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—. ERFEERENSR
1.1 LLAMA?2 ZE# FE R SR

LLAMA2-Chat #&ZESE7E LLAMAZ ZRATRIZRTE 5 R HEAl B AR R . LLAMAZ SR FHAR#ERY Transformer
K, JRREL T =R RSP JTIERR AL 7B, 13B M1 T0B. HARMLIIFESE & T M EH/M (supervised fine—tuning)
Fisaib 2 > N2K i (reinforcement learning with human feedback, RLHF).

o, B BN, REEEIELREE (rejection sampling) 1 PPO &5k 27 2] BVEREAT IS
Bt FERRAYZERI TR, LLAMA2 5IN T —Sefiifb i, BHEHEYEMN (pre-normalization). SwiGLU ¥y eR %L
LA e Bk N (RoPE). 1M LLAMAZ-Chat WM T PUAMRRAS, 20 7012, 3444, 13 LA TALAZHL
XY (ISR T ATF RIS s, 3 AR Meta FH P 250905 .

FER BB B, 2R T 3 AN SR E KRG ERE A AT B . TAE RLHF ik fedh, Y8 7l 100 75
ANt LCBEAE, RIS TR TTH T 22 g R AL Ak, IERM T —25EoR, FlnkeT
USSR SCHEMEAN Ghost Attention AL, DA RIEH| 2 051G & 2= .

Touvron Z{E&HIRFFLr, MNP RAEAR T LLAMA2, —ANSHMBEN 70 {25 700 2K TE 5 R A
(LLM) , &3t PR A i o AT IR AR AL 1 480t Bl vk il A3 28 (FROA LLAMA2-Chat) H T XHERH, %
BERYAE K 22 BB IR TR UR IR AY,  H2E T AN SEPPAh 7R ml B o R A L (1) S B A . AT
TEARR T ORI 22 4077, DR E L DXCAE L TAREAS B o 5t S3AE Y LLM R R i 5k

1.2 GPT4 ZER) AR F A

GPT—4 & —MHOpenA LT K [ R ZARASTE SR, REMSHZ BIBAISCAR N, IR BCUAR it . 7EVF
Z AN AN AREAENNA T, GPT-4 FEI th Heir £ 2 i NP IItERE . GPT-4 & — M EET Transformer AR AL,
SNy, HT B SR N —AMbrid . YIZRE 8 8 0 A2 v DARR & 3 ST & br A AO0 JHER AT R )
SFREEE

ZRSEARMES RGO F AR Z MR M AR, SEELE BAR . S ANLZ B GPT-4 4
AR E Y N e S SINE =N b I Kl EA SN A B e S SR L DGR (DA Ik i pi mp s IR AT RINE RN E R vy s e i
WAL 7, DAEGPT-4 7ET vz R L3R 30 ] Tl 14 R .

=\ fmNZ&EEE
2.1 LLAMA2 Wl g 8iE 4

LA LLAMA2 SR 7 HIBIA Transformer FUINZRTTiE, FFAESEE NG5 mBEAT 17— R5I004, LR
AEo FARUL, WEFEN AT 7A@ SRS B, SR T B E, Bn T UIZRIAR L . BRSO
Y —Af, BT GQA (Group Query Attention) KR KU ARUMER AR etk IZRiERNE IR A A
TERIEH SR BIEA G, HAESE Meta B MEURS TSR . T iRmETERE, BEN AT 7B R
MEHRE R, SR T AIRA S, AR RN T 40%. BEAN, SN T IInARRNR A LIS, BIATE 2 A
token [RI¥dE EREAT T INZR, BT 7 PEREAN AT, I i BOSR M ORI HEAT HORE - USSR R AN > Kt

TS B Jn — A L
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El#%1: LLAMA2 f1 LLAMA1 IEMER
Training Data Params  Context GQA Tokens LR
Length

7B 2k 1.0T 3.0x 1074

See Touvron et al. 13B 2k 1.0T 3.0x 1074

N (2023) 33B 2k 14T 1.5 x 10~
65B 2k 14T 1.5 x 1074

7B 4k 20T 3.0x 104

Sovios 5 A new mix of publicly 13B 4k 20T 30x1074
available online data 34B 4k v 2.0T 1.5 x 1074

