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ou
0|0
0
ol
>
opm
=
N

Jor

20| 2435| E0{=L0). 53| e ZE, 27 2tE, o2 R0l enumoO]

=o|ck

M

fol

"status": {
"type": "string",
"enum": [“"pending”, "processing”, "completed", "failed"]

0| A7|0b= 20| "status”: "maybe"2t1 HIatst 7HsM S AxFO R
HHAISHCE CHEF enum 240] 107HE E7|H 27 EO{ECH [FHE] 2E=2

&71 27|0f| Bl HF SEICt

= BN X|3: constE 1™ Z4A|

SClo| EXN ZE 7L &tAF ZH2 710

o
>.
(@)
-r
o
A
-,
=
o
3
(%]
—

r A 2t E &0} APIHA, IH
HEICO[H, A2Xt HEE st BEO| F835IC
"version": {

"type": "string",
"const": "1.0"

=
r£

M| X|3=: description@2 o|x Mt

o
ol

= AAOIE O|aljst}. A7|0te| description ZEO|| ZZ0H|A| SHOF
o LS R0z A X|A| 21k7F 3 A SERIT

"action": {
"type": "string",

"description”: "AFEZI QZHQo| O & mestil, 7tsSH St ZA
Q ]

o o ZHOE QUGN Q. MY = 9= 2F2 'unclear' 2
- SHEotML."

}

descriptionO| gl B2 X}7| HAICHZ SiMSICL Qo™ O siMS
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description & 2 QL5 4 QIC}

1.2 Pydantic + Instructor: Python2| E}¢! otXish

A0} £&

Pydantic2 PythonOf|AM 7}& 2| AM0|= C|0|E| ZZ z2to|=e{2|Ct
Instructor= Pydantic ZE0H Ho|5tH LLMO| SliEt 1XE Xtso=2

HHBHSIE 2 ol 2L,

from pydantic import BaseModel, Field
from openai import OpenAl

from instructor import from_openai

class ExtractionResult(BaseModel):

name: str = Field(description="3|A} O|E")
founded_year: int = Field(description="4&& AT
employee_count: str = Field(description="212 £ =H2|: ~50,
< ~200, ~1000, ~5000+")

client = from_openai(OpenAI())
result = client.chat.completions.create(

model="gpt-40",

messages=[{"role": "user", "content": "ThakiCloud®| CH?3a}
o 2",

response_model=ExtractionResult

)

0| ZEJ} 5H= Y tha3IC} ExtractionResult2t=E AZ|OFE FHo|sHH,
InstructorZ} 1 AZ|00| = SEE ZEA -5, ZEO| ekt

AN ST HES £ SHEC

MA=7F 23t XF2 M| oo A ZHO| AF|OLE MEX] EUAS

bgdl



Chapter 1. JSON A7|0F ZA|: SEF §Al EX| 4

mfe| RHA|ELE Instructor= 7|2XMOZ SEAM AS0| AulstH oS

HX|2Z, O|Z 7HX|3 ZA|=5HH ECh
MAX_RETRIES =

for attempt in range(MAX_RETRIES):

try:

return client.chat.completions.create(
model="gpt-40",

messages=messages,
response_model=ExtractionResult,

max_retries=0 # Instructor L& ZH{A|Z H|=ZMS}
)

except ValidationError:

if attempt == MAX_RETRIES - 1:

raise

# DEDLEN A7|0F 8 At E F7ts A=
messages.append ({

"role": "user",

“content": f"0| ZEO| A7|OE W= UUSLICE. CHA|

o AESHHLR."

o)

= M= rate limit Of[210]] CHEE XHA|=CL instructorQ| retry Li2H0[E{S
8ol KSR XMeE|F = UX[T, K| IS RF JA5HsHH o
MNZst ®o{7t 7hs stk

OFX|2H2 2EO0| A7|OHS Ofoi| 071 7| OfL|2} YETH0{Z! ZARLL Oliuf=
B2 &4 ZAKpartial validation)E o{&st1, F2tE HEO| 7|232
M= He2tg £ 4 ot
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1.3 MM 3= 47: A7|0}f Haf S lst HE 5|2

BE A =7t SLSHA 2HS ot Xl 4=LCt. A 7|0} validation AIf

=
—
L2 UAS U LYHDE, WAISE HOiC TRTES BY Fe 2

2 d B RS EDisolX| Yt =Y
A7|0IE EE MO, 2 DEZES M| EUE 22 HEE
siAl2 B sict

SCHEMA_RETRY_PROMPT = """
SEto| QA= JSON AZ|OFE W2 A| UQrSLICE.

