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« LLM 7|H|' O'” le'l E* e Lk seg xu
* Ak1.9| Ab&(Chain-of- hought) _ o ~
« 2O - BUSE IS Sail sUEt KB ThsetH st
L LLMS QAT A2 4o}, ol BES S5 H#EE oI
St =& MEd BSE TSe AILH
e
. Y F 20| obi, X|Z-BE-HS A0|Z ol oz 51t
. 2E 24 o{RE BHO| THEHstol AolBS B2
- 2 Tt glo| TRTE HFofM WS 522 o
« Ol ZHEIA E P{=(in-context Iearnlnﬂ = '% £5t oj2t0|E] Ld|o|E
IOl ZEZEO | FO0{ &l X[A|2F oJA|Bt e 2 EF ALS
. XIAL-E2 W st o Chobst B ¢% s212E Jts
. BT 22 BHleg, A1l AeY) BHIE B3 BS AE 22 ks
Ol E| AT AlIOIME ghed ofAE
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T4 X4, s meCH
«LLM Z|EF of|O|ME

o SHAlZS A
T=\mT o

« X2 (autonomy)
« QIZtOl JHUO|L} BAIR X|A| QlOl AAZE X US
- HF S H(reactivity)
- Q| ErFo| HEtE QX|etn S OIS
S d(pro-activeness)
grSol XX et SE S8
S 23(social ability)
| CHE OO|MESRt A8

_I

s =
o

A 0jo 0L

Dol

¢ A

—_—

3
. Of

—_

. BAQ A
« & xl(brain)
« X|Z(perception) v
- = (action) <TI% 41> k|, K2 BEC2 AT LLM 7|8 oflO|HE Z a9y

O|EEE AXIX| AIOO|ME 2t ot AE Jinsue Lee, Protocol Engineering Lab. 5
[1] Xi, Zhiheng, et al. "The rise and potential of large language model based agents: A survey. arXiv 2023." arXiv preprint arXiv:2309.07864 10 (2025).
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« £ [(Brain)
« APl 7|8 HIME LLM 2 &
« AHAXI7F MBSt APIE S&£6 AF25tH ZE LHE of
SEP
- HE QlZEl Q0| =2 A5 2HE ALE 7ISStL Z &
H|S & F o|E=0| draligl

* e.9.,, GPT-4, Claude &

e QEAALLM 2H

« 7t8 X7t SIHElo{ RtA| BFE0| Bz st mlIFE 7ts
. HIOJE{E IS0 T2 HIZ S SMY 4+ 2UCL AT 2
2oho| LY £

* e.g., Mistral, LLaMa &
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e X|Zf(Perception)

* Flamingo
* AudioGPT
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X|Zt, S IS

* X|8HE! &2 (Embodied Reasoning)
o &l & Fo| MM 2HF Ztol 2745104, 22 E
 PaLM-E AR JHS B BEFOILL AHIElg T ESE X
* ViT(Vision Transformer)
q - O|0JX|E Al2A Cl|o|E{of BHEtsto ERHA I H
« O] o Mgt =g

- O|0|X|, JE} HE] 5 AHX0| l=S 210 ES i S U
=1 —_— =]l = 7~ =H =
HHE S7hol 4 ¢lstod xi|stEl FE*E 5= HE HE
L=R= g (o} =
« E K|
-1 O
- HE|RG 232 QMo AS
- HIAE EZ Ato|of o|O|X|-3D 3 S2| TS =7
- HelEl T2 ERAXZH S50 HMAE EE10 S XE|
[=] g
* Al- X‘—-l E_II- = ;l-E—-l;LLM(Pa LM)ﬂl- Given <emb> ... <img> Q: How to grasp blue block?
VIT*E 7E=|°=||- ol_l- ?5— ? ViT
« VIT7} O|0|X|E HIE
APAZ HEtst 0, @104
AU Zhol £
O|2EEE AIXK| Al O|ME 2t O A E Control A: First, grasp yellow block and ...

[2] Driess, Danny, et al. "Palm-e: An embodied multimodal language model." arXiv preprint arXiv:23U3.U33/8 (2U23). <2 4.2> PaLM-E o} 7| Ell x{[2]
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=i, X|2H, S mE{che

* PaLM-E

- S&F1HE(2/3)
3. A7 |3 #H HIAE MY

P(Wn+1:L|W1:n) - pLM(Wllwl:l—l)
_ l=n+1
4. £ X2
- TOISE Ao M MHE HAET} £|E HHOR MEE
+ A& ®o] Aol M MME HAET} B WE(e.g, MEFE C}
nxtE Eer 5)0 £80| ®
- T IISE WSS F& HOIEY ZEZEE Z/{E ZHO| AAR HE

O|ERE AZMXIAIGO|ME 2t Ot&
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- MMEICe| M5 S EX Mo 2P (e.g., RT-1)01 3t 2EA HE5HH,
Njo{ 2EIO| O|E AlN| 2E£ 90| 2%l I:I=|E'_=|OE Hi=]
. 20| 20| o] ZtTd0| T} A o||:||x|§ 2l2d|o{ PaLM-E7} CHS

52 MHEH

« PaLM-EE 2R E 2 SXO0[X| gt 49| A=R A 2

XA o etz language conditioned

language li
Open the top Take the rice chips Bring it to the user Put it down ] polcy
Go to the drawers drawer out of the drawer g commands

— o

AERIC| X|A|2t $4RH EHE @l=dut 1) "sort the blocks robot
Che EH9| #S 2 3t Hoi| 5P AlAdai by color" images robot actions
& ':|'7=||0 | Ax 2fUE &= : at 5hz
long horizon goal
<712 4.3> PaLM-EO| A M A8t Q| S5 AR £3 3} 5 <1 4.4> PaLM-E2| Rlo{ 2l

[2] Driess, Danny, et al. "Palm-e: An embodied multimodal language model." arXiv preprint arXiv:2303.03378 (2023).
O|BEE ATIX| AIOO|ME 2t ot AE Jinsue Lee, Protocol Engineering Lab. 12