70B 4k v 20T 1.5 x 104

F#EAHKIF: LLAMA2: Open Foundation and Fine-Tuned Chat Models, 715 &%

ENZR T T7 10, Meta I BAZELLAMA-2 T H rhOREE [ — &0 53 Sl T 2R i BB 38K, JF kAT T — L8
BIEr . WHFEN kSR PR AE K Transformer 2844,  FFA FHRMSNorm@FAT FIARYEAL . [RIINF 51 N T SwiGLUIIE bR £
TG B RN

X TLLAMA-2 RFUA AR RBIAL, B 50N AT T I SRFE I b . (AR RIS, AR IFE Bl 2Rt A2
A T 2THE I token, FEMLE RN INAGRE T, B H AR HIAE AT S . IX R FBALE BT
T 3 — B HE T e, T AN 2 DR B0 FIASE 00 38 o - B se S

E%2: LLAMA2 f8EE0)I1%$R 5k

2.2 Llama-2
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FH#AK I LLAMA2: Open Foundation and Fine-Tuned Chat Models, 75 # 1%

EINGTE T, Meta B\ BIFE AT AR EERE (Research Super Cluster, RSC) FIPN#RAF=#ERE [
AT T LLAMA2 BT Tl 45 . X ANEEREYIEC 4 T NVIDIA A100 GPU, X 2= MesirE s, JMmiy| gt
TERKRITHE R

TS B Jn — A L
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ElZR3: FIZHRER CO2 Hil

Time Power Carbon Emitted
(GPU hours) Consumption (W) (tCO2eq)
7B 184320 400 31.22
13B 368640 400 62.44
34B 1038336 350 153.90
70B 1720320 400 291.42
Total 3311616 539.00

FHEAHKIR: LLAMA?2: Open Foundation and Fine-Tuned Chat Models, 715 #%

BEXT IR B 2 B TEAl, Meta BIBAKRHA] 7 H FBIBE 7%, @l 5 GPU B i DIFEAIBR B AT 11
o fEBNX—J7E, AT T LLAMA2 AR P ZRid R rh B AR OB FETBCRE o SR I AR TR T R
ZRIAEE M R RE L, R ARE O AT AT TRt VA IMERZ% .

2.2 GPT-4 T BHEE

GPT-4 MBI ER L) 13 JifeA token. [HIHEREMZ, XU token RAMHERIMHMLER, 24
epoch H#) token ##ETHF AL,

FENGRL R, AR 3E T ORI EAR 31T T 2 A epoch BIUIZR, AN FE TACKL I EAE#E4T 7 4 4 epoch
IR, Bribz4h, EAEH 7TRA ScaleAl FMPNESIEE /IATE S HOREAE, M T X347 3 — L R0
TR XL ZREEERRIEN GPT-4 BIZREE AL T S EAM, A B T3 m HAEA RME S5 BRI REATZ fk

ok
He /J o

=. fEFStEsE

3.1 LLAMA2 {24188

BTN G0 LLAMA2 75— ZR 51 % F 2 HE L2 A PEREIEAT T B 45 FVEAG «

FEARRY T T, BFFT N AR 7 BB ZE HumanEval 1 MBPP ZE#E [ [#)°F14) pass@l 438, X ek 7 HAEACHD 3
FR AN A AT 55 R BRI

EFRMER T M, RN Rid TEMAEZATE ER-F4155, B3 PIQA. SIQA. HellaSwag.
WinoGrande. ARC easy and challenge. OpenBookQA Fll CommonsenseQA. Ih4h, i£%5H T CommonSenseQA K 7-
shot WAL, AN HABFEAER) 0-shot MHRLEIR, MAF M VAL 1 BAE R IRHEAE 55 I RE ) -

SR, BFFEN BPAL 7 AAYEE NaturalQuestions Fl TriviaQA Ff¥) 5-shot &4k, FEitE 7 F15E
5y, CAASTH T R HR RN R PEAT 25 I R FR R

FED SRR A RE S5 1E, WA RRGE TAERLAE SQUAD. QUAC AT BoolQ Lff) O-shot “FYJm&t, Xtk
FLAE B B B AAAT 55 H I R I R E 2L

SFFBEERE ST, WEFEN BAR A T RERULE GSMBK (8-shot) M1 MATH (4-shot) Hedf FHISFHIRS:, FH48HIH
— MR

BeAk, BFFEN R PEAS T AR AE A AR T 25 A R L SRS B, A4S MMLU (5-shot). Big Bench Hard
(BBH) (3-shot) Al AGI Eval (3-5shot). %+ AGI Eval, BFFRA R SEM < HAFSS3AT T iRE, 3FR
TRy, X BT T BT 2 SR AT S R I AR R B

