HEHET PR NEERN T ERE: L3 ThaeEs

A computational model of action selection in the basal ganglia. I. A new functional anatomy
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AL R AV A BREE MR8 . IXFIAT NIEFE (action selection) i) L2 SR X FRATTEE i N
FATNZE K HEIE (Duncan,1995) , {HIX B HILIEXT NRAT HMAT R b . T R
( McFarland,1989 ) ,  C3#l & % FR 4 <47 N #% #t (behavioural switching ) > B« # 5
(decision-making) /W R 47 RIEFEZIE TAT NRIMLEE N3G %0 MR8 (Arkin,1995) .
BB NS, EXAT RERE R g, EAFREEL RS =T (Prescott 55
N,1999) X e A VF 2 3L R R R0, MEVISERIAEE, FATATLASE H LN 1) R .
OHHATAT RIEFE TR 4 7 @IXFh5E i D) e PR ER A 2 T g AT 1) 2

T BONHTAT RGBT, 1 R B2 8] 4 5 I D B R G0 Fr 22K I 3 A an
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(Snaith 1 Holland,1990) . #%%, ez [ n] DLEFEER R, I8 ST (] A 2R UL AT fT
MR B3, g n] UG RAEIE 4G — A deff L], LI 5 i £47 Rk 1)
T, BOLEATE 7 IX ] fE M (Redgrave 25 N,1999) , FAA, #ERMERCERCR
ME, AT NERERTEPWIFRRIC. thoh, BATERY, EEHE K, &
JEAHZTT (—HIIBeAH I X S50 SR E A RIEXMER . FRRMET S5 772m
R, AR (Brown 25 N,1997) « TAEICIZ (Levy 2 A,1997) PLIIZ BT RE)
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TEARSCH Gurney 58 N (2001 SR 30, MIEHFR N GPR2, FRATMRR T ETHHEH
(IER AN n) . T I R0 I ph 2 A B T il 12 1B 1?2 BATIIBE AR A 7 38R &2
A0 TR AR i AL, fEF R, BATA AN FEZEHAR: B, €k
MORES, FEULB e AT S TR S8, IR —E T TH TR EyLH &
WRRE AR AR R 5. SR =, B BB R AR ATk 0, FE
B2 AT AT LR AL ThRE R I E ZE (I Mink,1996) , 5 2 EUIAE L PR A5 A (4
FAHEAT 3 H7 6
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56 A SR A 22 1 A F AR BN S RE K [RUBR , 265 2 193RI 1 S e A 2849 [ 47 (1 A 25 2K mT
IR A5 5 e 8 0 525 5 A B ) FEOR At IF R BREIX — i R AL 5ROk, FRATAIBL
ARG IR ) T IR IR TR I IR AP 22 I D RELE ) - 45 T B IR A 2275 (R I 312k Th RE A A 22 [e]
R SEGIAL, EATE R AL 6 20 T IX At R ST T T A B T e . A B, XX AL H A
BRI 45 X ik e 22 7 AR ) 5 A T RE 14 Th REC EL AR . DRI, BB 3 AR TR
PR PN, IF HLAESS 4 19 BoR 73X L8 Fb LA A 2 (n] Rl 5 381 Joke Jo Ao 2221 At 1) 45 4 o
(7o 48 SR A 2275 [ T RE A ) 45 1 R AR PRI I i A% — M8 L ER T T
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Ty RRFRATT A Y it 10 At 2 AR PR 220 2 CL N, IR BROE M URITF R AT T ik
(Gerfen Al Wilson,1996;Mink,1996;Wickens,1997;Redgrave %5 \,1999) . RIKISHLJEFHZETT
WAZ N PR R W 1a fT 7N o RS AP 27T 1 32 B R0 2 H G I SO A & T ER(GP)

AR Efisigz (STND , AR (SND o 5 HEREIEMAIEX, 22 A #h5B (GPi
A GPe) 1 HR R E AF XK, 73 BIFKVBCE RS (SNe) MFLIRES (SNr) o SRABLK 45

B (REBEFAAFR AR EHMEHENM R MHE RG DRI (Medina Al
Reiner ,1995) .
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) SORPAR TR 22 T i R N, AR R Ml J 24 PR PR 52 A4 S RS S W, T e AR AR O A 1 o
R, 24 D1 B4R (Akkal 25 N,1996) /S0, £ EEAEAE 6 T B MM, B 24305
D2 %4k (Gerfen % \,1990;Harsing Fl1 Zigmond ,1997) i, ‘& A LAKEFNHINEH . SURAKH
HRZH (90%) MIPHE T2 T TR AR 45 2 R4 M . 3K LU 20 i M\ & Pl 8 1R K 45 44
PR E B LA N BT, A SN i £ L fRE i N . 'EIT1A GPi. GPe Al
SNr $& HEAH AL H % H o SNe #4148 SR 1Y) 22 57 3808 38 ik SOR AR 1) A% 38 B8 4k 22 1 g AT 1%
. Bk, GPUSNr X5 D1 BUSZARAH K1) 46 2 4B B H it T GPe EZEMAA
D2 BRI AR R0 (Gerfen 55 N,1990) W X GPi/SNr (45 5 GPe HIMISZHH K,
H2, XUy i f: A L IR Ee R T B D2 2R A o LB AR %, i HARAHE 5/
(Kawaguchi 58 N, 1990 /) o FATCAMAE AUES, B D1 B2 1 SOR 440 Xt GPe
T LI D2 B2 iR 5515 £ .

