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M R A T | BB DA A
| (AR
BN F LW E ARG BB T RO B R3O Bk

|WEMRG: P R B (RO B

A1 SEMI%—FiA [protocol. json] T REBRGE T RO R ORI Rk
A1 EEREEH
{ \\‘&E%ﬁm:ﬁﬁﬁ%ﬁ%%
“name”: “workflow_name”, B RSO W bR, ETH S 5
“description”: " LAEmHR", B
“version”: 71.0”
Zcreated at”: ”72024-01-01T00:00: 007, | WEHAG: )
“entry point”: “first step”,
“initial state”: { ‘ WEEAG]: R GRAD Rk, (R3O Rk

” ”
messages”: []
“current step”: “start”
“step data”: {}
"workflow log”: [],
” ”
errors”: [],
”loop counters”: {},
“execution path”: [],
"parallel results”: {}
“custom data”: {}
}
“api functions”: [
“name”: “function alias”,
“module”: “module name”,
“function”: “function name”
]
“steps”: [
” ” ” ”
name : step name ,
”type” . ”stepitype”,
” ”
parameters”: {},
Unext_step”: “next step name”

‘&E%ﬁm:?%:(ﬁ%>%%,(*i>%%

” ” ” . ”
on_error : stop\contlnue

}
]
}

| REARRG): ARSI R, T S

A12 BAGHBT [5H—1ER] Jm
‘ﬁﬁ%ﬁm:ﬁﬁﬁ%ﬂ%%
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A 121 IHSURTS ETRARIR
{

A

“messages”: [],
“current step”: “start”
“step data”: {}
“workflow log”: [],
“errors”: [],
“loop counters”: {},
“execution path”: [],
“parallel results”: {}
“custom data”: {
"source vessel”: {”id”: “reaction flask 17, “volume”: 200. 0}

“collection vessels”: [{”"id”: “collection flask 17, “volume”:

“pressure”: 1.0,

"heating rate”: 5.0,
“collected fractions”: [],
“target temperature”: 100.0,
“current temperature”: 25.0,
“monitoring cycles”: 0,
“max_monitoring cycles”: 5

A1.2.2 TREFANRR
[

A

0.0}],

{
“name”: ”setup distillation apparatus”
“module”: “distillation graph with tools”,
“function”: “setup distillation apparatus”

“name”: ”start heating”
“module”: “distillation graph with tools”,
“function”: “start heating”

]
A.1.2.3 APl ARSI
{

A

” ” ” ”
name : setup apparatus,
” ” ” . ”
type”: "api_call”,
“api function”: “setup distillation apparatus”
"parameters”: {
” . ” ” . ”
source vessel id”: “${custom data. source vessel.id}”,
“apparatus type”: “simple distillation”,
” ”
pressure : 1.0
b
” ” ” ”
on_error : stop,
“next step”: “start heating”

10

\&E%ﬁm:?w:m%

| mESRGE

| ML ] bR W= BRI, 4t BT
0 2k, IR AT 4 S o H R R

| R AL T R A

‘&E%ﬁm:?%:(ﬁ%>%%,(*i>%%

| BRG] ARSI TS AR, FE AT

L0k, BN RTE 4 T4, EUH RS R

| BRI E A

‘ﬁﬁ%ﬁm:?%:<%%)%%,(*i)%%

| BB RG] FESCIE T = bR, S B AT

|0 sk, i AT 4 SR, ERER TR

| R AL T R A

‘&E%ﬁm:?%:(ﬁ%>%%,(*i>%%
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A12.4 (RIS U EIRTR L | A G MRS, fi: i
| |0k, Wil AE 4 P B S

“name”: “monitoring loop”, .
“type”: “loop”, ‘ wEEN]: TH /S Mg
“max_iterations”: 10,
”condition”: { | BERAL: T BRI R, ORI Rk
“type”: “less than”
“left”: “custom data.monitoring cycles”,
“"right”: ”${custom data.max monitoring cycles}
b
“loop_body”: [
{

”

” y_n . ”
name : monitor step,

” ” ” . ”

type”: "api_call

” . . ” ” . ”
api_function” : "monitor process

1
1,
“next step”: “analysis”

}

A125 (RERIEHIR (FEER) T | S B R, A Vi
| |0 K, Wi R 4 A, R

“name”: “temperature check”,
“type”: “conditional”, ‘ wEKA]: WHFS MRS
“condition”: {

