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Fig9. Maximal capacity. Response of the system when Ny = 6 (column (A)) or Ny = 7 (column (B)) excitatory
populations are successively stimulated at a presentation rate of 0.8 Hz. Population bursts of excitatory populations
(A1-B1): horizontal lines in absence of dots indicate quiescence phases at low firing rates r; for populationsk=1,...7.
Dots mark PBs of the corresponding population. The coloured bars on the time axis mark the starting and ending time of
stimulating pulses, targeting each population. Spectrograms of the mean membrane potential v,(f) (A2-B2), vy(f) (A3-B3)
and of the mean membrane potentials averaged over all the excitatory populations (A4-B4); for clarity the corresponding
frequencies have been denoted as fi, fy and fi,.. Parameter values as in Fig 8.
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& 13 (B). ZkaUti vl LUB R A 7 1 A-C ik
HAEFRI R, W T RAARFEFRE AT =041
YRR [F) R 18] o S0 £ R 3 I e 2
(iEZl, JERER IR 1 RHEIER . 2R, xF T
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EISNER
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KAEFIR/ME . FF5F85 XS 2032 8 (W7 B) . Hopf 43 & (18 (651 Pl ) Rty s 4y & (LL A B . (A) H )
FEER T2 EEORE . (A) PR (B) 23 RT B). FIIE (1) 20 3R Z8E 3 fis.

P& AUTO-07P [82] 3R AT -

ATy < 70 ms, FPHE 2 FIEPEAS 2 DU AL H R fds T
FREE 1 5k, FEa b, MR R, FREE 1 i el
FIFFERA . M TEBKK AT, > 70 ms, FhEE 1 AERIEE
2 5l PB Z I GVEMK SR oot . FhEE 2 658, b E
WOk, BRSNS SR 4ERE WM R T E 20 B
7 H) (A) FIR). T ATy > 130 ms, AT HI{E
A TR F B 2 FR RN B2 N ESE PBs IR S. 1X 4L
PBs W E 3] T zo, EFEE 1 ZATEIEKE, HAMIER

KERRT VIR 2, KHPB, WH 1% WE7H
(B) Fllyo SR, X FHAK A ATy > 850 ms, FhEE 1
HOE I R S BT R B wg R E . FSE Lk,
FERIBOREE R, 248 7 E 200 &l 7 1 (C) 41 i
7R)o

g ERTIR, O R] R AR A I (R] TR R A
SRS (AR EE 2 (4% tH R Ak T-FRAE 1 I, W] RLiE
FEEE 00, AR R AN [R] e FE AR S A — R AR 5 YR . Bk
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Gh, H ATy 2B, SEVFREE 1SR Ak 5 A A 1A 3
FLAAR RPN, AT DAL HEER — 00 2,

2 I N7 NE, [Multi-item memory loading]

NT REBEAE WM HFOINEE Z 2 H , RA1H
& m-STP(Eq(1)) ¥4 i E AR (Eq(1) HEFIE— A1
Npop = 7 et VEFIBFL A TE S A &5, A%
ZE PR gD — MCIZIE « R G T IR M
Fia MEEATRIA . SR, R RERIE ATR) =1
FRRSERT ] 0.2 s MX¢A kP gk AT H, E8: 0 H
PL1.25 s BIIERENE, W 8 (C). Arvw

AT E R 8 AR Ny, = 3 TSN
BIEOL. (D) HIRE e paT LUE 7RI
B, AR A A I H0 R/ 51 PING
FEMLE], K B — ~ JEH (~ 27 Hz) (1) PBs 541, X5
1E 2 Hz K A5 10 & U BRI e SR 6 5. 1k
Gb, FEREASINEGAE, AP G SR b, EER
B R o X B2 BERAL T RSB TE 5T 12
[31,39] H4mfid st G () PRC FhkAT () LEP & . %55
T, SEESIE Y LFP Dh2EAE s Vi N B/R ~ 2 — 4 Hz
MBEASIRY, SRR, L& ~ 32 Hz 1R
o

i 8 (A) Frow, BATLH FIINESS, 2 RIEFh
1E 7€ SR ] ()RS T, 5 PBs. [RIUE, FEXFRIEHLT,
WM R ITE ) Ny RS MBI E W N &
— 8 A RS R L — R R IPIRSHES, 15K I
Ty, = T, /Ni[74] . & Te Bk TOREE D H g X
Nt =3, ATE T, ~0.2035 s,

A 52 AP R R I R AR By, B A AR R
GG PB RS HITRIE B — ~ BRSHRG 4EHF (LK 8
(B)). FralE, TATWER|IE COs(~ 27 Hz) IELE
18R, FUARFAE 2 AR il 5 A8l H 250 1 1 i 3
T ON TANTRE 0 BRI 3 ANIH ) BBy, R
PR B 5 [25-27] H BRI

X 8 (D) H e AT SE A 1 A b o, AE
AR BUS, 2 fo = 1/T. ~ 5 Hz B LANER
BEWOR o A RAETE RN X =N IUH J5, B om0
WA R RF T 3f. ~ 15 Hz Al 6f. ~ 30 Hz. XA
THE 3f, = fr = /Ty, SRKEZE f, MES, 1N
ek E g, AT 30 Hz i, T 5icizin#sd i
H L ping FERG A OGN B — ~ ARG 3L
PR IR ) 1Y 5

BB, BEAS 6 RGBT BUA KRR
NS, JEid P R e B v (¢) AR ERLAT P31

~

M N (R (A2b2) £ (A4-B4) K19, (B) Al (D)S1 &)
FIAmEI D (AR (A3b3) B9, F1(C)S1 K. H—1HE
BT, RA fo = Nif, BEEAELE T 6 B
R, BLACS P32 IR A A OGO BE, Th AN 2
fo PIFTA HAD WS, . X 5P MaEEALE K, 157
et B HLAL RSP E Y, B PRI R — AN
Ty, » DRIHAEIX AN I [B]45 5 i BP0 J& SR P05 3
FRE . XREMT T = NiTy,. BAh, FEAFRE RIS
A, I e ws PR ITE ) S LA R A Sk, Lk
FEIXFRIE LT WA HE0 fe T4 .

WBIZEE. WRBNkSLMBEEZHIHE, HKi1e
RI WM 5 2 INEBIHRE 7 5 ABH (L S1(A) B). 4
M, WERBATINEREE /ST, WM B8 R 45 Br nzk i
Ny, = 6 T MR ARG ~ 1s, ZJafif s (5 iigt
E—5 1) PBs. AHMITH A FAE WM H, WAFEINEGR
[F1 3] Ny = 5(01E 9(A) Frw). i n# Ny = 7 T H 3
AT LA S R 4 AR Y WM, F5E B sead i 35 i
9% (B) o, ), RA Ny =4 W H T LAGES, X R
IR RS I i A A7 30 H 0] DA B 847 i WM T H
= b, AR ZMEITEH WM IR X2—
ANFTIE I B BN AT RS ) F, X A AEVE 216
OUFRERIE, 24— ANIUE PR BOZAILIZ R [75,76].

