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Motivation

« 0] =20 = memory managementOf| CHsHAM ZE2HQI M2S HE
> X|&H9I memory operation@ £ Q181 #13}5H= memory bank2| dynamics= &7|X 91 agent execution0f| O{H €S O|X|=7}?
« MHO0|LD 20| =XSt= knowledge baseZ 0|&%t 7|& in-context learning @177} OF:l agentic memory systemOi| CHSHA

trajectoryE E o= A retrieval pool?l memory bank

- experience-following property &4 274

H| =gk 2tH 2| Szl 22X E0|
Memory record = (query gi, execution
retrieval . trajectory ej)
gi + €i ; q+? Retrieval = top-K similar gi = in-context
1tH query-execution M2 task demonstrations
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Motivation

« experience-following property 2142 &

: 51%Hf task query2t ZA =l memory record@| query AtO|0f| =& input similarity?} ZX{SHH,
2+240f| CH28H= execution AIO|0|| = =& output similarity? LIEfLH= 30t BTt

J

Ol EM2 HdEXQ AdE 20 = MAREE &= UAH| SHX|2H agentic memory bank2| X 0|11 noisyet HAC Z QI8l &= J1X| Z Lot
|

1) error propagation
A=l memory recordd| noisydtHLE 22l outputO] =[O LM, agent= PXH taskOl|lA] off R FE JILH= MoASHAHL H 3%
2) misaligned experience replay
UE memory record= demonstration@ 2 HAHE [ HAXY task2t MICHZ alignE|X| Q40F X|£X O 2 £X| U2 executions K
= 2t memory2| A2 T SQH=, X2 2X0flE O Shs ER

- memoryd| 20| XFEl 210 OtL[2t, AMI |7t "Hl==ot X"t 0 HXE THEBHM X5 o= 5K = dd= Al & A
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Problem formulation

- OO[HE HZ2E2[2] 7= AtO|Z

: 97|(reading)2} 2t2|(management)E = 2|0HA] 2L}

A task q —>  memory0i|A top-K ZHAH  —»  LLMO| trajectorye i d —» (g,e)2 FIX| 2H —> QEfE|HLI SHER 7|= ALK

23| 014k

=B o| HQ|L= addition/deletion
QOok. HiSk. reflection2 H|2]

Addition (g,e)=10]M X{& Q= MY £X

Deletion ®(qi,ei)=10]H XA REct 3 &4
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Experimental setup

AlS
* E?:'nl

tot

r

t24: 17l synthetic + 371 real agent
(@]

—_

: CHeror (== 4|1t retrieval mechanismOi|A] Bte 2R =X 240!

RegAgent 6-dim & ;:E%ﬂ el oS Success Rate
EHRAgent EHR DB query/analysis Accuracy
AgentDriver Xte3d trajectory planning Success Rate
CIC-loT Agent loT traffic classification Accuracy

« & A3l backbone2 GPT-40-mini.
«  Strict evaluatores AX| AF2H0| OfEH TOLSH 20| OfL|2}, ground truth H| 2 HARSH ASHMAG| 212C
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Experimental setup

« X2 C}E trajectory evaluatorE AFEdH= 42 memory addition 45 9
- memory addition 280l R =l= noise?t agent2| WS long-term performance0f O Pt O|X|=X| 24

Query-execution pair (q,e)2t evaluator 72} 2 [, addition decision2 n(q,e) 2

1) Fixed-memory baseline
training data2| Y& & 2H}E agent executionO| Z &=l recordE fixed memory bank2
Agent= 0| fixed memorydf|2F 2| &8 A2 entrye= 37t X

2) Add-all approach

OFE Bt

3) Automatic evaluationd]| 7|25t selective addition — Coarse * RegAgentol|A= predicted outputdt ground-truth output
, At0]Q| absolute errorE 7|22 evaluatorE H9|
M| X = M7 = = O
4| 7tX| automatic evaluatorE H2t, C1, C2, C3 3t threshold
C1: GPT-40-mini C1:1.6
RPN C2:1.4
C2: GPT-4.1-mini C3-12
C3: Ex 2 training set0i|AM %ot Fetot T O|0|E| 300702 fine-tuninget GPT-4.1-mini

4) Human evaluationd| 7|gtst selective addition — Strict
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Addition