"type”: "greater equal” ‘ WEKRG]: 2 BRI Rk, B30 Rk
“left”: “custom data.current temperature”
“right”: 78.0

b

“true step”: “collect fraction”
“false step”: “continue heating”

}
A1.2.6 FHTHITERR | KRG bR RS, S AT
A L0 K, BIEG: NE 4 TR, TE KSR
“name”: “parallel analysis”, "
“type”: "parallel”, ‘ WERRG]: TE &S Mm S
"parallel steps”: [

{ ‘&E%ﬁM:?W:(ﬁ%)%W,(*X)%W
“name”: “stop heating”,
“type”: "api call”
“api function”: ”stop process”

}

{

11
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” ” ” ”

name” : “analyze results

” v ”

type”: “api_call
“api function”: “analyze data”

}
1,
"next step”: “completion”

}

AU TARRSEIIN S (AR ]
{

"name”: “enhanced distillation workflow”,

“description”: "ZRMETARWIRE, SCHRFMEIA MR ARAF D7,

“version”: ”72.07,
“created at”: datetime. now(). isoformat (),
“entry point”: “setup apparatus”,
“initial state”: {
“messages”: [],
“current step”: “start”
"step data”: {}
“workflow log”: [],
“errors”: [],
“loop counters”: {},
“execution path”: [],
“parallel results”: {}
“custom data”: {

“source vessel”: {”id”: “reaction flask 17, “volume”:
“collection vessels”: [{”id”: “collection flask 17, “volume”:

“pressure”: 1.0,

“heating rate”: 5.0,
“collected fractions”: [],
“target temperature”: 100.0,
“current temperature”: 25.0,
“monitoring cycles”: 0,
“max_monitoring cycles”: 5

}
}
“api functions”: [
{
“name”: ”setup distillation apparatus”,
“module”: “distillation graph with tools”,
“function”: “setup distillation apparatus”
b
{
“name”: ”“start heating”,
“module”: “distillation graph with tools”,
“function”: “start heating”
b
{

200. 0},

0.0} 1],

12
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“name”: “monitor distillation”,
“module”: “distillation graph with tools”,
“function”: “monitor distillation”

"name”: “collect fraction”,
“module”: “distillation graph with tools”,
“function”: “collect fraction”

“name”: “stop distillation”
“module”: “distillation graph with tools”,
“function”: “stop distillation”

” ” ” ”

name” : “analyze results

“module”: “distillation graph with tools”,
” . ” ” ”

function”: "analyze results

“name”: “setup apparatus”
“type”: "api call”
“api function”: ”setup distillation apparatus”,
“parameters”: {
“source vessel id”: “${custom data.source vessel.id}”
“apparatus type”: “simple distillation”

“pressure”: “${custom data.pressure}
“"heating rate”: “${custom data.heating rate}

”

1,

” ” ” ”

on _error . ~stop ,

"next step”: “start heating process”

"name”: “start heating process”,

“type”: "api call”

“api function”: ”start heating”,

“parameters”: {
“initial temp”: 25.0,
“target temp”: “${custom data.target temperature}”,
"heating rate”: ”“${custom data.heating rate}”

}

“on _error”: “stop”,

"next _step”: “monitoring loop”

” » . . ”
name” : “monitoring loop
” ” ” ”
type”: “loop”,
“max_iterations”: 10,
13
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“condition”: {
“type”: ”less than”,
“left”: “custom data.monitoring cycles”
“right”: “${custom data.max monitoring cycles}”

1
“loop body”: [
” ” ” . ”
name : monitor temperature ,
” P ”
type”: "api_call
“api function”: “monitor distillation”,
” ”
parameters”: {
“current temp”: 78.0,
“vapor temp”: 78.5,
“collection rate”: 2.5
b
” ” Y ”
name : 1ncrement counter
“type”: “data_transform”,
” v . ”
transform type” : "increment
” v . . ”
source” : "custom data.monitoring cycles”,
“target”: “custom data.monitoring cycles”,
Y ”
increment” : 1
]
"next _step”: “temperature check”
|
“name”: “temperature check”,
“type”: “conditional”,
“condition”: {
” ” ” ”
type” : “greater_equal
“left”: “custom data. current temperature”,
“right”: 78.0
1
“true step”: “collect main fraction”,
"false step”: “monitoring loop”,
“next step”: “collect main fraction”
b
“name”: “collect main fraction”,
” ” ” . ”
type”: "api_call