LS M H

O E| Al

==5Ta) = o e

{schema_description}

A|A|AFEE:

- response_schema®f] HA|=l ZEOF AFRFIM L
- 7t EEE THSA| OM 2

- BE T4 WEE FHSIMIR

- HE U2 ¥ F EfD 2430 A AL

Ol ZEZEE HALE A 8 0 2s1et o) oftel WRE ol
M
o

0| =O}xIC,

RIEhot whE M Hretstot Dol LAA HIFY
7;

A4 FOH= HKX|= AHS Y= TR



A7|0p7F STSiE+F 20| O AF(0HE w2t £35S FYste ol O
2 EZS 2280 Ol £ H|8xt 2 ZEC

g =01, 5712l EEE 7HE A7|otet 20742 EEES 7hEl AF|O0p7t
ACtD SRE SE Z0[2] X0z Xz 2~3HHof O|EL} [FF].
2 o vk 2HEE REd EHE MYty SkXRE AF(OMt

SR HEX|7F O 2 Qs HEMX| 2= Zeo| 47ict.

X HE 5 XS5t AX|ZE 25 H|0[E{2H AZ|OHof| ZEHA|Z| 1,

CIH2 Al BE S ZREMO 7|X| ghct

LS —

OFX|2to 2 descriptiong 7HZSHA| £2CF  descriptionE EEC2
L

Atte|2 =2, sy O3 7|1 nfst A2 Tt

1.5 OFZ)

JSON A7|0F A= th23d| Pydantic 2ES ANo|sh= 0| OfL|CH
Dalo| s Z7tE HEste MA 0|0, MAIZ g2t H|E QOI7tX|

—

Faot A2 AL 0 Fel

18

&2 Ch3at 2Tt

A7|0t= M| 7HX| X|ZE, enum, const, description@ 2 LASICE Instruc-
tor2 PythonOf|A EfQ} QtESH &S FAdistal, A7|0F Ml M& MA|=

ETY2 |18t 2Zx0 2 e 49 Z/0|E F|431EHTt



Figure 2.1: Partial Streaming: &/A|Zt I|EHH 15

PRNE ' %E*% 7|Ct2|= Set OFF m|=o| g™ SotsEict =
7

JaLt thed| EEE st B dttezEs 2ESiCE 2 Z0E
OEA| o|0] UAH| Fdot=Li7t &H| AR RS £, O] &M=
Server-Sent Events(SSE)?} WebSocket & R3g MEHEX|, o|O|
T2 O1EA FZEX|, THHZBES EA XX
3tA9| Observability/7tX| CHELY.

L
ol
mjo
1-?1
oI-

2.1 SSE vs WebSocket: MEH 7|=

AAIZE S 7|22 CHIsH[2H LLM APl AS0l| M AEEel MEIX|= &

Server-Sent Events(SSE)= CHtsk EAO|CH AH{O|A 2210|HEZBt
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olO|E{7} 2Lt 80| thastn HTTP/2E MM CISsHE X|IEICH
CHEE9| LLM API ProviderZ} SSEE 7|2 F& gHAloz #C1 LLM

=1
H2 Z20|¢ER AEZ|USHE EX2H SSEE S5}

WebSocket2 s E410|Ct  Z20|HET} A‘“:HE HO|E 2 2y
= A0M AEZ|Y =F AMEXIt SO St= HR(B F&, F7t
XAl S)oll MEtsict. Chet 28 SHE7H 10 EEo| -?rﬂE—’F ol=atut

28 7|1& 42 “‘Z210|¢ET} Mo EY 10| QI=7}'Ct CHEE9S
Al Z{e! QIE{H|O|AE SSERICZ FEsotll, ALEXAL AEZ|Y EF
77|0{S0{0F St T WebSocket2 12{5HH EICt

SSE 71812 Python2| FastAPI7} 7+t 7t 5tk

from fastapi import FastAPI
from fastapi.responses import StreamingResponse

import openai
app = FastAPI()

async def stream_response(prompt: str):

client = openai.AsyncOpenAI()

async def event_generator():

stream = await client.chat.completions.create(
model="gpt-40",

messages=[{"role": "user", "content": prompt}],

stream=True

)

for chunk in stream:
delta = chunk.choices[0].delta.content
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if delta:

yield f"data: {delta}\n\n"

yield "data: [DONE]\n\n"

return StreamingResponse(

event_generator(),
media_type="text/event-stream"

)
SHA2 stream=TrueZ Q&5 chunk.choices[0].delta.contentOf| A
EZ CiQ| Z22 BOHHE o UCE O|Z SSE FAlo=2 ZM HM&5HH
ElCt

gjo| 2x|= AFRX} =0 HO|= A7 BHA o2 IiN
ACH= Hf QUCE “HESINIL72He 2F0] 4712 EECE L0 MEE[H
S2IO|AE0|= “OF “F” “5P “M|”, “Q77} S 2 T&FSICY

-4
re
olI
EE
rlo
|U
=
o\I 4n
N
Ral
n
o
_l:
o
X
I
>
52
Iy
T
_|:|_|
o
[o]
HU
H
rlu
o