«  Memory addition: "Z0| ME"2 OFXS}X| OLCt

FRRE 2YE MYEX| 2ot B ne| SE0| Y

m(g,e)=1 - store(q, e) . Fixed =0 OPHEO|X|2t A% ol

m(g, e) =0 — discard

Add-all =1 gafr, Lo|X1
Coarse LLM judge judge S20|| 212
Strict oracle judge IEZ Aot =H

In
o

=> M Z=2 agent algorithm=LCt, memory bank?t A[ZF0] X|LITH O{EH| RH/FHH =l =XE& EHF= 25 =4

8/33



Addition results

- JEH 0PV 452 MEH

: Add-all2 4| agent ZF0|A| £7]| fixed memory=LCt LHE 4= ULt

- Fixed-memory baseline2 Hu ™ 2 452 SX[
Judge RegAgent EHRAgents AgentDriver CIC-1oT Agent
SR. T Mem Size || ACC T Mem Size | SR. T Mem Size | ACC. T Mem Size | > noisyStHL} quality?t St recordE =716HH 26|24 memoryQ| utility7F £=AHE 2~ 912
Fixed 67.53 100 1675 100 [40.11 180 7150 50 VoL quality2t = =t 1= Vel utility?t e 5 25
Add all 55.48 4100 13.05 2-(1:101‘"‘5e 32.32 2125 59.90 1050 _ strict evaluator% *l-%-é-l'l?_:' E% agento'”*-l xl_)_llg_x_.!gg I:_I %% )8%
Cl [63.18 3511 2619 1447 (3692 1161 | 7400 1030 . + . . o
C2 6578 3347 | 3221 1467 4001 1119 | 6880 936 > memory0i| =XE|= {8&¢t experience?| ¥t capacity= S0tCt
C3 6735 3139 [3466 1094 4737 1285 | 7950 952 L L ~
Strict - Coarse evaluator= judge?| THY S30f| 27| 2|&
Strict (70.95 2938 3850 1012 5100 1178 | 8540 904
> fine-tuning®t C3TtC 2 & 2ot long-term improvement
o _EhrAgent A AgentDriver :
ey e Thmd ot - add-all2t Y= coarse addition ¥4l 2 success rate?t HL| JHME|X| Q£HLE
0.4 1w 40-muni Strict 0.6 { == 40-min Strict
1.l AI240] EILIA 2t
s | P~ | 203 . .
g2l In $ - - Fixed-memory baseline 9A| I O] & X
kY N P s g s —. 5 04y \ \>‘_ e —
@ R — ® BTISR . . ey —_
/"/“" i Rl e e - strict selective additionz} C3 coarse evaluators A 20| SEHA A= 4S50
002 600 1201 1800 2400 0 500 1000 1500 2000 SEAF
Task Index Task Index o O

rr

- evaluatorg &0 +ddt= 20| 59| SKOITE
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Experience-following

« 2 memory addition strategy®i| CisH, 23X query2t 1 queryE Astie ff retrieved® memory record AO[Q| CHE &
similarityE 5%

- RegAgent0fAl memory addition & Pearsonr 1 3=&9| st

RegAgent AgentDriver AFDEAPH| D 2bEE

0.9751 . All (r = 0.95) ; . All(r=0.91) = o . : = v =B A XE T HCE 2t
£ . Fixed (r = 0.52) 2 | & . Fixed (r = 0.52) g - & LLM2 retrieved trajectoryE "J1Z ot A Xtz "HC| 26t
n . Coarse 1.6 (r = 0.94) i »n 0.451 + 4o-mini (r = 0.87) ./ EI:”.
+ 0.960 Coarse 1.4 (r = 0.97) *_ ¢4 - 4.1-mini (r = 0.87) j-” o
4 Coarse 1.2 (r = 0.96) &7 o 4.1-mini FT (r = 0.91) &
] Strict (r = 0.92) ~ ] Strict (r = 0.85) <
O 0.945 I IE S 0.30 v
) Faregen” ) B
)] 1567 g o 3 o
g 0.930 : g /
2 g. K z: 0.151 - ‘,;;‘; 3 A

0.915{ =~ i i .

