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Globally averaged atmospheric temperature anomaly

Month since June 1968

Fig.1 Globally averaged atmospheric temperature anomaly
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Degee C

De-trended temperature anomaly

Month since June 1968

Fig.2 De-trended temperature anomaly
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Degree C

Markov process forced with de—trended temperature anomaly

Month since June 1968

Fig.3 Markov process forced with de-trended temperature anomaly (¢=0.99)



12



13

HERDIRRRAL &\ 5 BHis

PATE—

5 S AN =y

1. HERPBREEL TV D EIXE I ND Z L2

19 8 8FEDKEDHEITEN-T-, ZD& &, KEFHES CKREFEHMZEm (NASA) IZFTET 2R FH
DY L Nd TZOXREOEOERIIANFENEEEMLCKEZE 1 0 0F0M &It Lz —
FRALIRFBOIEBINENFERNTHD ] EWIHBBOIESE Lz, bk, “EBLRFOEEDRIZLD
BRI LRI IR F DGR L BUEDOMEICE T2 W2 b, 2D Z & 1d YouTube THEBLINL TV D
ERALFERE D L K< bbb (1),

EL 198 0FEMRICT AU AMEMNERMKBEIC R ST L—F T Y B MESEFREAIFE %2 fEOH [E (Evil Empire) & FEQY, v —
LA UNR—F 7 —ENIRFTEZAR L2 FU— R - 77 —ORBEICLDERAZ VR LR OEIRN B D & S 2 iRIEE 3
(Strategic Defense Initiative, SDI, #FRA X — U 4 — RFHHEE 721X I Y VIS E) 28 L, THEHOLE (Freedom Fighter)
\Z KD ATEDWE Y HIRBIR ZWATZ, LU YHEEHE WD BIE TR L7 0K E BT Y B E - TR 2872 ez A Y 72
THEND oo, NEOFIZEE LTS LI OSBRI (L 2 H 72 T TILIRFEIZ o 72 2 EAENENORGEFZE 2B D b
HESNTND ZLITHMEFRARONTNDES D, FHF B L G BRI ZENTE % — JAUSTEC I8\ CTHllER S X = L— & — AR
W E 2 58 P VAT SR VPEAS BRE 7 VBRI & BRkE L7z 1995 F 2 AIZS I L7 KE O HRMEETHE T AR T — 2 v a v TRk T#
DY BORETILREOHTEE - HHEN N EREO#KREZ L T2 L 2RI EEOHET, 1990 RIS 5 & BARDEFLH R
PERIC L — 27 BORLIRE OB F ERBOR IR BN EW & T DRKEE & B AKMAIC L2 BERBE—KMLEH 28005 2, Tk
B, EEFE. Zf—F A =T F7, B Z2—F 72781 (COE)] ZREDKEBIEMFENR~AaITHILHL, ZOEDF
FHR B b E ZOKREROTATHEEZT R THEII1CRD (1,

STAPLBEZL 1 0 OFFNT HAREKMN TH EMRKEBINPME -7, TRARKGBIIA G E
D EBEF OIRER 72 &2 W o B O KRBT X 2 EMAHEOKIRT — 2 3% 5 D131 0 04F
DEEZFTTHD, TNODT—ZPRTEZAICED LilEL 0 OFEROM LT OFEKIRIZ LR L
TWD EWb D, TILRTOHERDFEE IR ITAZ O Ffi-CH B # 0RO KA Fl 8 S e
SKEDFIC L VHEET 207, ZhIZXK D L HARDFLZRFRD bR R E TOKIRITHIE & [
EEZENL ECEmr-2T 5 THD (E2) .

E2 : ZORMITHRTOKIERF< 2D, A3y 72 FRAKTH 7 FURER S, BEHEA P BIL ST RHT, PRy
LnbTng, B TEEZENEHATLDIIEREZ LR TIOEE LI TINRDRITIER LR hoTz, Trv—IRANA
YORNTE BN ZE > TRTI I —r y Sk OB BEY TP IR OB RORMTH D, Ll iritddEm 2 KpiE3EE ok
BORFE L ELRBOTEE SN L, B v 7 BEOWFEP RN D Z LIS L7 ER AT BI3H i CE OB A 2720 T
RTEM EOMSRGFEH TR 25T 5 X9 1ced @),



14

T OBITIEATEATIRD FAS Y IT AR E T RA 22/ VKT & Wb 213 SIc 2R ORI S 235
40 Wb D bbROBERIFRIZE T 5 HERBIK OB T [EORY ) E52 X85 (E3) .

T3 HIERDS et O KT & 1 1 ) L CRIRICEDKINC A2 O340 5 13,000 FERTTH S, Lo L (BPKIIZA - T 2, 000 4% L T)
435 11,000 FFRTIC /R 2 & HERITRIMICHES 72 D, ZAUE DRBEE L72720I2db 7 A U 1 OBEDKASEIT . @l 72K 3 AL R PRI i
T EHEKDMSTIRIE N TNV BEN/NE 2o o TE L RPEDORE OWAITEB IR T 2 LN TERL AR, 29 LTI AP
DU DILF AT B T 5 LR EPERBOTRBIER O A7 B FALRAEZ @A L IUCI BT 2 AR alifi b 3B/ 20, LiepioT
AF L aiiiic ko CREEOR 2 HALICHRE S D HKICE DR T 5 72 DI ALK FEEE O FHBIALE 5 BN 2R 025
k&gl &RIT) EBASND,  ZOREMN, HREFTIIEKIICKIT Y v — « RIA 7 2% (FTEORY) L5
PNLEZLDOTHD,

20MA T 4y 7 ABE (T4 - 77X — hUEYRT | AR > TIOEO A2 IRREOELR/S 7 Ly T TZ2an
B 201 TIERS, WORE Z0MRRBERODTE, N X AR PRIT 2KBEEEN &K T HRAOREE] L FIRFE LWIRSE
ERATWDEASI? [ df— - RIATRAERWHRPREBMELIZDOLERIC AT =L GBFR) 12X >T, 20 100 4
ICHIERIZ BT L L, 2 D7dIZdbT A U I OEDK @R L7- 5 & TRIN3Em b U CTRHEICHE & 722 < 72 D L BRIN N & K&
BERDT AU BTWATIVEKREOEFZRREIE S <251 L0 9 @i EN 2003 FICEHRE TE LD HLNLDE, ZOREFD
PUCIE TRIBEHZEIC R 2 LT TVWOEITEERAECAR L I 52 /220 BREr S THEIAY SZHEZALN TV DA L REBY
ATEAT D) LEINTND O BB OIZR TR L7 KE OBUR Y B AR S OBIEOR I ORI BT Z R T 2 Zigh
HBINDIEA D,

1

O HIERFER I 19 AL Z A E THEFE SO, BARTHRIEICH 2 SRR HITEEHEEIT T
HIPUTE (—B) 2B o, By Ry TIETF—2X)RHY X, aLInFTLE (D, a3
MFAT Liza > RUmBRAMIREEE L7 = = — P U BN HRE RO ER () o ExT7 ) 28X
LT, 22— Mo NFEBREILLTZD S BRDILFREROYM TH S, T700HE02541 0 0 ORI
HHIERIBRE(LN D . F0d & CEGHBENHEESDSWZ ERERESZEAIL TG onbd T —#
ENBIDRBELE N RTERICL > TURESND,

IEARBRE N BRI S D R LR BN RKPICEE SN D & R D ZFRLRFE Dy FEE DB R
L ORI D= —R EFHE T RIS, 205 HTFHICET TR S RINT o= 3L
X =0l DRy T (BHE, iR, “LRFERE) LB HEIIRINEND T THHEVH Z
L BT REEIZE DWW OB ERE 2 IZH L TWD (HE4) .

4 ZEMERFEOREBDHRIZZBLIRFES FOBLRIM AT — A2 M b b, TRMERFED 3 JH 120 1A MEHECIRE) 22 & o ink 38
BaT 202 LICX Y RABOBEHBELN I END 2 EICLD, Tibb ZEMLRFEDILENRIT LRI WA 2 I 03I
EEET 5 L X OBEMEOHBRA (v Ay 2 VFRRA) TREIND, ZBbRFEE VD SRS TR0 DEME» DB E
DFRIBOH T DTN X — & ZOBREBIIBINEND KT DT R AF—RNE LW E & TERE L BREEPEFET LI REAE VIR
IEPERRREICH D L, ZOBBEN ZEBLRFEOREDNR L LIEZND20TH S, 2O LT B FEOHPAN CREIZER T 5 2
ENTE, EREMEHIET S 2 LICK W EBRETHO DL ZENTE 5, ESTHIERTOIEE B8 WSR2 AV - = oL ¥ —i
HOBREREZE L, ZOBRERE R CHO CHIERBEBA LRI BB TH S LN LI 2EBMEENHKT L ER L
THYy T ERENIZOT VEHBMREHRIE LB OEEEMW L2525 9,

ST A—7 OTRBFANC JAUTIRFE 72130 7233 2 A7 MABRIT—EORBIE A b o 128l CTh 223, i F o ids 7358
FLTND72DD Ny 77 =R, MO0+ DOFET D Z LKV IERRIZSh, A3 X—2 I L Tk Sh



15

DRSO FOFRMPHEIIIME TE RN & (DF D RHEMEFE) (280 %4 ORICKA O BROWBMNFIET D, ZDXIHIZA
AT MVBOWENIEINGD Z L2 5 BFHZOBRITIT A X2 v 7 (Weisskopf) A 7 F— ( Wigner) 2KV 1930 2156
NTW5, ZOZ L ZHRMAKKIE TRETOKEROMEN L35 LIRS TREOHEIEROZHIT, KT DI RILT 5 2~
7 MVBIEDR Y | FRIMERFEHISEFT BB C 21 LB PHELA DRV TOAY TR L TND, ThbL DKOFEFMH
B SN DIFFIIRERTRAF =D DIC ZEVRFE OIS S5 = xR F—DWFITEN) Z EmEE L Tlimahd.
Z OimER A E 100 FEFOHBEKORZUIZE N TED L HIC L TRIET 57?2 2T Z OEOMIEERTEBICHRESNZRETH VLD
‘BHTHA D,

TIEBUE~ A 2 228 LB REHE IR o 02 IR LI 2 15k L TV B BEFR 72 HIT KK PICIEAE
L CHEEEE 2 LTV D 3R T O ORFE2 EDO X HIZHII L TWAHDEA I N2 2l Z

T2 DI REF DO IFA01 & LTORRA X R0 bk F 72 EORBAE T A L =T v i B o
FERALAT AN TFERICKED B E I RKUTTHAT 2 BAHE SN T vtz by, Zhza s
FI-BIIREFICB T HIEB T A LT LT ADINE E LATHD, 19 9 0FERITIIKREAFTD
TERALIRFBOINZ DD 2o Tz, ZOZ EILBLRFEOITHARH (DFED KKEWVIMMICHEE -
72 CO2 23V B A Sink 23T A Missing 72, DF VI v v 7 - o 77) LEbiTun,

BIETIXE DA I 2 holE, TRERH O ZBLRFEODCOBINC X0 fEE I, I RKHF D
FRALIRFBOIKZOBESEY I v 7« o7 OREITRI Uiz &0 ) KRR L THIE T VRS
A REHEEIR O HIERIBBA L GREG Z T DR DD, EARZ L1, ZHUIHEWTH D, BIFED
ST 2 B L C b HIER B 12381 2 IRFBOICIZIIE S ORERNE SN TWAHDTHD (E5) ,
ZID D 3R T ORZUFHERE TOMMAD BFE S V A kR L TR S iic &2
NWEVIDORINSEDOBINHEF LI LD bLOIEEARRITHD 8 9 10

ES - 2D XD LEF D NMTEBICHER & WirE & KR T ImREE G RFEONEBI L2 NCHL RETH D, HHES
FHIobRR/RGEH BT, AR D 002 L ALAREILIAMZ ORT5 C02 P REUTHRA L7z b ORI ER S vz bk
ThHDEBZ T, WFELHIRT 002 O AREZHIE LT &, EBICRER LR & bl o ZE b iR o &2 JIE LT
EANELTZORERRITHZ L TV AZIIL L ABH SR, RATORFNIBAHE TH DT TR, ALK, =7ry
MRS G E 2R TH D 2 LITHER EOTAMBESCHENERCE — N7 A 70 NEZORML WV NIRETHDH 2 L 2B 2 THUT
BNBIESY, TNE AN REDRELELAT HRKHPOEOH MM FHROMENREMENT S LICioTHE(TLDT
b5, [FEHRBEOLBIDLT NS, BEL TRV RELFoTUIWT R, RERLRUEEZRD DT X TONERK LA R
EOMEAER (L7 4 =Ry 7)) BahoTnDEXIZET, DT REBIEHTE LWL ENTEDLDTH D,

2. BT — 20BN 0O0D5 2
TONDONDIELWVERPBRT —#0oE80605 XRS50 L0 OBRBHITFENRRONL TN
REMBESCERSCEZIMNEZE L 9OEMTh D, v 7 aDBIG I 7 v OIEINI S S SRR 5y D
HEHOBLETHHL EIE, Ao TWAEMEFERO FIEIITEARAR S 5 Z & 2o TR &
Thsd (F6) , ZHI~7 voBHT—2 %AW T 7 ilEOEHREZ R N> BT 1FREDHA
RBIDOFE X SNDTEA D,

E6 A R b3 A WL L CHEY O MR 23 AR 9 5 BB AL 1T 10000 B CH D, L3> ThIvhIvn B4 2 ik & o3
12 10000 B W)~ 7 a B A — VDB TH D, LL 10 PRTHWM T 7 7 b OERNOIERZO T OOZEITEET 2 WIS
%, DF VD HEROBGUINGD THHER ISR E G ATEY . ZOBMERNE R EZRHER L TV D&% O INEBRITIENCEZ L



16

WEEEREBEHE LA > TNDIDTHD, ~7 B RIEDELTHBHRIZONTIE, N — « AT ¢ —=— (Sweeny, 7 ¥ % AK¥) (35
0GR OMEITHGEZE R CREIR R CEO N TV | E BT 22 M CRRIFRBRI SN T — F R AN W DT L O BT IH
RIZEIRAE, JARXESTOT—END LB LT RALE] E5- T OV B2 MR T THHER & EBRRITE VTR
S TEHARLRWEETHD, LL, BENEEBRREVI LOIIWERICHIRBREMREN/RE ZAEFF> TNDIDIZ0ENZ, D
WIFETERNDOTH D] EZORDEFES Y v 713 ENTH DM, HERIZK T 5 A% C02 IRB(L ORI T 2 OEHEOBIANT %
HIRWVWENWSIBEZNANZ THLRBIE, T AZRFRO C02 12 & 5 BRI CAGRITVVDIXERGR 72T 23 hE LT 2 B R B IC &
5] EWVWRDDTIZRWEA SN ?

T b LEREOMECEFOMBEEZ Y Hoh 5 5EI2IE. DIVONREREEOBIIIS: & BREE OB 54 B hIZHIE L CElllT —%
BERET D ERFEICTERVDOTH D, DO BN X o THZBLIIME & XA R G bivbhic b 2 72z 272 1 EIR Y @
BATOREKICT ERVDTH D, Lo THAIZINEHEFRIRII T 2 REFNHO 1L HRY OEBE (3271, Realization)
LLTEVHbRTRBR, EHICERTARAEITHIROKEL BT 256, DLONOBIRIKR L L CORERMNER T 8L 0
7 REEDELE Z DIVON A ERIZERT 52 LR TERVE NI 2L ThD, Ml IFITEATWD AL > TIHEBEEBRETH
5 LVZEDRYRT VDL LRV, Lei> THIERORBEEZ TRIL L 9 &35 L ThivbhoHRIZR b~ 7 o OYIEZE i
WT=Z a2 FETHZ LN LTRIFSND D02 ) IZOVWTHLAIFEZRTNEARLRWES Y, oF 0 ik 5%
BB AR I ISE 1 F DB BkD D Z LI KD FH LW BT S RN S 5725 5,

STRICONDNPBIGR L T 5RO b r E—3 T 2581320 o08E 0 (w27 m) FIIRE S HRET 5 L RI—0f
HERIEICEIS T 5, Liio T LIBMED IEREARIER HHIGRERARL THLI Y hr E—2R 2 2 R0~ 2 o ARRIEO TS 135
MNIETTRECTH A D 12, LEi o THERO KR Y AT ABAYSIZT Y b a E—ORNFRTH 574 51E, HEKITWDP D71 of
HFEDIRREITIR D &2 2137800,

Lyl bbb OIS 2 HIERRIZT Y b E—RNFICEINT 5 2 ERMRIE SN2 R Tl WZ L2 ER T ban (s 14
Ll harbE =W BIZRLAEDRITNIE, ATy v LEEL WO THNIZR,

BB DREGIZE V= hrE—RE kL, ZOTDICHET DN XX —% BREEDREOBLINT — % TRHGET 5 Z &1
REETH 20, ERECTENZNRBEAREZEH L Ty bo P —ES8EZERT I ELZARCHETIIARWEAS S, &
EHE & SEVR O K DR IRE D7 % i a TR 2T A8 LB 2R 7 BARIR B 2 B RE S BT ENIC K D E 7D 5 fFooft
FERESEDLZENTEDLN, 2O LI RARRRESBERIIFAZIBIHRVESH 19 | L LEEPEEZ LD & ) I KEN
BMITBET 2561, BERRBICIIENTRXNLF —ORAERIIS GRXTZY brE—RBAEICL D =R LXF —DORARNEHTE D
DIZAH D N2 FITIT DN B 7R,

S HITHIBRO KR A D 5 KR & eIl & MR XA & AEMBIG D DI STV D, T KRR &V & e & A o 4w HiEki{k
ARAR L B E O MY E O EOERANER CE 3 & LIZOMBHAD /I FBIE T, ZOMEAT XA h—27 XK S)5H
HERATREASINL TN D, LERS>TITETRR b= RifEEHTRAICEKN 2 BRI EAY B TH Y 2203 b2, HIERO X Z KT
AT EMOEAE L RGET 2 FIWME R E 72 135 AR L L T B2 R b7 e v s Z L1272 5725 5 (IGBP. IMBER,
2007 BR) 16 SFED | HTFRBEBFOWREICIZND ZERVTHIEROLEEZ THLLS L3525, =2— b OEEOF 2 L8
& BRI L O U PR O I A 5 o TRl TENERIEZ AW CTRUETHIZAT O 2 EWARRICR - 7o) L5 TUTWIT 72
W7z,

