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1. Giéi thiéu
LLM (Large Language Model)

@ La cdc md hinh hoc sdu huan luyén trén tap dir li€u khong 16.

@ Kha ning sinh van ban, trd I6i cu hdi, |ap luin va sing tao.
o Han ché&: phu thudc vao cira s8 ngit canh cb dinh, khéng c6 bd nhé
(quan ly lich st hoi thoai) dai han tu nhién.

Agentic Al
° L,é tac nhan thc?/mg minh dya trén LLM c6 kha nang hanh dong, 1ap
ké hoach va phoi hgp.
@ Khéng chi dbi thoai, ma con thuc hién céc tic vu, duy tri trang thai,
va tuong tac véi moi trudng.
° Yéllj cAu bd nhé dai han dé ghi nhé lich s, hoc tir kinh nghiém va
phoi hgp véi cac tadc nhan khac.
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Bai toan xdy dung tac td hoi thoai cd nhan hda

B&i canh: hoi thoai da phién
o Téc tir tuong tic véi ngudi dung qua nhiéu phién, mdi phién 13 mét
khodng thai gian héi thoai riéng biét

o K&t thic bdi su gian doan, xac nhan cta ngudi dung, hodc khi bit dau
mot ludng méi

@ Trong mdi phién, hoi thoai dién ra theo cac lugt (cau héi + phan hdi)
@ Tac tir c6 bd nhd ngoai luu trit thong tin tir cac phién trudc

@ Muc tiéu: Sinh phan hdi ca nhan héa, tan dung ngit canh hién tai va
bd nhé

Thach thirc chinh:
@ Xac dinh va luu trit théng tin quan trong tir mdi phién, du dodn nhu
cAu truy xult tuong lai.
@ Truy xult chinh xac théng tin lién quan; trdnh ngit canh nhidu l1am
giam chit luong phan hoi.
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Quan ly bd nhé hoi thoai

Can tao ra b6 nhé ngoai cho LLM vi:

Duy tri tinh nht quan héi thoai: tranh mau thuin, quén chi tiét
C4 nhan héa trai nghiém: ghi nhé s& thich, dic diém ngudi ding
Theo dai tién trinh tic vu: tiép tuc céng viéc chua hoan thanh

H3 tro tic vu phic tap, da budc va da tac nhan

T6i uu tai nguyén va chi phi (token, d6 tré)

Quan ly bd nhé <=> RAG
@ Phan doan lich s hdi thoai: session, chunk, turn
@ Phan loai cic loai bé nhé: Core, episodic, semantic, etc.
° T6 chec, biéu didn dif liéu lich st Tree, graph
o Cip nhat b6 nhé: Add, delete, update

o Truy xut b nhé: Embedding, retrieval
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Cac hudng tiép can quan ly bd nhé dai han

nghién ctu gan day dé xut nhiéu nhém phuong phép:

Segment and Compression: Chia hdi thoai theo chi dé va nén
thong tin dé loai b nhiéu, ting d6 chinh xac truy xuit.
Multi-Granularity Memory: K&t hop nhiéu cip dé bd nhé, chon
granularity t6i uu cho mdi truy van.

Hierarchical Memory: Luu trit dang cdy phan cip, mi nit chda ndi
dung d3 téng hop va embedding ngit nghia, hd tro suy luin da tang.
Graph Memory: Biéu di&n théng tin dudi dang dd thi, mé ta quan
hé phic tap (nguyén nhan—két qua, su kién lién tuc), hd trg suy ludn
da buéc.

Multi-Agent Memory: Hé théng da tic nhan véi nhiéu loai bd nhé
(Core, Episodic, Semantic, Procedural, Resource, Knowledge Vault),
quan ly théng tin phong phi va da phuong tién.
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2. Segmentation and Compression

@ Quan ly bd nhé dugc nghién citu trong cdc cdng viéc trudc gip phai
mét sb han ché:

o Muc lugt (turn-level): Don vi nho, giau chi tiét, nhung phan manh ngit
nghia, 1am ting s& manh phai truy hdi va d& bo s6t bdi canh lién quan
trai dai nhiéu luct.

e Mtic phién (session-level): Don vi qué I6n, chia nhiéu phan khong lién
quan; dit c6 bd nhé dai (32k+) c6 nhidu va db dic thi ngit canh thip.

° Tom tit/summarization: Tao ban rat gon nhung cé nguy co bo qua chi
tiét quan trong va khé tong quat hoa qua tac vu/mlen

@ T6 chiic lich st hdi thoai theo cac chii dé dua trén LLM
e SeCom: On Memory Construction and Retrieval for Personalized
Conversational Agents, ICLR 2025 [1]
o In Prospect and Retrospect: Reflective Memory Management for
Long-term Personalized Dialogue Agents, ACL 2025 [2]
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SeCom: On Memory Construction and Retrieval for

Personalized Conversational Agents, ICLR 2025

o SeCom gbm hai khéi chinh: SE (Segmentation) va COM
(Compression as Denoising)

o ScCom dé xuit:
e (i) thay vi luu & muc luot (turn-level) hay phién (session-level), phan
doan theo chii d& d& c6 don vi nhé vira di:
o (ii) nén m3i don vi nhé nh3m loai bé phan du thita—coi dé 13 nhiéu
dbi véi truy hdi—trudce khi danh chi muc va truy héi.
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@ Lich sit¥ héi thoai
e Goi H={¢ ,-Czl 13 lich st hdi thoai giita ngudi diing va tac tk, gdbm C
phién.
o Mbi phién ¢; = {tj}jT:"1 gobm T; luct tuong tic tuan tu.
o M3 lugt t; = (uj, r;) Véi u;: yéu ciu cha ngudi dung, rj: phan hdi cla

tac tir
@ Thanh phé‘;n nén: B4 truy hdi: fz va md hinh sinh phan hoi: fi1m
e Xay dung bd nhg: B nhé miic lugt (turn-level): mdi m € M tuong
(g v6i mét luct t, |M| = S°C, T;; B nhé mic phién
(session-level): m&i m tuong (ing véi mot phién ¢, |[M| = C
o Truy hdi bd nhé
e Véi yéu cAu muc tiéu u* va sb lugng don vi bd nhé N, truy hdi N don
vi nhé lién quan: {m, € M}N_, « fr(u*, M, N)
o Sinh phan hoi

o Dung N don vi nhé d3 truy hdi (theo thit tu thdi gian) lam ngit canh.
e Sinh phan héi: r* = fim (u*, {ma}h_;)
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CONVERSATION SEGMENTATION

@ Muc tiéu mo hinh conversation segmentation:
o M3i phién ¢; dugc chia thanh K; phan doan chi dé: {sk}kK"=1
e Xay dung segment-level memory bank, trong dé: M&i don vi nhé m
tuong (ing véi mét phan doan s. Kich thudc bd nhé: |M| = Y, K;

e Cho mdt phién ¢, md hinh phan doan f; trd v& tap chi sb doan:

1= {(Px, qk) s

e Trong dé:
o (pk, qx): chi sb lugt dé‘;u/cuéi clia doan s,
o Diéu kién: px < gk va pry1 =qr + 1

e K&t qua phan doan:
fi(c) = {sk}ko

Sk ={tpes-- > tg}
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CONVERSATION SEGMENTATION

@ Thach thic:
e Khé thu thip dit liéu gan nhan quy mé I6n cho hdi thoai mé.
o Diém phan doan thudng ma hd, giy khé khin ngay ca véi ngudi gan
nhan thi cong.
o Giai phap:
o Sir dung GPT-4 1am mé hinh phan doan f;, nhd kha ning hiéu ngén
ngit manh mé& trén nhiéu mién.
o Ting cudng dit liéu phién ¢ bing cach thém chi sb luot va dinh danh
vai trd dé ting khd n3ng suy ludn: Turn j: [user] / [agent]
o Ké&t qua thuc nghiém:
e Cic md hinh gon nhe hon (Mistral-7B, RoBERTa) ciing c6 thé thuc
hién phan doan.
o Phuong phap 4p dung dudc trong mdi trudng han ché tai nguyén.
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COM — Nén nhu Khi nhiéu (LLMLingua-2)

Gia thuyét cbt 16i:
e Ngbn ngif tu nhién chira nhiéu du thira, déng vai trd nhu nhiéu dbi
véi bo truy hoi.
@ Loai bé du thua:

e Tang recall véi cuing mét lugng token bd nhé.
Tang tuong dong truy van—doan lién quan.
e Gidm tuong dong véi doan khong lién quan.

