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Abstract: Several memory models have been presented, including the working memory concept,
the associative memory, the parallel distributed processing model, the model for adaptive control of
thought and the concept for retrieving effectively from memory (REM). Recently, more efforts were
made in gene and molecular analysis, synapse transition, sleeping behavior, self-resonating and so on.
Yet to date it is still not clearly whether the memorized data in a brain are stored in a neuron network
or synapse, or in molecules, or even in nuclear spin. Here we present a model for the material
foundation of memory. We believe that the basic information data of memory in a brain are stored in
the form of 2D codes. Each 2D code consists of many neurosomes that are strongly connected with
electrical synapses. This model indicated that the memory capacity was limited in brain, which may
help us to explore better education strategies.

HTIREER X RNME T KRS IZ L]

El%lEl%lLLa, %*ﬁ 1, iﬁl:ﬂi% 1b*
VTR, BREBEAEOR B, dbaiRy:, dest, E
TR, ILARRSE, BEE, LAR,

3xujj@sdu.edu.cn, *xusy@pku.edu.cn
R

»

REHE: i, YR, WAL, BE

WE: HAr R iciZ i @l BHEEZATRE T 2 FICZPLERR R, s TARCIZEAR K
BRACAZAERY | AT 73 A QAL BEAR Y L o P T AN R s R 4% . LA, iU 2
FAEAETLRIRI 70 AP 70 b Sefibdedl . BEIRAT N B R GIG T R =41k, K
TACI B AL B R ML R, 7 T B e iX— R R, i Eie. &
SCHRH T Bl B2 T I SEIR B R AACZAR Y, RISCAZ BB A7 it 76 b PSR i 5 S S B 12
KA T —EM 28 R o IXRCAZE RS RFCZ A IR TERIBES, RO E B
B RS SR AU B R AT

1. 518

“TCIZ AT AF A AN GE L ? 7 A AR AR . JE LR, NS R b ) R A2
123 %, XFit, Wilder Penfield [1], Geoge Miller [2], Richard Atkinson & Richard Shiffrin [3],
Fergus Craik & Robert Lockhart [4] 55 A& | #0488 . Alan Baddeley #1 Graham Hitch

Copyright © 2019, the Authors. Published by Atlantis Press.
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 154



£

ATLANTIS
PRESS Advances in Social Science, Education and Humanities Research, volume 268

B Y T TAEICIZMER[5]. Jerome Raaijmaker I Richard Shiffrin #&H T BcAHC 2 #EHY
[6], James McClelland, David Rumelhart 1 Geoffrey Hinton #&H T 74770 i AL A HY[7],
John Andersonde M $2 H T [ 3& M HIBA[8], Shiffrin 2 B HCIZ A BE RIEM E S B R GT £
REAI[9]. MTAFR, 1A A B OCEAEFE R A TS AT (101 S A A 1] REERRAT A[12]
MEABRGMER13] FHm. SRMES AL, KT EAER A ERMEMN L. K. 5
T BE[14] X 88, HEE gk,

BTN, . KRG WK S RES 2 AT A A R EE B 930, BN A A TR /1
Az . A L2 8 RN Nk SR & M s S e 2 B RE A Bl R L HaiE. &
Z 2 — FUNINPIS I, AR tH BB IS AR B AL B, B 5 0] AR R OGRS 2 AR PR 5 — 2
PRIE, AN Ath sh 4 K P AZ AT AT e 10 5 3t a1 R

2. Bz ER
2.1, BETHE T 4Rz R

T H AT T KRB A & e M S b () JE A S5, FRATEEH T HC AR A

B AL TR, BRI, BRI R E SRR, XA SRR R A
TEFT I i B M B T-IR A 72 A DA R A 22338 RS LB e Ak 5 R o M8y 2 IR R o R A5 = -
T 2E o, FL SR AR & 5 M. L ofbrl, B TR HRIBRAAAE, BN e i iERE
BOAE, B SON “3RiER” o bR, B ICR B B A A B e e e,
SESCH “BRIERET o TIRA R, B A E AR A R ARy, RN AT
G2l W ERY, X =Ko [ mT DA BRI 15]. FEVR & 58 fih b ) seat 45 R,
23t R A5 M55 LR SERS, T R A (5 5 2 R 1-2ms. FTLL, IX B35 1
[ “BRERERR” BMRE ML T2 LM B SRR, 1) 2T SRIEBE I 26 R AR & TR
BB [R] I M5