EBRVOIRE T, FEZ PR M TR 2 F B R, RPN . 28
M, EEBCRE RS E R AR, XSS =4 — N B, HEME TR %
FURACFHINRIFZM, TR KPR N B B TR, 6 FIX P A E A=, 0 il R E
CREEIRE (Downstate) A1« EFRIRA (Upstate) SRIBIAPFEE/ER L (Wilson,1995) .

TR AT AR S50 S b Fis. HEBRAZ (SCRIEF STN) LW EEA
K2 Wi A 260 e fiidi A% (intralaminar nuclei of the thalamus) UL A% R4 (F
ERBCEAM D) Bttt N Rk, JERAE T AL B S P FE NG S, X T HAE
o SR B 0] BE R o thAh, IX PRI AR A Rl I — RN TAT AR BRI B TE
P4 s N (Hoover A Strick ,1993;Alexander 25 A\ 1986) F1 H., 7 Kigshdiig iy, &
JEoR T — MNRARH 4T (Delong %5 A,1983;Flaherty Al Graybiel,1993) . = H {3k
i AZ 2 GPi A SNr, "EATTAREMI Fe il ik KRB R K R )2« b Fe A A i X 3%
() T BEAH DG X S |32 43 SO 2k T R BE 1) R0
1.2 ERTIhEENH

FEIR NATIR 8 JEC A 22 4 1) iR 7 R AR 3852 T RAR 2, (B0 DhRE S5 44 S L AR TH B S )
fif EIAERT LD o IR EERNUN T B IR AR T Wl N SRR T RE B OCE B . IR U,
JEC A 21 J s B I TS /E B (Chevalier %5 A ,1985;Deniau F1 Chevalier,1985) o J& K4
227 A AZ R BR DA T B 2 0 B S5 Rt 0 ) PR e LA A ) o SRS BRI A A R % e R R
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FEA AT A B DhRe 45 A 1) EERARLR It Albin (1989) S5 A4t . Wil 2 Fos.
AL I SOIRIR R G A B FRAE: (1) —Fh BRSO 12 5 T BR Ae i H Rg
EEEM® GPi M SNr TR (2) —FhelAEis4e”, Q35 GPe | STN 4 F| GPi/SNr
I TR AT, & Ref 0 4 AL = AR B AR M g e o o 7RI R T4, R E B T8
ST, (AL 7 — e 1k, DL RS A ANEI R E N — A S R B AR A AT I
R AFFHREIEAT B U AR ANIE 2, 0, B0HE BB (A 52 42 2 TR) RS 22 15 5K
(Alexander #1 Crutcher,1990) . 5% —, H Rl J LA A4, 440 STN () 4M 8% A - GPi/SNr
] GPe #1237 Bl Al GPe 1) STN ¥k (L 1), R4 Smith 5N (1998) Hili /KN IX $8i%
RREZNE, (HIXERA MR TR ERGA, F=, B BIRTIER R L) A ;
I, GPe TEMHE AR FIYEH (Chesselet 1 Delfs,1996;Parent 1 Cicchetti,1998) . &
RUIAE AN 1K L s AT T HEAV I B PPAL,  ARATT AR A <R thABE B 1 B A 2 2 Ak B FLAR
e T BRI 575 (Albin 25 A\,1995) .

Mink Al Hach (1993) #&H 7 JLEHE 15 B A B M — TR M B ARME, 275N
ERTRLEA R R . AT AL AE BRI STN & — D B ML, I T STN Xt
K% GPi/SNr 9§t 5t (Parent 1 Hazrati,1993,1995) . H A FIWT 70K I 7 & HIAE 201E Ny
HE ARz —. SR, A4S E BRI HIhfe, =1 GPe MIEHER, JFERE
AT HEGE BRI =T, WIESCIRMR A 2 CUIRE A AT 2 s /R

T kil R

38 S I IE AT BN R AR B P 2 RGN 2 AR . 11 Koechlin
A Burnod (1996) 1, 45 5E ShAE AR 43R IR BEAATE B 7K1 T R L 825 1k g AT {6
Ao FATA BB SERIF LG, T2 fe R R LT 5 el R B35k
AR DRIk, AR 2 R 3 (R B R R IR AP 22 1Y (K A B BER R s A (HUBRENTS 7E 4.2
TP EE— B Ue) o ERRARET  , S R SRR M R R, AR IR RE
Th—MhrElEES. B, £ R AR A MR b, JARE R sh{F ik
(IR B SONE SRS, HrP ORI RS S 4 A AT STN i35 GPi/SNr fif=
S AEATH H RIS, — MIAREE SO R SRR AT N AR E AH LA DE HOAT AR
K. IR BN U EIE”, W R S EYAA R, WEEARRIZENT AR Z AT
NN (Redgrave 55 N,1999) o HiE IR TN SHIENEF S, LARARAKF 31 ik 55
AR R KT SR AR AR G, AT HE— 20 AR 32

2.1 EXESIEE

BRI Sk — DN EENM SR, (HULA X ERET 4. 55k UE
PERE— Rl S e, e — AR X 20 Rl oy i e AR IE E S S I H AR S AN
S o SHITCRIEFEIFHE RERFEHAE S KT EABME 0, IFHFTA N T ZBENERES
#AIE S ho (H2, FRESHME BT RBIL 0, BIILIE PR B 25 5 2 B8 75 T3t (Horowitz
1 Hill, 1989) .