Muc tiéu: VSi mbi segment sy, sinh phién ban nén 3, (ngdn hon nhung
gilt y nghia) dé danh chi muc v truy hdi hiéu qua hon.

Cong cu: LLMLingua-2 [3] — bd nén dua trén phan loai nhi phan theo
token (preserve / discard).
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Ki hiéu va Rang budc

@ Vin ban gbc: x = (x,...,xn)
@ Sau nén: X = ()?1, . ,)?M)

e Rang budc trich xuit: X 13 diy con theo thit tu cla x.
Im{l... M} = {L,... N}, w(1) <. <7(M), Xm = Xr(m)

o Tilé giit (budget): 7 = ¥ € (0,1]
o Tiléenén (CR): CR=1—-71
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Data Distillation va gan nhan

@ Dung LLM manh sinh X tir x véi ba rang budc:
@ Rt ngidn (M < N)
@ Giit théng tin cbt I5i
© Trung thuc (khdng bia)
e Riang budc extractive gilp gan nh3n tu déng 8n dinh.

o Chi sb phat hién 16i / Hallucination:

1

R=vw)

Y 1w V(x)]

weV(X)

@ Loai bd cadc miu c6 VR cao. Ly tudng: VR = 0.
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Huln luyén LLMLingua-2

@ BOo phan loai token:
pi =Pr(yi=1]x;0) =o(Wh; + b), h="fh(x)

o fy: encoder hai chiéu (RoBERTa / XLM-R).

e Loss function (Binary Cross-Entropy, cé trong sb):
L
L(©) = = > layilog pi + (1 = a)(1 — yi) log(1 — pi)]
i=1

e o € (0,1]: ting phat cho I6p “giii” khi I16p nay hiém.
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Truy hdi va Sinh phan hdi

o Diénh chi muc cc {3} bang:
o Lexical: BM25
o Dense: MPNet

o Chon mé hinh tuy tai nguyén va dé ddm b3o céng bing so sanh
véi cac nghién clu trudc.

o Truy hdi: 14y top-N doan theo dé lién quan.

o Ghép ngl;]’ canh: sip xép top-N doan theo thit tu thdi gian = tranh
mau thuan ngir canh.

@ Sinh phan hoi: néi cic doan va dua vao prompt clia fi .
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Pipeline tong thé — Y tudng

SECOM hop nhit hai thao tic bd trg:

@ Cit theo chi dé: chia phién dai thanh cic segment mach lac ngit
nghia.

@ Nén nhu khit nhidu: 13m “d3c” tin hiéu cda ting segment trudc khi
chi muc.

Tai thoi diém truy van: Chi cin goi lai mét sb rat it segment diing cha
dé va it nhidu dé dua vao ctra s6 ngit canh clia LLM.
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Pipeline téng thé — Dong dir liéu

1. Offline (Xay bo nhd):
@ V6i mdi phién: phan doan — céc sy.
o M&i s, duoc nén — 5.
o Danh chi muc 8, (BM25/dense) + luu metadata (mbc thsi gian, id
phién, pham vi lugt).
2. Online (Truy hai):
@ Nhén truy vAn u*, retriever tim top-N doan.
o Néu diém s6 tuong duong: uu tién doan gan vé thdi gian hojc lién
tuc dé gidm dut gay.
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Pipeline t8ng thé — Dong dit liéu (tiép)

3. Ghép ngir canh:
o Sip xép theo thdi gian, loai trung lap.
e Dam bdo téng token < ngan sich.

o Né&u vuot: gidm bing nén (ha 7) hoic loai bd phan it lién quan.

4. Sinh phan hai:
e Dua truy vln u* va chudi doan d3 chon vao LLM.
o Dung system prompt chuan dé:

o ép md hinh chi dya trén bang chiéing trong doan,
e han ché hallucination.
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In Prospect and Retrospect: Reflective Memory

Management for Long-term Personalized Dialogue Agents,
ACL 2025 [2]

Han ché ciia co ché bd nhd ngoai hién nay:
e Phan doan cb dinh: xt Iy theo luot, phién, mbc thdi gian — khéng
phan &nh cAu triic ngit nghia tu nhién (vi du: khi déi chii dé)
e Bo retrieval c6 dinh: khé thich ng véi nhu ciu truy xult da dang
giita cac mién hdi thoai va kidu tuong tac cd nhan. = Viéc thu thép
dii lieu gan nhan dé& huin luyén rit tbn kém.

Quan ly B nhé Phan chiéu (Reflective Memory Management -
RMM)

o Prospective Reflection: Tém tit hdi thoai thanh cac chi dé, hop
nhit thong tin rdi rac thanh bé nhé mach lac — tbi uu truy xuht
tuong lai.

o Retrospective Reflection: St dung LLM d& gan nhan cho retrieval
d& tinh chinh truy xult truc tuyén — thich tng theo mién.

Ngo Van Linh (SolCT-HUST) 20 /86



\

T8 chiic B6 nhé Dua trén Chi dé

@ Hé théng quan Iy bd nhé truyén thdng dua vao ranh gidi cb dinh
(phién, lugt) dé cau tric lich st héi thoai.

o VAn dé&: ranh gi6i nay khdng tring khép véi cac don vi ngit nghia
thuc té — thong tin quan trong bi phan tan, gy khé khan cho truy
xuét.

Giai phap: Prospective Reflection
e T6 chiic bd nhé dua trén cac chi dé ngit nghia mach lac.
o “Chi d&" = mét don vi thdo luan cé thé kéo dai qua nhiéu luct trong
mot phién.
o M&i cha dé gén véi (cac) doan héi thoai gbce lién quan.
o Chi dé c6 thé tir y dinh cu thé (vd: héi cong thic &n chay) dén khii
quét (vd: 1&n ké hoach du lich).
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Prospective Reflection

Dién ra vao cudi mdi phién, gbm 2 budc chinh:
@ Trich xubt bd nhé
o Sit dung LLM (prompt) d& trich cac doan héi thoai trong phién.
o Sinh ban tém tt tuong ting, theo cic chir dé ducc dé cap.
@ Cap nhat bd nhé
e V4i mbi bd nhé dugc trich xult — truy xuit Top-K bd nhé tuong
ddng cao nhit trong ngan hang.
o LLM quyét dinh:
e Thém truc tiép néu 13 chi dé méi.
o Gbép véi bd nhé hién cé néu la md rong théng tin cii.