S TCRRMHEDOEEN 2] O BERFE Y I 2 b— 3 TR & WO BEEZE AT 5, Wik 1
EVIOBERIIHETH D, REROTHEKFITFEENERTE DREICITIREIVA, =2a—FOHER



17

OFEFNHREANERZTEDIZ LTI NEZINLE NI BNFEWRHIRSE 2L oL TH D, Lizn- T,
Z DRI A &0 O BESITE A2 BT 5 B ARKIRICNTERIZ D> TWA DO TixZe <, (BARXZRD
SEEFITNE D EAMERINZ) Frox OFHOHRICE S Z LA OTHD ET,

HT HIREIETH 18 7T AOKDERKEIT 1 8 ¢ ¢ T, TOHFIZIL 6x10PHDOKITFRHL ENTNDE Z L IFERILFEORETRL -
el eBBHDIEAI, LIRS TILDELA1IZrry=10 °m BEOKRFICRNIIKDOGFHA3 x 1 0 EHE WS ZHD
DBFEGINTNDZ LR D, KRTOILPZLEO0. 0170 BEICTL2EASTF423x 1 0HEOKyTFEELLDICRD,

DAL DB EEFD DIRRTh A 5, WKL WAL DB ENER TE B DI ARAEORE S1L0. 0137 vy
PLETRITEZ2 B, BRIk E R A TE THAKRDIRET EHESRES 210, 22 THLNKIRT SHERES ZKIRET
LSS OZIEX (RAR) ICRA L THEKDOEEZRDIZE LE I, Vol Ad RN H LTROEMAKEERFELR h—2
AZADHRRATHH R ZHEREL Llc=2— U IFRICHIIR SN 2060, WHEL W) 3 RoeZEMICRIT KR D X 7 v g5k
RIENHRARL T OMEME (bbb AT A—F) LLTEHESNTLE I DR, ZOMEZRD LDICHEL TR I 2L —v a2 Th
WHEY I 2 L=y a VTHIKRTBRAEZ S o TnHDTH S,

TIEHBEY I 2 b —v 3 UV TESREZRET 2IEHOTRER S W O sy RO 2 B FEOBIIE

LT FE ST B2 DO 7080 2 BUEOBLIAME & 12T H o fif 2 A M T Eor R o E %
R L2 W CRW TR RO M A BIIEICRE  HFE 585, ZOZ LITHEY I —T
YDA 2= a—RERIEIEDHDLANBRLHETHRDOLTHA S, WIHEREE L ToF =
F—72®ﬁ“ﬁ&fk@@ﬁmikLT@@%%ﬁf(Oi@@)®#ﬁﬁ&ﬁk%ﬁiéﬁi5k
FTAUTBINC 31T 2 BUE O & SRR fE I 1T 2 =L I — NORMOMNL A2 RFET D LR B 5
DTHDH (E£8) .

ES BT — % 2BV ITHHOTRAEDED Z L BFA BEIMEPRLADO Y I 2 b—va VORI E LTHRASh TV
DML BEY L 2 L —a ORI RRAN BRBEROILEELS & T OFHICH W TRRDZ D THTL, DubiudE:y 21
—2a VOREREFEELRZTNERLR2NTHAS S, TAE TICEBRICBN SN e RRIGYRT — F MR R T — 2137 A v a X
A VUROIEHTRERICEG bRV 2 LT ORKEREH T L<mbnizFETHD 17,

I Thhbilufbiu T g BRSO LT THEOVREREEIC IS T 2 AR OFELIREENC X 2 hBusfs, WAk L0 b
INE WG OBGEENC X A IEHORRR & R UEF R TREIND 2 L ORFECONWT) ThHhDH, 74 ¥ aX A OFLHERFEIC Lz
IMMEDIL 3WILEMTT T U VEENT 5 HEOT T U U TIIARERNICHIEINEICR D 2 ENTERNI ENDIr> TN D,
R b 3 RILHBORTE CITEHRIFH N ERRIZR D10 Th D, T2 EBMETT S a7l 137 o R CIIRRIER VDI, b
NONPERT D~ 27 v 22BN B W CBEMEOMEIZED LS IC L TRIEESN SO0 2 | EWIRERSH D Z IR 2<7EAH 9,
ZHUE R 7w E TR R S B 0L < 7 v S TIER MRS L7220 O E0 & D BT I8IT H R & aFx R T,
JRHEReMETH D, LIeoT BRTEZEMIIBITLT T VR R R L TH L DMEIZR S TIRVWOZR IR, Fx OBLIE S
RZEMOFEERE L TWDRIEHIE ZIZH D02 2] . TOMWZEZTILH T, BLEOMBHERLKIRD & 5 (THHR DR B AL EGRFE
IR DEREIIC /> TOBBREOWERY I 2 L—y 3 VERIREY 720072, T e h—2 2GR O Tk DR & L
TCOERENRTA=BRT A v aZ A OIBORTE LR UBR TH 2 LA SNRWIRY (T X b —7 2D B0 R & R80T
BAZWYSED 2 L FHENIIETERWEAS S, 77 U KA ORI & 132 L7220 | KL OFHBoE A BRIFFH I 38
HAICR ST AILENTEDLDEAI P2 RTZOMVDOEZ ML,

FUFELTRIEHA 53 IR & DR CHEE SR AUICIU D A EN TE IR E RO TH D25, Z L IR AR OMBLL LIS TH 5,
R AL AR 2 S B L UK O AN, THRE O MRS A AR L U AR RS 2 & A 9 A3, 3 IRTTHEHOT RO fR O BRI e A3 00



18

WZRDENIDENGTHD, ZOZ EiTbbnABIIT 527 — %% b IEBGBRRICY TID L9 LT DR X, S8
BROMO—EMNE (TabbifADx L a— KiE) BNFEEIICHRIESRRNE N ZEEFERLTVWIDTHD, Thbbr LI —F
P LR WARHEE 2B RNV OORICOEERREE L THFEZ A b= ZADFEATRI A =2 {LE3ND Z L3 FEFE E LT
ME->TWEDTHD, [WEFEFT=a— OB HRALILEFREAL I L CHIEROFRAKL T OEB 20D TE Db,
ZFRTHNDE] LRREBELIOELNEDESS, LL DU 2FAbETHEZNTIUETEN TRV TRV TEW TR0 E
FIEEX DD TH D,

RAfET R 2L —va UROMEY R 2 L — g VTR =2 — b OEEIOF 2 BRI & HEEOTRE

RO GO ESICERH D, =o— b OEB O 2 LRI O & 2 H Tk 1L
DIFEZARE L, & Ot i LB R 2 R U 72 1B PR AR R B ORI G D Re 22 O 7 2 i3 Do
L 72> LHEHECS #2200 B CIIREZE D 2] 7 2 B0 > TR 7R, FEEGE AR C I3kt i 1k o FEYEEERE A3
TRAE S 2 BT\, VRIS 2 I o 36 8 & P OB B e OB i E SR E AU E N THO T
oD, ZIVUTIEBTRRO MNP & I E A 5 2 SN HERBETH 0 7223 6 L8R
VZAHE D VH YL RL - D A PR 7o s G & & BRI L 72y (DO F DA R en) T EZERL T
%, DOF VS OPEBTRERITIMR 7 L0 /NS BE (G5 £721E NaCl 431) iRk 1 & v 9

ARROZEMFEIRIZ T EVELSNE I DEEmT 22T RO TH D, TIVTHARRELR D) ?

PR DT (72 & 2 IZHEET OMSY) OBBIEE L LRI TORTIC L 5 & %2 5 ORMEEES
LG & DUWD B MERIA N E DO FIETH B, b UAIRERZHE TR 70 IS ADIEZ TN~
T, ZOROET AR T ORMAREBOT HIChED 2 b LIES RV BNSNEES 5, hn
75 OB TH D,

L LIRIRKL - D Z 2 & BT 8 & 0 Ji ik X 0 b/ S WK (F 721 NaCl 437) 28R ELAI
WZEN S HRFIE, KF DT o F L7EENC LD IKSF K0 & RE RS ABANCEIS 7T 0
FLIIRRLE55,  BARELZOLMONTHITDNDEN 17T 7 #5800 & Bl &
DYLBORBRITZN O OHFAITIE S THM A & BRERIZF TR o TUIE LW & bivbU AR DBBEFIC
HLELTTE LRS- OMNBHEDELIEILEELGR Td 5, PRI T 0O ELIEE) CHRE) S FL7= 5y O JEHGH
D, BRI L0 /NS VKRG DT U F LB L D7 7 0 ke & Rl — OB F RN TR S
b EEZZD0IFFH 2 NHOHEA Th > T, AT ORI X 2555 OIEBORR B L TR L
FERTIHRVWZ LZENWETRETHD (FE9)

W9 LR L WIS HEFBRANRTET L~/ a 2YHREEARET S5 I 7 AT 7 v ViR Th D, b LIESS TR B/
SVWIRE A OBEE D 72D+ (T2 & 21T NaCl 43+) (ST D72 61X, WO NFOEBIT A v a A D757 )
LU &S RILECABATRIL TEWEA S, L L, WK FOELRILEIBR TIZ S Lbe LS 0+ £ 0 RE WK 123
T U ELIREREERE L TWDHDTH D, DEVIREKKLFZ Db DONERE LoD T o X LREEZ T 572012, AR 123 WAk
TRV b S LD LONSWIES G52 AHRANCES S0 L0 S BAEALS, ez 2 h—2 AOES) HEX L E S oiisoiR%
W S B BROBERMEIEDNL TO ORI I 2 b= a VA BRI 2B RO TH LD, THEIHLNCT A v ad DT
U BB DML TR LD TH D, T TORINTZEHIRIC L DIRIBKLT-D T o F LIRGEEN K TR DT v F DT BGER L0 b
ATV BREN D EF TR x BSERT — & TR & iR D B CRE R B AR 5 TL B,

PIUONPBLATEIT A a8 A LROYHOI R Z BLE O REP-OME T OILBORRICH TIDH L5 E LTH 9 L W
Ve BRETERA AL FORILE LTHEDN TV D BRI IR BRG]~ =27 /b GREUTREARER KK (213 TSR



19

FHIZFBWTE LD LNl A DIRREIIBE L RD LEALNDN, BEOMRFE IO LD ET DL, & HICHMITIS Czhlik
DREPBLEL ENDDOT, FICERTLIERBETHL] EEVTHD, L, Do ABRTENBEN & &5 272 2 0fhé
OYLE I RO G DR THE Z LN THRAKEIOBREZ O P Z Lz Lifiaz B OR, ZOEOBRET £ X A FOEFT

5 (17)

F 72 BRSO RS TIE I FOIENICERRF DB E S T U7 b v, HIERO KK & ERIE
FHNOLOERBHZIEHLEINTWD, =a— b OJPFEATITEAR D /37 A =2 2T R WEE O
B3R 7 il CIEEMGOERZME LT iEe 62025 9, S 5IICHKS FTRRRAEMEKT 5
BV & A AL RIS ATV DS D AEMIEEI 2 38 272 9 ODBMERS 2T A Z T 2 EMTH S

(E10) .

1O : MRS L7 KB L3 — 3K & 5 BB O 4 0B T IEMT 5. MK - T\ 0 | R RBIc A RS 5
HEXPBKRFT RN F—DORTEWIL LAY FLF— L LCHRNICER L. Z ORI AR T 5, = OBRIERAEY
{LZARRBEE BRI N TS, LLI 7 e il s &0 TT R COMERBRIBRZ DO IAHR TE 5 LB o TIWn T2,
BB OGEIN © - DU EERBR A R HT 5 2 L& AL TRUT L WS 5, A KOIEET 5 HEE CEBIET XL ¥
— DB T H~DIEBERIT 2001 ££1272 - T L ) R MHEABRES LICL D nhbnkor (18

NHK7 L EFEMR EOMEKD I 2 L—F —IC X DB TR OL FITZ/NEVWFTRR 20 0 2 EEPNLTNDDITKDBDVTZA
HLWBEA D, INREHED T O 2002 4E(CHFFEEEAY 2002 4E (U Y —F LR/L— 322 0 0 2, Research Revolution2002, WEFRT — b
7 —/L 2002, RR2002) & AT SN2 KBIEFHRFESEE Y, ZOEOHREHOKREOMRE 2 HITMEkY I 2 L—F ZH iz
FESRFEEMEEY —F LR L— 322 0 0 2IZBRY HEN07E, ZOEOIFEITEMEZRZ 77— T —/1 2002 LN HBES
BEALWARTO/NRBIEIZEN N S 2E O KRZLCENIFEFNIC b MOK L, K[EUT 2 6 IHEHEENT T O %A AESTO (2K F o7z
BOFTHERY T 2 b—& —%& F W2 ER S BRI IE T JANBR b STz, IBRHAHEIR TR OMEE N AETO OfRFE #2845 Z & % H
B & LT, HEMBHE T O N HRMERILA LR L— 3 5 > Research Revolution (RR2002) & 9 ERAFEF AN L L TRET LW
IR FETZORBB S NEOTHD 8, Lo THIEKY 2 2 L—F —% {572 RR2002 &\ ) FERFHEICHEY H S h e 2gs iz
Lodizix VNROFEGBAEDO AT T P CC LW BUFHOREEPBOREZ IR LA O NS T B ABUFRENRBEOER & J %R
THROEARIED THDHZ L) ITRBDONWIZABWETHA S, DFVBEAETERIEEONIEAR ) ¥ —F LR/ — 3 Research
Revolution RR2002 |3/NRFAMBHE FOEZRFEL L THRD HAL, FEMORMR L U TIIPEEFAM LURO ARIET X 2 bA R HHE
H ST ZEL IRV NR OB e b b NEOME LTHigEEN S Z L IZIRE o TW D7, /INRBHE T CHRMOESIEICH O Sz
BABE S A AR EE ORI A B HERDIRIEL &V 5 KEROEIEFEV H L2 S22 571255, FRBAASOSHEICE .,
TR L FEYEDSED S, RMRAEOFRFIRATE L ho> Ty AT INKREBIELIZD7Z,

—RICHIER 2 AR A BV IS M AEER 2B 2 O, HEKERE OAEMITH DO =R VX —Z T AT,
EamliEE 2 OO, REOEKIZZ RV T —2HEHET 5, LD > ThOILAHIERERE TIh bR
ROMEETe EOBE A B LR — X IIEBVEORFETE 9 L IR A2 RET 2B & TIEe v, Bl
SN MK DOIBENRINL R OB TRITIURX, Z OUFARPEFEHPPHARIE TH D0 E 9 DIFRFES LTV
RO THD, b LEERREE TRV E L7z b B HUWAREMERREED BB TV D N3 H 2R 72 238U L T
WHKRIG L FDREHEZ (EEMSFHRO KGN =R X =R EOMAEOIEH, 74— K="y
TER) BB LT, BRoNBNT — % OiHRA 28650 L TR 2 Tl o, BT — & 3
ERILTWDEN2BT —ZIZENLTWRWNWZ S22 20 Z L EbitbiudEidk L THIERDO R
OB E WO BIRAZHRT o2& TH A I,



20

BT — 2 720 D ATDE R S AL 2 0 2 TR & BB BUIRRITNAR L TOL8LIT — % &2 Fwn
T, ANBEIEO B bRBRB A ST 2 HMR TR R 727 — T FIEEZMBICHE L, =
AU L0 NARIRO b BRBECR 2 T 2 HEMFE b L i3 o fima i 'Y, oz
NI A BT D D02

NZ RO — R bR FIRE LR A TRV DA 8T — & 13 £ 100 4 MBI S 7 iR KR 0 F-%)
KR &R b T AR ESCEM LN AR ESCTHARE KGR RE 2 8 Th 5, [REFOHRETFT
XS OBANER EN B EICEE L T D Z & 2 HBERE TERT S, 2E0EEEZNONE L
SR (D F VIRBE(L T ARLEB LT HEARRE & KGR TRE) O ENbHERS 20 Th S, (bakk
BRIk D CO2 1THIERERE DO EHRIRE LA SEHZHORKR D 5> LORKR OO E>THD (FE1 1) .

