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ABSTRACT

Climate change driven by greenhouse gas emissions is a major global
challenge, requiring organizations to measure, report, and manage their carbon
footprint despite the complexity of handling large datasets, defining Scope 1-3
emissions, and complying with diverse standards. This study proposes a Hybrid
Agentic Al model that integrates language models, agent-based planning, knowledge
retrieval, and deterministic calculation to support the Measurement, Reporting, and
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domluundaznanfuwne nqud waveuiseiiertestunsiaulung

Agentic Al Lileatfuayunsusziiu Carbon Footprint Tusgdiusadng Tneifusumelulad
Jayanuseieg msdanisdeyadauinden wazainsguitieadesiunsussidiu Carbon
Footprint dsilsnwazidensanoluil

2.1 uwulAALaERann1sUee Carbon Footprint

2.2 mmgmmsﬂsmﬁu Carbon Footprint

2.3 _gngenans LTS vaslngiunisanieizounsean

2.4 uuIRnves Agentic Al kagn1suszendly

25  msafumnuidefionaymsussiiiulsyansamszuy A

2.6 ajlandenneoagtedI19TesuITY

2.1 wurAALaZRaNN15YY Carbon Footprint

Intergovernmental Panel on Climate Change §u€1’udﬂﬁaﬂismawuwé JERIORE

o & a a = v caa

s bndiandmeada nMswasunlainsldlselesingu wasnssuiunisanamnssy
JutladenaniiviilsaududuvesiiwSounsean (Greenhouse Gases: GHGs) Tuussennae
Wugeueg1reLloadusudg AU Inanaivnssy dwmalminniglaniou seauuveia
290U wazANdTRIUANTlENINEINIAAATINdINaNTENUADIEUUTALALIATYEAA AN
(IPCC, 2019) HansznusnanngAuliunUssmassimuInalnnsiauasdnnisnisuaes
& & ! <
fgiFeunszanegalussuu

AISUBUNFNTUY (Carbon Footprint) leawaiundwduiaiesdio@susunadidglunis
Usziliuwansenusninann lngvhwihildusviayieulsununisuaseinedesunszannaen
Waslganuen (Value Chain) n1gl@nsau Greenhouse Gas Protocol 1195311 ISO 14064
ay 1SO 14067 %Qﬂ,g:uﬂuszw Measurement, Reporting and Verification (MRV) AlUssla

warmsIaeula (WRI and WBCSD, 2015; I1SO, 2018; Gold Standard, 2022) n1s5UseLiiu



Carbon Footprint ﬁﬂL“fJ‘LmalﬂL%flq%ﬁﬂmm%aﬂ%auumsﬁ’muﬂLi’]mma Net Zero N9
uimsaadsadtuanimgdennia waznsdamedeya ESG vsluseiuasdnsuay
seauUsna (Science Based Targets initiative, 2021; World Bank, 2023)

2.1.1 Carbon Footprint mnefis Uinausmmesiedounsyaniignuassgussennie
FanansauasnedaunAanssuvetyana a3ens Kante vieszuunis 4 senulumie
COze TnedeuAn Global Warming Potential (GWP) fifanuslae IPCC wiouUaafawila
A ) Tiissuisuiulaniglusnaan 100 U msldan GWP Yaelianunsasiunanssny
yasfngvianriaiifidneawlunmsilfannnlanfeuunndafuliludiander wu Sy
fiAn GWP100 Wi 27-30 Wiwes CO, vauzitlunsasenludiiangafia 273 wih davilvang
Wisuisusaznisinaulafaulvisduseansamanntu (WRI and WBCSD, 2015; ISO,
2018; IPCC, 2019)

M1UNTOU Kyoto Protocol tag Paris Agreement n159avnUedA9iiounszan
AsauAquiinandn 7 wia laun COz sl idomaseada CH4 37AN1SUBYEANY
Youd88un3g N20 9nn1sldderadl HFCs Tuszuuvinaaiudu PFCs Tugnainnssy
avaliilon SFg Tuaunsalluilussgs uae NF3 Tunsndnunadsas (IPCC, 2019) finwuwsiag
yiafundsidanas fpdnsluvsseimaiiunndeiu msdnidniiaseuaquitia 7 o
Seelildinmeuiianysalvomansznusioanmgiionie

Tudegnsmans Carbon Footprint 9985¥4 Emission Hotspots fimsaiiusnasnis
ann15UaesnNou S995UNINTNNTATSUBU WU Carbon Border Adjustment Mechanism
(CBAM) vasannnglsuiidndsduldifusuuuulud aa. 2026 wasdufiuguwesnisidnia
AaIRAIS U I AT IR ULaYNAasTAsla (World Bank, 2023; OECD, 2023; Krungsri
Research, 2025) E%’m%’uaaﬂ‘ﬂs"lmaﬁdﬂaaﬂﬁuﬁﬂﬂ%awquiﬁﬂ n1sddeya Carbon
Footprint Audededenareiduiadeduaiuaiunsalunisudsduiidday Carbon
Footprint 3afutairdesiienisinemaniuazniesdodalovediienlosingaans
afioA iesugaansaanndon wazn1suImsesdnsegnauszuu (Rolnick et al, 2019;
Reichstein et al., 2019)

2.1.2 193514 GHG Protocol Corporate Standard f1uunumasnisuaeseandu 3
vauwn (WRI and WBCSD, 2015) #ai Scope 1 ABN1TUaBENI9ATY (Direct GHG Emissions)

Mnunasiesdnsiiudnvemioruny wu mswnbnd@emaslundeloun nmsldoumivue
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¥9309ANT Waznsialvavesansihenaniu adumsvdesiiesdnsannsaruaililnenss
wazsinidugaBuduresnisdiuninsnisannisuasy Scope 2 Aensudosnsdonain
W& (Enerey Indirect GHG Emissions) 7iAnannisuasbililn annudeu wisrnuidud
osfnstould Tasfoiduniuiuinvourosflindany ulimsudesasintuilsdnivie
W InAANE 1Y 1nsgutagiuduus Scope 2 W Location-based uag Market-based
Lﬁaazﬁauﬂ15L§aﬂsﬁyawé’ﬂqwumul,?au L8z Scope 3 Aan1sUaesnedaudu 9 (Other
Indirect GHG Emissions) ﬂiamqmﬁgqﬁamiuﬁuma (Upstream) wagdaienig
(Downstream) 321 15 vaIAvy it Audiuasuinisideun nsvudedud wagn1sdnnis
Sovanorgnsltan Tnglunatsgmamnisy Scope 3 91aAniduinnnin¥esay 70-90 ves
msUdosimnun wezluduiiisnududougagalunisnurdeys

2.1.3 msuseiliy Carbon Footprint A1uun5§Iu 1ISO 14064-1 way GHG Protocol
Fuannmstmunveuis (Boundary Setting) léun ¥1aian nhea 18U Scope uaz
WUINNAIUIA WU Equity Share, Financial Control %38 Operational Control At

v a

59USIHY0uaNanTIN (Activity Data) fiasuaIularasiageudaunaule Ladldenan

Y

s
=

FuUszansnisuaesfng (Emission Factor) annunasfiidioniols Wi TGO, IPCC, DEFRA wag
US EPA

A1 Emission Factor A1MUd1AY 08 19UIAADAINLLUEIUDINITAIUIN LaBlaay
USeNALAZILAAZY19Ia1019 A TIUANAA UA1UATIAS U E I NE Y FrBETY A
Emission Factor waslwililulsgmelned 2566 agjﬁ 0.4999 kgCOe/kWh Fafiuualtiuanas
mué’mdmwé’wmmuﬁauﬁLﬁ'mﬁu nsidenlddn Emission Factor fmunzanduusunues
Usainruazdensdeiadutunouiidessiiiunmsmenusedinge 5

NSINITAIUIN ABITANTI8UAUNINTTIU WIsueuAvTgIumns ol mune way
HIUNIRTIAdRUTUsadlngnTIdeUneluLazAEuen WY TGO Woifiuanundedouas
Wauszuudeyaluseudnly AL U oUYDINSEUINA TV ATl TaelanIzn15IIUTIY
foyaanunasiivainvats MsinuaRsgIu waznsiaviienansmdngiu iuussadngu
dAgyAaauaulalunisidy Agentic Al inaduayunszuIUNITAINETI (ISO, 2018; Gold

Standard, 2022; UNFCCC, 2022)
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2.2 1Mn35§1UN15UsELEU Carbon Footprint

n15Uszifiu Carbon Footprint fesAiiunisneldnseuninsgiuiindnnisnia
Juinssesduuazniuaeuld il elinanisuszidudanugnies (Accuracy) Tusdla
(Transparency) waziUseuiiieuls (Comparability) wassninsesdnsuazsenineUssne
ey dliifesinunisnisiun uwifrhmendnnsneny nsEuInnMIngINEey
uazideulunisiuses daudussduszneuddnuedssuu MRV annsgiuiléiuniseeniuedis
N9t 3 nau laun 1IesgIUTawwIns (Guidance-based) 1y GHG Protocol
UINTFIURTBMNUALAZNITTUTOY (Requirement-based) L1 ISO 14064 uag 1SO 14067
LAZIRTFIUTEAUUTENA WU WUIN19Y84 TGO (WRI and WBCSD, 2015; ISO, 2018; IPCC,
2019)

ANgUFauTeINsTUILNTUSTIUTEAUBIANSIANIINATIAINVAIEYB I EToYA
aalilanysalvestoyafanssu uazdermun MRV Mfesordunsiniaidasiunuazainui
L%QEEL%EJTU’WQJ nszUILNISHInaTalidnwazsdu Multi-Step Decision Problem 7ifaenany
menssideya mslimmma waymsideniasefiomuniivngay Fuhluganuaulely
miﬂiz‘&;ﬂmﬂgjj Agentic Al (Acharya et al., 2025; Berijanian et al., 2025; Franklin and
Graesser, 1997)

221 GHG Protocol Waudsusd a.a. 2001 Ingauswiiosznita World
Resources Institute wag World Business Council for Sustainable Development Hu
nseUNImILldTUNMsensuINnAgaluszivaina galtlaguismnnnii¥esas 90 veq
naal Fortune 500 uaztdufiunyeansdun Scope 1, 2, 3 Fanareiluannsgiudrdandn
vilan AudSaues GHG Protocol dhumilainannnsidunseuiidaliusuldlsmainvans
usun Taeflindosflomuan faegrsnsdldnet uwazienansgied uiuanniiayuayunis
Wl (WRI and WBCSD, 2015)

GHG Protocol Usznaumgiinsgiuges 3 atu aduusnAe Corporate Accounting
and Reporting Standard @ amnuandnn1siugiu 5 Usznis ldun aanudeades
(Relevance) Auaunysal (Completeness) Avwalaue (Consistency) avalussla
(Transparency) LagANLLIUL (Accuracy) WIS 5 iﬂumﬂgmﬁﬁﬂﬁﬁmmﬁ”w
Sounszanfiaunimuagannsaleuisulddiugianaiwazdiuesdng avuiiassde

Corporate Value Chain (Scope 3) Standard #51wun Scope 3 1Ju 15 NUIANY 5093
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gAAmMNTIUNLARAIU Scope 3 gendnFaway 70-90 YBINITUADLVINUA WU 8RAIMNTTY
919115 A1UAN wazwalulad wazadufiaiuAs Product Life Cycle Accounting and

€ a LY 6

Reporting Standard d3UUsEHUAISUBUNANTUNNGA UMUKV 1SO 14040/14044
Gﬁqﬁﬂsz‘lwﬂumiaﬁfmgumsaaﬂquwamﬁ’m%ﬁﬁm%mwﬁ (WRI and WBCSD, 2015;
WRI and WBCSD, 2011; ISO, 2018; Huang and Mao, 2024)

J9fv93 GHG Protocol fispudangugs fasadleaivayudiuiuiin wazidu

[
=

NWUFIUVDY Science Based Targets initiative agelsAinny nMsuseLiu Scope 3 1A

Ll

o v | Y uyova

Fudaugs Aeserdudoyarindunaisieasuaramdsesdnsauaulainin dedldninens
uazANUITEIaz kezanalliuiuouvesteyaenagaileliaadegnannnssuumy
%aagamww%’wwm&uaa% (Science Based Targets initiative, 2021; Huang and Mao, 2024)
2.2.2 150 14064 \Jugmnpsgruanadisimunlon 15O wiedwuadermualunisin
897U kagnIugeuNisaunsan USuueanant A.a. 2018 mNULANANNEIAYTENINg 1SO
14064 ffu GHG Protocol #ie 150 fidnwazdudiorimun (Specification) Tianunsathluldiiy
nasTlunsnslsziliusazfusetegnadunenistaembenuivsedass wuadu 3 @
Leun 1SO 14064-1 #95uNI5IATTRT A5 0UNTLINTLAUBIANT ATOUARUNITAINLUA
YBUN NTTLYRMAIUARY NMITUSUITAMAIMTDYS KaTNIIIIENU ISO 14064-2 dnsu
lasan1sannsenaduiteiseunsgan Wu lasanisndsnunyuilgunrisnisdgnia lay
fusliidl Baseline Scenario n15Uszu Additionality wae Monitoring Plan &
ndnnsddnlunisfigaiimsannisudesiiatuasuarlalldifntulaglidlasens way 1SO
14064-3 Airmuavdninasidmiumhesnumudetlunsnsauszifiuanugndeuazay

Y

IS o
Uuyan

o

ty (Materiality) ¥8sd@ya (1SO, 2018)

aeAnsdlne]ld GHG Protocol Wunumedavhsa® warld 1SO 14064 1iion3n539
Useifiuuazdusesedradunienis n1sdusesdinantiefiuanutidedovessenusetin
WU 9N wagmhenuiiugua anAAeNnU Greenwashing wagatiuayunsiiis
AANMAISUBUTEININUSEWA (1ISO, 2018; World Bank, 2023)

2.2.3 1193§7U TGO vailney i’]’méigammwsmwﬁwﬁmsu%mi%“@miﬁ”wﬁauﬂimﬂ
w.a. 2558 st fumissnunansuimsdeya Wiamgiu Emission Factor dmuuium
vy wagliudnismsrdeususesmsueunansurivetesinTuazniniag (Office of Natural

Resources and Environmental Policy and Planning, 2021; Krungsri Research, 2025)
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unumYes TGO fanuddnedddunadeulsannsgiuainaduuiunvesusemealne
Tnglannzn1siauen Emission Factor fidenadesiulassairandsnuuazgnaimnssalu
Uszine

TGO WaluILUINIe Carbon Footprint of Organization (CFO) @onaa ey 1SO
14064-1 Wwag GHG Protocol kuIn1g Carbon Footprint of Product (CFP) s1u 1SO 14067
WOUAAINASUBUAMSULARIUUNARA 09T TASIATS T-VER 91 1 sthenfiui 1 6y COqe
Feilesdnsanunsarmsvowasiallldvnenisuaesludiuiidaanlals wazszuy
CCMS (Climate Change Management System) d@sutufintayanazinniudvuie
poulatifitieannsEn1sTaviiTIeuei0Ans (Gold Standard, 2022; OECD, 2023) A
Emnission Factor vadlwilnefiuniltuanassaidedlugael 2564-2566 azifounisiieu

r}\huﬁWﬁQ\ﬁUQ’li‘UE]UGiW]%JuIEJU']EJ LT-LEDS v93Useina (Krungsri Research, 2025)