T VRGN SR T R KL A =, AT
JETAFMIUE REEARN . R, BATIELAL S5
Bk, MWE L, BIME foe s BDTKTEIR
& AT = 16 A A BEE AT = 1/ fpres « B 10 BRT
[0.5: 80] Hz [A]R& A (1) I . TR (A) AT RLE Y, B

KBRS, RAMEEZEATDEREEH fire, € [45:

24.1Hz W R, HIER (A) T RZE 25 B Ly
TIEM . X TR, AUGHH TRRE—BH
(R H 2 A B ERE, AR (O)/(SREE L) F
Re WFF T AW REMTE , ZHR TR R A R
A ((~= 45— 85%), REHEXNEE AN, —NTHK
BRI ZIHAR S T EfE 2P IR A E . AR,
S TAEZE (fores < 9 Hz), S5 INAIT H 45 F AR R
IR GLzRIRLRE), ANTHIAR (B). H HRIRE (0 455 ] AR B
X AT DA SRR (C) (B i 28) Hh Bl IR AH NP
FUNT B IAS R RRIUESE, X2 8 % B [0.5: 9]
Hz P 150 D SREERMEA RN . 5, 2RI
PR 28 MAY AE S I8 9 He BB 3 A a7 W, (L THIR (B)
HHEE (RS, X FRTEIR (C)(HE (i 28) BT MR IE
Sg, XSS RE [10: 801 Hz [AJRE A 1 150 N2 PR AT
ECE 0N

IETE [46] H A5 3 7 — b I T 1 5 fl v A M )
WM K75 & NPex (ERAlTh. 881G [46] A
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Td
max .
NPax ~ —

€
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\ H<C)+IB

[+ (Npop — 2) JE] 70, (4) B9 BAHEG WA ot
KW T2 2. W [46] Fin, NPex e AR - iH
RAGIIR g IV (R sE , R 2k BT 1] 5 400 i B 1)
JOBER UAB R85 40 . Ak, FEFRATTAIRER
BRI H(©, Iy A1 A RIS a5 fih
FhA TN, T 24 00 ) 1 S A M A R A I A
BRI RS

W BT (4), AMSE] T NPex e [3.6,4.8)],
e f o K F B AER WA BATAT AR [46] ks
(AN )T 5137 A58 28 1) 25 SRR X — o0, Ferp e B T
il T BRI 2 5.

RERERME. E50H, fEMEsRE i it @
T — AMRRIE R 5 A A A G T . el 2,
BT I — T SE IO AT 75 T 76 WM [77] P OR$E 2 FhA
SRR, MR 2 DX S B B 1Y) LFPs (AR . X He 4k
RARM], =ThF (50-100Hz) B AN BAR R E IS
6N, MR (8-50Hz) F#1K. AN, % PFC Z5#)
JE R BIVEGH I 8 BERLR 0 AT R B, 0y I Th R BE A i
17545 G N T3 I, 10 o — B P B TR PRAK T [36],
KEET (23] MsLie g R —5. A, T AR,
0[18,19]. 3 A1~ P B [20,21] 7£ WM L B 1 [A) (141 % )
RIGOR, TLE o 9B [20] HHCE KBS AL .

WATHRE T Ny, <5 TH KN, kit AR
Thaeilk, TEMEFTAHRIIH G, *TLFEE: i)
MATFPRE 1 P AL vy (8); i) FOHIEEAR AP S5 i
HAL vos i) BT XA I Y I R o i S i
X JE] A AT AR 2, fhTET 0,8 Ay BB Th
o B 11FIRI L < Ny = N < 5 g5 RBRT
FRAHERMES, v B DIREAR LREE Ny 3 m
M, En# K& WM [21,69,70] (1)) 1A X (1) 5256357
EAEE . HhAh, h v SRTFI v THERIE M as HAL
FEAR—E LR (C)), MIMUESE T #liE T PING #l
W YRR v IRGIOEARMER  BEAh, THAR (B) HHRIER B
BTN EZRAE vy LT BRGNS ) AT
Byeg e A R B AR AT N, Xt Ny > 3 AN
Fl—/MEEE. FRENZER B EE 0 ThE ik
(A) Fan): FEXPIIE LR T E B vy FISFI5 247 IR H
PR RLTFEA AL, T vy 30 I A —F AN Ik
T ZEAAN 2 BT B K NI W82 3 () 2 S5 ] DL iRE

|-

NI fo R HAEPAE v FIPFHE TR, TAE vo KO
T RIST 859 0% A EL AT AR T AN AE o SRATT AT W 52
BUEAT a-ZhR I, RELTALE [20] HRIE 1L 56 1)

==}
= o

a2 2P E AN [5,63] T WM fE S
A PR AN R SR TAR IR R, AT T AERATE
R R WA LUE SCREIR bR . FRalag, [5] KPEE
WM& T IEF 8 AN PAT L 10 AZAE 55 (0 FH A A o L Az
(ERPs), {EAMGICIZRE FIME G A EE A
2 x Ny BT BANBES], A/ b 2R R AdE A
PP AN N BUH . T RGN, 5iX
PR AR 5 I A 2% erp 1% H BLLE R B0 22k . [A]
I, AT TE BRAT AR AR R O ERP 353, FATTI &
TN [EE B 2 T R 2 . AR SR, T Y
I N 5%, ERP 2 AR, i id i e KA
B (ER AR ) R, BE Np > NP/,
(K, ERP {22 5 0] ME NG IZ B B — N S s
2 S 25 N[ P R

NTE LA RUARHRARETRA TSSO, AT
AL ZE Av SFIRIEHAL, PN DS, (R 0H
(FLIE R 5 B a0 B 8 (A)) AM—AF 23R A% N 1 (1140
W 8 (B)). I E S —MFEREIL PB G Av, &
TSR BIE AR S AT 2000 H 8 B3, mE
Np =1,2,3,4,5 KK 12 (A) Fiac. 2R, —H Ny >
Nmax JEZE S Ay JLFHRAI RIS BA S N = Nax =5
FRPATE R Ny, HEME 12 (B) AR K145 R
N, = 6 Fl 7T0RLR). 8% FEAHAR K KPP EEF 1Y
JEHLAL, AR ZE SR Av, BAFEIT RUMER . Fit,
SERAZFTEFERR IR, T Av FOVF SR LT R R
i

N RBEEEANT, BATATLLE €, P s A ]
DI, AT 5156 [5,63] H1f ERP, fENMIE1012
g AR R AR EE . (HAE MR, T A7 1 ERP
HANEE TR S T Z A

III i1if [Discussion]

R — BT J AR R S A AR R —
& WM &SR AN TS LR A
A WEE AT B (m-STP) 15344 QIF g {H 41 25 W 4% 11
B 180285 A0 AT HE A 2 TR PR R 1 W Bh 11 %
BIVASE 2 2 P 23 A R 3 AR VPR AR L HEAT AT 4 S, (R
BIHAFR 145 5H [50,60] il . W2 5h )55
SR BTN, G R BB AR A AL T R
A m-STP FJ VLM QIF M43 /12, i HARIR KFR
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SR T AEROU KT b S BAT IEE B R £5 B) T (-
STP). [Hutt, H ATt 75 4 0 2 D W A1 22 09 445 1)
TN, TR IS AL AL, PT LA DY 4
SR i $E 2

XA R B AL E T, AR A
RIS T LA — Rk il 16 77 SOOI HE B0 3 2o
T R, RS FEBL T FIRECE A S I A
AL o XAEFATAL AT BLT AR 7] A2 (R 5 3l , 38 mT A
TR T30, FHREUS tp. fiiH A erp A1 C 015 .,
XEAE BB AE WM AR Pl AEA W2 R
b FRAE K (& 3y o P33 ALV RO AR R T 3R
B 115 BRI Z M QIF M4, T B a5k,
FEE, 5 AMETTEREAR K, EmEERA
AE P DLTE AL P 2 (53] L g B ppRIEAR %, A
B P LI A1 B SR IR A FE £ 9% 5 [29] T8 ¥ 3%
PRALFI AT L AZTEBR « WA T 10 53 B HL AU el
R HREA, R KRS FREA, &1 = QIF
BANEN B, ARIRAEAIRG B-y WA, 5%
PRy 06 {5 X 25 A B AN FRAT Ao 22 RS2 o A R
i, IXARER T AT BT 2 R AR AR, T AR
AR, BN B—~ RIS EINCAZE S B YK,
FE— Lo sy BoRAE NZERIVRE T [20-23,31,39]