PRI, SRATEHE 1€ 30, IR EE 0 045 5 IR BE I 20 o =N Ta) B, th A £ B 4E 6, AN
0, FE, RVFFEMIEINESTET S . SEAEE . Hhyer, = 6<y<o, . BIN BA
TR B RPN SR BRI BT RS T MR s, B, Wk yes=y=0 FATH
KTRIESH, WRyes=y<q, MEART/IME TGS, v 7t DREAT, WL
BN ThRC, B, GRS AR X >y B HPi=12,0, n=|X|,
Hx eX, yesuyus. FEEWERE FHP KR B, WA 5 A A H #R
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TAEREAXIA T A, B4 —AN ik #EHLH] (selection mechanism) ILER E AWMU G 1" —> 17,
LA BIME 6, F16, , Hd Gx,x,,,x,)=(v0y.ny, ), FHE AL T % &
x, <y, =y, <y, large—signal selection D

X, <y, =y, 2y, :small — signal selection

FEIXFPIGOLN , FATL TR 7 2] S H AR -

IR, TR B KL G #GR RN (0 IE R ¥, EVR T EE LA, A%
TR AT EIEA . BT X L] g E T D(x) H

D(x)=1-12 (2

g, HAo<D(x)<1o D(x)=1FRR 0 X B— AR kT3 RIS e se,
HIESHES NS LS FH—1. Dx)=0 £ EHIERE, NTEESHENHCE Y, T B
Tk, BAREIRBE S 1 o(x)=|S V| X 5, FEHHARAIEBIREL (selection promiscuity);
o, AT AT RN (selectivity) 1-g(x). —AMBAMIHLELZXT THE K x, #(x)#B
TR WRFTE ¢(x) RiEFE NN Colx)=1/n) , FATERBLIX AW T RE D) 5

(hard switching) o #R1i, GISRXT TR x, @(x)>1/n, WFRATVEXMHLH] RFHDIH (soft

switching) -

DAL & 12 /ME SaREHLH . WRESRE (x, =0,vi) Wity es, vi, B4, A
TIEBEHON, W F— 2% x FAVLIE dy, Jdx, <0« F4b, Wk dy Jdx, >0,i=j, BLE
A5 UE i A j Z AAELE 564 (competition) o R, TEfifmik#erE, oy RARTIE#EER
N e 2 LAIE BT N AR T B BT e %

=N PR gk

FE—MHPE N 25 P BOAE 5 2 0] DUl I 75 105 AN A A B i B A2 F 7] O
DX ZH S P 5 i 4 i P 72 B ASE AH SRR 56 o 1277 S8 1T AT FH J2 A B A I 0 A % T
NG FEATICE . QSR AR R fh XE MAPE), IS AFRA VAT B — O AMIRGENES  H
SIZUE B, XL 2 AR R U B 2 1) 2H SURFAEAS U 4 AR A AR SZ X, e S A8 e AT
S (Von der Malsburg,1973) , {HWAFH BN ATHIE N (Grossberg,1976) o fE4
Y E ST, BRI R T — MR IEAZ . AR IX L] BEAE R I 4 5 TSR AR
B, (HFRAT A BN R AL ()10 B B, [RIAEIX — P B, FRATTHE B JBAE R it X 8% Lo
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<o H3 77, STN $RGEHIY BUsA FTREA B T AR OIS 5. &l 3a BoR 7 — a5 M
LR, S B DI G o (R IR AT R GRS R x, » e 0<x, <1 Vi o
FEA N OB A x, OB T S e 220, (BRI HI A4 — A Be 1A RIR RS i 1
Bt b2 . RS H T B R R B A MRE, JRATTREIX AN AN L 55 R AR
N ANEIE . R Y RO R R T, R o 2 TR AR INBURT. PRLE,
W w, wo SRR A A ACE N, A

a, =—w’x,+w*2x] (3)
i

XTTPRAME B PEIE p F k5 WL 0, —a, = (w +w)(x, —x,) o WHLAZUL, WRZE v >x, , Wi a <a, o
gyttt y, FIVOE o, Z T AR 1Y ¢ 2R, DRI R i AN Ryt 2 [T — A OR PP L, 2% 75
BRI —AME S I IEEEN LS SR, O TS R A DR (RAAER Rk
Witk MR ELYED M A a2 A P TR £ . N TRERIX — R, 2w =ow , &
(x),, FRENKFME, AFE . REFTEUREGE (3) MERBEEN
a,=w[sn-1)x) -x] 4

Hop ZmEE. MAEBES ZREEM, A a ZRAZa MARM, BRAE(x), /& n Ml
(x), =00 /n) NEREL HA, f(n)=0Mn) FrnZEn—o i, LLF@n)/ hn) N Fik, 78
Bt y MOS8 45 E — MR EA R R y = y(a) » BRAELUXAT 2R 5N, 0T 5
H B AR IA R (B Ham KA. RN FAT LU, BRIE6=001/n) » Al
Y4 B4 AT 1) 22 )3 24 B 26 i N ST B B R B BT . 5 = O(1/ n) TR W 2% $ it
— AN SRALH] -

PN F A Fe L AR A S B 0, A 0, A — A FVE R KL y(a) 58RI 5 P8 7 BLER 1
IR R

0 a<e
vam(a—¢):e<as<l/m+e (5
1 : a>l/m+e¢
BTy, b, 0<6, <0, <1. IEESFKMET, a=0,Yi, WRNe>0, My =0,vi. KA