2.3 gngA1ans LTS vaslnadunisanineizaunszan

gnseans LT-LEDS unaln@uleuieniuuing 4 733a 19 983 Paris Agreement
Tnefisingiuainauidediu Mitigation Pathways fidinnisussaitmnesingamnilan
1.5-2°C #eo e madsuriudalassaislussuundsau gaanmnssy wagnslifiauly
528817 (UNFCCC, 2015; IPCC, 2022) gnsaansainaratdliiesunuulouis uiidunseu
MRS IEdsEuUTiysannsteyanisudesine msaamsaliinsugie wazanudullls
manalulagidefu dmsulne anandssunazmsliiauduunasdesndnfaiu
dadrusnnninfesas 70 18amsUaseTIM FafvuaiiaAn1anI L@ AR UeIIIRTNITANNS
Uaay (Office of Natural Resources and Environmental Policy and Planning, 2021;
Chaichaloempreecha et al., 2022)

Uszalneivuadmunendnassdsznis loun anudunaranieaisueu (Carbon
Neutrality) nelud a.a. 2050 Favnefanisaunaseminanisuaesuaznisgadyu COy uas
nsUdesfeunszangniiduaud (Net Zero) melull a.a. 2065 dsasounquiivizou
nszaniia 7 win wiomdhwine NDC 3 2030 flanmsudesosay 20-25 Liisuiy BAU way
disdufesar 40 mnldunsaivayuiisawoansinuszmaluduiunuuazvalulad

(Office of Natural Resources and Environmental Policy and Planning, 2021)
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wUININISanNTISUaBsluLAaLN1AAIUUSENEUAY ANANAIUNA LT LANEREIY
waunyudswduiesaz 50 aelud 2050 wavdnasueweudlniisesaz 50 ves

grunnuglninielul 2035 nagnamvinssuiiduasy Circular Economy wagimalulad

1Y
Ya o

CCUS amAnuwasnIsuwazyldiiduduiuiunUisesay 40 awindneninnisgady

A a [

AU WarN1AUDUEUNEUESUNAN 3Rs uazinalulag Waste-to-Energy nsouulauny

Y %

atfvayy loun wees1wddAnIsusnsInnsigisounsyan w.e. 2558 WHURAILILATYEAT
LAz InLuiaYIR atufl 13 wavnalnmienisiiudden egndlsing Suadyannuiine wu
msfanidemaamoadaiilisnlulassainmdsny aufesnisiuamugs wastosingu
foyanazszuuAnnuusziiunafidlinseungu
maensuiiunumdidglunstundeutminesesurd d1unnsdainsieay CFO
NN35718971URW CDP nsAmundmanemIu Science Based Targets initiative n13asnuly
WUy wagnisuimsviasliguniueensdadiu (Science Based Targets initiative,
2021) faoghatiu viEmyuudlve new) fadian oy fesaz 40 anelud 2030 wa
aansoanledesas 15 lusvey 3 U vaigh Uamn. Ginaw) Awmiusith Net Zero nelut) 2050
nw5ouan Scope 1 wag 2 lnsouay 20 A8lul 2025 (Krungsri Research, 2025) nsal@nsn
wiantluanslifiuinnsiisuudeya Carbon Footprint fusiuguaznsraaouldifuiouly
dAyveen1saiuuininisannisuaeyedelusednsan ?fuﬁuhméﬁé'ﬂﬁmu%’sjﬁaja
wilurumsWaun Agentic Al 98195010 N1ALEATUSINTYAUVIIMIBAUFUNY UABINS

wazdedninriulaya FuetofuauTINElTEnINNIASE AT Wazan1TuN1IAN

2.4 uLUAAYRY Agentic Al lasnsUszanaly

s¥UU Al Wamshuvatoga (51910 Traditional Al 714 Rule-Based Systers #avia7u
LUU Deterministic Tnggfaundesszynquaziiouluynegiadamin doun Machine
Learning (ML) WasuuwidngnsBeuianteyalnessuvanunsauiumnimesldies uas
Deep Learning (DL) 1% Deep Neural Networks afnandnunzidsdnaindeyaiisina

Y

Fugou U9 Large Language Models (LLMs) 1w GPT-4 NHAMUAIUITANUMARS N1

[

aguany wasMIeTeiTeusuniussrunlnalfssuyd daduiugiudifyues Agentic Al

(Russell and Norvig, 2021; OpenAl, 2023; Li et al., 2023)
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TuusunnisUsezidu Carbon Footprint n1seaniuvanlUnenssu Hybrid Al Ana
Reasoning vadluinan1s iy Deterministic Calculation Engine fanuddayeeieds
dlosan LLMs Wussuuidsanuiasdu (Probabilistic) fenalsinadnsluasiiaslua
AuIadafalaY YaeTin1sAIuIa Carbon Footprint #84n13ALLI NS LA ATIVADY
Faunduldmudarnun MRV andnenssusinantisanninudssain Hallucination L
aulusdlavesnszuiunsaiwan wasatuayunisandusnunigldnseu MRV sgrudu
32UV (Balaji and Ebrahimi, 2025; Karpatne et al., 2017)

¥

Agentic Al #51051U NN AU (Intelligent Agents) ﬁsswmmm%’ug
anmuandon Andula waznszyin1sii eussqidmunges 198 ase wANK 19N
Conversational Al 12 lUfinevausrofauLuuasnenss Agentic Al @u1saaLiiu
nIzuLMIMAETuRBuLazUUNnSauAnIunsalld sedusznoundnusznaudae (1)
Auanansasumsliivana (Reasoning) ieliilaneitlymdudeunazdunsizsidney
faeandesiuuiun (2) M3y (Planning) fiunnidwmnessdvgaiusudosisniums
1 (3) n5ldiaTeadle (Tool Use) Wu msisenldgiudoyania API ansuen uaz (4)
mheAus (Memory) aszogdudmsuuiunlunisaunnagssozemdniunudava
Tag LLMs viveiilidunnunanuszsananaidennsinaglvivana sauiunaln Orchestration
waridanisesesile (Aydin et al, 2025)

Traditional Al ¥i9MUUUY Reactive nevaussodunanung i fvuslaglifng
Maunudmti vzdl Agentic Al fidnuay Goal-Driven annsnfuuanagnsuanstusey
USuukumsanumsnl uagideniaiesdlefimnzanldosadangu vilivanganiuauid
anuliluiueugazfesysannistoyannvatsunas Wy MUzl Carbon Footprint 7
Aeaiia13aNoyafanssu A1 Emission Factor 11m3g1u wazusunasAnsniouiu laesiy
Agentic Al ldumsIva sunszurwimianluinaiineudiaiy gszuuiiAn 11auKY uay
dufiuntg egudidmune delldoddyaeniseenuuuszuvatvayunisdindulasiu
danndeslusziuesdns

Agentic Al 85uneneldnseu Markov Decision Process (MDP) @aifiunseunig

adinansdmsunisindulanuudvunaineldanuliuiueu deuduye
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M= (S5APRY) (2-1)
1ng
S AD WRVBIADIUY

A A9 WRTDINITATEIN
P(s'|s,a) (2-2)
Ao AruunvzBuvesnisudsuruan Uy
R(s,a) (2-3)
Ao Hartunaneuwnufiasiournuuugvesnsanaulans eUusyavsnmdandsau
y € [0,1] (2-4)

e AranveuNanauwnuluauan 1WMKeYeITEUUABNIUT Policy MMunzaugn

71'*%aﬁﬂﬁmmamammuazammwi’qqqqm

\ T
T = arg max E [th Oyt R(st, at)] (2-5)

aunisfInanageuwnAnnisanauladnagnsaeldanzndouiudsuudas

WL USEANS NS LoLe1IUINNINNISHAUNAS NS TL LY

2.5 NM5aEs19ANLaRawarn1sUsEEIUUSTANS AMNWsTUU Al

v LY

Trustworthy Al \unseuldussiinguiydlinisiuuw Al denndesiundnasesssy

[ '
a o o w

ANlUssld LazmusuRnveusedinn nseukulAnllinud Ay Lo g1sunilasE Uy
Al gnilUldlunsdndulaniinansenusediauuasdwindou Wy n15571897U Carbon

Footprint #ldduiiugnuvesuleuivaisisazuazn1sasu 1ne European Commission
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LEUBNANNITANA YK U Ethics Guidelines for Trustworthy Al ag OECD ANum Al
Principles Mituaslussla amnmefisssu uazauannsolunsiifugua

aeAUsEnaUddEy 3 Usens liud Anulussla (Transparency) Savianefeanuanangs
DaNenTzUIUNTINNL unasdeya uazteditavedluina SanudiAnediedduns
Uszuiu Carbon Footprint Midasaansnnsavaeusounduynt uneun1undn MRV
AMuaTalun1sesulena (Explainability) N1utvatia XAl Wy Feature Importance way
Attention Visualization @staelignadeuuasiuimsosdnadnlamauaid omaanis
AMuniayAmLuzhweszUy Wiinmssensulazaudesiilusziueanng uazaugfssu
(Faimess) lunisanani (Bias) 3ndayasesanesiiu asluu3un Carbon Footprint manedis
nsliiminflamannatuwasdoyan 1 waglioudsslufimmaiidudsslovivio
Femesioasdnslaosdnsmils

n1sUssiliuwdaiu 2 seaundn szauusnAenisusuduseauliea (Model-level
Fvaluation) &5 Classification Model daiduguuuumsvianuiinudesluszuu Al dnsu

N39MUN Intent Uagn13dnvanavaivea 1% inn Confusion Matrix (TP, TN, FP, FN)

TouA
TP+TN
Accuracy = (2-6)
TP+TN+FP+FN
N - TP
Precision = —— 2-7)
TP+FP
TP
Recall = —— (2-8)
TP+FN
PrecisionxRecall
F1=2X — (2-9)
Precision+Recall

Accuracy amnuaITalagTInvedluna Precision fnAuuiugiislunavinuigin

[

14 Recall Tnanuaiunsalunisasianunsdfiddey uay F1-Score 1uAaunaszning
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Precision uag Recall Fanzdmiunsdliideyaliauna 1wy n1591uun GoalType Auns
Type ananulgiiosnd Type Su

sedufidefionisusediuseiussuudmsu Agentic Al (System-level Evaluation) R
dosfinnsananuamsalunsdadulanuuasduneunasnisussaidmnelussezen
Lidleiigamnugndesves Output wings1en1s InednUsednsamainAnanauLuasay

ANANIINIUNTDU Reinforcement Learning

J(m) = E [Z;F:O\’t Rt] (2-10)

a1 J (1) figeninazsiouniuamnsadadulafmanzaslussezen uanaInil s
finnsandad¥aiianiiu Tdun Task Success Rate fi¥adndumas Goal fiszuusiiunisld
41159 Robustness Testing inAdaUAINNUNIUS Edge Cases way Input ﬁﬂmgULLUU
Inference Time Aifanamevauesluaniaznislda1uase waz Human-in-the-loop
Evaluation fil#imyusnduauninvemadnsidaion wWearioulssansnmlu
anunsaiatsfinsaunquannniididiaieiauiisesafe)

[

ANNEIEIATYUDY Agentic Al laud Hallucination fienaasnsteazuldasnadesiiu

o

% [

foieasausiasiidnuarindedoniinie Fsluusunves Carbon Footprint e1admaliid
MssnuleyaiiianainsognsIse Ui omhenuiAugua wagdam Bias 9nteyaiind
9199l syuuUszidunisudesuisUssinnganieninitnnuiiuess dedesiiunsnns
AyadeUAMNImogseiiies Tuszduuleutg UNESCO pan Recommendation on the
Ethics of Artificial Intelligence Wag EU faiungvang Al Act tiefdugualuudunai
Heoaga Tneufunisdnszduanaundes msfvunauuiingey uarnmsnaaeuszuuneuld

U

[
LY

Aedl N1SRWUI Agentic Al d@usun1suseliiu Carbon Footprint AISYTUINNS
#ann1s Trustworthy Al dunalnnisusuiudszdnininuaznisiiuguasgiudusyuy
Tneamzniseenuuunaln Fallback #itlesiu Hallucination n15ufin Execution Logs it
5095UNNIATIABY UaznsWaLN Explainability idenadasiudarnun MRV wieldszuud
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Tnedfmrannuaninsalunsnany nsadulananeduneu uaznsidindesiemurnuy
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Carbon Calculation Engine tia3895UAINABINITATUANLYNABILALNIATIVADUTDUNGY
53.1.3 N15v1AN38Y Agentic Ai i@t UaLUNTEUIUNTT MRV wuudnludfly
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3.1 NOULUIANYDIIUIRY

dauft 1: mswSudeyauasgiunnug dauf 2: mswouun Agentic Al

n - 000 R
B - %8B |38 &
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asunamsliow dhse uuﬁummu nodausuy Wouuauwaingu
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Y N1539UTTOYAINVABUUAY N1FAUINE Carbon Footprint wagn13asesieaulu
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Wl laTaAULU LT IR AaVLATANEINITATUNITAAINUAIYISTINIR Lay (4) MRV
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3.1.3 Agent Orchestration Layer WJulnunanveesyuy Agentic Al VT’mﬁ'WﬁWJUﬂm

Workflow 999 Multi-Agent System # 181 U3A A Goal-based Planning ag Task
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Service Port Image / Stack Mﬁ'}ﬁﬁé’ﬂ

carbon-api | :8000 FastAPI Al Agent API: $U Goal, Chat, OCR
(Python) upload

mcp-api :8081 FastAPI MongoDB—>Qdrant sync + Semantic
(Python) Search

mMongo 27017 mongo:7.0 Multi-Database (App DB + Org DB)

gdrant 16333 gdrant/gdrant | Vector Database: HNSW Index, Cosine

Similarity
redis 6379 redis:7-alpine | Message Broker @15u Celery Worker
minio :9000/:9001 | minio/minio Object Storage: PDF, Report files (S3-

compatible)
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Agent Input Wil Database
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Dynamic NL goal Create/Update/Delete lu org db | org db
CRUD Agent | text NUAEISITUYIR
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Reporting results gUluan MinlO
Agent
Expert complex WATIZA org_db
Scenario scenario ROI/NPV/IRR/Forecast/Portfolio (aggregation)
Analyzer query
AlQuery NL goal LLM-Based Intent Classification + | -

Analyzer text Pattern Fallback
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Factor

