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FELACIHET, BAFET R FAGRARIEZEHMRH TR E S EAHE. AEXEPRERZ EA—
FAEXEX, [BREERIREMEEERRETHIMR.

GPT-3.5-turbo

7Ry, BRSRNEZRRIE, FRERIVENRIREHEXTRNRESSR. NREERIZ R
BHUEMESEIERRE, FERHK.

GPT-4

bRy, Bl T . BRERTIRIANE.

L]
I~ MHEM e SR EM AT RE R —505?
GPT-3.5-turbo

PRSERHEHNS MAERHERAMMARIWIEIEC, KMEXNCEMTELR THMBENEIEA,
g%mﬁm%%%ﬁﬁﬁbmﬁm,EFEﬁWﬁm%M%%gmﬁﬁxﬁ,Emmﬁﬁﬁﬁﬁﬁm
AE.

plgn, BRMAEHSHEERR "WEFFL" | eSS —MAESREITERE—RIEZE, 5
MAEBEEHAFHIR— N ARNNERTEESAE. AR RN EE155ZREIRIE
, BRI ARSI RS RAVIERE.

En—AHE, I XEMESINTHER, FEEYFRNIEIITERAERN. SBRI5|NEFHNER
I~ XAEXSISIEHRIER. | AN ERRT 7SR IOIE, EitBRERBE iZIANZE R,

BEETENE, REXHMECECEHITEERTESHIIRG, SIBCERE-HEIe
SEAEE R A,
GPT-4

ERMSERR T, [ RSN EHCRNT BERE R, SBAIEEESS5 | i RIERE
HIEEISRET, | )AEXHCRIT BERSIRC AR NEHERT BER., XERAEXLERT, ¥
BEHNASZEIRARIS D80, ELRSXAERNEHA T —MERANEIL. AT, 35|05z
ERERT, T XEHEHR X ENCHIH BERSBEENES. XY, LRERT XEIekE
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YINRIEEFITEEER, AAER— 1 EEENS | HEICIER,
I~ X INiEB R4 HEEING?
GPT-3.5-turbo

I~ MOMERREL (Generalized Additive Model, GAM) 2—IFEMHRIIEEL, 1EXITHESRIZMEEY
BRI EMNERTEZEAREMRR. AFEMRE RERARRT .

GAMARRIFE MR R BRI IR R EF IR B BN IR B AR ARy, FBREE
TSR, BEBRIAERZ T AR, XM AT LIREEInN R ESHERTEZARIIFELMERR,
IBIHMREEZ ARIRA TR G KM%, MAR—FREL.

tSh, GAMIRSSIFEA R R INA S N ARREEBIN S MAHERRE, LS. B hE
XMTEI LSRR S MmN E, FHERME T B ZAUEREES.

FEIEHIR, AECAME—FMIEAIHRE, Sl — MR, BiRmsS, B
HRYFRR BT ERRN—ALMTRIIN., Eib, GAMRERILIRA— D EEAIZ IR
, HPBRETEREIEAT(INTBRE, RAmNEEaLSIAERETEEMES.

B, GAME—FEARVIFEMEET R, SrLINATSMRRREEE, TLAETFEREsKE
RERNBHE, NELRSTNBEnRER ZRERY.

GPT-4

I~ M Ni4tEEY (Generalized Additive Model, EFRGAM) A2 — MR MHRER!, (B LAB{FRE MR
Y Ra—ME ZHEEER. LR EENRATENETEZERIXRMEERIZ. Xtk
BN RiFEEENaTE2 BEEIEEMXR, EFaLETA:

E(Y) = o + f1(X1) + f2(X2) + ... + fn(Xn)

X8, E(Y)RREZEYRIERE(E; a@BIEIL fiX)RAZEXFIMNEENXER, TLURIFEMRE

nNABEZENH.

