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1. 702 (Overview)
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def add(a, b):
return a + b

print(add(46, 2))
print(add("Hello "
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1-2. 0] Heleh &0 o H|E 0] Z0{%

= O python / cpython Q Type (D) to search a8 - +- 0 n

<> Code (O Issues 5k+ 11 Pullrequests 2k  (® Actions [ Projects 28 @ Security |2 Insights

@ cpython pubiic Q sponsor  ®Watch 1532 ~ % Fork 335k ~ ¢ Star 70k~
¥ main ~ ¥ 6Branches © 636 Tags Q Go to file t Add file ~ About

The Python programming language
. SkvProgrammer gh-141831: Document behavior of functools.ru_c.. @8 ®  9346e22-5 minutesago ) 129,282 Commits
@ www.python.org

B .azure-pipelines Cl: Update outdated references to Python version and G... 7 months ago M Readme
I8 .devcontainer GH-140472: Create a WASI devcontainer configuration (... last month &5 View license

@& Code of conduct
M github [security] Add a cooldown period to dependabot (GH-14... yesterday

Ay Contributing
M well-known add floss.fund manifest provenance (#137529) 3 months ago &8 Security policy
M8 Android gh-140041: Fix import of ctypes on Android and Cygwin ... last month - TAcHivty

[E Custom properties
8 Apple gh-141692: Add a slice-specific lib folder to iOS XCfram... last week ¥¢ 70k stars
B Doc gh-141831: Document behavior of functools.Iru_cache ... 5 minutes ago ® 1.5k watching

% 33.5k forks
M Grammar gh-138944: Fix SyntaxError message for invalid syntax ... last month -

Report repository
e ool beddaZo0 Moo Dudiodi Ll 2.5

CPython &4! 2||%: https://github.com/python/cpython


https://github.com/python/cpython
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(Compiled vs Interpreted)
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2-1. ZIHY A0 vs QIE{Z2|E{ 2104

o ZAImMA(Compiled) AN
o “AAFCEE 7|A0= 0|2| Hetsl =11, 11 Zu=2 Alsist= A0

o Of|A|) C/C++, Rust, Go, Swift

o CQlE{ZZ|E{(Interpreted) ¢HO]
o “Aloll MAHOA oA FE S SffAISIH SA| Aloliet= AHOY”

o OfAl) Python, JavaScript, Ruby
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of C4f: “C vs Python” 7+ 4 Z{0|

o =& EIY vs ZA EIY

o O|22| F2: POD vs Object Model
o ZHA| H 2HALlL Offset vs Dict

o =4 C|AIfZR| vs A CIAIR|

2]
o Z|A3S} It H2



of C4f: “C vs Python” #+&

o =& EIY vs ZA EIY

o O|22| F2: POD vs Object Model
HA| EL &AL Offset vs Dict

o =4 C|ATIGZ| vs A CIAIZ|

o Z|A3} Vs HY




3. 2 I8 H|d

(Comparison of Execution Models)
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o MY A0 AL IE — J|A IE — 208 THY — CPUI} 215H
7| A0] TE AA o\
o CPUZ}“7|A40] &

O

o OIE{IZ2|E{ %10:
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1. Zoid(Compile)

AA(Q) - HH2| - T - 2HE - 2BME T (0) A

2. dZ(Link)

- REME T + 2f0[Eeie] 28 — 2 OFE 4d

_ﬁ_

3. A&l (Run)

| CPU7} AI3H THIQ| 7|7|0fZ T2 43
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Preprocessing Compilation Linking

«BIC) ZIAR{OIA, OS2 I M2 24
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1. I} (Parser)

I AAE EZSE - AST MY

2. HO|EZRE O (Compile to Bytecode)

P AST — VMO| &2 4 QU "HIO|ERE"2 Bl

—

3. QIE{Z2|E(Interpret / Execute)

| VMO| ‘BIO|ERE sjA A3l Loop'S S0 HIO|ERES LI Al

05



Bytecode
Compiler

Y

Instr.