EPARES y, <6, IXEWRE LA MEHARS, I EE L. X BRRAATEZH,
R BT BN e <0, RE I TR B Ml y, >0, FHFifR0<6,<6,<y,. &

JFERE], BT da Jde, =w' > 0,i% j , F{EEEAZE S S, BTLL, W1 e<a<lmee

dy,[dx, >0

K 3b Eon T LIRS 4 HIEM LS, Hrhw =135, w' =035, e=-01fm=1, »
FNBINFIEIE GEIE 1R 3D R TR E R, mAA RN GEE 2 1 4) FliE
OB H ) 3 . X SRR FEIE 2 A1 4, 17 HoAd AN 38 ) S R b B e . W] RE
P IS IR RIS T DASEEL R A e . 2, RELHRA R R4 MANAE R B,
AT DATE RIS R A O IR S8 I 2 Hh SEBL/IME 5 dm D B AL o

(LN %ith= A
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FEBAT A 1) B JRAR T DI RE SR I B0 T, HRRH RERTTEREAEEN
(Churchland 1 Sejnowski,1994) o 7EIX /N FH S B ARAS 22 OB R b, AT 20 Jf f10) 2
AT R A SBEA L A BN A ELAE I 77 20 AR TR . BB AN, FRATTIN N, M
ST 2 AR 22 S A CRIARAE NS tH 450, ot Fefifl ) 2, 1 sk
JETT N AR B2 A H B

AT — ML ThREB B A, — NG R ) 5 S I TE RS S0 S SOIR A PN R 4 A, T #0006 i o
¥ (GPi/SNr) H R AH N 40 B . S 0] 17 3o S 40 o o) L 8 by ot o ) i B 40 ) s ), G
BTG IR IES Z HRB/ER (Chevalier Z5 A\,1985;Deniau #1 Chevalier,1985) -

4.2 INREMREIFHVERNARRE

FIRFERE 3 M. R AN — 4 S B E A BEIE b0 23 A OCEL,
W) AT DK SRR AT IR BN o BB E L FRANFI, XS 3R & T RERI 4y
HNAFAZ I FAT AR (Alexander 5 A\, 1986;Hoover I strack,1993) F1i& 2415 0 T i K {4
HYGERIF—EL (Delong 25 \,1983;Flaherty fll Graybiel,1993) . AR, IXFHR %1 KLt
BUFATRE ARG, (HIRATIA, X T2k mmE R ke, X — MRk .
BN 55 A TE TE A DG (14 i JEC A 20 71 ST P 28 TG R A A A A T ) BRI RAT TR DSk A o
LR T A — A TR . X —FIE RGUZ TR TS bR UE T, IR EHER
F, B, FERLLR BB SRR T R % (Douglas 55 A,1989) .

@ ® &

striatum (1) ST striatum (D2) STN

\/

BG output FunctionT

strigtum

g O o

‘output layer'

B 4: FARARREMQERIES . KHE 3 PHRSRMIARNETRINEH L () »BMAZRATHL I 4, 12184
BRI B (D) £ (a) P ARG —AMFRER, “REHEZ QEERMZYREE; (o) £ ) THH-MEbH

&R o AREH T, GPe, B & ILALERAY 2 W ZRBIEHE S

BRI 3 A ISR SR U B AT PATAT Ik $E A BE 7, (AN R FH 2k e 42 i S PR A
] FR 73 %k N TE N4, RO EAEAEY) 7 PR REANE . (R, 2[RI 32 24 A
Ko T BT X B = R A S . [ da TR T 5 RO R i 1Y) 5 I SE A AR SE I
P SEPLR A S D A AN A N SRR S] 0 A IR 4 s A o A S 2 AL, W] DUfE %
W2 BOAT 9 5 18 3 H R a7 Bo0S BE R £ AR TR . BEAR, S NS5 T € S STN RIZUIR I

LA B 2 RN 32 Y JRAT 4R H TR 45 2 e 22 Je K — A B 2 SR IO A SG i B
(R B PEBEIE K o 1X 0] R R AR TE X SE A M (1)) 2 W SOR e, 31X 532 70 A IS N TE B0
AL B O, IF HAEIZ B A BRI J 1) B Joi-SOIRAA R R SO A AR B 2. (Flaherty 11
Graybiel,1991;Graybiel 55 N,1994) o XML FRIAH T AL T M40 M2 T, HORE 00 Bont e e
2T AR ) ) R R B A X 22 i 1 ) B o % 18 B FRATIHE RS0 2 1T b AR I Ab B R IS o
AT IR EE, FRATB R SR B E T R M, I AR SUIR AR 2 0 I i NN
HYHT AL FR S A ) .

STN AJ i = Fl A ) b 55 22 PR SR IO VE 3 B, (HIXOR STIN AR AR AR i (R 5 AR
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EAEHIEAEIL, T STN B9 8 & AL K% B H H 7% (Parent Al Hazrati 1993
1995) , fHiXedz b RN FREESRAS STN i o [RIk, BRANIEIE [ DTk A L 4EFE7E STN
BT L, FEH STN #2454 NI RA &5 (1 B iG sh s LUl 0 % 25 2 R . RAET 2 ifh
SR =2 21 B £ 2 BT 23 L I — R e BE AL (2 3R AR BR  IMLEHD , e da] DU
STN )3z [l M ke sl fk (Kita 25 \,1983;Afsharpour,1985) , X FE—AN (1) il mT
LR Z M e th . X EWERR|MEER—8, ERIBURIZs) K )Z (Fujimoto 1 Kita,1992)
FIEANERAL S, STN P2AT 2 A PR, X —id 2 i Gillies F1 Willshaw (1998) 541,
A, FRATTHE W AR R A58 A T — /N8 — A 24 T 24> GPi/SNr [1) STN #52)
(PF) . ¥ithAZ LAl 24 STN 1) PFs JIR%%, 1X48 PFs SLfl ik REMM 2 ANEIA; FE
AT /& STN JHIE 1) PFs FLSCIRAR R B P 5 43 B

e, BATHREALE B SCIRAM STN #R A& h— IR K 2 SCM ST SCie . BARH
IEYER ISR A T (Feger % N,1991) , (HE R BEI AN FT A BB DA LI . —
AN G5 1E Th BE A5 R BB SCIR AT STN RS 31 17 BEAR < R S B [R5 5 4% UL