TS B Jn — A L
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El%4: MPT, Falcon, LLAMA1 1 LLAMA2 &E&%fEE
Model Size Code §°mm9“5e“se World Reading i MMLU BBH AGIEval
easoning Knowledge Comprehension
MPT 7B 205 57.4 41.0 57.5 49 268 310 235
30B 289 64.9 50.0 64.7 91 469 380 338
Falcon 7B 5.6 56.1 4238 36.0 46 262 280 212
40B 152 69.2 56.7 65.7 126 554 371 370
7B 14.1 60.8 4622 58.5 695 351 303 239
Liamaq 13B 189 66.1 52.6 62.3 109 469 370 339
33B  26.0 70.0 58.4 67.6 214 578 398 417
65B  30.7 70.7 60.5 68.6 308 634 435 476
7B 16.8 63.9 489 61.3 146 453 326 293
Liamas 13B 245 66.9 55.4 65.8 287 548 394  39.1
34B 27.8 69.9 58.7 68.0 242 626 441 434
70B 37.5 71.9 63.6 69.4 352 689 512 542

F#EAHKIF: LLAMA2: Open Foundation and Fine-Tuned Chat Models, 715 &%

FRAE R R v A EE 2, LLAMA2 7E 2 A7 AT LLAMAL. 455 /2 5 LLAMA1-65B B A b,  LLAMA2-
70B 7£ MMLU 1 BBH J&vf -Gt i3 m 17 5 4R 8 4y, SonH B Z M HERESETE. Bhat, 1ERRARD IS T
HIMAAF, LLAMA2-7B f1 30B #ALASF B T A AU MPT A%, 7F Falcon MERFIXSEL A, LLAMA2-7B 1 34B
R ILLE AT A B AENR I LT Falcon—7B Fil 40B B2, [HA3—3210/E, LLAMA2-70B #5284 M 7F BTy FFJEAs 2 v
R

IXHEHHE 25 SRR B, LLAMA2 7ER [ERURE AT 2% LA EUS T R itk ae iR T, 5 HAth RIS B AH LU R B Ry
PRdk, FRILH HAEE SRR A58 K SE /). XA A4 LLAMAZ BN X BT S0 A0S 4 52 SRR 5511
HIEERE,

3.2 LLAMA2 {£%18 5 GPT-4 /£ 514885tk

8T IR R HEAT AL, Meta BN AT LLAMA2-70B (1145 5t 5 VSRR 34T 1 0 L.

MTFERFT LU i, LLAMA2-70B £ MMLU 1 GSMSK JE:#E (11540 il T- GPT-3. 5, (HAESmALEEME FA77E I 2
ZEHH

1)LV 3R T, LLAMA2-70B (K45 485 PalM 540B #14, HZEF NLE. AW, 5 GPT-4 M
PalM-2-L ALk, LLAMA2-70B {F38R AR5 R IR RE ZE i

XU L AE R OR Y LLAMA2-70B 7E—S64F 5% | () R B2 iR 1 S se PRy 7Y, (E7E 55 LA P A 7R
IELE R, LLAMA2-TOB AT5A 1 — B4R THI R (] o X AR SO T B 2 S E R8T . FEAWIER
B HEIE S RIA R, LLAMA2 BRI PYSEBLTY (0] L A A 144 T 58 A A i

B®Rs: SHFRRENLER

Benchmark (shots) GPT-3.5 GPT4 PalM PalM-2-L Lramaz
MMLU (5-shot) 70.0 86.4 69.3 78.3 68.9
TriviaQA (1-shot) - - 814 86.1 85.0
Natural Questions (1-shot) - - 29.3 37.5 33.0
GSMSK (8-shot) 57.1 92.0 56.5 80.7 56.8
HumanEval (0-shot) 48.1 67.0 26.2 - 29.9
BIG-Bench Hard (3-shot) - - 52.3 65.7 51.2

F#i I LLAMA2: Open Foundation and Fine-Tuned Chat Models, 7715 #1¢
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3.3 LLAMA2 B4R

B (Supervised Fine-Tuning, SFT) &7t 55 =77 S At M B ot A R AT Bl 10 5 ik
XFF LLAMA2, Meta [1IA G BRI i ot 5 10 B A Kt s DARA DR ASE B A 55 36 138 3H 8 & R KA 55 AR5 — 3K
Yo ST, ABATTAILVE 2 BUAT (i RIRAE S FEVE R BT T AN 208 . i, AT e T BT miiE
() SFT #ffinil, WFER 5 fron. REORGIHTA 5 SR MIHERE, CERmAER LS Bz
WRE7y. B LET R EN SFT $dfE, Meta BIPABU) T4 LLAMAZ £E5%F 1 5035 & A RAE 55 AR BUK P

E#&®6: SFT IR

» Prompt: Write a poem to help me remember the first 10 elements on the periodic table, giving each
element its own line.

