHIF NS, HE(ILBRIIEHREFMEN, SIRERZSHNRETTE,
a)};ﬁ%%%sgﬁtﬁ%g@mﬂﬁ?ﬁ%, AILAE IRRES| 1 HIERRENSHENR, TERZ python3.6 hi
AEHISEI 5=

TEZ python3.6 IRALASAISTIA T

| indices I—"[ 2 | None | MNone | T | a [ None | MNone |

| entries I_' -1939530553900607628 keyl valuel
17B9790971334566755 key2 value?2
8275603418947/ key3 valued
BET—5IZ5], EEA T RIS A RATNEE
{RAJLAE EEAGETEIRAIIS R, ERRp— R, EPHNEB N TTRRRAMN
BRI AR EESR BAE
EREFEBA— N ITRRIE, RIERIEHESERIURE K, BBESEINI N ATEE T,
HRIEXI R AT TnZ! FRIRENEURI M ATZEER, Eean RIZERRE 2, B4
FHER 1, XEHEE SREEIRS AT BEORTKRIZEER
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hash("key2") % 8

i

| indices I—"I 2 I Mone | MNone | i | 0 I Mone | Mone |
| entries I—P —1939530553900607628 keyl valuel
1789790971334566755 key2 value2
7182756034189417731 key3 valued
X AR RS BRI ARG E TIRARRT Tl 64 (HRMERF M), B MEFTHIKER 8 F1,
NRAFE 5|
IAEZERY 1 780, HET 58% EANAREDE
FEHBETF ERRBAIFHTIRNREE, X F e TR R seRRB N INFH TIED, T

IEHRLETD, BT ARRARHRES—F, BHRERPHIVFRERISHEA/NEFRY, EHRTAR
[ERAFIERME "TF" 19, XBENHA python3.6 LIFIHMRAFHENRE KK FHEE python
6 LISHINRAFHRE BF FRE

hash

key value
entries I—’ T182756034188417731 key3d valued
1789790871334566765 key2 value?2
—1939530553900607628 keyl valuel
8 J\ J
Y Y Y
8 bytes 8 bytes 8 bytes
1 byte
| indices I—ﬁ'l 2 I MNone | Mone | 1 | 0 I None ] Mone |
| entries |_-‘ -1939530553900607628 keyl valuel
17B9790971334566755 key2 value2
7182756034189417731 key3 value3d
\ J\ J A
Y Y ¥
8 bytes B bytes 8 bytes
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XN RRAIZE PyPy 124, F7E pep 468 5| \E|T CPython, 7£ python3.6 AT 7 SCH

AFIIE

A15kEE PyDictObject FIRTFHIE

PyDictObject

Include/cpython/dictobject.h
14 - 32

PyDictObject

struct _dictkeysobject
PyDictKeysObject
Objects/dict—common.h

21 - 66 Py_ssize t dk_refcnt

Py_ssize_t dk_size

dict_lookup_func dk_lookup
Py_ssize_t dk_usable
Py_ssize_t dk_nentries
char dk_indices[]
PyChbject PyCOhbject
_PyObject_ HEAD_EXTRA | include/objecth
109-13
Py_ssize_t ob_refent
struct _typeobject *ob_type
PyObject HEAD —

combined table ] split table

PyObject ob_base

PyObject_HEAD

Py_ssize_t ma_used

uinté4_t ma_version_tag

PyDictkeysObject *ma_keys

PyObject **ma_values

E—IXEE| PyDictObject FIE N 2REEZKAY, ma_values 21+A47? 'EA PyDictKeysObject #1 1
ZEZF8Y indices/entries LEHHSEARK—E ?

=

/*

WENERYRARDER

ISR AT LURIRLA RS TR

The DictObject can be in one of two forms.

Either:

B/ 2—K combined table

A combined table:
Ittt ma_values 3 NULL, dk _refcnt 79 1
ma_values == NULL, dk refcnt == 1.
S =B EEBTFMETE PyDictKeysObject FrE&HI me value IXNMFERE, iR EERANFiE
Values are stored in the me_value field of the PyDictKeysObject.