076 080 084  0.88 092 040 045 050 055  0.60
Average Input Sim Average Input Sim

> H|=0F 0t 22X E retrieve™ =&, agent?t 1 2t 2H|2| executionz Of H|=5HA| w2t otct,

- memory ?|2F LLM agentQ| experience-following property
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Error propagation

+ 2R= M22|E EBfal HoHEIL

ARl trajectory?t PR HlS TX| 2, T ZOPFCHA] X EITE

RegAgent - Error-Free AgentDriver - Error-Free

1.0 0.7
-e- All . All (EF) -e= All . All (EF)
-+~ Coarse . Coarse (EF)____E...--— -o- Coarse -=. Coarse (EF)
0.91-e- Strict . Strict (EF) g aymp— 0.61 o= Strict . Strict (EF)
g o et lorong | B
] T mEmT 5 ] SU—
& 0.8 e 1 « i
0 n 0.5 e 2 el et
0 | n
/] | ()]
U 0.7 o 1)
s i S04 5
" » %:M'W.M
0.6 1 N'Wo-—.\“
0.31
0.5~ T T T T r T T T T
0 1000 2000 3000 4000 0 500 1000 1500 2000
Task Index Task Index

* EF: memory0j| X &=|= LLM execution2 ground-truth output@ 2 WA

DA} taskOf|A] ZAH —>

LLMO| @2 TjjEd s} — M @FIF CRA| X%

Error-free variant2} H| 1S} add-all/coarse
addition0i|A| .95 gapO| HZEIC}. Strict addition
|0 ek Mo 2 QYo EICY

=>memory?} "et5"X & E0|= 0|2 = correct experience
o 40|, failure 22 HAHLIELZ SEEIC]
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Deletion

«  Memory deletion: £32 %2 2215t
=

=
; 82F X||heE otL|2t &2 MEE experience replayE £0|= 24|

Periodic A2 o2t BB <a  HOMX| o= J|1Z XA
. . MEHHL| S22 7|2 &
History-based HME S BR utility <p AT HH = A

Periodic Vv History-

Combined based

=> Periodic2 " M 0|= A"Z K|, history-based= “MEEHL| downstreamO| L Z1"Z X[2LCt.
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Deletion

« reliable evaluator?t U9 ™M deletionk M5S SZICH
: Combined= memory sizeZ 1% 3| £0|= A2 MEH
Siisie RegAgents EHRAgents AgentDriver CIC-IoT Agent
&y SR.T Mem Size | | ACC.T MemSize | | SR.T Mem Size | | ACC.T Mem Size |
Coarse evaluator (C1)
Nodel | 63.18 3511 2591 1447 36.92 1161 74.00 1030 - Periodical-based deletion2 CHX|Z performanceE == Tt ZtAaA|F[H A
Period | 60.88 1012 26.65 338 36.38 426 78.10 355
History | 62.10 3205 3355 1004 34.00 1019 73.70 952 memory sizeE 3HH =Y
Combined | 59.32 951 31.47 279 35.62 372 68.80 352
Strict evaluator > deletion §10| addition?t =&5tH, AX|Z T QSIHX| 42 redundant entry?t memoryo|
Nodel | 70.95 2938 38.67 1012 51.00 1178 85.40 904 aro| =
Period | 67.65 949 38.59 302 50.94 467 80.80 310 LEl =
History | 69.80 2286 42.06 784 51.81 846 89.60 788 _ - _ ion©l & H= (tili o| A XlO
e e % 5T w5 5% e History-based deletion2| 2 21= utility evaluatorl| AZ[=0f| 3H| ZH$
- EhrAgent - AgentDriver
' Add Only ’ Add Only
. Hist Del ] Hist Del o _._
g“ g"'ﬁ > Cta3| 2271 9= memoryE H25H= 24 otL|2t, downstream
0.3 TEl - e e
2 8" taskOl|A{ utility?} && experiencegE MHsH FX|5t= 20| Z5|ILCt,
g% S 0.4
3 -
"ol wn
0.34
0.0-

Strategy Strategy
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Misaligned experience replay

« History-based deletion@ £ performance?} YA E|= 0| FE Yo7 2/5H, &5 memory record?} task executiondi] A2
30| £|X| gL 23] Si=2 guidanceS XS ST IFFTHCE
» A0l = HEME executionO| 94xH taskoil= HAESHX| =
X E trajectory@t 94Xl execution context?t LX[SHX| Q4=
« History-based deletion@ £ performance?| &&= 0|
: X S0fl= £2 experience2 MEE|O] HEE|UCEHE, O] 02 taskOf|A Al LI AntE QE6HA utility?t LOFX| 1 A= ALK E