REISRIR, T ANMEHRRIEBE R MR RANEEL S R E S A SRR E A REN, (BRERTATRE
ERTRERR I T2 EAREL,

“LbFREL” IBRIE" LXIFEHR 18?
GPT-3.5-turbo
"tk ICEL BEREIE "Occam's razor”  (BR-RHI7T]) B9—1PFAR., Occam's razor@—Fhil=

W, FREFERSRISE, NMZRERERER, REZIOFERE, MARERAIGEN. ITER
fERE, XANRUIATS, SNREFHERETRESFRMNEININS, BAREPRNFEENESIEREIER

XNMNRUHA—ETRE "Exiisa’ |, MEETAS: EREuelEEd, RERNREESS
WEagiE(s, RACIERIRIRRYD, FHESZMNEELIeraie. thh, TTERBRIE
FEESRERESOLENRSGT, FACIFfRItEEART SR,

FIFEMR, Occam's razor2—fiakNEN, EA—ELRIEMIEERTEIIR., ERLE
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T, BEFBEREESASENEEEHED. BIt, EIREEREN, HIMZFAE RN
MFTABRNIEE, FEEZRSHER, MARINENTE-RERITIEREN,

GPT-4

"EERED" —EARAETE T ixe, EXE, FECHHIFFRER LEED" ER. X2—
MR, WEERR TILFRBRItEE.

A, ARIBEZIRY EXAEH EREGFREER (Hegel) BIR, BXIEHEREEFHI—ME
RS, BRMRIANRNE, BRLERE, BfE. REMZASFIRAERR. BE/RANEIIEHER
BR, BEIXAFEENLIERTTE.

XMEZEREEERR, BN "WEED" B—IREERIGE, T a3 2RERES
AI— MRS,

A Y
Rk
PEERIRX LB -
Debortoli, Nicolas, Li, Xiang, Eyres, Isobel, Fontaneto, Diego, Hespeels, Boris, Tang, Cuong Q.,
lot, Jean-Francois and Van Doninck, Karine (2016), Genetic Exchange among Bdelloid Rotifers
s More Likely Due to Horizontal Gene Transfer Than to Meiotic Sex. Current Biology, 26(6): 72

—732. available at https://www.sciencedirect.com/science/article/pii/S0960982216000816 [23
ebruary 2023].

GPT-3.5-turbo

X XEAR 7 X Eea04) (Bdelloid Rotifers) ZEIRIERFE MGG, EIEKFEREFE (horizontal
gene transfer) FEE5D% (meiotic sex) . WIIE—XRTREEENMEY, ©lfifEH
PR AT IS HANE FIRAEE . AT, ARRIENEIEEEREBREN, REER LDIA
XIS FE TR IEMRAEEY S, B, AR 7 EN PR ENEREBIIRIR
B, LURIHX SIS e MR E R ER.

IZIAFRFIA T LRISMSEND FEMERA, SELIPCR, £2ERENFLRERABZSE, I
FHTERDE, HBEIDFRERAREDNMRAREMERNXR. AREIM, XL PRIEREEMN
BBEST RIS RNER, B RIVKFERERRENLTFIERNERESRSE—ENESR.
ERBIIEEREREEUEN, KRB s EIMRIEN 4 S EREEEERA,
TR EDFH AR KRR RS IR RS EE2NEMER.

GPT-4

NEHRR: Genetic Exchange among Bdelloid Rotifers Is More Likely Due to Horizontal Gene T
ansfer Than to Meiotic Sex.

{E&: Debortoli, NicolasZs
&ZF=T: 20164, Current Biology, 26(6): 723-732.
§&4E: https://www.sciencedirect.com/science/article/pii/S0960982216000816
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AR T WECECH (Bdelloid Rotifers) FRRIEEAZEMHE, NMECIREB—FJAMNIIKESND, #
BRI ZFEERBERTBLORIIMEIE (meiotic sex) , MEBSTHEBHTENT. A
. FEXEEYHFNRE T AENSEERMEREANSR, BRRARKESRIEMXLETRAIR

AREFEIN SN N K RBIERENFESTT, AR 7TXEYMENERETS., SRAM, XL
SHPEAENEREASY, RPERIGENKERPRIRY. A, XEEAHIERETSHE
BuRRMEE, MEF R/ FEREE (horizontal gene transfer, HGT) 1&pkAY. KFEE
E’éﬁ%‘é—%&%@%E?%’éii%ﬁ%ﬁiﬂﬁ%ﬁEl’\J%—/u\EWEI’\JJ‘ﬁ%, MAREI M EmERES
LR IR, W RIS e R E o AR K EERGERS MY, MmIFFLL TR
AEEESE, XH ST 7 UKL RS RHESHNERESHEUIN T ET U R B a0ES

%giﬂiﬁﬁ_\?&o BT XIAsT, FAIx R RAED R AR E 2 RSB TERA
HE.