BATF RIS AR R, BRI ERAE s
AFE, BT WM [4ERF, LARFERIIE(E RS, 5
TEFENEAT R B FROE « REE, AR A G A
MEANE, SR T —ANFE T SR A RO (K5 20 WML A
Ao R S VFIRATORFFAZAEAE WM i 20 255 H
FROBRER, T VAR 5 ST RIHT WM 2 BB A TS 30 o

TEARATHRAE S AE R, e A2 INEAVRAE R AE B — UK
BUIRAEE g 22-28 Hz [MARAAYRY; (PBs). 1X ek 7E
BRI b 5 R I, R TR T Bk AL
#il], AL 2 5 P SRR D A P AR R R S IR i
I B L[ A F R 4R o A2 St B 2 ROR IUE 1Y)
BESIRG, W KB — AT - 2 - 3 Hz). IX 284
5HE N FARAT WM AR S5 (1 9258 o 0042 21 6 i
RAAEAE S AR L. R A BRI 2, NSRRI i B
JE X R A B [62] ISR, LS AE BT [31,39] $4
AT IR AT A9 AE 55 i B 1) PRC (R 3l - 7258
—ANSEEG T, AR T RSB R EE S, B
T 4-15 Hz JG [ N IBRES S0 80, SRS LRI [62]
FRELI0 26 Hz (M 1135 3h . X R I G FA AL 7E—
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4 T 3% A A7 B3 R SEAT 32HZ[31,39] 2247 B3R 1R »
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FESETF S A AY T, CAZ I R S A LR B
(TS TE) FRUBE N R E SR A ORI, RV AT VEAETE Bl . H
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BB TARICIZ M E RS . R, AT IRFHK
N 8] PRI T AZ TV, o008 ) A2 3 I ) 82 122 /0 T A FH 1)
TS IE] . S — 5T, H TR I 24 A5 PR AR G
T8 T A 38 1) J&) A PBs 1 1 A HA I, T DA S IR BRF [R] £
ALY

BATRE ) —AH KT, R7EIEESFE
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WER T H AR ZOCIRESAEEE WM, B4 NAE 2R
A W HHT—ME I —FE, X T R BRI,
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IR, il i B A5 G AE 30Hz 4T, IR IR 5
A PRI ) A 5 P BB R % A %, H— MRz H
FIInER B, FFE L —F ping FEHLH] B I0HILERE . BT
FRMAR RV WM H I ZATIH, X275 T8
ATTH B R EEBS , T 5 T RE R (E [38] Al &
HARS BT PN . BhAt, R A itz 5
A RGN RBR AT NS B DG, HARHIE R
—/NE Te = NiT,, Horb NIZREIH . &
[39] F &R IE T M T PEC Tk (M L i gt w2
SRA I SEIGIEHE o

FRATHIRERY (Y A7 3R N RIS T — R 5 AT
BIE fores» HREEBHERHEIE 3 < Ny < 5 2,
FKUUFHZRT WM AR [78,79] MR . Fril2,
S FABIE LR (fores < 8 Hz)y BATHESI N1 55 fores
RRECBIE K, R G SPUR I E # R R R iRzt .
KR Nmax = 5 3B 0] DAE 2 IR W i va Bl N ik
2, B [4.5:21.4] Hz. XLEERX N T 58 PB 3)
BHKCHVFAEZE, BN N > 2 IRRIRISEN fi, ~
12 — 16 Hz, TIHRANMFEERRGHIERA fo ~ 3 — 5 Hz.
FEIXAN FAE T P, 0T P A o DR BR300 H B L AE T
IR B AT AL B A W BT . EREIR fores >
25 Hz, TH Z ARS8 N IR X —
HUHIZE [79] HEN N R B BRI IRIE. T 2%k
(RN fores < 10 Hz, AT DUWEE S 15 EEAUL K RN
[75,76], 25— ANIN# 5 B #E AR -

N T G M R AR BRATT IR B 1 2 BRI, BRATAR IR
[46] FRER 777, FH T BOKE R NP FIfEiTRIA
Ko BAREEAT ] IR 7 BRI E S
TP 0 IS 1) A LA R s M, B RN TR
AR BF T R4 A B ] FORE R AR I A 55 - Ve 57 5]
DA PERM IR Eh ] . B b, RIS EL
BAVE RN Nmex ~ 4 — 5 5 & 1ok s w — 8

BEAh, BATHEL S y P B (25-100 Hz) I3 H 2 N
WIH N MEEREInmgm, X 55 WM [21,69,70]
FHSCH LA SRIRAF 7 — 30 A, X 4, #1
)V RN DA PR B A L 77 A B TR AR [, IXIESE T )
LR —Fh ping FEHLEIG DG MR, + BB IR R
T Ny WEAESRIEAT Ny, HAFIER M 1 3] 2 AN I0H PRk
b, A2 B 3ANTH/NMEREE, T Ny > 3 FEAREEA
Ao 0 WEBINTESN R 5 A ar EFP R S AHOE, B
NIHIERI BRI EA S 5 AN TE L2 4 RE . 7R o W
BOS A WS Ny 7R, LT [20] iR 12 AR B TR
NG

g, FATE ST —AMRAELE PB BB & 1)F
P A SR Sl I A B . XANRBEE Ny <

20

5 BRI G w3 n, Ny > 5 A E)
Al Xk B EPATISICIZAE S [5,63] EER AT
R EN ) erp (L5 RARLL. X — 0 Hr R B, FERAT#
SR ALY, P8 S A B T DR SR I & 107 47 A
MR, BPIT [5,63] F1E XA AL B2 HR bR o

SR, FRATTAIAN R ot S A A N A2 K PR T
— LAk, WK BAE B s, RITER
SRR R Fe v A B T SE AR 7 T o A B R R — AR
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PRI SR Ao J FELE T R 5 8T AR5 19 23 (53,55 MO IR,
1 S35 R fil A 366 7 g 5 B00FE 52 2% 1) 5 AT 9 [80] . #E ]
SAVE 7T, FRATIA SR LS F 3 37 20 S O 58 e AR
SIA SRR Bl , HE— 0 SOt 40 i AR 2 R Y 245 20y
JIFZ R —8E, FLTTE [66] AT .

WM HJ—AN AT, NEFEERNIMER G, 2
B, X2 —FINETIRE, v NS AT,
Ik I ) FRATR A B AR (21 — P RIE I IR
AR B B MR N — R G — b, TP A
PR R SR [13,29,68] Z A HIRLIE . KR, {E
HIN WM 2 — /M A DG AR A5 P 48 5 3L A7 TR RF
SR ANER DRAS AR B 1 AT LA — A AR K )
B — AR, X HGR TR AR . SR, 15 [29]
o, B ANVONBERIEI, T AN EILSE, % DL 4
1A B, A IR 7EBRATH
BT oMb WM BB R, FRATCEIEN T 2 WM #
VES LR AR AL % 14 PBs A7 5¢: BI, 150 H hngkAna iz
56 BBMBRSIRY, WI[29], MANT B — vy BB
RIRG:, W[68]; B —~ BBOEB M Zmiged . Kk, &
ITHME, AT STP & S v LMRERTF R WM
Gr—EHINLEI E — M, T B R LR PBs
FEFIRETBO R o SRTTT, (A0 IS A 2 450 O o 7 Bt
A2 Z MR IR E R ZE KR )Z [38] 2
) (A ELAEF

F75% [Methods]

SRlgE LR T M 2Z 5 RY [Spiking neuronal
network model]