Deleted vs Retained (Coarse 1.6) Deleted vs Retamed (Strict)

history-based deletion0| X2 FA0| 22 M2 2|E St Y=2¢

> MA|E 220t RX|E HEE[L0E FEO| W2 Fol UL,

Density

- Deleted
-~ Retained

- Deleted

-~ Retained

== Deleted Mean: 0.5266
~ = Retained Mean: 0 4434

L= Deleted Mean: 1.0678
~ = Retained Mean: 0.6328

! 0.00
0.0 0.4 0.8 1.2 1.6 0.00 0.25 0. 50 0.75 1.00

Absolute Error Absolute Error
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Challenging Scenarios

A2l H|2f0] U= M= 2Rt QIX

of

1) A|2H0| X|LHHA X 2|8HOF 8F= task2| £30| EatX|= task distribution shift

2) memory bankO0f| X&' 4= Q= record £=7t M[PHE|= resource constraints

1) Task distribution shift
EHRAgent2} AgentDriver2| 7|& test set2 =8 - A8 =F X2|6HOf St= task distributionO| HIR =S

EhrAgent AgentDri o -
e | o e | ] - HM™ES =2 &= distribution shift?} §l= 2|& 27812 d's K02 2 X] 4Lt
0.60 4 === Strict Strict+Comb o6 - Strict Strict+Comb
g || Al A > HHE3t memory H2| H2FS AFRSIH task 2L LN E 452 H D
e | 2 s &€ 05 N
o | Ll A~ VYHOD G + S
g I S u_r?\v-\_‘w 4 o
01! | T Y ' - AgentDriver0f|X]= strict additionZt Ar2ot HH0| 1R =2 H&
00 0 600 1200 1800 2400 . 0 500 1000 1500 2000 9 AHET'__ dIStrlbUtlonol”A-I AOHA-lEl_I jC:)rc.éII% OD-l :l-é-lhj-” E4jI-Ol-():I EHI-% jC;'-éI;I“I:I_I.
Task Index Task Index
* fixed memory gk 4 QICHH, memory additionPtQ 2= 3t Histof| gafMoz M
+ strict addition Lo _ ] ) Lto L
- strict evaluatorZ AF28H= history-based deletion - EHRAgentOf|X&= history-based deletionO| combined deletionECt %2 d&
« strict evaluatorE AF2SH= combined deletion N
—> distribution shift 2120 A= periodical deletion= A5 QY310 2|04
= task distribution shift &2l M= M2 DEE A S FII65H= 218 OfL| 2},
AXY distributionOflA] T Of4 A E|X| 2= 2tH FEE FI(|HCE HHSH= A SR 15/33




Challenging Scenarios

= . EhrAgent

AlX{0O OFD| Ol = A}S}H niv.siel 0.60 T -
— = 1 Ll X‘” = Ol M- O oo'”*-lE —Q—J-l'—l I_lxl -+~ Coarse+Comb (100) -s. Coarse+Comb
-e- Strict+Comb (100) . Strict+Comb

of

1) A|2H0| XLt A X{2|8HOF SH= taske| §30| EEFX|= task distribution shift

@ 0.45 4
‘6 e el T
2) memory bank0i| &g 4= Q= record 2=t X|$tE|= resource constraints « "
) y = @ 0.30 M//—;ﬂ“ _____ p e B
Q "
o
=
. W15
2) resource constraints
0.00 +— T T r
0 600 1200 1800 2400
- capacity X|stof| 24| combined deletion policyS &H Task Ingex
07 AgentDriver
Periodical-based deletion > ZHE S5t {2 record addition > Memory capacity £ G| £ 20l "' |- Coarse+Comb (180) -=- Coarse+Comb
-e- Strict+Comb (180) . Strict+Comb
> 1ot AL average utility?F 71 2 record AHK|| o 06
-—
]
- memory management policy= 4t capacity XM|2f0| U= &ML fixed-memory A EELCH =2 %05
"
Q
)g% § 0.4
1]
> 2E-40| =10 ER0| Z2 record?t MEiHO = HZO ZM M|SHEl XF TS S EXOE AFBY = ULt
0.34
0 500 1000 1500 2000
Task Index
= task distribution shift &0 = MER D5 F&S F15t= 2E OtL 2L,
X} distributionOf|M I O] AR E|X| b= 2HH BEE FI|H 2 E M AHot= A 26T, 16/33