. 9|
- SZAE AlZF Q1A e LLME @dZAst0q, O|0|X|-H|C |22}
S|AEJHMALE ABAE Ql2liol HAEE MHstE
# 2k (few-shot) AlZ @10 2 &
-1 O
+ SHAT LLMO| 22 A ofEIMoZ AlZt HEE Flstod, O
0 52 2 glo| x|zt efelpr 22 &t
o AlZF QIFCHNFNETF6)2F LLMO| 7t SR |= bt X[ ot QI R ERF St &
- O|0|X[2t HIC|IR E 17 20| EE2 = & =510{ X{C|
o O|0|X[Q} EAAE 7} WALEI ARHAE Sz o, e
A 7ﬂ O-IO-”A—l : -‘-'- AI= 2||-|/=|\ x_-llg ;Zggé;\{z:;ﬁ%ﬂ;z;gﬁﬁ n-th G:FtEiM)f(:I::;DENSE .
. ZEHAE ESS2 &lxl_-l Oo|O|X| SFLFOH|BF pess .= wE - SEEI s
E1MI5104, SHE AlECH EE2 OfDix|ofl [TE R TR s
OII:II_ §|-7|-o @ This is a very cute dog@This is
o|2E2E| AXJK| AIOO|FE 24 Ol AFE w -1y 5> Flamingo OF 7| &l X[
[3] Alayrac, Jean-Baptiste, et al. "Flamingo: a visual language model for few-shot learning." AdVances in liews i wuviiiaucis provvoon iy uyorerim wo \evee ). oot 1v vt wu.



« A Et&SE AL QANHR/IIMES2 SE5I1

— o i —
. OJOE%:I@_OH AlZt E—E*ﬁx)% xSt a2A oMt IEZR|E ANE
Sl ZF &0 tanh H[O|E()E &0 B Hr: = -
- aE 022 Z7|3tE2 2 84 X7lols SHE = ok Hof 7|E LM 5
5t S5, stao| MM a7t K AlZ MEJF MR HHY

'
FEW ¥ — -~ —— STELMICERS FHE R
! def gated_xattn_dense(
q y, # input language features
() : X, # input visual features
self attention * —_t - — %g% LM9-| ’%E O-IIEjAd’ —E—U_l! 78‘5'_ H|_|'°°4 alpha_xattn, # xattn gating parameter — init at @.
; H alpha_dense, # ffw gating parameter — init at @.
D Kev=[Y] a=lvl | | .
1 """Applies a GATED XATTN-DENSE layer."""
wmpaine ———— |+ —~ a7h00IH A2} B Ojgkes
FFW - FUE BT EAN| # 1. Gated Cross Attention #Sh& CHAN A|ZFAEH F=Q
: y =y + tanh(alpha_xattn) * attention(g=y, kv=x)
| # 2. Gated Feed Forward (dense) Layer #i"ﬁ EHg:—’F—CJE._l _.I_._i:j E‘K{I
c2niiECinely — — — —[— 'i_ - 6{7}'00 |Dd A|7—|" KO-‘E'— O |I:I|_|-004 y = y + tanh(alpha_dense) * ffw(y)
‘ cross attention —{-——— 0{Q7HARIEEKV) BZE
d # Regular self-attention + FFW on language
Y Q=[Y] E y = y + frozen_attention(gq=y, kv=y) #%@ -E—”—ﬂ' Hl_l'oo4
___________ y =y + frozen_ffw(y) #%?é ET‘;j Hdil_l'
Vision Language return y # output visually informed language features
input input
<12 4.6> HO|E I 2A o{EIM Flo|o] SEHEI —
Ol%_l?_E-l AEIE'/I NN NNV — 2 T Y] — ]

JVIIIOUTU L.UUT, 1 1VLIVULUUI I—IIHIIIGUIIIIS I_Clb. 14
[3] Alayrac, Jean-Baptiste, et al. "Flamingo: a visual language model for few-shot learning." Advances in neural information processing systems 35 (2022): 23716-23736.



T, X4, 8BS

i Fo [ 22

* Flamingo

* M3W(MultiModal MassiveWeb)
A2 20 7B HIO/E

« Flamingo &2 2Iell ++

- ST 5 Ir'8(2/4)
2. 3t& Cl|o|H 74

« WAl O|O|E{2t & T|O|EE & ALS

otmH, il o[E Aotk AlZ

213 20t Tl 471 CHE

« ARA A|ZH0] <BOS>, Of I:II | #|%[0]| <Image>, &3 &01 <EOC>
=2 AI—OI—H = .” | .| olgd siAl E0Q
EZ D E Oo[E{Alo] @21 3l ¢
= - = 0
- M3W* EM0A 25670 EE Q| F & ABAE FHPZ &1, 1 29
OIEIIKI Z|CH 57H77HR|BF At E =
Masked cross attention
K=Vv=[X]
1 I N | ! .
Il T Resamler  Resswler || iekfiip.
. T —
é) l l l l l l l l I I H I I I I I I 1T I I II I I I I I 1 ’f glni;{g'r\ | ;%&r ,,:\‘ Image-Text Pairs dataset Video-Text Pairs dataset
Y<BOS> Cute pics of my pets!<EOC><image>My puppy sitting inTthe grass. <EOC><image>My cat looking very dignified.<EOC> J - A [N=1, T=1, H, W, C] [N=1, T>1, H, W, C]

| | |
: : I | tokenization . ¥

| | : A Welcome | * "l This is a ,:v S This is a

<B+S>C te p f my pet EOCI <iv‘aqe>My puppy sitting in the grass.<EOC><image> My cat looking very dignified.<EOC> ‘_“’_‘;‘ to my picture of ¥, picture of
! | : | e o website! [ my dog. my cat.
ARRIA NSt 7] M2 B M|
o= SN Multi-Modal Massive Web (M3W) dataset
[N>1, T=1, H, W, C]
<12 47> CIO[E{A SE2 I3t S4 E2 &Y YA

O|EFEf ATIHX| AIOIO|HE 29 otAH

Jinsue Lee, Protocol Engineering Lab.