Két qu3: Ngan hang bd nhé duy tri biéu di&n mach lac, hop nhét, ducc
td chiic quanh cac chi dé ngir nghia.
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Retrospective Reflection: Reranker Design

Vin dé: Bb truy xuit s3n c6 c6 thé xéac dinh bd nhé lign quan, nhung
hiéu nang suy gidm khi 4p dung cho nhiéu mién hdi thoai va ngudi dung
khac nhau.

Giai phap: Gidi thiéu B xép hang lai (Reranker) dé tinh chinh danh
sach bd nhé truy xubt:

o Thich ting dong véi dic thi mién va s thich ngudi dung.
e Khéng can tinh chinh truc tiép bd truy xult.
Quy trinh:
@ X Iy Top-K bd nhé dudc retriever tra vé.
@ Thich ng vector:

q =q+Weq, mi=mi+ Wnm;
© Tinh diém lién quan: s; = q " m.
© Lua chon Top-M ting vién phi hop nhét.
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Retrospective Reflection: LLM Attribution as Rewards

V4n dé: Thu thap dir liéu gan nhan chit lugng cao cho tirng ngudi dung
rat ton kém.
Giai phap: Tan dung chinh LLM dé sinh phan hdi kém trich d3n:
o Prompt LLM d& sinh c3 phan hdi v citation trong mét I3n goi.
o Citation c6 diéu kién theo phan hdi — hiéu qua cao hon so véi sinh
riéng 1é.
Phan thuéng:
@ +1 néu bd nhé duoc trich din trong phan hoi cubi cling.
e -1 néu khéng dugc trich dan.

— Reranker hoc dugc chién luoc truy xudt tét hon, dong bé vdi bing
chitng ma LLM thuc su sit dung.
Cap nhat Reranker bang hoc ting cudng RL

Ngo Van Linh (SolCT-HUST) 24 /86



3. Memory Representation Architectures

Han ché chia biéu dién phing (thuan text)
@ Phan manh, khéng c6 lién két ngit ngha.
@ Khé thuc hién reasoning da-buéc (multi-hop).
Lgi ich chia t8 chdc bd nhé cé chu trac
@ Gil rd rang quan hé giita thuc thé, su kién, trang thai.
@ Truy xult chinh xdc hon (node/edge, nhénh tree).
@ H3 trg abstraction, aggregation va multi-hop reasoning.

Tree-structured Memory (MemTree)

@ Té chic phan cAp: 14 (chi tiét) — ndt trung gian (topic summaries) — gbc
(schemas).

Graph-based Memory
@ Biéu di&n thuc thé/si kién 13 nodes, quan hé I3 edges.
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From lsolated Conversations to Hierarchical Schemas:

Dynamic Tree Memory Representation for LLMs, ICLR
2025 [7]

Van dé:
o LLMs xi ly tét luong vin ban 16n.
o Nhung khé ghi nhd va suy luan dua trén thong tin dai han.
1. Phuang phép sit dung bang tra cifu phang (Flat Lookup Tables)
e Vidu: SeCom [1], RMM [2], MemGPT [4].
e Van dé: M3i manh nhé dugc luu tich biét trong DB.
e Han ché: Thiéu chu tric — khé két nbi va két hop théng tin khi bd
nhg 16n.
2. Phuong phép sit dung cu tric tinh (Offline)
o Vidy: RAPTOR [5], GraphRAG [6].
e VAn dé: Dung chu tric d& cai thién truy xubt.
e Han ché: Khéng hé trg cip nhat thoi gian thuc.
o Khi c6 théng tin méi — phai xdy lai toan bé cu tric (cham, tén
kém).
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Doéng luc va Gidi phap: MemTree

Dong luc:
° Con,ngufji t8 chiic ky dc bing schema — cAu triac dong dé lign két
va sap xép thdéng tin.
o Truyén cam hitng: Xay dung co ché bd nhé déng cho LLMs.
Giai phap: MemTree
o ThuAt todn mdi tao ra chu triic bd nhé dang cay dong.
o Tich hop truc tiép vao qué trinh trd chuyén.
o Quan ly tbt hon:

o C3c cubc hdi thoai dai.
o Nhiém vu phic tap doi héi suy ludn nhiéu budc.

e Khic phuc han ché cla lookup phﬁng va cAu triic tinh.
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Minh hoa MemTree

Figure 1: MemTree (subset) developed on the MultiHop dataset (Tang & Yang, 2024). MemTree
updates its structured knowledge when new information arrives, enhancing inference-time reasoning
capabilities of LLMs.

Hinh 1: Minh hoa cdy MemTree
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Ciu tric ctia MemTree: Cay gia pha tri thiic

o MemTree khong phai danh sich phing, ma 13 mét clu tric dang
cay.
o Tuaong tu:
o Hé théng thu muc trén may tinh.
o Hodc mot ciy gia pha.
o Nit gbc (Root Node):
o Diém khdi déu cla céy.
e Mang tinh cau tric, khong chira ndi dung.
e Cac nhanh (Branches):

o M&3i nhanh dai dién cho mét chii dé& hodc mdt manh théng tin.
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Thanh phan clia mdt nit trong MemTree

M3i nat trong cdy MemTree chita 4 yéu t6 quan trong:
@ NGbi dung (¢,):
o Vin ban, c6 thé 13 tém tit hodc chi tiét cu thé.
@ Embedding (e,):
o Biéu din y nghta ndi dung.
O Lién két Cha—Con (Parent—Child Links):
o M&i nit biét ai 13 “cha” va ai I3 cic “con” clia minh.
© Do séu (d)):
e Xdac dinh mic bic (level) cta nit trong céy.
Y tudng chinh:
o Cic nat gin gbc — théng tin téng quat.
o Cang xubng sdu — théng tin chi tiét, cu thé.
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Cach MemTree hoc hdi v phat trién

Budc 1: Hanh trinh bit dau tir gbc
@ Thdng tin méi — tao thanh mdt ndt méi (vaew ).
@ Bién théng tin thanh embedding vector.
@ Hanh trinh tim vi tri phi hop b3t dau tir nat gbc.
Budc 2: Quyét dinh tai mdi nga ré
@ So sdnh embedding cla v,en Vi embedding clia cac nit con truc
tiép (dung cosine similarity).
o 3 tinh hubng c6 thé xdy ra:
@ Di siu hon (Traverse Deeper): Né&u rat gibng mét nat con (>
ngudng).
@ Tao nhanh mdi (New Leaf): Néu khéng da giong bat ky nit con nao.
© MQd rong nit 14 (Expand Leaf): Néu dimng & nit |4 — “ning cap”
thanh nidt cha méi.
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ng thich tng (Adaptive Threshold)

o Ngudng d6 tuong dong khéng cb dinh.

0(d) = e

e d: db siu cla nit.
e 6p: ngudng co ban tai goc.
e \: hé s diéu chinh toc dd ting.

e Cang di sau vao cay, ngudng cang cao hon.
oY nghia:
o Miic gbc — chip nhan thdng tin téng quét.
e Mic sdu hon — chi nhan théng tin cuc ky lién quan.

Lgi ich:
o Gilip cay duy tri chu triic chit ché.
@ Thodng tin & sdu — chi tiét, cu thé.
o Théng tin gan gbc — khéi quét, tém lugc.
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Cép nhat ngugc (Update Backwards) va bao toan dif liéu

Budc 3: Cap nhat ngudgc
@ Sau khi chén nit méi, thuat todn di ngugc 1én ciy.
e Cac nit cha/éng dugc LLM téng hdp ndi dung cii + méi.
o Két qua: tao ban tém tit toan dién hon.
Nguyén tic bao toan dir liu:
o Dit liéu gbc khong bao git bi mét.
o Khi mét nit 14 duoc nang cAp:
e N&i dung cii tré thanh nit con.

e Théng tin mdi ciing tré thanh nit con khac.
o Nat cha méi chi chita tém tat Al-generated.