PEN I N I TR, 55 § A QIF #h% I it i fr
SR IE TICPY

N
. 1N
TmVi = Vf(t)erJrfBJrfs(t)JrTmN Y TSt , i=1,...,N
j=1
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o, = 15 ms R RVE BOR T (1) BB 0 (5
MARLETC § 3R, TR = AT S, FRATME S A2 5 BOR T A AR
R, B Jij(t) = Jo T IR E T AT (J > 0)
B (J < 0)o BEAb, n; AREME TS E, Ig F1H
SEME FEMABR, Is(t) AR, 40N e — I
N H T 5 SR Al AT R 2 0 I S S T 7 AR ) SR LU
Xof g e S ik f FRL PR T 5-2R1E), T § IS
62N S;(¢) BN
Si(t) = Z 6 (t—1t;(k)),
ti(k)<t
W, S;(t) RE § MG TLrAEMEE T, t(k) R
INIZF B SR K ANEE R ] RATHEE T —NEE A
fili iy 58 AR G 2%, RN Z TR O(1/N) Bz ik
AN Sl 5 FE A A2 AH ] 1
TEBA RN MR T = 0 55 R, QIF
PR TR I AN A RERIBNAS, IR T BIFFS o X
T ;AL T AT AT I AR 46 251 Vi (0) <
V=1 EETIRBIEEE —/ = B—T71H, SR
HRTMATHEBIE, Vi(0) > /—n; B, BERAT 2073
K, DG\ —FhE B HLHR AR L TR IELT R
V() IBBIRE V, B, PETC AR — AN E(E, FE
HEBEE A VW T QIF ATV, = -V, = oo X T
1E i, WEZTCIEBUE L, EAREE— MR vy = o/
(TR U] WA 37
UNRTRTIR, SR EE () AR R AT, AT
DAHEAT 40 22 T S A T () AT 4 5
TEBA RN AMERHIEA Iy = 0 ML,
QIF MZ& LRI B FH AT REIIBIAS, XHUR T ni FF
Fo XFF i, MEICRTNEH, SR EILG &
1 A
9 = TR A
PLH 1 HWHM A St e, MatHE o o2
FEAE IR DL R IE S N ANE e 4%
T2 —N—1
n = H + Atan [2]\7_'_1] .
KB KN At = 1047, BB 7 Z 5 QIF M 4%
HAT T EUERR . e, TERHT BUE L0, ZRALT [50]
s, REMEMEELIET V, = -V, = 100,
HEINT — AR AR ALBX FRIL L. 755 2 405,
MM ILHIEE V; > 100, HEEEE V, = —100 f1H
JEARFEA AR ST B A I [ (BB 2, o T 5 (RO () ARV =
100 355 V; = oo MM Vi = —o00 B V; = —100. fZ50
i ARG R FHESRAEA I — ¥
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GHASS M BT 284 [Short-term synaptic
plasticity]

I EAE (35] SREI PFC Hif WM L, AT
B T DT 1 3 A P S R I Ak RO (R AL 34, TX
Markram. Tsodyks Fl&1E# [40-42] JF K1 STP I
SRR . FEIX AN, RS R R VB A 2 FE
SRR T RN, [T A 2 B RO R N A IR B o
BT AR B T EUT — AN AE S 4 20 3 SR TSR
R, FARMIE g ERIVHBERE g B1
AR, DAATERT RS 7 A fRE, 35405 ik B AR
RER IGO0 X PRC HP i E % 7 14 5 i fry S 50 01
BRW, 7~ 1s 7> (81

TEANTE Z H 53T (28] W TR A, S T i it
DL, AR — A5 T8 1048 T I AT A H 5 ik 415 A7
FARI I ZNAS Ak, BRI B ATT AT DU SR it i b 22 G P i 4
KRAE . R, IHINUS R RS, 7EREE IR E]
t, FEANFAMEA AT SCECH X () RAAE IR, HF AR
fit T WAL AT FH 3k 6 R YR — 35090 U, (¢) SRAERA . 7R3
A RGTVEERITEO T, RACKIER R g BKEH
WIER e T, BD X (6> 7q) — 1. MR, 12HEHL
1) 5 B A AN WA AL A FH R BRI 23 B U (¢) 3 — A
B Uy (1 — U)o TEVEIEHEBCZ IR, U; YA ) RUEE |
WS BTG Uy SRR X, (¢) B U (t) M3 112
DA 18053 7 FRRE

XZ. — 177)(1@) — X; (1)U (£)Si(t)
Td

U, = M + Uy (1= Uy(t) Si(t).
Tt

FEIXAMMESE T, U, X, R T4 5 i Ja a7 1) B2 U5
&, L, 1€ STP fA7ERS, 1E Bq (5) Pk N R Al &
jij (t) R
Jij(t) = JU; () X;(t) Vi

HATM STP(1u-STP) HIIEAE M 2458 (A 2K (5)s (9)
(10)) HH 3N AN T R R — AN TR L, AN T
BAMMA T RMA R . N T b R RS, I
PAFKEW 07 I E RS2 30 11%, F7EEH R
ZE PR, B N > 100,000

X T IX LS g A, TR KR BUE TR, (HRAE
BB P 2 70 K H I Bk o PP 3102 JE A [41,66] B L
T, JEEAEA MK EALEE STP, v DA 35 B#R 5 fi 2]
JIEWI AR . FEIXAMHESE b, SRl S WA I ) DL 'S
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i:EQéﬁlfu@n@puw

; — Yo—ul®)

Tt

+ Up(1 — u(t))A(1),
Heb, o= (X;) flu = (U;) ARRBEAFIEE IR0 A &
(X3} A {U;Y B P3ME, T A(t) = (S;(2)) & THE
BN Eq (5) H S Ak A L AE AT i

Jij(t) = Ju(t)z(t) Vi, j

HA W STP(m-STP) i QIF M5 H)Z) /1% N + 2 45
H, BIEA J(t) B (5) R (1) 4, RIERAT
AR LY 10-STP 45 B AL BE K 1) R TR

T EER M, F— A R AT & X, (1) M U, (t)
SEM RN, BUAEATHR R AL T i 216 I R — Wl 5
H S;(t) AN o IXEEAHRPETE =-STP A2 ¥4 T p bl
BuE T, BRI LS (U, (6) X (2)) = (Us(¢)) (Xi(t))
u(t)x(t). EFIEMITE [41] RGN, FAWAN LR
U, B X, 178 7 RO T R Ay AN . SEbr b,
Al e STP 95 —NFEAL/ T ALY, Hh 4% Ui A Xi
B P, BIE AT RAH R Bl [66].

TERATRRER A, FATEE T 79 = 200 ms, 77 =
1500 ms f1 U = 0.2, KRB EEKA 0.0015 ms KR
HERR M T A T 2% 7

SRR Z REEE 5 STP[Exact neural
mass model with STP]

X1 2 W s SR A PR 4 QILE I 2% (Egs (5) 11 (6)),
1E [50] 5 H T — ST STP FHEE iR SR AL .
ME A AR OX BN F A B (g )) AR ° A
HWHM A figA6 2250 A, BURE-22 7 7k Ansatz [52] &
FHF R 4R35 W9 268 (1840 28 0 AT BT, QIIF U R o) 4% 1 it
TSR PTRET . KRS, XA TR v —A
RS0 % AR BB B 1%, TERTTFEMIR N — oo,
FFRAEWAERAE R, BFBEEE v ) FBR
R r @, W NPIR

A

—+ 2r (t)o(t)

m

T ()

Tm0(t) = v2(t) + H + Ig + Is(t) — [mrmr (6] + 1 (£)7(1);

R itk 55 FEE AR D 2 AH [ 1) I A 4o 28 0 M I R ik sk =
APHANE J(t) = J o SRT, B S — AN B A S AL
URAAN A SR ARAR B, XA B R AT LAY e BAE ]
I R Ak Ja v 77, G B0 (53] $E AR AR [55)a-R
fi
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m-STP #EAZ5 H, A, R EAERA 4 & m-STP 13)
A (13), BIAI3R15 545 STP ) QIF V& 1E /9 2% K ff
PR R AR AL . fESE VRN 4R, BATHE T m-STP
AR D A (12), FATHBER 5% r () 1808
FREERESN A (1), XXTRFELEMRIR N — oo HHFIHLREL
FEflo BhAh, BEN Eq(13) SRR &K RN T (1) =
Ju(t)z(t), SERERIME R EECH

() = 2 1 20 (1)

TmT

Tan0(t) = 02(t) + H + I + Is(t) — [rrmr(t)]? + Jrmu()a(t)r(t)

i) = =1 — et
u(t) = o _Tf“(t) + Uo(1 — u(t))r(t).