Executor

state of the
VM / CPU

Python VM

/ 17O

Outside
Environment




3-3. Python ZE9| 4=l 14

import dis dis 2f0| 2212

: Disassembler for Python bytecode
def add(a, b): \

return a + b 0 LOAD_FAST
2 LOAD_FAST

4 BINARY_ADD
dis.dis(add) 6 RETURN_VALUE

CIE — OfMZ2| AT WS QA
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Python Interpreter (= python.exe)

el |||

=55

PS C:\Users\Yona> python
Python 3.12.12 (main, Oct 10 2025, 15:08:26)* [GCC 15.2.0 64 bit (AMD64)]|on win32

Type "help", "copyright", "credits" or "licenS&€* F0I WOLe€ LNTOLMACLOMN.
>>>



LD ¥ main ~ cpython / Pytho (5

(@) serhiy-storchaka gh-135801: Add the module param¥gter to compile() etc (GH-139652) &8

Py 1|

1 /*
2 * This file compiles an abstract syntax tree (AXTI) into Python bytecode.
' 3 o E =
® F 4 x The primary entry point is _PyAST_Compile(), whXh returns a E
5 * PyCodeObject. The compiler makes several passes Yo build the code
C 6 * object: || |
7 * 1. Checks for future statements. See future.c cre
8 * 2. Builds a symbol table. See symtable.c.
o C 9 * 3. Generate an instruction sequence. See compiler mdg() in this file, which
] 10 * calls functions frg
11 * 4. Generate a control
12 * 5. Assemble the basic h 4 ]1|_O| _I Ol D_” O
13 * this file, and assg Pyt On E —
: = 14 * |
PS C:\User P ‘compile.c”
Python 3.1 16
Type ”hElp 17 #include "Python.h"
>>> 18 #include "pycore_ast.h" // PyAST_Check()
19 #include "pycore_code.h"

N
S

#include "“ovcore compile. h"



(D ¥ main ~+  cpython/Pyth{ A

& markshannon GH-139653: Only raise an exception \or fatal error) when the stack po... @B

AN code | Biame

d: /* Execute compiled code x/
2
3 #define _PY_INTERPRETER
o ' 4
5 #include "Python.h"
6 #include "pycore_abstract.h" // _PyIndex_Check()
7 #include "pycore_audit.h" // _PySys_Audit()
8 #include "pycore_backoff.h"
® ( 9 #include "pycore_call.h" // _PyObject_CallNoArgs
- 10 #include "pycore_cell.h" // Py

11 #include "pycore_ceval.h" // SH
12 #include "pycore_code.h" Ol D—” @) -_—) -
13 #include "pycore_dict.h" VM—’ I_I -
14 #include "pycore_emscripten_signal.h" “Ceval C”

PS C: \USQ 15 #include "pycore_floatobject.h" // _ .

Python A 16 #include "pycore_frame.h"

Type "hel 17 #include "pycore_function.h"

ShL 18 #include “pycore_genobject.h" // _PyCoro_GetAwaitableIter()
19 #include “pycore_import.h" // _PyImport_IsDefaultImportFunc()
20 #include "pycore_instruments.h"

I

on win32




LD ¥ main ~ cpython / Pyth

& markshannon GH-139653: Only raise an exception \or fatal error) when the stack po... @ X

Code  Blame C Eva I LOO p

1 /* Execu
2 CAHN=Z &g =l Bl (evaluation) &
3 #define = . - —
o ' 1 HCHSE switch-case2 ! ]
5 #include —
6 #include I:Il-OlEiEAL! g'I—T,— AEI%I;I ' I
7 #include| 8 o
8 #include
PY ( 9 #%nclude
- 10 #include "pycore_cell.h"
11 #include "pycore_ceval.h" // SH
12 #include "pycore_code.h" Ol D-” @) -_—l -
13 #include "pycore_dict.h" VM—’ l_l -
14 #include "pycore_emscripten_signal.h" “Ceval C”
PS C: \USQ 15 #include "pycore_floatobject.h" // _ .
Python A 16 #include "pycore_frame.h" on win32
Type "hel 17 #include "pycore_function.h"
ShL 18 #include “pycore_genobject.h" // _PyCoro_GetAwaitableIter()
19 #include “pycore_import.h" // _PyImport_IsDefaultImportFunc()
20 #include "pycore_instruments.h"



