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PyObject_ HEAD

#define PyObject_HEAD \
_PyObject_HEAD_EXTRA \
Py_ssize_t ob_refcnt; \
struct _typeobject *ob_type;
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& - PyObject

typedef struct _object {
PyObject_HEAD

 PyObject




& - PyVarObject

typedef struct {
PyOb Ject_VAR_H =YD
} PyVarObiject;

#define PyObject_VAR_HEAD \

PyObject_HEAD \
Py_ssize_t ob_size; /* Number of items in variable part */

ob_refcnt

*ob_type

ob_size
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#define PyObject_HEAD
_PyObject_HEAD_EXTRA

typedef struct _object { Py_ssize_t ob_refcnt.
PyObject_HEAD struct _typeobject *ob_type;

} PyObject

typedef struct { #define P o
PyObject_VAR_HEAD — > #define PyObject VAR _HE

PyObject_HEAD

} PyVarObject Py_ssize_t ob_size;
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typedef struct _typeobject {

/[* MARK: base, /T=, @ TZRNR"/

PyObject_VAR_HEAD

const char *tp_name; /* For printing, in format "<module>.<name>" */ //25 8122

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ // Bl 1ZZE BN & BEo i N 1F 5 8]
RN

/| —3EFEENX, REATE T

/* Methods to implement standard operations */
printfunc tp_print;
hashfunc tp_hash:;

/* Method suites for standard classes */
PyNumberMethods *tp_as_number; // BN RIR(E

PySequenceMethods *tp_as_sequence; /| RFIXN Rz (E
PyMappingMethods *tp_as_mapping; // SFEEXI ZRIR(E

/| —HERIEE X

} PyTypeQObject;
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- 3Lfflft, tp_name = ‘type’
- &, PyVarObject_HEAD_INIT



A - PyType_Type

PyType_Type & PyTypeObjectBySLf 4,3 &




A - PyType_Type

PyVarObject_ HEAD_INIT, XA Include/object.n/,

S inn
ob_refcnt = 1
*ob_type = &Pylype_Type
ob_size =0
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A - Pyint_Type

PyTypeObject(Z3H!)

-

PyType_Type +

ob_refcnt - |ob_refent

*ob_type *ob_type

ob_size =0 ~ [ob_size =0

tp_name = “type” ﬁ '~ |tp_name = “int”

‘type” object methods and attrs | ~ |'int’ object methods and attrs | -
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PyVarObiject PyObiject
ob_refent ob_refent
*ob_type *ob_type

ob_size

PyIntObject -

ob_refcnt

PyTypeObject(3E!) *ob_type

- ob_ival
LN LHNE

- PyType_Type ~—— __Pyint_Type

ob_refcnt ob_refcnt

*ob_type *ob_type

ob_size =0 ob_size =0

ob_refent = 1

tp_name = “type” tp_name = “int" *ob_type

‘type" object methods and attrs ‘int” object methods and attrs ob_ival = 1













INT - PylntObject

typedef struct {
PyObject_HEAD
long ob_ival;

} PyIntObject;
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[ TNEEIEMAIR TR, 1B, BE—HE
for (ival = -NSMALLNEGINTS; ival < NSMALLPOSINTS; ival++) {
if (Ifree_list && (free_list = fill_free_list()) == NULL)
return O;

/* PyObject_New is inlined */
v = free_list;

free_list = (PyIntObject *)Py_TYPE(v); iRl
PyObiject_INIT(v, &PylInt_Type);
v->0b_ival = ival;

/| BXEIZNHE
small_ints[ival + NSMALLNEGINTS] = v;
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W—"TblockEB52 T 2 /5, Elfree list=NULL, kRN EFHERE—
NPyIntBlock

bIOCk_liSt ————’ PyIntBlock e

T PYINBIOCK ..

free_list




INT - NfTAERxrange

int[o LIéZE’]HﬂIae T IE?ZGEQ 0| Zl/free_list

system before shutdown (Pylnt_F|n|).

Bl], PyIntBlock BRIGAVFRB N1E, fEPython## FEas 45 58 < B,
I R =i

FIIA, {£AHrange(100000), — /XA —TAKYIIR, 1517
3, BARERER 1, BN B =< 8T
xrange. —REIF—, RadA—"1intobject, Z/5EIUK,

N
i /A -Lﬁ | ------ At 24python3E #Z{F Hrange

‘xrange was not removed: it was

renamed to range, and the 2.x ‘range’
is what was removed.
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}JJIL;I*JII |11 ]‘ilY‘,l;l‘Jl‘J—}_}l‘“‘/;IlL’; "V*"/"'}Jj
Line # Mem usage Increment Line Contents
5 9.6 MiB 0.0 MiB @profile
6 def test():
7 40.7 MiB 31.1 MiB for i in range(1000000) :
8 40.7 MiB 0.0 MiB continue