3.3.4 AgenticknowledgeAgent (RAG Pipeline) 14 Retrieval-Augmented Generation
\emauraudu Carbon Footprint Inedammeutuienaisdnsdaiiundeds ananudes

o w [

970 Hallucination ag9iitludnAny N3zUIUNITYINLNIUY Fallback 3 sz6U il
s2iufi 1 Al EF Quick-path dmsusanuiiiendosiuan Emission Factor Tnemss
syULIEATaYaaIN ConfigService WuNSH Vector Search @lviansusiugt 100% uay
ARBUALBIRINT
sudfufl 2 Ala RAG Semantic Search 7iwUas Query 181 Embedding Auw Chunk 7
Aeadadlu Qdrant wdaadlii Typhoon LLM duasizvidineuain Context fiduduld neu
JEYWNEID1984
51Ul 3 Ao Safe Response Fallback Aneudn “liwudoyalugiuaiug” wnunns
afmmaunlilindngusesdu Judunalnddnflunsinmmiuideievesszuy
3.3.5 AgenticMongoQueryAgent (NL to MongoDB) uuasmniun1wsssuan@iiuy
MongoDB Aggregation Pipeline fivisuldase dhunszuaunisvanetuney leud nsafn
Entity 19U Usganfanisy 929 Scope 1azti9iian N1shUastiananainnIwiIsssugi@
B lasunad 1" ieunnsnaw Wiy Date Range Filter fignsias nsada Query n1u
Template Tloonwuulidmsu Pattern finutes wazn1s Agerecate Joya Emission wenmy
Scope, AANTIH UAZAIIAT WIDUASI Emission Breakdown
3.3.6 DynamicCRUDAgent vilvil¥anunsadanisdeoya Emission NUAWISTIUYIA
Inolidpaleu Query 1ag Usenauale IntentDetector ﬁaﬂ’%wadwﬂ#’fﬁmmia%ﬁq sULaR
M%awﬂ’aaﬂa DynamicSchemaloader 7ilnan Schema 283 Collection #iAgadosuuy
Dynamic LilensivaeunNgndaswasteyaneutudin uaz FieldExtractor fiafaatilanann
Aesuea [fuazuilun1sgneds wu udas "l 1Ju ef key "electricity" Inednlui
3.3.7 ExpertScenarioAnalyzer atvayunisandulaidanagnsaunisannisuaesiine
1SauNTEaN WU 3 lugandn lauwn FinancialModeler fimwans ROI, NPV, IRR uaz Payback
Period vedlAsinIsannisUaes Wy nsfnga Solar Panel wion1siUasuenunmus EV

PortfolioOptimizer fivU3auiiu Reduction Stratesy wiansuuukaziden Portfolio filvina
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n1sangeganigladadiianiuaulssann way ForecastingEngine fimensal Emission
Trajectory lnglidayausyifvetasansuarasne Timeline gidmune Net Zero
33.8 NSAAERNWATYTAUINITRULTIARY Al SzutaankuuneliLuifn Multi-Model

Orchestration TnaidenldlunaiivnzaufudnvarsssuusasUsznan fai

3.4.8.1 OCR Model 1% Typhoon OCR \Julsinanandinsuanindoninuain
LBnans daspsfuntwlneuazsingy a1u1309nnas Layout idudou uarlinadnsiia
AN ULENATINLNALA

3.4.8.2 Primary LLM 1 Typhoon v2.5-30B Instruct vdu Cognitive Engine
na nd@193 U971 Natural Language Understanding, Intent Classification, RAG Answer
Synthesis wae Scenario Reasoning denldiilosainsassuniwilngldd fanuaunsalunis
ialavSumaniznnsues Carbon Footprint wazdiaruduaisuduyuileisuiuluna
YPUIATREYAI

3483 Fallback LLM 89nuuy Fallback Chain Lii a4fi 1 Availability Tael4
GPT-do-mini 10U Fallback s¥AulsALay Claude 3.5 Sonnet 1 u Emergency Fallback
Lyl 928an Single-Point-of-Failure wazvinlwszuudaliusnslausl Primary LLM
Provider fi{gyu

3.4.8.4 Embedding Model 19" multilingual-e5-small 910 Hugging Face %4
sosuntwlne-Sangu & Latency #1 uaza1u1sa Deploy ¥iuy Local virlitlsigtasiiony
External APl §1%15UN1583579 Embedding %asﬁaaaﬂﬁunuuaz Latency U945 UULAE5IY

nasiaenly Multi-LLM Architecture wnu Single-LLM i System Reliability tazan

Latency Variability @a1Unenssugesassyu Model Abstraction 62U Environment
Configsuration witedasiu Vendor Lock-in Fasinuscuuaniei laun Reasoning
Inconsistency sz#13luina Complexity Tu Prompt Compatibility tay Operational
Overhead 1u Fallback Orchestration

3.4 #@01UnuNITUVDITTUU
STUUDBNLUUNIULUINIG Microservices Architecture NuUINLNTNVDILAALUS NS

9g9TRA WaLNANAITAlUNTVENY AaEangY wazANdslun1sunsesnw g
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wadu 3 Jundn I8un Presentation Tier, Application Logic Tier uagz Data Tier Wiay
MCP API %ﬂLﬁu Microservice lan1zd1miu Vector Operations Wag Semantic Retrieval
34.1 Presentation Tier (Frontend) Fuilifuduiiglélfneulnemsa sanuuulizesiy
Use Case &nuein15u3n1g Carbon Footprint TuasAns laun n193u Goal wageds
ANWIEIINIIRNIU Conversational Interface NSLEAAINAENSAIN Agentic Al LU Emission
Breakdown, n519uualiil Wags1ua1u A15IANITAAIUE Asynchronous U NITLERAS
Progress 984 OCR Processing wa Goal Execution wagnisatiuayunisdudin Activity way

Emission Data 99989ANSH1Y Ul Alta1ude

(% ¥
U =

3.4.2 Application Logic Tier (Backend) %uuLflugmsj‘ﬂmamsﬂizmawamaaszw
Usenaudie APl Gateway 715Uf138991n Frontend n339a0U Authentication kag Routing
U89 Service AAgIT09 uay Agentic Al Core figun1s Goal Orchestration, Task
Decomposition, GHG Calculation, RAG Retrieval, Scenario Analysis WATAITAS 989U
Celery Worker ¥in91ukein Container \esessu Asynchronous Workload Inglinsgnuse
Responsiveness 194 APl #an

3.4.3 Data Tier %gusﬁaaﬂa&[,%’ MongoDB uU Multi-Database Design \fisuen Concern
sgwrhatoyatssnmsing q Gl

3.4.3.1 carbon_footprint_db Ao Application Configuration Database 7viv
Master Data wag Runtime State %8452 UU 1y Emission Factor 1195714, Activity Aliases,
Routing Rules, Goal Execution Logs k@ Calculation Results n15ken Master Data 880
910 Organizational Data ¥38an Coupling kagyiliaiuisaduinnai EF u1asg1ulaelyl
NsENUToUABIANg
3.4.3.2 carbon_footprint zero (Org DB) A 8 Organization Database R

UBYAIIIVIDIANT LYY Emission Data, AANTIY, UImsn1san Carbon, Offset havlaseass
93Ans M3uendugiudeyaanizyIesessu Multi-Tenant Scenario Tuauan wazifiy Data
Privacy

3.4.4 MCP APl sanuuusdu Microservice wonsnamnifiadnnis Vector Processing
9819aM1a1234 51 2 Pipeline 1&n A Sync Pipeline figiiunns Synchronize RHE
970 MongoDB U8 Qdrant wuu Incremental Tngguanis Record ffin1siasuunias

a4 Timestamp @1dn Usendanadendny @319 Embedding wagdauiulu Qdrant wiey
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¥
]

Metadata 35 928aAn158013 Re-embedding Wenuaidiofimaiunioudlodoua uas
Search Pipeline fisu Query wlaadu Embedding AU Cosine Similarity W11 HNSW
Index fiiun1s Reranking lodaiden Context Mifgtounniian uasfu Results niou
Metadata d1§Un15819Baunasfiun s2uUsessu Hybrid Search finay Sermantic Search

fiu Keyword Filtering 1iVaLius Recall Wag Precision

A91991 3-3 carbon_footprint_db (Master/Reference Data)

U
Collection Uszin Tvinezls
Docs

emission_factors 55 Master A1 EF 11915§7U kgCO2e/unit
(Seeded) wanmy ef key

activity aliases 50 Master wilase1 TH/EN — ef key
(Seeded)

routing rules 12 Master U Intent —> GoalType
(Seeded)

locale_config 2 Master Fouiouuay Relative Time
(Seeded) Keywords

collection_routing 5 Master uwlas NL — o MongoDB
(Seeded) Collection

activities 17 Master Aan331 Emission Template
(Seeded)

master_products 18 Master TOYANANN DTN 14D
(Seeded)

financial_parameters 1 Master st Wit Carbon Tax
(Seeded) Rate

agentic_goals Runtime | Application Goal #i User a$3u Al
State
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MUY
Collection Uszunn Tovinazls
Docs
agentic_tasks Runtime | Application Sub-Task 7wn91n Goal
State
agentic_execution logs | Runtime | Application Log N3 Execute U89 Agent
State
conversations Runtime | Application Uszian1saunu Chat
State
calculations Runtime | Application NANITATUIN GHG wiou EF
State source
ocr_metadata share Runtime | Application Metadata tong1s OCR
State

A51991 3-4 carbon_footprint zero (Org DB)

U
Collection NUIANY Tivinazls
Docs
emission_data 1,430 Emission Sﬁagﬂa Emission 339 (kgCOze)
activity a4 Emission Aanss3 Emission U8309ANT (Org-
specific EF)
carbon_reduce 12 Emission 1M93N1380 Carbon AiRilun1sud
offset 3 Emission Carbon Offset
emission_factor_ref 6 Emission EF 9798997n52UULAY
product 1,087 | Product/CFP | NanAa9U9389ANT
organization 3 DIANT UOYADIANTUAN
subsidiary 17 DIANT vsEnluase
bussiness_unit 59 BIANT MegIna
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ms’mﬁ 3-5 Qdrant Vector Collections

Collection unbuu T9vinesls
carbon_documents | OCR Pipeline Knowledge Base é’ummmﬁ Carbon
(PDF/Images) 11M3F U GHG/ISO

carbon_zero vectors | org db sync 1ng ﬁu%ﬁaga Emission, Activity, Product

Y9999ANS

mcp-api

A1919% 3-6 Data Flow (§78879 Request aazUsziamn)

Goal / Request GoalType Agent Database
AU carbon 910 | CALCULATE Calculation ConfigService +
Alga 50 ang org db.activities
Carbon footprint SEARCH Knowledge MCP APl — Qdrant
wneseyls
i Scope 2 1i1l1s | DATA QUERY MongoQuery org_db.emission_data
Tunnn sl CRUD DynamicCRUD org_db.emission_data
500 kWh

WSgUsU ROl U84

EXPERT_ANALYSIS

ExpertScenario

org db +

Solar vs LED Analyzer financial _parameters
4571991897 PDF REPORT Reporting MinlO

a3U Emissions

WeNsal Emissions | PREDICT ExpertScenario org_db.emission_data

¥ 2026

(historical)

3.5 NMTNAIUILASNAFIUTZUY

nsiaIUILey Deployment aliun1snielauuifa Containerized Deployment 1o

14 Docker Compose \UuLp3asiionantunis Orchestrate Container 919 6 U3N15UU Cloud

Server 5¥UU Linux wuanisidgaglianinuindeuvesszuugnivuneg 199 aauniu
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Dockerfile waz docker-compose.yml #ilanansaviigints Deploy laluanmuwndouss
9 Ingliiiin Dependency Conflict 110 Container gnfinvun Health Check \onsivaey
aundeuneuliusnis waz Startup Sequence Lol Dependency wieunauwsunis
Uszaiana

3.5.1 Startup Sequence 88nuuu Ordered Initialization 9 Funeuwiioanninudes
971 Dependency Failure el (1) Weusta MInlO wazad e Bucket w3y PDF warseey
(2) Wousia MongoDB ¢38 Async Driver Wiouns39douan1uefae Ping Cornmand (3)
Inan ConfigService 111 Memory Cache iioan Lookup Latency w84 EF uag Routing
Rules (4) 53 MLDataService #m$u Statistical Analysis Pipeline (5) 54 Background
Tasks @1113U Threshold Monitoring lag Metric Collection (6) Eager Initialization 94
QueryClassifier \ioan Cold Start Latency luAnsasusn (7) 51 MCP Orchestrator @z
Feusoluds MCP API (8) Bu AgenticService w3y Reference &1 Agent 9néia waz (9)
\Walteu FastAPl wias CORS Middleware wag Rate Limiting

Adusananeenuuulaefiansan Dependency Graph vaiu3nas laeusnisdiludl

External Dependency 191 Cache Initialization 9515 un o AIuF 185 N157 603013
Database Connection Laydavefeusmsfifaanisnaundouneu 1 AgenticService

3.5.2 msWauIoUnaIAgY Frontend Wawiaae HTML wag CSS aanuuulinseisu
Conversational Interface filaud1e 5895UNMTIANTSTOLANITUDUVDIBIANT UaTIANING
Emission Breakdown Tuguuuuitdnladng Backend simmniu RESTRUL APl ¢ FastAPI 3
fiUsvAnsamgauazsessu Async Operations 1dd sihmiiidusinansseninelduas
Agentic Al Core Tnglldf Celery + Redis d1115ud1u Asynchronous i OCR Processing #ildf
1187 10-60 AU

Toyan1Isgnanaiulu Docker Named Volume witalyinsagusl Container gn Restart

'
[ 1 a o o v

%QE‘?’WQEUGEJNEJQﬂ’]ﬁiU’i']U“UE]JJUaLLﬁﬂ Vector Store

353 NITUIUNNTNAABUITLUU NMsnadeustiunisuuunaneseduii o uduainy
nfsiarAILa D TV NDRUsENaY Rl

sl 1 Ao Unit Testing naaeulugagesioniu aseunquilsridunisdiuim GHG

TneiUSsuiisuifua Ground Truth idasieiie msideusegiudeyauaynssiiuns

CRUD Wag Logic vadusiag Agent 1afu Intent Classification tay Cascade Lookup
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S¥AUT 2 Ao Integration Testing NAABUNISYNIUS A UTDMAIBBIAUTENBY
ATOUARNMIUTEANUNUTENT Agent Tu Multi-Agent System NM3v1911v8e RAG Pipeline
FIUAN15SU Query A9n1SABATIEHAIABY wA¥N15Y91UTBY Vector Search waz
Incremental Sync

52Ul 3 fo End-to-End Testing nndaunsruLNsTHaaRauAldtou Goal aufls
nsuansnadns lngldypdeyanaaouiinseunqu Use Case 933uaz Edge Cases 19U Goal 7
fnau Teyafivinme uasmdsifanududougs edsziiuanumieuvesszuunou
Deployment