“api function”: “collect fraction”,
"parameters”: {
“fraction name”: “FUEN”,
“collection vessel”: “${custom data.collection vessels. 0. id}
“start temp”: 78.0,
“end temp”: 82.0,

“volume”: 150.0

”
’

14
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b

” ” ” . ”
on_error : continue ,
"next step”: “parallel analysis”

b
{
“name”: “parallel analysis”
“type”: “parallel”
“parallel steps”: [
{
"name”: ”“stop heating”,
“type”: “api call”
“api function”: ”stop distillation”
"parameters”: {
"reason”: "ZIBTER
1
b
{
“name”: “analyze results”
“type”: “api call”
“api function”: “analyze results”
“parameters”: {
“total fractions”: 1,
“total volume”: 150.0,
“temperature ranges”: 778-82° C”
}
}
]
“next step”: “completed”
b
{
“name”: “completed”
“type”: ”data transform”,
“transform type”: “format
“template”: "ZIETARNEH, AT {eycles) IRMEFETEHM”,
“values”: {
“cycles”: “custom data.monitoring cycles”
}
“target”: “step data.completion message”
}

A.2 FZF3I{E2S [LabBaseParams]

class BaseParams (TypedDict, total=False):

e nmnn

Base class for all parameter types
UUID: str # M sz4i

user id: str # FH ID [ER]
organization id: str # HlFJ ID [EER]

15
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creat time: date # QIgER}[A]

experiment type: Literal[”dry—experiment”, “wet—experiment”,

#OSEIGRA [MEE]
experiment name: str # SZI&AAFR
experiment des: str # SZIGHHIA
priority: Literal[”high”, “med”, "low”] # {564 [HMrzf]

A.3 B =& =52 [DeviceParams])

“dry-wet—experiment”]

class DeviceParams (BaseParams, total=False):

e nnn

Base class for all device parameter types.
device name: str # SCIG= AFR+NH S+ BARTIRE
device id: str # E&MmIG

device des: str # W&HA

customized params: List[Any] # &5 EHISH

A4 RIS EEEMR [AgentParams]

class AgentParams (BaseParams, total=False):

e nmnn

Base class for all lab agent parameter types
api_key: str # WM [EXAMBAER, Wikl
agent name: str # SZIE LR+ E+ BAKD)RE
agent id: str # FREEMARImIG

agent des: str # FREIAHEIR

customized params: List[Any] # &% EHISH

A5 | F/IREWEEZEOFMEE X

BB R IR

from abc import ABC, abstractmethod
class IDeviceDriver (ABC) :
RGN GER A 7
@abstractmethod
def connect(self, config: dict) —> bool:
TUUERERSE (W IP/HR O E) 77

@abstractmethod

def execute(self, command: ’DeviceCommand’) —> ’Response’ :

”””Tj:h’ff}?:%ﬁ%’f/ﬁﬁé\”””

@abstractmethod
def read status(self) —-> ’DeviceStatus’ :
//////iiEXgaq_){ﬁ#&//////

@abstractmethod

16
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def subscribe(self, event: str, callback: callable):

TUUAT R v AT (AR AR

class DeviceCommand:
TR TR A (A 7
def init (self, operation: str, params: dict):
self.operation = operation # e.g. “centrifuge start”
self. params = params # e.g. {“rpm”: 3000, “duration”: 600}

class DeviceStatus:
TR AR TR
def init (self, state: str, metrics: dict):
self. state = state # “RUNNING”, “PAUSED”
self.metrics = metrics # {“current rpm”: 2987, “vibration”: 0. 12}

B2 0 H s )
# OPC UA Phis ik 4% (anZEER & PCR 150
class ThermoFisherDriver (IDeviceDriver) :
def init (self):
import opcua # J T SDK df 2
self.client = opcua.Client()

def connect (self, config):
self. client. connect (f”opc. tep://{configl’ ip’ ]} :48407)

def execute(self, command):
if command. operation == “set temperature”:
node = self.client. get node("ns=2;s=Heater/Temp”)
node. set value (command. params[”target temp”])
return Response (success=True)