Line Contents

def test():
for i in xrange(1000000) :
continue
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String - PystringObject

ob_refcnt

*ob_type

ob_size

ob_shash
1. PyObject_VAR_HEAD
PyStringObject2 T KN R, LEERKIRZ 7 —ob_sizeFEx
ob sstate

2. ob_shash
FiEF T8 hashfE, IR ZITEEZET-1
* b Sval 1 1 N S + Eg A Sy AN ERL 7AN N — | 4
@) L Hstring_hash#ZiFH, ITBESEREHREFIXNFE—HN, BEFHBHITITE

* 3. ob_sstate
AR Rinterned, =0, ZN=0
interned[SER

4. char ob_sval[1]
FRIfETHER—ERATF, charf4B15tt, f8[E—Tob_size+1 A/ (cHF
FR\OKRFRELER)
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String - interned#1, %l




String - interned#1, %l




String - interned#1, %l

#define NAME_CHARS \
'0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZ_abcdefghijklmnopgrstuvwxyz'

if (lall_name_chars((unsigned char *)PyString_AS_STRING(V)))
continue;
PyString_InterninPlace(&PyTuple_GET_ITEM(consts, 1));

HAER7A S Einterned, T ABRAR
interned TODO: find the code
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cnaracters|str &« UCHAR_MAX] = 0p;
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List - PyListObiject

typedef struct {
PyObject_VAR_HEAD
| | ob_refcnt
PyObject **ob_item:; —
*ob_type
Py_ssize_t allocated:;

} PyListObiject:; ob_size

**ob_item

1. PyObject_VAR_HEAD
PyListObject@ T &

allocated

2. PyObject **ob_item;
15M@FIRTTRAIIEFERAE, list[0] BN ob_item([0]

3. Py_ssize_t allocated,;

allocated?!|Z& D ECHIZE (8], ob_size N E{FFRIZ8]
allocated 2RI IFEINAGFNZE

ob_size SLfMERARNFL=E

o

0 <= ob_size <= allocated







numfree-1 numfree

. |"ob_type
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Tuple - PyTupleObject

typedef struct {
PyObject_VAR_HEAD :
PyObject *ob_item[1]; -~ [ob_refent
} PyTupleObject; - |fob_type
: ob_size

*ob_item

1. PyObject_VAR_HEAD
PyTupleObjectfE RN E KM RBEFMIIRTR ).
F 4R, fEpythond, tuple2 R A ZEIT R

2. PyObject *ob_item[1];
EEFETTRNEA
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Tuple - tup\eiﬁ%é%}tlﬂﬂﬂ

ob_refent

ob_refent

*ob_type

ob_refent

*ob_type

ob_size

*ob_type

ob_size=2

*ob _item

ob_size=2

*ob item

*ob item

PR (X Z20007)

1. fER: {14 /)\tupleBmall/free

2. PyTuple_MAXSAVESIZE = 20
=WEFNtupletEH1E, 20, KE<208Y, 7 REN REHiISHE

3. PyTuple_MAXFREELIST 2000
Fifsizeftuplefz Z =L 720001

4. PyTupleObject *free_list[PyTuple_MAXSAVESIZE]
free_list, $85H404H, B IMIE, F76E 7@ — TR HERLAVMLE

5. numfree[PyTuple_MAXSAVESIZE]
numfree, — MTEUERA, Ffiffree_listhI NI BN B RRKE

6. free_list[0], FEM=EH, ERNE—
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Dict - PyDictEntry

typedef struct {
Py_ssize_t me_hash;
PyObject *me_key;
PyObject *me_value;
} PyDictEntry;




Dict - PyDictEntry

me_key == NULL
me_value == NULL

me_key== dummy
me_key !'= NULL me_value == NULL
me_key != dummy delete
me_value '= NULL
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Dict - PyDictObject

ob_refcnt 1. PyObject_HEAD
: RMAFERAERNSR, EAob_sizefEXEAA L, {EMAma_fillflma_usedit#k

*Ob_type 2. Py_ssize_t ma_fill;

Py_ssize_t ma_used;
ma fl” . ma_fill = # Active + # Dummy

ma_used = # Active

B RentryS = = ma_mask + 1, #JiG{Ema_mask = PyDict_MINSIZE -1 =7

ma Used 3. Py_ssize_t ma_mask;

ma mask : ma_mask + 1 = # Unused + # Active + # Dummy

4. PyDictEntry *ma_table;
IEEEGIRAE, R E/)\Wdict(entry#E<=8). #&@Ima_smalltable%{¢E
=
*ma_table &%t

*(*ma_lookup) BRI
ma_smalltable[8] #i4H

5. ma_lookup
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Dict - PyDictObject
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