Celery Worker gn Deploy lu Container wanwsau Retry Policy g3gn 3 ﬂ‘?\‘iLLaz

Timeout tWealUeasil Worker Hang wagiiin Fault Tolerance

3.6 mMsUsziuna
nstsnfiunasenuuulinsauaquiiaidvdn (Core Metrics) fiagsiaunmaimnis
vhauwes Al lnense waiiRatuayu (Supporting Metrics) fiagitounnamioslunistiluly
U3 T 7 dumdnead
3.6.1 MIYTTUANUYNABIVBINTTAILIN (Accuracy)
\Wsuileunadnsann AgenticCalculationAgent fufnd1ads (Ground Truth) 7

AUIAIENDANNENTIINSEIU GHG Protocol ag 1SO 14064-1

E = AD X EF (3-1)

1ng
E Ao USunaunsuaseingisaunszan (kg COze)
AD fie UayananTsu

FF Ao Adudsyansnisuase
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£
Y [

Wiananiliuseidiuaugneaefe Mean Absolute Error (MAE)

1 N Vi—yil
VAE = ;2 i=yil o 100% 32

i=1 Vi
ne
Y fio anfiszyuudnnula
Y; #9 @1 Ground Truth

N A8 911UNSndaU

Root Mean Square Error (RMSE) \eauieunuAnnaslunsd Outlier

1 N ~
RMSE = \/E 3, 04y (3-3)

Yadeyanadauil 50 $18A1T ATBUARH Scope 1 311U 23 518MT Scope 2 I
10 578115 Scope 3 91UIU 17 51803 52109 Edge Cases L% Unit Conversion Way
Cascade Lookup LNauaikinu MAE < 5% snuunsgiu 1SO 14064-1
gy a o v = !
UBNINUEIUIELIU Cascade Lookup Accuracy NINANONADIVBINTILABDALAR
EF @1ua10U Org-specific — Standard — Fallback tag Alias Resolution Rate #19nA214

ONABIYRINTITUNUAIMNETTUNAINU ef key AT

3.6.2 NMIUTTEIUANNNYDITTUU RAG (Reliability)
Uzl AgenticKnowledgeAgent A8yaA1911 50 Uolu 8 nuiany Laun
Emission Factors, TGO Standards, GHG Protocol, Scope Classification, Calculation
Methods, Reporting, Advanced Topics Wag Practical Questions IG}EJ;EL%EJ’;%’]EQ@TW Carbon
Footprint Tinzuuulu 3 &if (0-1 Aziuwsedin) laun Correctness (AMUQNABININLINTFIY)
Completeness (A1NLATOUARNYBIAINDY) WAz Citation (N1561989UMAINN) AL Final

Score A%



a2

Correctness+Completeness+Citation
3

Final Score =

(3-4)

19716 UKD Final Score > 0.5 WMNENSLAUTTUUNNUALA Mean Score > 0.5 Way
Pass Rate > 70%

$wmfmowii Final Score = 0.5
Pass Rate =

X 100% (3-5)

v
PUIUMDINNINUA

1aNNUTIUTELIU Hallucination Rate F9ABUMNAY 0% AABANISNAZDU AESEUY

Aowmaudn liwudaya” wiunsaisineuiliiindngiusesiu

3.6.3 nsuseifiuAnuasisalumslsanuyessyuy (Usability)
anBunsAudld 5 910 Adlszduaud eamguans 19ty aseuaqy 5
Scenario lawn A138UIMaNBANETS N15AIUIN GHG NMSEBUNINNINTFIU N15E51931897U
LazN15IATIZY Scenario 14 Think-Aloud Protocol TuANWgANIsusznINAITNAEIU Laz

UszLliumne System Usability Scale (SUS) 1nm3g11 10 98 Arwiad SUS Score el

SUS Score = [Z%ﬁ(xi - 1)+ Z%ﬂ,( 5— xl-)] X 2.5 (6

108

X; Ao azluwvosven I (1-5)

o a

a &
URVALUUAIDINLYIUIN

e
=b.
o

291k

=b.

4 < [~ o a
VONUULAVALTUAIOULTIAY

SUS Score a8 1us7a 0-100 tnmeis1u SUS > 70 4908 Tusedu "Good" m1un1s
ILUNUDY Bangor et al. (2008)
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3.6.4 nsUsziliuaulusslavesszuu (Explainability)
UseifiuAuaninsovesszuuiunsesuIeN ST UINIAIUIMLAZLNEITINN8Y
Toya dudutedmuadidyueanszuaunts MRV 1u 4 esdUszneu leun Emission
Breakdown Completeness TAIMHaaNS LAY Activity, Scope, Quantity, Unit, EF Lazgns
AsUAIUNseld Calculation Traceability In31@10150m59980U Intermediate Steps U84A1S
AuIngauradlaviali Source Citation 1AAINNYNADIVEINITONBIUNES EF wag Audit
Trail Completeness TnA211ATUE 1UVBY Execution Logs Tu agentic_execution logs

AUIEL Transparency Score 3MNANLRABVDIWIN 4 93AUTZNEU (0-1 AZLUUADBIAUTENDU)

Breakdown+Traceability+Citation+Audit
Transparency Score = > (3-7)

LN Transparency Score > 0.80 Y98y OUITZUUIDITU MRV Requirement

Tusgaunwausuladmsunisululgauass

3.6.5 M3UszluiuUsEansnImuedssuy (Performance)

NnFau 2 @ lhun Response Time Test Tngds Request 100 ASwsiousziam
wazdn Percentile Metrics waz Concurrent Request Test Imgd1a89 20 Concurrent Users
utian 5 uidl

d15U Response Time 14@n Percentile utnasindnunuan Mean isivasviou

UsZaUNITINS 9IuasbannIN

Py = @it k% w04 Request movauadliniglunanil (3-8)

LU AUUANINE YL baka Calculation P95 < 100 ms, RAG Query P95 <
3,000 ms, MongoDB Query P95 < 10,000 ms, OCR Throughput > 5 PDF/41% way Cache
Hit Rate = 99%

@3U Concurrency Uszidiu Degradation Factor Lftens3a@au31 Response Time

Misvuegluveulniigausula
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Response Time (Concurrent)

Degradation Factor = , , (3-9)
Response Time (Sequential)

\NaUiNU Degradation Factor < 2.0 1aifl Memory Leak wagliidl Service Crash

ARDRNITNAEDU

3.6.6 NIUSEEIUAINYNABIVBINITUURINBISTTUYIR (Functional)
Useilu AgenticMongoQueryAgent sggnA1a13 30 Yolu 5 Uszian laud
Simple Queries (8 1), Aggregation (8 79), Time-range Queries (6 19), Multi-condition (5
49) Wway Complex Aggregation (3 U9) wiay Query laAzUUWUU Partial Credit Taun

Correct = 1.0, Partial = 0.5 wag Incorrect = 0.0 AU Success Rate At

Z?’_lscorei
Success Rate = —4—=———

X 100% (3-10)

LAWY Success Rate > 70% wona1nilgauseidiu Time Range Parsing Accuracy
WEAAINUIN LHBI9INAITUUAITINIAIINAIBTTNYIA WU "V "lasuna 1" way "lhou
unsaw” il Date Filter AigndaaduilaridudAtyr095euu 1nael Time Range Parsing
Accuracy = 100% 5318 9Us2L8 U APl Success Rate M1 Taa1ud5avednasisenld APl

seeuInsneluszuu Tesnausnviualy APl Success Rate = 100%

3.6.7 M3UszliuAuATUTIUYBIHeATY (Completeness)

MTIVFBUAINATUN IUVBIWIATUA 18 Requirements Traceability Matrix

]
a o ¥

(RTM) Vl’«JUfj Functional Requirement Wsiagy oAy Test Case AU Feature Coverage

[

Rate Mai)

fu Requirement i Test Case

x100% (3-11)

Feature Coverage Rate = : >
s Requirement vwiua
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NN Feature Coverage = 90% AsauUARUleATunan laun n1sA1uIn GHG
(Scope 1-3) MIRBUAININATYU Carbon A38 RAG N13IANTTVRLABIANTHIUAWISTTUYIR
138319318971 PDF/Excel NM53As1eMTaesugaAans uwag OCR Pipeline

yenani dausidly Agent Integration Score i4A71 Agent NNFIFIUTAVNY

$3AUNIY GoalExecutor Miagegnsios

. Hiuu Agent i ldgndo 7
Agent Integration Score = 2 —— ==-=100% (3-12)
$1uau Agent visvua 7

1Y

3.6.8 UpINNALATAUENIIBINTUTTHUKE

Y [ o o

wisgvun1sUssidivageaniuulviasaunqy uadslivedndndidy 4 Ussan

=4
=De

3.6.8.1 Internal Validity 141 A11gneasv0dAl EF anuunastaya Al
L1 WO UV Activity Data 71 HldUau wazdov1finuey LLM Reasoning W 919839
Hallucination waild RAG

3.6.8.2 Construct Validity 131 MAE #8919 UAINNUNUE LT IR ILAVLA bl
ATBUARUAINYNABAUTIUTUN Uag SUS Score d1alasuBnsnadnUszaumsaineuninves
AL

3.6.8.3 External Validity 14U ﬁmﬁa%amaamﬂu Anonymized Data 1819
ldaseuaaunngnaInnIsy wazd ULy Usability Testing vu1ndninvinly Generalize
lon

3.6.8.4 Conclusion Validity %4 n15nad@eu Concurrency Tusga U184
p13lu @y eu Production Workload 959 wagaa1uuLUsHiuved Latency 310 Cloud

Infrastructure
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NAN1SANUUIUIY

unidiauenan1satduuaiuinguszasanninualuund 1 lney sy
UszAnBnmaesszuy Agentic Al @115UNITAUIALAZALATIZY Carbon Footprint Tuszéiu
99ANT N150NKUUNNTUIELTUATOUARUARAIAYUDITEUL Al ANudsndoy Laud Ay

a o 1

QNABAUTILAY ATNUTRNTRaY ATINaINTalunTIdeu wazauluslaves
J = < v o w 1 o Y a ] I

nszvaunsAuIn Jadutdadvdifynonisiissuululdass nan1meseunuseaniiu 8
L% ¥ U di/
WU A9l

4.1 WamIUTBiiuAMNgNADIYRINISANWIN (Accuracy Evaluation)

4.2 WanUSTIUAMAINTBITYUU RAG (Reliability Evaluation)

4.3 pansuszilluauEnsalunslguuesszuy (Usability Evaluation)

4.4 pansuszliuanulusslavesseuu (Explainability Evaluation)

4.5 wan1sUszliunulsEdnsa neesszuu (Performance Evaluation)

4.6 WNaMIUTHIUANLYNABIVDINITLUAINIYITITUIRA (Functional Evaluation)

4.7 wansusziiuAuAsULIUUesendY (Completeness Evaluation)

4.8 ajunan1suseidiy (Summary of Results)

AoumLIuMINAdeU SeUUlaTUNTRARIASUR LTS 6 USMS lauA carbon-api,
mcp-api, mongo, qdrant, redis Way minio Wiy Seed Gﬁ’aiﬂa Emission Factor 55 18019
Activity Aliases 50 518115 wazddlaslugdionaisai1uiau Carbon Footprint 9143w 12
wausdu 7,885 Chunks Tu Qdrant 78 Vector Dimension 384 i lagsieaziden

anUpnenssunaznszurunisaenslaasuie i luuni 3 uan
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4.1 Wan15UsiuANgNABIYRIN1IAIUIN (Accuracy Evaluation)

411 Yaquizasduazyateyannany nismadeuiaidunisamuuimieisinunly
#1790 3.6.1 InutUTuuifisunaansann AgenticCalculationAgent AUA181989 (Ground
Truth) 7iAN1AAIEATIMTEIU GHG Protocol Wag 1SO 14064-1

NUATEIL MAE < 5% Auu1AS31U 1SO 14064-1 Airmualy Uncertainty 994013
AuIueg Ul 5% yatayanadauil 50 nIdl AsEUARY 8 AanTTu lawn Electricity,
Diesel, Gasoline, LPG, Natural Gas, Paper, Car Travel ez Domestic Flight Way 3 Scopes
18 Scope 14l 23 nsal Scope 2 & 10 N6l wag Scope 3 3l 17 n3el Taudls Edge Cases 1y

Unit Conversion Wag Cascade Lookup muiseniuuliluimde 3.6.1

4.1.2 Wan1Inagau

715199 4-1 HANINAAOUANNYNABINITAUIUULNANNNINTTUUAY Scope

Aanssu Scope | AUIUNAGDU | MAE (%) | da1u
Electricity Scope 2 10 0.00 Pass
Diesel Scope 1 6 0.00 Pass
Gasoline Scope 1 6 0.00 Pass
LPG Scope 1 6 0.00 Pass
Natural Gas Scope 1 5 0.00 Pass
Paper Scope 3 5 0.00 Pass
Car Travel (Petrol) | Scope 3 6 0.00 Pass
Domestic Flight Scope 3 6 0.00 Pass

2NN 50 0.00 | Pass

sruumuInlAgnaes 100% (MAE = 0.00%, RMSE = 0.00) luvnfianssuuazn Scope
AnTLnast MAE < 5% egheilfoddey nadnsdsuduinaniilnanssy Deterministic-Al
Hybrid Reasoning fioonuuuluiate 3.1 waz 3.3.3 Fauen Calculation Engine 89n31N
LLM Husganganlunstesiu Numerical Hallucination laaginseauysal

4.1.3  wanisvadaunaln 3-Tier AgenticCalculationAgent Tnaln Cascade Lookup

3 sgaumufieonuwuulufive 3.3.3 Inglden Emission Factor Wauaisu Organization-
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specific EF — Standard EF (TGO/GHG Protocol) — Fallback EF wan1snaaaunuin 12
971 50 n3ad (24%) 19 Org-specific EF 910 carbon_footprint zero 38 nsel (76%) 14
Standard EF 910 emission_factors collection Tu carbon_footprint_db warhifnsdiides
Fallback lag Cascade Lookup Accuracy = 100% @gau31nN1500nkUUFIUTDLAKUY
Multi-Database Design suade 3.4.3 dagliszuuiden EF fumnzaufuusunvesasinshe
9E9NABIYNNTEH

4.1.4 wan1suadaunaln Activity Alias Resolution syuuld Activity Alias Mapping
$1urn 50 s18nsTesenlily activity aliases collection auwate 3.2.1 Tagld Word-
Boundary Matching @1115u ASCII aliases wag Exact Substring Matching d@wsuniwnlng
Nﬁ%ﬂﬁaUWU’jﬂﬁgﬂﬂ’mﬂW&JLLﬂ%ﬂWUWﬁQﬂQ‘H (25/25 n3giman1w) ¢ Alias Resolution Rate
- 100% Tag/llil Ghost Activity Fsfufiuuszavinmaasnalnfisenuuuluite 3.3.3

4.1.5 n1534AT199 Bug Ainuwazuilusendnean1swamn nadns MAE = 0.00% Ana1n
nsunley 3 5ﬂﬁ1ﬁ@ﬁWUinNﬂizmumimaaummﬁﬁa 3.5.3 it