W11 ARk C02 7 — % L RIRDOMHBENR R W E WS BRI HES & | AL RO 02 HEREBRLGHITIRE S, 2O IC
HESHMEY I 2 b—ra R OREE > CTRIINT — % 238 2 BEER 2 O U R 2 Mk U, B RS BUAR X R -
LETHLRZDOWRHEZIT AIUL L D02 1990 FROFFH TH 5, Z 2 TIX A AR C02 IRBALIGE & 3989 2R =H2ME S 7
—Z L FLT—Z AV T, BERZELZLNEEL TORWRERIEA S EHBUC L > T8N Z L 2B T 5,

UERERLBE & BB BT B AR DG ST NAE LT 5 HIEROSESEIR & KGO bR — 5 %
FAWT Iy LIEROFEEHZIRNBBAEL D B 0.6 EARITIVUEKRE T O ZF(LRFREIZM L 720, oF
D REH O CO2 JREEIFAIT N2 D (REMA o THREHF D CO2 JEEEITHIM L2 | Efim LD
TH25 20, ZIUMRBIESL RWABROEY TIER, TR L RIS ORMEHFERAVD T — 2 &
fiE->C, MECTHHEMTE D L) RiREMEZHVT, 8% 100 I KR F O CO2 JEE D 1 MOy
TR SRS HBIT D Z L 2R LD THD (11 2),

W12 SBEA TIRBLIN IR 2 AR N 2 S & KI5 2 €02 ¥44313 2006 12 & THER S THA AL 72 CO2 il
LB RS TIIH MBS LFFATE LD TH D,

DF D HFEHRIRDS EXIUE ERDIE ERKT~O ZBLIRFEOWEIFRE < (FIXRKT 15
DO ZFALIRF O EIT/NS ) 7o TV D 2 ERGYTHRARE L-iEE 1000 FM O MR OFHRIET
—H o TR LAE RN 2 \R LT=D TH D, 77 7 ORI & > T2 RO FEH KR E 7T
7 ORI & S T RAH O “BRLIRFEOEREE NS L CWEDTH D, &9 2 LT BIER R
il 2 6 2 1R T UMt Cn SN 7o K& O R LR FE OHINHE X w2725 2 & 2 BRIT — 2 AR
LTWDHDOTHD, [MEHECHESTZOIITHTOLETHAZT IR LI 2 EbINH LM, Uik
EREENIRR G TICHE T2 Tl | P TEZME ST 572012, PFHTFOT—FE2HE - T,
FHATOLEOLTHAL, BT —XOHICBEATHWD ARERIZRRA LI W2 D259,

HH A 100 FERITVS H KK O “FLRBZEDPFELZ ML CW =705, BT —2123kinr-
KEF O LR FZEOERBIEITIEF B TR o7, L L, BT —ZI13ZZ 0@ENEsbs T
B RIKEREKEDEH TR DAY —OER|THBATE 5 Z L 2T LR O T — X N AR L
=OTh b,



21

WTHE B O T — Z FRNTRE R 3~ U — DRI T H R TE 200 E 9 v idb b 7ewyy, Ll
WFRICE L, T EBENEO N TG LR IRV TH S, BT —2R L LT
HZEhoThHD, (E13)

L3 FEMENE (EEHRAGIIEITICIR) X TRIESAZL LRV E WS FIRIC LY | CO2 IEIMEMNT D VI FRERMB 6 &
NDEVIEREBFRIEHY 2780 LD EIY K EWRBLITIEEL A OT — Z TR EZ SET 2 CEEBH Lz 2V, PRI (6
D270 EEWV o7 LT, [ RRIERO T — 2 TR RABLEIITH D 2 RN L RDh) 25 L TH2RnR, 2Tk L
JHE L BB I DT — & AT (R EZEO) R BIFER R OET T 5 NRIEIEO €02 12 & 2 MBRIRRE (LA &V 5 B EROARITE TEED
R EVWVRRY 20T TS IEFICEE R, T RN R ZAE TRV T, BT — # TIERIZITHREE S AT e AHO A
ZEIRO CO2 IRMBALGR A5 U D 2 & & A AP EREORE XM ERWIEA S,

{EAREEH R D CO2 IR IE TRETICAHFET D 3 HA40 13 C02 DA T, C02 53 DIMEAFE— A v MBS INEHEEE 2325 2 &
RV EIC= N =2 T 51 L) €02 T DX —fbfifea HoOh TG L7e (BED) EWTHL, 2D L 51202
DFNERNNFX—Z BT DERZTEME—0 b0 L LTRA L, ZOEZ RS TEd & 5 &3 2 HER 17 i oam 50
BGLUROBHELRO ARBHITETH D, THUTT2W U TITER S A BT — 2 BB R T2 L0 FEEFRA LT D
Ik ERER T b DI Z I L2 T D Dh 2 [UBEOIRIELELS D & 5122 OEIRER AW E 7ZICHEE L TV R WBIRICEE L7 b
bivbiL > TV HIERIZ Y TLD TIWNT 2R, BT —2 0 bFERE NS 2 EThD, ZO X BT — 2 2R ikl 2 #%
HRT 5 ARERHBITENRMERD T ETH D,

HERBLI T — 2 1 X bbb O FERE CHIMHCE 5 X 5 REBREMHEZHET D2 L 0IENn) Ty, &
FTEMPT — 2 BN EREE L, ZRNERECTHEIO ONEEEROBEEFF LNt %
R L CHID T, O bOIVUTHERBI G OFBICF 2 BB LA T 2HEEROBRIEZ S I s 2
ENTEDLDOTHD, LEN->T—HIZbIOIDIED F1)s SALAEREE Sk D — B bR 35 DR =50 R
RELWIHEMBEEREZ BV, DIVOIIC S 2 DN BIIT — % 2T L, 7 — & BT OFE R M %
F o TWDDOMNEBINT — & OFENTHERIZAL OB A2 BNEHAT 2 AR O HFiETh A9,

2 100 R Ot FUEL IR O R 23R 0 1 IRBILCIEEL TEZ IR A 506 & W H BRI 7ZT
T, HREHRIR D AT ABERO ZLIRFBENRKZ LT 00600, &L IFBNT —2 72 2T
A& s LT, 120 100 R OSE LA LA BRI RIR C, 2o £ E) & 4 < AR I
EATRWVIALOIIFEEEROEBICITED ZAEEFEMRLE VI LD TIIRNEA I N2 el b
Z 9 BWVIAL TV A EMFIZZNLNOT —H BN ERH D Z LI RmE s LN TR, #
FH VOB ZEM LT, BRBEZOBIGERICEBEER2DVDRND ZDT 52 ERHL10HTH D,
UTFEFTEH & B O BRE U 7 ) OB T — & AT A TR DI/ R 2 B E T 25 S0 H AR
FomEcEE SN, RIC L7222 &iF, ERZE B L2BROXG FRIRRE T2 & oo
BFPRLEERICB WV THRIE Y HEARETHD (E14) .

14 AT THNATH AZBERO ZBILEKFZRBELOENTH D LiERT ORIV HEV ICHZVDIERELEASI 2 itk ~F
YIARE 7 7 7 R IS A o REEEREX RSP OEGICE TN AV RIPRA Y RZ I TP ETEIDNDIEDA > RK
Mo BARBREDY, BHIORMEY AT AOLEBBREZZSOIE L TW5, KEOESZHIZEHETR ORMENEE T [ > RESLHEEDIZE
FIMEN L7727 7 €T L R AT NVEOREBINT — 2 13 ARRE RO Z bR RIS K 2 BRI LG K> TRt c& 5, | &
B MEsE Nature 2EICHE LT,



22

& ZTA v RESLEFEIET O 7 7 9 F 7 < — /A RiE T LHERASRBB(L L TV D & ThdA o REDOEESOT Z ETIHCIZED X
D RRENBN TN D DTS 5 H> 2 FT2LIUTAYIALA IR f kD IR FRIC X DIRREAEIN TH D LI TE 50725 9

M2 ) LRV NIRRT —ZRWEBRN T — % . [KEBNT — 2 200 Lic, 32 &, BT — 20 b1 HER DI B LB FL A3 5K 72
CRERT D 2 LI TET, BUINT — X ICENTBRR LMY T T 7 b ONERGBIRIZ BT 2 KRR L E & R O B bR R
HIZ2IRTRIC K > TRIHTE 2 2 &R0 o721 T, KREDRZENTTEE 13 La R ORRBEIC X 5 HiEkiE iz 2 B0 7 — % TREH§
HIEEMLTNANSTIERDRoTEDThHD, 22, DF O KEDENFIEFIIET 2 BERAZ T ARE BRI S 7
723 O HMERIRIEAL 3B 7 — # TRt S iz X 9 RIE & fRICE V=D Th 5,

3. &

IO BRT 281G % bivbius B BICHIE LERZFLERT D2 ENTEDIEH VI, it/ T
BRI TH D, L LAFER EOREMESCHERORESCEREFTILI O L ) ot /e ki
AT T2l N EZ AN Db IICGZ N8BT — 2 2 BT 5L WHIEFELRITT L2 H D,
OO E 2 BN BRT — 2 O bbb iuiMzRi#T 5 ENTE L0002 ] Z#E#M LA
AR, HIBROSIED 100 A T LA U727 R 2L ARELOBREDOE W LT LE 5 E o bRk
RO RDHEAH D, T TRRSORFUFERE (DoMWL 0EY) Oz B
X, £ olFITET b D,

WERRL[OED 2 FHT 255K I 2 Lb— a O FRAITFESL KO REAKBL I/ L T=
a2 — hOEHOH 2EA (Wb PLT « fa—/b s b A LSRN & H TUIDToEmK 3 F4
TEOIWH HRAL F CHHEICESN TN D, =2 — b OBEB) 7 R AT A 7 1L AR OAFAED PRALE
SN TWRITNIER B2, A ERR PR 2 MM AT L 72 %,

KRB OFAROER I BEICEEF R PRI TE TH, HEKAOEE X HIC TR TEX 20D TH D,
HEHFE DO ARLF 1T 53 & AKIRIZ Ko THRIE S5 5 b EBRITHEFE ) 7O iEE) H RIS E £ DMK O
LT CICBVEOMEEZ & A TR Y | £ DERE N HITRET 2 KGRV X — 1 3EE H OB
ORI & VW I)ERRTFTEZELOTHDH, S OICHERMICIICABIEE 2B 2R >~ Z7 7
FOMBHAL, LTI TEWI T T 7 b OMEEM DR ERT 2006, 2o OEYIEENTERE O
BRI T DT 2. EMOPBG TR E oMbz RIZT 25 5, T b EmEfRodiEgy
VT EEAEY) OWARRL A DR LA AAERZ1T 2 13T CTh 2D, 2F W ARRIER A b DIk D HIC
& DR Y DR L 2 R TE S 2 YEBORAR 2 IRAET 5 A A R BE & J AR 1 O LR IL B AR 23 Fe & (213
MBIRNDTH D,

RIRSOWRBEAL T ARLEEA LT A Tp PRI EFZ OEEOBIRT — ¥ 2 HCTHh D & [URE(LE RRF O
MLIRBIRE D, A X RES, KARKIEES, FHMAMRE S, KEBEEHHEBENRERV, Zhivb
TREHEIR O B LR FDNRIN TRENEBIL L C LR TEARWVWEETH D, 22 100 ER O KB
TRAF—DORILITRKKIREZ LRSI ERE TRV 5o THE L TEWIT 2RV, ZIUER
RS X 2 b— 3 VBT VO OEIBREKD KGR X —DEAITHBURIC S LR X 91T
EENTNWDENETHD, EEOHEK CRIREZRD 2 EERE & IIKREANITZLTWD, 2O %
oL CHEEUI KRR D BEOEBLO T A ) L E -2 TWDHDEEFITE S,

HER Z R 9™ % 15 TRZRSG AR ELICHER L & 9 AR & WA HIER OIRBR L 2 58D, E 7213590 5
W2+ 5, ZHNET7 40—y ZEREMHEN S, HIEROKIRZIRD D I DT 4 — RNy 7 HVREK



23

BEZBROH OO, TNELTHDOH IO, TINELDEFD T 4 — KNy 7 OfAEDEEZ DI
DOIWRETHDZ EIITERVDOTHD, HEROKEY I 2L —vaE w740 [EZFTHEALTH
BHHoOHIERLL ETIERv) 2 23T R 2 L — Y —H&ETRIET LV ERE Lz& 138> T
WD DTZED

DF Y NBEJRO B LRF U DOER 2§ X T—EIZ L THBWT, HEROKIRN NBEIRO bR
FOHBTE BT DNEFTN, EODEITKILPMIEN B H T 2 B LRFEORENREF D Z
LlarBa—20 EifEolzi b b OHER (ABHER) 123 L CREITETE 22RO THD, £
BR72 7 4 — RNy 78RN H 5 BIEOHER Tl C02 ER AT N OER EMNLISHER T2 2 &3k LT
WO THD, EROBREIFTEHRHAINIZ DI, EREMELHE L CERMOBRE L bX25541%
AU 2 —FEHESTINE ) W ERMICFEETELGERH 5D, L LHERO G2 P E T 5 NERER & 4t
EREERI 23 AIC/ER LA D ISR DN L R WHIEROKEA 2V Ea — X TPETH 2 LIFTE R
W72,

FNTH WHEANC LR > TREEZ THRT 5D LR UL 9 REFHTFEEY W TREL PRI 50
b, [RUERBELCTRITRFH TH D] EWIOIEMRNRWDL, 20K 5702 LR TE HWEENT
WV, FRUT THEZTZAW R SV WO RKQ EME L BTSN lc=a— o NFEZHD T A
— X — o THEMEICAE ST LOFEITRWORE, (R0, | EHREE>TWLIDREA
Vo LU FFITIZOL D RMEEY ZHERVNOTH S,

7 AV IEINEORERFF~ A TV« v ATEFE R LR O N2 i) R E O FLHIC KL o THEFRE
PSRN 19 il 2SI ER-T2 X9 R 7 7 7 &2#i< Z LT L0 . ALAIREI O Z s IEER D IR REAL
EHIEEILIZL )G Hizx, LTI THIHRBHIOFIELZ B E L7-im L% Nature sEICFEE
L7z, O ZOm3UE IPCC HEFE L 9 9 THEEMICKE IV EFbn/ei, £D% Ty Ofat
AL FIEIZIXER B DN H D Z EPFHHFHEICLVER I, v~V B L ENNRFRY TholmZ &
BN TRD T, T L0 b o T BT TA DML TENVEEREZOLDIFEDL LR
EHRFLTWD, DF 0~ IR D DB FHEEE Nature EICER LB OMm XN T H EIFTH D
ZEERDENDL, FOToL EIFERIXOMBIEIZIELNE WD, 2O~ OFENRZEO F FinsCITid
WINTEZ LT, v O7F —XBERFITITHELENL LN 2 ETBLEWVCRSTZDOTH D,

L L~ v O X MR OMERIT G5 2 7o B EIEITIR D IR LRl En, [EEEMLCRD
N2 ZBBCIRBEDZIEIRBLDOIRK TH D] LD~ A T« = OFLORERD BIRAE L7z IPCC
MEEONEEZVWETHBIEFR L TIZXAERELTNDIDOTHD,

ZESWK

(1) EH : k% 60 FEHILHE, 2006. 7 —H/ "7 A, ISBN:4-88718-868-4

(2) e, 2008, [E|Z&R, NHK 77> 7 A

(3)Gribbin,lce Age, The Penguin Press,ISBN 0-71-399612-9 .

(4)Crowley and North, Paleoclimatology, Oxford University Press, ISBN:0-19-503963-7

(5) Soon, Yaskel., The Maunder Minimum and the Variable Sun-Earth Connection, ISBN:981-238-275-5, 2007
6) 2Ty TN JEWME YTV A L 2N O NENEOEZFELZREICE KX T2
(7) Bell, The Great Plague in London in 1665, The Folio Society,



24

(8) Kawahata, Setting Particles in the Central North Pacific, Global Climate Change and Response of Carbon Cycle in
the Equatorial Pacific and Indian Oceans and Adjacent Land Masses, Elsevier Oceanography Series, 73, 2006.

(9) Gupta and Kawahata, Understanding Biological Processes in the Pacific Ocean on the Basis of Labile Components
of Setting Particles, Global Climate Change and Response of Carbon Cycle in the Equatorial Pacific and Indian
Oceans and Adjacent Land Masses. Elsevier Oceanography Series, 73.2006.

(10) Shimoda, H, Y.Awaya, and I. Asanuma, Global Mapping of Net Primary Production, Global Climate Change and
Response of Carbon Cycle in the Equatorial Pacific and Indian Oceans and Adjacent Land Masses, Elsevier
Oceanography Series, 73.2 0 0 6.

(11) ;R 70 v v KREETFR: B4R, HLOEFE DL 5, BTl ISBN4-10-236101-4

(12) Watanabe, Satoshi, Progress  of Theoretical Physics, Physical Society of Japan.

(13) HEHZ, BEIFEWHEY, NK 7> 7 A

(14) Kirwan, A.D., Mother Nature’ s Two Laws: Ringmasters for Circus Earth, World Scientific,

ISBN981-02-4314-6, 2000.

(15) Harte, J. Consider Spherical Cow—A Course in Environmental Problem Solving, ISBN:0-935702-58-X,  #§
A BRERBEOBIRIAEAM I, ETITFEZERB L 2T 5| 2009 42 AARY 27U 2 H =0 BT FIE.

(16) IMBER(Integrated Marine Bio-geochemistry Eco-system Research) IGBP(International Geosphere and Biosphere
Program, Report No0.15,2007

A7) PARE—/ - 22K THIE 7T /WA BN B E SN T IR o T2y = I PEANF R & B ¥R
L 7 BRBEHAE RS EICH O S D IEHGETE O R R @ ME | R R IREE S E(E . NO.10, pp20-35,2004

(18) HATHNAR S 36 #R1Ak 17 45 (7)) 5 26412 7 HUALfERS 5 K F1:

(i ATE — BT X 2 # J F AR SCHLER B A S HEER-AE R 2 AR T & o To iR E MR EH) (21T
DR ETEAT RELGEAGES RE8k. £72 2007 45 7 H 23 AN CHAERICIERE SN TRk 19 4 () H
2605 F- M IR S GE R PERF 1 (PERF 2 ) U OFEILESE S 23 55F (T A - B8R - sk AT v o
=7 M ATHD DL SCHRRFE R LOVAESTO L DITLEDE AE) Zaite L, /NMRBOHE Y RO SCHELT:
B MR RR R A & LB E . QR THESE A mRR A BT BA RS I B & WA LRR R A & A
AR & BB R R, PaAT Rk AESTO H B H S, fiEraR—# gk H1C k> T, MEIEAN AESTO
DR 70 o 72 7 DI E SR HE A 2002 TA - HIR - HiERIEAE T 22 = 7 b 2 FIE A AESTO
ICRFESHED ZLDBRNBITFHE LAEDNIZZ D5,

(19) JFHEFAR «© TERIEEA % 2 5] http:/lenv0l.cool.ne.jp/

(20) Kondo and Tsuchida, The increase of Atmospheric Carbon Dioxide may not be anthropogenic.

AARSRSR RS TRA &

(21) BEHETS © AAMBEAEE, 2007 45, 7 %5, p563

(22) Response of the Arabian Sea to global warming and associated Regional Climate, Submitted to the Geopshysical
Research Letters,2008.

(23) Polyak, I, Computational Statistics in Climatorology, Oxford University Press, ISBN:0-19-509999-0, 1996.




25

An Efficient System Verificatiorbased-on
Check-points Extraction Method

Chikatoshi Yamada

Abstract—Recently, model checking has played an important inductively from modeling systems. System designers can
role in design of embedded systems, complex systems, and othegasily derive check-points of verified systems by using the
critical systems. However, it is inefficiency to verify the entire tmethod. The rest of this article is organized as follows: In

systems. This article considers the case where designers o . . . . o
systems can extract check-points easily in model checking of Section 11, Model Checking, Temporal Logic, Signal Transition

formal verification. Moreover, we propose a method by which Graph are briefly explained, and in section Il our proposed
temporal formulas can be obtained inductively for specifications Check-Points Extraction Method is described by means of
in model checking. Finally, we demonstrate verification results procedure of specification. Moreover, some benchmarks are
for some arbitration modules by NuSMV model checking tool. used for verification to compare by NuSMV model checking

Index Terms—Model checking, Formal verification, Linear tool in section IV. Finally, we summarize the discussion in
temporal logic, Check-points extraction method. section V.