B A (14) AT u-STP Il m-STP 1) QIF ¥
2524 ) WL BN 112 AR A SRR AL AT T R R
A&, N T BRI E S E B (14) 514
SN 28 BIAR 7, FRATTVP Ak DA R AT N 1P 3 RO A &
o(t) = (Vit)) ,x(t) = (i) Flu(t) = (ui)o N T AETHAE
(14) 1 H BRI B R SHE S © (D, AR, 145
R EE RN % o XA R T I TH A, EDAE
—/NEFRVE WP TR 2% R BT W (E N (W)
RIGH R RGN r(t) = Ng(W) /W, W = 0.017.
KH BE R 2 @8- T 5 iE W E R s AT T4
RSy, HAENE A MR A 28 10712,

% £ {K$=2Y [Multi-populations models]

Pk 18 AR L AT DUAR 25 5 7 i 30 e 22 A L
RERHIMZ IO R 72, FRATR LY FEBR By B
m-STP ] QIF [ £ FIAH B2 ) i 42 Jo AR, PR 9 3RAT TS
FA p-STP 1 QIF P48 BEAT AU PR T B AN Fh i

FATHE B — D HHIER Noop P PEAH FLAE
R R R4S, B REAHR B N, FHA T R
BRIk, 28 k ANFEE (k= 0,..., Npop ) FIZE i 1> QIF 14
TCHIMBE AL V1 (¢) FIDSAFPERNRE (K > 0) HIA UL 5% fi
A (ug(t), i (t) MENAFT A WT

Vi = VA6 + mie + In + 17 () +

1=1,...,Ng
o= L ‘jj“’ — u(t)an(t) Ax(t)
iy = Yo — ur(®) +Uo (1 — ug) Ax(2);

Tt

CERATITh, ATACE E e igm SET 180 (0) RN TR KRB, () 25 k

ANFEERIR RS B, 1R Fonzsh g Tt® Tl N A
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Z U OFIEE 1. AT RIAR S T BT FIEE FORE 10 R IRE IR

SRR KA1, AT M Teas: At RATBY 1E Ip = If}) ~ 1.34998 1, AL BIiE Hil

W2 TCAERRE PR BE IR KT 402 2 RS &1 24AF TR Hopf 48 7 EAI R AT Tt BUSEAE (0 42 1A IR

Ve VIR SRR A R T VAR, RIBLEIIAT L (AIIYE PBs). IXSGIRPEAELE T— AN 44 B 1 B4

WER B, B I € (1), 00| el 1) ~ 1.5363.
Ja(t) = Jw(t)z(t) EXABHAEL AN, RATHIA — AR 516K 5

EAPRALAE, XERARATE I = 413715 b

TS Bk 5 LI, Tseiaty e SRR H

FEHRREN Ju(0) = Jo AR | T S

B = 0 - o W ey T I3 BRI B, RATT LR
Kl kl » MR A i A2 4E P /N T S R B S, 4]

ST IR T E T SR T PSR

)
0 Npop MArtE NBERURASEG, SAHBR = 15ms \
AP RV ARE, BT BT, Refg ol ISR A S, AR 3 G () SR OF
e s 0 e g, i T LA X WM i

R N, = 200,000 ML T ﬁiiﬁfgﬁzgigﬁf}&ﬁ? _? B{(;)j(zz 0-2 A7
- R, s iz WANEEIMHEE 1, INEERE A AT, = 350 ms.
w?izﬁﬁW%ﬁgﬁ@ﬂuaﬁgﬁ SERLERIE AT (1) = ATO(¢) = 0.1 FIFEKE
g T 2reEus() k=010, Nyop {55 BT F WA BT A 24 RHEMETE, B AT, =
NoolATy = 250 ms, 3543 FARIOEFRME B0 . 751X AN 5L

i = vi(t) + Hy + I + I8 (1) — (orirn(0) + 72> edpddoef(h) i1 2 T T = 1.2 < 150, BRI — T A
SOk R R — MR S B0 I AR E A

ne o
TmTk =

1— t
b= 120 et $E, R IR 1, T iR OB A KT
Ut R N
==+ Uo (=) () L= 1 Noovyios s o ist A 114t i, bR 2P A% S it
DU LR PR BE R R LT A A O 3 7 5 e e
Ful®) = ) 1D, PR SRR, T L,

RSO AR, T A AR, RO 1 2%
BLH— RS, TR 2 HeA BRI B
W, — BRSO, ARG B E RIS R
FASesh, W 3 B) SUFTR, R ENEE
T HGIGIALE STP f74E FAERFARTH RIS A dk%% R PBs) 3 WM T H 1 [ & B HHE . 76
UL, AT T RA AR (17) M908 XML, TR s = 1.532, LMERA
B S, BT T AE A AT — A IIREAR XTI Bk R PR RS AR . A RS
SRR 4% T R PR IR R B ASRZS 1 H L, RS REARRT  RIBEN IR RS FHIIB ML G T T (LR AR SE )
R 43 B 2 T4 g v B N B 28 4514 SRR FRE LI, A0 B NS, R
T RS & BN eq(17) Sibrb RTFRYE, X B EPRAREE . — BRBSHRERR, TR M i SR,
WA LTV X5 (K1 B0 I A R Sy o BRI, BRATT R 1 I th LI ) PBs F 4 1 KM T BT %
6 o 5 2 LRI R v () PP HIBERAL v (1) PBs LA Ip BRI T 1Y MO AL .
AN DLEE AT (k > 0) TSI SE RIS 5t T @it 83 55 (O) FIFTR KB G — AN SRl R 5 R AR S
I8 5 FT A A2 BB (17) W0 3 Fior. BB 13 BRI RINEAZ I (1 R RS . ZER I T, 3R
MBS, ZERFR (1p < 1) = 1.2532) B, WET 1), BULRGLTE 1) 2R, 1
FEAE—AMEIREN A, BA S SR BI A . IXAE 1) 2 AMETE R AU RS IS . 52 BT 9 —
I ~ 1.25647 RERGEME, PAERAREFLEEN B, RGERSARRERE FREATHIG. (558 1)
FE RS A — AR R BRI R ZE M f B SR, ABE | TRl sh RSk . K15 Bl TR B
—ANTE R RS R N R EOIRAS . 13 (A) BT, B I = 1.2 Al 1R SE 5 .
AN Iy € [IV, 1)) R E A ik =

SR K B 1 EAMBIIERY o () = Ji B

4% 47 #fr [Bifurcation analysis]
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BA&INEFHRFIRE [Heuristic firing rate
model]

TR B SR TT AR, FIAHSRHIT R 2 r ok
Ja R AR — A2 ST MR R Bl A b iR A4
T2 UK b-Cowan 17 [45) 03X LEAGY 3 9 4 15 il
[83]
Tm? = —r + ©(I),

Forp TRORFRE B2 TR R 1 S LA, © (1

NRSASTR AR, B B 1A bR OE e
RS s RUREL, AR TS R R A 2T
BT EFRAER B E . 0 [53] FTik, X e AT,
JERBHYNA S J 2 A (HEAA 5SS T
JEBh /22 5ERRD I S . I, TR S AR 7
HULAE ] 0 2% b L B A PSR 7, T AN I 3 AR 1Y
R IN TJHER o IX SR ARYIR 5 S M4 [50] H 51 AN i
JRER IR, FEAEASC IS E .