4.1.5.1 Word-boundary Matching @%3u Alias Resolution sguutanld Plain
Substring Matching ¥11l# "car’ a53fiUA131 "carbon footprint’ @@l car_petrol U510y
Tu Emission Breakdown 991N Request (Ghost Activity) willnedsuduy Regex Word-
Boundary (\b..\b) &1%5u ASCIl aliases wag Exact Substring @1%5un1wilng wanasunile
Ghost Activity = 0%

4.15.2 f EF linssnmsgiu T60 2024 Taewuanitlsigndemanssiens leun
natural gas (2.75 — 2.204 kgCO2e/m?3), paper (1.04 — 3.85 kgCOze/ream), LPG
(1.51 — 1.554 kgCOze/kg), gasoline (2.31 —> 2.296 kgCOze/liter) Wag car_petrol
(0.171 — 0.21 keCOze/km) uAlulasdUinnalu emission_factors collection 499
carbon_footprint_db Tﬁmammmmgm TGO 2024 wandswnly MAE anan ~2-5% 1Ju
0.00%

4.1.5.3 Activity Aliases fivrave Tagnuingrin "car_travel", "domestic_flight"
way "natural gas" laidilu activity aliases collection whlulpewfia Aliases Léflj’lvlﬂﬁlug’lu‘ﬁaga
anunseUIunsiiesungluide 3.2.1 nandauily Alias Resolution Rate Hinann 949% 1du

100%
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4.2 uan15UsEuAMNINUBI5EUU RAG (Reliability Evaluation)

401 Ygusrasduazgndoyanadey mavaaeuiinuiunisniuuumad fmuely
Wade 3.6.2 TneUsuiiu Reliability ved AgenticknowledgeAgent @14 RAG Pipeline i
osugluhide 3.3.4 seyadiatu 50 Telu 8 emy TnegldeIviaiiu Carbon Footprint
Tiazuuuly 3 98 (0-1 Azwuusadif) laun Correctness (AMUYNABIAINNINTTIU)

Completeness (AMUATOUARNVBIANBU) ay Citation (NM59198ULMALNN)

4.4.2 WanN1sNAEau

A15199% 4-2 NANTINATDUAUNTN RAG LLEJﬂG]’]iJ‘MiJ']Wm;j

NUIANY I7UIUAINIY | Mean Score | Pass Rate LUV
Emission Factors (EF) 10 1.00 100% Pass
TGO Standards 8 0.88 88% Pass
GHG Protocol 7 0.86 86% Pass
Scope Classification 6 0.68 83% Pass
Calculation Methods 6 0.58 67% Pass
Reporting 5 0.45 40% Below Target
Advanced Topics 5 0.35 20% Low
Practical Questions 3 0.50 67% Pass
A% 50 0.69 74% Pass

v
& o

T2UU RAG ’ulnaueivisaeasiny lag Mean Score = 0.69 (g4n31Lnau91 38%) Lax

Pass Rate = 74% (Qﬂﬂ’j%ﬂmsﬁ 4%)

4.43 wan1suadsunaln 3-Level Fallback Chain AgenticKnowledgeAgent Tnaln
Fallback 3 sedusnufieanwuuluate 3.3.4 18un EF Quick-path, RAG Semantic Search
WAz Not Found Response g EF Quick-path fieayadnn ConfigService lngnseunun1g
111 Vector Search Tu Qdrant d@swali 10 210 50 Queries (20%) MaulARI8AIIUULIUEN

100% @7 RAG Semantic Search #ild carbon_documents collection Tu Qdrant s
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Wate 3.4.3 nould 27 970 35 Queries (77%) uag 5 Queries (10%) noud "linudeya’
uwnunsadnmneudlifindngiu nagavinede Zero Hallucination naeAnIsNAADY 33
navaussioL1Iy Hallucination Rate = 0% MUTITD 3.6.2

444 myhnwigauiuazqaoeu qaudandnegfl EF Queries fild Perfect Score
1.00 1189970 EF Quick-path flediogaain ConfigService fimnuusiug 100% Tngliriiu
Vector Search Wagu1033 U TGO (88% Pass) Wag GHG Protocol (86% Pass) i
AsauAgugslu Knowledge Base filnienliluiado 3.2.2 9aseustil Advanced Topics
(20% Pass) ﬁ%ﬂﬂﬁ@mﬁm Market-Based Accounting, Scope 3 Categories 11-15 Way
Life Cycle Assessment %ahﬂﬁswagﬂmaﬂmi 12 wufwSenluide 3.2.2 uas Reporting
(40% Pass) 7ifslaifiienans Template wanizlu Knowledge Base ﬁ;méaumdﬁaamﬂéjmﬁ’u
Fodrinnszylilusinde 3.6.8 (309 External Validity

4.45 AMNINYBY LLM Synthesis szuule Typhoon v2.5-308 W Primary LLM il
Genluiade 3.3.8 dmsunisdauasizridineuain Context Chunks 7iduAuain Qdrant wa
N1INAEOUAIU LLM Synthesis La@n111 Context Cleaning au OCR Noise ¢ 100%
awilnegndiesanailaennsal 100% Citation Accuracy 92% (33/36 n3@iiil Citation) ua
Answer Conciseness 88% #9dufiupnnunminzauvesnisidents Typhoon v2.5-308 dwsu

391U Carbon Footprint Tuusunawlng

4.3 wan1suszfivanuanusalunislteuvesszuu (Usability Evaluation)

431 Ynquszasduazyadoyanndeu mvaaey Usability sidunnsaiuuuinied
Murualuiite 3.6.6 lngyauseiiiuingdaunsasiiiusnuniu Carbon Footprint HIUsEUY
Agentic Al laegefiuszansamuaziisnelavseld nMsnaaaudiun1siugly 5 51e il

FEAUANUITUITIYUANANSAY A9



M19197 4-3 dnwazvesrltlunismegeu Usability

gl4 | armdeavngdtu Carbon | Anadeawgydu IT UNUM

U1 GN Uunang tninsesidswanden
u2 Uunan 6N UL ONALIT
u3 U1unand U1unan vthitihe ESG

ud i Uunana AUMSIEAUNAIN
us i i Wvehitialy
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LAAYAUNAABUASU 5 Scenario ANUNMIAUALUFITD 3.6.6 tawn (1) dUlnananans

U19551UNIUY OCR Pipeline (2) A1u3ad GHG #78A181555191AH U GoalExecutor (3)

d@2UnUN19951U GHG Protocol WU AgenticKnowledgeAgent (4) @519518971 PDF a3y

Emissions #1u AgenticReportingAgent wag (5) tAs1git ROl 98slaTinIsann1suassnIu

ExpertScenarioAnalyzer Inglt Think-Aloud Protocol TUfinwgRnssuszninNmaaay waz

Uszilusig System Usability Scale (SUS) #asn1snageou

4.3.2 NanN1INAdU

M13199 4-4 wa SUS Score Lenauily

K4 | SUS Score | szfu (Bangor et al., 2008)
U1 82.5 Good
U2 77.5 Good
U3 75.0 Good
ua 70.0 Good
ubs 65.0 OK
\ade 74.0 Good

STUUNIULNI SUS Mean Score > 70 anuiinnualuiite 32.6.6 laglamiade

74.0 Faaglusedu "Good" U1 NiAnuiievngydnu Carbon geldnzuuuggn 82.5 1ewain
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AuAeiu Terminology wazanunsammun Goal linssUsziau vaued U5 Aflanundeivigy

[
Y

° Y Y ° ! ¢ & v v Y & v v ') .
W'TV]Q?{@\TWWUVLW 65.0 A1NILNUNLANUDY a%wa‘lﬂ,ﬂLMU'J']?%‘U‘U?JQG]@Qﬂ’ﬁﬂ'ﬁWWuW Guided

Experience dwiuglinlsifuneiu Carbon Accounting

5197 4-5 WAaNISNAADULENANL Scenario

Task 4
LIALRAY —
Scenario Success K Ya&annIN Think-Aloud
(W)
Rate
sUlnanonans 100% (5/5) 2.1 Taifideywn Ul anau
AUIM GHG 100% (5/5) 1.8 U4, U5 fasandiinun Goal #alemss
AOUANNNINTFIU 80% (4/5) 32 | U5 Lidhladmeufisifwinetings
a5195189U 100% (5/5) 4.5 nnAuNelafyu Emission Breakdown
A5129 RO 60% (3/5) 6.8 U4, U5 luiwiladdivua Goal fudau

4.3.3 Feedback

audandlinantsiesiign lawn muasaanlunisdeurmdinwivelaensy

b1 Conversational Interface N9anuuuluiite 3.1.1 AIUTIASIVOINITAIUINTA 19 ms

LAZAIUATUNIUYBY Emission Breakdown MUaAdEAS EF Source LaghnaddN89ATUNIY

m7 Transparency Framework Tuiave 3.6.4

yndounuyaslaun flonliAuiaeiy Carbon Accounting laiuiladinaas

muun Goal ag9lsdmiuau Analysis unsduiidnimadagaiuludmsudliseau Ug -

U5 datausuugnanaansiial Suggested Prompts %38610819 Goal Template Liey3eily

dl [
Mlifuay
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4.4 wan1susztiuauluselavasszuu (Explainability Evaluation)

451 nnAaeu Explainability dndun1smusuivied fvusluiade 3.6.4 Tae
UszifiumnuaninsavesssutluniseSunenssuiumsdamLazunasiiunvedayaliie
59950 MRV Tu 4 93AUszNOU InaIIKIU Transparency Score > 0.80

4.5.2 Han1IvAdaU

A15197t 4-6 n1UsEAIY Explainability

Component FAU/ATILR | AZIUL
Emission Breakdown Completeness 50/50 1.00
Calculation Traceability 48/50 0.96
Source Citation 50/50 1.00
Audit Trail Completeness 50/50 1.00
Transparency Score (Mean) 0.99

SLUUHIMNU9IRE 19Uy saline Transparency Score = 0.99 (§4n31Lnauat 24%) o
axvouUszdns nmuesn1308ALUY Transparency Framework ysainiseylu
AgenticCalculationAgent WagszUUUUTIN agentic_execution logs AU 3.4.3

Emission Breakdown Completeness = 100% LLﬁNﬂ’W}ﬂ Calculation Response
wang Activity, Scope, Quantity, Unit, EF, Source UaggAsAINIMATUNIUND 50 nTel
Calculation Traceability = 96% (48/50 nsdll) lag 2 nsdifi kAN Complex Multi-
step Calculation 71 Intermediate Steps ai’wmumnLﬁuﬂdwﬁszwLLamqiugﬂLLUUﬁﬂagﬁu
Audit Trail = 100% 8u111 GoalExecutor Yu#in Execution Logs nﬂsiigumauaﬂu
agentic_execution_logs collection auiteanuuuluiade 3.3.1 uar Source Citation =

100% Wanedmn Calculation n158198euvas EF agadniau Aanstunisasialuil
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A15199 4-7 S¥UUD1999 EF Source

EF Level $1uauAse #9814 Citation
Organization-specific 12 Org-specific EF (Updated 2024-01-15)
Standard (TGO) 35 TGO 2024
Standard (GHG Protocol) 3 GHG Protocol 2004
Fallback 0 N/A

4.5 nan13UszliuauUIzansn1maeszuy (Performance Evaluation)

4.5.1 ToUTsasAuazyntalannaeay N1sNAAeU Performance ANIUAITANNLLINAG
i fnualuiade 3.6.0 was 3.6.5 wuadu 2 d2u liwn Response Time Test lagds
Sequential Requests 30 ﬂ%ﬁ&faﬂizmmmz’?@ Mean, Median, P95 LWag Concurrent
Request Test Ined1a09 5 Concurrent Threads tulian 5 W1 nasimiuARUaNYY
UVDILFAE Agent lawn Calculation < 100 ms, Knowledge RAG < 3,000 ms, Data

Query MongoDB < 10,000 ms g Concurrent 100% Success Rate

4.5.2 WanN1sNagu

A1314% 4-8 Response Time WENAIUUIZLANAIVE

USZANAIYD - Pr- < f] aaug
(ms) (ms) (ms)

Calculation 19 18 25 < 100 ms Pass
Knowledge (RAG) 1,326 1,150 2,800 < 3,000 ms Pass
Data Query 5,202 4,950 8,100 < 10,000 ms Pass
(MongoDB)

Concurrent (5 3,890 - - 100% Pass
threads) success

AgenticCalculationAgent il Response Time Ladgiiles 19 ms 153n3unaaiEe 5 i

\Wesanan tnenssu Deterministic-Al Hybrid fieanuuuluiite 3.1 wen Calculation
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Engine 8ana1n LLM ililaifoeso LLM Inference ludunaunisduan Performance
breakdown Usznaunig Parameter extraction ~8 ms (LLM Intent Analysis), Activity
recognition ~2 ms (Regex Matching Tu activity aliases), Cascade EF lookup ~1 ms
(Memory Cache 210 ConfigService) Lagn13AuauasIliie 1 ms

AgenticKnowledgeAgent il Median 1.15 s ksl Query Embedding Generation
~150 ms (multilingual-e5-small ANNIIUD 3.3.8), Qdrant Vector Search ~100 ms (HNSW
Index muiae 3.2.5), Context Retrieval ~200 ms, LLM Synthesis #78 Typhoon v2.5-
30B ~800 ms ey Response Formatting ~100 ms P95 = 2,800 ms HNULNEUIN < 3,000 ms
AgenticMongoQueryAgent {i Median 4.95 s iflosan MongoDB Aggregation Pipeline i
Aosaunulaya 1,430 s18n13lu emission_data collection P95 = 8,100 ms H1UNY <
10,000 ms

Concurrent Test 5895U 5 Threads 16 Success Rate 100% laglddl Service Crash
%30 Memory Leak aufisualuiate 3.6.5 Resource Utilization agjﬁ CPU ~60% Hag
Memory ~2.5 GB %aagiuizﬁuﬁ%’ﬂmﬂﬁ

Bottleneck #anl 2 3 tauA LLM Inference @3 Typhoon v2.5-308B (~800 ms) o8
Favdu ~60% wew1a1 RAG Response wenua wuanisuiloluouinnd on1sld
Smaller/Quantized Model %38 Local LLM Deployment aisdotausiugluiits 3.3.8
LAz MongoDB Aggregation (~5 s) nstlvayavuinlug Fauloldlneiiia Index 13y
Frequently Queried Fields wagld Redis Cache d1§u Common Aggregations mufl

ponuwuulily Data Layer Wit 3.1.5

4.6 HaN13UTEUANYNABIVDINITUURINIEISTIUYIA (Functional Evaluation)

161 Anquszasduazyateyanageu NINAEoU Functional ALTuNITANALLINIA
Avualuiate 3.6.3 lngasaunau 2 Aumvan lown NL-to-MongoDB Query Accuracy ¥4
AgenticMongoQueryAgent Wag APl Success Rate U94n15UTEAIUIIUTZLIIN 6 UTNITHIU