BRI 4 AR T RO R A BRI, BATTE B AR Th R 5 27 1R OGS 2 IR 311X
PR AE R IR AR AT WA NS R — A28 T Mink 1 Thach  (1993) #& YL,
JE ¥4 GPi/SNr FIEILH 27, SR, A 55— R LRI H GPe /B ¥ o X Fh X HI7EAR
0 HH R B 1) 2 B e R T ASE a0 H R B P S A e T A AR A (B 1) o A
I, GPYSNr FZ H 5 D1 B2 I SCRAR A MBS, 11 GPe 2 MEA D2 B2 44K
i BRSPS . B 4a AT ¢ 2> B SR T IR B PE A AN B 42, BT GPi/SNr #24it
FEEAR AT, R PLA R 4b BRI RGUA Bt 2 iR L], R IRA TR 3L
fe 8 NIEFEEE 1R (selection pathway)

XFRA—NERE (F4e) , BATMAER GPe fEAt 4B L E&E—N M %, BIAHE
AR T HARE S A% . BT R ET GPe #RALME ST — M= hliEeg, H
DReA AT IR BENLEI FIRFE, TR I — M@, Parent Al Hazrati (1995) ¥ 42 %] GPe
FEFE AN Z2 7T N R HE A A FH B — O A

N T BRI B AR IR IR AT, AR CLHEAT BUR @ eSS, 55, GPe Xf STN
R B 3 Bk @ A2 o GPY/SNr (UK F#AIR . £ GPR2 ™Y, FRATTIE B b i) PR A% 1 5 28
3 A A B ATNE R RV BT, MA@t 2 BIREE T EE A . RYEEE
LTATRIFIE, BAMERBE D1 A1 D2 32457 il 5 2% i AR Al 22 B BE R 17 AR G $Rm 2 B2
2 7KK 48 T e 8368 6 o SCIRAAR XS GPi/SNr (M 98 58, e A 428 1) it b SUIR 1A XS GPe 11
il X e ad R 3 E GPi/SNr fai th FEAR,  BE ELIRIE T GPe—GPi/SNr & 4%, (A48 i I
b STN PR o 15 280805 P A g A S e 41 ) 68 1 i HE A
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B 5 #AREM N RAY Ko BRLEF I H B M 46 T EBA,

GEERPINT RS, Ha GRS HIE 510 GPe S, TR T M i B R IE R (1 Th fig
Zarty) (B 5) o Bri e Rz SLEE 2 s i< B R/ A e B AR R R AT LU (Albin 5§
N, 1989) o KPR T RAELEK Ese AR . IH«E B8 % i 8CIRAR GPi/SNr 4% 5
WAHR, BRERE R STN FE RN, HEURAMER @S D1 2 B2 A+
S RN NEE . H A4l B T SUIRAA . GPe-STN A1 GPi/SNr ZH . 37 4 il i s AN 25
GPi/SNr, HEURARIVE AR A D2 £ B2 ) b & 2 WA o s . shah, mMiiges
GRS BFIThEeE 5 1B ) ThEe/E A R KA .

4.2.1 BERSUREMLE

MINEEA ERE, SURMABIE I SRR 0] A S 5 /AL (Brown T Sharp,1995)
JUE H e ) 2 Bl AN TE 22 (Jaeger 55 N,1994) , (HEUIRAKIRER) LAY (Wickens &5
A,1991;Alexander F1 Wickens,1993;Houk %5 N\ ,1995) (R SUIRAR S FrixX Fhab ¥ 77 X HrIhRE
1 REER IS AT AW T SCRAE AR AR AE, (Had, RE R DLV & 0, AR
WEIE RIIX PG L. B, A R I 2 H ) e R SR A 8 TG R A I 3 1 PR RN £
£ GPR2 w1, FRATTER WA I FH T O0R) A S 8 B A D000 it VT I 2% o %o - TR 22 I 28 T AT
A FTIE B & BNz (winner-take-all, WTA) Mk, 1HALIFIEQILE, BRONIX LR 254 G
B A JR 0 d R R PR R i e KT . SCIRAR Y WAT LA R AT REAAAE, PRI EA 7 2
—ANNAT BRI, XA AR 2 M A TR IE N GABA MIHIA—8. B AFEEHRA
U 2% (HH 2 BIRRAE O BEmEREMANRUER. BREGINT RS
P J 0 326 U 19 8% PR 8 5 ) — B2 A4 S R AH O 1 SR A4 40 i AH B SRS R UE S — 3, {H D1 A
D2 T ARG REMH HAERH (Smith 58 A\,1998) o 2AT, AKX ARG IEAZEILERH A
R R SE R R S RN . X AT R ARG IR S5, B =& RN e g B N P
VERLER, MR IE TR FEAAR b 2325 10 1) S5 AR o FRATTAN A JR) 3510 3683 1 4 48 9 8% 1) e K S
FIIN S FENLE — AR IR ) 5 — 2 B AR 4 A % .