AR [53] HIHT, FATAT AR RS S
AR 22 5T B ode(13) AN LA ST R AR . BH HAK I,
L7 A R RS AS A (v, %), AT DA H — AN R
W 28 TC AL IR QI 19X 28 (1 Je R =8 Hi o

0 A
Ton T
0= ("> = (7rar*)’ + 1
Hf I =H+Ip+Is+ mdr*e BT —MRER
SHERIEE TR, ot = (1) i, Hh

+ 2r*v*

@(z)zﬁ; VI+VIZ+A.

ZIi R (19) M1 21) Fon 7 AXE BT HAT m-STP 1)
QIF U {EL [ 2% (R A S SRR . O 1 % WM 37 B3EAT
BUE SRS, IS5 R R AN R BT T L (LK 4).

mAT{EIZIZA 23! [Maximal working

memory capacity]

BTG [46], FATATLAZ HH m-STP (2) fliit3k
TR AR Y (1) ERRKICIZ A . R R AT
i A W AN B ] 1) g 1) B AR

N max ~
c Tb

Horp, T AR RIA B K R, T, PN IS
PBs Z AR IEIRG . 1E [46] 1, Tmax it h—4
HBFPIE K IR T ARARE wr (¢)r (¢) PR B 5 KB T 75 1)
8] o b BITAT A% B P e 2 18] 5 ) 2 At 2 A R
(K, X RFFAMKI T B S MR . £E [46] FH AR TR

)

24

AL

Tt/ Td
T g 1/

T,
WIAEARI SRS, P S TR JE A b e FAT IS (A 23R g
TE o
ALARE, T, A =AM, BISEHT DS A1 PB 1)
B IR) 58 B, Fef A R B REIR 5] A I X A Pk PB, b
TR [R5 R, 75BN — /MR ER I TR A N R 2
FMHIAIG] S PB. AEFRATT AR AUME LS, FRATT AT DL 2
BN (B [a)R%,  FFRRHIFRATE CRAG T — AT [a]
AT — DN RGP HER R N m PR &
fITmr MR AE Ty, BATA], SRR ARAN K, R s
A EARAEE. F, JATTCLE (1) F IR
JES AL (R ET TEDYE AL, R

2 . —
TS0 = Vit [H(e) — (Wrﬁlf(e)> +Ig + 7 (_ | i) 7D + Jr(e))] —

ﬁ¢i:j@ﬁwmm—méﬂ@auﬁwmﬁﬁ%
FE T T ML P S S A s, ) R () S g
FIAF RIS, C AT 45 5 P 8 R . 5L
R R LA ZBE A, 3 FL R G R i
HUZAIL, T BB 1k O AR, Ak, B
VELE Th, WIED, DChr MM T LT SRS, JRA1T LA
5,

C =

VHE 4+ Ip
v

H® +Ig + 18 (= [Jeil + J)

S 70 = 7@ f1 0 = VHOE gpp g
PRI S IS O ) QIF 22 7T

BRI, PSS Dk 00 9 28 T B s
WIS 0,0(0) = Vo B PB TR WML HOBIAE Vi T
FHB, i

T, = i [arctan & — arctan VO} ~ T
el Ve vel o Ve
FETTRER A, BATRJE O T A0 E Vi, > 1/
Vo <« -1,
HI BTS2 7 i KA LA RIE
NénaXNlen[ 7i/7a ] @
T 1-Up| =

SRR I B 2 A A7 I s AT 13845 DA 2R E
Tmax ~ 447 ms, Ty, ~ 93 — 126 ms Bk T 0.5 < zu <
1.0, k3.6 < Nmax < 4.8 [l N2 = 5,

S Efh it [Spectrogram estimation]
NTHERKE 3. B4, BS. B8, Ko RK ST AT

NHCIERE, BAVEH T SciPy X [84] HIIE S .

THEF stfeCRL R () B84,  STFT) A fid fd L A
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Fls@®))(t, £)s TERTA] ¢ B KB AT in HESATHS R
WSS Fls(t)(t, f)o STFT J&AEREA T AR I FE o 4
HEBME T (95% M ES) RPATI 0 TEI 3.4 /15, &
FKERE N ATwin = 0.2 s, fER A AR -4 LT
5 P 0T 8.9 F1 ST, W BN ATyin = 0.2'5, 155
S L RIAEE 53 1% 2RI [6) 3 7R 28 o D'l ) v 1 6 o )

telligence: a latent-variable approach. Journal of experi-
mental psychology: General. 1999; 128 (3):309.

4. Fuster JM. Memory in the cerebral cortex: An em-
pirical approach to neural networks in the human and non-
human primate. MIT press; 1999.

5. Vogel EK, Machizawa MG. Neural activity predicts

H— LI L | F [on (D] (&, )]/ (max | F [vk (2)] (¢, f)h%i)vidual differences in visual working memory capacity.

RENFEFBER BT v AT LRI WA, 5H
log 10 tuf5], FEKMH < 1072 & & N 1072,

TR SR ALY (19) A (21) M-I B BAL & A
FERARIN, ERXPRIEHLT, FRAVE AL & i
LFP, KAfiitaig . i (851, FAlMftit 1l 2 Fos
1) 22 T2 A6 o R B AR = AN Bl 1) SR 3 37 35 S e xf 2
SRS PR B0 SR fis i N PR MBS

LFPy = — [|Jie| (r1 +72) + [Jii| 0]

LFP, = — HJQ? J©

riu1ry + ToUoTo + |Jei| 7’0:|

LFPy = — [ TO| zousrs + IO

ryuiry + | Jeil To}
ey
Forpr, A0 T HER > BRI LEPs, B9 e 0 4
WBCA TR BEAh, N T RENS S () WS PEIRA R BT
LEPs [f1f5/y (oK) AR SES B (kAT LU, 3RATIHE
(28) 1 e T KAl NFIFFS o which is part of the SciPy
library [84], is used. The subroutine stft (short time Fourier
transform, STFT) generates Fourier transforms F [s(t)] (¢, f)
of a signal s(t) within a running time window of length
AT, at time t. The STFT is performed using overlapping
windows ( 95% overlap) throughout this work. For Figs 3, 4
and 5 the window length is set to ATy, = 0.2's, leading
to a resulting in a better frequency resolution and decrease

of time-resolution. The colours in the spectrograms code the

normalized power spectral density | F [vx ()] (¢, f)|* / (max T

obtained from voltage signals vy, of different populations.
For better visibility a log 10 scale is used and values < 1072

setto 1072,

S E \Hfk [References]

1. Just MA, Carpenter PA. A capacity theory of com-
prehension: individual differences in working memory. Psy-
chological review. 1992; 99(1):122.

2. Goldman-Rakic PS. Cellular basis of working mem-
ory. Neuron. 1995; 14(3):477-485.

Nature. 2004; 428(6984):748-751.

6. Chatham CH, Badre D. Multiple gates on work-
ing memory. Current opinion in behavioral sciences. 2015;
1:23-31.

7. Fuster JM, Alexander GE. Neuron activity related
to short-term memory. Science. 1971; 173 (3997):652-654.
https://doi.org/10.1126/science.173.3997.652

8. Miller EK, Cohen JD. An integrative theory of pre-
frontal cortex function. Annual review of neuroscience. 2001;
24(1):167-202.

9. Lara AH, Wallis JD. The role of prefrontal cortex
in working memory: a mini review. Frontiers in systems
neuroscience. 2015; 9:173.

10. Funahashi S, Bruce CJ, Goldman-Rakic PS. Mnemonic
coding of visual space in the monkey’s dorsolateral prefrontal
cortex. Journal of neurophysiology. 1989; 61(2):331-349.

