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TOM TAT

Bai béo trinh bay nghién cttu xay dung hé théng chatbot thong minh phuc vu tra
cttu thong tin da dang sinh hoc ¢ tinh Gia Lai va trong nghién cttu nay 1dy h6é Ayun
Ha, tinh Gia Lai lam vi du, dwa trén ky thuat Retrieval-Augmented Generation
(RAG) két hop m6 hinh ngdn ngtt 16n Gemini ctia Google. Dit liéu thuc nghiém la
bd danh luc 73 loai con trung nuwdce thudc 7 bo, thu thap tai 9 diém khao sat trén ho
Ayun Ha trong giai doan 2020-2022, duoc s6 hoa sang dinh dang JSON véi day du
thong tin phan loai hoc, dac di€ém sinh thai va phan bg theo diém. Hé thong st dung
mo hinh nhing text-embedding-004 ctia Google, kho vector FAISS va khung ting
dung LangChain d€ xay dung quy trinh truy xudt va sinh cau tra 10i. Thuc nghiém
cho thay hé théng dat hiéu qua cao, giam thi€u dang ké hién twong 4o giac so véi
mo6 hinh ng6n ngir 16n khong tich hop RAG, dong thoi cung cap cau tra 1oi ¢6 trich
dan ngudn cu thé, ddp ting yéu cau tra ctu chuyén nganh. Nghién cttu 1a budc thir
nghiém thi diém mo dwong cho viéc mé rong hé thong sang cac nhoém sinh vat va

hé sinh thai trén can, thtay viec khac tai tinh Gia Lai.

Tt khoa: Retrieval-Augmented Generation, Chatbot, Pa dang sinh hoc, Google

Gemini.

1. MO PAU

Dit liéu da dang sinh hoc ngay cang dwoc tich Ity phong pht qua cac cong trinh
diéu tra thuc dia trén khép Viét Nam, song viéc khai thac cac bo di liéu nay dé phuc vu
tra ctru va giao duc vaAn con nhiéu han ché. Cac bo dix liéu sinh hoc theong duoc luu triv
duwdi dang bang danh luc hodc tap tin ¢d ciu trtc phtic tap, chi nhiing nguoi c6 chuyén
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mon mai co thé tra cttu hiéu qua. Nghién cttu ctia Hoang DPinh Trung (2023) [1] tai ho
Ayun Ha, tinh Gia Lai, da cung cap mét bd dir liéu phén loai hoc chi tiét vé cac loai sinh
vat tai mot trong nhiing h6 nhan tao 16n nhat Tay Nguyén, tao nén nguon tu liéu thuc
nghiém c6 gia tri d€ thit nghiém hé thong tra cttu thong minh.

Trong boi canh d6, cac mo hinh ngdn ngtr 16n (Large Language Models, LLMs)
dua trén kién truc Transformer [2] d@ mo ra hudng ti€p can moi day trién vong cho cac
giao dién hoi dap thong minh. Nguoi dung c6 thé dat cau hoi bang ngdn ngit tw nhién
va nhan cau tra 10i tic thi thay vi phai tra ctru tht cong qua cac bang danh luc phtc tap.
Tuy nhién, mot han ché ¢4t 16i caa LLMs 1a hién twong ao giac (hallucination), tiec mo
hinh tao ra thong tin sai léch hodc khong cé co so thuc té€ [3]. Day la rao can dac biét
nghiém trong trong linh virc phan loai hoc, noi tinh chinh xac vé danh phép khoa hoc,
vi tri taxon va phan bd dia ly 1a yéu cau bat buoc.

Ky thuat Retrieval-Augmented Generation (RAG) duoc Lewis va cong su gioi
thiéu tai NeurIPS 2020 [4] nham khéc phuc han ché& nay bang cach két hop kha nang sinh
van ban ctia LLM véi co ché truy xuat thong tin tryc tiép tir co so dir liéu bén ngoai tai
thoi diém suy ludn. Bai bdo nay dé xuat va trién khai hé thong chatbot tra citu da dang
sinh hoc st dung ky thuat RAG két hgp véi mo hinh Gemini caa Google [5], v6i ngudn
dir liéu thuc nghiém la Danh luc thanh phan loai tit h6 Ayun Ha [1] dwgc chuyén doi
sang dinh dang JSON c6 cdu truc. Cac dong gop chinh ctia nghién cttu bao gom: (i)
pipeline chuyén doi dit liéu phan loai hoc tir bang danh luc sang JSON chuan héa phuc
vu RAG; (ii) chién luoc thiét k& prompt t6i wu cho domain sinh hoc; va (iii) danh gia toan
dién theo khung RAGAS [6] két hop nghién cttu nguoi st dung trén bd cau hoi kiém thie
chuyén nganh.