NI B E R A AR K, MiM& o K ZE R N, B EME o2 —
YeZAREE Ry A 161 botn, —3K R ORI (S SR 0 90 5B A0 AT 4T RO 4 B 1 e A%
SRS, WREEAL YR A BTk, BE S I L e e 2 i R A AR S B IR AR X, A R
B R IR X R . R, — R . —RPRIE . — R A A0S B RN 2
(AR 5 X 38 DA — 4 M4 A B AR 42 0 AR X 48 75 LLR B

BATVAA, 15 BB H— 2 N BB RER R R o ik, SN E S MR T
TYESRINGE MY, WRIARIEL N ¢ 4R o R, ERNAN, B SRIERSC RIS e R
YRS N A B0 RIEFNLIZ AR e B B, B AL S B d s s
IO FE L= 60 AL AT 200 ARV 0 4 A o 20 ol L kb o R Rl K bl e e S B B A 338 e e
TR 17 2 AR A 2 4T B R SRR S s e BN AT B R e, R, AR, SRS
LA BB R IATE I R R DX 3 A A 22 40 BB 38R M as

X — 5] DL E AV KIS A 4 KRG 15 3 — S 4E10E . B TS8R BLRI/KIE S A Y
ANEANTIAIME ML, S RN KRG TCH R X PYAFH L TC R 255 5 1 T AN A
(G AR o 20— 2% o R R 228 0% BN, 2 A% N 4% v BTG 2 T I 2 A, AT B
RoKIRERIEsh T [17] o Wb, XT/KIEmMS, B35 B e MmaEms -,
XA RERACIZ AT o ZABTHRFF S IXFE— A WS o E B a2, it b A XMaM
ANATTHFORES, A E TCA AT BEH 1CAZ 0B
2.2. CAZ I RLAT I B

TR Bt miE LR TR B A& (1) R MAR S HE R P
P TUIRIN gy, JEH R s RS E S, W PR RRER::  (2) Makreisk
P MNWAEME RS EZRRRERY, R a I RE, 8N .

155



£

ATLANTIS
PRESS Advances in Social Science, Education and Humanities Research, volume 268

B RR: Y], A KRR 2 RA RENANEERSEREOERE. ER, /£
—/NMEREAIE T 286 NN (R IR Im I K 4544, 2 DA 2 % X H BIRLAE R o 22 4 i 2.
[k, 25 R R AN N RARFTE) 5 FEARRIRIAPE I T L, W5 MDBIE 2 A5 A
AN MRS, RAREERYE R R i 2152, HREMWBEREZ . AF— 14k
Z0 L AR AT IA 3497 A, T K AHIAA 1000 AN[18] o 415 5Kk 5 B Lepp 48 5 [F] I 24
B, AT b SN I ) AME e . R AN RIS o LT [EI N 6 R M S S
BF, EATT ] PR 3% 2 5 fil ] B B2 ISR B RN T I BRI, SR 5 3 B A BRI B A 5 K i
KHIN5E, EATZ B TG TE R R He . TR H Al X 7] REAAAE R iR B3 I e, %
18 43 R AAL 2 TR b TR A 5 A ) B S A (O G e o 5, R v T E AN B A G LA
{H/NTAZAB B P A o 5 %8 R 2 B [r A o DU AN 2 (IR (S i 2 S A [X e AR A8 Ak o 5 SR B 175 U AH EE X
TERS 22 bR A AR At 2 37 SR e 12 DA R A 2 S A B VR A SR il A8 SR B SR Al I

o Wk B A Vi
- A 4 L i

4T
P, .
e <ef
S
o
5oe 4T
+ -
g = S e
*secondary excitations S ALt e e
. & P s
*enhanced connection I i i
dioe A 3 T AT
*strongly connected chain
WA H
b S
40 ¥
) -