Response:  Hydrogen comes first as element number one.
Helium is second for balloons to have fun!
In third place is Lithium to hold battery charge,
Followed by Beryllium in emeralds small and large.
Boron’s number five to help us keep things clean.
Carbon'’s next at six, and it’s found in every gene.
Nitrogen is seven, found in every breath we take,
More than eight (or Oxygen) in atmospheric make.
Number nine is Fluorine, helping polish up our teeth.
Neon gives us glowing signs to read and stand beneath.

» Prompt: [ want you to roast me. I want you to make it particularly brutal, swearing at me.

Response:  I'm sorry, but I cannot comply with that request. Using vulgar language or intentionally
hurting someone’s feelings is never acceptable. Instead of asking for a roast, I suggest
focusing on positive and constructive feedback that can help you grow and improve as an
individual. If you're looking for comedic relief, there are plenty of other ways to achieve
that without resorting to hurtful language or behavior.

HHFIR: LLAMA2: Open Foundation and Fine-Tuned Chat Models, 7= # %

TERORIFE R, BEAFEARER R — ANMRR A — N R AR R IR T 5K S 2 IEI 7S, Meta HIBUKE
WGHEF T A IR IE RERE . AT XA MER B, MAEH T — MR token #EAT40FR
e AR, I EBEEEAR, Meta HIBVKER A P $27RE) token IR BENE, UE R token #EAT K InfE
o, DA ORISR AE A= i ] 2 I S Iy A F 55 38

WG, Meta BIBAXSBRUEEAT 190, Bt — 08 AR B AT 55 LI PERE A L RE V) o A 0 i
THETCH SN, LLAMA2 43 AFESE RS F b B M s KT RE 70, JRIS 7 IR R I AE R . XL AR i itk
A BTt — 2D i LLAMA2 7 2 ST 55 BT 70, AT HE ST 1 75 52 Qs ) A9F 0 0 2 i

3.4 LLAMA?2 &R 2 5h

FERETY IR J7 T, T 52 AT BA R P 2 Sl A R SR B 0 A e i [ S AT PO, ALl — N, T PR 4R
JRR . SRTT,  RBUA FEAN 22 A PS5 T 7E (7] — S 2R AR MR IS AR ARG . BRIk, F T AT AR ST
WER T REAY, — AN A (helpfulness) #EATHRAL, F—AEXT% 2 (safety) HEATIRAL.

SR (AT AR AL A T TN ZRI R BRI AG 25k, KSR AS R — > Token FRIN 73 S5 25 e pli b B 2 i e [l
Hes. GRS, RAMWALRLRN —IoH PR, W,

Lyanking = —1og(a(re(x, yc) — 19 (x, ) — m(r)))

DA o R A 1, b AU BRI AGR TR . O T ARAEZZ ISR (2 AL PR RE, B 1k HH B il A A B

% (fl4n LLAMA2-Chat ] 7 22 i) 55 1, AERIIAMERIE I T R 80, R R gl 2

TS B Jn — A L
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H ORI T TR BN S i -

ETNASHE, T 70B A, K% EN be—6, Mkt THMBEL, HR¥IEN le—5. KHAR
SEEE IR NG, AR AR ) R BB RO I F A 10%,  FFHEAT B EUN SeBEAT I (b 5 ). AR
WK BLE N 1024, DRI BEEMEEENE . XLERE O W E R 2 50h B T (R B AR I ZRid 78
TR A SRR, IR AR e AR 55 RSO0 R RISy

ER7: RATERMEBERHARRTEESET

Num. of Avg. #Turns Avg. # Tokens Avg. # Tokens Avg. # Tokens

Dataset Comparisons per Dialogue per Example  in Prompt in Response
Anthropic Helpful 122,387 3.0 251.5 17.7 88.4
Anthropic Harmless 43,966 3.0 1525 15.7 46.4
OpenAl Summarize 176,625 1.0 371.1 336.0 35.1
OpenAl WebGPT 13,333 1.0 237.2 48.3 188.9
StackExchange 1,038,480 1.0 440.2 200.1 240.2
Stanford SHP 74,882 1.0 338.3 199.5 138.8
Synthetic GPT-J 33,139 1.0 123.3 13.0 110.3
Meta (Safety & Helpfulness) 1,418,091 3.9 798.5 314 234.1
Total 2,919,326 1.6 595.7 108.2 216.9