2. NGHIEN CUU LIEN QUAN

Nghién ctru nay dat nén tang trén sy hdi tu ctia nhiéu nhanh cong nghé, tir kién
tric mo hinh ngon ngtr 16n, ky thuat truy xuat thong tin day dac, dén co so ha tang luu
trit vector va cac hé thdng dit liéu sinh hoc mo. Nén tang ly thuyét bat dau tir kién trtc
Transformer do Vaswani va cong su dé xuat nam 2017 [2], trong d6 co ché ty chu y da
dau cho phép mé hinh 1ap mé hinh cac phu thudc tam xa trong chudi van ban ma khong
can cau truc hoi quy. Day la budc ngoat mang tinh cach mang, tao tién dé cho toan bd
thé hé LLMs hién dai. Tiép ndi d6, Devlin va cong su [7] gidi thiéu BERT, mo hinh pre-
training hai chiéu trén kién tric Transformer, dat nén mong cho cac mé hinh nhing van
ban chat luong cao von la thanh phan khong thé thi€u trong quy trinh RAG.

Ky thuat Retrieval-Augmented Generation (RAG) duwoc Lewis va cong sy hé
thong hoda tai NeurIPS 2020 [4], xac 1ap mo hinh lai két hop gitta by nhé tham s6 ciia mo
hinh sinh van ban va bo nhd phi tham sd ton tai dudi dang chi muc vec-to day dac. Gao
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va cong s [3] da phan tich sy tién hoa ctia RAG qua ba thé hé: Naive RAG véi quy trinh
don gian nhat, Advanced RAG b6 sung ky thuat t6i wu hda trude va sau khi truy xuat, va
Modular RAG véi kién trtc linh hoat cho phép thay thé tiing thanh phan doc 1ap. Nghién
cttu ctia Ma va cdng su [8] vé ky thuat viét lai truy van cho thdy viéc dién giai lai cau hoi
truede khi truy xudt c6 thé cai thién dang ké chat luong ngtr canh tim duoc, dac biét véi
cac cau hoi mo ho hoac st dung tir dong nghia khong co trong kho dir liéu.

Thanh phan truy xuat day dac duoc lam sang té6 qua cong trinh DPR (Dense
Passage Retrieval) ctia Karpukhin va cong su [9], trong d6 ca cau truy van 1an doan van
ban déu dugc ma héa thanh vec-to day dadc boi cung mo hinh BERT, va d twong dong
duoc do bang tich v huwéng. Két qua thuc nghiém cho thay phuong phép truy van day
dac vuot troi so voi BM25 [10], voi muee cai thién dao dong tir 9 dén 19 diém phan tram
trén nhiéu bo cdu hoi mé. D€ luwu trik va tim kiém hiéu qua trén tap vec-to quy mo 16n,
thu vién FAISS (Facebook Al Similarity Search) do Johnson, Douze va Jégou phat trién
tai Meta Al [11] tro thanh lwa chon hang dau nho cac thuat toan tién tién nhu Inverted
File Index (IVF) két hop Product Quantization (PQ), cho phép xt ly hang ty vec-to voi
dod tré mili-gidy va tiéu thu bo nhé duoc nén dang ké.

Vé phia md hinh sinh van ban, Gemini 1.5 Pro ctia Google [5] dai dién cho thé hé
LLM da phuong thirc quy mo 16n v6i ctra sO ngli canh 1én dén 1 triéu token va kha nang
suy luan vuot troi trén nhiéu bai kiém tra chuyén moén hoc thuat. M6 hinh nhing text-
embedding-004 cua Google [12] tao vector nhing 768 chiéu, duoc t6i wu hda dac biét cho
cac tac vu tim kiém ng nghia va danh gia d6 twong dong van ban véi hiéu nang cao
hon cac phién ban trudc trén nhiéu chudn. Chat luwgng cau tra 10i khong chi phu thudc
vao mo hinh Gemini ma con vao thiét ké prompt; ky thuat Chain-of-Thought prompting
ctia Wei va cdng su [13] cho thdy cung cap ngit canh c6 cau tric va hudéng dan rd rang
giup mo hinh tudn thu rang budc va giam thiéu ao gidac dang ké. Khung ting dung
LangChain [14] déng vai tro két ndi toan bd thanh phan trén thanh quy trinh thong nhat,
cung cap cac 16p triru twong dugc chuan héa cho chudi xtt 1y, tich hop kho vec-to, quan
ly bd nhé hoi thoai va giao ti€p v6i nhiéu LLM. Pan va cdng su [15] da ching minh
LangChain la lwa chon phd bién nhét trong cac nghién ctru tich hop LLM véi nguodn tri
thirc c6 cau tric bén ngoai, bao gom ca knowledge graph va co s¢ dit liéu quan hé.

