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v-- @ owl:Thing v- @ experimentalaction |~ @ inoculate ® stir
v-- @ BFO_0000007 ©® add -~ @insert © store
» @ experimental action ©® adjust ® '"Yen @ streak
v @ experimental procedure © airdry @ join © suspend
® operating procedure ® align @ label © swirl
@ preparation procedure © aliquot @ leave © thaw
® experimental protocol © allow © load @ triturate
v-- @ BFO_0000038 © applypower @ make @ turn off
® period © aspirate © measure @ vortex
@ deprecated entity [ ] 4 © wait
v @ descriptor of experimental action ® boil © mix © wash
@ BFO_0000008 © break @ move © weigh
v @ BFO_0000029 ® @ wrap
® end location © calibrate @ 0810000426 _ g 1.5 5000300
© start location © centrifuge @081 0302905 © alert message
v @ BFO_0000040 ® check @ overlay v- @ caution
- @ biochemical entity © chi © pick - @ flammable
-® equipment ® clean -~ @ pierce - @ highly flammable
® condition © coat © plate © neurotoxic
- @ goal of experiment action © connect @ pour @ pyrophoric
@ PATO_0000001 ® cool © prepare - @ toxic
v @ PATO_0000819 ® count @ pul ® volatile
@ PATO_0000356 ® cover © ramp © critical step
® protocol method ® cut @ reconstitute ® warning
v-- @ 1A0_0000030 © digest © record - @ author identification
© date submitted © dilute © reduce @ citation
© subject ® discard © remove ® note
@ version i @ ® optional descriptor of experimental action
v-- @ 1A0_0000300 © dissolve © rock - @ (optional) biochemical entity
v @ alert message © divide © rotate @ (optional) concentration value
» - @ caution © encircle © seal - @ (optional) condition
© critical step © engage @ seat © (optional) end location
® waming O fin - @ shake © (optional) equipment
@ author identification © filter © slide @ (optional) goal of experiment action
© citation © fixate © snap - @ (optional) period
® note O freeze @ spool up @ (optional) protocol method
» @ optional descriptor of experimental action ® grow - @ spread - @ (optional) speed
@ PATO_0000008 © heat © squeeze © (optional) start location
@ PATO_0000146 © ignite © stand - @ (optional) temperature
® PATO_0000918 @ incubate @ sterilise © (optional) volume

B2 EXACT2 (A % Z%Z#H©
Fig.2 Classes and Its Relation in EXACT2
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Step1P1
p-plan:isStepOfPlan p-plan:Step
6 plan: p-planjisPreceededBy
P1 jsStepOfPlal Step2P1
p-plan:Plan p-plan:Step

p-plarfisPreceededBy

Step3P1
p-plan:MultiStep

p-plan:isSubflanOfPlan

P2 p-plan:isDecomposedAsPlan
p-plan:Plan

- Step1P2
p-plan:isStepOfPTa p-plan:Step
p-plan:isPreceededBy
-plan:isStepOfP
p-plan:isStepOfPlan Step2P2
p-plan:Step

(a) P-PLANA-F R FR™

(4) SRR S0 T 2 4 A A
S o A 2 4 AR AR OntoSafe ™ 1 T fb 24 i #2 %

v-- @ owl:Thing
v @ prov:Activity
© Activity
v @ prov:Entity
v @ Entity
© Bundle
v--@ Plan
@ MultiStep
v prov:Bundle
@ Bundle
v @ prov:Plan
v @ Plan
© MultiStep
v @ step
@ Multistep
® variable

ERAME M E T ERRG, T DA, Eabs
M GRS %
AR FTA 5 T8, A i A DR S AR SR
SRR WAL [R AR , DL S B it
o M RS BRI A IXfE B
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(b) Protégé 1 iP-PLAN®

E 3 P-PLAN =4

Fig.3 Example of P-PLAN

v-- @ owl:Thing
»- @ ChemicalProcessControlSystem

IndustrialEquipment
»- @ IndustrialHygiene
» @ MathematicalModel
» @ safetyOrganization
» @ safetyRegulation
»- ) safetyStandard

v
» Accident

A%, OntoSafe &I T i 1) SEEa ML A F- 5 18
P R4 ) 5 B AE 2R 5™, W Af S 4 i A v

v
v Alarm
v HazardAlarm
® ESDAlarm
© FireAndGasAlarm
© safetyRelatedAlarm
v @ ProductionSupportAlarm
@ MachineryOrEquipmentAlarm
© ProcessAlarm
® HazardousArea
v @ ProtectionLayerGap
@ AlarmProblem

» @ AccidentStep © AutomatizationParadox
» @ AICHECodeOfProffesionalEthics @ ChatteringEffect
»- @ ChemistryConcept v @ HumanError
' onseguence @ LapsError
i -~ @ MistakeError
» Dominotffect © SlipError
© AR © sociotechnicalError
FatalityRate ViolationError
1 v
iz v © ExplosionEffect
© HazardProbability © ExplosionThermalRadiation
© HazardSeverity v@®
© Incident @ BlastWave
»© ayer = © Missile
~ @ Likelinood v @ FireEffect
[ : e e © FireThermalRadiation
© smoke

» @ OccupationalHealthAnd Safety
» @ OSHATerminology

v-- @ FireTriangle
v © FuelSource

» @ Risk

|- @ RiskAssesment © CombustibleMaterial
© RiskFactor @ FlammableMaterial
o - aver © FlashvaporizatingFuelSource

» @ safety © GasFuelSource
© scenario © LiguidFuelSource

@ system © solidFuelSource

stem Safe ® ignitionSource
> © OxydizerSource
Vulnerability @ Ignition
> @ waste © overpressure