# ROS2 WrM &4 (1 Hamilton HLRE D
class HamiltonDriver (IDeviceDriver) :
def init (self):
import rclpy # ROS2 Python £
self.node = rclpy. create node (' hamilton adapter’)

def execute(self, command):

from hamilton msgs. srv import PipetteCommand

req = PipetteCommand. Request (
volume=command. params[”volume”]
source=command. params[”source well”]

)

future = self.pipette client.call async (req)

return future # XA FHAJH

A6 | F/BERGEG—FUt

| BIBR[): A5

17

R USSR S e

‘ﬁﬁ%ﬁm:ﬁﬁﬁ%ﬁ%%



T/SAIAS XXX—20242025

SERB G — FhE AAR S

class DeviceURI:
77y )2 R AT SHEE”””
def init (self, zone="
self. scheme = ”“scplab”
self. zone = zone. lower (). replace(C ’, =) # tpHEAXIEFRIA
self.device id = device id. lower () # W4 1D sil/NG
self.action = action

”

, device id="", action=""):

@classmethod
def parse(cls, uri: str) —> “DeviceURI”:
77T INFLFE ENT URT (f5]: scplab://zone3/per—01/temperature) ”””
if not uri.startswith(“scplab://”):
raise ValueError ("Invalid scheme”)

parts = uri[9:].split(C /) # EREEik
if len(parts) < 2:
raise ValueError ("Missing required components”)

return cls(
zone=parts[0]
device id=parts[1],
action="/". join(parts[2:]) if len(parts) > 2 else

nn

)

def to_string(self) —> str:
"R SERE URT R ERT
path = f” {self. zone}/{self. device id}”
if self.action:
path += f”/{self. action}”
return f”scplab://{path}”

def validate(self) —> bool:
777 URT G 3rE”””
return all ([
re.match(r”" [a—z0-9\-1+$”, self. zone),
re.match(r” [a—z0-9 \-1+$”, self.device id),
not self.action or re.match(r”” [\w/\-]+$”, self.action)

1

# B
uri = DeviceURI. parse (“scplab://zone3/pcr—01/temperature/set”)

VEME LN b
import consul
from datetime import datetime, timedelta

class DeviceRegistry:

"R T Consul HIBLARTEM AL

18
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def init (self, consul hosts: list):
self. consul = consul. Consul (host=consul hosts[0]) # Z77 5 &

def register(self, descriptor: “DeviceDescriptor”) —> bool:
P R
key = t”devices/{descriptor. uri. zone}/{descriptor. uri. device id}
payload = {
“type’ : descriptor. type,
status’ : descriptor. status. value,

”

endpoint’ : descriptor. endpoint,
> last seen’ : datetime. utcnow(). isoformat ()

}

return self. consul. kv. put (key, json. dumps (payload))

def discover(self, filter: “DiscoveryFilter”) -> list:
//////_‘Lﬁ%ﬁ}}hl/l/l/
~, data = self.consul. kv. get ("devices/”, recurse=True)
results = []

for item in (data or []):
# IS ER: devices/zonel/pcr-01 — per—01
device id = item[ Key ].split(C /") [-1]
payload = json. loads (item[’ Value’])

# HE URT X4

uri = DevicelURI (
zone=item[ Key’ ].split(C /) [1],
device id=device id

# MR

desc = DeviceDescriptor(
uri=uri,
type=payload[’ type’],
status=DeviceStatus (payload[’ status’]),
endpoint=payload[’ endpoint’ ]

if filter.match(desc):
results. append (desc)
return results
def heartbeat (self, device id: str):
”n e ‘E“ EjEéET# ”nn

key = f”devices/ heartbeat/{device id}”
self. consul. kv. put (key, datetime.utcnow().isoformat(), ttl=30)

19
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A7 | BERABBAREHE

e I ES

from google. protobuf import descriptor pool, message factory

class SchemaRegistry:
_instance = None
SCHEMAS = {
ExperimentType. PCR: {
“name”: “PCRExperiment”,
“fields”: {
“sample id”: “string”
“cycles”: 7int32”,
"denature temp”: “float”
“annealing temp”: “float”,
“results”: “bytes”

b
ExperimentType. NGS: {
“name”: “NGSExperiment”,
“fields”: {
“flowcell id”: “string”,
“read length”: “int32”
“quality scores”: “bytes”

def new (cls):
if not cls. instance:
cls. instance = super(). new (cls)
cls. pool = descriptor pool.DescriptorPool ()
# WUmETA
for exp type, schema in cls. SCHEMAS. items () :
cls. build descriptor (exp type, schema)

return cls. instance

@classmethod

def build descriptor(cls, exp type, schema):
77BN Protobuf BT
file desc = FileDescriptorProto()
file desc.name = f”{schema[’ name’]}.proto”

