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. 712 JejZ oF .= ( 1.basic_graph.py )

H 22| H2EIE! ( 2.memory_checkpointing.py )
. U8 27| — Router & ( 3.conditional_branching.py )
o ¥4 Tool cyclic graph ( 4.tools_cyclic_graph.py )

. APt =0 ( 6.self_correction_loop.py )

AA 2.langchain/9.langgraph/
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create_agent 2| tA|2} LangGraph o] gt

create_agent 2| ZH

e create_agent(llm, tools) PtZEZE ReAct &I A= 14

o {"messages": [...]} YAl > 31 S=.Hn-EHHO| messages O] &+X
e system_prompt 2 EF A2 X|E-HA XA

o HAIX] S|AEE| 22| (Reason > Act > Observe - BHS)

create_agent 2 71910 0{2{2 A

o "FHIM 1 o= HOf| Al 521" — Human-in-the-loop

o "ZANIE WIS B 78 O|2H0|H XYA|E" — Self-correction
HEZ 3 AM > JHE £2 17 MEY" — Parallel + ranking

o "R o= X 2E OHER LAMEX|" — Pause/resume

o "MA| J2fT O{C|AM= XHA|Z!" — Checkpoint/replay
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LangGraph 2| 22 — State - Node - Edge

Fyg} o5t
State (AEH) ez FMeh| S 2+= H|0|E (TypedDict E£= Pydantic)
Node (:==) state S Y20} state YL E HMsH= B4

Edge (2UA]) LE AR —HH FE FUR

State =7|4
N
[Node A] - state X
{ Edge (¥3&)
[Node B] - state X
! Edge (RZE — LLM Z3J)
> [Node C1]
L, [Node C2]
J
END

\J
R

rz
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ol L. gl

| B

from typing import TypedDict

from langgraph.graph import StateGraph, START, END, MessagesState
from langchain_openai import ChatOpenAl

from langchain_core.messages import HumanMessage, SystemMessage

1lm = ChatOpenAI(model="gpt-40-mini", temperature=0)

# = 1. MNE| schema 9| ===
# MessagesState & 0O|2| A2|= typeddict {"messages": List[BaseMessagel}
graph = StateGraph(state_schema=MessagesState)

# = 2. LE gt ===
def call_model(state: MessagesState):
messages = state["messages"]
sys_msg = SystemMessage("Z4Al2 243 AT HIMULCE.")
response = 1lm.invoke([sys_msg] + messages)
return {"messages": response} # state 2| messages 7|0 append =

# === 3. JT FA ===
graph.add_node("model", call_model)
graph.add_edge(START, "model")
graph.add_edge("model", END)

# — 4, %,IE|-°E| ==t=

app = graph.compile()

# = 5, 4

result = app.invoke({"messages": [HumanMessage("LangGraph O Zd|2?")]1})

02

7140
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St LT 8 — State Z4Al 114l

State 4l A
o === state TH[7} O] B2 dict Hizt
e messages &2 list EE£& reducer 0 2|3l append

o M7l= 7t 7|1E 7= A

¥ MessagesState 2| messages 7t XSS 2 list-append == 842 LangGraph 2| reducer ( add_messages ) 0| 7|2ItC}.

Z£X: Day 4

LangGraph

8 /40



AMSI Al 7|8 RAG WXL IFE - Session 27 - LangGraph AEf 7|8 I Z2L =X:Day4 ) [ LangGraph

TypedDict — f9 - Pydantic — 214

from typing import TypedDict, Annotated
from langgraph.graph.message import add_messages

# == TypedDict (ZIE) =
class MyState(TypedDict):
question: str

documents: list[dict] # AAM A}
answer: str
gquality: float # 0~1 I A%

attempts: int

# == Annotated reducer (list append § AAZ) =

class MessagesPlus(TypedDict):
messages: Annotated[list, add_messages] # Zt= append
user_id: str

# == Pydantic (¥%) =
from pydantic import BaseModel, Field

class StrictState(BaseModel):
question: str = Field(min_length=1)
documents: list[dict] = Field(default_factory=1ist)
answer: str | None = None
quality: float = Field(ge=0, 1le=1, default=0)
attempts: int = Field(ge=0, 1le=5, default=0)

graph = StateGraph(state_schema=StrictState)
# Pydantic 2 LE ¢ AlOiC HE - QAAMSILt 2zt =2