NFERIRX R R -
Eyres, Isobel, Boschetti, Chiara, Crisp, Alastair, Smith, Thomas P., Fontaneto, Diego, Tunnacliffe
Alan and Barraclough, Timothy G. (2015), Horizontal Gene Transfer in Bdelloid Rotifers Is Anc

ent, Ongoing and More Frequent in Species from Desiccating Habitats. BMC Biology, 13(1): 90.
available at https://doi.org/10.1186/s12915-015-0202-9 [23 February 2023].
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X SRR T (Bdelloid Rotifers) ZIEIRKFREERBAR, IR EBLEFETR
gD, K PERERRIEARMAZ BIDNARIIS, B—MIEEERENH, BFE S5
EMER, M, XEARAR, XMASENGCIHETRETE, FER—MEEMHERIIR.
XIS ER T R REBZ D FHUOTELE, SIRERERSIAINE s T 7 ERANF
2. AREIR, BEREBTREARIFIZEGRAES, MBLEERETERZHIMEAE
ZREKFERER, W, ZARERIN T —LSKFRERERERNERE, XERERETES
TERTIER HAFIEER.

XBEAR A TR T K FEEEB IS R EXS EYI RIS IR 7HaNEE. BiRRE, X
%%EP, XEAFEHEETHAZ S RARS], FTRERXEEMEN TRESFTSMERMIEE

<

GPT-4

NEFRE: Horizontal Gene Transfer in Bdelloid Rotifers Is Ancient, Ongoing and More Freque
t in Species from Desiccating Habitats.

Y& Eyres, IsobelZ

£ZF=TF: 20158, BMC Biology, 13(1): 90.

§&4%E: https://doi.org/10.1186/s12915-015-0202-9

LRIk :

AR T/KFEEEEERE (Horizontal Gene Transfer, HGT) K& H (Bdelloid Rotifers) &f

PRIASE. IRREARESTRRES. NERLRE—KHNIKETY, UEHEIEAE. K
BEREZE—MRSERERGEES— MIRERE, MAREBIUEERESLEN.
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HRENDHT TANT N RERERBLE, KT AEAVKFEREBSM, RIPXMISRENL
WRPEERKAIASE, FEMEHIT. W, HRAIR, ETHRESEPEFIWIMN, KFEEEER
ERIRERS. XEWEKFERERATREX WU R RTINS EFREE—ERIEM MR,

TETIREET, HIRETREHRTIKMRSE, SEDONARREEDMEF, XA LS EREY)
FIFR, MTAmE 7 K FERERIEE. XA sEaT UKL REREEMSE LD RAIMEER
RIERT, (RISERZHY, #MRSEFIIENEEN.

AHFXSTIEE N K RE ap R K FREEREBI RN EESHERPIIREREEEER N
R T X— R A A E T R R .

3%
e
X ERERER P :
There can be no doubt that all our knowledge begins with experience. For how should the fa
ulty of knowledge be called into activity if not by objects which affect our senses, and which
artly produce representations by themselves, partly rouse the activity of our understanding to
compare, to connect or to separate these representations, and thus to convert the raw materi
| of our sensible impressions into a knowledge of objects which we call experience. With resp

ct to time, therefore, no knowledge within us is antecedent to experience, and all knowledge
egins with experience.

But although all our knowledge begins with experience, it does not follow that it arises from
xperience. For it is quite possible that even our empirical knowledge is a compound of that w
ich we receive through impressions, and of that which our own faculty of knowledge (sensible
impressions merely prompting it to do so) supplies from itself, an addition which we do not d
stinguish from that raw material until long practice has | made us attentive to it and rendered
us capable of separating one from the other.

It is therefore a question which at least deserves closer investigation, and one that cannot be
isposed of at first sight, namely, whether there exists a knowledge that is independent of exp
rience and even of all impressions of the senses. Such knowledge is called a priori, and it is dis
inguished from empirical knowledge, which has its sources a posteriori, that is, in experience.