HotECt7r 2fn| X F

import re

def split_into_sentences(text: str) -> list[str]:

sentences = re.split(r' (?<=[CF2])[\.\?2\!T}\n", text)
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return [s.strip() for s in sentences if s.strip()]

async def buffered_event_generator(prompt: str):
buffer = ""
MIN_CHUNK_SIZE =5 # Z[A 5EZ 0|4 HO|H A&

async for chunk in stream:

buffer += chunk

# =& BAMAM flush

sentences = split_into_sentences(buffer)
if len(sentences) > 1:

# Op2|2 222 Hoo 224

for sentence in sentences[:-1]:

yield f"data: {sentence}\n\n"

buffer = sentences[-1]

# BEH7F 42 A2 @ 2 flush

elif len(buffer) > MIN_CHUNK_SIZE * 3:
yield f"data: {buffer}\n\n"

buffer = ""

CHE StLbs S20[E AO|E HEZolLt M 7|EZ EE
Hiin SC0|MET 2ot B HeIZ HOED. MH 22 EX|

22t0|YUE 30| SESZEIC

2 mo

= & PAUO| LI2X|= use case0f 2} CH2CE A X}0] O{RFCIH
ME ALO|E I 20| AZAL ZE HOM K1, S20|AET CreFet
$HZ0A SOF7t0F BHiHH Z20[1E AO|E MO I {ASIC.



AER|Q 5tZ40| AEY EPE|E Cha3f| HO|X|Ot 8H&0| Ct xjoizd 22
23t Xz2|, H2|(cleanup) #ca|od o @ 2| =29 C|o|E| EUX|2
O[o{ZICt,

Hx xjid #HEZS =t S2H0|UESRE AH Ato] G120 ZOX[H
o{C|7Hx| 7‘:—|E|!§,HEX| ZHM3l{Of StCt. SSEO| M= Last-Event-ID 3|GI2
OFX|2Ho]| 2H2 O|HIE IDE AMH{0| L2{FH, MHIE O O|S2E] CHA

H&siErt

HLI
mlﬁ

async def stream_with_recovery(prompt: str, last_event_id: int =
< None):

client = openai.AsyncOpenAI()

stream = await client.chat.completions.create(

model="gpt-40",

messages=[{"role": "user", "content": prompt}],

stream=True

)

buffer = []
start_index = last_event_id or 0

async for idx, chunk in async_enumerate(stream,
< start=start_index):

delta = chunk.choices[0].delta.content

if delta:

buffer.append(delta)

yield f"id: {idx}\ndata: {delta}\n\n"

full_text = "".join(buffer)
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yield f"id: {idx + 1}\nevent: done\ndata: {full_text}\n\n"

£2 23 Mel= 220[ET AERY EF Hlo[HE &8Y w| EXI7t
ot OIE S0 AER[UEE HAEE HARICE Qo HojF1
A0 22 ZNE ORs 220 235t O e &2 ZuE
HEiZ MFsliFD, AER0| 2t=E AIFojoF & X2 Sh= HO|

o e
I
_()'h
n

r

B2 AER0| Y BREE LF=E SHEIE Q0| 20}

oll

tCt. PythonO|AM= try/finally =&0]|L} async context manager2

H T

-
re
ol

class StreamContext:

def __init__(self, prompt: str):
self.prompt = prompt
self.accumulator = []

self.done = False

async def __aenter__(self):

self.stream = await client.chat.completions.create(
model="gpt-40",

messages=[{"role": "user", "content": self.prompt}],
stream=True

)

return self

async def __aexit__(self, exc_type, exc_val, exc_tb):
# AER Ha

if hasattr(self, 'stream'):

await self.stream.aclose()

self.done = True

return False # 0| 2|2 =2 23S
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HT
il
ol
=
01t|
rolI
)
[}
Iﬂ
m

X|jol X AEz|alo| Al X|ELH & EZ27IX|Q| A|ZHTime to First
Token, TTFT)2t A AEZ &tz AZHS LA XHOF ST} TTFTZH
ZCbH REIof X2| A|ZH(processing time)O| 71 Z40|11, TTFTE &2
2tz AlZto| ZCHH &3 ZAn XA|7t 21 Z40|Ct

import time

from dataclasses import dataclass

@dataclass

class StreamMetrics:
ttft_seconds: float
total _duration_seconds: float
total_tokens: int
tokens_per_second: float

error: str = None

async def measure_stream(prompt: str) -> StreamMetrics:
start = time.perf_counter()
ttft = None

token_count = 0

try:

stream = await client.chat.completions.create(
model="gpt-40",

messages=[{"role": "user", "content": prompt}],

stream=True
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async for chunk in stream:

if ttft is None:

ttft = time.perf_counter() - start
token_count += 1

total_duration = time.perf_counter() - start
return StreamMetrics(

ttft_seconds=ttft,
total_duration_seconds=total_duration,
total_tokens=token_count,
tokens_per_second=token_count / total_duration
)

except Exception as e:

return StreamMetrics(
ttft_seconds=time.perf_counter() - start,
total_duration_seconds=time.perf_counter() - start,
total_tokens=token_count,

tokens_per_second=0,

error=str(e)