4.2.2 YA YREES

THE E, JRSCIRAR A TRt B B EEREH . fESUIRIE RIS
VA2 A GEALEE 5 [l — R A MAH S B PR IE K . ARG, S TR A geik H— M5 (A
HEPATEEA s WLEE 2.1 ), BRI 265 1 B AR TC B i o - SR 2 o) SRS rELML B 5 Y FR LA
¥ 22 BB BRI R o SR, EH T ) F 0 o 41 3 4 T e 38 (1) 30 ) e 75 8k — 2D i . ik
BRAEZMEDN, Rt A RFIAE YR EL S, Flhn. 36k 2 o) G e & R
CEEAE, WIEE S IR MAET e R ELA < (Brito,1997;Swanson %5 \,1998) . % —J71il,
P2 AN EIE )P et R MBI — N2k, BV TRES 5 2 MR nl 73 B AT N (Bl WP AT
HIRERE) o BRUII fa 2B B RT L R X B T 5K, FRATTEE UUAE 3T D e 2840 IR i £ B AT Hh 4k 3
BRI () LI

fiv Wig

FATRAIE TS RTHIE R IR £ B ] 2 —, BIN AT RS R)A, ATy,
e B ENVE LR RN RAL, FERAR AT A A B DI RE T AN B T ik —. XA
REBCRA Y — DM RF LG, S THRE 5 0 B R A 1 PR @ BRI SR« 75 FE B BRI
L7 AT TR FE A2 B A B, BRATBE SR 1T REAT XA TSR 2 58K . IX T
BUT 0B R 2T T BRI I PR R AR K B ARMERE . B G, ERERAR, HrhEE RN



FLAh Vet ME T hIE R — MR L A GE TN A . B T, FEIEEEERAT N A T AL B
PR AS . EVEM 48 T80T FEHE K AT RERIRFE DIRE: PR STN RIS DL 1t 75 S 45 7
HE5iR 2 R RE TR T £ . BT D BE AR R G5 T B SCVE ML IRl B X HAH LA R i Hed e .
3b LR, X RPOIAE . IR, IX AT LA TE B R A SOIR AR FL i AT R BE D) 45t
2 LB T DO AR o AT A TSR SR A 4 R Y P ok AL - B IR 8 <5 A R i B
BRURIKEIE (8] 5, UK A 2 18 4 s sis sh 4L & -

5.1 HHEFR

BT TS AR R T KT GERT D I8 REA KT (TERAIRIE N DEET AT
HE T THD #Z B AEDE RN G R . BARBMCES HERE MM EERE, HAIEHERV
M STN B SUIRAA (1 55 D4 45 %42 (Kita A1 Kitai, 1987) AT GPe EISUIRAAK (140141 %42 ( Staines
FENL1981) o ERARIX /N 36 S A0 AN 0 95 A I At 7 TR B R ) G B R AR B o, {HU GPe
SO A2 SCHL A7 AE SCFE T 3RATTNE GPe [ E5K, B GPe 7RSI M4 TT I HAT 2 1%
fillThe. M D1 B ign i ] GPe MIAHXT LSS HI# 5 (Kawaguchi 56 N,1990) 4 #E . H
AEAE AN i 18 B4 E B 1 X 73, H o] BeAA BY TRS A A0 il id i 1 R E D ReRe )1 &5
BIRIX S5 IA RR YA — B AL B 55 1% CRAAAE T SOIRE N IR M Z N 4
TG FIPE &S Gfid ok (Kawaguchi,1997) .

5.2 SHMRBMLLE

A — X IR 2D AL, R T AERLUIE 7T AR T R B A MK (i
IR PR WL Beiser 55 N,1997) o GV FEA 1) J5 B 19 V7 2 R e A 448 1T S B 5l = 0 66 JE ot
SATPAT T E D RE I — B . AEIX T, FRATT BT B A A T AT ik B R A
115341 (Prescott 55 A\, 1999;Redgrave 55 N\,1999) %I T-Hf & 2 A A AR 7 [ 2O EH 2L,
BB L AR AT T A (Berns M1 Sejnowski, 1996) B SEAR R 1 4T ik B0 0] 1, o F)
7T 72 STN Uil #A1, Berns F1 Sejnowski # A A [F] T H BT A, KN GPe A~ —
ANYEHIZ, TS B T AR T R — N (R R IR Rk B R v e RO E . FRATTE
R A 55 DURT P SRR B, G S 9 i AR P 7 R IS R W AZ P (R AR N T o el 2 &
IRARFEX TSI T T 72 9% (Wickens 25 \,1991;Wilson,1995) , Tfij HLiE Xt STN #:47 1 #F
JC (Gillies,1996;Gillies 1 Willshaw,1998) . &4, XEAADKGIRICE HMER, BARA
R — DT ERANIRATH SRR,

5.3 EEHEEFR

WA R IBR E 58 3 WA AT ZS  FTR H BIE FRHLEIAZ , RIE R RR AR,
HURIXFE— AR, (HR IR T ZEWI A2, SRR R S5 K LUE 2 R e B 1 A2 S FR AL
A 2K o IXBE BRSO BRI R SE B A A B4 (GP/SNr 38 3 A2 X6 5 i it
AKPFIRERD o« HATHATE RIS, 2R B AR R0 R SE 7 — MR R
A2 ek R PR R — AR IR FTREBE A, (B LSRR G AR FFATE) o KBk, GPR2
BEAT T E BB 1o p, RISt 1 — MR, TSRS ) ThRe 2 — AR
PRk, TR S BEARAME T T 10 2% A M SR A B R LU B BhRE D0 4T 58 B AR e sk
T2 EREREXT PRI P R, JF B e v A AT Oy 5 AR B ST e B 2 a) Y LA