3-3. Python ZE9| Al 1n}&
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3. Python
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4. EIY AAE & 4| 0|22 L2
(Type system & Object Memory structure)



4-1. 4A E}

o 7ZAA EIY (Static Type)

o ALY EIR0| EIY 24

o Zrofl HEIHIOIY QIS = &= BIO0|& (plain data)

o S E[Y (Dynamic Type)
E_-||_:_|:0|01| E OI 7424
o 20| KEIH|O|E] ot = &&= |O|E{(plain data) + EfQ! &ted HHE




4-2 C2| 4|0|E{ 3£&: POD (Plain Old Data)

o =G [|O|E{(plain data)Bt &
o 2t TE(field)7t H22|0f HEHo2 LIHE — offset 71 U2 7ks
O

struct Employee 1004 1014 1018
{

int id;

char Name[10]; j t T t T

float salary;

intid char Name[10] float salary




4-2 C2| 4|0|E{ 3£&: POD (Plain Old Data)

&6t 4|0|E{(plain data)@t =
2t ZE(field)7t K 22|60 HEH o= LIEE — offset 7|8 ™2 IS
0 22|9| affA] BrAl0| ZTY ErRIY| =HY

L

struct Employee =
« offset 7|8t &2 7t
12’( 13, o1 .:—— —7/7"1/Of0// %#7/-0 ‘-.

float salary;
float salary




4-3. PythonQ| &sal:

“Everything is an object’
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4-4. Python Object Model (Cpython)

e PyObject // PyObject
; _ truct PyObject {
ZH210] Bl °
O AL
B -” | O“ —I Py_ssize_t ob_refcnt;
o HEE& 7—I|'Ii'”%% PyObject% 7|';é! PyTypeObject *ob_type;
o HH

o ob_type: PyTypeObject 24| %

PyObject

o Ob_refcnt: i:ll-—% 9|-_i_§ *ob type ob refecnt




4-4. Python Object Model (Cpython)

e PyObject // PyObject
; _ truct PyObject {
ZH210] Bl °
O AL
B -” | O“ —I Py_ssize_t ob_refcnt;
o HEE& 7—I|'Ii'”%% PyObject% 7|';é! PyTypeObject *ob_type;
o HH

o |ob_type: PyTypeObject 7#?1|*|

o Ob_refcnt: i:ll-—% 9|-%E *ob type ob refecnt

PyObject




4-4. Python Object Model (Cpython)

° PyTypeObJeCt struct PyTypeObject {
const char *tp_name; // E}Q9 ol&
o ‘ElR(type) EEE A &ote= 24 AT

PyObject *tp_dict; // ©A4¢

o HH




4-4 Python Object Model (Cpython)

° PyTypeObJeCt struct PyTypeObject {
const char *tp_name; // E}Q9 ol&
o ‘ElR(type) EEE A &ote= 24 AT

PyObjecft *tp_dict; Y // 94

o Ot
o tp_name: E}Q 0
o |tp_dict1 OrO|M Sl 2| ZHA]| %
o 12| Eft

IS
o
HL
u[n



4-4. Python Object Model (Cpython)

o tp_dict: OfO|XH S 2| 24|
o ZHH|9| &4 (attribute)t M E(method)E A3
o oflA| H|O|=(hash table)Z %1 =l

class A: tp_dict = {
« = 10 "x": 18,
def foo(self): "foo": function_object

pass




4-4. Python Object Model (Cpython)

o tp_dict: IjO|A S| ZH4|
o ZHA|9| &M (attribute)t BIME (method)E A2
o oflA| H|O|=(hash table)Z %1 =l

class A: tp_dict = {
X =10 “x": 10
def foo(self): "foo": function_object

pass




class A: tp_dict =
10 "x": 10,

def foo(self): "foo": function_object

pass



4-4 Python Object Model (Cpython)