)

BT 252 AE2(Y SBZ0IN 53| ICHECE AER0| BUY| Hojs
A BUS WDEE 4 o) WROITL Al B2 Hilo| BN 4
FHte WIS 2 4 Uk HIZ0| UE, BY 98, ¥ HE T
ze 7 MARZIoZ SeiN BN Msbt HelH 27| BRE Almsts
Ajolct.

°
O
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2.5 02

Partial streaming2 Ttta5| H|O|E{E LIH ELH= | OfL|Ct. 2|O] tHe
HUSZ AEX} %3% 20221, MHZn MEf 222 Y EES
X|EZ ObservabilityZ7tX| ZtZoF H|ZA

=
EE'E.'BOH o22|= AE2|20| EICt SSEQF WebSocket AlO|2| MEHS
AUarSEMO| ZQSHK|Z ZE[1, AME] AO|E HH{E Z0| AFSX Z&0f|A



3 ZHAIE=2t HiE: Z8 518 Of7[H]X

Bulkhead Z2|

Figure 3.1: R{A|=2} HiQ!: AT 5| Of7|ElX
LLM APl THim 2 MTstet Rate limitofl EESHLE ME{7H LA 2
SotRIAL)E HEQ T 2H|7F MZICH O|mf A|AE! MF|7} OpH|E[ o
Z|O 2, RHA| =2t iR (backpressure) BIF{LIE S 2¢5OF STt
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O| oM = thast A= E oM = Il ES CHEC K|~ BRI} jit-
tere| M&tst 2t BEAl circuit breaker2| AE{ 7|7, bulkhead THEIS 2
2| AAE A2[ol= W, TJ2|1 Afst LEE 210{H2|X| 2= dead let-

ter queue”ZtX| AlHELCE,

3.1 K| U o} jitter

5] 1= o7| = MAIZ=SHH 2H|7F QIC Huligt 2F0| SAo
=

tgtez =2[H, Mol ChAl 23t FAM AL dlE =afsitt. O

reh
0z
fjo
—
=
c
32
Q.
"]
=
s ]
oa
=y
[¢"]
ol
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-
o
o
o
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-
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import asyncio

import random

async def exponential_backoff(
attempt: int,

base_delay: float = 1.0,
max_delay: float = 60.0

) -> float:

delay = min(base_delay * (2 ** attempt), max_delay)
return delay

async def retry_with_backoff(coro, max_attempts=5):
for attempt in range(max_attempts):

try:

return await coro()

except RetryableError as e:

if attempt == max_attempts - 1:
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raise

delay = await exponential_backoff(attempt)
await asyncio.sleep(delay)

-1

O] 2=0f= 7] OX[7F ATt 22 AlZHof| RHA=5H= 2

SAlof| =EstCt O|Z sl Zst= 40| jitterCl.

50| 03]

0

Jitter= C{7| AjZHOf| M S FI16HCE M| Z7EX| F2F0] QICE  Full jit-
ter= base * 2%attempt E1| LHOIIA &t

2"attempt / 20i| 2E HQ|E FSICt

M 2iE Equal jitter= base *

async def exponential_backoff_with_jitter(
attempt: int,

base_delay: float = 1.0,

max_delay: float = 60.0,

jitter_ratio: float = 0.5

) > float:

delay = min(base_delay * (2 ** attempt), max_delay)
half = delay * jitter_ratio

return half + random.uniform(@, half)

Equal jitterE ME31H X
SAMEICE AROM ZHE £3tXQ1 712 Decorrelated jitterCt. O™
CHZ| AlZHOf| HZIsHA HEAM S E0jst= WAl 2 7|& EHECH I L2

242 HoICL

>
i
fo
0%

S0| st AlZto| ESEX| &1
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3.2 Circuit Breaker: 912} Zo x}ct

MA|ZOto 2= EXH5iCL WO BojA MAZHE A& Aojst=
QHO| oW 1 20| AAH XUS HRHH CI2 Q&I

A— -/ o

ZO{LHZICE. Circuit breaker= O] 2H|Z s ATt

Circuit breakere= M| 7HX| MENE 7IZICE Closed= ™A S AENCE
QFOo| Sutstl, AuE0| YA X|IE H2M Open2 = FEHEICE Open2
RHcH AENCE QEO0| ZA| AHoista, €& A|7H0| X[LtH Half-Open22
TgtEICE Half-Open2 HIAE AMEHCH HSHEl 2| E S SatA[HE D,