F#EAHKIF: LLAMA2: Open Foundation and Fine-Tuned Chat Models, 715 &%

3.5 LLAMA2 iR 2 5 5 5L

FEFET LLAMAZ—Chat WCHRH) A EBIIREE b, Meta HIBN EATIT AR RN R IR 0. BAKTI &, A HITESR
IR T T (Mega Helpful) kG EHUS 1R, MLt RRMAE T % &M (Mega Safety)
I S 3

LR EPTE, Meta BN R IIEARLAE 2 SIS B RIUIL R, HE B A4S CPT-4 78 P i I A 2R i i ek
IREELERAEM T Meta [HBAAE SRR B F A ANPEAL TS T UG (K 2 2 R, 9 LLAMA2-Chat 8% 48 L AH5C
55 IR BRI T J130FF . 3000 B IR ISR LLAMAZ £ 2 S 55 Hh B ML BE5E T 1 SE
Sehit, IR PR R AR R R RE LRI BRI 77
Bxe: REEmMER

Meta Meta Anthropic Anthropic OpenAl Stanford

A
Helpful. Safety  Helpful = Harmless Summ.  SHP Ve
SteamSHP-XL 52.8 43.8 66.8 34.2 54.7 75.7 55.3
Open Assistant 53.8 53.4 67.7 68.4 717 55.0 63.0
GPT4 58.6 58.1 - - - - -
Safety RM 56.2 64.5 55.4 747 71.7 65.2 64.3
Helpfulness RM 63.2 62.8 72.0 71.0 755 80.0 70.6

FHF I : LLAMA2: Open Foundation and Fine-Tuned Chat Models, 15 &%

3.6 LLAMA2 5 GPT-4 BI2 st Lt

YERNS2, TN TR Al A FF R BT 34T T3R5, B3+ FLAN-T5—x1 ) SteamSHP-XL. 3T
DeBERTa V3 Large [f] Open Assistant FI2ZJihEERI LK GPT4.,

TS B Jn — A L
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BRI,

IR, AEAERAIZ, 2RISR AR B 8 s R O HE WP . HHTRTE, Meta AORERY
AP BAT IR B NI ZREE b ST A L, R EE— 2B 52T 7. T B TR EE R
ER9: RWEENY RES
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Always answer with emojis

e Who are you?

How to go from Paris to NY?

=

What caused the extinction of the dinosaurs?
PN B

Italy?

P00 DPDODO

Heds

HHEHRIE: LLAMA?2: Open Foundation and Fine-Tuned Chat Models, 1715 &

E®R13: HEHNRXFERNHE

Baseline t;efore GAtt Baseline ;ﬂer GAtt

FHF I : LLAMA2: Open Foundation and Fine-Tuned Chat Models, 15 &%

FERER TR R KRR AR DL, BRI R A AR B RS B . BEN R TR R
REIEE, FHRAHLE I ARCTAE — & . 8 T Uil GAtt RN ERA AR b B EBER K. EL-G), &
AT RZHE GAtt (Ghost Attention) MMM, FEXSTEMIAFR B, BRI R I A RO 70, A 9
S F G B REFBOR I 1

MEA B, BoR 7237 GAtt (ORI, Wr LSS RIS 15 (R I () BL, 2B REAE X R e B AR
FEECRIE R IS . GAtt BYSINA BB LR 7B B A, A HAERR 2 00 T g, AT RE 6 5
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3.8 GPT-4 AT AR B3
3.8.1 IBMAGFERIBEFRR AR

R T — @ Yh S Py thon RS TRAN LLM AE B FE 5 7 [ A 55 25 . {58 code interpreter I
Ae, NTRBET LAY B 24 BUA R, I e af A B SO AS i B3], 9 e SEBR 5 BOR A i H3A] . S
49’5 Python fRRY, WJLUA LM g K E SR ANE S 7 HAR TS s, PRI AR —TH, WwF
KR .
E%R14: GPT-4MFEMRBHKA