3.2 HiEER

SRR Y 5 R TR SRR B R B W] L gy
=28 ML RIS I3 0 G S B MU 1) o AR
SCRR B BEAL (R A HL TEHL ) SR
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Fig.4 Example of OntoSafe
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v l DoseVersusResponseCurve

v @ TheresholdLimitValue
® e
® TLV-STEL
® TLv-TWA
¥ @ MethodForControlOfToxicantEntry
© DermalAbsorptionControl
- @ IngestionControl
- @ InhalationControl
® mjectionControl
v- @ ToxicantEffect
v @ EffectsThatMayNotBeReversible
® Dermatotoxic
@ Hemotoxic
+— @ Hepatotoxic
@ Nephrotoxic
© Neurotoxic
© Pulmonotoxic
v @ IrreversibleEffect
© carcinogen
@ Mutagen
© ReproductiveHazard
© Teratogen
v @ ToxicantElimination
- @ Detoxification
© Excretion
® storage
v @ ToxicantEntryRoute
- @ DermalAbsorption
© Ingestion
- @ Inhalation
© njection
v @ ToxicologicalStudy
v @ ToxicologicalStudyParameter

© MonitoredEffect

- @ PeriodOfTheTest
© TestOrganism
® Toxicant

fiE 5 57 5 1 Ak L J7 SCHF A L (Chemical Recipe

Files, CRF) ¥

5775 =g/ (Il

Ak 2 f iAR 18 F AL A (Chemical

Descriptive Language,xDL)"” , & 11145 H BUHRFAE Ko FH
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Table 2 Process-Level Semantic Representation Data Model for Synthesis Experimental Protocols

BRI 4 B

LR MRS RL

T X 28 KIS , BB SR HUE SR SC s -

AL IS R B A s

InvalidAction(error) ,Add(material, dropwise, temperature, atmosphere, duration) ,CollectLayer (layer) ,
Concentrate(none) \Degas(gas, duration) ,DrySolid(duration, temperature, atmosphere) . DrySolution
(material) \Extract(solvent, repetitions) ,Filter(phase_to_keep) .FollowOtherProcedure(none) ,MakeSolu-
tion(materials ) \Microwave(duration, temperature ) ,OtherLanguage(none) \Partition (material 1, materi-
al_2) .PH(material, ph, dropwise, temperature) ,PhaseSeparation(none) .Purify (none) .Quench(materi-

al, dropwise, temperature) .Recrystallize(solvent) ,Reflux (duration, dean_stark) ,SetTemperature(temper-

ature) .Sonicate(duration, temperature) . Stir( duration, temperature) | Triturate(solvent) , Wait( duration,

temperature) , Wash(material, repetitions) . Yield(material) \NoAction(none)

AE X 6255 BlI1E : HeatingOperation , ShapingOperation , DryingOperation ,LiquidGrinding .QuenchingOp-

b eration , SolutionMixing

[

T X 8 253 I J& 7k : token . type .conditions . heating_temperature(max_value, min_value, values, units) ,

heating_time(max_value, min_value, values, units) .heating_atmosphere .mixing_device .mixing_media

FE X 655258 54 : MixingOperation , PurificationOperation , HeatingOperation , DryingOperation , Coolin-

TR T gOperation . ShapingOperation

TisE X 8 253 i Jm 7% : token . type .conditions . temperature (max_value, min_value, values, units) .time
(max_value, min_value, values, units) .atmosphere .mixing_device .mixing_media
FE X5 B : MIXING .STARTSYNTHESIS \HEATING .COOLING .DRYING

T2 14 2% & E : congtain_recipe ,conditions ,temperature(value, unit, max_value, min_value) .time

(value, unit, max_value, min_value) .string .subject.type .env_toks.op_token.op_type.ref op.subject.
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(e) HeT-CSVEEHA B I VE M A S B0 AR Fe R R 1)
F5 CRFAEA AT 49T 3] Ak~ & E
Fig.5 Schematic Diagram of Aspirin Synthesis Represented by CRF Model
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Review of Semantic Representation of Experimental Protocols at
Process-Level

FuYun" LiuXiwen” Zhu Liya1 Han Tao'”
1(National Science Library, Chinese Academy of Sciences, Beijing 100190, China)

2(Department of Information Resources Management, School of Economics and Management, University of
Chinese Academy of Sciences, Beijing 100190, China)

Abstract: [Objective] This paper explores the research progress of the process-level semantic representation of
experimental protocols. It aims to discover the key issues to be addressed and identify development trends.
[Coverage] We used related topics to retrieve the relevant literature from Web of Science, arXiv, Engineering
Village, CNKI, Wanfang, and VIP. We also examined the requirements of the submission requirements and
evaluation principles of renowned journals on experimental protocols. [Methods] First, we defined the concepts
of experimental protocols and their semantic representation at the process-level. Then, we examined the
representation methods, representation element extraction, and application of representative data. [Results] The
research on process-level semantic representation is in the early development stages. The representation
framework was not unified, and the elements were different. The experimental protocols were mainly written in
natural language, which were difficult to extract the representation elements automatically. Some studies explored
the application of process-level semantic representation data, which leaves more knowledge gaps to be filled.
[Limitations] This paper does not thoroughly discuss the technical details of extracting representation elements
from literature and data application methods. [Conclusions] We need to establish a unified representation
framework for more complete elements by integrating various representation methods. We should also explore
automatic extraction methods based on advanced intelligent technology and application using the process-level
semantic representation data.
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