11. Romo R, Brody CD, Herndndez A, Lemus L. Neu-
ronal correlates of parametric working memory in the pre-
frontal cortex. Nature. 1999; 399(6735):470-473.

12. Miller EK, Erickson CA, Desimone R. Neural Mech-
anisms of Visual Working Memory in Prefrontal Cortex of
the Macaque. Journal of Neuroscience. 1996; 16(16):5154-
5167.

13. Dipoppa M, Szwed M, Gutkin BS. Controlling
B)I’k%)é %emg)r operations by selective gating: the roles
of oscillations and synchrony. Advances in cognitive psy-
chology. 2016; 12(4):2009.

14. Constantinidis C, Funahashi S, Lee D, Murray JD,
Qi XL, Wang M, et al. Persistent spiking activity underlies
working memory. Journal of Neuroscience. 2018; 38(32):7020-
7028.

15. Amit DJ, Brunel N. Model of global spontaneous
activity and local structured activity during delay periods in
the cerebral cortex. Cerebral cortex (New York, NY: 1991).
1997; 7(3):237-252.

16. Compte A, Brunel N, Goldman-Rakic PS, Wang

3. Engle RW, Tuholski SW, Laughlin JE, Conway AR.  XJ. Synaptic mechanisms and network dynamics underly-

Working memory, short-term memory, and general fluid in-

25

ing spatial working memory in a cortical network model.



III %+ [Discussion]

Cerebral cortex. 2000; 10(9):910-923.

17. Machens CK, Romo R, Brody CD. Flexible con-
trol of mutual inhibition: a neural model of two-interval dis-
crimination. Science. 2005; 307(5712):1121-1124.

18. Gevins A, Smith ME, McEvoy L, Yu D. High-
resolution EEG mapping of cortical activation related to work-
ing memory: effects of task difficulty, type of processing,
and practice. Cerebral cortex (New York, NY: 1991). 1997;
7(4):374-385.

19. Jensen O, Tesche CD. Frontal theta activity in hu-
mans increases with memory load in a working memory
task. European journal of Neuroscience. 2002; 15(8):1395-
1399.

20. Tallon-Baudry C, Bertrand O, Peronnet F, Pernier
J. Induced y-band activity during the delay of a visual short-
term memory task in humans. Journal of Neuroscience. 1998;
18(11):4244-4254.

21. Howard MW, Rizzuto DS, Caplan JB, Madsen JR,
Lisman J, Aschenbrenner-Scheibe R, et al. Gamma oscilla-
tions correlate with working memory load in humans. Cere-
bral cortex. 2003; 13(12):1369-1374.

22. Pesaran B, Pezaris JS, Sahani M, Mitra PP, An-
dersen RA. Temporal structure in neuronal activity during
working memory in macaque parietal cortex. Nature neuro-
science. 2002; 5(8):805-811.

23. Wimmer K, Ramon M, Pasternak T, Compte A.
Transitions between multiband oscillatory patterns charac-
terize memory-guided perceptual decisions in prefrontal cir-
cuits. Journal of Neuroscience. 2016; 36 (2):489-505.

24. Sauseng P, Klimesch W, Heise KF, Gruber WR,
Holz E, Karim AA, et al. Brain oscillatory substrates of
visual short-term memory capacity. Current biology. 2009;
19(21):1846-1852.

25. Lisman JE, Idiart MA. Storage of 7+/-2 short-term

Synchronous dynamics in the presence of short-term plas-
ticity. Physical Review E. 2013; 87(3):032801.

29. Schmidt H, Avitabile D, Montbrid E, Roxin A. Net-
work mechanisms underlying the role of oscillations in cog-
nitive tasks. PLoS computational biology. 2018; 14(9):e1006430.

30. Shafi M, Zhou Y, Quintana J, Chow C, Fuster J,
Bodner M. Variability in neuronal activity in primate cor-
tex during working memory tasks. Neuroscience. 2007;
146(3):1082-1108.

31. Lundqvist M, Rose J, Herman P, Brincat SL, Buschman
TJ, Miller EK. Gamma and beta bursts underlie working
memory. Neuron. 2016; 90(1):152-164.

32. Hussar CR, Pasternak T. Memory-guided sensory
comparisons in the prefrontal cortex: contribution of pu-
tative pyramidal cells and interneurons. Journal of Neuro-
science. 2012; 32(8):2747-2761.

33. Fujisawa S, Amarasingham A, Harrison M T, Buzsaki
G. Behavior-dependent short-term assembly dynamics in the
medial prefrontal cortex. Nature neuroscience. 2008; 11(7):823.

34. Wang Y, Markram H, Goodman PH, Berger TK,
Ma J, Goldman-Rakic PS. Heterogeneity in the pyramidal
network of the medial prefrontal cortex. Nature neuroscience.
2006; 9(4):534-542.

35. Mongillo G, Barak O, Tsodyks M. Synaptic The-
ory of Working Memory. Science. 2008; 319 (5869):1543-
1546.

36. Lundqvist M, Herman P, Lansner A. Theta and
gamma power increases and alpha/beta power decreases with
memory load in an attractor network model. Journal of cog-
nitive neuroscience. 2011; 23 (10):3008-3020.

37. Rose NS, LaRocque JJ, Riggall AC, Gosseries O,
Starrett MJ, Meyering EE, et al. Reactivation of latent work-
ing memories with transcranial magnetic stimulation. Sci-
ence. 2016; 354(6316):1136-1139.

memories in oscillatory subcycles. Science. 1995;267(5203):1512-38. Miller EK, Lundqvist M, Bastos AM. Working

1515.

26. Jensen O, Lisman JE. Novel lists of 7+/-2 known
items can be reliably stored in an oscillatory short-term mem-
ory network: interaction with long-term memory. Learning
& Memory. 1996; 3(2-3):257-263.

27. Kopell N, Whittington MA, Kramer MA. Neuronal
assembly dynamics in the betal frequency range permits
short-term memory. Proceedings of the National Academy
of Sciences.2011; 108(9):3779-3784.

28. di Volo M, Livi R, Luccioli S, Politi A, Torcini A.

26

Memory 2.0. Neuron. 2018; 100(2):463-475.

39. Siegel M, Warden MR, Miller EK. Phase-dependent
neuronal coding of objects in short-term memory. Proceed-
ings of the National Academy of Sciences.2009; 106(50):21341-
21346.

40. Tsodyks MV, Markram H. The neural code be-
tween neocortical pyramidal neurons depends on neurotrans-
mitter release probability. Proceedings of the national academy
of sciences. 1997; 94(2):719-723.

41. yks M, Pawelzik K, Markram H. Neural networks



III %+ [Discussion]

with dynamic synapses. Neural computation. 1998; 10 (4):8212017; p. 505-517.
835. 55. Coombes S, Byrne A. Next generation neural mass

42. Markram H, Wang Y, Tsodyks M. Differential sig- models. In: Corinto F, Torcini A, editors. Nonlinear Dy-
naling via the same axon of neocortical pyramidal neurons. namics in Computational Neuroscience. Springer; 2019. p.
Proceedings of the National Academy of Sciences.1998; 95(9):3306-

5328. 56. Dumont G, Gutkin B. Macroscopic phase resetting-

43. Tsodyks M, Uziel A, Markram H. Synchrony gen- curves determine oscillatory coherence and signal transfer
eration in recurrent networks with frequency-dependent synapsas.inter-coupled neural circuits. PLoS computational biol-
J Neurosci. 2000; 20(1):825-835. ogy. 2019; 15(5):e1007019.