I. INTRODUCTION Il. PRELIMINARIES
T ODAY, industrial designs are becoming more and morg. Model Checking

complex.as technology anances and demand for hIghenI'he principal validation methods for complex systems are
performance increases. Especially, hardware and software sgfs-

. i L . . mulation, testing, deductive verification, and model check-
tems are widely used in applied field where no failure is per- : . : : : .
ing. Simulation and testing both involve making experiments

mitted: telephone switched network, electronic commerce, aBefore deploving the svstem. testing is performed on the actual
medical equipment, etc. The validity of a design accompanies ploying ystem, t g1s pertort

. . . e .. _.product. In the case of circuits, simulation is performed on
checking whether the physical design satisfies its specification

In traditional design flow, validation is accomplished throug e design of the circuit, whereas testing is performed on

. . . o ; the circuit itself. In both cases, these methods typically inject
simulation and testing. Some errors inside a design may exhihi ; o X
o : . .__sSignals at certain points in the system and observe the resulting
nondeterministic behaviors, and therefore, will not be rehabgz

repeatable. This makes testing and debugging usin simulatltl)gj"ln""IS at other points. These methods can be a cost-efficient
P ’ g 9g9ing 9 way to find many errors. However, checking all of the possible

difficult. Also, exhaustive testing for nontrivial designs is . S . . . )
) ; ) . |pteract|ons and potential pitfalls using simulation and testing
generally infeasible, therefore, testing provides at best or{é/

A chniques is rarely possible. Formal verification attempts to
a probabilistic assurance. ) . )
. overcome the weakness of non-exhaustive simulation by prov-

In design of complex and embedded systems and Oﬂ?r?r the correspondence between some abstract specification
critical systems, model checking has played an |mportan9 espe P

I e . and the design in hand.
role. Model checking in formal verification ascertains whether . . . e
IAn important issue in specifications completeness. Model

designed systems can be executed or specified. Various fqr-" . ; .
mal methods for verification have been studied. Howeve] epkmg p.roy|des means for gheckmg that'a'mc_)del of.the
formal verification has problems of its own class too. Th esign sa_tlsfles a given sp_eCIflcatlon_,_ bu_t it is impossible
. . . e to determine whether the given specification covers all the
major problem with automatic formal verification is that a . X
large amount of memory and time is often required, becauRPPeries that the system should satisfy. ) N
the underlying algorithm in these methods usually involves * Safety propertyexpresses that, under certain conditions,
systematic examination of all reachable states of the system Nothing badwill happen. _ -
to be verified. As the number of reachable states increases Liveness propertgxpress that, under certain conditions,
rapidly with the size of the system, the basic algorithm by —Something goodvill eventually happen
itself becomes impractical: the number of states for the systémthis article, behaviors of a system are specified by temporal
is often too large to check exhaustively within the limited timéormulas.
and memory that is available. This phenomenon is known as
the sta_te space explosion problem[l_]._ _ B. Temporal Logic
In this research, we focus on specification process of model ) ) . o
checking in formal verification shown iRig.1, and to propose  1emporal logic[l], [2] is a formalism for describing se-

a new method which can extract verification check-poinf/€NCes of transitions between states in a reactive system.
In the temporal logics that we will consider, time is not

Corresponding Author: Chikatoshi Yamada, Department of Informationmentioned explicitly' instead. a formula might specify that
and Communication Systems Engineering, Okinawa National College of : ’

Technology, 905 Henoko, Nago, Okinawa 901-2192, Japan. phone: +81_9§e{_entgallysome deS|gnated S'_[ate _'S reached, or that an error
55-4149; fax: +81-980-55-4149; e-mail: cyamada@okinawa-ct.ac.jp state isneverentered. Properties likeventuallyor neverare
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Systems their truth values over time. Here we use temporal operators:
Operatorst], ¢, and X meaningglobally, sometime in the
future, andnext time, respectively.

Traditional Method

Proposed Method L

C. Signal Transition Graph

In order to describe highly concurrent systems, graph-
------------ : based specification methods have been widely used. An Signal
Petrify tool i Transition Graph (STG)[3], a labeled interpreted Petri Net,
/ . has been considered as a well-suited specification method to

describe asynchronous circuits.

sition G

A

Relational State Graph ‘

ETemporaI Order Relation
= Definition 1: (Petri Net (PN)). A Petri Netis a bipartite
directed graph consisting of 4-tupye = (P, T, F,mg), where
1. P is a finite set of places.
2. T is a finite set of transitions, satisfying nT" = ¢ and
PUT =¢.
3. Fis a flow relationF’ C (P x T) U (T x P), specifies
binary relation between transitions and places.
4. my is the initial marking of the PN.

Check-Poaints Extraction

Fig. 1. The frameworlof proposed method. When transitions are interpreted as rising and falling transi-
tions of signals of a control circuit, an STG is one interpreta-
tion of a PN.

specified using specigdemporal operators These operators

can also be combined with boolean connectives or nestethefinition 2: (Signal Transition Graph (STG)). Let J be a
arbitrarily. Temporal logics differ in the operators that theyet of signals of a network, Signal Transition Graptuefined

provide and the semantics of those operators. Its operatgfss is a Petri Nety", = ( P,T,F,My ) with T : J — { +
mimic linguistic constructions (the adverbs "always” , "un- . '

til” , the tenses of verbs, etc.) with the result that natural
language statements and their temporal logic formalizatigiych transition of the STG is interpreted as a rising transition
are fairly close. Finally, temporal logic comes with a formag, 5 falling transition of a signal.
semantics, an indispensable specification language tool. Heregonsider an arbiter module shownFig.2. An STG for the
Linear Temporal Logidn temporal logic will be explained in arbiter module is shown iRig.3, where '+ mean a rising edge
following section. and - means a falling edge of a certain signal, respectively.
1) Linear Temporal Logic(LTL): Temporal logic allows This example uses two signal® and ul. Black circle on a
us to formalize the properties of a run unambiguously anghnsition edge indicates a token. A transition is enabled when
concisely with the help of a small number of special temporall input places have at least one token. When an enabled
operators. Most relevant to the verification of asynchronogginsition fires, it removes one token from each input place
process systems is a specific branch of temporal logic thataisd adds one token to each output place.
known as linear temporal logic(LTL), commonly abbreviated
as LTL. The semantics of LTL is defined over infinite runs.
With help of the stutter extension rule, however, it applies shared resource
equally to finite runs[1]. Here we give descriptions of LTL.
LTL is a sort of temporal logic, which has the following

A

formulas:
\ 4
o [ ¢ : means thay; always holds for all successor states ]
on a certain path. arbiter
o O q : represents thaj must be sometimes true for only
one successor state of the path, and is similar to the ) \
formula which expresses future in linear temporal logic. uoi uOo uli ulo
o pUgq : is thatp must be true on the path states, beginning
at the current state, until becomes true.
il userl user2

« Xp : then simply states that is true in the immediately
following state of the run.

The correctness of properties to be verified is usuallyg. 2. An arbiter module.
specified in LTL. The LTL is extending propositional logic
with temporal operators that express how propositions change
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/‘@\ be reduced by aveak temporal order relatian

uli+ > ulo+ » UuQi- — ulo- Thus, behaviors of the system can be specified by introducing
l \ I strong/weak temporal order relations as follows:
, _ {@.x.@y.b,y.Cc.y}
uOo+ > Uuli+ » U0o- — uli-
_ _ N ' Its specification shows that outpytcan occur after inpua
Fig. 3. A signal transition grapfor Fig.2 and outputy can occur by rendezvous inpuisb, andc.
a— B. Converting STG to State Graph
b » X To explain the procedure of the proposed method, we
y especially consider an arbiter module shownFig.2. Thus
C R we describe specification of temporal formulas for the arbiter

module. The STG of the arbiter module can be drawRim3.
Firing processes for the STG are indicated-&s5, where the
initial state isState0. The states are connected with labeled
edges as shown iRig.6 to represent order relations of events.
Converting the STG to the state graph can be made by Petrify
tool[4] automatically. A branch expression fBig.6 is shown

A. Strong/Weak Temporal Order Relation in Fig.7. The procedure of the proposed specification method

o _ _ _is described in the succeeding sections.
In verifying behaviors of a system, checking all signal

events is inefficient. Reducing signal events to be checked is o

necessary for specifying behaviors of the system. Here, fre Procedure of Specification

consider a system which has 3-inpugs, @ , ¢) and 2-outputs  In this section, we describe the procedure of the proposed

(x , y) shown inFig.4. Suppose that behaviors of the systerspecification method. This procedure corresponds to the part

occur asa — X — b — ¢ — y — a, repeatedly. in the wavy arrow line inFig.1. The procedure is composed
All relations of the signal events can be indicated as followsf five steps shown as follows:

Fig. 4. An example system.

I1l. CHECK-POINTS EXTRACTION METHOD

{@, 9, @ . &b, b,9,0b,9,C, N [STEP.1]

In this step, event sequences are extracted from branch expres-
where (a, x) indicates that outpux occur after inputa . Sion, for example, paty), (B), (C), (D) and E) are extracted
Although outputy is not an immediate successor of ingut from Fig.7.

_,(a, y)_can be considere_d_ because outpuhust occur after (A) U0, u0,; uliy ul,, u0_ uO,_ ul_ ul,_
inputain the future. Definitions o$trong/weak temporal order (B) U0y, u0,; Ul Ul U0, ul_ uO_ ul,_

relationsare as follows: (€) u0. U0, ul,, U0, ul, u0,_ ul_ ul,_
o ) D) u0,,. ul,, uO0,y u0,_ ul;y uO,_ ul,_ ul, _
Definition 3: (strorjg. tempqral ordgr relation). A str_ong (E; uOLI Uloi uo: U0, ulL: uo,_ ul,_ ul,_
temporal order relatioiis any inverse input-output relation of
event sequences.
[STEP.2]
Here, we focus on relationx(, b). We notice thatx , N this step, checked signal events can be reduced by intro-
b) indicates an inverse relation of input and output evenfducingstrong/weak temporal order relations
However,. it is not necessary th.at inphbt must oceur after (p {0, , u0,4), (U0 , Uloy), (UL , ULyy),
output y in many cases excepting systems of 1-input and , 0 . 0 ,
. - . (U1‘L+ ’ u O—)l (UOZ— 1 u O—)y (uoz— 1 u:lo—)y
1-output. Thus such an inverse input-output relation can be (UL , ul,_)}
reduced by atrong temporal order relation
Definition 4: (weak temporal order relation). A weak (uliy , uly), (ULs , UQ,-), (UL, ul,-),
temporal order relatiois any relation of input signal events. (U0i— , ul,-)}
_ _ (0 {01, u0,y), (U0, , ulyy), (U0, , U0, ),
Furth'er,lwe foc.us on relatlorb(c). We notice that'the relation (U0, , ul,_), (uly , u0,_), (UL_ , ul,_)}
only indicates inputs. Outputis a successor of inputsand
c by relations b, y) and € , y). On the other hand, outpyt (D) {(U0iy , uL,.), (UG , UG,y), (UG, , U0, ),
can occur by rendezvous of inpuisndc. Outputy can occur (ug;— , ul,), (uliy , u0,_), (UL , ul,_),
independently of relation (bc). Therefore, such a relation can (UL, ul, )}
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Fig. 5. Firing processes fd¥ig.3.

(B) {0 , ul,y), (UO— , u0,¢), (U0, , uo,-),
(uo— , ul,_), (uLy , uQ,_), (uli— , ul,_)}

[STEP.3]

operator.

(A) {X(uO;1 , u0,y), O(UO;; , ulyy), X(uliy , ulyy),
<>(U:LL'+ ’ UOO,), X(uOZ-, ’ UOO,), <>(u0i, ’ Ulo,),
X(ul;— , ul, )}

{X(u0s4 , u0,+), O(UO;+ , ulsy), O(UO;y , UO,-),

X(ulit , uloy), O(ULy , u0,-), O(ul;i— , ul,),
X(u0;— , ul,_)}

{X(@UO+ , u0,4), O(UO; , ul,y), O(UO;— , UO,-),
OO, , ul,-), X(uliy , ug,-), O(uLi— , ul,_)}

{X(u0; , uly), OO , uQ,y), O(U0;— , uo,-),
OWUO;— , ul,), X(ul;y , u0,-), O(uliy , ul, ),
X(ul;— , ul, )}

(B) {X(uO;+ , ul,;), X(uOi— , u0,4), ¢ (UO;— , uo,-),

(B)

(©)

(D)

OO , uL,), X(uls , u0,), X(uli— , ul, )}

[STEP.4]

In all paths, relations of the same temporal operator and the
In each path, if 10 relation shows that there is immediatgame 10 can be extracted. Otherwise only the same 10 relation
successor, specified a6 operator, otherwise specified @ can be extracted. Sinag expresses "sometime in the futfire
the nextoperatorX can be covered a§ C ¢ in order to apply
Partial Order Reduction. Thus, the extracted same 10 relation

can be gathered by.

O[O0y , ul,y) v ouly , u0,_)

vV OUO;,_ , ul,—) Vv O(ul; -
V OO , UG, 1) vV O(UlL; 4
vV O(uO;— , uQ,-) vV O(ul; 4
vV O(uliy , ul, ) vV OO -

[STEP.5]

, ul,)
, Uloy)
, u0,-)
’ uoo+) ]

In all paths, relations of the same output can be combined.

O[O0y , u0,y) vV OO A uliy , u0,-)
V QU0+ A uLiy , ulyy) V OUO- A uliy , ul, )]
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: uli+ —— ulo+ uQi- —» ulo-
ulot uli+
uOo+ uli+ — u0o- uli-

ulot Fig. 8. Areduced signal transitiagraph forFig.3 by check-points extraction

method

Shared
resources

A

\ 4

Semaphore
or
Mutex

1 uli+ o ' ulo+  uCo+ uoi-
1 1 1
: &1o+: : L}Oi ' Joi 1}00+:
- 1 - .
N v - ! Cell1 || Cell2 || Cell 3 Celln
fubi-  "UOo- | uli+ yuli+  uli+
I N T ' b om
! . Fig. 9. A shared resources accassicture.
: liOo- | lill- ! LiOo- :liOO- uoo- ! ’
1 ! 1 1
1 . ! . 1 . I . . !
Al uli- B uGi- C' uli- D, uli- uli- :E Next, we show performance results of verification of the
v l v 1 ; v l v shared resources access structure showirign9. For the
ulo- ulo- ulo- ulo- ulo- structure, we report the number of OBDD nodes and memory
. . required by the systems to analyze the structure shown in
Fig. 7. A branch expressiofor the state graph. Fig.10 and Fig.11. Here, CPE indicates verification results

with check-points extraction method, atbrmal indicates

Check-points can be extracted by repeating the abovgrification results without the method, respectively. For small
mentioned steps. Finally, we can get temporal formulas Orﬂrg,odels such as queue and mutex, results are not much different

considering necessary signal events. For these formulas, sigﬁ%}"’ee” the two methods. On the other hand, as the models
transition graph can be indicated ffig.8 ecome larger, the effect begins to appear in the results. It is
remarkable especially for elevator control systems.

IV. VERIFICATION RESULTS

In this section, we show some asynchronous bench marks in
thetable.l, and show verification results for a shared resourcesFormal verification plays an important role in large scale
access structure shown kig.9. All these model verifications and complex systems. However, it is inefficiency to verify the
are performed on an 2.4GHz Core 2 Duo processor undsitire systems. We proposed a method by which check-points
Linux with 2GB of available RAM. In this article, all simula- can be obtained inductively for specifications in model check-
tions are verified by NuSMV version 2.4.3[5]. ing. Users must generally know well temporal specification

For each circuit, we report the number of boolean variablégcause the specification might be complex. Our proposed
necessary to represent the corresponding model, OBDD nodasthod can gain temporal formula specifications inductively.
and time required by the systems to analyze the model. Sodve aimed at input-output order relations for systems, not con-
circuits in the table can be found in the distribution of SMV/[5]sidering output-input order relations. Furthermore, we defined
For small circuits such as C-element4, p-queue and pipelinstrong/weak temporal order relations in the procedure of speci-
time is not much different between the two methods. On tliieation. Weak temporal order relations include orders of inputs
other hand, as the circuits become larger, the effect begindgrtglicitly. Strong temporal order relations express inverse
appear in the results: It is remarkable especially for contrislput-output order relations. We showed that the verification
modules. tasks are reduced for states, transitions, and memory with our

V. CONCLUSION
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TABLE |
VERIFICATION RESULTS
with the CPE method without the CPE method
[ Circuit name || OBDD nodes| Reduce(%)][ Time(secs)| Reduce(%)|| OBDD nodes]| Time(secs)
C-element4 1988 -1.5% 0.06 0.0% 2018 0.06
C-elementl16 242244 -0.1% 0.97 -1.0% 242462 0.98
p-queue 139530 -5.8% 0.82 -3.5% 148160 0.85
pipeline2 679 -23.5% 0.02 -60.0% 888 0.05
pipelined 3272 -22.9% 0.06 -66.8% 4244 0.09
pipeline8 144431 -13.8% 0.79 -66.8% 167469 2.38
abp4 75661 -21.5% 0.43 -21.8% 96384 0.55
pci3p 447889 -21.5% 1.19 -66.5% 570388 3.55
pci 193576 -44.2% 385.57 -34.6% 346758 589.75
OBDD nodes OBDD nodes
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Fig. 10. Verification performancef Semaphore by NuSMV: OBDD

nodes(upper), amount of Memories(iower). Fig. 11. Verification performanaoef Mutex by NuSMV: OBDD nodes(upper),

amount of Memories(lower).
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Adaptive Resonance Theory 1 (ART1) Neural Network Based Horizontal and
Vertical Classification of 0-9 Digits Recognition

MBAITIGA Zacharie

Okinawa National College of Technology, Department of Media Information
Engineering, 905 Henoko, Nago, 905-2192, Okinawa Prefecture, Japan

Abstract: This study describes the Adaptive Resonance Theoryl (ART1), an efficient algorithm
that emulates the self-organizing pattern recognition and hypothesis testing properties of the ART
neural network architecture for horizontal and vertical classification of 0-9 digits recognition. In
our approach the ART1 model can self-organize in real time producing stable and clear
recognition while getting input patterns beyond those originally stored. It can also preserve its
previously learned knowledge while keeping its ability to learn new input patterns that can be
saved in such a fashion that the stored patterns cannot be destroyed or forgotten. A parameter
called the attentional vigilance parameter determines how fine the categories will be. If vigilance
increases or decreases due to environmental control feedback, then the system automatically

searches for and learns fine recognition categories.