Docker Internal Network anuaatnenssulumive 3.4
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garay 30 Tauvndu 5 Ussianauanududou ldun Simple Queries (8 99),
Aggregation (8 1®), Time-range Queries (6 U8), Multi-condition (5 ¥8) kag Complex
Aggregation (3 U9) Wsiag Query loAZLUULUY Partial Credit tnauginIu Success Rate >

70% wag Time Range Parsing Accuracy = 100% AT 3.6.3

4.6.2 wan1inegeau NL-to-MongoDB Query

A15197 4-9 KA IVAEEUN1SLUAINIYISTIHALTU MongoDB Query

Usstnn Query 97U2U | Correct | Partial | Failed | Success Rate
Simple Queries 8 8 0 0 100%
Aggregation 8 1 0 93.8%
Time-range Queries 6 5 1 0 91.7%
Multi-condition 5 3 1 1 70.0%
Complex Aggregation 3 1 1 1 50.0%

S9N 30 24 4 2 79.3%

SEUURIULNGET Success Rate = 79.3% (g4n31Lneua 9.3%)

A15797 4-10 HaNISVREBULAAE Component U84 AgenticMongoQueryAgent

Component Accuracy
Query Type Detection 96.7% (29/30)
Entity Extraction (activity) 96.0% (24/25)
Entity Extraction (scope) 100% (18/18)
Time Range Parsing 100% (15/15)
Query Generation 86.7% (26/30)
Validation (injection prevention) 100%
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Time Range Parsing = 100% &ug§131 AgenticMongoQueryAgent @11150LUas
H9081INATIFTINYR WU "Q1 2024", "WAeuunsay’ way "J9" 10y Date Filter lu
MongoDB Query liignsasnnsel munalnfioenuuuluiite 3.3.5

ﬁmLLGﬁﬂaEﬁ Simple Queries (100%), Aggregation (93.8%) waz Scope Filtering
(100%) ﬁ;ma'auagjﬁ Complex Aggregation (50%) fisiadldnane Pipeline Stage (Smatch
— $Sgroup — $project — $sort) Fvarvieudesidnves LLM-based Query Generation

munszyluinve 3.6.8

4.6.3 HANINA@BU APl Success Rate 5¥UUTBI5UNNIUVRIYN APl Endpoint 1
Docker Internal Network muan1idnunssa Microservices Tufate 3.4 1 100% naonns
NAFOURS Sequential tag Concurrent laglaidl Service Crash #s8 Memory Leak Faudu
Useandnmues Startup Sequence 9 Funeufioenuuuluiade 3.5.1 uag Fault Isolation
984 Microservices Architecture floanuuubuide 3.4 Validation fJadfu SQL/NoSQL

Injection WU 100% Buduanulasnisves APl Layer

4.7 wan15UszliuANNAsUEIUYaIN Aty (Completeness Evaluation)
3.7.1 TogussasAuazyaveyanaaay n15UseLdu Functional Completeness

Audumsmuuyinisluiide 3.6.7 s Requirements Traceability Matrix (RTM) #ug
Functional Requirement udiazdafiu Test Case wisBuduiaflsrduiioanuuuliluuni 3
lasunmsiWaLILagadaUATUS U

3.7.2 HAaNIINAERY Agent Integration %n Agent v ulaasu 7/7 aufisenwuuly
wte 3.3 diail AgenticCalculationAgent AU GHG #7el Cascade Lookup 3 seAugneas
100% AgenticKnowledgeAgent aaufA1011A38 RAG Fallback 3 S¢6u Zero Hallucination
AgenticMongoQueryAgent wiuadg NL WHu Query 16 79.3% DynamicCRUDAgent 9an1%
TRUANUNYFTIUYIAYNABY AgenticReportingAgent @319 PDF/Excel Report kazdUlvian
MinlO 1adsa ExpertScenarioAnalyzer 31A51%3% ROI/NPV/IRR tazwengal Emissions 19

gneed LAz AlQueryAnalyzer 974un GoalType lagnaas 96.7% aunalu 4.6.2 usag
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Agent @11130138n1H9 UKW GoalExecutor Uag3u-de¥oyaseninenun1u APl-based
Interaction laagagneias nuan1dnenssy Multi-Agent System luiade 3.3.8

3.7.3 HaN1VAddU Feature Coverage Feature Coverage Rate > 90% AsauAgd
lafundniiamuaiioanuuuluunil 3 1¥uA n1sfuan GHG AseuRqu Scope 1-3 uay CFP
A1 1SO 14067 N13MDUAIINAIU Carbon Footprint Aa8 RAG Lag Knowledge Base
7,885 Chunks NM33AN1570Ya09ANIHIUN11555097R (CRUD) T carbon_footprint_zero
N15891951897U PDF/Excel #1u AgenticReportingAgent ez MinlO RERIGERPIGN
Ls¥gA1ans (ROI/NPV/IRR) WU ExpertScenarioAnalyzer n13weInsad Emissions #2¢
ForecastingEngine taz OCR Pipeline dusulsgananatonals PDF ¢ne Typhoon Vision

3.7.4 flanduiietanmuniudy ldun Advanced Scope 3 Categories 11-15 ua
Reporting Templates %qaamﬁaaﬁ’uqma’auﬁwﬂu RAG Evaluation lagaziaudainiin

External Validity #u#ate 3.6.8

4.8 dyunan13Useiiy (Summary of Results)

M15197 4-11 asunansussliuseuy Agentic Al 7isvun

%A §%3n NARNWS Lneua danue
Accuracy MAE 0.00% < 5% Pass
Calculation Accuracy 100% 100% Pass

Cascade Lookup Accuracy 100% - Pass

Alias Resolution Rate 100% - Pass

Reliability Mean Score 0.69 > 0.5 Pass
Pass Rate 74% > 70% Pass

Hallucination Rate 0% 0% Pass

Usability Task Success Rate 88% > 70% Pass
SUS Score 74 > 70 Pass

Explainability | Transparency Score 0.99 > 0.80 Pass
Source Citation Accuracy 100% - Pass

Audit Trail Completeness 100% - Pass
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3 a7 5a NAANS Lnaua GORMIE
Performance | Calculation Response Time 19 ms < 100 ms Pass
RAG Response Time (P95) 2,800 ms | < 3,000 ms | Pass

MongoDB Query (P95) 8,100 ms | < 10,000 ms | Pass

Concurrent Users (5 threads) |  100% 100% Pass

Functional Query Generation Accuracy 79.30% > 70% Pass
API Success Rate 100% 100% Pass

Validation (Injection) 100% 100% Pass

Completeness | Feature Coverage > 90% > 90% Pass
Agent Integration /7 /7 Pass

519t 4-12 aqﬂmsmuauawia Research Gap
Research Gap wuamsudlulussuu naawsHgudu
(unil 2) (unii 3) (unil 4)

F2UU Al 970 MRV

Compliance

Transparency Framework

+ Audit Trail (3.6.4)

Transparency Score =

0.99, Audit = 100%

17 Org-specific Emission

Factor

3-Tier Cascade Lookup
(3.3.3)

Cascade Accuracy =

1009, 12/50 14 Org EF

LLM vs Rule-based i

A5V NS U

Deterministic-Al Hybrid
Architecture (3.1)

MAE = 0.00%, NL Success
=79.3%

Hallucination Risk Tusﬁauua

AR 0Y

3-Level RAG Fallback + EF
Quick-path (3.3.4)

Hallucination Rate = 0%
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a3Una aAUTENa wasdaiauauuz

unithiauensdunnsiosdenuduasmadnsanmatanuassudiussuy
Agentic Al dwmSuativanunszuIunsUsediu Carbon Footprint Tusedvesans lag
AseuURgUATATUNAMNTRgUTEAS MseiueraiiinmsTideslosiuunanuasnuis
fifetos uasdolausuurdmiumsimunluounan eaivayunisrosonosdmuiuas
msUszgneldszuuluuIunesdnsfidessifiunisiunisdnnisieEounsyan
5.1 ajuua
5.2 aAus1uHa

5.3 UDLAUDLUY

5.1 d@sunanisaniiuau

[
o

NI UTTNgUsrasRnaAn¥INInIgIUNITUsEIY Carbon Footprint aankuuLae

[

[%
=

il

WAL Agentic Al wazUsuiliuysganinmeasszuy loganunsaajunaniuingussasalans

511 AnqUszasdn 1 nsAnwimnsgiu Carbon Footprint Msnwnuinn1Useiiu
Carbon Footprint luszfuasdnssniudesdnsdensevunasgruvislussdvainauas
sgAuUseina lawn GHG Protocol Corporate Standard, ISO 14064-1:2018 LagliINg
TGO 44AT8UAUNNTAIMUATDUIIA Scope 1-3 M550 oyananssy nsidonly
Emission Factors Wagnszuiun13sguNanIuvan MRV »iuidelminesnaiusaina i
Wawndugiudeya Emission Factor 9113t 55 5181135 Activity Aliases 9113u 50 518013
LLazgwummiLaﬂmi 12 La'uﬁshuﬂszmumﬁ OCR, Text Processing Llay Vectorization
Weatfuayuantinenssy RAG

512 fequszasAdl 2 nisoenuuUAZiAIUN Agentic Al szuugnautlugUluy
Microservices wag Multi-Agent Architecture Usgneunie 7 Specialized Agents lain

AgenticCalculationAgent, AgenticKnowledgeAgent, AgenticMongoQueryAgent,
DynamicCRUDAgent, AgenticReportingAgent, ExpertScenarioAnalyzer wag
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AlQueryAnalyzer lagHay LLM (Typhoon v2.5-308), OCR Pipeline, §1udeyavangsuwuy
(MongoDB, Qdrant, Redis, MinlO) wag Deterministic Calculation Engine 61U Cascade
Lookup 3 526U anninenssudinanndigsessunisussunana ATz wazAuansuasy

a

fgiSeunszanag1uduszuunazdnluld lnenisuen LLM Reasoning 88na1n
Deterministic Calculation davdudadaddyiiuanuwiuduazanauliviuounes
STV

513 Yaquszasdail 3 MeUssiliuyssAvEAmMesTzUY HansUszEuRINUNd 4 uang
Tiudnszuununainnfif Tuddndnleun Accuracy (MAE = 0.00%, el < 5%)
Reliability (Mean Score = 0.69, Pass Rate = 74%, Zero Hallucination) Usability (SUS
Score = 74.0, 1N91 > 70) kAL Explainability (Transparency Score = 0.99, LNgUan > 0.80)
lufifaduauulaun Performance (Calculation 19 ms, RAG 1.15 s, Concurrent 100%)
Functional (APl Success Rate = 100%) ikaz Completeness (Feature Coverage > 90%,

Agent Integration 7/7) nadwsinalagviaudsdnanmlunisihszuuluyszandlaluuiun

9ANTAIY

5.2 aaUsemna

PamsTiudse Tussfiudditaunsaduneiusenalad

5.2.1 ANNYNABITBINIIAILINLAZNITBBNUUY Hybrid Architecture NslaAT MAE
= 0.00% @zvioudsUsEaNSAMYBILLINIS Deterministic—Al Hybrid Reasoning Fawen LLM
Reasoning 891910 Calculation Engine 9g199nLau m'iaammuLﬁuﬁaaﬂﬂé’aaﬁwmﬁﬂ
Physics-Informed Al Wag Neurosymbolic Computing ﬁLﬁumiwammmmmmL%ﬂms;ma
909 LLM Aunalansiiwaniidanuuiugiuiusy (Karpatne et al., 2017; Balaji and
Ebrahimi, 2025) uenannii naln 3-Tier Cascade Lookup waglisguuanunsaidan Emission
Factor lapgnanunzaumuusunesnns wag Word-Boundary Alias Matching aigdesiu
Ghost Activity Sadullgmitnutegluszuu NLP 7l Substring Matching wuusasiy

522 AuUdediorasszuy RAG wazn1san Hallucination nan1suszifiu RAG fild
Mean Score = 0.69 way Zero Hallucination agviouliliiuinniseanuuu 3-Level Fallback

o w

Chain $2uAU EF Quick-path %28Liis Factual Grounding ¥8sanaulaageiidudAgy

o

=

LWINNeHdenARBINUNLITENTEYIN RAG 988 Hallucination Tussuu LLM lalaanisgn
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o (% 1%

ARaUnULENaN5o1989M T aliola (Lewis et al., 2020) aglsAnu AMAINUBIAIRB UL

[ '
Y v a

TUagUAIIUATOUARUTDIFIUAINF AITLAUIIN Advanced Topics 7ILALiEa 20% Pass
Rate 11194391n9191H891011U Market-Based Accounting, Scope 3 Categories 11-15 lag
LCA Tu Knowledge Base

523 anuarunsatuniswuasniwsssuyfidudidegiudeya Success Rate =

%2
v A

79.3% wansliifiulnsyuvausadnnisadsiiuguiay Ageregation 19d Tnataniy Time
Range Parsing (100%) uag Scope Filtering (100%) daduilerduiilduaslunsusziiy
Carbon Footprint 8e4lsin1u Complex Aggregation (50%) avvieutasitnmluvesnisly
LLM Tunisa$e Multi-stage Pipeline Query #9fasnisn1sfainudnssnefidudounin
Natural Language Understanding VY (Berijanian et al., 2025)

5.2.4 UszanSamnisnavausskazaniUnenssu Microservices Han1snNaaay
Performance u@naliiiuinn1suen Deterministic Computation 880310 LLM Inference
FrvannaInevausldesaiiteddy Tne Calculation Winanfies 19 ms ity RAG 7
1.15 s ylpsannudnidesnissentd LM lunszuiunisfiuwial n15eenwuu Microservices
Architecture §9938l9s58uus095U Concurrent Users 1o 100% laglaidl Service Crash
agyioufsnuaivsvesszuvluanimuindeunisldsnuass Bottleneck nanagfi LLM
Inference (~800 ms) Fadudedafniinuldrhlulussuuifien Cloud-based LLM API