# AT E AR

msg desc = DescriptorProto (name=schemal’ name’ ])

for idx, (field, ftype) in enumerate (schemal’ fields’].items(), 1):

field desc = msg desc. field. add ()
field desc.name = field
field desc.number = idx

20
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field desc. label = FieldDescriptorProto. LABEL OPTIONAL

# A
type map = {
“string”: FieldDescriptorProto. TYPE STRING,
”int32”: FieldDescriptorProto. TYPE INT32,
“float”: FieldDescriptorProto. TYPE FLOAT,
"bytes”: FieldDescriptorProto. TYPE BYTES
}
field desc. type = type map. get (ftype, FieldDescriptorProto. TYPE BYTES)

file desc.message type.add().CopyFrom(msg desc)
cls. pool.Add(file desc)

@classmethod
def get schema(cls, exp type):
7 SO S T M= NS
schema name = cls. SCHEMAS [exp type] [“name”]
descriptor = cls. pool. FindMessageTypeByName (schema name)
return message factory.GetMessageClass (descriptor)

class ProtoBufHelper:
@staticmethod
def encode(data: dict, schema class) —> bytes:
”””4%?&%6_}%% Protobuf :i&%u nnn
message = schema class()
json format.ParseDict(data, message)
return message. SerializeToString()

@staticmethod
def decode(data: bytes, schema class) —> dict:
//////4%‘ Protobuf :i&%uﬁgﬁ%y\j?ﬁ”””
message = schema class()
message. ParseFromString (data)
return json format.MessageToDict (message)

et e < | BB AR RS
YRR S | -
from abc import ABC, abstractmethod ‘i&iﬁﬁ%iﬁﬁ} T H 752 g2
class IAtomicOperation(ABC) : ‘ﬂ%@%ﬁ]:7
TR ER R R
@abstractmethod ‘ WEKAG]: i BRI RiE, Ohs0O Fik

def execute(self, params: dict) —> dict:
T BATERAE IR I G R

pass

21
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@abstractmethod
def validate(self, params: dict) —> bool:
T ISUE SRR T

pass

class CentrifugeOperation (IAtomicOperation) :
7O B E AR AL SE L
def validate(self, params: dict) —> bool:
# ZHEIH: RPMALZILES00-1500027 []
return 500 <= params.get( rpm’, 0) <= 15000

def execute(self, params: dict) —> dict:
# MIGERAILRmL
cmd = DeviceCommand (
operation="centrifuge start”,
params={
“rpm”: params[“rpm”],
“duration”: params. get ("duration”, 300) # BRIA5G/4P

# ol WA R A AT

return OperationEngine. get instance().device adapter. execute command (cmd)

class PipetteOperation(IAtomicOperation) :
" R R E AR AL S
def validate(self, params: dict) —> bool:
# BB E (AL Bl
return 0 < params. get ("volume”, 0) <= 1000

def execute(self, params: dict) —> dict:
# MG ILRmL
cmd = DeviceCommand (
operation="pipette transfer”,
params={
“volume”: params[”volume”],
”source”: params[”source”],
"dest”: params[”dest”]

# Ol WA A A AT

return OperationEngine. get instance().device adapter. execute command (cmd)

A9 ERIEHIRRE 4

Bl AR E X

from . device proxy import DeviceProxy # 5|H4t— TRk DeviceProxy

\&E%ﬁm:?w:m%

| REHRG] i S

| BB FRECHE MR — AR
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class SCPDataAdapter:
n”n //Scpm\iyiﬁﬁiigiﬁga%g// n”n
def init (self, registry endpoints: list):
self. proxy = DeviceProxy(registry endpoints)

def read(self, scp uri: str) —> DataPayload:
//////Ljiscp URIiiEX'&%i&%’/’/’/
# fEHTSCP URI (#%3\: scplab://zone3/pcr01/temperature)
device uri = DeviceURI. parse(scp uri)

# WA

response = self. proxy. invoke (device uri, {”action”: “read”})