[3] Alayrac, Jean-Baptiste, et al. "Flamingo: a visual language model for few-shot learning." Advances in neural information processing systems 35 (2022): 23716-23736.
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PY Flamlngo * R (likelihood)

o DEHO|FO{RIH|0EE Aixdet s8R ZI0| 242

oco= T _I_

E||O ||_:__|E Xt A—|l:|=|o|-

=2 =20[A

: 74 SiAE £ 20| 282 O E2TH 1 9ol SAE olDlKIolEt K7
M O

sh&
10|Xx < 1)01 =743}

_ =1
4 2584 o
. #A10| M2 CHE CIOIEAS BiLtel £42 Bof SA| e
- OIO|E{AI(D, ) 22| 21 7HS E 7ICHZEH 7B RI(4,) S =8 BHAst
e e AT AE
M
Z A Exy)~D,), [ zlog(Y€|y<Y<€ers€)]
m=1 1

O|BEE ATIX| AIOO|ME 2t ot AE Jinsue Lee, Protocol Engineering Lab. 16
[3] Alayrac, Jean-Baptiste, et al. "Flamingo: a visual language model for few-shot learning." Advances in neural information processing systems 35 (2022): 23716-23736.
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|

0%
Of
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oY
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o
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il

O A =80| =2 &2 B 02 7HE SAlol fX|
= K4S SHH EFASHS A4 ]
5. %545 o Byt
. CIO[EJAIS 1ZIo} stast= B2 2 Al CHAL B E Co|E{Al0)
7|27 |8 Fxist0d 3 BHol| Z4AlEt

6 N Jof I k=]
1= 10
[=] e |% |.7< x |§ ZHA =|. | O} | | | ElANE :|| |Ml-_l|. XIO' olgi=
s 275 O0[F 7ISXIS OI_IO A Lé—_”—, OI-D-Ix,_-II__I-O A ol &=l =5—=
X St TEXZEOIO H2& Atedo]| X8
WALHiR[Bt ZEZERO Z MEE 210] M SE
HISH ZFod2 HI A% [*2 MM T HAHS &tede s 5 ChE{ 0| ST
* 7|'|oc>—||=||_ = SPN Eooo-_'l—,-u--l— S A EERE RO N E s
= | =H CtH{=2 A{EHSH
= Hiuol g d = |_-I =
Vision to Text tasks (input=vision, output=text)
Kl—?—l_'l O4|}\|(Supp0ft eXﬂmp|e)l ——————————————— Support examples Query
042{ 7Ho| Zo| 229 SiLIZ, = = o 740,
olnjR/AE oz g Emigt; Q YRR £ B e )
sunglasses. the savanna. — S TI —— oo
' MR X157 23S BHE0{ot 512
e — P AT oFSEs
7(|—?|:l 01|A|§ O|0-| %OI_I §_ DFKE,"O-H —_— <BOS><image>Output: A cat wearing sunglasses.<EOC><image>Output: Elephants walking in the savanna.<EOC><image>0utput: —m — —
Zlo| 0[0IX[E Biix|, 2 T=ME REHS processed prom -HiME £ 2 S 712 o M4 Hln
Visual Question Answering Task (input=vision+text, output=text) > ga ?'57}%%% ZISO'leE 704_?_
Support examples Query >—E—1§r EJ 7_}1:'.:'_&! Q_QI%EI‘OI%H%"
3 | what's , >4 £HE DEo] ol 1 EFO|LE
B the cat sunglasses oinatey S Q Hiah BEOIHSEE AME F 52 S5 MEY
wearing? _- i
<B0S><image>Question: What's the cat wearing:e:rgigﬁl::wﬁ::g1:s::s:ﬁgc;:igége:gziz:cn: How many animals? Answer: 3<EOC><image>
Processed prompt
O|ERE ATK| AIO|ME gtH <2 48> FA ZETEO| L MBI » Lee, Protocol Engineering Lab. 17

[3] Alayrac, Jean-Baptiste, et al. "Flamingo: a visual ilanguage moael Tor Tew-snot learning.” Aavarnces in neurail information processing systems 35 (2022): 23716-23736.
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5o, X

* AudioGPT

. Hof

. LLME QC|Q h2ro|M 23 3l 24 &3 QIE{m|0]A 9}
Zet310d SC|e DEalEE MaslE T8 L E 7|8 WEjR T

Al A|AE

« E K|
. LLMQ sl-A3|.x OF 71 9| = §§|. EL‘.—IIQ S _753|.b HFAIO =2
= ~1 Ls - | 1 [ —— ey | L- O | ——
QL| REZIE|IE =%t
[ 1 = = ~10
e« 2 A1 O0l=24 O|E- 1—1_.||0|/\ ie. ASR. TTS)E EEH S AH |_-_|.|§|. x|_.°—_|
=aO He= 1 L —=\l.€, , = O = ) i
341, P& HiE Image To Audio Generation
- =OQL |_<|3_% Elﬁ i‘lalgl'xl 8;:'_ Query: Can you generate an audio based Reg);t:r{:f::[The a-:dlio ﬁ;e‘;md-
2 50 A AudioGPT | EHQd Ehdm} Rl HYRS -3 R Cal g o e
. 4 3 the image.
MBRIolTE mols - ————— | 32 T b F; i
- 2348t TRl BH - ' ———— =3 ool j 2=
1. 2EE|E| HE Speech Recognition I Whisper AR Ea § - ‘|E|=E'|=:I"g' T -
QA SHEHAER @ - ————— Modality Transformation Speech Translation I Audio MultiDecoder AME= ; R
SHEAES SHOZ Bt — Text-to-Speech P | Audio S s o aved on B"audio/T86MTcs ar”
& CF e v
Audio Inpainting Models Difgiﬁgg oo S S — .
SCFAHKM e e e e e e e D e ———
Response Generation ———— 4.8 =
- 2 Al ATt AR} 8RO 2 2| o pe sg
<&l 4.9> AudioGPT #+ &1

<1Z 4.10> AudioGPT =2 04 A[l4]

O|ERE AZTMXIAIVO|ME 2t Ot AH

[4] Huang, Rongjie, et al. "Audiogpt: Understanding and generating speech, music, sound, and talking head." Proceedings of the AAAI conference on artificial intelligence. Vol. 38. No. 21. 2024.
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=i, K12}, #5 meicthy
* AudioGPT

« SEIE(1/2)
1. DEZ|E| g8t

« Zlo| MHO| SHO|H HAER BHEt5t0{ UztE FAIO| Zlo| A4
+ Fo| M@ )0l HAEH RXI5HT, SAI0|H HEHT|(T)E HB5tE,
Zlo| #ad hel({qey ..}y Wetstk| ot n R KIE:
d o ().
A OO O N @205V, ., a5 if ¢ istext
G = @S, oy =4 Vet i ST e P
T@,, )i, q,°} if q,,° isaudio.
2 EFod EH A
T B — I |
. B XEI7|7t UE DY DIE|Z SUP S Test §, Cfst I RInt =
ExE golabyt 2xstE QIRtE FEE
o BAME|7|FH)7F MBS A Alo| B ZF I E 2rE|RH (V)0
ot Chist A X

]
(L) O] HEF ()1 &7H AMEIStod A8 E E':*'(?p)g'% 1 QIR
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=i, K12}, #5 mEichy

* Xk7 1R | &H&(Self-supervised Learning)