Keywords: ART1, gain control, input pattern, signal

1. INTRODUCTION

A formal analysis of how to overcome the
learning instability experienced by a competitive
learning model let to the introduction of an
expended theory, called adaptive resonance theory
(ART). This formal analysis showed that a certain
type of top-down learned feedback and matching
mechanism could significantly overcome the
instability problem. It was realized that top-down
attentional mechanisms, which had earlier been
discovered through an analysis of interactions
between cognitive and reinforcement mechanisms
(Grossberg, 1975), had the same properties as these
code-stabilizing mechanisms. In other words, once it
was recognized how to formally solve the instability
problem, it also became clear that one did not need
to invent any qualitatively new mechanisms to do so.
One only needed to remember to include previously
discovered attentional mechanisms. These additional
mechanisms enable code learning to self-stabilize in
response to an essentially arbitrary input
environment. The basic principles of the adaPtive
resonance theory were introduced by Grossberg™l. A

class of ART called ART1, has since characterized
as a system of ordinary differential equations by
Carpenter and Grossberg?El. Theorems have been
proved that trace the real-time dynamics of ART 1
networks in response to arbitrary sequences of
binary input patterns. These theorems predict both
the order of search, as the function of the learning
history of the network and the inputs pattern. They
also prove the self-stabilization property asymptotic
category structure self-organized by arbitrary in-and
showed that the system’s adaptive weights oscillate
atmost once, and do not get trapped in spurious
memory states or local minima. The novelty of this
paper lies on the horizontal and vertical
classification of 0-9 digits recognition using a fast
learning ART1, where the ART1 can self-organize,
recognize these digits horizontally and vertically at
the same time within a short period of time.can also
change the order of these digits during the learning
process according to the training method, where the
vigilance parameter determines how fine the
category will be. Gain control enables the
architecture to suppress noise up to a prescribe level.

This paper has been published in American Journal of Computer Science, Issue 3, pp: 869-873, November 2007.
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The result of this work will be introduced soon into
the vision sensor for the recognition of the road ve-
hicle numbers plate

2. ART1 MODEL DESCRIPTION

ART1 is an unsupervised learning model specially
designed for recognizing binary patterns. It typically
consists of an attentional subsystem, an orienting
subsystem as shown in Fig.1, a vigilance parameter
and a reset module. The vigilance parameter has
considerable influence on the system. High vigilance
produces higher detailed memories such as fine
categories etc, while lower vigilance results in more
general memories. The ARTL attentional has two
competitive networks, comparison field layer F1 and
therecognition field layer F2, two control gains,
Gainl and Gain2 and two short-term memory (STM)
stages F1 and F2. Long-term memory (LTM)
traces between F1 and F2 multiply the signal in
these pathways.

[-—==—==-= M r--—------ 1
:Attentional ' ! Orienting !
! Subsystem | ! Subsystem !
_________ 1 [ S —
i Gainz | * | Recognition |
”| Layer F2 h
+
+
i 4 ’ - Z
_"; Gainl | Comparison Reset
> Layer F1 | Wave
AT T+

Fig.1 Adaptive Resonance Theory Structure

Gains control enables F1 and F2 to distinguish
current stages of running cycle. STM reset wave
inhibits active F2 cells when mismatches between
bottom-up and top-down signal occur at F1. The
comparison layer receives the binary external input
passing it to the recognition layer responsible for

matching it to a classification category. This result is
passed back to the comparison layer to find out if the
category matches that of the input vector. If there is
a match a new input vector is read and the cycle start
again.If there is a mismatch the orienting system is
in charge of inhibiting the previous category in order
to get a new category match in the recognition
layer.The two gains control the activity of the
recognition and the comparison layer respectively.
The orienting subsystem generates a reset wave to
F2 when the bottom-up input pattern and top-down
template pattern at F1, according to the vigilance
criterion.The reset wave selectively and enduringly
inhibits active F2 cell until the current is shut off.
Offset of the input pattern terminates its processing
at F1 and triggers offset of Gain2.Gain2 offset
causes rapid decay of STM at F2 and thereby
prepares F2 to encode the next input pattern without
bias.

3. ART1IMPLEMENTATION

As state above, ART1 is a self organizing neural
network having input and output neurons mutually
coupled via bottom-up and top-down adaptive
weights that perform recognition. To begin our
approach, the network is first trained in accordance
with the adaptive resonance theory by inputting
reference pattern data under the form of 5x5matrix
(the very novelty of this paper) into the neurons for
clustering within the output neurons. Next, the
maximum number of nodes in F2 is defined
following by the vigilance parameter. The inputted
pattern registered itself as short-term memory
activity across a field of nodes F1. Converging and
diverging pathways from F1 to a coding field F2,
each weighted by an adaptive long-term memory
trace, transform into a net signal vector T. Internal
competitive dynamics at F2 further transform T,
generating a compressed code or content addressable
memory. With strong competition, activation is
concentrated at the F2 node that receives the
maximal F1—F2 signal. The main focus of this
work is divided in four phases as follows:
Comparison, recognition, search and learning.

4. COMPARISON

In the comparison or top-down template matching
the short —time memory (STM) activation patternX,
on F2 as shown in Fig.2 generates a top-down
template on F1. This STM is the reference input that
we have inputted into the neurons during the



implementationThen this pattern is multiplied by the
long-term memory (LTM) traces Vi, connecting
from F2 to F1. Each node in F1 sums up all its LTM
gate signals

Toall F2 :WTA
G2

From F1

2j

Fig. 2 Processing element Xy;in layer F2

Vii = %XZjWZﬂj @

The most active recognition unit from F2 passes a
one back to the comparison layer F1. Since the
recognition layer is now active, G; is inhibits, we set
its output to zero for the first digit. In accordance to
the rule “2/3”, from three different sources two are
activated in order to generate an excitatory output.
The only comparison units that will fire are those
that receive simultaneous ones from the input vector
and the recognition layer. The units not receiving a
top-down signal from F2 is set inactive even if they
receive

input from below. This is summarized in Eq.2

1 lim V1i =1
X1i = : @
0 otherwise

If there is a good match between the top-down
template and the input vector, the system becomes
stables and the learning start to occur. If there is a
mismatch between the input vector and the activity
coming from the recognition layer, this indicates that
the pattern being returned is not the one desired and
the recognition layer should be inhibited.
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5. SEARCH

The reset layer in the orienting subsystem measures
the similarity between the input vector and the
recognition layer input pattern. If a mismatch
between them is found the layer inhibits F2 layer
activity. The orienting system compares the input
vector to F1 layer output and causes a reset signal if
their degree of similarity is less than the vigilance
level, where the vigilance parameter set as

O<p<l1 3

The input pattern mismatch occurs if the following
equation is true.

psM (4)

If the two patterns differ by more than the vigilance
parameter, a reset signal is sent to disable the firing
unit in the recognition layer F2. The effect of the
reset is to force the output of the recognition layer
back to zero disabling it for the duration of the
current classification in order to search for a better
match. The parameter p determines how large a
mismatch is tolerated or how fine the categories will
be before an uncommitted node is chosen. Higher
vigilance parameter is used to make the system to
search for new categories in response to small
difference between | and X, learning to classify
input patterns into a large number of finer categories.

6. LEARNING

The previous three stages take place quickly
relative  to the time constants of the learning
equations of the LTM traces between F1 and F2.
The learning process occurs only when the STM
reset and search process end all STM parameters on
F1 and F2 are stable. The following equation has
been used so that the LTM traces from F1 and F2.



42

(L= Wil = Wy (Xg|-1) if

. dW12ij B and Vlj are active
"Xl‘wlzij if only V1j is active
0 if only Vlj is inactive

where 7, is the time constant, X; is the processing

element in layer F1 as shown in Fig.3 and L is a
parameter with a value greater than one, because the

time constant z, is sufficiently larger than the STM ,

activation and small than the input parameter
presentation.

To F2
From F2
1i
Xii
—>. .
To orienting
y
Gl Unit Xy
—>
From G1

Fig.3 Processing element Xg;in layer F1

The processing element Xj; in layer F2 receives
input from pattern I; gain control signal G, and Vy;
equivalent to the outputX, from F2 multiplied by
interconnection weight. The local activity serving
also as unit output is Xy;. Eq. 5 is the slow learning
equation that has been converged in the fast learning
equation below.

— |f Vii and Vy; are active
L-1)+ \xl\

W12ij = 0 if only Vlj is active
no change if only Vlj is inactive

The initial values for Wi was randomly chosen
while satisfying the following inequality

L
W,y <——mm—
12 (L -1)+|m]
Where M is the input dimension equal to the number
of nodes in F1.The LTM traces follows the equation

0 < 7

dwW,
12ij
T2 g~ X2p Waaij T Xqi) (®)

Where 7, is the time constant and the equation is
defined to converge during a presentation of input
pattern. Thus the fast learning equation of ART1 for
Wayji iS

1 if V1i and V1j are active

©)

W r—
12i) "0 if only V. isinactive

1)
The initial value of the fast learning equation Wyyj; is
chosen to satisfy the inequality.

1> Wy 2C (10)

Where C is decided by the slow learning Eq.5 para-
meter and Woy;; is set to 1.

7. RECOGNITION

In the recognition or bottom-up activation, no input
vector is applied in order to disable all recognition in
F2 and making the two control gains, G; and G,
equal to zero. This causes all F2 elements to be set
to zero, giving them an equal chance to win the
subsequent recognition competition.

if 10 andXZ:O

1
G1 = (11)
0 otherwise

When an input vector is applied one or more of its
components must be set to one thereby making both
G; and G, equal to one. Thus, the control gain G;
depends on both the input vector | and the output X,
from F2. In other words, if there is an input vector |
and F2 that is not actively producing output, then G;
= 1. Any other combination of activity on | and F2
would inhibit the gain control from exciting units on
F1. On the other hand, the output G, of the gain
control module depends only on the input vector I.



1 ifl=0
G, (12)

|0 otherwise

If there exists an input vector then G, = 1 and
recognition in F2 is allowed.Each node in F1
receiving a nonzero input value generates an STM
pattern activity greater than zero and the node’s
output is an exact duplicate of input vector. Since
both Xy and I; are binary, their values would be
either 1 or 0O, as follows:

X]_:I if G]_:l (13)

Each node in F1 whose activity is beyond the
threshold sends excitatory outputs to the F2 nodes.
The F1 output pattern X; is multiplied by the LTM
traces Wy, connecting from F1 to F2. Each node in
F2 sums up all its LTM gated signals.

Voj = 2 X1 Wagji (14)

These connections represent the input pattern
classification categories, where each weight stores
one category. The output Xy is defined so that the
element that receives the largest input should be
clearly enhanced.

1 ifG,=1nV,. = max
X, = 2 2] (15)
J 0 otherwise

The F2 unit receiving the largest F1 output is the one
that best matches the input vector category, thus
winning the competition.The F2 winner node fires,
having its value set to one, inhibiting all other nodes
in the layer resulting in all other nodes being set to
zero. After the other nodes are set to zero a new F2
node for a new pattern is created.

8. SIMULATION RESULTS

The simulation result is shown in Fig.4 and due to
the length of the vertical classification of 0-9 digits
only the last two ! are shown. As indicated in the
introduction, execution time was a major concern in
this approach during the simulation test, because we
want the ART1 to make a fast learning of the
horizontal and vertical classification of 0-9 digits
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within a short period of time.So the first and fourth
layer selectivity values were restricted by two orders
of magnitude. Shorten the execution time, restriction
of first and fourth layer selectivity values allowed
also the classification performance of the network to
be readily visualized as a performance surface. The
parameter values of the network used in the test are:

e  5xbmatrix Fig.4

e  The number of nodes in F2 layer is set to 12

e Vigilance value used in the ART1 module is
0.89

e  The maximum number of the label used for
creating a new F2 node in order to save a
new input pattern in it is 999

e  The number of patterns stored is 10 and the
limiting number of ART1 output nodes is 20

e The learning rate is set to 0.8

Gollege of Technoloey¥ART¥ ART1¥ART1¥Debue¥arts.... [
2 2 5 94 1 5 R
[ it L it O O O
# # i 4 # O # sk
§ B dREE B HRR § R HdiEs

[ It AR N 115
HEE S T S W

5 7 6 3 4 2 1 R
B HREER BRRAR SRRRE HMRE BEH MM i
I I [} i o we #
L1122 15 O ]3O 2 1
g4 & 4 #

LI 4
B HREEE HRRAR SBRR4 sH4R H o HHE GHER

Fig.4 Simulation output of the ART1

In the back-propagation test, a standard back-
propagation network is used with no bias units.
During the training phase, ARTL1 is trained on the
training data with each module receiving the training
data in a different, random and order respectfully.
Next we trained again the ART1 to follow the three
phases below during the output of the learning result.

® Give first the information on the stored number
of input pattern.



®  Give the number of the variable in each pattern,
the vigilance value used and then state the
leaning situation in progress.

e In Fig.4 we can see that the ART1 has moved
the digit 4 and inserted it between 0 and 1 as it
has been trained to do in the horizontal
classification, while in the vertical classification
no digits perturbation has been made. This is to
know how far the adaptive resonance theory
can be manipulated. R denotes the resonance,
IN(example IN:8) denotes the input and
2,5,5,7,6,3,4,8,1 are the arbitrary classification
number used by ART1 as a code of each digit
being recognized.

e Finally to make sure that no error has been
occurred during the learning process, the ART1
should reproduced the number of variable in
each pattern (5x5matrix) for verification,
following by the maximum vigilance value of
the new input vector F2 node 8; then create a
new F2 node Fig.4. At this stage the user has
two choices: Save the new pattern to file or not.
If the yes option is chosen then ART1 gives the
number of a new node F2. In this test the new
node F2 is 11.

9. CONCLUSION

The ART1 based horizontal and vertical
classification of 0-9 digits recognition has been
modeled using C++ tools. The novelty of this paper
can be described by the fact that, besides horizontal
and vertical recognition, ART1 can move any digit
and insert it at any places by assigning to each digit
one recognition code during the learning process
before output the result within the allocated time.
During the matching, F1 node in ART1can remains
active only if it receives significant inputs both
bottom-up and top-down. In the search procedure,
recognition neurons are disabled one by one by the
reset function until the vigilance parameter is
satisfied by a recognition match..
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Self-Generation ART-1 Neural Network with Gradient-Descent Method
Aid for Latin Alphabet Recognition

MBAITIGA Zacharie
Department of Media Information Engineering, Okinawa National College of
Technology, 905 Henoko, Nago, 905-2192, Okinawa Prefecture, Japan

Abstract: This study presents a self-generation ART-1 neural network, an efficient algorithm that
emulates the self-organizing pattern recognition developed to avoid the stability-plasticity dilemma in
competitive networks learning for Latin alphabet recognition to use in a vision system for road signs
recognition. The first step of our approach deals with the training process where a set of input vectors
are presented sequentially to the preprocessor to specify the inputs for the networks. Secondly the

value of the mean squared error is used to measure the candidate for the output in the recognition phase.

Thirdly to move down the large error-surface created by delta rule during the search phase the
gradient-descent is used by changing each of the weights by an amount that is proportional to the
negative of the slope. In the simulation test our system can self organize in real time producing stable
recognition while getting inputs pattern beyond those originally stored. Its can also preserve its
previously learned knowledge while keeping its ability to learn new pattern. A parameter called the
attentional vigilance parameter determines how fine the categories will be.

Keywords: ART-1, binary input vector, Latin alphabet

1. INTRODUCTION
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The human brain performs the formidable task of
storing flood of sensory information received from the
environment. From a deluge of trivia, it must exact vital
information, act upon it, and perhaps file it away in
long-term memory. Understanding the human memo-
rization presents serious problems (it will take a century
to pierce this memorization secret or may be not); news
memories are stored in such a fashion that existing ones
are not forgotten, modified or destroy. This creates a
dilemma: how can the brain remain plastic, able to
record new memories as they arrive, and yet retain the
stability needed to ensure that existing memories are
not erased or corrupted in the process?

Conventional artificial neural networks have failed to
solve the stability-plasticity dilemma. Too often,
learning a new pattern erases or modifies previous
training. In some cases, this is unimportant. If there is
only a fixed set of training vectors, the network can be
cycled through these repeatedly and may eventually
learn them all. In a back-propagation network, for
example, the training vectors are applied in sequentially
until the network has learned the entire set. If, however,
a fully trained network must learn a new training vector,
it may disrupt the weights so badly that complete

retraining is required. In a real world case, the network
will be exposed to a constantly changing environment it
may never see the same training vectors twice.
Under such circumstances a back-propagation will
often learn nothing; it will continuously modify its
weights to no avail, never arriving at satisfactory setting,
even worse. Carpenter and Grossberg (1986) have
shown example of a network in which only four
training patterns, presented cyclically, will cause
network to change continuously never converging. This
Instability is one of the main factors that led Grossberg
and his associates to explore radically different
configurations, hence the birth of adaptive resonance
theory or ART. One of the excellent points of the ART
is that its can maintain the plasticity required to learn
new patterns, while preventing the modification of
patterns that have been previously learned. This
potential advantage has created considerable interest in
the possibilities for applying ART neural networks in
engineering; and has resulted in great deal of research
over the last 25 years. Some of the claimed advantages
are exaggerated, but others are certainly proven, and
ART neural networks are becoming a standard
technology for many engineering. But many people
have found the theory difficult to understand. The
mathematics behind ART is complicated, but the
fundamental ideas and the implementation are not. ART
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is divided into two paradigms: ART-1 and ART-2; each
defined by the form of the input data and its processing.
ART-1 is designed to accept only binary input vectors,
whereas ART-2 can classify both binary and continuous
inputs. In this paper, self-generation of ART-1 neural
network with gradient-descent method aid for Latin
alphabet recognition is presented. Where we first
constructed a preprocessor by forming the letters A, B,
C, D, E F, G, Hand I on a 3x3 square grid that we
denoted as pixel(picture elements) for consistency with
generally accepted terminology. These letters are then
changed into binary input vectors by converting the grid
of pixels (1=Yes, 0=No) into a sequence of numbers for
the preprocessor to specify the inputs for the networks.
Next the gradient-descent method is used to move down
the large error-surface created by delta rule by changing
each of the variables (weights) by an amount that is
proportional to the negative of the slope.