Critical view

. F2 A5 20T AN 2 AIAYTHE 2430] Lt
1) Strict evaluator

: AX| human-in-the-loop?t OtL|2} ground truth H|w = ZA}SH Aok
2) Distribution shift

L KN 0| HeleY |BEF A Mo 2 1 E query stream
3) Scope

: addition/deletion0f| &% summarization, merging, reflection2 |2
4) Causality

. experience-following2 2ot A2 X2 LHE HHL|E SE2 O

=>memory bank®| "F& &e|" Gl0l= agent?t FI|1H 22 QPILtE|X| s=Lis YA 2
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Motivation

- Ch5 Iong—term memory01| ISESEly
> AREXPL oAl Q7 FO0j| A ZHEFSE tool argumentE 1A CHst

«  7|&2| memory benchmark

£ A2 S M= fact retrieval 533 B2t

Paradigm

What is tested?

Fact retrieval “0f|Lto] HOFRAX|?"

'L 9 &H SH OF&
Memory— Action Y HEI] 0SS

$500 ZHE20| HAE fact HM

search_flights(max_pr ZQ3tI|AS AAZ &

ice=500,
non_stop=True, )

> 2 7ot Ak & Eotk= 210] ofL[2t O 7|0 QK| =201, AAS

— ]

O} tool callof|
grounding

8= 9| parameterZ groundingdt= A
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MEM2ACTBENCH

« MEM2ACTBENCH X|2t

- 21 T8 7|2 220l O YRS 0|8310] A% 53t tool argumentS ST 4 YUK
- AFBXIe] 215 O] XKl SHOIXI, A%o] LR F28 £210] AT interruptionO] B 11 Chstol 2AtElof AU

» TN OIO0|H F5 2P 2 Ml B = 9 E
1) Heterogeneous Data Integration

: Tool-use St CHetet Lt CHRIE 40], AX| AREXF 7| EMEH 2 FH|2F 7|0 E= interruption-heavy interaction historyE =
2) Fact/Memory Evolution Chain Construction

L CHeto| M AR S &5t M2 S0t HilElz FEE daldl =2 -AlZtKe =z
3) Memory-anchored Q&A Construction

: memory=2E 2ot GHE tool callg HX THE F, A

=
—

22t=l memory chaing 174

2 parameter

[

WS AR QS o M

> reverse-generation &

Al
> %|Z query2tO 2= HE tool callg Z2HY

i
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MEM2ACTBENCH

1) Heterogeneous Data Integration

|'O|'

242 Y|tz 2|25 THE2| 76l M2 JH0[ HE HOIHE 2

ask-oriented Dialogue
: ToolACE, BFCL-v3
 LLMZ AL XpAAZ L=l multi-turn dialogue 2 X714
- tool A0 HRor FEIt of #0f| FO{X|X| G511 X turnof| 24tEl CH2f
- Conversational Noise

: XY tasket 2HE G = CHRPY b otk | = AX| CHRFE BHESH | 2fsl OASST 12| YHt CHSHE conversational noiseZE A

ToolACE —
- tool-use 7|28 AAZR multi-turn dialoguez W@
BFCL ——
A
0ASST12| gt CHEt thread
:
2] ChE segment® EHET 42 7] conversation history
4
historyolr fact& 5"
3
stte| Fact Evolution Chain +4
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MEM2ACTBENCH

2) Constructing the Fact Evolution Chain
2-1) Fact Extraction and Grouping
CHeI2EE LLMS 0| 8%l 1 X3t=l factE == (attribute, fact, source ID)
attribute: AF210| OffH £/40|L} S=A{|0f| 2ot UK LIEHH= label
fact: CH2tof| 2=l atomic user statement
source ID: S AtAO] 0= Y2 dialoguei|A] LIRH=X| LIEFLHE AlX}
clusteringdiM StLE2| HIt sampledi| £0{Z ¥ £HE synthetic long-term history 15

FZ5l attributes= BERTopic2 £ clustering, LHE clustering algorithm2 2 HDBSCANS AHE