This term ‘a priori’ , however, is not yet determinate enough to indicate the full meaning of
our question. For it is customary to say, even with regard to some knowledge derived from e
pirical sources, that we have it or might partake of it a priori, because we do not derive it im
ediately from experience, but from a general rule, a rule which is itself, however, borrowed by
us from experience. Thus one would say of a person who undermined the foundations of his
ouse that he might have known a priori that it would tumble down, that is, that he need not h
ve waited for the experience of its actually tumbling down. But still he could not know this ent
rely a priori. For he had first to learn from experience that bodies are heavy, and will fall when
heir supports are taken away.

In what follows, therefore, we shall understand by a priori knowledge, not knowledge indepe
dent of this or that experience, but knowledge absolutely independent of all experience. Opp
sed to it is empirical knowledge, which is possible only a posteriori, that is, through experienc
. A priori knowledge is called pure if nothing empirical is mixed in with it. Thus the proposition
for example, every alteration has its cause, is an a priori proposition; yet it is not pure, becaus
alteration is a concept which can be derived only from experience.

GPT-3.5-turbo
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E7EEE, BAFFERANREMR TR, FARGZRIRERIHIVEFA sEEBAIINARIES, ©
— L HBEERTEHRELRMERSR, —HHENEES IR EEENRRE, ERANGXERRERLL
. BRERMXS, FRBRAEEISAIFEM R AT FMBRI= =2 M RN ==, BER, ==
RtiE)==, F(INEFIEENAREA AT TRRMFE, MATERREGETER,

EREABAVIERINIREETRE, XAAEKRECHREZNE. EREHNRNEZEERIRZER
SHIpRY, ARATBEERHEIBBRNANRRE] = =R EERMEEISR5 KB BiEa)==I—FE SR
X—BPD A RAISEEIR Y 7 R FMX D AIEEN. FrABAMNIEE DJEERNRIRT— MR, X
[EEAREEE —ARINRRARE . BEFE—TNR T—IRRRRNITRFAEEIRAIANR, XA
WIRIFEIAIR, ESKLRMANIAARRE, FEUZKEAERR.

PAMIX A "5538” AUANIERAEASHE RS TN, EREFETREAINIRE, AMWE
UTZAMRE A FrAAERIE AT RERHBEA I "Bl 88H, BARIFIFERNZIRIKSIZANR, M
MEMEERNGIXE, MXPRUFSERTHNNLEE, Hl0, SFAIR—DAZEBFEN
ifi, bl "% MBEXNEESEE, M AEGHEERBIISSRER. BHATETE "t
;igﬁﬂiéﬁﬁ\lﬂ%ﬂo E A MESTSNRIIRE = =B FERERN==X—R, IURICIIIFREE
=fE R,

B, TR, FANSEEASEMRIRAEIR TIXFREEMELIGRIANR, MEEIIRITHEHAL
RURNR. BRIV EZRENMHRNR, BERNAIEM EA 88, BISIeiEAmRAR/9ZEr IR
, RREEAREREERN, Fl, "SI RUEBEHEFER" X asilgiE— st 8
SREBERIRNR, EA " XMESINEE T,

GPT-4

27, HAFTFEANREATRK. FANRARBEIEHAVEERIRIR, FIFNANREENIN
LBERIBIRIE==? == XEMRIDBBEEETERSR, HBoRERIAINIEFENEILR. EZE
PEIXERSR, NTHEAVRMEEISRAIFEM R AT IR 9= =2 WAIISIIR==, El, ==
RIEl E==, FIAFIRKESRTERAED, FIEMREENEITTIART.

M, REFNIFENAIREGTERN, EXAFERECERETER. FEABMNNEEERTR
REERM B ENSIZWEIRIFFNERAREEN == ((UNEHBIEEIRINEEX ) ==1HAY%R
R, MIXFLNINR WERRIBRYSER P RED PR, (ERAIEBROTHXME.

Fit, EMEESEFMEEAE—NIR, PESFERY TERESEEISRATAIR, XEFRIANRHE
AFHANR, BEESRBRMAEKE, KWATRKRTER, BEK.