525 wan1snaaau Usability 7ilé SUS Score wfy 74.0 aglusedvu "Good" MmuN13
$IuuABY Bangor et al. axvioulifiiuinszuu Conversational Interface figanuuuuL
WWIAA Goal-Driven Interaction au13aann 136 l6lun15aLueIuaL Carbon Footprint
Ieteenaiitiuddy Inslawiznguiifiniun@ervgdiu Carbon gs (U1, SUS = 82.5) filsi5u
Uselewannariuaiunsalunissumd anislnelaensagniswanina Emission
Breakdown 1A5UfIY Task Success Rate @fy 88% wanvinglddiulnajausadiiuny
wanldd@nse Inalanie Scenario NAIUIN GHG WazN1Ta51951891U 7 b8 100%

agslsfinnu SUS Score wa3 US 71 65.0 saniwnasiidniios uwag Scenario

AT ROI TilAliins 60% agvieuddlinlifuneiung Carbon Accounting waginalulag

Al §adipsnisnisarfuayLian@y wWu Suggested Prompts %38 Goal Template @1593U wa

'
[y 1Y a

UapnAdoIiuiuIdenIu Conversational Al 915231115990 UU Onboarding Experience

9

LY 1 [y 1l A a

funumddgyseniseensusvuulungudldnlidifugrumanail

>
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5.3 ULEUdLUY

5.3.1 UINNAVIIUINY

'
ly aAY o v o w A

wiszuvazduszansnnlunanslls uadwlvedinndAgiarsiaisan loun

5311 AuATUARNYEIgIUAINTT Ssldauysal Tngianiz Scope 3
Categories %uq\‘i Market-Based Accounting ey LCA

53.1.2 9839100999 LLM Tun19a8319 Complex Multi-stage Query hagns
ARNAIDINAINIY

53.1.3 - msvaaey Usability ilngusegisuuindida (5 §ld) dsliasviounns
T1uaSesz 17

53.1.4 n13WINT External LLM APl € 9 smania Latency WAZH UNUNIT
piiuau

53.15 AU OCR fitustfurnudaauresionansiuady

Y

53.1.6 MsnaaaUludN I NLINA aUIIABITIDIALANAINIINNTTIT N UTLaANS

5.3.2 daiausiugdmsunisiaulusuing

5321 msveiegIuALiuay Emission Factor lAseuAqu Scope 3 i 15
‘Vi:u’mmgj Product-level Carbon Footprint a1 1SO 14067 LLazﬂiajLaW’wmﬂqmaWﬂim
\fieuil RAG Pass Rate luvian Advanced Topics

53.2.2 n1swaluiwazul Local LLM 31l 1914 Domain-specific Fine-tuning
%38 On-premise Deployment \figannisfiann External APl an Latency amﬁunuiwwn
LLazLﬁmmmﬂaawﬁmwﬁagamﬁm

5323 n15U5UU59 NL-to-Query dmsuddsdudou Tagid 4 Training
Examples #1130 Multi-stage Pipeline U3uu54 Prompt d1m3u Sfacet wag Slookup wag
WU Query Optimization LﬂIE]Lﬁ‘m Complex Aggregation Accuracy 310 50% Iﬁgﬂﬁu

5324 n1sveadeaukay Deployment TuasAnsase ioUszidiu Scalability Tu
an1mwInaey Production ve1e Usability Testing 10w 20+ {lUszinneng 9 uasimun
Fxplainability Framework 17imauauaqﬁaﬂdu;ﬂ%ﬁﬁizﬁummLﬁ?iaaﬁzj'lfgl,t,mﬂﬁi'lqﬁ’u

53.2.5 msgimwmﬁzwﬁ’uimaa%f’mﬁugmaqﬁﬂi 1% ERP, loT Sensors Way

Energy Management Systems Lial#5zuuaisasutonananssuluy Real-time annise

Y
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n1stdeudayanisile wagiiuA1uLiugIves Activity Data 59U89N13WMUY Multi-Agent
Coordination @usunisitasizsaniun1salnisann1suaseingisaunszanlusyaueeAng
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| + 283 vectors + Poll: 10s |
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A n-1 leezunsuaandnenssuseaugs (High-Level Architecture)



User Upload (wvia API)

¥

73

Step 1: Upload to MinIO (bucket: documents/)
= 53 PutObject API
*» Generate unique object_name
* Store metadata in MongoDB (documents collection)

¥

e e i e

Step 2: File Watcher Detects New File
* Poll MinIO every 10s
* Check documents collection for ocr_status=pending

¥

e R, e

Step 3: Trigger Celery Task (ocr_and_vectorize_document)
» Send task to Celery queue (Redis)
* Update ocr_status = "processing"

¥

Step 4: Celery Worker Processes Task
* Download file from MinID
* Run OCR (Typhoon OCR or Tesseract)
+ Chunk text (512 tokens)
* Generate embeddings (MCP API /embed)
» Upload to Qdrant {(MCP API /index)
* Update MongoDB: ocr_status = "completed"

A n-2 File Processing Pipeline
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External Network
{Internet / Clients)

.
Carbon API (Port 2008)
MCP API (Port B@E1)

i s =i S s m— m— — m— — i s m——

Internal Docker Network
lcarbon=network)

| 1 101 |
|carbon API |~ |~ MCP APL | | cCelery |
| :8000 | | ~:8ese | | worker |
L l | | L |

T T 1

l | |
I | | | |
| l
v v v v L
MongoDB  Qdrant Redis MinI0 File-Watcher
127017 1b333 16379 19000

m‘wﬁ N-3 Network Architecture
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1. $78819 Prompt Templates - Al Query Analyzer iasngviana Uy Structured

JSON @3y Routing

SYSTEM_PROMPT = """You are an expert query analyzer for a Carbon Footprint tracking system.
Your task is to analyze user queries and extract structured information:
#1 1. Query Type Detection (TxuUsemAInTm)

Classify into one of:
- **data_query™*: Rdayanilaasiiaimiuinly
Examples: "Tlii l8lW#winlns", "show me emissions data"

- **calculation**: A sUdanfitgndayalwi
Examples: "FM7m0 1000 kWh", "calculate emissions from 501 diesel"

- **comparison**: WigumauTIRgRnEIaim I
Examples: "ulFauiiisu Q1 vs ©2", "compare electricity vs diesel”

- - o
- **trend_analysis**: St iuwn Tiunnsul@suulas
Examples: “fanTad lnuiudusang", "show increasing trends"

- **forecasting**: wannsoinsUdaning luauinm
Examples: "1l 2026 anlaaniinlns®, "forecast next year"

- **net_zero**: Tiamziilinina Net Zero

Examples: "iinlnieziia net zero", "when carbon neutral”
- **optimization**: MABMNUsEENE M SARRTS
Examples: "Asananfanssy luunau”, "optimize reduction strategy”

#1 2. Entity Extraction (Rafayadinty)
Extract all relevant entities:

### 2.1 Activities (fonTau)

= Thai: Ti#h, \Eﬂﬁ'u, Aa, LUy, N3ERTH, NEETINENR

- English: electricity, fuel, diesel, gasoline, paper, natural gas
- Return standardized names: ["electricity”, "diesel", ...]

### 2.2 Time Periods (2317a1)

Formats to detect:

- Relative: "‘ﬂi‘;", "lﬁﬂui‘f", “Q1", "3 @ouiuda"

- Absolute: "2025", "unTAy 2025", "January 2025"
- Range: "2024-2025", "Jan-Mar"

Return as:
{
"type": "year" | "month® | "quarter! | "custom",
2028" | "eurrent” | "Q1",
Ustart": "2025-01-01", // optional
"end": "2025-12-31"  // optional

### 2.3 Scope (#puBAn T line)
- Detect: "scope 1", "scope 2", "scope 3"
- Return: ["17, "2", "3"]

i 2.4 Aggregation (nFTindaya)
- sum: 'sm'ﬂ"muﬂ, total

- group_by: usnay, breakdown by
- highest: gagm, maximum

- lowest: ﬁ."\ﬂﬁl, minimum

- average: Laii8, avg

A -1 #7881 Prompt Templates - Al Query Analyzer (1)



## 3. Intent Classification (s=u1eaun)

Primary intent:

- get_emissions: Aydayanimldns

- compare_periods: WFsuiisutiacnan

- analyze_trend: Simsisiuun T

- forecast_future: WenIniouIAR

- calculate_new: Anndayalni

- optimize_reduction: tiutlszAnnmnisan

## 4. Filter Extraction (@4 filters)

Extract:

- date_range: {start: "YYYY-MM-DD", end: "YYYY-MM-DD"}
- co2e_range: {min: number, max: number}

- department: string

- location: string

- threshold: number (for anomaly detection)

#4# 5. Output Format

Return OMLY valid JSON (no markdown, no explanation):

{
"query_type": "data_query",
"intent": "get_emissions”,
"entities": {
"activities": ["electricity", "diesel"],
"time_ periods": [
{
"type": "year",
"value": "2025",
start": "2025-01-01",
"end": "2025-12-31"
!
P
"scope': ["1%,"2%],
"aggregation”: "sum
L
"filters": {
"date_range": {
"start": "2025-01-01",
"end": "2025-12-31"
L

"coZe_range": {

"min": 0,
"max": 10000
}
h
"confidence": 0.95,

voriginal_query": Wi gl Wi uasdimarnoilnge

## Important Rules:
ALWAYS return valid JSON
confidence score: 0.0 to 1.0
If uncertain about activity, set confidence < 0.7

Normalize all activity names to English
Handle typos and variations (1w = riWn)

1.
2.
3.
4. Support both Thai and English queries
5.
6.

A -2 fhegn Prompt Templates - Al Query Analyzer (2)

7



2. o813 Prompt Templates - Agentic Orchestrator findula Routing g Agent 7

N FNBAS Y

Multi-Step Detection Pattern:

# Pattern-based detection (fallback wialaidi Al Query Analyzer)

MULTI_STEP_INDICATORS = [
# Multiple items (UauaninsamiTwaiaagie)
n and II' - Plus IrJ n ﬂ".u ll] n TEH Ir'

# Post-processing (ABan sHaaNGLAY)
Ilreponll . Ilﬂ‘iﬂ n , [ El.lml'l'lanl'“,
"sim", "excel”, "pdf!, "ai1a",

# Analysis keywords (M3iAs1E)
"analyze", "HiATEd", "wlSauiag",
"compare"”, "trend", “uu':'[liu“, 'HEI"m'i“EII“,

# Multiple calculations
"total", "Tan", "NInNA",
"breakdown", "wana1n"

]

def _is_multi_step_goal(self, goal: str) -> bool:

Detect if goal requires multiple steps

Multi-step if:

1. Contains multi-step indicators

2. Has more than 1 action verb

3. Requests post-processing (report/excel)

4. Needs data + analysis
nunn

# Check indicators

goal_lower = goal.lower()

if any(indicator in goal_lower for indicator in MULTI_STEP _INDICATORS):
return True

# Count action verbs
action_verbs = ["A1nm, "85, “Swmeed®, "wSaudan”,

"calculate", "create", "analyze"; "compare"|

acti=>= sum(1 for verb in acti=if verb in goal_lower)

return acti>>= 2

i -3 fhegn Prompt Templates - Agentic Orchestrator (1)



Intent Detection Logic:

def _detect_intent(self, goal: str, query_analysis: Opti>-> str:

Detect user intent for routing

Priority:
1. Al Query Analysis (confidence > 0.7)
2. Pattern matching (fallback)

Returns: "calculation" | "data_query" | "knowledge_search" | "general"
i

# Method 1: Al Analysis (if available)
0.7 if query_analysis and query_analysis.get("c>0) > :
query_type = query_analysis.get("query_type")

# Map query_type to intent

if query_type == "calculation":
return *calculation”

elif query_type in ["data_query", "comparis>"trend_analysis"]:
return "data_query"

elif query_type in [*forecasting", "net_zero", "optimization"]:

return "knowledge_search®

# Method 2: Pattern Matching (fallback)
goal _lower = goal.lower()

# Calculation patterns
CALC_PATTERNS = [
"\wom", "calculate®, "compute",
e, laminls”, winlus

# Data query patterns
DATA_PATTERNS = [
g | aas® "5in=|ﬁ" "uEaa". "enis”
: . -
"oinlws", "A", "how much", "how many",
"show", "list", "data”, "T1H970"

# Knowledge search patterns

KMOWLEDGE_PATTERNS = [
"Gumn", "search", "find",
"azlsfa", "what is", "s1zaiue”,
"emissi>"N1A35 14", "standard",
'mravNae”, "definition”

# Check patterns in priority order

if any(p in goal_lower for p in CALC_PATTERNS):
return "calculation”

elif any(p in goal _lower for p in DATA_PATTERNS):
return "data_query"

elif any(p in goal_lower for p in KNOWLEDGE_PATTERNS):
return "knowledge _search"

return "general"

il v-4 §7e813 Prompt Templates - Agentic Orchestrator (2)



3. $19879 Workflow Diagrams - Main Orchestration Flow

User Goal: "DilldlwdivqTng"

v

T 1
1. Goal Analysis
y
| |

T
|

= AI Query Analyzer (Typhoan LLM)

| Output: {query_type: "data_gquery'", confidence: ©.92, ...}

= Intent Detection (Pattern Matching Fallback)
|  Output: "data_guery"

L Multi-Step Detection
Output: false (single step)

v

|
| 2. Agent Routing
|

v
AgenticMongoQueryAgent

= Extract: activity=""lu#", time_range="this year"

I+ Find Activities: MongoDB activities.find(...)

= Build Pipeline: [{ $match: {...}}, { $group: {...}}]
L. Execute: emission_data.aggregate(pipeline)

|
v

1
3. Return Result |
|

|
|
{

“status": "success",

“results": [{
"activity": "Electricity",
"total_emissions": 15234.56,
“total_amount": 28500,
"unit': "kWh'

3},

"execution_time_ms": 145

1

AT U5 §rege Workflow Diagrams - Main Orchestration Flow

80



4. $198719 Workflow Diagrams - Calculation Workflow

User Goal: " uim 1000 kWh lwd~"

v

| 1
| AgenticCalculationAgent |
[ |

v
Extract Parameters (Regex)
j+ amount: 1008
f= unit: kuh
L activity: "electricity"
I
v
et Emission Factor (3-tier loaokup)

o

I—» Tier 1: Org-specific MongoDB
| activities.find{{org_id, name: /electricity/i})
| ~ Found: EF = 8.5234
I
j+ Tier 2: Global ConfigService (if not found)
| config.get_emission_factor("electricity")
Le Tier 3: Alias Resolution (if still not found)
config.resolve_alias{"lwi") — "electricity"
v
Calculate

C0Ze = 1000 x 8.5234 = 523.4 kg C02e
I
v
Save to MongoDB
emission_data.insert_one({
org_id, activity code, amount, ef, coZe, ...

v
Return Result

1)

A 9-6 F1E19 Workflow Diagrams - Calculation Workflow



5. $19879 Workflow Diagrams - Knowledge Search Workflow (RAG)

User Goal: “emission factor waaleWq"

v
AgenticKnowledgeAgent

= Try Fast Path: ConfigService.get_ef("electricity")
| ~ Found - Return immediately

L+ RAG Search (if not found)

|

= 1. Generate Embedding

| Typhoon Embedding: guery - 1024-dim vector
I

|+ 2. 0drant Vector Search

| gdrant.search{query_vector, k=5, threshold=0.7)

| Retrieved: 3 documents (scores: ©.89, 0.85, 0.78)
|
-

3. Build Context
Format retrieved docs as context string

Prompt: RAG_SYSTEM_PROMPT + context + guestion

|

|

| 4. LLM Synthesis (Typhoon LLM}
|

| ' Generate: Answer with citations
|

L%

answer: "a iy TGO... ©0.5234 kg CO02e/kWh",
sources: [{source, page, score}l,
method: "rag_search"

i

Wl 9-7 Fee13 Workflow Diagrams - Knowledge Search Workflow (RAG)