Or:

B/ R—5K split table
A split table:

A ma_values &8z, HB dk_refent BB K FET 1
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ma_values != NULL, dk_refcnt >= 1
1575 RAYEEBTEAETE PyDictObject EEERY ma values iXMNEHE
Values are stored in the ma_values array.
HeefztiE unicode X5
Only string (unicode) keys are allowed.
FrEH=RY IRRRE LARRREFIFENRY
All dicts sharing same key must have same insertion order.
*/

HASRE? EHABR TFRUKSHEZRFIR, BEAHZER? MERIAREER unicode 3¢
, FHSPRSEIARGERMIPR? B AAE

# WEN 7B IRED, #ERERRHNIT split table EIHRTRFTENH—EER

class B(object):
1

b1 = B()

b2 = B()

# _dict_ XgERER
>>> bl.b

1

>>> b2.b

1

# dict WRBRLERGET descriptor protocol), b1. dict  #1b2. dict  #EE split table, ftb
H=—{7 PyDictKeysObject

>>>Dblb =3

in lookdict split, address of PyDictObject: 0x10bc0eb40, address of PyDictKeysObject: 0x10bd
cca8, key str: b

>>>b2b=4

in lookdict _split, address of PyDictObject: 0x10bdbbc00, address of PyDictKeysObject: 0x10b
8cca8, key str: b

>>>bl.b

in lookdict split, address of PyDictObject: 0x10bc0eb40, address of PyDictKeysObject: 0x10bd
cca8, key str: b

3

>>> b2.b

in lookdict split, address of PyDictObject: 0x10bdbbc00, address of PyDictKeysObject: 0x10b
8cca8, key str: b

4

# HITHIRRERMEZ S, b2._dict_ =M split table Z£/9 combined table

>>> b2.x =3

in lookdict _split, address of PyDictObject: 0x10bdbbc00, address of PyDictKeysObject: 0x10b
8cca8, key str: x

>>> del b2.x

in lookdict split, address of PyDictObject: 0x10bdbbc00, address of PyDictKeysObject: 0x10b
8cca8, key str: x

# IME, BAZ lookdict_split fYIH T, RBAEL3EA S combined table

>>> b2.b

4

split table AILMEMRIIENclass BIFESLAIRMETDERENT, XELFTERHE LIAFMAHT,
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=
y

= PyObject

_PyObject_HEAD_EXTRA

Py_ssiza_t ob_refont

Cx1lbdBocal

- PyDictieysObject

struct _dictkeysobject

Objects/dict-commaonh
il Gl

SHEF— PyDictleysObject, BZXFLIMAEBIATIESE PEP 412 -- Key-Sharing Dictiona

Py_ssize_t di_refont

Py_ssize_t dk_size

dict_lookup_func dk_lookup

Py_ssize_t dk_usabie

Py_saize_t dk_nentries

struct _typeobject *ob_type

PyObject_HEAD

— PyCObject ob_base

char di_|ndices]]
= PyObject
_PyObject_HEAD_EXTRA b2, dict
bocien Py_ssize_t ob_refcnt
truct _t t *ob PyDictObject
PyDictObject atruct _typeocbject *ob_type
PyObject_HEAD
PyObject_HEAD .
. Py_ssize_t ma_used
Py_ssize_t ma_used PyObject_ HEAD
ulntfd_t ma_version_tag
e _t L P
uintB4_t ma_version_tag PyObject ob_base D ot ora b

PyDictkeysObject *ma_keys —
PyObject **ma_values

PyObject **ma_values

indices ¥[] entries

BAHBERARIEE—T CPython #{A7E PyDictKeysObject FisCH indices/entries, char dk_ind
ces[] XEHAER?

/*

XEABASHERE, HHTTEE

dk_indices RHEIEMIAFHZR, fB7E entries FHETIRFHAIZRSE|, & DKIX_EMPTY(-1) #1 DKIX_DU
MY(-2) HI—F

dk_size FE&F/ indices AN, (BRXNFERAIEEZE T LURIERIA/NTR

*int8 for dk size <= 128
*int16 for 256 <= dk size <= 2**15
*int32 for 2**16 <= dk size <= 2**31
* int64 for 2**32 <= dk_size

dk_entries 2— 1 #E, BEEIIIISERE PyDictKeyEntry, fBA9A/NETLAR USABLE_FRACTION
NakER~, DK _ENTRIES(dk) ATLBRISHIERR A EXHERIE—IAO

# ¥, DKIX_EMPTY %1 DKIX DUMMY EmEf#EER, B dk indices BENIRI KB ES
ﬁ HEEHER, int16 FskErn dk_size 9 256 (9%

#define DK_SIZE(dk) ((dk)->dk size)
#if SIZEOF VOID P > 4

#define DK_IXSIZE(dk) \
(DK _SIZE(dk) <= Oxff ? \
1: DK_SIZE(dk) <= Oxffff ? \

2 : DK_SIZE(dk) <= Oxffffffff 7 \
4 : sizeof(int64 t))