2. ART-1 ARCHITECHTURE

Figure 1 illustrates the main features of a typical
ART-1 network. Rectangles represent fields where
STM patterns are stored. Triangles represent adaptive
filter pathways and arrows represent paths which are
not adaptive. Filled squares represent gain control
nuclei, which sum input signals. Their output paths are
nonspecific in the sense that at any given time a
uniform signal is sent to all nodes in a receptor field.
Gain control at F1 and F2 coordinates STM processing
with input presentation rate.

Attentional

Orienting
Subsystem

Subsystem

Gain 1

Input

Fig.1 Simplified ART-1 Architecture

In figure 1 two successive stages, F1 and F2 of the

attentional subsystem encode patterns of activation in
short-term memory (STM). Each bottom-up or top-
down pathway between F1 and F2 contains an adaptive
long-term memory (LTM) trace that multiplies the
signal in its pathway. The rest of the circuit modulates
these STM and LTM processes. Modulation by gainl
enables F1 to distinguish between a bottom-up input
pattern and a top-down priming or template pattern, as
well as to match these bottom-up patterns. In particular,
bottom-up input can supraliminally active F2; top-down
expectations in the absence of bottom-up inputs can
subliminally sensitize, or prime, F1; and a combination
of bottom-up and top-down input is matched according
to a 2/3 Rule which actives the nodes within the
intersection of the bottom-up and top-down patterns.

Thus, within the context of self-organizing ART
architecture intentionally implies a special matching
rule. Carpenter and Grossberg!! prove that 2/3 Rule
matching is necessary for self-stabilization of learning
within ART-1 in response to arbitrary sequences of
binary input patterns. The orienting subsystem
generates a reset wave to F2 when the bottom-up input
pattern and top-down template pattern mismatch at F2
according to the vigilance criterion. The reset wave
selectively and enduringly inhibits active F2 cells until
the current input is shut off. Offset of the input pattern
terminates its processing at F1 and triggers offset of
gain2. Gain 2 offset causes rapid decay of STM at F2
and thereby prepares F2 to encode the next input
pattern without bias. The criterion for an adequate
match between an input pattern and a chosen category
template is adjustable in ART-1 architecture. The
matching criterion is determined by a vigilance
parameter that controls activation of the orienting
subsystem. All other things being equal, higher
vigilance imposes a stricter matching criterion, which in
turn partitions the input set into finer categories. Lower
vigilance  tolerates  greater  top-down/bottom-up
mismatches at F1, leading in turn to coarser categories.
In addition, at every vigilance level, the matching
criterion is self-scaling: a small mismatch may be
tolerated if the input pattern is complex, while the same
featural mismatch would trigger reset if the input
represented only a few features.

3. PROPOSED SELF-GENERATION ART-1
NEURAL NETWORK

The fundamental feature of ART-1 is that it is
composed of a large number of interconnected
processing units. These units are relatively simple, and
the network gets it computational power from the many
units being connected, with outputs from the units



being inputs to others. So it is essential that the input
data are in the right form for a network to operate on,
and they must contain sufficient information for the
classification to be made for a relevant output. It is in
this sense that, for the proposed application, before
starting the network training process, all weights vector
B; and Tjas well as the vigilance parameter p are set to
initial values. The weights of the bottom-up vectors B;
are all initialized to the same low values. That is

bij > L (L-1+m) forall i, ] )

where m is the number of components in the input
vector and L is a constant >1 (for precision L=2)

This value is critical; if it is too large the network will
allocate all recognition-layer neurons to a single input
Tj=1forall j,i 2

This value also is critical; Carpenter and Grossberg
(1987a) prove that top-down weights that are too small
will result in no matches at the comparison-layer and no
training. The vigilance parameter p is set in the range
from 0 to 1 depending upon the degree of mismatch that
is to be accepted between the stored parameter input
vector.

3.1 Training process

The training is the process in which a set of input
vectors are presented sequentially to the input of the
network, and the network weights are so adjusted that a
similar vector activate the same recognition layer
neuron. We began our training phase by constructing
the following preprocessor.

Stepl: Form 9 samples of Latin alphabet A, B, C, D, E,
F, G, Hand | each ona 33 square grid as below.
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vector. The weights of the top-down vectors T; are
initialized to 1, that is to say

Step2: We all know that ART-1 is designed to accept
only a binary input, and to satisfy this configuration, we
converted the grid of pixel containing letters into a
sequence of binary numbers(1= Yes, 0 = No). But in
the program code, we trained the network not to ignore
totally 0 instead replace it by dot (.)

(A[A[A 0 [1 [0
AlA[A| — (111
[aTAalA] [1 0o [1]
c[c[G 111
Glee| — [1]o[1
lefca | (FRENEY|
C Tt
O, — o1 [o|

Step3: Let the preprocessor as shown in Fig.3 specifies
the input for the network and the letters assigned to
each class give the information required by the post-
processor to make a classification.

| Post-processor |

Neural
Network

| Preprocessor |

i} T

Binary inputs

Fig.3 ART-1 Neural network sandwiches the network
between a pre-processor and post-processor.
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The preprocessor converts the data available to the
system into a form that can be input to ART-1 neural
network, i.e. it encodes the input data as a list of
numbers. The network then does the essential
classification work to give the desired outputs. The
outputs are presented as a list of numbers which is to be
decoded by the post-processor.

3.2 Delta rule : search phase

The search space for this proposed application is
multidimensional, with the number of dimensions
corresponding to the weights. The value used to
measure the candidate is the mean squared error E.
This error is the difference between the desired output d
and the actual output y. This value, e, is squared and the
average value found for all letters in the training, which
consists of all the known input-output pairs. To be sure
as we do not know precisely what is going on inside the
network, we supposed that if there are p letters in the
training for a single processing unit the mean squared
error is

2

.1
E=— e ?3)
pp=1 P

TMo

Where ep= dg-y, for each letter. The weighted sum is

1
S= 2% WjXj =WpXo +WX , since x =1 (4)
i=0

S =wp +wyxq (5)

Then the squared error is

. 2
E=2D 0, -vy)? ®)
p=1

In order to show how E changes with the values
of wyand w;, we used a small "sleight of hand”. To
remove the hard-limiting from the output and compared
the desired value with the weighted sum, since there are

only two possible of binary inputs (1 and 0). The mean
squared error has been calculated as follows:

. 2
E=2 2 (A -yp) =L -s)% 4 (d -5)2 (D)
p=1

When x; =0, the desired output is d; =1and the actual

output is xo =1. Similarly, when X; =1, the desired

output is d1 = 0and the actual output is

S=w,+w, (®)

The total error is
(1—w, )2 +(O—w0 —wl)
2

E= )

At this stage the search phase is stimulated but it fails
because a valley exists at the point created by the
surface error where wy=0 and w;= -1 as shown in Fig.4
so another neuron is assigned in the recognition layer,
and the weight are set to equal the corresponding
component of the input vector.

Error surface

N
e
T g\
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25 ¥
-1 Pa -2
— : A
Wy 3

Fig.4 Error surface to be move down

In order to move down the surface error to minimum,
we used a gradient descent.

3.3 Gradient descent

This is achieved by changing each of the variables
weights by an amount that is proportional to the
negative of the slope. That is

Awj = —0(E (10)
owj

where « is a constant, and E is the mean squared error.
The symbol A is the delta and the notation ow;
means " the change to w; ”. The derivative of the mean
squared error with respect to a weight w; is



0E 1 P &% 1P o
OE_Lpef LB o e gy
owj P p=19w;j P P=10W;

By the chain rule of calculus,

9E 1§ 03y
owj P P=10wj oW

1 P 9 oy 2 P oy
=y —-2d-y) ZL=—= e (12
p Pzzl oW ( y) oW p Pzzl oW 12

This shows that in order to find the derivative of mean
squared error with respect to the weights, the
derivative of output y with respect to the weights is
needed. This is why the hard-limiter function won’t do
as it is not a difference function. In order to overcome
this problem a difference output function is applied to
the summed weights. This has to be differentiable and
monotonic which mean that for every value of weighed
sum, there is only one value of output. A commonly use
function is the sigmoid function as shown in Figure 5

A

1.04

05—  —

Fig.5: Sigmoid function

The equation for this sigmoid output is

B 1
1+e7°

y (13)
where

n
S = > w;X; and e is the base of natural algorithms
i=0
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In figure.5, when the weighted sum is greater than 0,
the value of the output rises to 1 as the value of the
weighted sum increases and similarly when the
weighted sum is less than 0 the output falls to 0 as the
value of the weighted sum decreases. When the
weighted sum is 0 the output is 0.5. The derivative of
the sigmoid function with respect to the weighted sum,
S, IS

dy e
ds  (11¢75)2
This give us enough information to be able to evaluate
the changes that have to be made to the weights to
reduce the error and consequently to find the solution.
This give us enough information to be able to evaluate
the changes that have to be made to the weights to
reduce the error and consequently to find the solution.
The derivative of the output with respect to a weight
has been found using the chain following rule.

—S
=y(-vy) (14)

0s
ﬂ:gx , where S =3 w;X; (15)
8\NI 0s aWI i=0
For a sigmoid function, y = ! , We have
1+e” S

d e s
d—y=—s 5 =Y(-y) (16)
S (1+e™>)
Also

s o n N awj
——=—— 3 WiXj= D> — X=X (¢))
owi —ow; j=o 1T T owi 7
Substituting these, we get

= P P
E:—E z eﬂ:—g Z eﬂxﬁ_
OW; pP=1 ow; pP=1 0s ow;

2 P : :
—= ¥ ey{l-y)x; , which can be written as

p P=1

E P
9B __Z % i 8)
aW| p P=1

where & =ey(l-y)=y{l-y)d-y) 19)

Therefore, from (10)
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vy ——a 2B 2D
ow,

P
—=— > 5 X (20)

1
which can be written by the Greek symbol n (eta) as

p
AW =71 > 5 X; (21)
p=1

200 .
where Aw; =7 = 22 is a constant
p

This states that the adjustment to the weighted w; is the
sum of ndx; taken over all of the letters in the training.
It is common practice to simply this procedure by
simply changing the value of w; by an amount ndx;
after each letter in the training. The result is delta rule
formula

Awj =nd X; Where 6 = y(1-y)(d - ) (22)

and n is a small positive constant usually between 0 and
1, which we called the learning rate. From this formula
the change to a weight is positive when n and x; are
both positive and negative. If x; is 0.3 and y is 0.2 when
the desired output is 1, then

5=02(1-02)1-0.2) =0.128 (23)
Awi = 7% 0.128 x 0.3 = 0.03847 (24)

We assumed that n=0.5 and w; is initially -0.8. The
value of Aw; is added to the old value of the weight, w;
to produce the new value. The new value for w; is

w; (new) = w; (old) + Aw;
(25)
=-0.8 +(0.0384 x 0.5) = —0.7807

Hence the value of the weight gets more positive so that
the value of the weighted sum is increases, and
consequently the output is very closer to the desired
value. Please note that in multilayer networks this
formula cannot be used as it is written in this paper
instead should be modified for the units in the hidden
layer.

4. RESULTS

During the simulation result the bottom-up weights was
initialized to 0.16. Initialization of the bottom-up
weights to low values is essential to the correct
functioning of the ART-1 system, and to ensure that an

uncommitted neuron will not "overpower” a trained
recognition-layer neuron. If there are too high, input
vector that have already been learned will activate an
uncommitted recognition-layer rather than the one that
has been previously trained. The vigilance value is first
set to 0.62.The number of nodes F2 layer is set to 14.
Then, the letter A is presented to the newly initialized
system the search phase fails. The reason for this failure
is because there is not stored pattern that matches it
within the vigilance limit, a new neuron is assigned in
the recognition layer and weights Tj are set to equal the
corresponding components of the input vector, with
weights B; becoming a scaled version.

Next, the letter B is presented, this also fails in the
research phase and another new neuron is assigned. The
letter C is presented again to the system where it fails.
To deal with the failure search phase, we used the
gradient descent and moved the surface error created by
delta rule wherewy =1and w; =-1by changing each

of the weights by an amount of that is proportional to
the negative of the slope, and then increase the
vigilance value to 0.92 in order to produce highly
detailed memories. The letter A is presented for the
second time to the network; where a message comes out
on the computer screen: The following Latin alphabet ”
A " has been recognized. Next, the letter B is presented,
the network again recognize " B” . This process is
repeated for ” C”, "D" as well as for all other letters
where we realized how important the gradient-descent
was, when the delta rule created an error surface. We
continued our simulation by presenting for this time the
letters” A",” B","D " "F "and " | " at the same time to
the network and within one seconds the following
message pop-up on the computer screen. Four of nine
letters has been recognized and they are: " A", " B”,
"D”, F "and " 1". This phase is repeated 8 times of
which no unsuccessful results has been obtained. To
initiate the search for more than two letters, we reset the
signal temporarily that disables the neuron in the
recognition layer for the duration of the search, G1 goes
to one, and a different recognition layer neuron wins the
competition. Its pattern is then tested for similarity and
the process repeats until either a recognition neuron
wins the competition with similarity greater that the
vigilance. The search simulation for a combination of
more than three letters is initialized by presenting the
letters” C”, " F”,”"B" "D " to the network system and
unlike for the for previous test after the recognition
the system rearranged them in alphabetic order . In the
simulation test our system can self organize in real time
producing stable recognition while getting inputs
pattern beyond those originally stored. Its can also
preserve its previously learned knowledge while



keeping its ability to learn new pattern. A parameter
called the attentional vigilance parameter determines
how fine the categories will be. The system can prevent
the modification of the previous learned characters.

5. DISCUSSION

Adaptive Resonance Theory-1 (ART-1) is a
competitive neural network learning method the most
used for letters, characters recognition due to its ability
to process information almost the same way the human
brain processes information. The connections are
distinguished by a weight, which represents the data
that will be used to perform the task assigned. An
interesting aspect of the ART-1 neural network is that
there is no need for the patterns to be inputted in any
order. The connections of the units in the layers are
arranged in such a way that the input layer is connected
to the interface layer, each unit in the input and
interface layer are connected to the reset unit, which in
turn is connected to every cluster layer by two
pathways forming a cycle. In general the algorithm of
the ART-1 begins by initializing a binary input vector
which is then presented to the input layer, and this data
is sent to the corresponding interface layer. The
interface layer then send signals to the cluster layer
over connections pathways. Each cluster unit computes
its net input and units compete for right to be active.
This is way ART-1 is called a competitive learning
method. As the ART-1 can maintain the plasticity to
learn new patterns, it becomes a standard technology
for many engineering of which many research have
been done in the field of pattern recognition, such
characters (including Japanese, Chinese characters) and
letters recognition. Some of the claimed advantages are
exa%gerated, but others are certainly proven.

In ¥l the author used the ART for letter recognition

such as L, R, B, F and S representing Left, Right,
Backward, Forward and Stop for mobile vehicle control
when moving on a road vehicle, precisely to read the
information written on the traffic signs. The target
letters are written by a red color and pasted to a yellow

board as background and presented to the ART network.

The output result was very good as the ART can
recognize clearly the Letter L without missing some
part of it. But unfortunately compare to our model,
when more than four letters are written without red
color and yellow background are presented to the
author model, the ART cannot recognize all of them but
only one. Hence this model cannot be used to control
the mobile vehicle on a road vehicle for traffic signs
recognition. Because the information written on traffic
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signs are the combination of more than three letters
such as TURN LEFT, which is composed of 8 letters.
Whereas our model is capable of recognizing more than
four letters written in any color sequentially and can
preserve its previously learned knowledge while
keeping its ability to learn new input patterns that can
be saved in such a fashion that the stored patterns
cannot be destroyed or forgotten. It can also prevent the
modification of the letters that have been previously
learned. In ¥ the author used the ART for on-line
Chinese character recognition where the value of
vigilance parameter used is the same value we have
used in our model. The simulation result was excellent
but compare to our model, the correct classification rate
deteriorates when the value of the vigilance parameter
goes beyond 0.96. In other word the recognition
performance deteriorates around 0.96 which is the
opposite in our model. One of the default of the author
model is that the ART cannot as in @ recognize the
combination of more than three characters while our
model does. In our system the ART-1 perform well
when the value of the attentional vigilance is increasing.

6. CONCLUSION

The self-generation ART-1 neural network with
gradient descent method aid for Latin alphabet
recognition was modeled using Microsoft Foundation
Class /C++ tools. In the proposed work, the ART-1 can
recognize a combination of more than 5 letters within a
short period of time without encounter any error due to
the gradient-descent that moves down the error surface
created by the delta rule. The training session consists
of all the known input-output pairs. The ART-1 self
organize in real time producing stable recognition while
getting inputs pattern beyond those originally stored. It
can also preserve the modification of the previous
learned. This model has been compared to other
research already in the open literature.
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Abstract

In Madhyamika, Ngqggrjuna uses an argumentative strategy which is similar to Derrida’s
“deconstruction”. Just as Derrida carefully follows the metaphysical language in order to expose the
aporias which any metaphysical speculation is fated to fall into, Nqgggrjuna uses dichotomous
language in order to show the absurdity into which any claims made by language is to fall. For both,
those aporias (absurdities) function as an opening of the inside to its constitutive outside. However,
since their intentions are different, there is a large difference between the outcomes of their
deconstructions; Ngggrjuna’s deconstruction brings about a radical transformation of the self, while
Derrida’s does not. It is because Derrida’s deconstruction is not as drastic as Nggqgrjuna’s; Nggqgrjuna
deconstructs everything including the subject which carries out the deconstruction itself. It is this
self-denial which leads to the realization of emptiness, freeing people from the sufferings caused by
the attachment to the things. In contrast, Derrida decides to stay at the limit of the language and keep
describing the trace of the outside, for he knows that any transgression of the limit is to be
internalized again. This attitude of Derrida’s, though not religious from Nqgqgrjuna’s point of view,
has a significant meaning to the philosophy of emptiness; even though Nqgggrjuna warned against the
substantiation of emptiness, people have talked a lot about emptiness and thus contributed to its
substantiation. The dangerous aspect of this substantiation is that, since the term emptiness suggests
the cease of discrimination, it may become a principle of “oneness,” which denies the multiplicity of
“others.” In order to keep this substantialization to the minimum, we should try not to close the
contradictory aspect of emptiness, because it is where any act of re-internalization will be

deconstructed infinitely.
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1. Introduction

Ngggrjuna, who is said to have built the basis of Mahqygna Buddhism around the 2nd century,
criticizes the Abhidharma philosophy based on the belief that things have their own self-nature
(svavhgva). In contrast, Jacque Derrida, who played an active role as a critic in the field of not
only philosophy but also literature, politics, etc. from the mid 20th to the beginning of 21st century,
criticizes the principle of identity, on which philosophy of the West has long been premised. It has
been pointed out that Nggqgrjuna and Derrida, despite the difference of their historical and cultural
backgrounds, employ similar strategies, which Derrida calls “deconstruction”,” in order to produce
similar effects. However, it should also be noted that there is a large difference between their
intentions, and because of this difference, the outcomes of their strategies are also different.