# B EAR
return DataPayload(
raw=response[”data”]. encode ( utf-8’),
metadata={
“source”: scp uri,
“timestamp”: response[”timestamp”]
b

schema="scp/device”

def write(self, scp uri: str, payload: DataPayload) —> bool:
//////Ljiscp URIEA&%%&%”””

device uri = DeviceURI. parse(scp uri)

# O R T
if payload. schema == “scp/device”:

data = payload. raw. decode C utf-8’)
else:

data = json. dumps (payload. to json())

# AHBEE AN
response = self. proxy. invoke (
device uri,
{
“action”: “write”,
“value”: data

)

return response. get (“success”, False)

‘ﬂﬂ@%ﬁ} A.9

| BRG] BRESCE_BS—GR
A10 | HHEMIR(E «

| BEMRG]: T H AR
RIS AR E | REMRGE T RO K (RSO i
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from abc import ABC, abstractmethod ‘iﬁiﬁﬁ%iﬁﬁk Sepke P

import time
import random ‘ wERRG: T WS

class IAgentOperation (ABC) :
ML=t T
@abstractmethod
def execute(self, context: ' AgentContext’, params: dict) —> ’AgentResult’ :
//////Tﬂ?f%ﬁéﬁ:ﬁg{q;/’/’/’

pass

@abstractmethod
def validate(self, params: dict) —> bool:
”n”n /’gﬁiﬁ@ﬁﬁ&k‘réff ”n”n

pass

class ReasoningOperation(IAgentOperation) :
T HEE A CanLIMEE ) T
def validate(self, params):
return “prompt” in params

def execute(self, context, params):
start time = time. time ()

# BTN SCRERRGE

history = context.recall (“conversation history”) or []

# M e RPN
full prompt = f”{params[’ prompt’ ]} \n\nContext:\n{context. environment}

”

# AR (BRGSO
agent = AgentRegistry. get agent (params. get ("agent id”, “default 11m”))
response = agent. invoke ({

“prompt”: full prompt,

“temperature”: params. get (“temperature”, 0.7),

“max_tokens”: params. get (“max tokens”, 1024)

b

35S T ol N TR VA

context. remember (“last reasoning”, response)

history. append ({"role”: “user”, “content”: params[”prompt”]})

history. append ({"role”: “assistant”, “content”: response})

context. remember (“conversation history”, history[-10:]) # fREH&EIT10%%

return AgentResult (
success=True,
output=response,
new context=context,
cost=calculate cost(response),

24
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duration=time. time() - start time

class DataAnalysisOperation (IAgentOperation) :
’/’/’/ﬁ%&%*ﬁﬁé{@/’/’/’
def validate(self, params):
return “dataset” in params and “question” in params

def execute(self, context, params):
# R RS EE

tool mgr = context. tools

# B PAT T
steps = [
{"tool”: ”data loader”, “params”: {”path”: params[”dataset”]}},
{"tool”: “clean data”, “params”: {”strategy”: “auto”}},
{"tool”: 7”stat analysis”, “params”: {’method”: params.get("method”,
"describe”)}},

{"tool”: "visualize”, “params”: {“type”: “histogram”}}

results = []

for step in steps:
result = tool mgr. invoke tool (step[”tool”], step[”params”])
results. append (result)

# ORARRE

explanation = AgentRegistry. get agent (“explainer 11m”). invoke ({
“prompt”: f”Explain this analysis: {results[-1]}
“temperature”: 0.3

”
)

1)

return AgentResult (
success=True,
output={"results”: results, “explanation”: explanation},
new context=context

class ActionPlanningOperation (IAgentOperation) :
”n e ?fzﬂ%mi”ﬁé{/'; nnn
def execute(self, context, params):
# RECYHHT A BRES

env_state = context.environment

# U R R A
planner = AgentRegistry. get agent (“action planner”)
plan = planner. invoke ({
"goal”: params[”goal”],
“constraints”: params. get(“constraints”, ”7),
“current state”: env state
25
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9

\&E%ﬁm:?w:m%

# SRR AT I | BEMRG: T S
validator = AgentRegistry. get agent (“plan validator”)
validation = validator. invoke ({

“plan”: plan,

“safety rules”: context.recall (“safety protocols”)

1)

return AgentResult (
success=validation[”valid”]
output=plan if validation[”valid”] else validation[”issues”],
new context=context