10



S 3CHk

Afsharpour S(1985) Light microscopic analysis of Golgi-impregnated rat subthalamic neurons. J Comp Neurol 236: 1-13

Akkal D, Burbaud P, Audin J, Bioulac B(1996) Responses of substantia nigra pars reticulata neurons to intrastriatal DI and D2 dopaminergic agonist injections in the rat. Neurosci Lett
213:66-70

Albin R, Young A, Penney J(1989) The functional anatomy of basal ganglia disorders. Trends Neurosci 12: 366-375

Albin R, Young A, Penney J(1995)The functional anatomy of disorders of the basal ganglia. Trends Neurosci 18: 63-64

Alexander G, Crutcher M(1990Functional architecture of basal ganglia circuits: neural substrates of parallel processing. Trends Neurosci 13: 266-272

Alexander M, Wickens J(1993)Analysis of striatal dynamics: the existence of two modes of behaviour. J Theor Biol 163: 413-438

Alexander G,Delong M,Strick P(1986)Parallel organization of functionally segregated circuits linking basal ganglia and cortex. Annu Rev Neurosci 9: 357-381

Arkin R(1995)Reactive robotic systems. In: Arbib M(ed)The handbook of brain theory and neural networks. MIT Press, Cambridge, Mass., pp 793-796

Arkin R(1995)Reactive robotic systems. In: Arbib M(ed)The handbook of brain theory and neural networks. MIT Press, Cambridge, Mass., pp 793-796

Beiser D, Hua S, Houk J(1997) Network models of the basal ganglia. Curr Opin Neurobiol 7: 185-190

Berns G,Sejnowski T(1996)How the basal ganglia make decisions.In:Damasio A,Damasio H,Christen H(eds)Neurobiology of decision-making.Springer,Berlin Heidelberg New York

Brito G(1997)A neurobiological model for Tourette syndrome centered on the nucleus accumbens. Med Hypotheses 49:133-142

of rat striatum

Brown L, Sharp F(1995) Metabolic mapy pic organization of sensorimotor activity. Brain Res 686:207-222

Brown L, Schneider J, Lidsky T(1997) Sensory and cognitive functions of the basal ganglia. Curr Opin Neurobiol 7: 157-163

Chesselet M, Delfs J(1996) Basal ganglia and movement disorders:an update. Trends Neurosci 19: 417-422

Chevalier G, Vacher S, Deniau J Desban M(1985) Disinhibition as a basic process in the expression of striatal function. I. The striato-nigral influence on tecto-spinalTecto-diencephalic
neurons. Brain Res 334: 215-226

Churchland P, Sejnowski T(1994) Levels in nervous systems. In: The Computational Brain. MIT Press, Cambridge, Mass., pp 18-48

Cools A(1980)Role of the neostriatal dopaminergic activity in sequencing and selecting behavioural strategies: facilitation of processes involved in selecting the best strategy in a stressful
situation. Behav brain Res 1: 361-378

Delong M, Crutcher MD, Georgopoulos A(1983)Relations between movement and single cell discharge in the substantia nigra of the behaving monkey. J Neurosci 3: 1599-1606

Deniau J,Chevalier G(1985)Disinhibition as a basic process in the expression of striatal functions.IL.The striato-nigral influence on thalamocortical cells of the ventromedial thalamic
nucleus.Brain Res 334: 227-233

Douglas R, Martin K, Whitteridge D(1989)A canonical micro-circuit for neo-cortex. Neural Comput 1: 480-488

Duncan J(1995)Attention, intelligence, and the frontal lobes.In:Gazzaniga M(ed)The cognitive neurosciences. MIT Press, Cambridge, Mass., pp 721-734

Feger J, Robeldo P, Renwart N(1991)The subthalamic nucleus:new data, new questions. In: Bernardi G, Carpenter M, Chiara

G, Morelli M, Stanzione P(eds)The basal ganglia Ill. Plenum,New York

Flaherty A,Graybiel A(1991)Corticostr transformation in the primate somatosensory system:projections from physiologically mapped body-part representations J Neurophysiol
66:1249-1263

Flaherty A, Graybiel A(1993)Two input systems for body representation in the primate striatal matrix: experimental evidence in the squirrel monkey J Neurosci 13: 1120-1137

Fujimoto K, Kita H(1992) Responses of rat substantia-nigra parsreticulata units to cortical stimulatio. Neurosci Lett 142:105-109

Gerfen C, Wilson C(1996) The basal ganglia. In: Swanson L, Bjorklund A, Hokfelt T(eds) Handbook of chemical neuroanatomy. (vol 12)Elsevier, Amsterdam, pp 371- 468

Gerfen C, Engber T, Mahan L, Susel Z, Chase T, Monsma F, Sibley D(1990)DI and D2 dopamine receptor-regulated gene expression of striatonigral and striatopallidal neurons. Science
250:1429-1432

Gillies A(1996)Electrical properties of subthalamic nucleus projection neurons. In: Bower J(ed)Computational neuroscience. Academic, New York, pp 65-70

Gillies A, Willshaw D(1998)A massively connected subthalamic nucleus leads to the generation of widespread pulses. Proc R Soc London B Biol Sci 265: 2101-2109

Graybiel A (1995)Building action repertoires: memory and learning functions of the basal ganglia. Curr Opin Neurobiol 5: 733-741