2| 2| 2 + SHA| H|O| S ErAk
ZFAIO| dictE EFAH

F2 dict7rA| S4A

__,/,i/ck;/ g Uf//HC A1

— g

HIS0] 042 BIAHCHII
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5. G AIHZ| A L|S
(Dispatch mechanism)




5-1. Dispatch (C|AI{Z|) 2t

AlS
o =T

CHeH(ZE/etr/Ed)= T - BHA . Aolist= A4 2Hd
o ImMA(Resolution) + EfAli(l ookup) + 2= (Call)

o A (Resolution)Q| A|A0]| 2 L&
o ALY EIA  — AA(static) T|AIHZR|

o SEI — &4 (dynamic) C|AI{Z|




AlZt HIE 2F0[9f
=l 21011111




5-2. 84 C|AI}Z| (Static Dispatch)

“3t4 247} 0l0] 7Alofo} &5 QUOIA CPUZE BER jump”

1. 2= 4 o™ (Compile-time Resolution)

L 2EY e /UMES Ao A|HO| &Y

2. S= A ol (Compile-time Binding)
9| z-/t% 7| A0 HAH00f Tt = MR (1)

3. 7|A10 £ 21 5= (Direct Call)
c CPUZFHEOO| nEE et A2 S A jumpoto] Aol




5-2. 84 C|AI}Z| (Static Dispatch)

St A1 0]0] 7| A|0{o]] Bt5{ 2O0{A CPUZ} HBEZ jump”

1. 2= 4 O (Compile-time Resol n _
_E_flo_ A ( pile-ti esolution) SR =]
e EY /UM ES AT A[HO SHY AFALA} OfC}

3. 7|4 == 01|k| Hs= (D|rectCaII)
t CPUZH A0 DY El & 2 ZA| jumpsto] AlsH




5-3. =4 C|AIIZ| (Dynamic Dispatch)

1. == 4 oA (Run-time Resolution)

: §§%+ %P#/mwzé SHELQ!I A|H0| &HA

: 2EfQIOf| &S5t gt EQIE{ 2 indirect jump 434



5-3. =4 C|AIIZ| (Dynamic Dispatch)

1. == 4 oA (Run-time Resolution)

L 2E2Y e /UIMES TER A|HO| &Y

: AEFYO| & 50t gt~ EQIE{Z ndirect jump =M




5-3. =4 C|AIIZ| (Dynamic Dispatch)

AbTHY (Run-time Resolution)

2{E}QI A| 20| BHA

Al (Runtime Lookup)

== 33 Ete) - 53 Elelo)

(Indirect Call) CHE Lookup Z2F0| Ct2Ct
Bl E6t &4 EOIEZ jndirect jump $=3H




5-3. =4 C|AIIZ| (Dynamic Dispatch)

vtable 7|8} (C++) Name Lookup (Python)

HH| — vptr N7 WA — ob_type A 7|
vptr — vtable H22| dZ2 dict EMM &M ZZ (QIAEA  EIQ — EQ)
vtable[n] — =M =2 siA| H|0|= lookup

call [2ES S Wtz gt=

— offset 7|8t & — G2 7|8t S4 lookup (=&)

- O T




5-3. =4 C|AIIZ| (Dynamic Dispatch)

B3 010" x "B CIATfZ"
2) vptr — _Z,_Z'LOf//(f S2)
AIZHH|8 BeRo 2 Z5)

=M 2l 718 54 lookup (=)



5-4. A& C|AIjZ| 9| Z|&2HOptimization)




6. 22 (Conclusion)



6-1. C vs Python AH|Ato| 20|

Dispatch

Object Model )
mechanism
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“C 1is quirky, flawed, and
an enormous success.”

Dennis Ritchie

“Life is short,
you need Python.”

Bruce Eckel



“No Silver Bullet.”

— 24 B (Essence)> =72 AlAEA] ok=T.
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GDGoC Konkuk
25-26 CORE Member

Email: yhk .dev@gmail . com

Github: github.com/Yonaim
Blog: https://yona.codes Special Thanks for 25-26 CORE members!
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