Kiém soat LLM:
o Chi dugc tém tit dua trén dif liéu trong cdy (khong diing kién thic
riéng).
e D3am b3o MemTree duoc danh gis ding vé kha ning truy xuét.
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Minh hoa cdp nhét

Articles

MemTree
¥ Joe Biden

Conversations

(What is your favorite dish? )

New Article MemTree New Anick MemTree
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live in
& | san Francisco!
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Truy xust théng tin trong MemTree

Y tudng chinh: Collapsed Tree Retrieval
o “Lam phang” cay bb nhé — coi tit ca nit (ca tém tdt Ian chi tiét)
nhu mét tdp hgp duy nhat.
e Tim kiém khong can duyét tudn tu qua ting nhanh.
Quy trinh:
© M3 hoa truy vin: Cau hdi — vector embedding.
Q S,O sanh toan dién: So sinh embedding truy vin véi embedding caa
tat ca cac nit.

© Loc va chon: Loai bd nit kém lién quan, giit lai top-k nit gibng

nhit.
@ Téng hop: Nbi dung tir top-k nit — LLM d& tao cau tra 18i cubi
clng.
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Tai sao Collapsed Retrieval hiéu qua?

o K&t hop théng tin tir nhiéu cp dé tritu tugng:
o Nt nong (cha) — tém tat khéi quat.
o Nt sdu (I18) — chi tiét cu the.

e MemTree gibng nhu mdt cubn sach théng minh:
e Muc luc / tiéu (’ié chuong = niit cha.
e Cac trang chi tiét = nit 1a.

e D3m b3o cAu trd I3i vira téng quat, vira chinh xac chi tiét.
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MemO: Building Production-Ready Al Agents with Scalable

Long-Term Memory, 2025 [8]

Muc tiéu cta MemO
e Bén virng: Luu tri tri théc quan trong trong bdé nhé dai han.
o Tbi gian: Chi giif lai fact cbt I6i thay vi cac chunk vin ban 16n.
o Truy hdi c6 ciu tric:

e Tan dung quan hé giira thuc thé.
e H3 tro suy ludn da budc va bai todn temporal.
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Kién tric tc“;ng thé Mem0

o Pipeline gdm hai giai doan chinh:
@ Trich xuit (Extraction): nhan dién va tao candidate memory tir
tudng tac héi thoai.
@ Cap nhat (Update): hgp nhat, chinh sira hodc bd sung vao bd nhé
1au dai.
e DAiu vio: cip thong diép (m¢_1, me)
o m;: théng diép hién tai (thudng 13 phan hdi trg ly).
o m;_1: thong diép lién trudc (thudng 13 tin nhin ngudi dung).
e = Tao thanh mét don vi tuong tac hoan chinh.
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Giai doan Trich xuAt

Ngit canh hd trg trich xuht:
e Ban tém tit hdi thoai S:
o Duac I3y tir co sé dit lidu.
e Bao quat ngit nghia xuyén su6t toan bd lich st héi thoai.
o Chudi thong diép gan {m;_,,, ..., m; o}:
o Cung cAp chi tiét thai gian gan.
o C6 thé chita thong tin méi chua dugc gbp vao tém tit.
e m: siéu tham s6 quy dinh clra s6 ngii canh.

Mé-dun tém tit bat dong bo:
e Dinh ky l1am md&i ban tém tit S.
@ Hoat déng doc Iap véi pipeline chinh.

e D3am bao ngit canh ludn cip nhat ma khong gay tré xir ly.
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Ham trich xuit bé nhé

Prompt trich xuét:
P=(S{mi—my...,me_2}, me_1, my)
Ham trich xuit:
o(P) = Q={wi,w2,...,wn}

Giai thich

o S: ban tém tt hdi thoai (t8ng thé, xuyén subt).

® {mi_m,...,ms_p}: chudi thong diép gan (ngit canh chi tiét).

o (m;_1, m;): cip tuong tic méi nhit.

@ ¢: LLM-based extraction function.

e O: tépvbé nhé néi bat, ngan gon, phan anh théng tin quan trong tir
trao doéi mdi.

4

— = - = = p—
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Minh hoa kién triic Mem0O

Messages

O s

Ngo Van Linh (SolCT-HUST

Database

fetch summary & past messages update memories

fetch similar memories

Extraction Phase Update Phase

Summary Top ‘s’ similar
memories

Last m messages

New memories

LM

New extracted g
# memO

memories

Hinh 3: Kién trc Mem0




Giai doan Cap nhat B nhé

Quy trinh cap nhat

@ V&i mbi dit kién ting vién w; € Q, truy xuit top-s bd nhéd tuong
dong tir CSDL (dua trén dense embeddings).

@ Dua wj va cic bd nhé tuong ddng vao LLM théng qua tool call.
© LLM quyét dinh thao tac quan ly bd nhé phii hop.

Bbn thao tac kh3 di

@ ADD - Tao bd nhé méi (chua cé tuong ducng).

o UPDATE - B5 sung/ghi dé thong tin cho bd nhé hién cdb.
o DELETE - Loai bd bd nhé khi thdng tin méi pha dinh.

o NOOP — Khong thay déi (gitt nguyén).

Tham s6: Tham sb ngit cdnh: m = 10 (théng diép gan), sb bd nhé so
sanh: s = 10, LLM dung dé suy ludn: GPT-40-mini va Vector DB: dense

embeddings (tim kiém tuong dong).
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MemOg: Biéu din dd thi b6 nhd

Db thi c6 hudng gén nhan G = (V, E, L).
Nt V: thuc thé (Alice, San Francisco).
Canh E: quan hé (lives_in).
Nhan L: kiéu ngit nghia (Person, City).
M&i nit v € V gdm:
© Phan loai kiéu thuc thé (Person, Location, Event,...).

@ Vector embedding e, (ngli nghia).
© Metadata: timestamp t,.
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MemOg: Trich xu4t quan hé

@ B0 sinh quan hé dua trén LLM.
@ Phan tich ngit canh héi thoai + thuc thé.
@ Sinh bd ba (vs,r, vy):
e Vi nit nguén, vg: nat dich, r: quan hé.
o Vi du: (Alice, lives_in, San Francisco).
@ Prompt engineering huéng LLM:
o Khai thac théng tin hién ngdn va ham 3n.
e Sinh canh c6 nh3n phan 4nh quan hé ngit nghia.
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Minh hoa kién tric MemOg

Extraction Phase Update Phase

LLM

triplets

Messages Relations Generator Conflict Detector Update Resolver

8_9

Search existing
nodes

Entity Extractor

Update graph
# memO

Graph Memories

Hinh 4: Kién tric MemOg
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MemOg: Luu trir va Cap nhat

@ Khi c6 bd ba quan hé méi:
@ Tinh embedding cho céc thuc thé.
@ Tim ndt hién cé véi d6 tuong dong > 6.
e Chién lugc luu tri:
o Tao 2 nat méi.
e Tao 1 nat mdi + téi st dung nat cil.
e Tai st dung toan bd nit cii.
e Duy tri nhit quén:
o Phéat hién xung dét quan hé.
o LLM danh diu quan hé I3i thsi (invalid) thay vi xéa.
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MemOg: Truy xuit va Thuc thi hé théng

Truy xuit hai hudng:
© Entity-centric:
e Xac dinh thuc thé& chinh trong truy van.
e Tim niit tuong ing — mad rdng bing cach duyét 1an can.
e Xay dung tiéu dd thi ngii canh.
@ Semantic triplet:

o M3 héa truy vin — embedding.
e So khép véi embedding cic bé ba.
e Trd vé bd ba vugt ngudng lién quan.