#else
#define DK_IXSIZE(dk) \
(DK _SIZE(dk) <= Oxff ? \
17 DK_SIZE(dk) <= Oxffff ? \
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2 : sizeof(int32_t))
#endif
#define DK_ENTRIES(dk) \
((PyDictKeyEntry*)(&((int8_t*)((dk)->dk indices))[DK_SIZE(dk) * DK_IXSIZE(dK)]))

XNA—THRERIRHR A ZIRFIER, RMEMHES—T

#define DK_ENTRIES(dk) \
((PyDictKeyEntry*)(8((int8_t*)((dk)->dk_indices))[DK_SIZE(dk) * DK_IXSIZE(dk)]))

BE5p

// 1% indices array EERJZEELS int8 t

size t indices offset = DK SIZE(dk) * DK_IXSIZE(dk);

int8 t *pointer to_indices = (int8 t *)(dk->dk_indices);

int8 t *pointer to_entries = pointer_to_indices + indices_offset;
PyDictKeyEntry *entries = (PyDictKeyEntry *) pointer_to_entries;

IMAERLECRNS
PyDictKeysObject
Py_ssiza_t dk_rafcnt
Py_ssize | dk_size
dict_lookup_func dic_lookup E IEI
Py_ssize_t dk_usable
Py_ssize_t dk_nentries L 1
char dk_indices]] —-'{ MNone ] MNaona | None | o l None | Mo | Mone | 3435436464854 I hay I valuel |
i RB—RIEEAERRAIZ A, EEREMENEERS], fEAEIE
TEEURRIEZESLER

IefehlliE SHlRR

CPython %%gz&ﬁiﬁiﬂ%iﬂguéﬁm&ﬁ’ﬂﬂﬂ? PRTIRE—NMFRIGHEREL, cpython ESEH T —
perturb 2

BATTLAEEER D R AUISiERET

j = ((5%) + 1) mod 2**i
0->1->6->7->4->5->2->3->0 [FHATXIER]
perturb >>= PERTURB_SHIFT;

Jj =(5%) + 1 + perturb;

use j % 2**i as the next table index;

HERTEHoEREERXTIHESER, BEREHIRBAESE B THKE!

>>> d = dict()

>>> d[1] = "valuel”

>>> repr(d)

ma_used: 1, ma_version_tag: 16667, PyDictKeyObject.dk refcnt: 1, PyDictKeyObject.dk size: 8,
PyDictKeyObject.dk usable: 4, PyDictKeyObject.dk nentries: 1
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index: 0 ix: -1 DKIX_EMPTY

index: 1 ix: 0 me_hash: 1, me_key: 1, me_value: 'valuel'
index: 2 ix: -1 DKIX_EMPTY

index: 3 ix: -1 DKIX_EMPTY

index: 4 ix: -1 DKIX EMPTY

index: 5 ix: -1 DKIX_EMPTY

index: 6 ix: -1 DKIX_EMPTY

index: 7 ix: -1 DKIX_EMPTY

"{1: 'value1'}"

XE indices 2%35|, R5|E@| -1(DKIX_EMPTY) XX/ MuERZHY, BEABERET 1] = 'va
vel’, mhash(1) & mask == 1, &3IRE] indices BITRA 1 BIRIE L, RAMUBRAR - 1(DKCE
PTY), FBHORY, B SR, IBXEN -1 KK entries BEEISE— NS RIVELERIFE key #1
alue RINE, XMUER 0, FTLARIE 0 fFAEZIT indices[ 11 B

PyDictey=Object

Py_ssize_t dk_refont 1

Py_ssize_ dk_size 8

indices enfrias
dict_lookup_fune dk_lookup
Py_ssize_t dik_usabie
Py_ssize_t dk_nentries 1 L 3
char dk_indices[] —.'l -1 I [i] I = | I -1 I -1 I -1 I =1 t -1 1 "valueal" null vl mull
niuil null il ol
" [
d[4] = "value4
PyDictey=Object
Py_ssize_t dk_refont 1
Py_ssize_ dk_size 8
indices enfrias
dict_lookup_fune dk_lookup
Py_ssize_t dik_usabie 3
Py_ssize_t dk_nentries 2 3 3
char dk_indices(] —— ] o] a]a]l i ]a]a]a 1 *valusl” 4 "valued” nul null
niuil null il ol

BIE— 1N o, dk usable g/, dik nentries BIEHN1

d[7] = "value7"