* Toolformer  AYEO| I T 910 ClOJE| RO 3t ASE

DrS04 St&shs U4

A4 910, o TTLE O4x| 0 OIRXIZ 55
gote X7(R[E* 718k o] 2 g

« EX
-1 O
- T AIERE AR O] XIE5HXR| gt 2ZEo| A2 A
« 0= RIX[0|M, ot APIE, O QX2 = EEX| ZEOf EE
=

Oolzzei2 EHIAE I s54dsSk A Ol = I:__I.LO7=| |.'—
° = — —_— —_—
H= |12 1 E "I_=IE I /slxl_qll_ l I_=|E7C>
I |2|:I- O| |—| | |. 74 AH | | | | H{od CI24
.E—QOI=I,-I_9-U'I:O |=|—|,7:|A|_|'7,77=| I_-I—I,E—I
- e e The New England Journal of Medicine is a registered The Brown Act is California’s law [Wil
HolSEH =72 ‘é‘%‘x-lf_zl  _ _ _ _ trademarkof [QA(“Who is the publisher of The New The Ralpl Brown A I
EE foi=Z ME England Journal of Medicine?”) — Massachusetts alifornia State Legislature tt uaran he publi  ——— FIECiol Ao 2 HE |

Medical Society] the MMS. right to attend ar I SO XO|E 7}xdQ} A4 43l

ve | that requires legislative bodies, like

HIAH7 |2 40011400 AHlAE =, _ __ Out of 1400 participants, 400 (or [Calculator(400 / 1400) city councils, to hold their meetings open to the public.
HHE 2 AE —> 0.29] 29%) passed the test.
[ETFHQIXN - ZuH
7 Al =52 AT|Rlo i 4 . i = ==
| |50—|° ig e I| Q1o ____ The rlame de’r'wes from “la tortuga’, the Spanish word for SIEHE &0} AT EIAE
Cho{o| S22 &0l [MT(“tortuga”) — turtle] turtle. LIEof| 22 Atol=]

<713 4.11> Toolformer7} 28 API & 0 A|lS]

O|BEE ATIX| AIOO|ME 2t ot AE Jinsue Lee, Protocol Engineering Lab. 22
[5] Schick, Timo, et al. "Toolformer: Language models can teach themselves to use tools." Advances in neural information processing systems 36 (2023): 68539-68551.
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* Toolformer

1.API 2 & 32 MET
cCTHIEZEZEZ HIAEO Z QR|0OIM EE FE MY
- 2IX|()0M & AlSF EZ0| LIS & E(p,)0l YAHIZk(r,)S HE
olx|oF 7|1 &l £ E T2 5, 2 R|0CH 2Tl m il 25
MER: p; = (< API > |P(X), %1,4-1)
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Sample API Calls Execute API Calls Filter API Calls with API Calls
P GEOo[EA
X, , = Pittsburgh is c;' = What other name is r;! = Steel City L/c;* — Steel City) x" = Pittsburgh is
™ also known as Pittsburgh known by? <min(L(c;' - €), L(e)) also known as
. [QA(What ...?
X, = the Steel City c;2 = Which country is r? = United States Lc?— United States) — Steel City)]
Pittsburgh in? ; min(Li(ciz —g), Li(s)) the Steel City.
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[5] Schick, Timo, et al. "Toolformer: Language models can teach themselves to use tools." Advances in neural information processing systems 36 (2023): 68539-68551.
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|
r;! = Steel CitIL L/c;* — Steel City) x* =IPittsburgh is

also known as Pittsburgh known by? <min(L(c' —¢€), L(e) lalso known as
- : [QA(What .2
X, = the Steel City c;2 = Which country is r? = United States L{c?— United States) _ _ _ %_> Steel City)]

Pittsburgh in? ithe Steel City.

"01= LIZHol| sk E

<12l > stA Tl O I 2 ©II5] 5101l 004E “the Steel City” 0o
12! 4.13> Toolformer & m0|Z 2}l DIOfE et iy

> min(L(c? — ¢), L(e))
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[5] Schick, Timo, et al. "Toolformer: Language models can teach themselves to use tools." Advances in neural information processing systems 36 (2023): 68539-68551.
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X|= of| 0| E (Digital Agent)
« 7t&f BHE0|MEE - SSHH, 7 MAH QL 4 EEE
- e.g., Voyager &
- X|&} 01| 0| E(Embodied Agent)
- S2I1X MAHeH 2 45 E&5t= oo|HME
- e.g., PaLM-E &
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* 7{E2|2 & &H&(Curriculum Learning)
° Voyager . OOIRIET} 345t THMIE LHO|E 202 Hiiedstod

KAlets &4

. Ho]
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- A= HEjol AU RgHoE S5 nhelaz)
H =2 EFS ;l_ — | | |
LH_I_E 0 =0T LLM7H|_|'O'|07('IE
e =E Kl
-1 O
ZH A | = OH |.| SstEA O =2 0F =29 SHXF
- It2t0(E{ B4l g0l 23 LY st =20t 53 =3
= _| |$—E—I* | AFoi=2 A A |O =H HI:II-%=| EFAHS |_/.\_
'Xl'o;’EEI:lO 1T H= EK-Il_l-°7OOI:I—IEx—I
Minecraft Tech Tree Diamand Tool wd 60 — — (603 014 274) OflOIIE TA AR A R K|
“ @A SBACH QN |y 9087 2
Wooden Stone Iron  Diamond . .QC)XJ@ 3 50
% 50 Tool Tool Tool  Tool , /ma‘ é 20 _ (37§ '2?1')&% zZlolezz| A
= s ~ =
£ wﬂ@' jeynNe®L® 0 | I,
§ 30 Iron OQ‘UE 8
5 o o8 ¥ sone - Xy = - — (154F Y7 A M Y TR
Ezo T - b L ,28 __SL@EF 2| — = (GOEIOMBA) HRIBEIAE a2 2
10| oo A , % =@2X2 . - — (3% YUY FEIEHE PA9IE TH|
;ﬁ . ‘ = £ 0 25 50 75 100 125 150
0 I Prompting Iterations in Code Generation
0 25 50 75 100 125 150 > Ours —— w/o Skill Library —— GPT-3.5
Voyager (Ours) ——— Voyager w/o Skill Library =~ ——— ReAct ——— Reflexion AutoGPT - Manual Curriculum = Random Curriculum
<I% 414> ZELE HH= S50 [} 2 AT OfO|F 74 6 <22 4.15> Voyager 24 KMol M2 B M5 #45}e]
O| 2R E{ AT X[ Alo|0|TE 2t5] Ot AFH Jinsue Lee, Protocol Engineering Lab. 27