Graybiel A, Aosaki T, Flaherty A, Kimura M(1994)The basal ganglia and adaptive motor control Science 265: 1826-1831

Grossberg S(1976)Adaptive pattern classification and universal recoding: I. Parallel development and coding of neural feature detectors. Biol Cyber 23: 121-134

Gurney K, Prescott TJ, Redgrave P (2001)A computational model of action selection in the basal ganglia. IL. Analysis and simulation of behaviour. Biol Cyber 84: 411-423

Harsing LG Jr, Zigmond MJ(1997)Influence of dopamine on GABA release in striatum: evidence for DI-d2 interactions and non-synaptic influences. Neurosci 77: 419-429

Hoover J, Strick P(1993)Multiple output channels in the basal ganglia. Science 259: 819-821

Horowitz P, Hill W(1989)The art of electronics, 2nd edn. Cambridge University Press, Cambridge, Sect. 1.10

Houk J, Adams J, Barto A(1995) A model of how the basal ganglia generate and use neural signals that predict reinforcement. In:

Houk J, Davis J, Beiser D(eds) Models of information processing in the basal ganglia. MIT Press, Cambridge, Mass.,pp249-270

Jaeger D, Kita H, Wilson C(1994 Surround inhibition among projection neurones is weak or nonexistent in the rat neostriatum. J Neurophysiol 72: 2555-2558

Kawaguchi Y(1997) Neostriatal cell subtypes and their functional roles. Neurosci Res 27: 1-8

Kawaguchi Y, Wilson J, Emson P(1990)Projection subtypes of rat neostriatal matrix cells revealed by intracellular injection of biocytin. J Neurosci 10: 3421-3436

Kita H, Kitai S(1987)Efferent projections of the subthalamic nucleus in the rat: light and electron microscopic analysis with the PHA-L method. J Comp Neurol 260: 435-452

Kita H, Chang H, Kitai S(1983)The morphology of intracellularly labelled rat subthalamic nucleus: a light microscopic analysis. J Comp Neurol 215: 245-257

Koechlin E, Burnod Y(1996)Dual population coding in the neocortex: a model of interaction between representation and attention in the visual cortex. J Cogn Neurosci 8: 353-370

Kropotov J, Etlinger S(1999) Selection of actions in the basal ganglia thalamocortical circuits: review and model. Int J Psychophysiol 31: 197-217

Levy R, Friedman H, Davachi L, Goldman-rakic P(1997) Differential activation of the caudate nucleus in primates performing spatial and nonspatial working memory tasks. J Neurosci 17:
3870-3882

Marsden C, Obeso J(1994) The function of the basal ganglia and the paradox of stereotaxic surgery in Parkinson's disease. Brain 117:877-897

11



Mcfarland D(1989)Problems of animal behaviour. Longman Scientific and Technical. London Medina L, Reiner A(1995) Neurotransm organization and connectivity of the basal ganglia in
vertebrates: implications for evolution of basal ganglia. Behav Brain Evol 46: 235-258

Mink J(1996)The basal ganglia: focused selection and inhibition of competing motor programs. Prog Neurobiol 50: 381-425

Mink J, Thach W(1993) Basal ganglia intrinsic circuits and their role in behaviour. Curr Opin Neurobiol 3: 950-957

Parent A, Hazrati L(1993)Anatomical aspects of information processing in primate basal ganglia Trends Neurosci 16: 111-116

Parent A, Hazrati L(1995)Functional anatomy of the basal ganglia. II. The place of subthalamic nucleus and external pallidum in basal ganglia circuitry. Brain Res Rev 20: 128-154

Parent A, Cicchetti F(1998)The current model of basal ganglia organization under scrutiny. Mov Disord 13: 199-202

Prescott T, Redgrave P, Gurney K(1999)Layered control architectures in robots and vertebrates Adap Behav 7: 99-127

Redgrave P, Prescott T, Gurney K(1999) The basal ganglia: a vertebrate solution to the selection problem? Neurosci 89:1009-1023

Smith Y, Bevan M, Shink E, Bolam J(1998)Microcircuitry of the direct and indirect pathways of the basal ganglia. Neurosci 86:353-387

Snaith S. Holland 0(1990) An investigation of two mediation strategies suitable for behavioural control in animals and animats. In: Meyer J, Wilson S(eds)From animals to
animats:proceedings of the first international conference on simulation of adaptive behaviour. MIT Press, Cambridge, Mass., pp 255-262

Staines W, Atmadja S, Fibiger H (1981)Demonstration of a pallidostriatal pathway by retrograde transport of Hrp-labelled lectin. Brain Res 206: 446450

Swanson J, Castellanos F, Murias M, Lahoste G, Kennedy J (1998)Cognitive neuroscience of attention deficit hyperactivity disorder and hyperkinetic disorder Curr Opin Neurobiol
8:263-271

‘Von der Malsburg C(1973)Self-organizat of orientation sensitive cells in striate cortex. Kybernetik 14: 85-100

Wickens J(1997) Basal ganglia: structure and computations. Netw Comput Neural Syst 8: R77-R109

Wickens J, Alexander M, Miller r(1991)Two dynamic modes of striatal function under dopaminergic-ch control simulation and analysis of a model. Synapse 8: 1-12

Wilson C(1995)The contribution of cortical neurons to the firing patters of striatal spiny neurons. In Houk J, Davis J, Beiser D (eds)Models of information processing in the basal ganglia.

MIT Press, Cambridge, Mass., pp 29-50

12



	基底神经节中的行为选择的计算模型：Ⅰ.一个新的功能解剖