Vé phia dit liéu thuc nghiém, bai bao sit dung danh luc con trung nudc tai ho
Ayun Ha, tinh Gia Lai do Hoang Dinh Trung cong b6 nam 2023 [1]. Pay la nghién ctru
diéu tra thuc dia 09 diém khao sat trong giai doan 2020-2022, két qua da xac dinh duoc
73 loai thudc 65 gidng, 33 ho, 7 bo cdn trung nudc bao gom Ephemeroptera, Trichoptera,
Plecoptera, Diptera, Odonata, Coleoptera va Hemiptera. Bo dit liéu bang danh luc nay
duoc chuyén d6i sang dinh dang JSON theo tiéu chuan RFC 8259 [16], trong d6 mdi ban
ghi JSON dai dién cho mot loai vdi cac truong phén loai hoc day du (bg-order, ho-family,
gidng-genus, loai-species, tac gia-author, nam-year) va ma tran phan bd theo diém thu
mau (M1-M9 véi toa d6 GPS). Phueong phap danh gia hé thong RAG duoc chuan héa
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boi khung RAGAS cua Es va cdng su [6], trong khi két qua danh gia chu quan tir nguoi
duing duogc thu thap theo phwong phap nghién cttu HCI chudn héa [17] nham dam bao
tinh tin cay cuia thyc nghiém.

3. PHUONG PHAP THUC HIEN
3.1. Kién triic hé thong

Hé thong RAG Chatbot Da dang Sinh hoc duoc thiét ké theo kién truc hai giai
doan tach biét hoan toan: Giai doan Lap chi muc Offline va Giai doan Truy van Online.
Sw phan tach nay la cha dich kién tric quan trong, cho phép kho dir liéu vec-to dwgc
xay dung va cap nhat doc lap véi ludng xit ly truy van theo thoi gian thuc. Toan bo kién
tric duoc mo ta trong Hinh 1.
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: \ I : \ 1
1 I
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! I ! I
s ~
! ] ! ) 1
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! I ! I
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1 ( N | 1 'S ~ .
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| - s ! - 4 1
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: e " ,}’ : e \ l
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Hinh 1. Kién triic tdng thé hé thong RAG Chatbot Pa dang Sinh hoc.
3.2. Giai doan Lap chi muc Offline
Giai doan lap chi muc offline la budc nén tang quyét dinh chat luong ctia toan
bd hé thong va chi can thuc thi moét [an duy nhat véi bo dix liéu tinh. Diém xudt phat la
bang danh luc 73 loai con trung nwdc tai ho Ayun Ha tir nghién ctru cia Hoang Dinh
Trung (2023) [1], dwoc s6 hda va chuyén ddi sang dinh dang JSON theo RFC 8259 [16].
Mbi ban ghi JSON dai dién cho mot loai véi cau tric phan cdp day dt gom cac truong:
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order (tén bo tiéng Viét va Latin), family (ho), genus, species (tén day du kem tac gia va
nam mo ta), sites (mang boolean 9 phan ti twong tng M1-M9 cho biét loai c6 mat hay
vang mat), habitat (nwdc chay / nwdc tinh / ca hai) va substrate (nén day da / cat-soi).
Mot vi du ban ghi JSON dién hinh cho loai Togoperla sp. (Plecoptera), loai duy nhat hién
dién tai ca 9 diém thu mau, cé dang nhu sau:

{

"order": "Plecoptera",

"family": "Perlidae",

"genus": "Togoperla",

"species": "Togoperla sp.",

"sites": {"M1": true, "M2": true, "M3": true },

"habitat": "rheophilous",

n,on

"substrate": "rocky"

}

Budc tién xt ly thuc hién ba nhiém vu song song. Thit nhat, mobi ban ghi JSON
duoc chuyén déi thanh doan van ban mo ta tu nhién theo mau chuin héda, vi du: “"Loai
[species] thudc ho [family], b [order]. Loai nay dwoc ghi nhdn tai [danh sich diém] trong nghién
cieu con trung nwéc ho Ayun Ha (2020-2022). Sinh cinh: [habitat]. Nén ddy wa thich:
[substrate].” Thit hai, thong tin sinh hoc b6 sung duwgc lam phong phu tir phdan mo6 ta déc
diém sinh thai trong bai bao goc [1], bao gom dac diém hinh thai thich nghi, tap tinh
dinh dudng va vai tro trong chudi thitc &n. Thiz ba, dit liéu so sanh tir cac bang phan tich
taxon (Bang 4 va Bang 5 trong bai bdo goc), so sanh véi KBTTN Phong Dién, VQG Bach
Ma, VQG Hoang Lién va cac thuy vuc khac, cling dugc ma hoa thanh JSON riéng biét
dé phuc vu cac cau hoi so sanh khu hé.