6. #8819 Workflow Diagrams - Multi-Step Workflow

User Goal: "A uam 1088 kWh uas@s4swaau PDF"

v

Multi-Step Detection

T
| Keywords: "uaz", "“sam4qu"
v Decision: MULTI-STEP MODE

Task Planning |

Task 1: {agent: "calculation", goal: "“dAwam 1000 kWh'}
Task 2: {agent: “reporting", goal: "@%7+ PDF", deps: [Task 11}

SRR\ |

Parallel Execution |

|

|~ [oms] Task 1 START

= [234ms] Task 1 COMPLETE - result: {coZe: 523.4, ...}
= [235ms] Task 2 START (receives Task 1 result)

L+ [1456ms] Task 2 COMPLETE -+ {pdf_path: “..."}

v

Result Compilatien |

~—~ ———

execution_mode: “"multi_step",
total_tasks: 2,
results: {

¥

taskd: {...},
task 2: {pdf_path, download_url}

AT -8 §79813 Workflow Diagrams - Multi-Step Workflow
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1. yndayaluszuy

M13199 A-1 §Iudeuanan (Master Data)

Ussiandaga | 9w Alg19taya A1 Emission Factor
Wa39U (Scope 2) Inhenalassne (Ine) | 0.4999 kg COze/kWh
| ° Twansiwad 0.0000 kg COpe/kWh
L%@LW’SQTSCOEe 0N | Al N 269 ks COze/ang
1 ‘ 12 mﬁsa{; — | 231 ke COge/Ans
i AYTIINYIG (NGV) 1.7937kg CO2e/ke
’?ﬁ?(;cope 3 7} ¥ 1 nsgay AL 777‘ 0.95 l;g EOze/kg
1 ‘ 15 i wéﬁ%{PET 3,50 kg COge/ke
i | ; win ' 1.80 kg COze/kg
muawuaqmsﬁﬁi‘i " mﬂsumﬂsum 777777 i 6;344 kg COée?a‘U .
| ‘ w ﬁuaumlﬂ (Hanaw) 0.40 kg COze/kg

91999 TGO 2024 IPCC ARG, DEFRA 2023

A137991 A-2 AANIIUNMTFIU (Standard Activities)

naunan‘s‘su U #9814 |
} Madune | 8 | snsuddles, wewesled, inTesdu
- A [« AR FY . W ¥ . |
|

| mimam 12 | ﬂ’]iNﬁGﬂ‘V\lﬁﬁ NSHANFUAT :

dtnanu 6 ‘GLSi’leﬁw,%m, ISV



A51971 A-3 §1uAU3 (Knowledge Base - RAG)

318N13 MUY
LonansTIMag 12 v/ (PDF, PNG, JPG)
37U Text Chunks 7,885 chunks
7UU Vectors 19,932 points
Vector [ﬂwen;)n 384 (alL—MinIM—IZvZ)

| Cosine Similarity

' Similarity Metric
YN RF G
- 4M931U TGO, IPCC, GHG Protocol
- @den1sAwInl Carbon Footprint
- nanYLaz Il uNAgITeY

aa 1 [23 L)
- AN99ANISUARYNIULIDUNTLAN

2 yaveyanadey (Test Datasets)

A1319% A-4 NSRUINGNAMUSELANAIURNY Goal Type (100 Goals)

h o 7‘ v : -] ] A
‘U'iZLﬂ‘VI | MUY | I98aY : MDY
CCALCULATE | 25 | 25% | fiunqunisuaesing \
‘7 y 77‘ = > - ‘791 2 A 7|7 (2% 7
; SEARCH 20 20% | ﬂumsuagamﬁﬂaaameﬁ ‘
Iy A "% T =) TR MR WT Y eA |
;REPORT 15 15% | atesneau |
ANALYZE | 12 | 12% | AT UL
OPTIMIZE | 10 | 10% | %135aan1%
| | ;
PREDICT 8 8% | WeINIa
MONITOR 6 6% | AAeULUNNY

CUSTOM il 4% | UNLAY



A1319% A-5 B NAANLLAEAINBUIINYANAFBUY
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# A0 Amauiinnands NARNS
n15AUIM (CALCULATE)
1 | @I CO2 anlnin 100 kwh 49.99 kg COze (100 x 0.4999) Pass
2 | fMuim CO2 MnAwa 50 ans | 134.00 kg COze (50 x 2.69) Pass
3| sngudis 200 km Alea B7, 15 km/l_ 3451 k;coze (200+15><2.61) Pass
4 | dadnenldli 5 ,000 kwh + 1 100 AUl 2 534 35 kg coze Pass
5 \ B%G]%iuﬂ’]‘t} 1,000 kg + WaNamn 500 kg \ 2, 7oo kg Coze \ Pass
n1sAundaya (SEARCHi ) 5. 7 A\
| g 7 mwauaﬂ’liﬂaaam%ma;g gﬂ 72024 77\ 7iﬂaﬂﬂiﬂ;\]f}iiiuwﬂMMWELULméui Pass
| % 71 emission factor %Jaiﬁmf%ai 7 ‘ 27697kg Cé)izie?/am \ Pass
‘78 LLaﬂz‘l;’]EJmi Scopeﬁl m;mg 12 ENTFeLNE \\ Pass
9 | Aumdoyeuidhn organization id=123 | doyansin + aiih | pass
10 ﬂaﬂiiulwuﬂaaam%m%m;mi e ﬁol; 10 act|V|t|es L;EJ\;G]’]M Cozé 7‘ Pass
ﬂﬂiﬂiﬂﬂiﬁ&ﬂﬁ}REORT) Ve SPER - U [}
| 11 \ ai’l\ﬁ’lﬂmuaiﬂmiﬂaaﬂm% Q1 27024 777‘73’18@1’1‘14 Markdovvn Wiam;:];ai y Pass
12 Texport sl 2023 1y Excel 7\ {‘VE x(sx‘l/TimJ charts | Pass
715 ) E%Wﬂ Carbor;ootprmt Report LyNAd \ 189U 375copes ‘Wia?% /4 Pass
; Scope |
14 riiﬂiaxiiﬁuahsmmem 2023 vs 2024 | miiﬁiﬂi\i(oY comipa;scgni Pass
15 Dashboard agﬂ KPIs - ' 5 KPIs +¥re;d g;ap;\s Pass
N15ATIZH (AEAL;(ZE)i W JINT3=
16 | szsiuunliunisudesfne 6 e inear regression + trend Pass
17 | 1W3suiieu Scope 1 vs Scope 2 % contribution analysis Pass
18 Mﬂmmaﬁﬁwﬂmﬁm%ﬂmaauﬁ Root cause analysis Pass
19 | WATIERUIEENTAINANTIINE U Energy intensity metrics Pass
20 | breakdown N3UaRANEATULALN Departmental analysis Pass

nsiuUszaNSA W (OPTIMIZE)
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# A0 Amauiinnnia NAANS

21 | ymIganmaannlndn wuet: lwanswas, LED, Usu Pass
BRIV

22 | andunuLagingnsouty 5 nagnsUTEndandsany Pass

23 | Wasudendseylsh WisuLiisu NGV vs i vs Pass
lauin

24 | uEuaaing 20% Tu 1 ¥ Action plan 6 Huney Pass

25 | 1a33n15 Net Zero 2050 Roadmap + milestones Pass

n1swannsal (PREDICT)

26 | wensainsUaofingnouni Forecast based on trend Pass

27 | o lgleans 50% azanlawinls Scenario analysis Pass

28 | U 2030 azUassiasiils Long-term projection Warning

29 mmmmﬂﬁunu carbon credit Price prediction Warning

30 | fliviherls avinesls Baseline scenario Pass

nsanauanung (MONITOR)

31 | fasutunngan 10% Progress: 6.5% (65% of target) Pass

32 | dnwilsdada Net Zero Gap analysis + remaining Pass
emissions

33 | KPloglsliiuseg List of off-track KPIs Pass

34 LLﬁﬂLaauﬁ’lLﬁmﬂﬂLaawf Alert system + threshold Pass

35 | Dashboard Real-Time Monitoring Live metrics + alerts Pass




M19197 A-6 FI8E19N1IRNOUAININANFILY (RAG Knowledge Base)

89

ASUY

ASUY

# AnY unaInU3 HAANS
Keyword = Source
36  Scope 1 foogls GHG Protocol 5/5 5/5 Pass
37 | Carbon Footprint TGO Guideline 5/5 5/5 Pass
Audla

38  Net Zero nungisegls IPCC Report 5/5 4/5 Pass

39 | AFanngaInnIsuuLEs Best Practices 4/5 5/5 Pass

40 11193511 1SO 14064 eezls | ISO Standards 5/5 5/5 Pass

41  Carbon Credit %asmalﬁlm Carbon Market a/5 4/5 Pass
Guide

42 | guldl 1 augedu CO2 witls | Forest Carbon 3/5 3/5 Warning
Study

43 | NONUIEUIRAY Thai Regulations | 5/5 5/5 Pass

SRINYLSDUNTLAN
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* OCR & Document Upload Service 2 Home ¥ APIDocs (- Chat

Upload Documents

i sassutvaa

Document: PDF, JPG, JPEG, PNG, DOCX, XLSX (gasa 100MB) - a:vin OCR uazsasta Embedding
Chat: PDF, JPG, JPEG, PNG, DOCX, XLSX (@adm 10MB) - 3zvin OCR wintfu

[T Document Type *
Document (dm3uguAmg - 9:i1 Embedding)

& Login Status * % uploaded By

[[] tddansuuan user@example.com

H share Type

Share (Multi-tenant)

adniadan s wiaaniWdnnodid

Tafuvalvlawdauiu

aa Upload Files

nl Service Statistics

19 78.85 19 0

Total Documents Total Size (MB) Completed Processing

AN -1 1n1svIn OCR



assu ISO 14064 faviniv

wasgIu ISO 14064 wivaandlumuaundn doil:

1. ISO 14064-1: syjsuniunmsiavindydifmdaunsranlussduaceng asaungunis
fAvuauaulunaddns (Organizational Boundary), mssyyuunavilaasuasunasgady,
msannauaziavintydnanisminlaas (Inventory), msudmisianisaaunindaya
(Data Quality Management), saufisnssiaouuarnmsillawadaya (dayaannianans)

2. IS0 14064-2: M@ miuTasunsiiiiihwinoaaviagaduiigdaunsean u
Tasomswdsoumyuiiou, mslanih, wiaTasonsuindszdndawndonu Tasfvua
Wifins¥avinanrunisalgu (Baseline Scenario) taldlunmslsufiunanaslasons
(dayaanntanas)

3. IS0 14064-3: (Li'ldsyuraauitvinasese usgananuiillluinassiu IS0
14064 us dudsufiimrasfunisanasauuarfudulydfudaunssan dofiyn

Ussavdidasiuayunssunstusasuarnisanasgautayaatiuniems)

atho'lsfieu antayalu Knowledge Base vlviin szytawizaiud 1 uas 2 wiriu §9
aql'lsan:

uassu ISO 14064 fdatinian 2 druuvan leun ISO 14064-1 uar ISO

14064-2
(fhwl 3 anaflagenuanasgiuvhlyl walidningluansnsilvian)

trategy: LNV RETG LR b

A -2 9 Chat fianusaiden RAG Strategy 1¢f



@ CFO Agentic Al Dashboard

Real-time monitoring for autonomous goal execution

TOTAL GOALS SUCCESS RATE

2286 92.5%

All time + Excellent

# Goal Execution

Enter a goal (e.g., 'search r energy’, ' 500 kWh

Execute Goal

Recent Goals

Description Type Status

> dsandalnefidming

search completed
net zero Tu@llny
» lususes carbon
neutral Tudszmelnald search completed
nlvu
» ¢ emission factor
. h leted
waa LPG iluwinls -k Sy
> anarsdninanlFnin
50000 kWh sinil Uaas calculate completed
co2 winls
B @ carbon
Iculats leted
footprint 910 LPG 50 kg e o
. @
FWIE carbon calculate ———

footprint 10 petrol 100 L

93

COMPLETED GOALS TOTAL TASKS

2115 3508

All time Executed

Result Tasks Created

R n m&lmla, 7:04:56
1 -”1 iﬂgﬂﬂlﬁ, 7:04:50
- 1!1 iﬂgﬂﬂlﬁ, 7:04:50
{7 24,995 kgCO2e n mgfzg;_a, 7:04:49
% 77.7kgCO2e N e i
{7 229.6 kgCO2e n 211812028, 7:04:47

Al $-3 w1 Frontend dwmsuldeiu Agentic Al lnanisaait g



¥ @1 emission factor

294 LPG w1y search completed

[©] Task Execution Details

1. Search knowledge base: #1 emission factor #a4 LPG iiluwinls  completed

Type: search | Input: {"query”:"f emission factor mea LPG Wuuinls"}

+ Result:

.2 Answer: @ Emission Factor snmsgnu TGO: - LPG[finewads (Ipg): **1.564 kgCO.efkg** (aTgu TGO)
¥ Sources: 0 decuments

Status: success

{
"status": "success",
"answer": " Emission Factor wwmigw TG0:\n= LPG/finmyadu (lpg): #%1.554 kgCOze/kgwx (aa3gwu TGO)",
"sources": [I,
"via": "config_service"
b

Executed: 2(19/2026, 7:04:50 AM

@ Al Learning - 2 1% Al i ledzu

wndm Al dpavdnlei? f ol Al o

wldE

uamanuAnuniatamiauue (hidaAu)

AT -4 BTHI9819A0 b

v aesanina g
50,000 kWh sail Uaon calculate completed ) 24.995 kgCO2e
co2 wils

[[] Task Execution Details

1. Calculate emissions: 50.0

Type: calculate | Input: {“activity":"electricity’,"amount" 50, "org_id"null}

+ Result:

{7 Emissions: 24.995 kgCO2e
Activity: electricity

ul Amount: 50

B8 Emission Factor: 0.4939

Status: success

{
“status": “success",
"electricity”,
i 50,
“emission_factor': 0.4999,
“emission_factor_source": “emission_factors_db",
“emissions': 24,995,
"unit': "kgCO2e",
"saved_id": "
¥

Executed: 2/19/2026, 7:03:23 AM

& Al Learning - #s% Al i ledisu

uadndi Al uansgniamiali? 4 ' Al

Ao ldfzu

wansr AR Isiatauauus (Litadu)

T D

AN 9-5 NTA9819ANDNUAIUIEY

94

2/19/2026, 7:04:50
AM

0

2]19{2026, 7:03:23
n e
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U

UseIngLeu

WAILARITAY NIIUITTRYY

nsiaulnatygiussivgienuinele
Wieauayunisuszidufaeunszanluszdueadng
SEUUASAUNATDNITIANTS
UANINYITUNALULAENIZIDUNAINTZUATIAL D
UsgIAnisAne

- UNINYIFYTIUAIIAS

Jwarmansuazdenava (a3 Tuflaes) 2022 - 2024
AN IQAAIMNTTURALDIANTST 2015 - 2018
- Anenauwnaluladleansig

Uad : waluladansauine 2015 - 2016

7% : walulagdraunigas 2012 - 2014
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