)
" T G
A1 SERHITRIE 4
Do BERRG: T B0 B GRS Bk
SRR HUT R BRG] G T 74 2K

from enum import Enum

import time

import json

from abc import ABC, abstractmethod

| WIBR[): A 10
‘ﬁﬁ%ﬁmﬁﬁ@W{W%*ﬁ%ﬁ@

| BEMA: TUH A SRS

class State (Enum) :

CREATED = 0 | BRG] T B RIE, GO Rk
RUNNING = 1

PAUSED = 2

COMPLETED = 3

FAILED = 4

class Condition (ABC) :
l/l/l/#jﬁ%%ﬁ%{#*ﬁ D nnn
@abstractmethod
def check(self, context) —> bool:
pass

class Transition:
RS R
def init (self, from state: State, to state: State, event: str, condition:
Condition = None) :

self. from state = from state
self. to_state = to_state
self. event = event
self. condition = condition

def is valid(self, context) —> bool:
/’/’/’ﬁﬁEg?ﬁ%éﬁ&&/’/’/’

return self.condition is None or self.condition. check(context)

26
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class ExperimentStateMachine:
T SIS AR RS L

def

def

~ init  (self):

self. current state = State. CREATED
self. history = []

self. transitions = {}

self. context = ExecutionContext ()
self. listeners = []

# WA BRI S

self. init default transitions()

_init default transitions(self):

TR SRR A ¥

self.add transition(State.CREATED, “start”, State.RUNNING)
self.add transition(State. RUNNING, “pause”, State.PAUSED)
self.add transition(State.PAUSED, “resume”, State.RUNNING)
self.add transition(State. RUNNING, “complete”, State.COMPLETED)
self.add transition(State. RUNNING, “fail”, State.FAILED)
self.add transition(State.PAUSED, “abort”, State.FAILED)

def add transition(self, from state: State, event: str, to state: State, condition:

Condition =

def

{event}”)

{event}”)

None) :

////l/%buﬁi%%ﬁ%mmu nnn

key = (from state, event)

self. transitions[key] = Transition(from state, to state, event, condition)

trigger event(self, event: str):

T R CRAS e R A
key = (self.current state, event)
transition = self. transitions. get (key)

if not transition:
raise InvalidTransitionError (f” Jc & X #5 #t : {self.current state} ->

if not transition.is valid(self.context):
raise ConditionNotMetError (f”#5# & A3 £ : {self.current state} —>

# AP HUIRES

self. record history()

# HPIRES
old state = self. current state
self. current state = transition.to state

#OIE AR A
for listener in self. listeners:
27



T/SAIAS XXX—20242025

def

def

def

def

listener. on state changed(old state, self.current state, self.context)

“record history(self) :

TR R
self. history. append (StateHistory(
state=self. current state
timestamp=time. time (),
context snapshot=self.context.capture snapshot (),

e

trigger event=

))

add listener(self, listener: ’StatelListener’):
//////:ﬁ:t;bquiz&%-nﬁ%%//////

self. listeners. append (listener)

save snapshot (self) —> str:
P e
snapshot id = f”snapshot {int(time. time ()*1000)}”
snapshot = {
“state”: self.current state.name,
“context”: self.context. capture snapshot(),
“"history”: [h.to dict() for h in self.history]
}
# SCRRAT A B EOE B R R
SnapshotStorage. save (snapshot id, snapshot)
return snapshot id

restore snapshot (self, snapshot id: str):

YA I s R
snapshot = SnapshotStorage. load (snapshot id)
if not snapshot:

raise SnapshotNotFoundError (snapshot id)

# IKEARES

self. current state = State[snapshot[”state”]]

# WE LT

self.context.restorefsnapshot(snapshot[”context”])

# S RIdR
self.history = [
StateHistory. from dict(h) for h in snapshot[”history”]

#OIE AT A
for listener in self. listeners:
listener. on_snapshot restored(snapshot id)

class StateHistory:

28
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TR PR EsR T
def  init (self, state: State, timestamp: float, context snapshot: dict,
trigger event: str):
self. state = state
self. timestamp = timestamp
self. context snapshot = context snapshot
self. trigger event = trigger event

def to dict(self):
return {
"state”: self. state. name,
“timestamp”: self.timestamp,
“context”: self.context snapshot,
“event”: self.trigger event