9/40
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State 7 ‘=2 HX|H MYX|= 2L

State 7} S 2= 325

{"question": "X?", "attempts": 0}

27| invoke:
node "retrieve" %: {"question": "X?", "documents": [{...}, ...], "attempts": 0}
node "generate" %: {"question": "X?", "documents": [...], "answer": "...", "attempts": 0}
k=2 " ", "quality": 0.85, "attempts": 1}

node "evaluate" {"question": "X?", "documents": [...], "answer": "...",

10/40



PART B

PART B

R OIX| — 27|90} R

‘ if/else 2 while € O 2 — 2F 152



3.conditional_branching.py — State - E

from typing import Literal
from langgraph.graph import StateGraph, START, END

class State(TypedDict):
question: str
category: str # "math" | "search" | "chat"
answer: str

def classify(state: State) — dict:
""ULLM 02 RS ER.
r = 1lm.invoke(f"""C}2 Z29| FtH 1 2|:

A2: {state['question']}

"math" / "search" / "chat" & 3ILtEF &=2""") . content.strip()
return {"category": r}

def handle_math(state: State) — dict:
lll|||_¢_%_||- ZEI_E_ i_lEl."IIll

return {"answer": f"AAt: {eval(state['question'])}"}

def handle_search(state: State) — dict:
Ill|||7D-|A_|-I| ZEI_E_ i_lEl."IIll

return {"answer": f"ZdM ZHu}. [ . "}

def handle_chat(state: State) — dict:

"""c>EIIEI_I- EH§|_.I|||II

return {"answer": 1lm.invoke(state["question"]).content}

Al 7|91 RAG 7HX} 2PH - Session 27 - LangGraph AEf 7[EF /|35

o
T

Z£X: Day 4

LangGraph
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Session 27 - LangGraph AE{ 7|2t

MAS Al 7|8 RAG ZHELR} 2FH -

3.conditional_branching.py — 2}<E| &

, "search", "chat"]:

# === 2}QE &£ ===
def route_by_category(state: State) — Literall["math"

return state["category"]

otRE 22l AITL|A

o 2= odXY state

3. CtS =E 0| (str) — OHZ! dict 2| 7|

St
|

=Ch 22T F42 OtS S2f0| =0 CHEL

Aot CHZ L& O|F 2 HIESt= ==

¢ EIREE= state E

13/40
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# === JZ AN ===
g = StateGraph(State)
g.add_node("classify", classify)
g.add_node("math", handle_math)
g.add_node("search", handle_search)
g.add_node("chat", handle_chat)
g.add_edge (START, "classify")
g.add_conditional_edges(
"classify", # « OH L COfA
route_by_category, # < 2}RE St
{ # < Oy (Htetgt - o2 LE)
"math": "math",
"search": "search",
"chat": "chat",
},

)

g.add_edge("math", END)
g.add_edge("search", END)
g.add_edge("chat", END)

app = g.compile()
print(app.invoke({"question": "2 + 2"})["answer"])

Z£X: Day 4

LangGraph
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o

0=

X718 XS 0|F= 322

Z7i% x| 324

o BtRF & — route_by_category 7}CIS E ZFH

o O dict — HfetZ2 AX| == 0|E0F Het

L—-1— HA

¢ OHE dict S “H=fotH 2rE &9l BI2gi0] &2 &= 0|F0] It
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4.tools_cyclic_graph.py — ReAct &I X7 3154

from langchain_core.messages import HumanMessage, AIMessage, ToolMessage
from langgraph.graph import MessagesState, StateGraph, START, END
from langgraph.prebuilt import ToolNode

# = Lk ===

@tool

def get_weather(city: str) — str:
return f"{city}: 20°C, H="

tools = [get_weather]
1lm_with_tools = ChatOpenAI(model="gpt-40-mini").bind_tools(tools)

# = LLC ===
def call_llm(state: MessagesState):

return {"messages": 1lm_with_tools.invoke(state["messages"])}

tool_node = ToolNode(tools) # tool_calls & A3 A5 ToolMessage Htst

‘ I 27} Zof Tk Hof o|ofZlLICt

16 /40
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4.tools_cyclic_graph.py — ReAct £ &F 4191 (0|0{A])

# === E2}E{ — tool_calls 7} YOMH =3 AlsH QUOMH END =
def should_continue(state: MessagesState) — Literal["tools", END]:
last = state["messages"][-1]
if last.tool_calls:
return "tools"
return END