2-2) Memory Evolution Chain Construction -> & CHY| 2 1=

1. Local Conflict Resolution

i
r=
In

S Ut attributeE S/ 6H= 2 fact group LIEOIA 22l [ocal sequence

O|% LLMoZ
* Temporal ordering - CHSt & A|2F B30t =M E HIEIO Z factE2 A& 2 B
* Valid update preservation - O] F&ot I A2 2= Lot AR 0|5 FY=Q updateZ RX|
* Multi-valued trajectory preservation - A|2t0]| [Lf2} 42 20| 2= Qe =2

o

M
* Invalid fact removal - 21} 242t QAL CHE AR Fot =2|H =5 Y27|= statementE H|AH 29/33



MEM2ACTBENCH

2) Constructing the Fact Evolution Chain
2-2) Memory Evolution Chain Construction -> & CHY| 2 1=

2. Global Evolution Sequence Construction
424 local sequenceZ StLt2| global memory chain@ = eHXICt

= Ol=)

dependency graph= =1
node: 2t2to| fact
directed edge: & fact AtO|2Q] A|ZH M 2|

Kahn's algorithm= 213%t topological sorting2 H-&3510 MA| factE StLL| A2t =ME2E HE
2> J[E =MZ MEZ[X] g5 52| 2l

[#%x1]

L1: MEd s
L2: 422 OJA
- L10] L28ct 2

r

e >0 EEEE8SEEYE > L1>F1->T1->L2->F2~>T2
F1: 25 842 948
F2: gluten-free A28 4%
- F10| F2&Ct 2%

[ 4=

T1: ZREE WIS
T2: Hgwet M
-+ T10| T2&ct i

Local Conflict Resolution 23133



MEM2ACTBENCH

3) Memory-anchored Q&A Construction

;D O™ tool2 &X| 121 - @ 1 toolQ| HIZFHE memoryZ MAA 2HdE HE tool callg TtE=
3-1) Target Tool Selection and Parameter Anchoring

BM252t BGE-M3& 2t U= tool REE %11, LLMO| £|F toolE A7

MEHZI tool2] argumentE memoryOf| A X{S
3-2) Reverse Implicit Query Generation and Filtering

2tMSt tool call CE TH= F, 0| HIEIO 2 E2EMS AFRXt query Q€ @O =2 MM

[ By W —

PlacesSearchAPI(
location="Austin, TX", . N _
di 1 f =Tl e free= > 25 XY Q|Alstn Ao MEst TS Ao} 7.
ietary_preference="gluten-free (Agent?} O|2 i 2{H BtEA| IFH memoryE & T80} StEE)
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Dataset quality

« H|0|E #22t human verification

P AtE ZHGOIX| M| THEAO M EE0F AS S =
- 400 tool-use tasks
- 2,029 sessions

- 13 avg turns/session

- 91.3% strongly memory-dependent

erification target Reported quality

Z&& fact?t AH dialogue LI S 2R H entail=|=X| SHIEH| FH&t=A=X] Fact extraction 96.5% correct
--dE memory evolution chainO| Z2HA1X| A|ZHo]| 2 HE 2| updateE HES| BIASH=X|  Conflict resolution 86.7% acceptable
Al queryZt O E M gold tool invocationO| 65| underdeterminedeHA| Memory dependency 91.3% strongly memory-dependent
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Evaluation setup

« WO AX: memory framework?| parameter grounding= &L}
12| & memory system=0| 2t Ci2tof| A TRt HEE 20} tool parameterg Z0tLE F=5HH| XHE 4= U=2F?
: Main experimentOi|A= Z20i[H| HE tool XiA|

=
=
~> Ot ToolE ArESHOFSI=A|= YeiF1, 1 IH2t0[E S M2 [0 &2 HE=X!

02| Xs

“

LTMemory, SCM, Generative Agents,

Memory frameworks MemTree, Mem0, LangMem, A-Mem

LLM backbone Qwen2.5-7B/32B/ 72B
Retriever BM25, dense, hybrid, oracle

. Parameter F1, BLEU, Tool Selection
Metrics

Accuracy / Tool Accurac .
y/ y - end-to-end tool selection2 &= hard-

negative &0 A EAlgt
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Main Results

« 20| HESZE parameter grounding0| Z0tx

Method QOwen2.5-72B-Instruct  Qwen2.5-32B-Instruct Qwen2.5-7B-Instruct Average

F1 BLEU TA F1 BLEU TA F1 BLEU TA F1 BLEU TA
LTMemory 3532 6793 9200 33.87 6771 9020 2671 6407 8725 3197 6657 89.82
SCM(Wang et al., 2023) 2273  62.04 9625 1735 5937 9575 1499 5737 91.00 1836 5959 9433