MI5H ClosedZ, ATl5tH Open2 2 SOIZICt

from enum import Enum
from datetime import datetime, timedelta

import threading

class CircuitState(Enum):
CLOSED = "closed"

OPEN = "open"

HALF_OPEN = "half_open"

class CircuitBreaker:

def __init__(

self,

failure_threshold: int = 5,
recovery_timeout: float = 30.0,
half_open_requests: int = 3

):

self.state = CircuitState.CLOSED
self.failure_count = 0
self.failure_threshold = failure_threshold

self.recovery_timeout = timedelta(seconds=recovery_timeout)
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self.last_failure_time = None
self.half_open_success = 0
self.half_open_requests = half_open_requests
self._lock = threading.Lock()

def call(self, func, *args, #*kwargs):

with self._lock:

if self.state == CircuitState.OPEN:

if datetime.now() - self.last_failure_time >
< self.recovery_timeout:

self.state = CircuitState.HALF_OPEN
self.half_open_success = 0

else:

raise CircuitOpenError("Circuit is OPEN")

if self.state == CircuitState.HALF_OPEN:
if self.half_open_success >= self.half_open_requests:
self.state = CircuitState.CLOSED

self.failure_count = 0

else:
pass # 3{E £0UF 2F 3}
try:

result = func(*args, *xkwargs)
self._on_success()

return result

except Exception as e:
self._on_failure()

raise

def _on_success(self):
with self._lock:
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if self.state == CircuitState.HALF_OPEN:
self.half_open_success += 1
else:

self.failure_count =

def _on_failure(self):

with self._lock:

self.failure_count += 1

self.last_failure_time = datetime.now()

if self.failure_count >= self.failure_threshold:
self.state = CircuitState.OPEN

class CircuitOpenError(Exception):

pass
SHAIS failure_threshold?t recovery_timeoutS AX| E2{Z! THEI0)|
oty 4H5H= Zd0|Ct. LLM API2| AR rate limit 0|27} 20| &hAiGIE =,

failureThresholdE Y& Z10| {2|3IC}

3.3 Bulkhead Zj&l: 2|AA Ag|

Circuit breakerZ} Zt0Hf Efg,l% XIEHSICHH bulkhead= OfOi| ZHOH HiAH
222 Z=0IC}. Bulkhead= Muto| HiAZ4ud0|| M Q2SI M 7

FHO| LIZ CHE 7oz %OI HX|X| $=F St= FELL

i
o
r-l-
=2

2ZELO0M=E M2 THE HYol 2|aAE Belsts A2, ot 20|
o=
=

2| aAS SFEHK| Rt 2=C.

LLM APl AS0M &= F 7K WA S Z bulkheadE F&EHCE KM, oA
Z 2|0} ZQLHE CF2 APl 22j0|MES AIR5H QL =2
Q0| rate limit0]] ESEE 52 QA0 2I8k0| 7HX| =L}
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from openai import OpenAl

class LLMClientPool:

TredaeHE BalE F2to|dE B

def __init__ (self):
self.priority_client = OpenAI(
api_key=os.environ["OPENAI_API_KEY"],
max_retries=0 # Z{A|E= callerOjA 22|
)

self.bulk_client = OpenAI(
api_key=os.environ["OPENAI_API_KEY"],
max_retries=0

)

self.low_priority_client = OpenAI(
api_key=os.environ["OPENAI_API_KEY"],
max_retries=0

)

async def call(self, prompt: str, priority: str = "normal"):
client = {

"high": self.priority_client,

"normal”: self.bulk_client,

"low": self.low_priority_client

}.get(priority, self.bulk_client)

return await client.chat.completions.create(
model="gpt-40",
messages=[{"role": "user", "content": prompt}]

)

=M, SemaphoreZ2 SA| 23 £ H|SIO|C}. PythonOME asyn-
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cio.Semaphore2 SA| Mg 45 H|0{siCt.

import asyncio

class PrioritySemaphore:

def __init__(self):

self.high = asyncio.Semaphore(10)
self.normal = asyncio.Semaphore(5)

self.low = asyncio.Semaphore(2)

async def acquire(self, priority: str):
sem = getattr(self, priority, self.normal)

return await sem.acquire()

def release(self, priority: str):
sem = getattr(self, priority, self.normal)

sem.release()

o

|EH RU=2E= SAES HEsHH

SAl 20l 7H{X|X| =0

3.4 Dead Letter Queue: lifje| otx st H2t

MAI=O = Auist QF2 oEA &7k 2 AlEtX|H QF #ICt Dead

Letter Queue(DLQ)= ATl HA|X|E HEtsiA LS| M2/ &

ro

Ct.

import json
import time
from pathlib import Path

from datetime import datetime

UA
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class DeadlLetterQueue:

def __init__(self, storage_path: str = "./dlq"):
self.storage_path = Path(storage_path)
self.storage_path.mkdir(parents=True, exist_ok=True)

def store(self, message: dict, error: Exception, context: dict):