Sau tién xtt ly, toan b van ban duoc phan chia thanh cac doan con (chunks) béng
RecursiveCharacterTextSplitter ctia LangChain véi tham s& chunk_size=800 ky tw va
chunk_overlap=150 ky tw, kich thudc chunk nho hon so véi dit liéu GBIF thong thwong
do mdi ban ghi loai con trung tuong ddi ngan gon va can dam bao mdi chunk chita thong
tin day du vé it nhat mot loai. Mdi chunk dwoc gtri d&n Google Gemini Embedding API
(text-embedding-004) [12] d€ tao vector nhung 768 chiéu, sau d6 dugc nap vao cau truc
IndexFlatL2 cuia FAISS va serialize xudng dia.

3.3. Giai doan Truy van Online

Giai doan truy van online duoc kich hoat mdi khi nguoi dung gtti cau héi qua
giao dién chat va dugc thiét ké d€ hoan thanh trong dwéi 5 gidy ¢ cdu hinh Gemini 1.5
Pro. Khi nhan duoc cau hoi, hé thong chuyén d6i néi dung van ban thanh vector nhing
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bang ciing md hinh text-embedding-004 da dung trong giai doan 1ap chi muc, tinh nhat
quan ctia m6 hinh embedding & ca hai giai doan la diéu kién tién quyét d€ dam bao do
twong dong ngl nghia duoc do luong chinh xac trong cung mot khong gian vector.

Sau khi c6 vector truy van, hé thong tai FAISS index (tir dia hodc bd nho cache)
va thyc hién tim kiém tuwong dong vdi tham s6 k = 5, tra vé ndm doan van ban c6 khoang
cach L2 nho nhat so véi vector cau hoi. Gia tri k = 5 dwgc lua chon qua thuc nghiém so
sanh ba mitc k = 3,5,8 trén cling cadu hinh RAG + Gemini Pro va cung b 100 cau kiém
thir; két qua tong hop trinh bay trong Bang 1. Véi k = 3, Context Precision cao nhat
(0,887) do it doan nhiéu hon, nhung Faithfulness giam rd (0,851) vi mot s8 cau héi lién
quan dén nhiéu diém thu mau can nhiéu hon ba doan dé bao phu du thong tin. Vi k=8,
Context Precision giam manh (0,761) do nhiéu doan khéng lién quan bi dwa vao ngix
canh, kéo theo Hallucination Rate tang 1én 7,9%. Gid tri k = 5 cho két qua can bang t6t
nhdt trén ca bon chi so.

Nam doan van ban dugc truy xuat cung cau hoi gdc sau dé6 duwoc nap vao
PromptTemplate cia LangChain d€ tao prompt téng cuong gom ba thanh phan tuan tu:
system prompt (dinh nghia vai tro va rang budc), khdi ngt canh (ndm chunk dwgc danh
s6 va ghi 16 ngudn JSON gdc) va cau hoi ctia ngudi dung kém chi dan phan hdi. Toan
bd prompt dugc chuyén dén Google Gemini API véi temperature = 0 d€ dam bao tinh
xac dinh, ddc biét quan trong véi thong tin khoa hoc can sy nhat quan gitra cac lan truy
van. Cau tra 1oi cudi cung duoc tra vé kem danh sach nguon tai liéu tham chiéu (tén loai,
bd phan loai, tap tin JSON nguon) dé nguoi dung c6 thé xac minh doc lap.

Bang 1. Két qua theo s6 doan truy xudt k. Gia tri tot nhat mdi hang duoc in dam

Chi s6 k=3 k=5 k=38
Faithfulness 1 0,851 0,912 0,883
Answer Relevancy 1 0,897 0,921 0,904
Context Precision 1 0,887 0,845 0,761
Hallucination Rate | 9,2% 5,8% 7,9%

3.4. Thiét ké Prompt va chién lwgc giam Hallucination

Thiét k& prompt la khau then chdt quyét dinh chat lwong cau tra 1oi trong hé
thdng RAG. Duya trén ki thuat Chain-of-Thought prompting [13] va cic nguyén tac thiét
ké prompt cho domain chuyén nganh, hé thdng stt dung cau tric prompt ba 16p véi ba
rang budc bat budc: (i) md hinh chi duge phép stt dung thong tin tir ngit canh da cung
cap, khong b6 sung kién thirc tir tién hudn luyén; (ii) khi ng canh khong dt, mo hinh
phai thong béo rd rang thay vi suy doan; va (iii) moi thong tin trich dan déu phai ghi rd
tén loai va ma nguon JSON twong tng. Cau tric prompt cu thé nhu sau:
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“SYSTEM:

Ban la chuyén gia vé da dang sinh hoc. Nhiém vu cta ban 1a tra loi
cau hoi CHI DUA TREN céc doan ngit canh dwoc cung cip bén dudi.
Néu khong tim thay thong tin phtt hop, hay tra 1oi:

"Thong tin nay khong co trong co s¢ dir liéu hién tai."