PAM, "l —RIRAREURTRBEAIRNEEREN. FARET—LEREZIAIANR, Tl
R, BANARERRESSTRE, EABRMNAAREENERDERE, MEN—ISEIE
BEE, X NEASHERMINZIEPER. Eit, MR—PABRTHEFAIEE, A1
ARBILATRSCRNEE FE1S, adin, MAFESEIBEFIREIBIER, B], AR EEs
FIHANEIX—/R. RAMETENZRT THEE==YFEEN=-=, SHEREERNTHE XK,

FTLA, TEZ RRvIECART, FANSEIRANRIEBE AR T XD EBRMRIGAIANR, TELEXIR
TEIERBAIANR, STHEMYAIZKRIEANR, SREFERR, MBEERT, 7 2raER. MR
BEWMRRASRED, STWHRRFRASEANR, B, 50, SMEHEEHERE, 21Nt
ok, AT, BAARLRR, EARUE—MES, REENZRTHSHE,

(8T
YI{AITE Rstudio FR{ERAI SCINTHREL?
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£ Rstudio &1, FJLAMER gam S3IET XINMERER (Generalized Additive Models) ., f#F ga
BRZEBAT:

1. LEFINE gam &:

install.packages("gam")
library(gam)

2. EREUES, Ly (BUEE) Mx1. x2F (BXE) £

3. fEF gam() REHUET XINMEERY, (R formula FPZUfSEREL:
model <- gam(y ~ s(x1) + s(x2), data = dataset)

Hrp, s() ZFBREHTHBLE.

4. BEERBER, £ summary() REGHHIERSITHER

summary(model)

5. ATLASERS predict() EREFTUNFTEIRAIMNZE :

newdata <- data.frame(x1 = c(1, 2), x2 = c(3, 4))
predict(model, newdata)

TR T MIMMEREEITARREZERNGEERR, TREERSEADCEREGETUS. B
HE IR ARSI S SR,

GPT-4

FERstudiomh RS~ W ANMEAEEY (Generalized Additive Model, GAM) , EILA{EF 163,
BRET— DEREY, FAFHOEEfHLETNS INMAREY, 8%, BIREERET 15, SR
KL%, ALUBEL TR TRE:

install.packages("mgcv")

SeEER, IiE 2%

library(mgcv)

0 IEREHI—RFZ =L T :

gam(formula, family = gaussian, data, ...)

o formula: RN, BFETE. BTEUNFEBREL

o family: MNZENS, FlUNEHET (EEZE) . I (THETE) . B (GHEEHE) &
o data: EEFTETERNUERE.

o ... BfEZBAREEIINSE]L,

AR 2—MEBARA, ERmtcarsEiESEMmE—N XINMHEE, Bir2Fl ' mpg" (BINe1TH
E#) #'hp" () ZERIXRE:
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# NNEEES

data(mtcars)

# HEFHUGT MINHEER

model <- gam(mpg ~ s(hp), data = mtcars)

# BEEEE
summary(model)

XEFAIER T < IRERERT MIMEEERRFBI. RERINTUE 0, R
I mpgShpZ[ERYFFELMERR.

EXIFERERA TN, AILAER DERER. 590, FAIXThplEA100. 150F01200891F 5t THR

new data <- data.frame(hp = c(100, 150, 200))
predictions <- predict(model, new data)
predictions

e, ALAFER IEREERHILER :
plot(model)
XIGEM—IKE, BT EIFEEIR (BlhpSmpgZBlXkR) . JLURIESESEEENX EFHNES

WMEAEREERE?
GPT-3.5-turbo

E-XNERE S, EREAEHE—REETEES EE’FF:%uéSZEE;@LE’SIO B ERERIS AR

TLl%&ﬂMEIEﬂW‘EiE’J&mV MERE, —LERTFERESERFRERER B RN, FEN
ERERT LA S SRS HIRZEAIRIE .

Bk, BUTVMZARTLOEZE MINEEERIBHE:

1. BERE SRR REESEA IS4,

XNTHRLFBRE, [CAERERE, B LifREIPRMRIEENSE, JUBDERBXLESEHK
BREBHE.

2. (I ERERIRFETBRISLL,

MWTFARNERE, EBItETEFEREIISHILIESIE BRENEEE BRI,
3. IEFEGERIBE

MR- BEBEAEGHRMESE SMNEEIRERITT LRNBEXR, JLUEBIGEMRE PR
LU ERI B .

4. FRREE.
SEETREENBHREETN, BRI LUSEZIRRRRMEE B RE,
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5. 3ZIGIE,

AL IERIRET B R M SHANEE, LISESEMMREIERE, XX, SEUE
B A GREEATTEE, AEEAIIGENGER, FRINERIEERIGTA, RIEFSEN
EXRGESERNERERE.