Thuc thi hé théng:
e DB: Neo4j (graph store).
o LLM: GPT-40-mini + function calling.
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MemGAS: Towards Multi-Granularity Memory Association

and Selection for Long-Term Conversational Agents, 2025

9]

Thach thidc cha tac tiy héi thoai dua trén LLM:
o Can duy tri ky trc qua nhiéu phién / tuong tac kéo dai.
o Khi chi “nhét” lich sir vao ngit canh, ndy sinh 2 vin dé:

@ Thiéu lién két xuyén phién: tri thic phan tan & nhiéu doan, khé két
noi.

@ Nhiéu truy hdi: manh vin ban qué thd hodc qua chi tiét, khéng khép
truy van.

Han ché clia RAG truyén théng va hé tri nhd hién co:
e Thudng cb dinh mifc bd nhé (theo phién hoic lugt).
o C6 chu tric (cay/dd thi) nhung van thién vé& mét mic.
° H,é qua: bé sét tuang quan chéo,gifra cdc miic va thidu co ché chon
cap bd nh& phu hgp theo truy van.
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Muc tiéu va Khung MemGAS

Muc tiéu cia MemGAS:
© Bao toan da géc nhin ky ¢ (multi-granularity).
@ Lién két thich nghi giita ky tic méi va ci.
© Chon cp bd nhé phi hgp theo tirng truy van.
Khung téng thé gdm 2 pha:
o Xay Lién két:

o Tao tém tit, tir khod, doan luct.
o M3 hod va lién két bing GMM.

o Truy hdi va Lua chon:

o Dinh tuyén theo entropy.
o PPR trén db thi lién két.
o Loc bang LLM.
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Don vi nhé da maec M; = {S;, T}, U;, Ki}

Dinh nghia (véi mbi phién S;):
o S; (session view): Phién i ghép thanh mét chudi, giif thir tu.
o T; (turn view): list cac luot (cdp User—Assistant) trong phién i.
o U; (summary): tém tit phién i (sinh bsi LLM).
o K; (keyword): tir khod clia phién i (sinh bgi LLM).

Cach ma hoa (embedding):

e Encoder dense (Contriever / MPNet / MiniLM) — thu embedding:
e(Si), e(U), e(Ki), e(t) cho tiing lugt t € T;

o Véi T;: e(T;) = ﬁ > teT; €(t) (mean-pool theo luot)

Quan trong: e(S;) # e(T;) do cdch ma hoéd khdc nhau: S;: encode toan
vin mét 1an va T;: trung binh embedding tirng luct.

Db thi ky rc: M3i phién i sinh 4 nat: {S;, T;, U;, Ki}.
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Lién két Ky tic Dong (Dynamical Memory Association)

Cap nhat b nhg:
o Khi thém mét ky ¢ méi Myew, bd nhé hién tai duge cdp nhéat:
MCUI’ — MCLII' U Mnew
Lién két véi ky e cii:
o TAt ca ky tfc dugc m3 hoa thanh vector dic (dense) bing Contriever.
o Tinh do tuong dong gitta e(Mnew) va mdi e(M;) € e(Mcur).
o Tap vector tuong dong ssm ducc gom cum bing Gaussian Mixture
Model (GMM) thanh 2 nhém:
o Tap chip nhan (Accept Set): ky tic tuong dong cao, lién két truc
ti8p V6i Mew. o
o Tap loai b6 (Reject Set): ky tc khéng lién quan, khong tao két noi
ngay.
Dic diém:
e Tuong dong dugc tinh theo tirng cAp d6 chi tiét (granularity).
o Mai cép clia Mpew 13 mét nat, két nbi téi cic nat trong Mcy,.
o Db thi lién két Ay, dudc cap nhat: Acur < Acur U Anew
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Minh hoa Iuéng hoat dong cia MemGAS

(1) Multi-Granularity Association Construction
GMM

Multi-Granularity

Raw Conversations Memory Unit

Gaussian Mixture Model

[user]

Write a sales email for a LLM Agent Session-level

potential customer of a Association

company that Tomtievell Construction

Dear valued customer, Segment Keyword-level 1

We at [Company Name] & Generate :

are excited to introduce y-level

our innovative 4 Previous Memory i New Memory

Timeline

(2) Multi-Granularity Router-Retrieval-Filtering

Q
g Entropy-Driven Granularity Selection Personalized

Query-related

Query PageRank o . Response

user] ) . * Raw Memory

How many online . « Summary You have completed
courses have [ Soft Weight Retrieve * Keyword M. | @ total of five online
completed in total? Initialize Granularitycourses.

N Entropy-Driven Filter
Memory Set  Distribution Weights

Hinh 5: MemGAS




B6 dinh tuyén da mic (Multi-Granularity Router)

Van dé:
o Céc phuong phap hién tai diung mét mifc nhd cb dinh (granularity) dé
truy hoi.

o Thiéu linh hoat khi cAn uu tién théng tin téng quat (coarse) hodc

chi tiét (fine).
Y tudng chinh: Entropy-based Router

e V&i mét truy van g, tinh dé tuong ddng véi tit cd manh nhé & mdi
mic: g € {session, turn, summary, keyword }

e Vector diém tuong ddng tai miic g (n 1a memories chunks &
granularity g): s; = [sim(q, M§), ..., sim(q, M5)]

o Chuin ho4 thanh phan phéi xac subt:

exp(sim(q, M¥)/A)
ST exp(sim(q, ME)/\)
e Tinh entropy Shannon dé€ do dé bAt

dinh:Hg = = 3", pf (s¢) log pf (5e)
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Soft Router Weights va \4 nghia

Nguyén ly:

° Hg thip = phan pf)éi tap trung = d6 chic chdn cao = tin cly.

@ Hg cao = phan phdi dan trai = bat dinh I6n = it tin cay.
Tinh trong s6 mém:

1/H
WIS
Zg/zl ]‘/ g/

trong dé G 13 sb miic nhd.
Y nghia:

o M3i miic nhé duoc gan trong sb ty 1& nghich véi mic do bat dinh.

o Lam nbi bat cac mitc cé dd chic chin cao nhit khi truy hoi.

o Gidp hé théng tu dong chon miic nhd phui hop cho ting truy van,

khong can can thiép tha cong.

Truc quan:
@ Query g — so khép véi 4 mifc — tinh entropy H; — Router — trong
sO wg — chon loc ky (dc.
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Memory Retrieval: Personalized PageRank (PPR)

Muc tiéu: Truy hdi cic ky tc da mdc lién quan nhit véi truy van g.
Budc 1: Khdi tao diém lién quan

score; = wg - sim(q, M¥?)

@ wg: trong s6 muc nhé tir Entropy-based Router.
o sim(g, M?): cosine similarity gitta embedding truy vin e(q) va
embedding clia manh nhé e(M#).
Budc 2: Personalized PageRank (PPR)
@ Chon Top-a nodes lam seed.
o Chay PPR trén db thi lién két ky tc (M, A).
e Tin hiéu lién quan dugc lan truyén qua cic canh — nhin manh céc
ky tic vira lién quan truc tiép vira két néi manh.
Budc 3: Chon dng vién
@ Sau hdi tu, chon Top-K nodes theo PPR score lam candidate
context.
@ K dugc phan tich thuc nghiém.
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LLM-Based Redundancy Filtering

Van dé:

o Truy hdi da miic d& gay nhiéu va trung 13p.

o N&u giit nguyén, s& 1am phan hdi dai va kém tap trung.
Giai phap: Loc bang LLM

o Input: Top-K memories + truy van g.

e Prompt dic thiét k& huéng din LLM:

o Loai bd ndi dung khong lién quan.
o Gb&p bd ndi dung lap lai.