"tteofst OiA|A|E DLQO| AT

entry = {

"original_message": message,

"error_type": type(error).__name__,
"error_message": str(error),

"context": context,

"failed_at": datetime.now().isoformat(),
"retry_count": context.get("retry_count", 0)

}

filename = f"{int(time.time() =*
< 1000)}-{context.get( 'request_id', 'unknown')}.json"
filepath = self.storage_path / filename

with open(filepath, "w") as f:
json.dump(entry, f, ensure_ascii=False, indent=2)

return filepath

def load_pending(self, limit: int = 100):

"UDLQO| EBHEL AMIf AR 22 gra

files = sorted(self.storage_path.glob("*.json"))[:1limit]
results = []

for f in files:

with open(f) as fp:

results.append({"path”: str(f), **json.load(fp)})
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return results
def retry(self, filepath: str) -> dict:

with open(filepath) as f:
entry = json.load(f)

result = process_message(entry["original_message"])

Path(filepath).unlink(missing_ok=True)
return result

DLQ 2%olN Z23 22 BUEZOICE  DLQO HIAIX|7} “tolad
ARGl 2R7H QICHs ASCH  OHY DLQE SQlstm, wHEsh

AISh= HAIX[= B E 243 22 |2lS HAsHoF ST

3.5 DOifg

XX w2 ol 74X et 282 O Aol XIS AJsich X5
MO Iet jitter= XAIZZE SUARHO| S2|l= &7te| HIIE %01%‘]_
circuit breakere 7| Mlifste Q&O0| CHE QAKX BO{L2|X| &4
gt=r}  bulkhead= ZEQ 7} CHE =0 2|AAEZ Of=X0 LH':EH
DLQ= Jai= Hufst RFS HE|X| 1 HAHECL Y 7HXIE &

2 M LLM APl 152 LR F0| HulsIEEt: MAM7t E52[X|
e AR Xi2| Felh

]
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from collections import deque
from dataclasses import dataclass

from typing import Optional

@dataclass

class ConversationBudget:

max_tokens: int = 64000 # U= EF Ab
max_messages: int = 20 # OA|A| %= AHS!
warning_threshold: float = 0.8 # 80% O|AFO{| A A1

i

b

class ManagedConversation:

def __init__(self, budget: ConversationBudget):
self.budget = budget

self.messages = deque(maxlen=budget.max_messages)

self.token_count = 0

def add(self, role: str, content: str, tokens: int):
self.messages.append({"role": role, "content": content})

self.token_count += tokens

if self.token_count > self.budget.max_tokens *
< self.budget.warning_threshold:

self._trigger_warning()

def _trigger_warning(self):

# EZ ALEE0| ooto 8oxE ™ 2iE HA[Al AA
while (self.token_count > self.budget.max_tokens * 0.6
and len(self.messages) > 4):

removed = self.messages.popleft()

self.token_count -= estimate_tokens(removed["content"])

def get_messages(self):
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return list(self.messages)

O EQ| slipl2 ZFZE F0| OfL|2t chst 0|9l ZhAsH &2 L.

[=] [=]
LLMO|A| EL}= CHS} O]=0| E0{=H = EZ0| EHECL

&2 E3 22|= max_tokens LtZHO|E 2 H|O{SHCt. Of&F SHECH IA|
o™ H|E |7t &A Ho™ £240| HEICE 0|2 sHAsHH &3

async def call_with_adaptive_max_tokens(

prompt: str,

model: str = “gpt-40",

min_output: int = 100,

max_output: int = 4000

) -> str:

M7 40| HofstH &3 ZO0|E oM A"

for attempt in range(3):

response = await client.chat.completions.create(
model=model,

messages=[{"role": "user", "content": prompt}],
max_tokens=max_output,

stop=None if attempt == 0 else ["

"1

)

content = response.choices[0].message.content

# 20| HHEA ol
if response.choices[0].finish_reason == "length":
# EZ0| 2X3UE A0|BE=z ZO|E =8 MAE
max_output = min(max_output * 2, 16000)
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continue

# 220 42 B FQ
token_estimate = estimate_tokens(content)
if token_estimate < min_output:

# 0 2 283 23 (¢42 2E A &)
max_output = min(max_output * 2, 16000)

continue

return content

mjo

olth nZ ST EASHOF BiCt. &7k oflitof| =ESHAHLE 2 SEE
(@}

= = o
OfE7 o AQI7h Ched| QES HESHH MH|ATL StHE
X

o

class TieredBudgetManager:
def __init__(self):
self.tiers = {
"critical”: BudgetTier(limit=1.0, # 100% o &
action="proceed"),
"high": BudgetTier(limit=0.9, # 90% O|A A| ZA 11
action="warn"),
"normal”: BudgetTier(limit=0.8, # 80% O|4F A 23|
action="fallback"),
"low": BudgetTier(limit=0.5, # 50% O|%&F Al Z}EF
action="reject")
}

self.current_usage = 0.0

def check(self, priority: str, estimated_cost: float) ->

< Decision:
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tier = self.tiers.get(priority, self.tiers["normal"])

projected = self.current_usage + estimated_cost

if projected > tier.limit:

return Decision(action=tier.action, proceed=False)

self.current_usage = projected

return Decision(action="proceed", proceed=True)

