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Part 0 neuromorphology

reference:

e PhD thesis of Quan Wen

e Chklovskii, 2004
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(figure adapted from Chklovskii, 2004 )

Part 1 single neuron

reference:
e (CH5-CH6 of Theoretical Neuroscience
e (CH4 of Dynamical System in Neuroscience

e Biological neuron model in Wikipedia
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(electrical circuit diagram of HH model, figure from the Internet)

Part 2 from single neuron to multi neurons

reference:

e (CH1-CH4 of Theoretical Neuroscience

e CHS5 of Introduction to Probability Models
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(Theoretical Neuroscience, figure 3.2)
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iE: TEF (in vivo)iIHREE BT £ EBZFEHIZEE (stochastic process), MARIRAEIDEE (deterministic
process), XHENTAMPart 2FHAS T RESFHITFIR, BEIMTLZHENFIEETERITER.

Part 3 multi neurons/neural network

reference:

e (CH7-CH10 of Theoretical Neuroscience

o CH5of (MN=J¥E) RAFLE

e deep learning video of 3Blue1Brown

e deep learning video of StatQuest
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(figure adapted from the Internet)
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Homework paragon

Here are some homework paragons in the previous seasons. However, each season Prof. Quan will
assign some brand new homework...

e Visualization of the dendrites of the Purkinje cell.
o The Purkinje cell has the largest convergence in the human brain~

o You will then be asked to do some analysis based on this graph.

dendrites of a Purkinje cell

e Visualization of the Connectome of C.elegans.
o Below is just a diagrammatic figure, each dot is a neuron and each line is a synapse.

o You will then be asked to do some analysis based on this graph.
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e Simulation of the HH model.
o Below is a limit cycle of V, n and m.
o You will be asked to do many many analysis on this problem.

limit cycle of V, n, m

o o o
= [} o] —
/ / ; /

m (no dimension )

o
N
L

n (no dimension) ' -100

e Ring Network.

o The story of the ring network is a legend: it is firstly raised in theory (Ben-Yishai, 1995)
(Kechen Zhang, 1996), and then is proofed in experiment (Kim, 2017).

o You will be asked to reproduce some of the theory work.


https://www.pnas.org/doi/abs/10.1073/pnas.92.9.3844
https://www.jneurosci.org/content/16/6/2112.short
https://www.science.org/doi/full/10.1126/science.aal4835?casa_token=JgEd3PXJsR4AAAAA%3AhAguf7nUMPOera0f3QGoVIKNlNNdmDliPxwbJ-ocO7Mmge7xd8YHrpvpiaIOxC_yevB6F4CwnpwcvkM
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(figure from Caixia Wang, 2020)

e Simulation of the Hopfield Network.

o You will be asked to use the Hopfield network to realize "memory", like the figure from Rong
Wei.

o You will then be asked to explore the "remembering" and "forgetting" of this network.

Original Pattern Test Pattern Reconstructed Pattern

(figure from Rong Wei, a student of 2022FA class)
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e Simulation of a Spiking Neural Network (SNN).

o You will be asked to use the integrate-and-fire model to simulate each neuron in a sparse
connected SNN, like the raster plot below. (Raster plot is just using a small white rectangle
to represent an action potential)


https://www.frontiersin.org/articles/10.3389/fncom.2019.00096/full

o This SNN is quite weird. It can have synchronous and asynchronous, oscillatory and non-
oscillatory, regular and irregular states, depending on different parameters.

o |[tis well known that the brain also have these kinds of states, but whether this

phenomenon has anything to do with this sparse SNN remains unclear. See Nicolas Brunel,_
2000.
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https://link.springer.com/article/10.1023/a:1008925309027
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Recommend reading

Strongly recommend

Theoretical Neuroscience: Peter Dayanf[IL. F. Abbott @ BRIZ MR B, BXAPESTERIAT .,