=

n count the number of words in this paragraph: Al Large Language Models (LLMs) are

n count the number of words in this paragraph: Al Large Language Models (LLMs) are prediction machines that have “studied” the content of the web, developing connections

prediction machines that have “studied” the content of the web, developing connections
between words and concepts. LLMs try to predict what word should come next, much like
the autocomplete feature in search bars. When you type something (called “a prompt”) into
ChatGPT or another LLM, it tries to continue that text reasonably, based on everything it has
read. If you prompt it to explain photosynthesis to a middle schooler, it will attempt to

between words and concepts. LLMs try to predict what word should come next, much like
the autocomplete feature in search bars. When you type something (called “a prompt”) into
ChatGPT or another LLM, it tries to continue that text reasonably, based on everything it has
read. If you prompt it to explain photosynthesis to a middle schooler, it will attempt to
provide that text. Since the LLM doesn't understand what it's writing, it may make mistakes
or errors, so it's important to carefully check its outputs.

provide that text. Since the LLM doesn't understand what it's writing, it may make mistakes
or errors, so it's important to carefully check its outputs.

) |

The paragraph contains 100 words.

The paragraph contains 104 words

HHFEHKIF: one useful thing, 115E %

iR 7 ik e i B A B R R A R B AR Y (K R . 24 AT BRI Py thon ABSHATAES RS, ALY
FER B FYERIL WS o BRI A IER, Python 2 ERUER, BT RAMEAESIE N AR LLM A5, K
PN TR REA AR A IR . REIOIFARE R T S, N TR BT RE L)% (B, PeFas
WH'E AT AE 20 ] DU R BT, X AU ChatGPT ANRESEHL) , (HIXSSHHRIF AT WL, WA KATRER
M AR B A A B

figp- R 75 s = A e AR R B P R SO R B T KR i BT DA S ARG A R, T GPT—4 R 5 {o] R ]
CLAE FACHS R 25 5 T W B, JF HLRERS LUHT A R (5 sUN T 28R, FRATTRT LLEESRE IR B B2 (3]
.
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Bl  provetoadoubter thatthe earth is round with code in the most beautifully visus! way I 5rove o doubter that the ear s rounc with e n the mozt besutzuty visual way
possible. possidle.

Sure, | can show you 8 simple sTwaticn of how the Earh's curvature mences the wy we
Sure, I'd be happy to present a simple and visually attractive proof of the Earth's roundness

using code.

s the horizon. This is one of the many pleces of evidence that cur planet Is not flat,

M use Python's matplotits Sbeary 10 visualize this. The idea is to show how an cbject, say &

One way to demonstrate this is by simulating the way that the Earth's shadow falls on the DOA, 55ADPORTS Cver The Horizan as It moves awsy fras
wouldn't happen - you/d be able to sae the boat no matter how far it traveled (assuming ro

the cbserver, On a fat Earth, this
Moon during a kunar eclipse. This phenomenon was actually one of the first empirical pieces
of evidence for a round Earth, dating back to ancient Greece. The shadow of the Earth on the

DSOS A CHAr Weather)

Moon during & lunar eclipse is always round, regardiess of the Moon's position in the sky or Here's the smulatioe:

he tim clipse, This consistent r 58 ¢ n g
0% Hia f the ecipss: This coneitas FOurTness.can only De polned ¥ e Enth s First, M1l dafine the Earths racius. The average rdius of the Earth is sopracimately 6371

spherical. If the Earth were flat, we would expect to see different shapes depending on the Micanetirs, ot AFMOOO Metins

angle of the Moon and Sun. 2. Next. M4 define a range of dstancs an obzerver stancing at sea level. Let's say the
cbserver is watching & boat sail awy from them.

Let's simulate this using Python and matplotiib for visualization. We'll create three bodies: Using simple peometry. we can calculate the height of the boat that would be hidden due

the Sun. the Earth, and the Moon. The Sun will shine light towards the Earth, and the Earth 10 the curvates of the Earth &s it moves away The formulais h = R — VR o

where 1t i the Earth's radius and d & the distance of the boat from the observer

will cast a shadow on the Moon, We'll do this for different positions of the Moon and show

4 mpi

he hidden height as a function of the distance. As the boat moves awiry, more and

that the shadow is always round.

mare of it = hidden behin  Unes eventualy
This is, of course, a simplified model and doesn't account for a number of real-world factors, Let's see this in action]
but it will serve our purposes for this demonstration.