B, - MntERG, FEEREREREENSESRIEERERIEIET, SoEREXTEN
Bk, FEE. USKMRSSHTEER, EREGERNBBERARFEREN SRR DRI ERY.

GPT-4

7Em 0 DR 2 m DR REFRT SRR, BILUE T B R S SR A S
B, XEETRETBRMTNERSSRE (IR Fom.
MRS AT R

1.EE BTG BMETER IR SRR SR S, IR

THEREERIERIMNE., RARNETESHENER. REUE, MBRIETES
BNEEBRIIIUE.

Blgn, HE—AT MANEEERL, 1§ mtcars" BUEEPRI" mpg (FAMNEEE, "hp(FABEEZE, &
BHE/I8RIFBREL:

library(mgcv)

data(mtcars)

model <- gam(mpg ~ s(hp, k = 8), data = mtcars)
summary(model)

2 AFAILABS SIHARE  EAMERENSRE. USHRREEGENEHRE. BFE, &
B RERENERERY SBRATUSHIXEE, STLAEREWAIC (FREEEER) , BIC (TUrtHR
BUEN) B RIGIEEF T ERIGERERHRE.

AT 2—MERAICKIEER&E BRI
# PR —1=NRE, FERRKEXINRAIAIC

aic_values <- numeric()

# 33Fk = 2,..., 20, HEEERFTEAIC

for (k in 2:20) {
model k <- gam(mpg ~ s(hp, k = k), data = mtcars)
aic_values[k] <- AlC(model k)

}

# B EER/AICRIKE
best k <- which.min(aic_values)
best k

# (ERRIEKEEREZIRE
best model <- gam(mpg ~ s(hp, k = best k), data = mtcars)
summary(best_model)

iﬁfi%;éitﬁﬂ'ﬂﬂ_ﬂﬁﬂqﬂﬁﬁﬁﬂ'ﬂ% HESEEIA2ZE20MAREEREEE. (Rl LUIRIE/RAVCRaEF0E
HITIERL.
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MNuFIEEEREE?
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EFitEF, AN ZERSEET LA BRRENRIRER. UTE—EERIEA:
1. T4k : BTFHRRANTAINHEREZEEARR, FINFERNAREZERIES.

2. RGN ATHREANEHREZAREFEEEMXRR, HINFHE M NRFBIRSMES
D BIESR.

3. FESHT: TR NS NMNALEAIYEREEEARR, HlUNFM=1"s8EZHZENES.
4@- XD BTFREMANESMTEZERIEXME, 140 Pearson #HX#7#0 Spearman 18X%

=Jo

7 XOnERE S, FJLARI SRR B2 MRS B R E EE MR KHMAZENEE .
TEEZEMY, —RILIA F1@l0sk D Ikt T, MTRIEXREREN, —RIUEEP
SR THIRT, —RIAR P E/INVF 0.05 (& 0.01) RFRZZERE.

2m, PLENSEMRNTEEBRME. AXiRERT, TEZARsHFESRIMEERIIHIRER
HEZENESHEEIRESZIERNZESRNARRESERNTE. Fit, BHEZXENEE
HREEE, RFGOERSHERIMERER.

GPT-4

EERA XINEREL (70 1R HRY IR HTIERE, TLUBEMERREEERF TS
B, BEREPESTENFELENER, HPIHEMESHHEREXE. BEXEERERGEITLL
BNEEDENUALpEFERTRTAEZEE T,

EEEREE, EERUTHS:

summary(model)

AREES, aEEITER:

e Estimate: EFNERHIHIHE,; #AX, TEEREAPRFImEA,

e Std. Error: {HIHERITREIRE,; W/, fhiTEsSH.

o edf: BNEHE, THEEPENFEIRENSESE.

o t-value: FBDEAIGITE, FTF Estimate fRLA Std. Error,

e p-value: D ERISALLPE.

pETRATFHMTEEENE. NRpENFENTNENEEMKF (4/200.0580.01) , MFATATLUA

ZZENRAEEEEEE. FEIERE, [RTpEZIHN TFELEEMENEREXE. =2
T EER R RTHARE R EMNZ ERILIRE 1.

fign:
library(mgcv)
data(mtcars)

model <- gam(mpg ~ s(hp), data = mtcars)
model summary <- summary(model)
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model summary
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