What Mad Pursuit: Francis CrickF-1988FFTERIRE, FiFEH (FHARIER) . XABRE, ELES
PEfS, JUN\ETRREIESE. AIEH 7t EXFRT. AR, SN, RS FEDFNE (DNATURLE
BRI, EEEBENAIL. mMRNARAIL. t(RNAREIUIFICrickEX) . RE—EH 7 HETHEEY S
ZEHIEEE., ftF0Alan Hodgkin, Andrew Huxley, David Marr, Terry SejnowskigF A,

CrickiBRFEMF MR EMFNARIVAR T 7 —&NtLE, BT BT HISHERIFMBAHET,
BESFATRA,
One example of such a net, called NetTalk, set up by Terry Sejnowski and Charles Rosenberg,

gives rather a striking demonstration of how this little machine can, by experience, learn to
pronounce correctly a written English text, even one it has never seen before

They are existence proofs that units somewhat like neurons can indeed do surprising things, but
there is hardly anything to suggest that the brain actually performs in exactly the way they
suggest.

CrickiC¥BEFHEREE. EEURNEGZIZNTEBRT O FENFAREENF (Foal, MAAXHCEN
HIFFERYBWER TR IHES) B, MAAESADEYLR, EMEYFRISTIRET, BElE
RERIRLRILISFHY, BERVRER, MXGERRSECHERFAIFE MR,

Crick@— MR TR SIEMAE A ——F)ames WatsonHilhEmREDNANIZEOIIA S AI—E—E; &K

AFLONAIZEOIIE Y PIE—3KE ), AF FEE: WEHR ERERNIR P ANEEEEBRE=K
1Y, BRI D FUIES (BAXRRRBESRERERKT) .

When you get a chance

R—)\GHPIETRE, ETEY, FEEARWFRENZES.

Dynamical System in Neuroscience: —AHN N ZFEMERFHIINERIH., EREER, CH4ZRRE
BIE, HT2DENHRFAIBEIES: fixed point, limit cycle, bifurcation, (PS: BXABHESTEIRN
BfE, EATEFENIUE VR LAECHARKEIZE R, )

(BRNAHE) TRIC., FRia: SRRNTENNRS, JLUNXFFERICHSTHA,

Introduction to Probability Models: RossFTSRIBEHISFRE BT, NRESWRIBNERE. S/RAIRS
2. FiedE, BIAEE, ENEGR, CHSEREFIEN.
(NB/FEI) BAFE: —RRNZEMNBNEFZINS., CHSNBTHREFS, BT ZELBEEETSE

EIPATRITEHREMARBIHENERAARE. CHIONB T, Principle Component Analysis,
Multi Dimensional ScalingZf#4E 5 A EMERIFZ I EBNEMF BERERA.
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Principles of Neural Design: —ANHHERFEMIZIT XN RINT. BIVEBR, CH2EREEER,
EXTER, (FERRE—HERATbottom-uplI7FiL, MKIBHIFE (RigBEEE, KBHITERARFEZE
¥, SEFAIRBMHERT, (BRBREEXMCIZ)  FEER, BELER. XABRINXIAFEHER, FCrick,
RossHY—#¥,

Vision: David Marr (1945-1980)fUIRHHZE, IXABE, MarrgstiRt T A AEICHERIFRRNIZE
N=1BER (tEEie. BX BUL) , EERE 7T e LISSAEMERIEE (image->Primal
sketch->2.5D sketch->3D representation) ., XABIRE—EZL Francis Crick S 8AIRIZF R IMarrfy
TR BRI, fMMarr— M —PMRIZIXEERR, EEECHNGE, WBPIRT20225FHR, KR
a5 HERES. R KATRIER, ISR —FERRTEREIXH,

19794, BERMMBHIDavid MarrfliBECERRELS, thikiEEThe Salk Institutef]Francis Cricks
H, BEREHEOCSXAH, 1980, Marrktt, 1982, HHR, HEMarrE A TELARIXABE
FTENA TR AZ—.

XAHREL (WARE) . (HBED) 1kE, AIBRIERFELLRY, EAFEGRER, BAE
BEREXE, IFTIFAESRE—ERET.

Principles of Neurobiology: S8RIBEFRE#it4, EMFBEXRNBEXATEETRIHMET .