Luon trich dan tén loai (scientificName) va ngudn tai liéu.

CONTEXT (5 doan lién quan nhat tir JSON):

[1] {chunk_1} — Ngudn: {source_1}

[2] {chunk_2} — Ngudn: {source_2}

[5] {chunk_5} — Ngudn: {source_5}
QUESTION: {user_question}
ANSWER (tra loi b.:?mg ngon ngit cau hai, trich dan [1]-[5]):”

4. KET QUA VA THAO LUAN
4.1. Dic diém tap di liéu

Tap di liéu st dung trong thue nghiém dwoc 1ay toan bo tir bd danh luc loai cdn
trung nwdc hoé Ayun Ha cong bd boi Hoang Binh Trung (2023) [1], bao gom 73 loai thudc
65 giong, 33 ho, 7 by, thu thap tai 9 diém khao sat trong khoang thoi gian tir thang 3/2020
dén thang 9/2022. Chi tiét thdng ké theo tirng bd dwgc trinh bay trong Bang 2. B Phu
du (Ephemeroptera) va bd Canh 16ng (Trichoptera) cing chiém wu thé véi 17 loai mdi
b (23,29%); tiép dén la Canh up (Plecoptera) 15 loai (20,55%); Hai canh (Diptera) 8 loai
(10,96%); Chuon chu6n (Odonata) 7 loai (9,59%); Canh cting (Coleoptera) 5 loai (6,85%)
va Canh ntta (Hemiptera) 4 loai (5,48%). Sau khi chuyén d6i sang JSON va phan doan,
tap dit liéu tao ra 412 chunk vdn ban véi trung binh 143 token mdi chunk. Phan b theo
diém thu mau cho thay sudi Ia Blang (M4) c6 s8 loai cao nhat véi 51 loai (69,86%), trong
khi sudi Ia Ke (M3) c6 s6 loai thap nhat véi 32 loai (43,84%).

Bang 2. Thanh phan loai con trung nuwdc ¢ ho Ayun Ha, tinh Gia Lai

B§ (Order) S6loai | S6giong | S6ho % loai S6 chunk
Pht du -Ephemeroptera 17 14 8 23,29% 98
Canh 16ng -Trichoptera 17 16 11 23,29% 102
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Cénh up -Plecoptera 15 11 2 20,55% 88
Hai canh - Diptera 8 8 4 10,96% 48
Chudn chu6n - Odonata 7 7 3 9,59% 40
Canh cting -Coleoptera 5 5 3 6,85% 24
Canh ntra - Hemiptera 4 4 2 5,48% 12

Tong cong 73 65 33 100% 412

Nguon: Hoang Dinh Trung (2023)
4.2. Phwong phap danh gia

Hé thdng duoc danh gia theo khung RAGAS [6] véi bon chi s6 dinh luwong. Chi
s0 Faithfulness do mutc dd mdi cau trong cau tra loi dugc hd tro boi it nhat moét doan
trong ngtt canh duoc truy xuét. Chi s6 Answer Relevancy do mtrc d6 cau tra 10i giai
quyét dung cau hoi. Chi s6 Context Precision do ty 1& nglt canh duoc truy xuét thue sy
httu ich, con Context Recall danh gia kha nang bao phu du thong tin can thiét tir kho div
liéu. Ngoai RAGAS, mot nghién ctru nguoi dung (user study) [17] dwoc tién hanh véi 20
nguoi tham gia gom 8 sinh vién nganh sinh hoc/moi treong, 7 nha nghién ctru con trung
hoc va 5 can bd quan ly thay 10i ¢6 lién quan dén ho Ayun Ha, danh gia trén thang Likert
5 diém. B di liéu kiém thtr gom 100 cau hoi dugce xay dung theo quy trinh ba nguoén
d€ tang tinh khach quan. Ngu6n 1 (40 cau): tac gia thit nhat, dong thoi 1a tac gia ctia bd
dir liéu loai [1] va ngroi xay dung hé thong, bién soan cac cau hoi dya trén cau tric danh
luc. Ngudn 2 (40 cau): mot chuyén gia con trung hoc doc lap (khong tham gia xay dung
hé thong va khong c6 quyén truy cap bo di liéu JSON trude khi dat cau hoi) tie soan cau
hoi riéng biét, khong dua trén danh sach cua tac gia thit nhat; hai danh sach chi duoc
hop nhat sau khi da hoan thién doc 1ap. Nguodn 3 (20 cau): thu thap truc tiép tir cau hoi
ma 20 nguoi tham gia user study thuc sy dat ra trong phién sit dung thtt, phan anh nhu
cau tra cteu thuc t€ da dang ngoai nhom nghién cteu. B9 100 cau bao phu: dinh danh loai
theo bd/ho (28 cau), phan b theo diém thu mau M1-M9 (25 cau), ddc diém sinh thai va
sinh canh (27 cau), so sanh da dang gitta cac thay vuc (20 cau).