PyDictey=Object

Py_ssize_t dk_refont 1

Py_ssize_ dk_size 8
indices enfries
dict_lookup_fune dk_lookup
Py_ssize_t dik_usabie 2
Py_ssize_t dk_nentries 3 3 3
char di_indices(] —— o] a]a] il 1 "valual” 4 "valued® 7 "valueT" nul
niull il ] ol

# %ﬂﬂﬂ%ﬂ’ﬂﬁa‘ﬁ#ﬁ%ﬁ?él%ﬁ% MRS R AREAYZRS [FRiShL DKIX_ DUMMY, DKIX_ DUMMY
FERIA -2

# FH dk usable #1 dk_nentries FZBENZT

del d[4]
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PyDictey=Object

dict_lookup_fL _looRup
Py_ssize_t dik_usabie
Py_ssize_t dk_nentries 3 L DRDLDUNIY Y
char dk_indices[] —.‘l -1 I [i] I -1 I -1 I -2 1 = | I = | | 2 1 "valual” i 7 "valua?" mull
il il il mill

#¥8, dk_usable 0 dk_nentries ZLEZE 7
d[0] = "valueQ"

PyDictey=Object

dices entrie
Py_ssize_t dik_usable i
Py_ssize_t dk_nentries 4 \ L ]
char dk_indices[] —Fl 3 I a I -1 I -1 I -2 1 -1 I -1 | 2 1 "valuel” null 7 "valueT" 3 "valued
il null il mll

BARHBEAN—MEREERTT 16 RIRANE, 0 EEWAER, B ETI8
filifE, E—LEMAISHRAISEIG, toan AY {EFRRIEFFHEE, CPython Y set XI5
FRRSELIERNIZ, MCPython BY dict JSAN T S DIRTEFSARIRR, SEIL 7 —EEI12ARY
W75 (RIERREIRA BRI R T, BXBIEFEILUSERIDER)

FrEE

ey —P'I keyls I—P'l key32

null

null

null

keys —.‘I keyl3

null

null

null

AR CPython—=dict

keyl | keyl
keyl6

keylg 4J
I: key32 keyl3
null rull ]
keyb keyh
keyld j null
null — key32
null null

BAIBAESEN BEER
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d[16] = "value16"

# hash (16) & mask =

# (BER5|UE 0 B4 %)i'i key: 0, value: 0 XN ER AT
# 2@y perturb = 16, PERTURB SHIFT =5,i=0

# FLA, perturb >>= PERTURB_SHIFT ===> perturb =
#1i=(1*5 + perturb + 1) & mask ===>i =1

# ME, F5IUE 1 RS key: 1, value: 1 (5

# 2481 perturb = 0, PERTURB_SHIFT = 5,i = 1

# FrLA, perturb >>= PERTURB_SHIFT ===> perturb ==
#i= ("5 + perturb + 1) & mask ===>i=6

# ARSI E 6 2=HY, A

PyDictieysObject

Py_ssize_t dic_refont 1

Py_ssize_t dk_size B
indices entrias
dict_lookup_func dk_lookup
Py_ssize_t di_usable prob
Py_ssize_t dk_nentries 5 L | R
char dk_indices{] —.‘I 3 I O I -1 I -1 I -2 I -1 [ 4 [ 2 1 "walual” il 7 "valuaT" 3 "valued”
T 16 “valualt il il il

prob

L

i%?‘ dk usable 0, dk nentries 9 5, IRBBHRIRPEFETREERE T HE BIEAN—EBNYs
T

d[5] = "value5"

$—, RERETEE, TER FAEH

ZR5IBHARCH DK DUMMY R ER, FTLAZRS [N ESERTTRER R
B, @A

key: 5, value: "value5"

Py_ssize_t dk_refent 1

Py_ssize t dk_size

dict_lookup_func di_lookup

Py_ssize_t dk_usable

Py_ssize_t dk_nentries

char dk_indices{] —ﬁ2[0|—1l—1]—1|413|1[—1]—I|—1I—||—1[—1|—l|—1|
1 "valuel” 7 "value?" 0 "valueQ” 16 "valuelg"
[ entries |—|_' 5 "value5" null null null
null null null null
null null rull null

indices%{4H
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indices HBRA/NETTEH, SIRMIREEA/N <= 128 B, 2 |HERTEERS int 8, £k
;:iﬁr; NHBFR int16, int32 B int64 Sk, IXFEMETLATT AR, X MNERE AL EERS
U