4.2 °o|0|24H 7jAl: Embedding 7|8t 2& Dedupli-

cation
Sst R0 SYsH SEE 03] B MAMSIH HI0| EZQSHA
HMSICE  MEX JHAS URLOILE 2| 2XtY Ze Hest 7|18
AFESHR|TE LLMOM = T2 T ET} X5 SUSIX| ot o|O|7} Z4e
A7t Hrt
Embedding 7|4t FHAS QFo| o|0|X QAITE Al FHA| SIEE

—

TSIt

import numpy as np
from openai import OpenAl

class SemanticCache:

def __init__(

self,

embedding_model: str = "text-embedding-3-small",
similarity_threshold: float = 0.95,
max_cache_size: int = 10000

):

self.client = OpenAI()
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self.embedding_model = embedding_model
self.similarity_threshold = similarity_threshold
self.cache = [] # (embedding, response, count)
self.cache_count = {}
async def get_or_compute(self, prompt: str, compute_fn):
AN RAL RS AL ME AM
# Embedding AH/M
embedding = await self._get_embedding(prompt)

#IHAIIA QAIS 23 EAY

for idx, (cached_emb, response, _) in enumerate(self.cache):
similarity = self._cosine_similarity(embedding, cached_emb)
if similarity >= self.similarity_threshold:

# FHA| SIE

self.cache_count[idx] = self.cache_count.get(idx, 0) + 1
return {"hit": True, "response": response, "similarity":

< similarity}

# WAl OJA - ME A At

response = await compute_fn(prompt)

# FHAIOf =7t

if len(self.cache) >= 1000: # FHA| 37| H| 5t
self._evict_least_used()

self.cache.append((embedding, response, 0))

return {"hit": False, "response": response, "similarity": 1.0}

async def _get_embedding(self, text: str) -> list[float]:
result = self.client.embeddings.create(
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model=self.embedding_model,
input=text
)

return result.data[0].embedding

@staticmethod

def _cosine_similarity(a: list[float], b: list[float]) -> float:
a
b
return float(np.dot(a, b) / (np.linalg.norm(a) =*

np.array(a)

np.array(b)
< np.linalg.norm(b)))
def _evict_least_used(self):

if not self.cache_count:
self.cache.pop(0)

return

min_idx = min(self.cache_count, key=self.cache_count.get)
del self.cache[min_idx]

del self.cache_count[min_idx]

self.cache_count = {
k - 1 if k > min_idx else k: v
for k, v in self.cache_count.items()

}

O| FHA| 2Ol 71EF Q6 22 similarity_thresholdCh 0.95=
I =2 QAEE Q&N S|ETJ} X1 LIX| &=Ll 0.852 &M

T = Leio RT L
SIEER2 QEXT HRE SHE e Jtsdx &M AHZTICL AA|
Egfjd miEiS EHNM 2fS =FsHof sict
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4.3 2M EAM: LangSmith, LangFuse, OTel

gt A|AR0] SESHX|H StLtel 2F0| 08 2 S &, 9H*| =3
#HE M2 2ol S2 Lt 0] YoM LI E=0| & dsHE=X]

]

LangSmith= LangChain0| 2Y5}t= OiL|X|ES =& MH|ALCE AXO0|
ZtEksED, OpenAl SDKE H|Z6H 012 LLM SDKet &1 S&H=ICt J2qLt
QIE MH|A o|=0| o™ CHE SMO0| 3|},

from langsmith import traceable
from openai import OpenAl

client = OpenAI()

@traceable(name="11m-summarize")

async def summarize(text: str, max_length: int = 100) -> str:
response = client.chat.completions.create(
model="gpt-40-mini",

messages=[

{"role": "system", "content": f"{max_length}Z} O|5tZ 29"},
{"role": "user", "content": text}

]

)

return response.choices[0].message.content

LangFuse= Atd| SAEIO| 756t QEAA MO | Cl. PostgreSQLZ}
RedisZt QIO 29ist & 9/ 71 IE XX [|0|E{Z2 =T Ba|5HCt

from langfuse import Langfuse

langfuse = Langfuse(
public_key=os.environ["LANGFUSE_PUBLIC KEY"],
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secret_key=o0s.environ["LANGFUSE_SECRET_KEY"],
host="https://langfuse.your-company.com"