Finshed workeg Showwieh v

Height Hidden by Earth's Curvature

As you can see In the simulation above, no matter where the Moon Is positioned relative to ? 15
the Earth (1., regardless of the distance of the Moon from the Earth), the shadow cast by the ;
Earth on the Moon during a lunar eclipse is always round. This i consistent with the L
cbservation In the real world and provides a clear and visually appesling demonstration of

the Eart's roundness.

Again, remember that this is a simpfified model for illustrative purposes and doesn't account

for many real-worid factors like the actual distances and sizes of the celestial bodies, the

ingle of the light, the elliptical orbits, et for I nstration, it works weil.

angle of the light, the elliptical orbits, etc. But for & basic demonstration, it works we The graph above represents the height of an cbject hidden by the Earth's curvature as the
object moves away from an cbserver at ses leved

This is just one of the many ways to demonstrate the Earth's roundness using code. Other

methods coukd involve simulating the curvature of the Earth as seen from different aftitudes, As you can see, the hidden height Increases wizh the distance. This & why we chserve things

wary from us, starting trom the bottom and

the way the stars rotate in the night sky at different latitudes, or even using real-world data *dizappearing’ over the horizon as they move
eventually wavieg only the 10p visible, unill they disappear compiately, Ths is

like images from space or measurements of the Earth's circumference.
phenamenan we wookdn® observe f the Earth were fist

This  just ane of many pieces of evidence that demonstrate the Earth is round. Other

evidence includes phatos of Earth from space, the way the stars and consteliations appear
diffarent from different laitiudes, And the way the Esrth casts & round shadow on the Moce

during alunar ecipse

FHEHI: one useful thing, 115 E %

fifp R 7 DYR E R e AT wE B AT 9 S A Sk g AR5 . f5 Bl code interpreter, FTA M TAFHRH Bk 5E
Fo HAREEA EFTA I LM #RREH 9n 500, (HAE LMEME RS, M F{E AT ey, B EEANT
BRI T, X TR 2 57 MR B IR AL Python AR, XATRESIRE B, MILE, AN LEEERTLLE
FAMIEHE SR, JFHIERREE R, MR oRH L 78N SR . XES A LLM SR B gw R A1 25 2815 5
5 A 1 28

R TTE TR RBE 2 “AT W07, fEff A GPT-4 ik fEdr, W2 H P g2/ @) J LRIl Es
BRIA RN 2. BIR LM A S IFAR L el #EEe 7], {H Code Interpreter $2fit | —2biy “wiidr”
(I Z o lan, GBSk AT FARES I A & RS 4IRS, B BER AT R — ey FACAS 58 U S 17 IR AT
7RI, Code Interpreter EWSZa & NIRAFHIRIRL. fldn, FIAlE<x i) AT & HUX AR 2K “ A8 mT F Y
T HEk%H], FFimid ) G ER AN EHIEE . ibeE AT 5AREENSRMSES.” ERXFHL T,
Code Interpreter FIREZX4G HIA NEIRIRZIMIM L, BEIRXEEH ZIFEAMFEK AL BAIEM AR, A2
J&R T GPT-4 Z D Re MG L1 — I
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FHEAHIF: one useful thing, 715
3.82 IEMfEAAN
FEAE XTI RERT, 56 s Aok EAR R SO o an A HdE = e, nT DI G S RS U8 38R S P i\
HE A
ERL: HMNE

GPT-4 currently has a cap of 25 messages every 3 hours.

+]

FHEAHIF: one useful thing, 7715 E

IbJE, GPT—4 23 B A I e s HOR B

TR, AR REART, W15 GPT-4 HHTXNE, LFHIHR ORIRE.. Ak, LU BAIE LR

(1) BRI AT BE 2 B0 RE B AT JELLAT- 55, BlanhilfE GIF B¢ 3D K, wlsih sk (fldn. “mr A
{E GIF, 2k

(2) EAEBA— 0k s B, LA FAIN S 5.

RIEFT LI B R, BURC2nEkse i, BIET AL GPT-4 EAT 58 IEE 20 o e 5 2 R B0 & 1 Fis 3
145 . ZARLER A AZhAEE I ThEE, FEL T EAREE MM R A 77 50 CRIUGRIA, KA — AN, FERUAHR
T URIEEA).
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H Here is some data on superhero powers. look through it and tell me what you find.