[6] Wang, Guanzhi, et al. "Voyager: An open-ended embodied agent with large language models." arXiv preprint arXiv:2305.16291(2023).
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* HFO|=(Biome)
o Voyager - OleIRHEE HPIE TAshs RIgto I8 Bl

- T A So2 FRE|HES 71s8 AHHO| 4 of&
« S 1% (1/3)
1. & A|gt
. QIHIE 3| HiO|S*, 84 JHA|, #24 S $HxY A H% PT-40 & Al
. GPT-47} AEHE 27{2 BT 0|R9 OHS Belg &3

Inventory (5/36): {'oak_planks" 3, 'stick": Reasoning: Since you have a wooden pickaxe and some stones, it would be
4, 'crafting_table" 1, 'stone": 3, —ﬁ—* beneficial to upgrade your pickaxe to a stone pickaxe for better efficiency.

'wooden pickaxe® 1} Task: Craft 1 stone pickaxe. GPT-47 | A4A45tH s ok
QIHIER| HIOIS & B4R &Y EH 2 SU RO EHE AE7 | CHE T CHE ZHd Ao
" ¥ Biome: river Reasoning: Since you have a fishing rod in your inventory and you are near ariver xtoj a7{ 52
l!/ Inventory (4/36): {'sugar_cane" 3, 'paper" % biome, it would be a good opportunity to catch some fish for food and experience. =7
3, fishing_rod": 1, 'wooden_pickaxe': 1} Task: Catch1fiSh. === === = e e e e e e e e m— - 3 2AICEO|o| AlSH 7S5t Alo{ Sad

<d% 4.16> SEfEE0 et Ah= U S M eksts o of Al

2 é?l 7—IAH

. MIPHEl Aol GPT-3.500 HZ S e M 4y
. TS LB Holz AT, Az 2tol=22lofA] ALl 57H 7

GPT-357} &gt aifd ot

To craft an iron pickaxe, you = Smeltlroningot QAT A|57H
A ) L ) = (et
How to craft an iron pickaxe in need to 3 iron ingots and 2 . o Retrieve ) AZIHEE
i ’ icks. O h nered Embedding Query — Skill Library / Craft Stick
Minecraft? sticks. Once you have gathere Make Crafting Table
HIOHEI 5218 TR Hef= wet he materials, .- S |2 Wt W

ZHMEo|Z e ‘ Make Furnace

Environment Feedback ﬁ Craft Wooden Pickaxe

IRl 8 HEHE Elofof Bt

<Z1E 4.17> EQq pHed AZL 4 M 3 ZH[6]
O|BEE ATIX| AIOO|ME 2t ot AE Jinsue Lee, Protocol Engineering Lab. 28

[6] Wang, Guanzhi, et al. "Voyager: An open-ended embodied agent with large language models." arXiv preprint arXiv:2305.16291(2023).



* Voyager

- S5 M7H(2/3)
3. 1 48 =

. ME 252 ¢ols B Do ZRE Olst M¥ QR E
zEzeof Jof I= RIAA

RE £ES YBls B s

| cannot make stick because | need: 2 more planks
| cannot make stone_shovel because | need: 2 more stick

async function craftStoneShovelWithTable(bot) {
// If not enough cobblestone, mine cobblestone

+ // If not enough sticks, check if there are
+ // enough planks in the inventory

if (sticksCount < 2) {
+ const planksCount = bot.inventory.count(
mcData. itemsByName.acacia_planks.id);

EXHSIX| b= OlO[H S E2 LliEt ARl 2F

throw new Error(*No item named ${name}");
No item named acacia_axe
at line 18:await craftitem(bot, "acacia_axe", 1);

-async function craftAcaciaAxe(bot) {
+async function craftWoodenAxe(bot) {
// Craft anacia planks and sticks

// Place the crafting table near the bot
o EXHsHK| 2= oto S AlXf| otO [ 2 WA

.f (planksCount < 2) { - // Craft an acacia axe using 3 acacia planks
i // Collect or craft planks - // and 2 sticks .
+ await mineBlock(bot, "acacia_log", 1); - await craftItem(bot, "acacia_axe", 1);
+ await craftItem(bot, "acacia_planks", 1); - bot.chat("Acacia axe crafted.");
o } + // Craft a wooden axe using 3 acacia planks
+ // Craft sticks using planks + // and 2 sticks . )

await craftItem(bot, "stick", 1);} + awailt craftItem(bot, "wooden_axe", 1);

await craftItem(bot, "stone_shovel”, 1); + bot.chat("Wooden axe crafted.");
} }
s in S| = = A
<18 4.18> #Z3 I|=n ¥ 270f [ E I E 786

O|ERE AZTMXIAIVO|ME 2t Ot AH

Jinsue Lee, Protocol Engineering Lab.

[6] Wang, Guanzhi, et al. "Voyager: An open-ended embodied agent with large language models." arXiv preprint arXiv:2305.16291(2023).
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* Voyager

- S5 1HE(3/3)
4. %7 A5
. SR AlENO} BRI CHE GPT40] RIAlSH K9] M ofSE T

- A ZY Al 2t 20| ER2E ZXIE XM Z BHEtstod ZICH 43| BH=

o HiSI=2
. Reasoning: Mining coal_ore in Minecraft will get coal. You have 5 coal in your = === QIHIE S| 318 2712
'‘porkchop': 2, 'wooden_sword": 1, 'coal": 5, 'wooden_pickaxe': % N——— Maoiex=

Inventory (8/36): {'oak_planks': 5, '‘cobblestone': 2,

1, "oak_log: 3, 'dirt

JEASRE St SUCCESS: TIUE = = = = = = = - - MIAAZES

Task: Mine 5 coal ores =
E|_|-7="E§|°O

ZiE AlRdo| QIHIE B|of 485t Ko KA :

Inventory (9/36): {'string’: 4, ‘coai': 1, ‘rotten_fiesh*: 1, e . ) ) .
iron_sword?: 1, 'furnace': 1, 'dirt: 6, 'stone_shovel' 1, Reasoning: Yotf have 1 rotten_flesh in your inventory, which means you have killed
at least 1 zombie.

‘wooden_pickaxe': 1, 'granite’: 5} )
Task: Kill 1 zombie Success: True

5 ANZIEE <12 4.19> X 7|HS SE of Al

- = o

St AE0| 7|5 MHEE GPT-3.57 M5k, HE o= H
JE 4o KT F1EHZ 27

|.