Hallucination Rate la chi s6 b sung ngoai khung RAGAS, dwoc xac dinh bang
quy trinh dénh gia tht cong hai buéc. Bude mot, mdi cau tra 16i (trén 100 cau hoi kiém
thir) duwoc phan tach thanh cac ménh dé doc 1ap; mot ménh dé bi coi 1a hallucination khi
né mau thuan truc ti€p véi thong tin trong bd dit liéu JSON gdc. Vi du, gan sai diém thu
mAau cho mdt loai, nhAm bd phan loai, hodc néu s loai khong khép véi danh luc. Ménh
dé khong c6 co sd kiém ching trong dit liéu (thdng tin ndm ngoai pham vi b dit liéu)
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dwoc ghi nhan rieng va khong tinh vao Hallucination Rate. Budc hai, hai nguoi danh gia
ddc 1ap; tac gia tht nhat (chuyén gia con trung hoc) va chuyén gia con trung hoc doc lap
da tham gia xay dung b cau hoi kiém tht, thuc hién gan nhan song song toan bd cau
tra 10i cua ba cdu hinh hé thong. Hé s6 nhat quan gitta nguoi gan nhan (inter-rater
agreement) dat Cohen's k = 0,81, twong tiing mtic d6ng thuén "gan nhu hoan hao" theo
thang Landis & Koch. Cac truong hgp bat dong dwoc giai quyét qua thao luan va déi
chiéu truc tiép véi ban ghi JSON nguon trudc khi tinh két qua cudi.

4.3. So sanh hiéu ning cic cdu hinh hé thong

Ba cdu hinh duoc danh gid va so sanh: Baseline-Gemini 1.5 Flash don thuan
khong c6 RAG; RAG + Gemini Flash, quy trinh RAG déay du v6i Gemini 1.5 Flash lam
generator; va RAG + Gemini Pro, quy trinh RAG day du v6i Gemini 1.5 Pro. Két qua
tong hop dugc trinh bay trong Bang 2.

Két qua trong Bang 3 cho phép rat ra mét s6 nhan xét mang tinh hoc thuat quan
trong. Vé tac dong cua ky thuat RAG, chi s6 Faithfulness tang tir 0,412 (Baseline) 1én
0,841 (RAG + Gemini Flash), ttec tdng hon gap ddi chi nho bo sung co ché truy xuét ngt
canh, khong thay d6i md hinh sinh vén ban. Diéu nay khang dinh luan diém cot 16i cta
Lewis va cong s [4]: khi m6 hinh doc cau tra 10i truc tiép tir tai liéu thuc thay vi tong
hop tir kién thtec tién huan luyén, xac sudt tao ra thong tin sai léch giam manh.
Hallucination Rate giam tir 42,1% xudng con 5,8% ¢ cau hinh RAG + Gemini Pro, tiic
giam 86,2%, 1a két qua an twgng nhat ctia nghién ctu.

Vé su khac biét gitta Gemini Flash va Gemini 1.5 Pro trong cung pipeline RAG,
Gemini 1.5 Pro cai thién Faithfulness thém 8,4 diém (0,841 — 0,912) va Answer
Relevancy thém 5,1 diém (0,876 — 0,921). Su cai thién nay phan anh nang luc reasoning
manh hon ctia Gemini 1.5 Pro trong viéc tong hgp thong tin tir nhiéu doan ng canh va
loai bé théng tin nhiéu. Tuy nhién, Gemini 1.5 Pro c6 thoi gian phan héi dai hon (5,1s so
v6i 3,8s ciia Gemini Flash), dat ra bai todn can bang gitta chat lwong va tdc dd trong cac
tng dung thuee tién. Trong cac ngit canh yéu cau tdc dd cao, cdu hinh RAG + Gemini
Flash van 1a lya chon phu hgp véi d§ chinh xac 83% va diém hai long 4,1/5.