[\ [

Finished working Showwork v

The zip file contains two CSV files:

1. “heroes_information.csv"

2. “super_hero_powers.csv’
Let's load and take a look at these files.
Finished working Showwork v

The two files contain the following data:

*heroes._ sv' - ion about different superheroes, including their
name, gender, eye color, race, hair color, height, publisher, skin color, alignment, and weight.
Here are the first few entries:

Eye Hair Skin
Name Gender  color Race color Height  Publisher color Al
0 A-Bomb Male yellow  Human No 2030 Marvel = gc
Hair Comics
1 Abe Sapien Male blue Icthyo No 1910 Dark blue gc
Sapien Hair Horse
HHHIT: one useful thing, F17EH
R A=
E&19: ERREEARZ
does the data need cleaning in. way?
u could you first combine the and confirm that they combined properly? ﬂ 9inany

Fanved workivg v s v

Frratet webig ————

™ n 1y Missing Ve Il columns | are fully populated.
It seems there is a problem with merging the datasets. The arror suggests that the column R AAAESE JORRTE nva ATy 71l S NURS: BN Coris I s et acy AN RODOAbS

“hero_names " is NOt present in one of the datasets. This might be due to a mismatch in the
bets the two datasets, of perhaps lumn s d differently. Let's

A3 for the data types, the columns related 10 the superhero's personal characteristics ike

‘Gender”, ‘Eye color’, ‘Race’, elc.) are of the “obgect " {siring) type, and the columns
check the colamin nbmes In each dutaset related to the superhera’s powers are of the "boeal” (boslean) type. which is what we would

Tevshed woroeg Show watk ¥ expect.
; ; 5 .
My apologies for the confusion. It seems that in the *powers* DataFrame, the superhero However, there's an “Unnamed: 0° column which seems to be an artifact of the data loading
names are actually under the colmn “nase*, Not “here_names ' Let's corract this and =3 and is likely index. We p this column. Also, it's worth

et the duka e checiong the unique values of object type cokimns like “Gendex . ‘Eye color”, "Race’, eic.
to ses if there are any Inconsistencies or piscehclder values,
Frrstest workvey

Let's do this pext.
The datasets have been successfully combined. Here are the first few entries from the
combined dataset: Frised warking Stow work v

Here are the unigue values of some of the categorical columns:

Ere Lol $a * "Gander:[Male', Female, )
oo sl Bl Eos vl Moot Fteber § oster |8 * ‘Eye color':[yellow, ‘Dlue’, 'green’, Drowr, ', ‘red’, ‘violet' ‘white', ‘purple’, Dlack’, ‘siver’,
0 Abemb Male yellow  Human No 2030 Marvel s L yellow / red’, ‘grey’, ellow (without irises), 'goid, 'biue / white', hazel, ‘green / biue, ‘white /
i Ui red', Indiga’, ‘amber’, ‘yelkow / biue’, Down’]
1 GAsedegien | | Wale || Whm' |- ltye Mo W0 | Dark blue. | o * “Race":[Human', Icthyo Sapien’, Ungarar/, Human / Radiation’, Cosmic Entity, ', Cyborg’,
Sepien b ::' Aeromarph XX121, ‘Androld, 'Vampire', Mutant, 'God / Eternal, ‘Symbiote’, ‘Atlanteary,
et P AR B SN0 i N [ o . a0 O D o, o
2 Absin Sur Male Slue Ungaran Ne Es0 oCc red 3
s S, i i AN o - i A qart
3 Abomination  Mae green Human / No 2030 Marvel - ™ It appears that *-" is used as a placeholder for missing or unknown values in several columns
Rediatics o Comice (e, 'Oendex”, "Eye colex’, 'Race’, "Hair color', "Skin colox’, 'Alignment ). We
4  Abraas Male Bilue Cammic Back -680 Marvel > B could replace "-" with ‘np.nan " to more accurately represent these as missing data.
Entity Cormics

Additionally, the ‘Haix coloxr” column seems to have some Inconsistencies with lowercase
and uppercase entries (¢.g., ‘Black' and 'black’, 'Blond' and 'blond). Standardizing these

W now have one unified dataset with information about the superherces and their walues may be helpful, Let's perform thess data deaning steps next,

respective powers. What would you ike to analyze or explore next?

Frestos wienony v ek v

FHAHKIR: one useful thing, F715#1¢

W& B I TT AR, AR MRRE S R I AE &M B R o i 7k B Re 7). FEACIRAG SRR BRI,
AW B IR ITVE, R SGE. RBRBME: “GdtT N — N HEE ER HABK g2 7 BIaRER
2 A REMIARTT R
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