"ok

async function combatZombie(bot) { async func Zombie(bo:
// Equip a weapon abou &8 Mine Wood Lo
word = ng a stone sword to combat . P g
bo:?:ise:\;’g:wfdenventoryItem( g GPT-3.5 —Pio ZZ" eRaue i:ff srotdiloc Embeddlng Key L] RECEHPTLD
HrDaTa.LtemsByName[ Addzuo a”y n‘ Cmm am, equips /gEH ?:IH.”I:IQ AV Craft Wooden Pickaxe
"stone_sword 5 AH027|EOA|-EQ- 2 craftstone Sword
KA|'7|?£|§%%T-I'_|'_§]% J_J-Ejigo]?l ugo XIE)‘HA" |:-|—|o S ) ‘ TakeFurnace
, :v{::{mt eqmms\/om hand*); engages in combat with it. zo":(b::c‘:"
await craftStoneSword(bot); 5 o Value g C:;“m:ane EI‘OlEE‘{El
= g A AZET}
¥ zZs i = =2 Combat Zombie T ==T
// Craft and equip a shield <: Enl 4.20> Al_lﬂ- é;I EI-O|EE4 El _|_7|- J_I—I-xo-”:S] ﬁ%ggé;l_::;_;E 1
/'/'Remm hunger =
OB B E] & /oo v o comar o comie IE RHE] OFAE] Jinsue Lee, Protocol Engineering Lab. 30

[6] Wang, Guanzh_, e ., -y-.....0pen-ended embodied agent with large language models." arXiv preprint arXiv:2305.16291(2023).
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[71 Huang, Xu, et al. "Understanding the planning of LLM agents: A survey." arXiv preprint arXiv:2402.02716 (2024).
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1
1
: e : : . o ) Stage #1
P’ease generate an image where a girl is reading a book, and her pose is the same as the boy in the image CE3 ox MAS HE| 2
elkample.jpg, then please describe the new image with your voice.  O|0|X| /2454 BiEto| A&t S& é%ﬂ ;I;%T67HE%|}_°| Kl_<,>=-|_|og oz o
(& HE|RCEO X4 0|24 / - S/ret -r—|° A= =
( : Il Request I LERE RS " - B 7 ME EAo AH o EM A
L - - - Stage #1: Task Planning LLMO'*L%L%? THE stage #2: Model Selection Stage #2
m__ Jr_____ i L e , gmmm———- EHOJ MB | ARY - - - - - ~ - 2t ot 9| ahedof Mgt TME 2 HiY
| task: pose-det. i: task: image-class. task: image-to-text | task: pose-det. ! /I In-context task-model assignment: o )
| args: s e | Frmmmmmssseny @ hustviyolosetg Stage #3
(e it S e W et § O st dviniisng | | I Query i | facebook/detr-resnet-101 . - K=o X453+ o|= 2 Mo e
I _::,__”____; = Efo %@ﬂfﬂaiﬁ% : € TahaDouaji/detr-doc-table-detection | AFTIOl e ofF S Aol et Al A%
v Eri7h M B AR O A A 2 PR T | izt |
| task: pose-to-image jarge T =E—em e ! el c?r,df n il i Stage #4
| args: 1 1! task: text-to-speech : ] -DE AlSH ADLE E315H £|1E ST MM
: text: a reading girl :: args: : args: ! :
s image: <resource-1> || image: <resource-2> :| ! :

———————————————————————————————— MO/ S e
g stejo| S TS Hefol2lzioR onixlde/gus

( ) Cagirlsitting on a bed |
L A . i | readingabook |
- Stage #3: Task Execution Eﬁt%gﬁ#g%l gsﬁgﬂ%ﬁ Generation e :
7;”3_!% QPCQOQEJE% gl_l?l_% T]I_T orTl ; —| (=] -ITZ]_ i a [Text-1] = <resource-5>
= ose-det. object-det.
ABHEMHE AEF  pmmmmm e p ) fﬂ
i SRBEAR M i Hybrid Endpoints ] openpose facebook/detr-resnet - »
| task, args, model | ! Y ? | Bounding boxes SHEIE S ==
L ’ 4 1 ! rp— ——) | bg i [image-2] [bounding box] - S5l fge-ot irce-1> [Image-3] = <resource-2> [Audio-1]
““““““““ uggingFace Endpoin 1 with probabilities . R %) e
b I : (F gi gk d P 101) 2 T2] pose-to-image HT5] image-to-text < The image you gave me is of "boy". The first thing | did was use to analyze the pose of the boy in the image. |
| obj-det. <resource-2> : 1 acebook/detr-resnet- : I m/sd-ctl- ose nl pco nnect/vit—gptz g fed that image, specifically located at [Image-1], into the model to get an output image of the pose, located at [Image-2]. Then | take that
b y 1 ) y B 7 B = o pose and generate a new image, located at [Image-3], using '~ and the instruction "a girl is reading". Next, |
: facebook/detr-resnet-101, : : Predictions [image-3] a girl sitting on ... < ran object detection on the image generated in the previous step, to get predictions of the objects present in the image, including the box
——————————————— [} a = - a1 location. These predictions were run through the = model. The box was drawn on the image, which is located at
_______________ i Local Endpoint ] Als Zn= ] image-class. HT6] text-to-speech e ! os ! "
r (] I — S == g [Image-4]. Then, | used the pr of aimage model = and a image caption model a
: task, args, model ! ! (facebook/detr-resnet-101) : _?_.’h.xl-(?;jl_} LLMO“ X-I%‘ google/vit facebook/fastspeech v model to generate the caption for newly generated image. It generated text: "a girl sitting on a bed
R ) = S Hioeino Fage - 0 - 11 ll— [classes with prob] [audio-1] LLMO | E% lg reading a book". Lastly, | ran the = model to convert the generated text into audio, located at [Audio-l]./
- n
= = 747} OOk /E3
Q= Q1 oif ] P Al 2 es/sH