# = J#m ===

g = StateGraph(MessagesState)

g.add_node("1lm", call_1lm)

g.add_node("tools", tool_node)

g.add_edge(START, "1lm")

g.add_conditional_edges("1lm", should_continue, ["tools", END])
g.add_edge("tools", "1lm") # « 2T £33 S CIAl 1lm

app = g. complle()
MOIE‘OI 45 f— HE1
e 1lm 2= - tool_calls &Xf > tools &H > CiAl 1lm - tool_calls 815 - END

e O] X7t 2 ReAct 2| LangGraph 718iM| ( create_agent LHE)

@ 0| AO|20| 2= Agent 2t 2l2(2| eHAlo|Ct.

17 | 40
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2 .memory_checkpointing.py IOHE

from langgraph.checkpoint.memory import MemorySaver
langgraph.checkpoint.sqlite import SqliteSaver (Y%

langgraph.checkpoint.postgres import PostgresSaver (29%)

# E=
# E=
# 2 O0r= graph & create_agent &= — checkpointer st 22 022 =AM}
memory = MemorySaver()
app = graph.compile(checkpointer=memory)
# agent = create_agent(llm, tools, checkpointer=memory) « OJO|HEEZ T
# === Z2 thread_id 2 3& - state 7} &4 ===
config = {"configurable": {"thread_id": "alice"}}
# A s&
[HumanMessage ("L O|E& %a|A0f")]}, config=config)

app.invoke({"messages":
# = HY S5 — Z2 thread_id - 0| state Atz =&

result = app.invoke({"messages": [HumanMessage("L{j O|£0| 2% A|?")]}, config=config)
print(result["messages"][-1].content)
# - "de|A Hol2tn SHASLICH"

al

— "LHZt A= =2 =ZM?" 22 ZQ0|A] S

ol

v 719+ =7 A8 EE

910 7|HEl "ME" = B QAR XtS H2eiT.

(g
=

Z£X: Day 4 LangGraph

E[H 0|0[HEQ| iy SAO|Ct,

19/40



MMS Al 7|t RAG ZHL XL BPE - Session 27 - LangGraph AEf 7|8 I 222

Checkpointer /1SX|2} MM 7]

Checkpointer S5

wd =EES
MemorySaver T2 MA HEZE
SgliteSaver =d o
PostgresSaver DB
RedisSaver (3rd party) Redis

thread_id 2| 2|0

o MM PR | — O3} RAG Q| session_id 2t S AM

o &2 thread_id = M= RX| — O|™ CH=l-o7t A O[O

o CIE thread_id = &I H2| — alice 2| EEE bob 2 M5 ZE

o 2 MH|AE AFXH/MIMOICH thread_id FO

g

JHEHHAE

Z£X: Day 4

LangGraph
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thread_id 7} 2tE= Clg} {2 2| A2

Z£X: Day 4
TURN 2 TURN 3
What is my name? ~  Wheredol live?
Load state Save
by THREAD_ID: "alice’ Load state from alice, State Load state from alice,
B retrieve. the name, 5> retrieve sted facts,
key by THREAD_ID: ‘alice’ keyed by THREAD_ID: ‘alice’

CHECKPOINTER
(MemorySaver)

{ THREAD_ID: ‘alice”

=

)

[ THREAD_ID: ‘bob”

-

TURN 1
n Hi, I'm Alice.
K I live in Seattle. Store fact: Save State
® | Alice Messages,
= Tool Results
r
o —
AGENT
i
TURN 1 &
™ Whati ?
atIs my name? Load state from
'_-g Bob | keyd by THREAD_ID: ‘hnb'J
= Tool Results
I don't know your
name yet,
Bob

Your name is Alice. > You live in Seattle.