Bang 3. So sanh hiéu nang ba cdu hinh hé thong chatbot

Chi s§ dénh g4 Baseline RAGF:af;mini Gelrhi "I:m A (%)
Faithfulness 1 0,412 0,841 0,912 +121,4%
Answer Relevancy 1 0,723 0,876 0,921 +27,4%
Context Precision 1 N/A 0,782 0,845 —
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Context Recall 1 N/A 0,793 0,834 —
Hallucination Rate | 42,1% 9,3% 5,8% -86,2%
Accuracy on Test Set 1 51,0% 83,0% 91,0% +78,4%
User Satisfaction 1 2,8 4,1 45 +60,7%
(Likert/5)

Avg. Response Time | (s) 1,2 3,8 5,1 —

Vé trai nghiém nguoi dung, diém User Satisfaction tang déu tur 2,8/5 (Baseline)
1én 4,5/5 (RAG + Gemini Pro). Dang cht y, ngay ca cau hinh RAG + Gemini Flash cling
dat 4,1/5, cho thay chinh co ché€ RAG (chtt khong chi nang luc m6 hinh Gemini 1.5 Pro)
la nhan t& chinh tao ra sy hai long. Phong van dinh tinh bd sung x4c nhan rang nguoi
dung dic biét danh gid cao tinh nang trich dan ngudn tai liéu, giup ho tin twdng vao két
qua hon so véi chatbot thong thuong. Diéu nay nhat quan véi két luan ctia Pan va cong
sw [15] rang tinh traceability 1a yéu t8 then chdt trong cac ting dung LLM cho domain
khoa hoc.

4.4. Phan tich 16i va han ché

Mot han ché can duwgc nhin nhan thang than lién quan dén tinh doc lap ctia bd
cau hoi kiém thtr. Tac gia tht nhat, nguoi xay dung hé thong, dong thoi la tac gia ctia bo
d@ liéu nguodn [1] va cling dong gdp 40% bd cau hoi kiém thtr. Rui ro chinh khong phai
la thién léch ¢d y, ma la ngwoi quen thudc nhat véi cau trac di liéu cd thé vo tinh thién
vé cac dang cau hoi ma hé thong xtr ly t6t, thay vi phan anh day dt nhu cau tra cttu thue
t€ da dang. D€ kiém soat rui ro nay, quy trinh xay dung bd cau hoi da tach biét hai nguon
con lai (40 cau tir chuyén gia doc lap khong co quyeén truy cap JSON, 20 cau tir nguoi
dung thuc) va chi hgp nhét sau khi hoan thién dgc 1ap. Phan tich riéng cho thdy Accuracy
trén 60 cau tir hai ngu6n doc lap nay dat 88,3%, thap hon 2,7 diém so v6i toan bd b kiém
thtr (91%), goi y rang 40 cau tir tac gia tht nhat c6 thé dé hon mdt chiit. Mac du mtkc
chénh 1éch nay khong lam thay doi két luan dinh tinh cta nghién cttu, nhom tac gia
khuyén nghi cac nghién ctru ti€p theo nén st dung bo cau hoi do bén thit ba hoan toan
doc lap xay dung dé€ dam bao tinh tdng quat cao hon ctia chi sd Accuracy.

Mot han ché€ ky thuat can dugc ghi nhan 1a cac siéu tham s6 phan doan
chunk_size = 800 va chunk_overlap = 150 chuwa duoc t6i uu hoa cd hé thong. Cac gia
tri nay dwgc lya chon dya trén dac thu bo di liéu nho va cdu tric ban ghi JSON ngén
(mbi loai chiém khoang 150-200 ttr), nhung chura ¢é thue nghiém ablation trong tu nhwe
véi k. V6i cadc bo di liéu 16n hon hodc ¢ cau triic van ban khac nhau trong twong lai, to
hop nay c6 thé khong phai t8i wu; nghién ctru tiép theo nén thuc hién grid search trén
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khong gian (chunk_size x chunk_overlap X k) dé€ xac dinh cau hinh t6t nhat mot cach
hé théng.