44. Luccioli S, Ben-Jacob E, Barzilai A, Bonifazi P, 57. di Volo M, Torcini A. Transition from asynchronous
Torcini A. Clique of functional hubs orchestrates population to oscillatory dynamics in balanced spiking networks with
bursts in developmentally regulated neural networks. PLoS instantaneous synapses. Physical review letters. 2018; 121(12):128301.
Computational Biology. 2014; 10(9). 58. Segneri M, Bi H, Olmi S, Torcini A. Theta-nested

45. Wilson HR, Cowan JD. Excitatory and inhibitory gamma oscillations in next generation neural mass models.
interactions in localized populations of model neurons. Bio- Front Comput Neurosci. 2020; 14(47).
physical journal. 1972; 12(1):1-24. 59. Ceni A, Olmi S, Torcini A, Angulo-Garcia D. Cross

46. Mi 'Y, Katkov M, Tsodyks M. Synaptic correlates of frequency coupling in next generation inhibitory neural mass
working memory capacity. Neuron. 2017; 93 (2):323-330. models. Chaos: An Interdisciplinary Journal of Nonlinear

47. Murray JD, Bernacchia A, Roy NA, Constantinidis  Science.2020; 30(5):053121.

C, Romo R, Wang XJ. Stable population coding for work- 60. Bi H, Segneri M, di Volo M, Torcini A. Coex-
ing memory coexists with heterogeneous neural dynamicsin istence of fast and slow gamma oscillations in one popu-
prefrontal cortex. Proceedings of the National Academy of lation of inhibitory spiking neurons. Physical Review Re-
Sciences.2017; 114(2):394-399. https://doi.org/10.1073/pnas. $6d0492020; 2(1):013042. https://doi.org/10.1103/ Phys-

48. Luke TB, Barreto E, So P. Complete classification RevResearch.2.013042
of the macroscopic behavior of a heterogeneous network of 61. Okun M, Naim A, Lampl I. The subthreshold rela-
theta neurons. Neural computation. 2013; 25(12):3207- tion between cortical local field potential and neuronal firing
3234. unveiled by intracellular recordings in awake rats. Journal

49. Laing CR. Derivation of a neural field model from of neuroscience. 2010; 30(12):44404448.
anetwork of theta neurons. Physical Review E. 2014; 90(1):010901.62. Spitzer B, Wacker E, Blankenburg F. Oscillatory
https://doi.org/10.1103/PhysRevE.90.010901 correlates of vibrotactile frequency processing in human work-

50. Montbrié E, Paz6 D, Roxin A. Macroscopic De- ing memory. Journal of Neuroscience. 2010; 30(12):4496-
scription for Networks of Spiking Neurons. Phys Rev X. 4502.

2015; 5:021028. 63. Vogel EK, McCollough AW, Machizawa MG. Neu-

51. Ermentrout GB, Kopell N. Parabolic bursting in ral measures reveal individual differences in controlling ac-
an excitable system coupled with a slow oscillation. SIAM cess to working memory. Nature. 2005; 438(7067):500-
Journal on Applied Mathematics. 1986; 46(2):233-253. https:/fdi#i. drigpd/H3 0fp/4601038/ nature04171

52. Ott E, Antonsen TM. Low dimensional behavior of 64. Amit DJ, Brunel N. Model of global spontaneous
large systems of globally coupled oscillators. Chaos: AnIn- activity and local structured activity during delay periods in
terdisciplinary Journal of Nonlinear Science.2008; 18(3):0371 tBe cerebral cortex. Cerebral cortex (New York, NY: 1991).

53. Devalle F, Roxin A, Montbri6 E. Firing rate equa- 1997; 7(3):237-252.
tions require a spike synchrony mechanism to correctly de- 65. Fino E, Yuste R. Dense inhibitory connectivity in
scribe fast oscillations in inhibitory networks. PLoS com- neocortex. Neuron. 2011; 69(6):1188-1203.
putational biology. 2017; 13(12):e1005881. 66. Schmutz V, Gerstner W, Schwalger T. Mesoscopic

54. Laing CR. Phase oscillator network models of brain  population equations for spiking neural networks with synap-

dynamics. Computational models of brain and behavior. tic short-term plasticity. The Journal of Mathematical Neu-

27



III %+ [Discussion]

roscience. 2020; 10(1):1-32.

67. Tiesinga P, Sejnowski TJ. Cortical enlightenment:
are attentional gamma oscillations driven by ING or PING?
Neuron. 2009; 63(6):727-732.

68. Dipoppa M, Gutkin BS. Flexible frequency con-
trol of cortical oscillations enables computations required
for working memory. Proceedings of the National Academy
of Sciences.2013; 110(31):12828-12833.

69. van Vugt MK, Schulze-Bonhage A, Litt B, Brandt

A, Kahana MJ. Hippocampal gamma oscillations increase

with memory load. Journal of Neuroscience. 2010; 30(7):2694-

2699.

70. Roux F, Wibral M, Mohr HM, Singer W, Uhlhaas
PJ. Gamma-band activity in human prefrontal cortex codes
for the number of relevant items maintained in working mem-
ory. Journal of Neuroscience. 2012; 32(36):12411-12420.

71. Lewis-Peacock JA, Norman KA. Competition be-
tween items in working memory leads to forgetting. Nature
Communications. 2014; 5(1):1-10.

72. Lai YC, Tél T. Transient chaos: complex dynamics
on finite time scales. vol. 173. Springer Science & Business
Media; 2011.

73. Cortes JM, Desroches M, Rodrigues S, Veltz R,
Mufioz MA, Sejnowski TJ. Short-term synaptic plasticity
in the deterministic Tsodyks-Markram model leads to un-
predictable network dynamics. Proceedings of the National
Academy of Sciences.2013; 110(41):16610-16615.

74. Olmi S, Politi A, Torcini A. Stability of the splay
state in networks of pulse-coupled neurons. The Journal of
Mathematical Neuroscience. 2012; 2(1):12.

75. Postman L, Phillips LW. Short-term temporal changes
in free recall. Quarterly journal of experimental psychology.
1965; 17(2):132-138.

76. Morrison AB, Conway AR, Chein JM. Primacy
and recency effects as indices of the focus of attention. Fron-
tiers in human neuroscience. 2014; 8:6. 77. Kornblith S,
Buschman TJ, Miller EK. Stimulus load and oscillatory ac-
tivity in higher cortex. Cerebral Cortex. 2016; 26(9):3772-
3784.

78. Cowan N. The magical number 4 in short-term
memory: A reconsideration of mental storage capacity. Be-
havioral and brain sciences. 2001; 24(1):87-114.

79. Cowan N. The magical mystery four: How is work-
ing memory capacity limited, and why? Current directions
in psychological science. 2010; 19(1):51-57.

28

80. Devalle F, Montbrié E, Pazé D. Dynamics of a
large system of spiking neurons with synaptic delay. Physi-
cal Review E. 2018; 98(4):042214.

81. Wang Y, Markram H, Goodman PH, Berger TK,
Ma J, Goldman-Rakic PS. Heterogeneity in the pyramidal
network of the medial prefrontal cortex. Nature neuroscience.
2006; 9(4):534-542. 82. Doedel EJ, Fairgrieve TF, Sand-
stede B, Champneys AR, Kuznetsov YA, Wang X. AUTO-
07P: Continuation and bifurcation software for ordinary dif-
ferential equations; 2007.

83. Dayan P, Abbott LF. Theoretical neuroscience:
computational and mathematical modeling of neural sys-
tems. Computational Neuroscience Series; 2001.

84. Virtanen P, Gommers R, Oliphant TE, Haberland
M, Reddy T, Cournapeau D, et al. SciPy 1.0: Fundamen-
tal Algorithms for Scientific Computing in Python. Nature
Methods. 2020; 17:261-272.

85. Mazzoni A, Panzeri S, Logothetis NK, Brunel N.
Encoding of Naturalistic Stimuli by Local Field Potential
Spectra in Networks of Excitatory and Inhibitory Neurons.
PLOS Computational Biology. 2008; 4(12):120.



	I 引言[Introduction]
	II 结果[Results]
	III 讨论[Discussion]