The purpose of this paper is to demonstrate briefly the similarities of the strategies employed
by Ngggrjuna and Derrida, as well as to clarify their differences. By doing so, it also shows the

significance of interpreting Nggqrjuna through Derrida.

1. The distinction between the two truths

1-1 The criticism against the distinction of the two truths

One of the most prominent differences between Nqggqrjuna and Derrida is that the former claims
the necessity of the distinction between the conventional truth and the ultimate one. This
distinction is equivalent to the distinction of the two realms of the world; one is the realm
constructed by language, where the conventional truth is regarded as true and the other is the realm
beyond language where there is no false but only the truth (reality).

A Derridian would try to deconstruct this distinction, criticizing that Ngggrjuna is denying
language. For example, Harold Coward writes:

Nqgggrjuna is one-sidedly privileging silence over speech and therefore is suitable
candidate for deconstruction.?

For Ngggrjuna language is empty of reality and must be transcended for reality to be
realized. By contrast, Derrida sees language to be rooted in reality. Thus it is through

language, continually deconstructed from its extremes, that reality is realized.?

The argument that Nqgqgrjuna is one-sidedly privileging silence over speech comes from the
misunderstanding that he discriminates silence from language. The truth is, however, that

Nqgggrjuna neither denies language nor “one-sidedly privileging silence over speech.” It is the
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dichotomous discrimination, the discrimination between X and non-X, that Nggqrjuna constantly
criticizes in Madhyamika and this criticism should also be applied to the discrimination between
language and non-language (silence).

Here, the question may arise as to why Nqggqrjuna claims the necessity of the distinction
between the two truths. In order to answer this question, we must first examine Nggqrjuna’s view
of emptiness, the term used by Nqggrjuna as an equivalent to “the ultimate truth,” and then the
rebutments delivered against the view, because it is to the rebutters that Ngggrjuna taught the
necessity of the two-truths-distinction.

1-2 The necessity of the distinction between the two truths

According to Nggqrjuna, emptiness is where language ceases. He says:

Consequents of actions (karma) and lusts come from dichotomous discriminations. They
(dichotomous discriminations) come from language (prapa ca), however, language
ceases in emptiness.

karmaklelak2ayqn mok2a4 karmaklelq vikalpata4 |

te prapa™cqt prapa”cas tu 1[nyatqyq/ nirudhyate || (MMK,18,5)

As is said that the dichotomous discriminations come from language, language dichotomously
discriminates “X” from “non-X”, and thus makes an object be what it is. Though “what it is” is
nothing more than the identical form of existence, people usually see the world through language
and believe that objects of recognition exist even without language and make themselves suffer
from karmas and lusts by clinging to the objects.

As Ngggrjuna says that language ceases in emptiness (sunyatq), emptiness is where objects lose
their forms of identity. In other words, there is neither “X” nor “non-X” in emptiness. That is why
in the dedicatory verses of Madhyamika, it 1is said about dependent origination

(prat]tya-samutpqda) :

non-ceasing, non-originating, non-annihilated, non-permanent,
non-identical, non-different, non-coming, non-going.
anirodham anutpgdam anucchedam alglvata/ |

anekgrtham angngrtham anggamam anirgama/ ||

These negations of both “X” and “non-X” often leads to the misunderstanding that the view of
emptiness is a Buddhist version of nihilism. In Madhyamika, such misunderstanding is prominent in

Chapter 24, which starts with the following rebutment:

If everything here is empty there is neither origination nor ceasing.
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And then four noble truths do not exist.
yadi 1[nyam ida/ sarvam udayo ngsti na vyaya4 |

caturzgm gryasatyqngm abhqvas te prasajyate || (MMK,24,1)

The rebutter here elaborates on those which do not exist when there is neither origination nor
ceasing, and tries to argue that Nqggrjuna destructs all verbal conventions by stating that
everything is empty.

Against these rebutments Ngggrjuna states:

The teaching of the Buddhas are based on two truths:

the truth of the worldly conventions and the truth in the sense of the ultimate.
dve satye samupgqlritya buddhqng/ dharmadarlang |

lokasa/v3tisatya/ ca satya/ ca paramgrthatad [ (MMK,24,8)

Those who are not aware of the distinction of the two truths are not aware of the
profound reality embodied in the Buddha’s message,

ye 'nayor na vijgnanti vibhgga/ satyayor dvayo4 |

te tattva/ na vijgnanti gambh]ra/ buddhalgsane || (MMK,24,9)

Without relying upon conventional language the ultimate truth is not taught.
Without understanding the ultimate truth, the ultimate freedom is not attained.
vyavahgram anqlritya paramqgrtho na delyate |

paramgrtham anggamya nirvqza/Z nqdhigamyate || (MMK,24,10)

As Nggqgrjuna himself admits that his teachings are delivered through conventional language,

the notion such as “emptiness,” “the ultimate truth,” etc. belongs to the conventional truth. Even
the non-ceasing, non-originating “dependent origination” can only be regarded conventionally true,
because in the realm beyond language referred to as the ultimate truth, emptiness, reality (tattva)
etc., there is neither existence nor non-existence. Yet, people who believe in the faculty of
language to re-present the truth discriminate negation from affirmation, and claim the view of
emptiness to be the view of “nothingness,” the simple denial of all the existence, although,
according to Ngggrjuna, even “no-thing” does not exist without “some-thing”*. These are the very
people who do not know the difference of the two truths, regarding it as the limitless whole, when,
if fact, they are only confined within the enclosure of the symbolic world,

On the other hand, people who do know the difference of the two truths are not those who think
there is the realm outside language, because the outside realm thought to exist already belongs to
inside. Rather, they are the people who know the limitation of language, that is, the people who
know that language cannot represent the truth, and thus are free from the attachment to the objects

fabricated by language.
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2. The similarities of the strategies used by Nqgqgrjuna and Derrida

2-1 Nqgqgrjuna’s strategy to reveal the ultimate truth

As is said in the Chapter 24 of Madhyamika, Ngggrjuna uses language in order to show the
ultimate truth. Of course it is impossible to point out the truth directly as an object. Instead, he
employs an argumentative strategy, which might be called reductio ad absurdum. Reductio ad
absurdum is a type of logical argument in which one derives an absurd outcome from the
opponent’s assumption in order to demonstrate its fallacy. In his reductio ad absurdum, Nggqgrjuna
derives absurd outcomes from both contradictory assumptions; for example, he says:

The view that the effect is similar to the cause is not appropriate.
The view that the effect is not similar to the cause is not appropriate.
na kqrazasyq sad3la/Z kqryam ity upapadyate |

na kqrazasygsad3la/Z kqryam ity upapadyate | (MMK,4,6)

By deriving the absurd outcomes from both contradictory assumptions, Ngggrjuna reveals the
aporia which any linguistic assumption is doomed to fall into.> This aporia is, as it were, a chasm
opened in the language-constructed world, the opening of the inside to the outside, where
dichotomous language ceases to function. This is the opening to the realm of reality, or the realm
of implicit knowledge, which is always right there under our nose but we usually forget it in
twofold ways; we even forget that we forget.

What prevents us from remembering or noticing “the outside” is not that it is something
transcendental and thus is beyond everyman’s reach, but that it never presents itself evidently in
consciousness no matter how well-honed one’s consciousness might be. It is because the
intentionality of consciousness is always directed to “something” with an identical form and never
toward the formless.

This experience of the opening through the cease of language may as well be called the
experience of emptiness. Emptiness, which is never the object of the direct recognition, is known
only through language; just as the outside cannot be known as such without the inside, so neither

can emptiness be known without language.

2-2 Derrida’s strategy to expose the outside
The way in which Nqgggrjuna reveals emptiness as an opening reminds us of Derrida’s

 hoth fissures

deconstruction, especially when he demonstrates that the movement of “différance
and retard the self-presence of “the living present”(le present vivant / Lebendige Gegenwart)’.

“The living present” is the term used by Edmund Husserl, which means the primitive moment
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when things start to originate for consciousness. Husserl, seeking to describe the cognitive action
of consciousness exactly as it is, tries to return to this primitive moment by reducing every
presupposition that is sensory and therefore not evident to the consciousness.

For this purpose he distinguishes two types of signs: an index and an expression and tries to
reduce the former. It is because he regards an index as a real and sensory object, which is used only
to indicate something else and have no meaning in itself. An expression, on the other hand, is not
sensory but “ideal” in its pure form, because its function is to express “meaningful” thought. Even
though Husserl doesn’t disagree that meaning should be given in a linguistic body (Sprachekeub),
he believes that meaning is not bound to the sign with sensual individuality, because the same
meaning can be conveyed through different signifying materials (signifier). Therefore, for Husserl,
an expression is able to be distinguished principally, though not actually, from an index.

This distinction of two signs is vital for Husserl’s phenomenological reduction, because,
according to him, the objects of our consciousness are transcendent to the psychological activities
of subjects. That is to say, objects are not the real materials, which would be experienced
differently in accordance with the sensory diversity of subjects, but are the idealities which Husserl
calls “Sinn” (sense/meaning).

Derrida demonstrates, against Husserl’s intention, that the two types of signs, or rather, a sign
and a meaning® are not distinguishable. It is because a sign is both real and ideal by nature. It is
true that a sign is visual and spacious, that is, it is real; and a phoneme or grapheme that
constitutes a sign is “necessarily always to some extent different each time when it is presented in
an operation or a perception.” ° Yet, it is different from other material objects or events, as

Derrida says:

A signifier (in general) must be recognizable in its form despite, and through, the
diversity of empirical characters which may modify it. It must remain the same, and be
able to be repeated as such, despite and through the deformation, which what one calls

the empirical event necessarily makes it undergo®.

What makes a sign recognizable in its form, despite the diversity of its characteristics, is for
Derrida, nothing but the ideality a sign essentially has.

Ideality for Husserl is what makes an object be experienced repeatedly as the same by different
subjects anywhere and anytime. Therefore, ideality is, as Derrida puts it, “the very form in which
the presence of an object in general may be indefinitely repeated as the same.”** More simply, it is
“only the name for the permanence of the same and the possibility of its repetition.”*?

If signs were to be reduced, then meanings would present directly to the consciousness. There is
no outer world to such presence; any relation to others would make ideality impure. “Living

present” is the ideal moment such pure “self-presence” is experienced. That is why Derrida calls it
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“the ultimate form of ideality”*3.

However, if ideality is only another name for the possibility of repetition, or as Derrida says, “it
depends entirely on the possibility of the acts of repetition,”** then the primordial present should
also be dependent upon the possibility of repetition. As to this, Derrida says:

The presence-of-the—present is derived from repetition and not the reverse.*

Derrida also points out that the presentation in the full consciousness is contaminated by the
re-presentation. In other word, the presence of the living present is marked by the trace of the
repetition of non-presence. It is because for Huserl, the primordial now is the moment which falls
off from the subsequent consciousness in itself, so “retention” and “protention” is necessary for it
to be perceived as “now” in the current of time. “Retention” and “protention” are both the function
of the consciousness; the former is to retain the now that has just gone and the latter is to wait for
what is to come. For Derrida, this structure of complete “now” suggests that the absolute now, the

living present, is abstract in itself and linked continuously with non-now. Derrida says:

But this pure difference, which constitutes the self-presence of the living present,
fundamentally reintroduces into self-presence all the impurity putatively excluded from it.
The living present springs forth from its nonidentity with itself and from the possibility

of the retentional trace. It is always already a trace.®

The trace is the retention to “others” which has never been presented. Derrida thus shows
that nothing will be experienced as “the same” unless its identity is inscribed by the movement
of “différance,” by the trace of the reference to non-now and non-self. This trace is, as it
were, an opening of the present to non-present, that is to say, of the inside to the outside.

2-3. The similarities of the two strategies

As we have seen, Nqggrjuna’s argumentative strategy is similar to Derrida’s deconstruction in
many ways. Just as Nggqrjuna appeal to the same logic as his opponents does in order to show their
absurdity, Derrida carefully follows the text he intends to deconstruct in order to expose its
inherent aporias’’ Moreover, for both, such aporias (absurdities) function as an opening of the
inside to its constitutive outside.

For Nggqgrjuna, this constitutive outside is what has been hidden by Abhidarmic philosophy,
where things are believed to have their own self-nature and thus exist as self-caused and
independent “something.” For Derrida, it is the outside of the metaphysical, or logocentristic
speculation, in which they believed that language can represent the truth. In either case, there is an

a priori assumption that things are known through their form of identity.

3. The differences of the two strategies
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Although both Ngggrjuna and Derrida employ similar strategies in order to produce similar
effects, there is a great difference in their intentions. Derrida tries to expose the constitutive
outside in order to give it the same authority as the inside. Though the outside for Derrida is what
the history of metaphysics has been hiding or prohibiting as not essential, that is, the accidental,
the pathetic, the formless, etc., his arguments are not consistent in criticizing metaphysical language
but evolves around such oppositions as those between speech and writing, self and others,
consciousness and unconsciousness, spirit and body, men and women, etc. It is because for Derrida
what matters most about metaphysics is the violent hierarchy of the binary oppositions where “one
of the two terms governs the other (axiologically, logicaly, etc.), or has the upper hand”*® On the
other hand, Nqgggrjuna’s mission is the salvation of all the beings from the sufferings caused by
ignorance. For him, the salvation is to be brought about when one renounces the attachment both to
the objects and the self, by realizing that all things are empty. In order to carry out this mission,
Ngggrjuna’s deconstruction is aimed at every existing thing, especially the self (the subject),
because in Buddhism the four greatest sufferings are birth, aging, illness, and death of oneself.

Ngggrjuna’s reductio ad absurdum is, therefore, what we may call “double edged.” It reveals
that language cannot represent the truth, and by doing so, it demonstrates that his own claim that
everything is empty is by no means truer than any other linguistic claims. It is at this very point
that Ngggrjuna’s dialectic reveals emptiness as the ultimate truth; without this self-denial,

emptiness would be held as a view, which is strictly prohibited by Nggqrjuna. He says:

The awakened ones taught that emptiness is the relinquishment of any and all
views, but those who entertain the view of emptiness is called irredeemable.
1[nyatq sarvad32t]nq/ proktq ni4saraza/ jinai4 |

ye2q/ tu lunyatqd32uis tqn asqdhyqn babhq2ire || (MMK,13,8)

Needless to say, this complete denial includes the denial of oneself (the subject), the
language-fabricated “1.” As a matter of fact, what we regard as a subject is not the true subject; it is
the subject already objectified by the dichotomous function of language. The true subject, the self,
is empty; it does not belong to the phenomenal world. Rather, as Wittgenstein says, it is “the limit
of the world.”*® In other words, it is the experience itself occurring here and now, the experience
which is not yet divided between the experiencer and the experienced: though Ngggrjuna as well as
Buddha is careful enough not to describe it in any affirmative language, lest it be given any entity.

This realization of the self as being empty brings about a radical transformation; it frees one
from all the attachments and sufferings. Since the self is not existent (nor non-existent) it never
comes into being, grows older, become ill, or dies: and when there is no self as a subject, neither

are there the objects of attachment. Yet, this realization has nothing to do with nihilism, for, as we
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have already seen, emptiness is not the denial of the ontological world, nor is it the denial of the
conventional truth.

Since Derrida’s deconstruction is not as drastic as Nggqrjuna’s, it does not lead to this type of
radical transformation. It is true that Derrida avoids idealizing “différance” by writing, “If
différance =*s<(and | also cross out the “=%¥) what makes the presentation of the being-present
possible, it is never presented as such.”?® However, his deconstruction does not go far enough to
deny the subject as neither existent nor non-existent. Thus his deconstruction does not lead to the
realization of the self (as being empty).

It does not mean that Nqggqrjuna’s deconstruction is better than Derrida’s. As previously
mentioned, their intentions are different. Derrida’s deconstruction does not intend to reveal “the
(true) self” but to reveal “others,” and for the sake of “others”, he would criticize any persistency
to the self, let alone the efforts to attain “the (true) self.” This is not a simple difference but a point
which has a significant meaning to the philosophy of emptiness.

Emptiness as reality is not in itself an object of deconstruction, but “emptiness” held as a view,
or identified as it is, is another matter. Though we all know that identification is inevitable in
language, the followers of Buddhism as well as the philosophers of oriental studies have talked a
lot about emptiness, and by doing so, they have, to some extent, contributed to its substantialization.
This is especially true when people believe that emptiness can be known directly through intuition
rather than paradoxically through deconstructive discourse. The dangerous and even violent aspect
of this substantiation is that, since the term emptiness suggests the cease of discrimination, the
view of “emptiness” may become a principle of “oneness,” which denies or absorbs all the
multiplicity of “others.” This is especially true when the negation of “non-X”, the negation of
negation, is regarded as a self-returning movement, the movement of the self to the true self (as
arkhe or telos, or both arkhe and telos.)

This substantiation is what Derrida calls “réappropriation.” Derrida, knowing that any
transgressive gesture encloses us again inside the closure of metaphysics,?* decided to stay at the

"22 and tries

limit of philosophical discourse, “on the bases of which philosophy became possible,
to describe the movement of the différance (trace), the insinuation of the outside into the inside.
This attitude of Derrida’s tells us that when aporias are excluded or resolved, or even when they

are sublated, the opening will be lost.
Conclusion

As we have seen, Nggqgrjuna and Derrida employ similar strategies of critical analysis which
may as well be called “deconstruction”. However, since their intentions are different, there is a
large difference between their effects. Nggqrjuna would say that Derrida’s deconstruction is
inadequate because it does not deconstruct the subject which carries out the deconstruction.
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However, accusing Derrida of his incompleteness only deprives this paper of the meaning of
interpreting the argumentative method of Nqgqgrjuna as deconstruction. As a matter of fact, from
Derrida’s point of view, the outside named as “the ultimate truth,” “emptiness,” etc. has a great
chance for “réappropriation.” To avoid this “réappropriation,” Nqgqgrjuna himself did not tell how
the reality is truly like. Philosophers, however, like to explain, and through the explanation, they
often substantializes the outside as “something” which is inexpressive.