Indices | I entries ]
| 3 | 0 | -1 | 1 | -2 | 1 | -1 | 2 1 "valuel” null 7 "value7" 3 "value3"
LT_J null null null null
int3/1 byte len(entries) >0-128
Int16/2 bytes lenlentries) ==> 129 - 32768
im32/4 bytes lenlentries) ==> 32769 - 2147483648
IntG4/8 byles len{entries) ==> 2147483648 ~ 9223372036854775808

=it

#ifndef PyDict. MAXFREELIST

#define PyDict MAXFREELIST 80

#endif

static PyDictObject *free list[PyDict MAXFREELIST];

CPython BIRIfERT free_list REFEAERIBLEMIRENFENSR, XEHRRITFERTLIES
FiERFRIESMRE

SNHRIE e RER

free_list{PyDict_MAXFREELIST]

NULL

NULL

NULL

MNULL

ANRFAICUZE—NHRY MR, BIEFNSHNES LIRS AR CPython By FETEHH!
d = dict()
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memonry static PyDictObject *free_list{PyDict_MAXFREELIST]
allocator
NULL
MULL
Y NULL
PyDictObject/d
NULL

ZEBATBRFRX ISR

del a

memory

static PyDictObject *free_list[PyDict_MAXFREELIST]
allocator

PyDictObject/d

NULL

NULL

NULL

T=RIREUIE—DEEY dict WRAY, 2NTRE PREODHU RIS, WRBRIENM
BY, aNERi&ERNE, BM CPython B9 WFEENHI BB

d = dict()
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memory

allocator static PyDictObject *free_list{PyDict_MAXFREELIST]

MNULL

MULL

Y NULL

PyDictObject/d

NULL

MRIBRIRAE

FHPTTRIMBRERNE B SREEIEERRD)
Bt 4tFiesk DKIX DUMMY

indices SERBE=MARREIREIHE, DKIX EMPTY(-1), DKIX DUMMY(-2) #1 Active/Pending(>
0). ANRFIEHIFRAIIISRIRC /D DKIX_EMPTY A2 DKIX_ DUMMY, perturb SKEEEEN/AETRIX
SSRARHEES B I R

BIRIFE—INKRANA 8 IISHEE, A9 indices AN TFFA7=

indices: [0] [1] [DKIX_ EMPTY] [2] [DKIX_EMPTY] [DKIX_ EMPTY] [3] [4]

index: 0 1 2 3 4 5 6 7

HRER—MEHEN 0 IR, HEXNMISKAAIER entries[4] A, "perturb” BUERISIENT

0->1->6-> 7FHAICERE FAREEMERT)

BIZIRIIERIE indices[6] EEAIXISR, HiBfttiRic s DKIX_ EMPTY, H{RERIERE— ISRV E
indices: [0] [1] [DKIX EMPTY] [2] [DKIX_EMPTY] [DKIX_ EMPTY] [DKIX EMPTY] [4]

index: 0 1 2 3 4 5 6 7

BRI T

0->1-> 6(X™MUE LRYES DKIX_EMPTY, &Rig— MaAREERNNSIENANNER AR E

MperturbRIZE, EHUZ indices[1], AIREREIFE— DKIX_EMPTY EigBERIMILECHIE, HiiBE
AIX MEAEIXGKRE)

PR ERERZRATNISRAE indices[7] EH, (BEBATHEIRAYRIC T DKIX_EMPTY, HZRF8E#E T indic
s[6] L, WNERFAHEMATICHKIERAYE DKIX_ DUMMY
indices: [0] [1] [DKIX_EMPTY] [2] [DKIX_EMPTY] [DKIX EMPTY] [DKIX DUMMY] [4]
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index: 0 1 2 3 4 5 6 7

BRRIIIESTRY
0 -> 1 -> 6(DKIX DUMMY, InBEiX MM Z B, (BELEMIER, tiFRmEmEERFIEHE
MR, BEETEER) -> 7T(HEILERE AFEETMERT)

25K, #Rc/ DKIX DUMMY At T LARSRIEAFRIHIRT SR

entries FAEIHIR

MIERRIEAT entries RRITTRIITEHNHEF, XAMATLURIEFEARITTREMEINFRER SN
FHITREFRY

FEIE LR ERIE, EREERY R/ EER B EHEARRIX AN = RAIZSE), ATLARIHIPRIERE
SPAYREISEZRER O(1), XEGEEAPE—FFiE(amortized)1YEIE

HEBEEER PRSI EAASE REHoER T2SHtEXE

G
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