<12 4.22> HuggingGPT & &} 1} 18]
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[8] Shen, Yongliang, et al. "Hugginggpt: Solving ai tasks with chatgpt and its friends in hugging face.” Advances in Neural Information Processing Systems 36 (2023): 38154-38180.
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-1 (g
Q 3 (QZ replace the sofa in this image with a desk and )
ile Visual Foundation then make it like a water-color painting
User Query 9;
2db9a50a.png Models F . .
System History of - _
-M ChatGPT
Principles P || : Dialogue 7_; : : & cha
! Aq: Received. | --------------- Determine 1: Use VFM? Yes
¢ ¢ SZHZENECHA| Execute 1: Replace Something From The
= IHo| TR |2 E Y (f - — RS TS &4 Z4%d | Photo -> Inputs: {2db9a500.png, sofa, desk)
TE%—'LIEEL_‘OA’;*} - - — 4H: 9,: replace the sofa in this image | Prompt Managei M | 3 < | Intermediate AnswercAJ
— Lo . . .
(1) ATHE HAto 2 TR with a desk and then make it like H- OX . CHEf O x'"di' =z =kt 483d_replace- sometf-)-lng_zdb9a500 2db9a50a.png

(2) S=rHBE AEFUR B8t \ @ wWater-color painting

e T

CRE st Alsstoict __d -@:483d_replace- SR A T B Determine 2: Use VFM? Yes
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. ﬁ- Output A; Intermediate Answer ﬂ( ),
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[10]Yao, Shunyu, et al. "Tree of thoughts: Deliberate problem solving with large language models." Advances in neural information processing systems 36 (2023): 11809-11822.
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[11] Liu, Bo, et al. "LIm+ p: Empowering large language models with optimal planning proficiency." arXiv preprint arXiv:2304.11477(2023).
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[13] Park, Joon Sung, et al. "Generative agents: Interactive simulacra of human behavior." Proceedings of the 36th annual acm symposium on user interface software and technology. 2023
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[9] Wu, Chenfei, et al. "Visual chatgpt: Talking, drawing and editing with visual foundation models." arXiv preprint arXiv:2303.04671(2023).

[10] Yao, Shunyu, et al. "Tree of thoughts: Deliberate problem solving with large language models." Advances in neural information processing systems 36 (2023): 11809-11822.
[11]Liu, Bo, et al. "LIm+ p: Empowering large language models with optimal planning proficiency." arXiv preprint arXiv:2304.11477(2023).

[12] Shinn, Noah, et al. "Reflexion: Language agents with verbal reinforcement learning." Advances in neural information processing systems 36 (2023): 8634-8652.
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[14] Yao, Shunyu, et al. "Webshop: Towards scalable real-world web interaction with grounded language agents." Advances in Neural Information Processing Systems 35 (2022). 20744-20757.
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* Analyse UV-Vis absorption spectrum.
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[15] M. Bran, Andres, et al. "Augmenting large language models with chemistry tools." Nature machine intelligence 6.5 (2024): 525-535.
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[6] Wang, Guanzhi, et al. "Voyager: An open-ended embodied agent with large language models." arXiv preprint arXiv:2305.16291(2023).
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[19]1 Ahn, Michael, et al. "Do as i can, not as i say: Grounding language in robotic affordances." arXiv preprint arXiv:2204.01691 (2022).
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[20] Meta Fundamental Al Research Diplomacy Team (FAIR)T, et al. "Humarevel play in the game of Diplomacy by combining language models with strategic reasoning.” Science 378.6624 (2022). 1067-1074.
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[21]LangChain, “Agents,” LangChain Documentation, accessed Aug. 23, 2026.
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» LangChain
» ReAct 0| O| M E (2/3)

C S5 I

= L — = O
2. REo| EHedt MECIE HAM
3. AM. A 3| 5ol 52 2F & &
4. QHerEl gHEF A0t E Eaof F7
5. SE¢t 2HE ¢¥2 8 EH A

sgNsKEE LW Hotoror |

Question: Aside from the Apple Remote, what other device

can control the program Apple Remote was originally
designed to interact with?

<%l 4.41> ReAct 7|8t HE

El Al

=

= B
O = T —
I_-I =
r
QA of 5l Mo zg5yC) ReAct (Reason + Act) ]—\
Thought 1: I need to search Apple Remote and find the

program it was originally designed to interact with.

Act 1: Search([Apple Remote] XJbHrj Z4AH AlSH

Obs 1: The Apple Remote is a remote control introduced in
October 2005 by Apple .. originally designed to control the
Front Row media center program .. Q|&= Z4M Z4n}Hist

740} st 2 M0 R

Thought 2: Apple Remote was originally designed to control
the Front Row media center program. I need to search Front
Row next and find what other device can control it.

Act 2: Search[Front Row] S M AISH

Obs 2: Could not find [Front Row]. Similar: ['Front Row
Seat to Earth', 'Front Row Motorsports',' Front Row
(SOfEwaze)l', 47T Z4M Zim et

Thought 3: Front Row is not found.

Row (software)

Act 3: Search[Front Row (software) ]

Obs 3: Front Row is a discontinued media center software ..
SEEr 2B

Thought 4: kront Row (software) is controlled by an Apple

Remote or the keyboard function keys. So the answer is

keyboard function keys.

Act 4: Finish[keyboard function keys ]

- AIE S A

" EIEECE-E)

I need to search Front

v

& [22]

- o
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[22]Yao, Shunyu, et al. "React: Synergizing reasoning and acting in language models." arXiv preprint arXiv:2210.03629 (2022).
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<12l 4.42> LangChain 7|EF ReAct A 0| O|ME AlSH 1} & [22]
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[22]Yao, Shunyu, et al. "React: Synergizing reasoning and acting in language models." arXiv preprint arXiv:2210.03629 (2022).
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[23] deepset, “Pipelines,” Haystack Documentation, accessed Aug. 23, 2026.
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[24] Llamalndex, “High-Level Concepts; Loading Data; Querying,” Llamalndex Documentation, accessed Aug. 23, 2026.
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[24] Llamalndex, “High-Level Concepts; Loading Data; Querying,” Llamalndex Documentation, accessed Aug. 23, 2026.
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[25] Microsoft, “Introduction to Semantic Kernel,”

Microsoft Learn, accessed Aug. 23, 2026.
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=0 gZlolE g

 AutoGen

o1 .
S ol ol o
o~ o <l
ol T OF -
ol @l MO LH

™ B <V ofn
KIo & Tl 7y
|__/|._wm_._rﬂln_ul
<R30
prE ol E
00 ok O LI
mmﬁg
H~ .o

~ IFOF &
Kjo 0 |0 =

110
<F O oll <M
o< 0[0 Wy
w7 21 20 0|
T o M g
== ol O K
ﬂ_ <d K o]
&l 15 K1=0
o ol Ny &l