Két qua:
o Context cudi cling: ngan gon, tap trung, ca nhan hoa.

e D3m b3o chi giit lai théng tin thiét yéu nhit cho viéc sinh phan hdi.
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4. Agent Memory Manager

Tai sao can Agent quan ly bd nhg?
o LLM c6 gi6i han context window — cin co ché thém /x6a thong tin
c6 chon loc.
o Tranh nhiu, tring 13p, va dam b3o théng tin nhit quan trong dai
han.
e Cho phép tac vu phiic tap (1ap k& hoach, reasoning) dua trén bd nhé
dugc t8 chic.
Cac chd'c nang chinh cia Agent Memory Manager
e Thém (Insert): luu hdi thoai, su kién, tri thiic mdi vao bd nhd (theo
layer hodc schema).
o Xdba (Delete): loai bd thong tin du thira, hé&t han hodc mau thu3n.
e Sita/Update: cap nhat thong tin khi c6 phién ban méi hosc diéu
chinh tri thirec.
o Truy xuit (Retrieve): tim théng tin lién quan theo ngit canh hoic
truy van.
o Tém tit (Summarize): nén ngif canh cii thanh phién ban ngin gon

2 .
dé luu lau dai.
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Agent Memory Manager

Y tudng trién khai
o Xay dung Memory Manager Agent lam “API" gitta LLM va b3 nhé.
o Tach biét cic 16p bd nhé: hot (ngin han), warm (tém tit), cold (luu
trit 1au dai).
e Dung policy/heuristics hodc LLM dé& quyét dinh khi nao thém, xda,
stra.
Vi du: MemGPT [4], Mem0 [8] va MIRIX [10] déu trién khai cac chic
nang nay véi kién trdc khac nhau.
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MemGPT: Towards LLMs as Operating Systems, 2024 [4]

e Han ché itng dung:
o Gi6i han clra sd ngif canh 1am suy gidm hiéu qua trong:
o Héi thoai kéo dai.
e Phan tich vin ban/tai liéu I6n.
o M@ rong ngit canh khdng phai giai phap tbi vu:
o Chi phi tinh toan cao: D6 dai ngit cdnh T = chi phi bd nhé va tinh
toan ting theo bac hai do self-attention.
o Hiéu qua giam dﬁ‘lj ("lost in the middle"): LLM thudng nim bit
thdng tin & dau/cudi tét hon, nhung théng tin & giita lai d& bi bd sét.
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MemGPT

e Ao giac ngir canh v6 han: Muc tiéu: tao cdm gidc ring LLM c6 thé
[am viéc véi context vo han.
@ Quan Iy b nhé ao (Virtual Context Management): Gidng nhu
OS st dung paging, MemGPT cho phép di chuyén dit liéu giita:
o B0 nhé chinh (ctta s8 ngit canh ctia LLM).
o B6 nhé ngoai (external storage).
o Hé théng bd nhé phan cip: Tuong tu OS quan ly RAM tuong
duong 6 cirng, MemGPT thiét 13p nhiéu tang bo nhé.
o LLM tu quan Iy bd nhé: LLM quyét dinh khi n3o cin doc/ghi dir
liéu qua cic function calls, hoat dong nhu system calls trong OS.
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Minh hoa kién tric MemGPT

LLM Finite Context Window (e.g. 8k tokens)
A

Prompt Tokens Completion Tokens
e e e R N '
R ' 1
stem Instructions | FIFO Queue 1| Output Buffer |}
[ '
Read-Only (static) Read-Write Read-Write
MemGPT System Prompt Write via Functions Write via Queue Manager

Tt 1

——
Archival Storage Function Executor H Queue Manager

Read via Functions
Write via Functions

Recall Storage

Read via Functions
Write via Queue Manager

Hinh 6: Kién tric MemGPT
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MemGPT: Kién tric bd nhé phan cip

1. Main Context (B6 nhé chinh ~ RAM):
e Cira sb ngt cadnh hitu han ma LLM truc tiép xr ly.
o Gom 3 phan:
o System Instructions: Chi doc, chita huéng din hé théng va cich goi
ham.
o Working Context: Viung doc/ghi, luu théng tin quan trong (su that,
sG thich, muc tiéu).
o FIFO Queue: Hang doi tin nh3n gan day nhit giita user va agent.

2. External Context (Bd nhé ngoai ~ Disk):
o Luu trif ngoai clra s& ngif cdnh cda LLM.
e Gdm 2 phan:
o Recall Storage: Luu toan bé lich st héi thoai, ¢ thé tim kiém.

o Archival Storage: Luu tai lidu, file I6n, hodc khdi tri thiic ngudi dung
cung cap.
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MemGPT: Co ché hoat dong nhu mét Hé diéu hanh

o Ludng diéu khién theo su kién (Event-driven): MemGPT dugc
kich hoat bdi cic su kién nhu:
o Tin nh3n tir ngL,r(‘Ji dung. o
o Canh bdo hé thong (vi du: bd nhé gan day).
o Cic su kién dugc hen gis.
e Canh bao ap luc bd nhé (Memory Pressure): Khi hang doi FIFO
Queue gin day, mét Queue Manager sé gli canh bdo vao ngif canh.
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MemGPT: LLM nhu CPU diéu phdi bd nhé

LLM tu ra quyét dinh khi nhan canh béo:
o Luu trir thong tin quan trong:
e Di chuyén dit liéu tir FIFO Queue — Working Context (RAM).
o Hoic luu dai han vao Archival Storage (Disk).
o Truy xuit thong tin:
e Tim trong Recall Storage (lich st hdi thoai).
e Hodc tim trong Archival Storage (tai liéu, file).

Tuong tu OS

LLM déng vai trd nhu CPU, chd dong quan ly dit liéu gitta RAM (Main
Context) va Disk (External Context).
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MemGPT: Co ché tu chinh stia va truy xuit

o Diéu phbi dif liéu tu déng: LLM chi déng quyét dinh khi ndo cin
di chuyén cdc muc gita Main Context va External Context.
o Vi du: khi lich str hdi thoai tr76 nén qua dai.
o Chinh slra ngit cdnh chinh dé phan dnh muc tiéu, trdch nhiém hién tai.
e System Instructions: Dinh hudng cho LLM cach st dung hé théng
b6 nhé:
o M5 t4 chi tiét hé théng bd nhé phan cp va chic ning.
o Lugc dé ham (function schema) + mé ta tu nhién cho ting thao tac.
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MemGPT: Vong lap phan hoi tu dong

@ Chu ky suy luan:
Q LLM Iy Main Context (RAM) néi chudi — sinh ra output.
Q M,emGPT phan tich output, ki(/“em Era I6i goi ham. .
© Néu hgp [&@ — thuc thi ham; néu 16i — trd runtime error vé LLM.
e Vong lap phan hoi:
° Hé\théng hoc tir hanh déng cla chinh né.
e Diéu chinh hanh vi theo gidi han ngit canh va token.
o Co ché bé trg:
o Canh bio gii han token dé dinh hudng quan ly bd nhé.
o Truy xuat cé phén trang (pagination) dé tranh tran cia sé ngit canh.
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Control Flow trong MemGPT

o Events — LLM Inference:

o Su kién = diu vio tdng quat cia MemGPT.