MemorySaver = in-memory; SqliteSaver [ PostgresSaver for persistence

TURN 2 TURN 3
Save Save
State State
— —_—
I don't know
your name yet.

thread_id'& Chet HI22| ZHE| - 22 thread= O|F Cheh =+ At 0|02 CHE threade= =& MM - MemorySaver M| EQIEZ AHEj EE

LangGraph
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Checkpoint 7|dt C|HHZ — A|ZH0{H

# === 1. AAH history X3 ===

history = list(app.get_state_history(config))

for snapshot in history:
print(f"step={snapshot.metadata.get('step', '?')}")
print(f" state.messages count: {len(snapshot.values.get('messages', [1))}")
print(f" next: {snapshot.next}") # Cte Al LC

m o222 2, %73 Step o= El%E|7| ===
target_snapshot = history[3]
new_config = target_snapshot.config

# ol AIHEOIM A2 (CHE Yo =R)
app.invoke({"messages": [HumanMessage("C}2 Z&")]}, config=new_config)

# = 3. E¥ LT ZL £H 5 YUY ===
# 2F At 030 ZH
app.update_state(

config=target_snapshot.config,

values={"answer": "$£ZE HH"}, # state YH HOo{AT|

28 AlLt2|2 371
1. ClHZ — AFSX} Zaile "0|43t B2 F012" > trace HI2ITIA Ol =E0lA HRHER]

2. AlBH2E —Z

rlo
1
I
[0
<
In
i
N
oA
I
m
jl
rn
0

Hu
Hu

3. AF8AHE — "0|F HHUM X =22 8o H0{R" > state AL = THAIH
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6.self_correction_loop.py — M . HIH C

class CritiqueState(TypedDict):
question: str

answer: str
critique: str
score: float

attempts: int

MAX_ATTEMPTS = 3
THRESHOLD = 0.8

def generate(state: CritiqueState) — dict:
nenete MM O (Es MY - critique HEg). "M
prompt = f"""&&: {state['question']}

o|d EH: {state.get('answer', '€S')}

0|4 H|H: {state.get('critique', 'QYS')}

‘ It Z0of ChS &oi| O|o{EIL|C

24 /40
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6.self_correction_loop.py — M .H|H™ L= (0]|0{A])

¢l HES HrFs| o L2 HH: "
return {
"answer": 1lm.invoke(prompt).content,
"attempts": state.get("attempts", 0) + 1,

def evaluate(state: CritiqueState) — dict:

"tUEHEH AES HE - s + H[E 1Z&."""

prompt = f"""Ctg HHE 0~1 dsx=2 I} + HE 124:
: {state['question']}

: {state['answer']}

0 X

r'f Mo

=3 g4

score: 0.X

critique: ..."""
text = 1lm.invoke(prompt).content
score = float(re.search(r"score: ([\d.]+)", text).group(1))
critique = re.search(r"critique: (.+)", text).group(1)
return {"score": score, "critique": critique}

rr

¢ generate =O0|H critique & ZEIZEQ| J0 MYl FOE S5 EHO| H|H

—

1|0
L
0R
St
a
rx
rm
il
HI
N
>
00|'
ro
jl
0jo
i[>
u
o

Z£X: Day 4

LangGraph
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6.self_correction_loop.py — MA|Z £7] - g

def should_retry(state: CritiqueState) — Literal["generate", END]:
if state["score"] = THRESHOLD:
return END # EH 2= -
if state["attempts"] = MAX_ATTEMPTS:
return END # ot B —
return "generate" # A4 O -

O

=

=2 |
0= of
).

=== JI& ===
StateGraph(CritiqueState)
.add_node("generate", generate)
.add_node("evaluate", evaluate)

0 O u Ht
1

.add_edge(START, "generate")
g.add_edge("generate", "evaluate")
g.add_conditional_edges("evaluate", should_retry, ["generate", END])

(@]

app = g.compile()

F cr2to=2", "attempts": 0})

g
0=
mjo
ro

result = app.invoke({"question": "RAG 9
print(f"2|& Hd4: {result['score']l}")
print(f"Al=: {result['attempts']}3")

23} (CHEFE 2=X])
. E21.5-3H A8 © B X BR 15% S
o HEAN: TC MM HITN
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e SZHof| AbE 5¢

from langgraph.types import interrupt

def review_before_send(state: State) — dict:
"TNOIHY EE M AR S — AMEO| A=Y Mm{UtR] LA[EA] L
user_decision = interrupt({
"draft": state["draft"],
"to": state["recipient"],
"prompt": "ZESIA|ZESL|7F? approve/edit/reject & TH.",
})

return {"human_decision": user_decision}

# = ZOMY Al interrupt_before / interrupt_after =
app = graph.compile(

checkpointer=memory,

interrupt_before=["send_email"], # O] LE AIAH0| LAIAZ
)

# Jdei= A - interrupt Al HE

result = app.invoke(initial_input, config=config)