B 1 EE e AEMTRIUR R (a) R ORI G 2 T U A
Mz Te, EMTEEREOT Bk B SRS SRk E S (b)) L2
JeFEA, A2 AR 2 TS A S R B A R A AT §93E . (R RS o (o) HK
W J7 AU P A AERD A A I BN B2 R, (H “P” MIEERR RS , idiz)E
RL AR % AT () R XA KPS o T A i, B 39346 1)
SRIETR R IR RMEAR; () MAEMMUCIL)Z Z AL IR HE K 1 % w  a) AR 2
J&, WA TCZ A P SRIERA BRI E (RE ORI, TR T Imi s K e 12 AR € — 4Ehd;
(f) — B, (FRERBBIRNME TSR MR, Ma e gt 20tz E,
M RAETEZ, B2 i H

SRR RN AT A UE, AR TTI A R YERF Tms, SXAMEE (1IN A AL DL
TCIAI R T SR AU o (ER KR ai i R, XUR B2 SR A TT A AR, REMS (AP TelA]
HINAAE R 52 Z BRI IR, DAYERR 06 ()% 7 I T8 SR S 4%

156



£

ATLANTIS
PRESS Advances in Social Science, Education and Humanities Research, volume 268

HEXHNFMEZ G, R TR0 E B E o S @R R, N IdiZ,
ISR DL 1 BTN o AR A o R AN B R R B e TR B T 4ERD e 2 e R R R, 1R
WS T IX B B AE g ), RIGCAZ R fa) .

WL G, TR — M AR SR G 8 & 5l it 5 2 s R & 70 (IEIZ i — 4k
F) BIR , FEHER R0 2 b, TERACAZ I B3, e 128 B, ROZAELE “ B #h 2ot (4D,
1 RN E A2 BRI AN S AR S A2, SERBR B R AR 2 BRIX AN i A R i, X
S 37 S R I R o M B A T AL, 3 TR S AR 0 L Ath DG 2 2R P O 3 H AR 1) LAk 3
5=l 1158 TR
2.3. IBIZHZER. k. BIEMNGE

AN AT NI R R B2, GBI 0. SRS IE S50y 2 1R AR I B
GRS, FRATIA N X e 3 R 1) A P 2 LRl mal 2 AN 5] 2 i ) PR A S R

BRI R AR 0 SRR ACAZ B AR, R e T CAZ ISR AN ) . £E E ARSI
T, BEERARHER, REREK RS, SOEMPIRS RMESA19] . UABEAERHME
JEIIZE R — AN TR ORI AR AL . 2 EAE T 2k 25 5 HAK A f s R, 2 S 8ELIZ 03
JRANERR[20] 5 SFFRIAICAZORE, IR AN IS I R A R 1S 2 o T SR B sk TR B
BE TR, WS INGRGRIER S RISRE, HidiZiniR, BMKICIZM . thn, Wfre— B
W SIRFEE A T RSB AR S, B AME Bt e W S22 N K iedz, XA FE A
5 T P B T RN B Bk T R ) A AR R

LT G R P 2 R AR AR R, B R AR AT R0 7E 2 ML, PIAMEIZ)Z 2 18]
(AR P T AR AT RE BB 4D R A HHR T E R B R . X 5ImIHOAZ B s R — 5
TCAZAE 1E F2 0 3 AN 27 2 B B ST DA R R T h s AR B, SRS AL I iR i i e s, 2t
SERISRAGHT I IE B R ERE[21] - G128 IE IR RGE % Ehic, 2 RN R R B r 55 A
T2 RN IE A0 402 2 1) i A o P 0 2 75 A T SR R4 T 1)

2.4. iCIZHWFER. BRE. BIEMME

NS B RNRZ ER/B M BRI, R NECIZ B K e, 15 B
X 2R R, BEZEMNTZEN— M0 E S 20122 10 N N [ 1
ZouiE, EIHCIZERREMME T E S ESEEKIOZEN M A SR, XA
RETRIEA 7820 10 28 [BSR BT AE R 0 AT I I ZN 2 B2 B RME B, UECE 80 = [ A6 K e A2 .
IXFREER S5 R LLR A8 el fRAIE TR B I E e A BN T E &2/ 012/
WHCIZE) M u X TR M2 5205 01E Sidiah %2

BATIAA, BISRERE R RN eI aGER, Hh g o R e 2 5 8 S B
Bz 2, XA HmIERET R BRGNS EOX ML e kRN, N RS R . & HAn
JR DR S 0% 4R T R R 5 A sl WL, WL s 2 o B i HAth R E R R, SRR
WIZHERMBE, PUEHNCZ = A 5 .