)

@langfuse.observe(name="11lm-summarize")
async def summarize(text: str) -> str:

# 20| 502 7|2

response = client.chat.completions.create(
model="gpt-40-mini",

messages=[{"role": "user", "content": text}]

)

return response.choices[0].message.content

OpenTelemetry(OTel)= A7 T X m|QUQ3ACt  LangFuse,
LangSmith, Weights & Biases & N 371 OTel ATE

X|@5t2=, OTel 7|Htez SeistH F& WS XAFEA udE =

i
il
i
1o
#

UL,

from opentelemetry import trace

from opentelemetry.sdk.trace import TracerProvider

from opentelemetry.sdk.trace.export import BatchSpanProcessor
from opentelemetry.exporter.otlp.proto.grpc.trace_exporter

< import OTLPSpanExporter

trace.set_tracer_provider(TracerProvider())

tracer = trace.get_tracer(__name__)

# 0Tel ATHOZ LIM & &

async def traced_llm_call(prompt: str, model: str = "gpt-40") ->
< str:

with tracer.start_as_current_span("11lm_call") as span:

span.set_attribute("1lm.model", model)
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span.set_attribute("1lm.prompt_length"”, len(prompt))

start = time.perf_counter()

response = client.chat.completions.create(
model=model,

messages=[{"role": "user", "content": prompt}]

)

duration = time.perf_counter() - start
span.set_attribute("11lm. tokens_used",
< response.usage.total_tokens)

span.set_attribute("1lm.duration_ms", duration * 1000)

return response.choices[0].message.content

Sl Sd(Attribute)S FHSEH LIS 245H7| #|AZICH 27 0|,
UHE = EZ 4, TTFT, BH| 22 A[ZH2 HIEA| 7| F3{0F 5t

= |
QLRI AHICHH LF 70t HIAX|= 7H EHAHOF BTt

4.4 Graceful Degradation: 2 &lufE AI2X}
Agoz Mg
MAIEO|E A5t circuit breakerZ7bX| L=CHH o= s ZdQIT}

AEXIOA “LAH @F"2h= 2R SHH M2|7F BO{TICE  Graceful

degradation2 2& AW E o|0| Y= AEX AESZ HMEkst= ML

XA x| MEfO| 7t 7|=0|ot. 3 ZRO| HufstH Hhaeskx|ot

H>

L= NG

Jiok

async def robust_complete(prompt: str) -> str:
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models = ["gpt-40", "gpt-4o0-mini", "“gpt-3.5-turbo"]

errors

L]

for model in models:

try:

response = client.chat.completions.create(
model=model,

messages=[{"role": "user", "content": prompt}]
)

return response.choices[0].message.content

except RateLimitError:
# Rate limit& ZA| & A=
await asyncio.sleep(5)

continue

except APIError as e:
errors.append({"model”: model, "error": str(e)})

continue

# BE B 20 A 2E WA SH

return fallback_response(prompt, errors)

FAa= ZE Hij7t MH| 715 HuliZ O|0{X|X| 85 Sh= YHO|C.
o]

AIlistH 7|Z 7|/E (gt QOFS FAISHL, Al 0] HulstH

async def get_summary(text: str, use_ai: bool = True) -> str:
if not use_ai:

return naive_keyword_summary(text)
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try:

return await ai_summary(text)

except LLMError:

# AL AI§ Al 7|QE 7|8 Q9%o=z 4

logger.warning("AI summary failed, falling back to keyword
< summary")

return naive_keyword_summary(text)

AMEXL RS 2Me| dill= 71 SR 87 BElo|nt. Huf HAX|=
YA FIF BAMSLICE L oL, XKz 20| o A1

FAE ATE = A=A] Le{F 0f 3ot

@dataclass

class GracefulDegradationResponse:

success: bool

primary_content: Optional[str]

fallback_content: Optional[str]

message: str # AFEAL0|AH 20 Z HA|A|
retry_after: Optional[int] # #Z ZHA|EZ A|ZH(Z)

def fallback_response(errors: list) ->
< GracefulDegradationResponse:

if is_rate_limit_error(errors):
return GracefulDegradationResponse(
success=False,

primary_content=None,
fallback_content=None,

message="%12| 20| FOF SEO| AAHE1 JAFLICt. ZA| & CHA|
o AESH FNL.",

retry_after=30

)

elif is_timeout_error(errors):
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return GracefulDegradationResponse(

success=False,

primary_content=None,

fallback_content=None,

message="Q 0| HF =ZLICt. O ZAH YH FAH H2lg =
< UAsHCLH",

retry_after=None

)

else:

return GracefulDegradationResponse(
success=False,

primary_content=None,
fallback_content=None,

message="UA|HQl 2T} LMMESLICE. FA|
o FM2.",

retry_after=5

CtAl Al E35H
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