e Bao gobm:
@ Tin nhin ngudi dung (chat).
@ Tin nh3n hé théng (canh bio dung lugng context).
© Tuong tic ngudi dung (vd: upload tai liéu xong).
@ Timed events (chay dinh ky, khéng can prompt).

o MemGPT parser chuyén su kién — vin ban thuidn — dua vao Main

Context — LLM x@ ly.

o Y nghia: Cho phép MemGPT phan tng da dang, khéng chi khi ngusi
dung gli prompt.
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MIRIX: Multi-Agent Memory System for LLM-Based

Agents, 2025 [10]

o Thiéu cAu tric va tritu tugng héa: Luu trit dang flat vector store
hodc graph don gian, khé truy xut hiéu qua.

o Multi-modal kém: Chu yéu cho vin ban, it hd trg hinh anh/giao
dién/di liéu phi van ban.

o Kha ning mé rong han ché: Luu dif liéu thd (dnh db phan gidi cao)
gdy ton dung lugng, thiéu I6p triru tugng.

o Stateless: Chi ghi nhé trong mét phién héi thoai, khéng duy tri
théng tin 13u dai cta ngudi dung.
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Giai phap MIRIX

o Kién triic bé nhé module héa: Siu loai bd nhé chuyén biét, 14y
cdm hing tr bd nhé con ngudi.

o Multi-Agent Framework: Nhiéu agent phdi hop dé cap nhat, didu
phdi, va truy xuit théng tin hiéu qua.

o Hb trg da phuong thic tir gbc: X Iy ddng thdi vin ban va hinh
anh — suy luén da phuong thic.

o Co ché Truy xuit Chia déng (Active Retrleval) Agent tu dong
nhan dién chi dé hdi thoai va goi tool dé truy xult bd nhé.
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MIRIX: Sdu Module B6 Nhé Chirc Nang

o

Core Memory (Bd nhé Ldi): Thong tin bén viing vé ngudi diing va
agent (tén, sé thich, tinh cach). Ludn nim trong ngif canh.

Episodic Memory (B6 nhé Su kién): Nhat ky cé ciu triic vé su
kién/trdi nghiém theo dong thsi gian (vd: "Ngudi dung tham gia hop
lGc 10h sang").

Semantic Memory (B6 nhé Ngit nghia): Kién thic tritu tuong,
khai niém, su that, mbi quan hé (vd: "Ha N&i 13 tha d& VN").
Procedural Memory (B8 nhé Quy trinh): Cic huéng din ting
budc dé thuc hién tac vu/quy trinh (vd: "cadch commit code Ién Git").
Resource Memory (B6 nhd Tai nguyén): Luu trif tai liéu, file,
media lién quan cong viéc (vd: PDF, ghi 4m hop).

Knowledge Vault (Kho Tri Thiic): Luu théng tin nhay cam, chinh
xac tuyét dbi (vd: mat khau, API keys).
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Kién tric Da Tac ti (Multi-Agent) trong MIRIX

e Meta Memory Manager Agent trung tdm, phan tich dau vao va
dinh tuyén théng tin dén cdc Memory Manager phu hgp.

e Memory Managers (6 agents) M&i agent chiu trach nhiém quan
ly, cdp nhat va truy xudt cho mot trong sdu loai bd nhé.

o Chat Agent Quan ly giao tiép vé6i ngudi diing, phan tich cau hdi
va phoi hgp véi Memory Managers dé tao ciu tra oi.

Y tuwdng chinh: Hé théng da tic t& dang mé-dun gitp x& ly dau vao

déng va khéng ddng nhit, dam bao cap nhat va truy xubt théng tin hiéu
qua trén toan bd sdu module bd nhdé.

Ngo Van Linh (SolCT-HUST) 71/86



Quy trinh Cap nhat B6 nhé

© Nhan dau vao mdi: Hé thdng tiép nhan théng tin tir ngudi dung.
@ Truy xuét théng tin lién quan: Tim kiém trong kho bd nhé dé |5y
cac dit kién lién quan.
@ X ly trung tam:
e B& Quan ly Siéu B nhé (Meta Memory Manager) phén tich ndi dung.
e Xéac dinh loai b nhé can cip nhét.
© Dinh tuyén va cap nhat:
o DAu vio dugc chuyén dén cic B6 Quan ly B6 nhé chuyén biét.
e Cac bb nay cip nhit song song, ddm bdo trdnh trung l3p théng tin.
© Phan hdi va xac nhan:
e Cac Memory Manager béo céo lai cho Meta Memory Manager.
e Hé thong gii théng bdo xic nhan cip nhat thanh cong.
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Minh hoa update b6 nhé t

Automatically check
relevant memories

1
Meta Memory Memory Memory
Wl Manager Managers Base
Send Content

Analyze Conte@Type
Route to relevant managers

Process I@rmation

Update memory components

Confirm Updates

Processing Complete

Acknowledgement

Meta Memory Memory Memory

User Input Manager Managers Base

Hinh 7: Update bd nhé
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Quy trinh Truy hdi trong Hbi thoai

Ngo Van Linh (SolCT-HUST)

Tiép nhan truy vin: Chat Agent nhan ciu hdi tir ngudi dung.
Truy hdi thé:

o Tim kiém trén toan bd 6 loai bd nhd.

o Chi trd vé& cac tém tit clp cao, khong chi tiét.
Phan tich va truy hdi tinh:

o Chat Agent phan tich truy vén dé chon bd nhé lién quan.

o Thuc hién truy xuat sdu hon véi phuong phap pht hgp.
Téng hop cau tra 18i: Ghép thdng tin tir cic bd nhé lién quan dé
sinh ra phan hoi cudi cung.
Cap nhat khi can: Néu truy vin chita théng tin méi (su kién, chinh
stra), Chat Agent tuong tac truc tiép véi Memory Managers dé cap
nhat bd nhd chinh xac.
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Minh hoa sinh tra I5i

Automatically check
relevant memories

User Query |

Base

Chat Agent |

‘ Memory

search_in_memory() ‘ | ’ Response

Ask question

Analyze queBon
Conduct specific search

Query corresponding memories

Return relevant results

Consolidated results

Urgent memory updates Memory
Synthesize résponse Managers

Generate response

User Query |

‘ Chat Agent ‘

search_in_memory() ‘

I Memory | ‘ Response

Base
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Hinh 8: Ludng truy xuit bd nhé




5. Datasets and Experiments

C4c bbd dit liéu nén tang cho hdi thoai dai han

e LOCOMO [11] : Benchmark tiéu chuan dé danh gi4 kha ning ghi
nhé cac cubc hdi thoai rat dai, dudc tao bdi hai agent c6 trdi nghiém
song khac nhau qua hang tudn/ hang thang.

e Long-MT-Bench+ [12]: Bé dit liéu tp trung vao cic ciu hdi yéu
cau suy luln trén ngit canh dai, dugc xay dung tir cudc hoi thoai gitia
con ngudi va chatbot.

o LongMemEval (s/m) [13]: Kiém tra b nhé & hai quy mé khéc
nhau (nhd va trung binh) dé danh gid kh3 ning md rong. Dugc tao
bdi ngudi néi chuyén véi chatbot qua mét thsi gian dai.

e MSC (Multi-Session Chat) & MSC-E [14]: Céc cudc hdi thoai da
phién hai ngudi néi chuyén véi nhau, tap trung vao tinh tu nhién cla

hdi thoai va su cd nhan héa.
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Bé dit lieu LOCOMO: M4 ta va Chu tric

@ Muc tiéu chinh: Danh gid chuyén siu kha ning ghi nhé dai han cla
cac tac tr hoi thoai (LLM Agents).

o Quy mé: Gom 10 cudc hdi thoai rat dai, trung binh mdi cudc chia
khodng 600 lugt thoai va 26,000 token.