ZAC AL R E A EALTE BRE R I E e A e B2 B, Bl — M E o g2 S
Fl—AME B ICfEAA R, TR LB E R ERE, B EILARERF R,
BZ A NM, NRZMZICEE, n 2B M2 KT a . K g o e sumiit 2
91000 12, W1 BAAS —HERDSF-E TR EE 100 - 1000 M A TR, MIAFEfE AR A o — 480045 B
B K BELA R 0.1G - 1G. ZENLECALH, FMUTAE—5K e B AFW PRI 2 IR REA: b id )
Bt , BT EAEASBAEEE S, Bt o2 WM. BT W, AT AE RN 24 o ) K& 4
MR AFAEAN, FEATICI25, F T BRI A HEE I 28 0 B0E v] REAR T 2D

FrLL, B MR SHHEL, B N S AME B ZMEBER. FEEES
faitb A E DR RS, NIRRT KBRS B4 N EEFHER, Xl gEt 2 AR
B AR — MR E I 1B SRS IS B AT R, ARy

157



£

ATLANTIS
PRESS Advances in Social Science, Education and Humanities Research, volume 268

ER, RNFERMIIREM, § .

teinn, V2 SREGEIFRT, AR RS ANWFE Y, oF —%3iY), migs, FK,
KRG, Jin] DLl — e s i A Byl . A NSRRI R MBS R/ 5 2%, —Mk
BN RIE S AT A RaA, X rpE ) HE 0] DAIREE AN HE 28, dh S NS A
— B B R RER — MR B AR e XRS5, 1 BT DOk 208 A it — R AN B2
AR TS, — N B 4L A TR E A s & ot ] DO, X EARTT
BT NKIEZ 226, S DU R &= I SC R, oAt —2 150, bhas. Bl
e B4R T BRI e R ER A0, KR T N I8 K RE . 1E U0 Sapir-Whorf 215
. SR B4R R TESMR2] « AIBESMAFSHEEIT, AN 7 fmiEsz
PSS, Fad AR R T —, 5 T EMHANATER, W D T%IAE
i, AT BT KSR BRI .

E—H TERRE R, NPT RERF S LE. 1k, SARMERERS HIE T AE
BRI EENIZ. WEE A I B BEENEBIE S MM NSRRI S LS, BT
AEEAWN ISR 2Y I SR K T Gib U G =2 bun N N T DN L (I IDN G ce as  sd = RN ]
WCIZAAIEE 1 H5IX MR R AT AERN “HMERI A", IXREERF 55 N K
5HAAARMH NGB RERE K. Irg feRb R, mdey, Wiy, tay, BEARA
SRS, AT SR — NN KN R B R R T R VF 2 -5 RR AR JC 1) T B AN AR K
NFER RN SRR 18 @ 24T TE IR 97K, VAR BRI ) & J B B I 11X — 2

AL AT RE R RA T B A MR T B A — R E R . MUAB NS, LIRS Eirh
BRI AR AT IS X E , RN TS B E B, AR A T SR 5 2] 7R R ]
BEITI S, WFRAZER IS UE R, AT FRATT DL Ik e ey 38 B8 5 A 25 245 9) - B ode 6 4k th I
B 57 3 B T [RI 12 B VA L 2 A ) IR A 2 o A 0 [ [ 5 2 Ok R, X AR RE A AR AT
12.77°F BERAR I 26 BT 35 B

3. &1

ASLEEF PG O AT [A] 5420 B 2 (B i R 8 K& R SRR R A 4 br, B
T HETFER PG 0 4D RAE BB — AL SOOI, RN R T YR A
NG BANCAZ BRI G TR AR 20, BRSNS ER A RNIX—HEL . i
WIRBERANEFE B E 1 A HAENEE, HEY ) E 5, BISCE 2 P
6] TR AR5

it
AR EFE S R THRITE (N AR G0 2L AR} 2% 1a) @A AR 4R ) el —idl
(MME RGHMEBALHE) (5 : 2017YFA0701302) IR EXMERH 2 —

S 3k

[1] H. Herbert: Epilepsy and the functional anatomy of the human brain. Journal of Medical
Education. 1954, Vol. 29, No. 4, pp. 64-64