0 'S Tl Ko Lo

|_|_—|L [ J [ J [ J [ J

Jinsue Lee, Protocol Engineering Lab. 96

]

OrAE

g

O| 2R E ATINX| Al O|HE



A O
_I_

cro|E

- el

+ O[O|B-=+

.5404
==

QT0i et 2HolE ] MEl L 3 THs

E44)FQ FlolEE|E SR HI

7 el 2i2) ““

Dol C L AFEHE 94745 _ AP| 245} 7} 2 1 ExHEH T7 AR oo|™E,
LangChaIn[211 o_"c)llx__lE AéoH = —_I'LAO-I El'%l:?_l- olj% ol kﬁ:% I:H%AC;' E%—O-l I:IH_|7| O'IE:|° ReAct
ZAE 7|8t mto|= 2|2l - o jo|Z2lelo| HELE AT
Haystack®l ot IS IONCHY  RacEe 2 gvlum xia  WORDIEOIABTS TER oy x4 olsy

L lamalndexi! Q| HIO|E{E =9 S A3t O|0|E] £E)AHQY AMso| LC et CI0JE] 4| RAG,
amaindex ooy = wistsy Klojof B A 7|5 QM| AdAod RIZtet 2 Eo
Semantic KernelO| 220t Z2{10l 7|1& 3E9 F7| &8+ A7 EHS D AT XSS
Kernell2s] TE gl A UF AAE STl ®El Microsoft “4E{#H| o|&E 4 ZXH 7| AAE 0I5

AutoGend 29 o3 ArEHOIAM 042 C}S of0|ME 2T} CH3 HIRT} X|@d0]| 31 ol 24 a7,
uto€ Ol0|ME 7} o4att 3494 OI7F At0{7} 048t A5 &2 mlo] of24S ol 0|XME &l

[211LangChain, “Agents,” LangChain Documentation, accessed Aug. 23, 2026.

[23]deepset, “Pipelines,” Haystack Documentation, accessed Aug. 23, 2026.

[24] Llamalndex, “High-Level Concepts; Loading Data; Querying,” Llamalndex Documentation, accessed Aug. 23, 2026.
[25] Microsoft, “Introduction to Semantic Kernel,” Microsoft Learn, accessed Aug. 23, 2026.

[26] Microsoft, “Selector Group Chat,” AutoGen AgentChat Documentation, accessed Aug. 24, 2026.
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« ReAct AM OfO|ME I E-ZF S&

1. !pip install ddgs Tangchain_community wikipedia langchain_openai
2.

3. from langchain.tools import DuckbuckGoSearchRun

4. from Tangchain.tools import wikipediaQueryRun

5. from Tlangchain.utilities import wikipediaAPIwrapper

6. from langchain.agents import Tool

7.

8. ddg_search = DuckbuckGoSearchRun()

9. wikipedia = wikipediaQueryRun(api_wrapper=wikipediaAPIWrapper())
10.

11. tools = [

12 Tool (

13. name="DuckDuckGo Search",

14. func=ddg_search.run,

15. description="QE{H0M HEE FEo= ® M TF.",
16. ),

17. Tool (

18. name="wikipedia web Search",

19. func=wikipedia.run,

20. description="%/7|L|C|0O}§ ZAMS= =+.",

21. ),

22. ]
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e 154393
* ReAct M 0fO[ME ZE - 0f0|TE A A A3

23. from langchain_openai import ChatOpenAI

24. from langchain.agents import initialize_agent

25. import os

26.

27. os.environ["OPENAI_API_KEY"] = "HUZH2 QFa1 7| "

28.

29. 11m = chatopenAI(

30. model="gpt-40",

31. temperature=0

32. )

33.

34. agent = initialize_agent(

35. tools, 11m, agent="zero-shot-react-description”,

36. verbose=True

37. )

38.

39. agent.run('QE{HI0M 2025 $t=o| CHEH ZHAMSI

40. "$lZ71o|clotoflAM H CHET ZMSHM HEIsHAM EEiF. ')
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1. import pandas as pd

2. import time

3. from transformers import AutoTokenizer, AutoModelForCausallLM

4.

5. def measure_model_performance(model_name, max_length, input_text,
6. model_size_billion_params):

7. tokenizer = AutoTokenizer.from_pretrained(model_name)

8. model = AutoModelForcCausalLM.from_pretrained(model_name)

9.

10. input_tokens = tokenizer(input_text, return_tensors="pt")

11.

12. start_time = time.time()

13. output = model.generate(**input_tokens, max_1length=max_length)
14. end_time = time.time(

15.

16. output_text = tokenizer.decode(output[0], skip_special_tokens=True)
17. time_taken = end_time - start_time

18. num_tokens = output.size(l)

19. tokens_per_second = num_tokens / time_taken

20. tokens_per_second_per_billion_params = (

21. tokens_per_second / model_size_billion_params)

22.
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« FY & (2/2)
23. data = {
24. "model_name": model_name.split('/')[1],
25. "billion_parameters": model_size_billion_params,
26. "tokens_per_second": tokens_per_second,
27. "tokens_per_second_per_billion_parameters":
28. tokens_per_second_per_billion_params,
29. "answer": output_text
30. }
31. return data
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32. models = [

33. "mistralai/Mistral-7B-Instruct-v0.1",

34. "microsoft/Phi-3-mini-4k-instruct",

35. "Qwen/Qwen2-7B-Instruct”,

36. "tri-ml/mamba-7b-rw",

37. "meta-11ama/Meta-Llama-3-8B-Instruct"”

38. 1]

39. input_texts = [

40. "[INST]describe briefly what is an AI agent[/INST]",
4]1. "<|user|>describe briefly what is an AI agent<|end|><|assistant|>",
42. "describe briefly what is an AI agent",

43, "describe briefly what is an AI agent",

44, "describe briefly what is an AI agent"

45. 1]

46. parameters
47. max_length

[7l 3’ 7! 7! 8]
512

49. results = []
50. for model_name, input_text, size in zip(models, input_texts, parameters):
51. results.append(

52. measure_model_performance(model_name, max_length, input_text, size))
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53.

54. df = pd.DataFrame(results)

55.

56. 1import matplotlib.pyplot as plt

57. plt.figure(figsize=(10, 6))

58. plt.bar(df['model_name'], df['tokens_per_second'], color='skyblue')
59. plt.xlabel('Model Name')

60. plt.ylabel('Tokens per second')

61. plt.title('Tokens per second by model')
62. plt.xticks(rotation=45, ha="right')

63. plt.tight_layout()

64. plt.show(Q)
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