@classmethod
def from dict(cls, data):
return cls(
state=State[data[”state”]]
timestamp=datal”timestamp”]
context snapshot=datal”context”],
trigger event=data[”event”]

class ExecutionContext:
TTIPAT B SUE BT
def init  (self):
self. variables = {}
self. device status = {}
self. step counter = 0

def set variable(self, name: str, value):
//////iﬁELTi/Eil/////

self. variables[name] = value

def get variable(self, name: str, default=None):

//////%EXL—FY/E%”””

return self.variables. get (name, default)

def capture snapshot(self) —> dict:
TR TR SRR
return {
“variables”: self.variables. copy(),
"device status”: self.device status.copy(),
“step counter”: self.step counter

def restore snapshot(self, snapshot: dict):

”””'WELTY‘I%E@”””
29
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self.variables = snapshot[”variables”]. copy ()
self. device status = snapshot[”device status”].copy()
self. step counter = snapshot[”step counter”]

A 12 FEEX

ST AR

from enum import Enum
import time
import json

class ErrorLevel (Enum) :
DEVICE = 0x1000
DATA = 0x2000
LOGIC = 0x3000

class ErrorSeverity (Enum) :
INFO =1
WARNING = 2
ERROR = 3
CRITICAL = 4

class LabException (Exception):

//////[T‘—p A'_‘_'EAI)JL' N nne
S R e R

BASE_CODE = 0x0000

def init (self, message: str, context: dict = None):
self. code = self.BASE CODE
self. level = ErrorLevel.DEVICE
self. message = message
self. timestamp = int (time. time() * 1000) # ZZFPBst|a)Ek
self. context = context or {}
super ). init (message)

def get code(self) —> int:
”””gj‘tm%%%ﬁti%ﬁg”””
return self. level.value | self.code

def get level (self) —> ErrorLevel:
return self. level

def to dict(self) —-> dict:
’/’/’/%Tﬁy\j?ﬁ%ﬁ’/’/’/
return {
“code”: self.get code(),
“level”: self. level. name,
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” ”

message”: self. message,
“timestamp”: self. timestamp,
“context”: self.context

def to json(self) —> str:
”””$§¢%y\j ‘]—SON %ﬁl/////

return json. dumps(self.to dict(), ensure ascii=False)

@classmethod

def from code(cls, code: int, message: str =
R B R A A A S
level code = code & 0xF000
sub_code = code & 0xOFFF

nn

, context: dict = None):

if level code == ErrorLevel.DEVICE. value:
return DeviceException(sub code, message, context)
elif level code == ErrorLevel.DATA. value:
return DataException(sub code, message, context)
elif level code == ErrorLevel.LOGIC. value:
return LogicException(sub code, message, context)
else:
return LabException (f” K4 iZI%: {hex(code)}”, context)

class DeviceException (LabException) :

”””-&%Q&Eﬁ”””
BASE_CODE = 0x1000

def init (self, code: int, message: str = 77, context: dict = None):
super ). init (message, context)
self. code = code
self. level = ErrorLevel.DEVICE
self.device id = context. get (“device id”

e e

) if context else
self. sensor readings = context. get ("sensor readings”, {}) if context else

class DataException (LabException) :

”””ﬁ*}%é&ﬁﬁ”””
BASE_CODE = 0x2000

def init (self, code: int, message: str = 77, context: dict = None):
super ). init (message, context)
self. code = code
self. level = ErrorLevel. DATA
self. data source = context. get ("data source”, ””) if context else
self. data snapshot = context. get (“data snapshot”, {}) if context else {}

e

class LogicException(LabException):

”””Eiﬁé&j%ﬁ”””
BASE_CODE = 0x3000
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wo ‘&E%ﬁm:?%:ﬂ%

def init (self, code: int, message: str = 77, context: dict = None):
super ). init (message, context) ‘t&%iﬁ%iﬁﬁ]:??ﬁk:ﬂﬂg%
self. code = code

self. level = ErrorLevel. LOGIC

self. function name = context. get ("function”,

”n

") if context else
self. input params = context. get ("params”, {}) if context else {}

e

b ¢ ﬂﬂ” Fé":[s]
S 3
(1]

BEEMAG: 7K GBOAD RIK, (P3O Rk, L5, %
IHESE))

BEMAAGE A BRI BiE, (P3O Bk, LS
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