Qua phan tich 100 cau héi kiém thi, bon loai 18i chinh duoc xac dinh. Loi truy
xuat xay ra trong 8,5% truong hop, khi nguroi dung st dung tén dia phuong tiéng Viét
thay vi tén khoa hoc Latin, trong khi kho dit liéu GBIF luu trit chti yéu bang tiéng Anh,
day la hé qua truc tiép cua khoang cach ngon ngit trong khong gian vector nhung va la
dong luc chinh cho viéc tich hop tir dién da ngdn ngit & phién ban tiép theo. Loi két hop
ngtt canh chi€ém 5,2%, khi m6 hinh két hop thong tin tir hai loai gan nhau vé phan loai
hoc nhung khac nhau vé phan bé dia ly. Truong hop ngoai pham vi di liéu chiém 12%
va duoc hé thong xtt ly dung thiét k& bang cach thong bao khong tim thdy thong tin. Ldi
phan tich cau héi phtic tap da y chiém 3,1%, c6 thé dugc giai quyét bang ky thuat query
decomposition [8] truedc budce truy xuat.

5. KET LUAN

Bai bao da trinh bay thiét k€ va trién khai thanh cong hé thong chatbot hoi dap
vé da dang sinh hoc dua trén ky thuat RAG két hop m6 hinh Gemini cua Google, véi
nguon dit liéu thuc nghiém la bd danh luc 73 loai con trung nuwdc ho Ayun Ha, tinh Gia
Lai [1], dwgc chuyén d6i sang 412 chunk JSON. Thuc nghiém trén 100 cau hoi chuyén
nganh cho thay hé thong dat Faithfulness = 0,912 va Answer Relevancy = 0,921 véi
cdu hinh RAG + Gemini Pro, dong thoi giam Hallucination Rate xudng chi con 5,8% so
véi mite 42,1% ctia baseline khong dung RAG. Day la két qua cé y nghia thuec tién, khang
dinh ré“mg ngay ca voi tap dit liéu ¢ quy mo nho va dac thu chuyén nganh (73 loai, 9
diém thu mau), ki thuat RAG van cho phép xay dung chatbot tra ctru dang tin cay vuot
troi so véi LLM thuan tuy.

DPoéng gép khoa hoc ciia nghién cttu gom ba diém: (i) pipeline chuyén déi di liéu
phan loai hoc tir bang danh luc sang JSON chuan hoéa va kho vector FAISS; (ii) chién lwgc
thiét k& prompt ba 1ép t&i wu cho domain sinh hoc, dam bao cau tra 1i ludn trich dan
tén khoa hoc va diém thu mau cy thé; va (iii) phan tich thwe nghiém da chiéu két hop
RAGAS va user study, cung cap co so so sanh dinh lwgng r0 rang gitta cac cau hinh hé
thong.

Hudng phat trién trong teong lai bao gom: mo rong tap dit liéu sang toan bo két
qua diéu tra cac nhém sinh vat nam 16n, thye vat bac cao c6 mach, ca, ludng cu - bo sat,
chim, tha, budém, giap xac ¢d 16n (tdm, cua va than mém); cac loai quy hiém, cac loai c6
ich, cac loai ddc httu phan bd trén dia ban tinh Gia Lai. B6 sung thong tin chi thi sinh hoc
(bioindicator index) vao cac ban ghi JSON dé hé thong c6 thé hd trg danh gia chat leong
mdi treong nwdc; tich hop tinh nang da ngoén ngr Viét-Anh-Latin d€ phuc vu cac nha
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nghién cttu qudc t€; va xay dung giao dién web cong khai pho bién hé théng dén cong
dong nghién ctru bao ton da dang sinh hoc.
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Nghién cttu nay duoc tai tro kinh phi boi dé tai nghién ctru cap tinh Gia Lai: "Xdy
dung hé thong co sé dir liéu vé tai nguyén sinh vit trén dia ban tinh Gia Lai” (Ma s6: 01-02-
2024(2)).
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ABSTRACT

This paper presents the development of an intelligent chatbot system designed to
support the retrieval of biodiversity information in Gia Lai Province. In this study,
Ayun Ha Lake in Gia Lai Province is selected as a representative case study. The
proposed system is built based on the Retrieval-Augmented Generation (RAG)
technique, combined with Google’s Gemini large language model to enhance the
accuracy and contextual relevance of information retrieval and response generation.
The experimental dataset consists of a checklist of 73 aquatic insect species from 7
orders, collected from 9 survey sites in Ayun Ha Lake during 2020-2022. The data
were digitized into JSON format, including comprehensive information on
taxonomy, ecological characteristics, and site-based distribution. The system uses
Google’s text-embedding-004 model, the FAISS vector database, and the LangChain
framework to build the retrieval and response generation pipeline. Experimental
results show that the system achieves high effectiveness, significantly reducing
hallucinations compared to large language models without RAG integration, while
providing answers with specific source citations that meet specialized information
retrieval requirements. This study serves as a pilot experiment, paving the way for
expanding the system to other biological groups and aquatic environments in Gia

Lai Province.

Keywords: Retrieval-Augmented Generation, Chatbot, Biodiversity, Google

Gemini.
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