[2] G. A. Miller: Information and Memory. Scientific American. 1956, Vol. 195, No. 2, pp. 42-46

[3] R. C. Atkinson and R. M. Shiffrin: Human memory: A proposed system and its control processes.
Psychology of Learning & Motivation. 1968, Vol. 2, pp. 89-195

[4] F. I. M. Craik and R. S. Lockhart: Levels of processing: A framework for memory research.
Journal of Verbal Learning & Verbal Behavior. 1972, Vol. 11, No. 6, pp. 671-684

[5] A. Baddeley: Working memory. Psychology of Learning & Motivation. 1974, Vol. 8, No. 4, pp.
47-89

[6] J. G. Raaijmakers and R. M. Shiffrin: Search of Associative Memory. Psychological Review.

158



£

ATLANTIS

PRESS Advances in Social Science, Education and Humanities Research, volume 268

1981, Vol. 88, No. 2, pp. 93-134

[7] D. E. Rumelhart and J. L. Mcclelland: Parallel Distributed Processing. The MIT Press, 1986, pp.
45-76

[8] J. R. Anderson: How can the human mind occur in the physical universe? Oxford University
Press, 2007.

[9] R. M. Shiffrin and M. Steyvers: A model for recognition memory: REM - retrieving effectively
rom memory. Psychonomic bulletin and review. 1997, Vol. 4, pp. 145-166.

[10] X. Chen and M. Rosbash: MicroRNA-92a is a circadian modulator of neuronal excitability in
Drosophila. Nature Communications. 2017, Vol. 8, pp. 14707

[11] H. J. Park and K. Friston: Structural and Functional Brain Networks: From Connections to
Cognition. Science. 2013, Vol. 342, No. 6158, pp. 1238406

[12] T. Andrillon, D. Pressnitzer, D. Léger and S. Kouider: Formation and suppression of acoustic
memories during human sleep. Nature Communications. 2017, Vol. 8, No. 1, pp. 179

[13] E. Mirzakhalili, E. Gourgou, V. Booth and B. Epureanu: Synaptic Impairment and Robustness of
Excitatory Neuronal Networks with Different Topologies. Frontiers in Neural Circuits. 2017, Vol. 11,
pp. 38

[14] S. A. Selesnick, J. P. Rawling and G. Piccinini: Quantum-like behavior without quantum physics
I: Kinematics of neural-like systems. Journal of Biological Physics. 2017, Vol. 43, No. 3, pp. 1-30
[15]Y. C. Yu, S. He, S. Chen, Y. Fu, K. N. Brown, X. H. Yao, J. Ma, K. P. Gao, G. E. Sosinsky and K.
Huang, Preferential electrical coupling regulates neocortical lineage-dependent microcircuit
assembly, Nature. 2012, 486 (7401): 113-117.

[16] G. J. Swanson: The Central Nervous System of Vertebrates. Trends in Neurosciences. 1998, Vol.
21, No. 12, pp. 538-539

[17] C. Dupre and R. Yuste, Non-overlapping Neural Networks in Hydra vulgaris, Current Biology.
2017, 27 (8): 1085-1097.

[18] R. W. Wyckoff and J. Z. Young, The motorneuron surface, Proceedings of the Royal Society of
London. 1956, 144 (917): 440.

[19]J. L. Mcgaugh, Memory--a century of consolidation, Science. 2000, 287 (5451): 248.

[20] Y. Shen, P. He, Z. Zhong, C. Mcallister and K. Lindholm, Distinct destructive signal pathways
of neuronal death in Alzheimer's disease, Trends in Molecular Medicine. 2006, 12 (12): 574.

[21] S. Waddell, Dopamine reveals neural circuit mechanisms of fly memory, Trends in
Neurosciences. 2010, 33 (10): 457.

[22] T. Regier and Y. Xu, The Sapir-Whorf hypothesis and inference under uncertainty, Wiley
Interdisciplinary Reviews Cognitive Science, 2017, e1440.

159



	A Memory Mechanism Based on Strongly Connected Neu
	基于强链接关系的神经元网络的脑记忆机制