Phan loai ciu hdi kiém tra

@ Single-hop (M6t budc): Tim théng tin cu thé trong mét lugt thoai.

o Multi-hop (Nhiéu buéc): Téng hop théng tin tir nhiéu phién khac
nhau.

o Temporal (Thdi gian): Suy luan vé trinh tu, thit tu ctia cac su kién.

o Open-domain (Mién md): Két hop kién thic trong héi thoai véi
kién thic chung.

—————————=— - -
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B6 dir liéu Long-MT-Bench+

Ngudn goc va Muc tiéu

o Dugc tai ciu triic tir bd dif liéu MT-Bench+ (mdt tap héi thoai giita
con ngudi va chatbot) dé khic phuc cic han ché vé d6 dai hdi thoai
va s6 lugng ciu hoi yéu cau ngit canh dai.

@ Muc tiéu: Tao ra mét benchmark thir thach hon cho viéc dénh gia
b6 nhé va kha nang suy ludn trong cic cubc hdi thoai rat dai.

Phuong phép Tai cAu triic

e Tang do6 dai: Gop 5 phién (sessions) hoi thoai lién tiép thanh mét
cudc tro chuyén dai duy nhat.

o Ting s6 luwgng cau héi: S dung cic cau hdi chit luong cao do
chuyén gia viét [am vi du few-shot dé GPT-4 tu déng sinh thém cac
cau héi yéu cau ngit canh dai cho mdi chi dé.
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Bo dir liéu LongMemEval (s/m)

Muc tiéu va Thiét ké
@ Muc tiéu: Danh gid kha ndng cha cac trg ly do trong viéc xi ly bd
nhé tuong tac dai han, dic biét l1a khd nang ghi nhé dong va duy tri
su nhat quan lich su.

o Thiét ké: Dugc xay dung d& kiém tra khd ning mé réng (scalability)
clia cac hé théng bd nhé bing cach cung cp hai quy mé dit liéu khac
nhau.

Hai phién ban chinh
e LongMemEval-s (small): Quy mé nhd, bao gbm 50 phién hdi thoai
cho mdi cau hdi, véi do dai trung binh khoidng 103k token.

e LongMemEval-m (medium): Quy mé trung binh, mé réng |én 500
phién cho mdi cau hdi, véi d6 dai trung binh hon 1 tridu token.

— — = = SaRs
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B6 dif liéu Multi-Session Chat (MSC va MSC-E)

MSC: Nén tang

@ Chira cic cubc hoi thoai da phién do con ngudi tao ra, trong dé ngudi
tham gia phai duy tri mot tinh céch (persona) nhat quén, tap trung
vao su mach lac, tu nhién va cd nhan hda.

@ MemGPT gidi thiéu cic tac vu chuyén biét trén MSC nhu Deep
Memory Retrieval (DMR) dé kiém tra tinh nh4t quén va
Conversation Opener dé danh gid mdc d6 tuong tac.

MSC-E: Phién ban Mé rong

@ Dugc tao ra bdi nhém tic gia MemTree dé tang do khé va thir thach
cdc md hinh x{ ly nglt canh dai.

e Diém khac biét chinh: Kéo dai mdi cudc héi thoai 1én dén khodng
200 lugt (rounds), dai hon nhiéu so véi MSC gbc ( 15 lugt).
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Céac d6 do danh gia chinh

Do ludng chét luong cau trd 15i (QA Metrics)

o Db do truyén théng: F1, BLEU, ROUGE, BERTScore (dua trén so
khép tlr vung va ngii nghia).

e D0 do hién dai: LLM-as-a-Judge (GPT4Score, GPT40-J) dung
LLM manh dé danh gia toan dién, dugc xem la dang tin cly nhét.

Do ludng hiéu sult truy xuit (Retrieval Metrics)

o Recall@k: Kiém tra xem thdng tin cin thiét c6 n3m trong top-k két
qua truy xuit khéng.

e NDCG@k: Danh gia chit luong x&p hang, uu tién cic két qua lién
quan & vi tri cao hon.
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Bang 1: So sanh hiéu suit trén LOCOMO

Bang 1: So sanh cac phucng phap trén LOCOMO. J Score la d do chinh.

M& hinh J Score (%) + F11 BLEU-11 ROUGE-L 1
Baselines khéng cé bé nhd phdc tap

Full-Context 72.9 12.2 - 11.7
RAG (k=2, 8k) 61.0 - - -
Contriever (RAG) 40.3 15.7 2.7 15.0

M6 hinh c6 kién tric b nhé

SeCom 442 13.8 2.3 13.3
MemGAS 41.1 17.7 3.6 17.0
MemO (Graph) 68.4 - - -
MIRIX 85.4 - - -
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Bang 2: So sanh hiéu suit trén Long-MT-Bench+

Bang 2: So sédnh cic phuong phép trén Long-MT-Bench+.

M&é hinh GPT4Score 1 F11 BLEU 1 ROUGE-L t
Baselines

Full History 67.4 36.1 11.3 29.3
Contriever (RAG) 63.5 36.3 11.6 29.7

Mé hinh cé kién triic b6 nhé

SeCom 64.6 36.7 12.0 29.7
RAPTOR 59.7 37.7 13,5 30.9
HippoRAG 2 63.5 35.6 11.1 28.8
MemGAS 69.4 41.5 15.6 34.7

Ngo Van Linh (SolCT-HUST) 83/86



Bang 3: So sanh hiéu suit trén Multi-Session Chat

Bang 3: Hiéu sult trén MSC (tic vu DMR) va MSC-E (hsi thoai dai).

Mb hinh Accuracy (%) T ROUGE-L(R) 1
Trén MSC (15 lugt thoai, tic vu DMR)

GPT-4 (Baseline) 321 0.296
GPT-4 + MemGPT 92.5 0.814

Trén MSC-E (200 lugt thoai)

Full History (Baseline) 78.0 -
MemoryStream 80.7 -
MemTree 82.5 -
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Bang 4: So sanh hiéu suit trén LongMemEval-s

Bang 4: So sanh QA va Retrieval trén LongMemEval-s.

M6 hinh J Score (%) + F11 Recall@l0 ¥+ NDCG@10 ¢
Baselines

Full History 50.6 11.5 - -
Contriever (RAG) 55.4 13.8 90.0 84.3

Mé hinh cé kién triic bbé nhé

SeCom 56.0 13.0 89.2 85.1
HippoRAG 2 57.6 14.7 91.3 88.7
MemGAS 60.2 20.4 94.5 90.0
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6. Conclusion

@ B6 nhé dai han 13 yéu tb then chét cho conversational agents bén
vitng.

@ Phan doan va nén ngii canh gidp vugt gidi han context window va
giam du thua.

e Kién triic bd nhé c6 cAu triic (tree, graph) hd trg t8 chic va
reasoning hiéu qua hon.

o Agent Memory Manager cho phép thém, x6a, cip nhat, tém tit va
truy xuat bé nhé chi dong.

o Dataset vi benchmark chuyn biét I3 cin thiét dé danh gia kha ning
nhé va suy ludn dai han.

Twong lai: Hudng t6i hé théng bd nhé théng nhit, c6 ciu trac va duoc
quan ly bdi agent.
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