What can you benefit from this course?

R RISFPEATF201H484], Camillo Golgif1Santiago Ramon y Cajalffl 7 55— ML EAYFAR, Louis
Lapicquefk AMarcelle Lapicqueff{ 7 E— MRS H HEHAIHAR.

NEEZIE, E—ERHALERXXNFRZ—, ERRRE(IIREER. ¥k, Fit. k. AL T
2. 0EZE, JIFEAAE. HNLRESHETE . Wb, Fit. 4be. CS/EE. Al WhRIZE. S
BRAVFE AR X JRPZm.
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MERIFRBEBR, (RAILANXBEZR—EHEFERERZE FONA. Bel, MEERZ+shERNE
BRZEHZHES, LaN: Steven H. Strogatz, Eugene Izhikevich, 5B4b, Part 2dp&EINLGZRSE, 0
RIFFIZDERNE, (REIFEFD. BES—IERIZ, Theoretical NeurosciencefJCH8FAlan TuringHA
HENEZ TIERLYXER.

MFFRBEYRR, RAILTHEMEFNBERMAMNATHERSFHN (XIFHFR—OERESEMIE) . ¥
IRENMEMFR, BRTHH modelzbbh, IFBRESHEIBERAIAbIological plausible modeltB 2¥EHEE
RHAY: Archibald HillRFIILTEFAYEERE, Linus Paulingh9ZEMA /& Helix, DNA double Helix, Howard
BergWd KB EAIAR. BT FIEFHBER THREVFHZINM LA BRIGERHX IR BIAMREL,
N EHEERISRK, NIEETHEENEERIFEZS, A IRFPHIZIHA: Alan Hodgkin, Andrew
Huxley, Francis Crick, J. J. Hopfield, Terry Sejnowski, L. F. Abbott, Haim Sompolinsky, Mu-ming Poo,
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NRIFRBESLT, (FTLMNXEZZIRENISIE. NHEHEREERERE CRONA. BRibZzih, Part 2i55A9
FS#STH, KER. A Fisher, C. R. Rao, David Cox, [EEMERIFHHIEMRMS, NaritiLitns
RFEEBAD,

MRIFREERR, REARIX TRMZBIMFRIERTE A+, (REBORIATEERE CHEEFEKFEAR
%, BE, MRAREEXTRHAMBE, SRS, &R, BRX=DRPOHMERT. WRRAEE
HEECHENINE, BRIEEEH—SS, FEANEYARIBAEEHIRS, XEAEREBS, X2
B—EMFMOEZ AR EREERCHIH AR FS . Geoffrey Hinton,

ANRIFEBEAEYE/Al, (RETLNXEZZENEZ INAET BRI ARBIHENEEAARE, X
IR RS AEEANBE IR, Part 2F0Part 3M9RSZEF T EMW28F I FARINAEEIEFEHE
B, ReesiEsee—+# (tbal: KL divergence, Shannon information, Max Likelihood Estimation,
Receiver Operator Characteristic curve, hidden variable, variational calculus), MR{REEFINZEEST
MREF>), BPEPart 2f1Part IRSMRMRIZNL. [HE_EAJAITIEATEA, Alan Turing, Marvin Minsky,
David Marr, Geoffrey Hinton, ZBXJEYIFREMERERCKE, BRRTAFIRCHERZE I FRRNE. B
RIE_=1TFAMTEHSIEESENARE, EF OHERFE—LEEGE (ESERIEEM
fiJ) . ¥RMIAIVAE, ResNet, Neural ODE, EBLETHERIF—LHNER. WMIRRE, RSEEWIASD, E
MBAATEEEEENEMHEMEPIHRER.

About us

Home Page of Wen Lab

Journal Club Website of Wen Lab

GitHub Page of Wen Lab

Last word

End with Francis Crick's word:

The brain sciences have still a very long way to go, but the fascination of the subject and the
importance of the answers will inevitably carry it forward.

It is essential to understand our brains in some detail if we are to assess correctly our place in
this vast and complicated universe we see all around us.
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