# result.next = ("send_email",) — C}20| Aais = HH

# A0l =2l = Z{A|A

app.invoke(None, config=config) # interrupt O|EHE A&
# E= state £4 5 AA|E

app.update_state(config, {"draft": "£Z¥= E2E2"})
app.invoke(None, config=config)

27 140
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ol xfol E3| — 0|0 2| 2= HHE X

M EQLSE — rn -~f DB DROP, 25 AP| &
DIzt M QN — o2 ¢S B U T
IHQIgt StE — ArEAF I[EEE Chg Z2H0
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Agent S& A3S2| 1A

=
Agent 2F2| 0{2=
o LLM =32 H|EEHY — 22 =0 CHE 21t
o T 2=0| NEHA| — O{C{M HRIE=X =8 052
o H|E-X|HA[ZIO| =Z=0ICHCHE
o AFEX7}"EO| O|&dlR" 2t Tt 110 > |l =7t

LR XA 47HX)

=0 =<
Trace BELLMEF SE9| =H

Latency 2t o/ SR AIZE

Cost =g E2HE 75

Quality AMEX} D= (F0tR/201R) + Ats H7L

Z£X: Day 4

LangGraph
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-

254 T H|W

z=Q £

E3 Z3

LangSmith LangChain S& %%k %%
LangFuse QEAA MISAE]
Helicone OpenAl Z=A| HEY

Arize Phoenix QEAA RAG LIt Z
Weights & Biases ML 20 ZXt S8 £3

=2 FA HZ LangSmith (LangChain AEHA| 7H2 Z2Z)

73

£ = 5K trace/&
22

22 10K/E

=F-]

FE/RE

Z£X: Day 4

LangGraph
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7.agentops_monitoring.py IHE

# .env O 7}
LANGCHAIN_TRACING_V2=true

LANGCHAIN _API_KEY=1s__ ... # smith.langchain.com O|Ao &
LANGCHAIN_PROJECT=genai-course-day4 # ZR2HE 0| (A3 MAM)

from dotenv import load_dotenv
load_dotenv() # 2 4 Hay 3 AHE

# 0| LangChain E£0| 2% A= trace
# - smith.langchain.com Of|Ao AA[ZF =tQI
result = agent.invoke({"messages": [HumanMessage("RAG A™H")]})

# = £ trace %7} ===
from langsmith import traceable

@traceable(name="custom_processing")
def process_query(qg: str) — str:

# 2dt Python T ELE trace

return q.upper()

Z£X: Day 4

LangGraph
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LangSmith =2}HOj|A| 2O|= A

LangSmith 2}HO|jA HO|= A

Run tree — Agent invoke - lIm - tools - [Im 2| TA| Eg|
Latency — Z! Tt ms i

Tokens / Cost — SZE H|E + &5

Input / Output — ZE HA|X| 22

Errors — &Iff X} ZX

Datasets — £2 215 TV} HO|EHZ2 227

Evaluations — XI5 H7} metric (RAGAS S&)

ZX: Day 4

LangGraph
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Agent EtH0j| S0 /2:012 7|

from langsmith import Client
client = Client()

def chat_with_feedback(question: str) — dict:
nn IIAgen-t i% + r‘Un_id %EI-J}" E'_I-%.Il mn
result, run_id = agent.invoke_with_run_id({...})
return {"answer": result["messages"][-1].content, "run_id": run_id}

# = AI2A 2H8 feedback 22 A& ===
def add_feedback(run_id: str, score: int, comment: str = ""):
"""score: 1 = €2, -1 = t&y."""
client.create_feedback(
run_id=run_id,
key="user_thumbs",
score=score,
comment=comment,

# A2 0] — Flask 9IEZOIE

@app.route("/api/feedback", methods=["P0OST"])

def feedback():
data = request.json
add_feedback(data["run_id"], data["score"], data.get("comment", ""))
return {"ok": True}
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. L4 TypedDict (ZIZhH vs Pydantic (24) @£ state schema

. [Y4 == olIX| — Router THE, £ (ReAct ZIF)

. MessagesState + add_messages reducer — list X}& append

. [4 Checkpoint = checkpointer ¥t ZZ H22| 2M3} + thread_id & Az
. (Y4 AZH{& C|HZ — get_state_history , update_state

. ['4 Self-correction loop — HJ7t > H > AT
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