Generative Agents(Park et al., 2023) 2238 6258 9550 17.81 59.76 96.24 1444 5559 89.75 1821 5931 93.83
MemTree(Rezazadeh et al., 2024) 3321 68.17 9425 31.89 67.69 9450 2460 6391 8850 2990 6659 9242

MemO(Chhikara et al., 2025) 2895 6647 96.75 2452 6436 97.00 1421 5737 9397 2256 6273 9591
Langmem(LangChain, 2025) 2401 63.06 9625 18.72 5827 9725 17.06 5893 96.50 1993 60.09 96.67
A-mem(Xu et al., 2025) 3593 6793 9325 3372 6792 9225 3099 6647 9475 33.55 6744 9342

Table 3: Experimental results for different memory methods across multiple model sizes.

> L8| LLM 370t 3|00 s El= 22X X
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Retrieval bottleneck

o AN} 2: Jt%E 2 HEL retrievalO|Ct

: 5}X|2t oracle retrieval 2tXot s{A*H2 OfL|Ct

Retrieval Strategy Recall@k F1  BLEU TSA

No Retrieval i 10.0 8.9 73.8
Passive Retrieval Hybrid@5
1 29.0 28.0 87.0 F130.7
BM25 5 26.9 26.2 90.2
10 27.6 26.7 87.5
| 25.6 253 83.0
Dense 5 299 29.1 90.0
10 28.7 28.3 88.8
1 249 243 85.0
Hybnd B 200 So:  aae X$0] 2 +23 F1: implicit queryoll Al 2R3 7|2ig S= Z0| Al Heolrt,

J2{L} oraclek 53.80] 31X post-retrieval reasoning 28|k =L,

Perfect Retrieval
Oracle i 53.8 53.7 88.2
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Where grounding fails

o AT} 3 277|255t 2 defaultOf|A] Bro| Almf

H
M QIX|QF 22| LA} parameter accuracyE ARSI} =

- Mid-context valley 25-50% 12t 2| 0f|A{

F10
- Default value failure "2 912"S QIAISHK| 26

=R Rrlrs
- Lossless retention failure URL/ZF4/ID/EH #+X0{|A truncation- 2Xt 23 PRI \w«\o‘* o 2o & P
s .qe " e(“ 3
e(b"\ W

Parameter Accuracy by Value Complexity

- Simple String
. Numbar
mm Boolean
mm Complex
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Tool robustness & failure modes

« A1} 4: hard negatives@| failure diagnosis

| A AT} 37/t 3

O

AN ARIOM = "SI0 E 2 ME"H|F0| H

XIC

Candidate size N 1 2 5
Random negatives

TSA(T) 9450 95.50 93.50
EM (1) 1825 18.00 17.00
Arg_F1 (1) 290.88 2998 28.27
Hard negatives

TSA(T) 9450 78.00 69.75
EM (1) 1825 16.50 14.25
Arg_FI(T) 2088 27.17 22.64

Hard negativesOf|A] tool selection accuracy= N=5% Iij
69.75%MX| ZA6t1, Arg_F1k 22.64= SIE2HSLLCE,

f

e
w _\f\ed\ o ((\00! d.«e «\0(* (‘\od

& e i«
6\" o o GP:\" c)(}l\ wi°

mm Retrieval Miss mmm Lossless Retention Failure
W Retrieved-but-Unused Tool Selection Error
s Hallucinated Default

Failure modes: Retrieval Miss, Retrieved-but-Unused,

Hallucinated Default, Lossless Retention Failure, Tool Selection
Error.
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Critical view

- 2 HIX|0F30]X[2F X[ agent execution M| E ZESHX|= pi=Ct
1) Synthetic pipeline
: TOolACE/BFCL/OASST1 + LLM A4 0|0{ A AX|| AFZ X} THE 1t X}O| Dt
2) Offline tool-call generation
P Al B2E B =S 785t closed-loop B2t= Ofd
3) Tool selection separation
L HIQ AE2 Y tool M|S; end-to-end Al H b= 22
4) Metric clarity

: TA/Parameter F12| ZtH|= [E &3 MQo| 4 TQ

=> memory benchmarkE “recall"0f|4] "action grounding”" 2 £ 0|z A|ZIC}
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