In order to protest against this substantialization, direct denial of the substantiality is not
effective, because, as Ngggrjuna would agree, the denial of the substantiality only ends up as
another version of substantiality. Besides, we are contributing to the substantialization of emptiness
any way by merely referring to it and thus contributing to the denial of “others.” It does not follow,
however, that we have to keep silent and not talk about emptiness at all. As Nqggqrjuna says that the
ultimate truth cannot be taught without relying upon language, there is a time we have to talk about
emptiness. What is important is that we should always be aware of the possibility of
“reappropriation” of emptiness and keep its contradictory structure laid open.

This contradictory structure is what the realization of emptiness consists of. True, the
realization of emptiness, which does not occur without help of language, is always to some extent
accompanied by a movement of substantiation. Yet, since emptiness is neither existent nor
non-existent, the realization “lI am empty” comprises, at the same time, both “I am not empty” and
“l am not non-empty.” This contradiction, the aporia, is the trace of the outside, where any act of
“réappropriation” will be deconstructed continuously and infinitely.

Realization of emptiness being infinite deconstruction means that we can never attain emptiness.
In other word, we can never stay in the outside. Nirvgna, the ultimate freedom, is not to be found
anywhere beyond this world. It could be found right here in this world during the process of

deconstruction, the process of opening oneself up continuously and infinitely.

Notes

! “Deconstruction (déconstruction)” is a term coined by Derrida. It is a strategy of critical analysis which
is used for the internal destruction of the binary oppositions predominant in metaphysical languages.

2 Harold Coward, Derrida and Indian Philosophy, p.136.
® Ibid., p.141
4 As to this “nothing” being able to exist without “something”, Nggqrjuna says:

When the existent is not established, neither is the non-existent.
Indeed, the change of the existent is called non-existent by people.
bhgvasya ced aprasiddhir abhqvo naiva sidhyati |

bhgvasya hy anyathgbhqvam abhqva/ bruvate jang4 | (MMK,15,5)
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5 As to the details of Nqgggrjuna’s dialectical method, refer to my paper, “The Discourse of
Emptiness: On Ngqggrjuna’s Dialectical Method in MJ[lamadhiyamakakqgrikq” in Bulletin of
Okinawa National College of Technology No.2, pp.47-59, 2008.

® “différance” is a coined word which is derived from “differer.” It is a conceptual device which suggests

that the reference to others is always both special and temporal.
" Jacques Derrida, La voix et le phénoméne, pp.95-98.

& Derrida says, “despite the initial distinction between an indicative sign and an expressive sign, only an
indication is truly a sign for Husserl.” (La Voix et le phénomeéne, p.46.)

® Derrida, La Voix et le phénoméne p.55.

0 Joc.cit.

" Ibid., p.8.
2 |bid., p.58.
¥ Ibid., p.6
 Ibid., p.58.

B Joc.cit.

1% |bid., p.95.

7 Just as Nggqrjuna agues that the ultimate truth is not taught without relying upon conventional language,
Derrida says, “One can appeal against reason only by reason, and one can protest against reason only in reason.”
(Jacques Derrida, L'écriture et la difference, p.59.)

¥ Derrida, Positions, pp.56-57.

¥ Ludwig Wittgenstein, Tractatus Logico-Philosophicus, 5.632

2 Derrida, “La différance,” in Marges de la philosophie, p6.

2L Derrida, Positions, p.21.

2 bid., p.14.
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ABSTRACT

This paper shows the influence of flow behavior of multiple
impingement jets on characteristics of heat transfer of narrow
spaces. The jets were set a 11x11 nozzles of sharp edged orifice
type with D=1 mm in diameter. The jet-to-jet space is 4mm. The
experiments were performed for the separation distance, H,
between jet exit and impingement plate ranging from H/D=5 to 10,
at Reynolds number 310 ~ 630.

The time and spatial temperature profiles over the impingement
plate were measured using an infrared camera (TVS-8500, Avio)
with a two-dimensional array of Indeum-Antimony (In Sb) sensors.

To clarify the influence of the flow behavior on heat transfer fields,
we visualized a smoke flow field by means of a laser light sheet
method (LLS).

Based on these experimental data, the relationships between the
fluid flow and the heat transfer characteristics were clarified.

1. INTRODUCTION

Impingement jets have been widely used for rapidly cooling and
heating the surface or a body in engineering because relatively high
heat transfer coefficients are obtained near the stagnation point of
the impingement plate on which the jet impinges. Another
advantage is that heat-loads on the surface can be easily controlled
since the local heat transfer coefficients over the plate have been
nearly estimated when the diameter of the nozzle exit issuing jet
and the separation distance between the nozzle exit and the plate
are known.

The cooling of the heated surface which is elements of gas turbine
blades or combustion chambers has not been achieved with single
jet but by using multiple jets which eject the fluid flow in a
staggered or square fashion. Multiple impingement jets has the
advantage that the high heat transfer coefficients can be obtained in
wide area. Mori et al.!) experimentally investigated heat transfer
characteristics on a plate of multiple jets by varying the
arrangement of the jets and the protrusion on the plate in order to
improve the heat transfer characteristics, when two-dimensional
multiple jets impinged on a heated surface with roughness.

When a high temperature steel slab is cooled or a thin film is dried
by multiple jets flow, it becomes very important to heat or cool the
surface uniformly, and to enhance the heat transfer coefficients
simultaneously. Multiple jets were used in certain arrangements in
order to get high and uniform heat transfer coefficients; and its
feature is different from a single jet. When the jet-to-jet space and
the separation distances between nozzle exit and plate distance are
small, the adjoining jets may interfere with each other before the

jets attached to the target plate. In the present study @ © when the
jet-to-jet space is L/D=2 and the separation distances between
nozzle exit and plate is H/D=2, the neighboring jets unite before it
attaches to the target plate. This display looks like that of the
elliptic jet having the axes-switching phenomena observed
generally on a non-circular jet. When the target plate was placed
sufficiently far downstream from the exits, the jets behave the same
as that of the single jet. Thus both space jet-to-jet and separation
between jet exit and the plate are the most important parameters in
considering interference phenomena of multiple jets. Furthermore,
the multiple jets are affected by the spent flow streamed
downstream direction after the jet impinged. Therefore, the heat
transfer coefficient may be lower than that the single impingement
jet due to the interference of the adjoining jets and the spent flow.
Obot and Trabold® investigated how heat transfer was affected by
the spent flow of the jets being issued from circular orifice nozzles
and successively impinged over a heating surface, then being
dispersed outward; this was done in a rectangular passage with a
two or three dimensional flow field.

Recently, accompanying the miniaturization of the equipment,
multiple jets have been applied in narrow spaces. In this case, heat
and flow behavior of multiple jets show more complicated
characteristics due to the increase of the interactions between
adjoining jets, furthermore between jet and spent flow. Bertrand
PEet al. ® experimentally investigated the heat transfer
characteristics of multiple jets with a narrow space. They clarified
heat transfer characteristics at the large range of Reynolds number
when the multiple impingement jets impinged to the target plate in
narrow spaces. However, the influence of the flow behavior gives
on heat transfer fields is not yet clear.

In this paper, to make clear the effect of the flow behavior on heat
transfer fields, the time and spatial temperature profiles over the
impingement plate were measured using an infrared camera (TVS-
8500, Avio) with a two-dimensional array of Indeum-Antimony (In
Sb) sensors when jets being issued from a multiple nozzle impinge
on the target plate. At the same time, a smoke flow field was
visualized by means of a laser light sheet method (LLS), for the
multiple jets formed 11x11 arrays in a lattice pattern, where the
diameter of jets was 1mm and the jet-to-jet space is 4 mm.

The heat transfer mechanism was discussed based on these results
obtained flow and temperature fields. In addition to these results,
the relation among the averaged Nusselt number, Reynolds number
and separation distances between nozzle exit and the plate was
proposed as the experimental equation.



NOMENCLATURE

D: diameter of nozzle [mm]

H: distance between jet exit and impingement plate [mm]
hx: local heat transfer coefficient [W/m?K]

L: distance between nozzle [mm]

Nu: Nusselt number (=hx D/4)

g: heat flux on the plate [W/m?]

Re: Reynolds number (=Uy D/v)

t; : temperature of jets at the nozzle exit [K]
ty - wall temperature [K]

Uy :jet velocity at nozzle exits [m/s]

X: coordinate of horizontal direction in figure
Y: coordinate of vertical direction in figure

Greek symbol
A : Thermal conductivity of working fluid [W/mK]
v Kinematic viscosity of working fluid [m?/s]

2. EXPERIMENTAL SETUP AND
PROCEDURE

Figure 1 shows the schematic diagram of the experimental
apparatus. The experiments were carried out in a specially designed
open circuit wind tunnel having a jet emitter at the end. Air was
supplied to the jet emitter with a nozzle by a blower with variable
speed controlled through a calibrated orifice as a working fluid.

The arrangement of the nozzle, impingement plate, infrared
camera, and some dimensions are shown also in Fig.2. The
multiple jets issuing from the emitter plate of multiple nozzles were
struck onto a vertical target plate.

Detail of the emitter plate and some dimensions is shown in Fig. 3.

The emitter plate is 5mm thick, 150mm high and 150mm wide of
polished aluminum plate, was drilled to 1mm diametric orifice
holes in central portion. The multiple jets are formed in 11x11
arrays in a lattice pattern. The jet-to-jet space is 4mm, and thus
ratio of it to diameter is L/D=4. The origin point is at center of the
jet exits located in the center portion of the emitter plate, lateral
direction from origin point is X and the vertical direction is Y as
shown in Fig. 3.

The impingement plate was made of a Bakelite plate 150mm high,
150mm wide, and 10mm in thickness as shown in Fig.4. The
stainless steel foil of 10um in thickness (180mmx100mm) was
attached to the impingement plate as the heating surface. This
keeps a constant heat flux by supplying a direct current.

The temperature distribution over the heating surface was
measured by means of the infrared camera while observing the
thermo image of the back of the stainless steel foil through the
window of 50mm high and 50mm wide at the center portion on the
impingement plate as shown in Fig 4. It is located in back of the
heating stainless steel foil in order to observe the temperature
distribution of the heating surface. This is due to the fact that the
heating surface temperature was considered to be same as that of
the back surface because the thickness of stainless steel foil was
very thin; 10um. The back of the stainless-steel foil was painted
black in order to measure temperature distribution with a high level
of accuracy.
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Poly vinylidene chloride film which has a transmissivity for
infrared energy at near unity was attached to the back of
impingement plate to cover the window, and to prevent heat
dissipation from the back of the heating surface. The temperature
resolving power of the infrared camera is 0.025 K on a black
body and an infrared camera scans the thermo-images at 256x236
points on the heating surface per 1/120 second with 0.05 K
sensitivity. The spatial resolving power is 0.3x0.3mm per one
element when the distance between heating surface and infrared
camera is 30cm. Measurement waves length are 3.5 to 4.4mm and
4.5t0 5.1mm.

The heat transfer coefficients were calculated using hx=q/(t,-t; ),
where q is the heat flux on the plate, t, is the wall temperature
measured by the infrared image, and t; is the temperature of the jets
measured by T type thermocouples of 70um diameter inserted into
the jet exit. The infrared camera cannot catch the real temperature
of the surface of the impingement plate because its surface is not a
black body, and infrared energy does not completely penetrate the
poly vinylidene film. Therefore, the temperature measured by the
infrared image was calibrated by using a thermocouple soldered
onto the stainless steel foil, as shown in Fig.4.

To know the flow behavior of the multiple impingement jets, we
visualized a smoke flow field by means of a laser light sheet
method (LLS). The diameter of the smoke particles are
approximately between 0.3 to 1 um. Laser light sheet is a green
laser (Nd/YVO,4 53nm) which power is 1000mW. Width of the
Laser Light Sheet is 0.7 mm at a distance of 1m away from laser
exit. The smoke particles were inserted from the upstream region of
the nozzle exits and it is exhausted through each nozzle jets, after
that it impinged to the target plate. Laser light sheet was irradiated
between the emitter plate and the target plate shown as Fig. 5. And
we caught a picture of smoke flow from the vertical direction to the
laser light sheet by using the high speed video camera. The
maximal frame rate for this high speed video is 130,000fps.

The experiments were done at a nozzle exit velocity between 5m/s
and 10m/s, and the corresponding Reynolds number was between
300 and 630 based on the nozzle diameter and a nozzle exit
velocity. The jets impinged to the impingement plate for various
distance from jet exit to the impingement plate.

3. RESULTS AND DISCUSSION

3.1 Flow characteristics of the multiple
impingement jets

The flow behavior of multiple jets show complicated
characteristics due to the existence of the interactions between
adjoining jets, in addition, between jets and spent flow. In order to
clarify the influence of the flow behavior on heat transfer fields, we
visualized a smoke flow when the multiple jets impinged on the
target plate. A visualized flow at H/D=5 and H/D=10 are shown in
Fig.6 (a) and (b), respectively. Reynolds number of jet is 310, and
the frame rate of the high speed camera is 100 fps. The longitudinal
and abscissa axes show Y/D and H/D, respectively. The left side
and the right side in the figure are corresponded to the jets exit and
the impingement plate, respectively. Y/D=0, +4, 8, £12 and +16
correspond to the center of the nozzle exits. Green part in Fig.5
shows the tracer particle. The bottom in the figure looks darker
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than upper side, because the laser was irradiated between the
emitter plate and impingement plate from the upper side as shown
in Fig.5. At H/D=5 shown in Fig.6(a), the jets from the jets
emitter impinged vertically to the impingement plate and then
flowed to a radial direction along the impingement plate as the
spent flows. Near the impingement plate, we can see the vortex that
looks like a small black area in the figure. At the outer portion,
both spent flows and the vortex prevent the jets from impinging to
the target plate and the jet flows are bent to a radial direction. In
addition, the position of the vortex near the plate gradually moves
to the outer portion, and thus the impingement point gradually
moves to the outer portion. At H/D=10 shown in Fig.6 (b), each
jets vertically impinged to the impingement plate, and we can see
the vortex in Y/D=0, +4, £8, +12 and +16 neighborhood near the
plate similar to that of H/D=5.

To see a detailed flow field, the flow field where the center
portion in Fig. 6 was expanded as like shown in Fig. 7. The arrow
in Fig.7 shows the direction of the flow. At H/D=5 shown in Fig.7
(a), after the jets flow impinged, a spend flow along the plate from
Y/D=0 collides with a spend flow along the plate from Y/D=+4 on
vicinity of the middle of Y/D=0 and Y/D==4. After that the flows
separate from the impingement plate and then flow upstream region
toward the emitter plate direction. The flows to the upstream region
impinge to the emitter plate and then flow to a radial direction



along the emitter plate. Finally, these flows entrained to the
neighborhood of the main jet flows and impinged the impingement
plate again. Like this, the circulating flows are generated between
the main jets flows. At H/D=10 shown in Fig.7 (b), the flow to the
emitter plate was created by the spent flows between the jets. After
that it was entrained by the neighborhood jets. It differs from the
case of H/D=5, the flows do not reach the emitter plate. At H/D=5
and H/D=10, the circulation flows between the jets formed two
vortexes in a mutually opposite direction. These vortexes interfered
with the jet and caused a change in the flow of direction.

From these results, the appearance of a time average flow field
was understood. An actual flow field greatly changes in time. In
order to realize the instantaneous flow field, Fig. 8 (a) ~ (j) shows
the instantaneous flow field with the frame rate of the high speed
camera is 1000 fps. Overall, the jets and the spend flows change
along with time in Fig.8. Pay attention to the flow from the
impingement plate to the jets emitter plate at Y/D=-2 in Fig.8 (a).
While advancing from Fig.8 (a) to Fig.8 (d), this flow direction is
gradually inclined to an upward direction in figure. While
proceeding from Fig.8 (e) to Fig.8 (g), this flow direction is
gradually returned to the original direction that is vertical to the
impingement plate. While advancing from Fig.8 (h) to Fig.8 (j),
this flow direction is gradually inclined to a downward direction.
The cycle period of this flow cycle changes about 0.01 seconds.

3.2 Isotherms of infrared images

The time averaged heat transfer coefficients hx are calculated by
using thermal data from the infrared images. Figure 9 (a) and (b)
shows the time averaged heat transfer coefficients on the
impingement plate at H/D=5 and H/D=10 for Re=310. This figure
shows an averaged value of heat transfer in about 0.1 seconds. Here,
to make an easier comparison on the other parameter, the value in
which the local heat transfer is divided by the maximum heat
transfer in Fig.9 and 10 are indicated. The red color region in Fig.9
and 10 show the high heat transfer part and a blue color region in
Fig.9 and 10 show the low heat transfer part. At H/D=5 shown in
Fig.9 (a), the high heat transfer coefficients regions for the center
portion are almost coincident with the position of nozzle exit. Thus,
this result is corresponding to the jets vertically impinged to the
impingement plate. For the outer portion, the high heat transfer
coefficients regions slightly shift to radial directions. This is due to
the jets interference with the spent flow before it reaches the
impingement surface and the axis of the jets pressed toward spent
flow directions. Thus, the jets flow in the outer portion inclines
outside as shown in Fig.6 (a). At H/D=10 shown in Fig.9 (b), the
high heat transfer coefficients regions for the center portion and the
outer portion are almost coincident with the position of the nozzle
exit similar to that of H/D=5. However, the difference between the
higher heat transfer regions and lower heat transfer region becomes
small and it approaches overall at the same heat transfer
coefficients. This is due to the jets impinging to the target plate
while developing enough and having extended spatially,
comparing with H/D=5. Thus the neighboring jets interfere with
each others before the jets reach the impingement plate.

At Fig.9 (a) and (b), comparing the heat transfer coefficients of the
upper area with the heat transfer coefficients of the downside area,
the heat transfer coefficients of the downside area shows higher
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values than that of the upper area. This phenomenon was caused by
the heating surface on downside area to be cooled by natural
convection rather than the upper area.

Figure 10 (a) and (b) shows the time averaged heat transfer
coefficients on the impingement plate at H/D=5 and H/D=10 for
Re=610. At H/D=5 shown in Fig.10 (a), the high heat transfer
coefficients regions for the center portion are almost coincident

with the position of nozzle exit similar to that of Re=310. For the
outer portion, almost the same as Re=310. Comparing that of
Re=320 with that of Re=610, the difference between the higher heat
transfer region and lower heat transfer region becomes large in the
center portion because of increased nozzle exit velocity. At
H/D=10 shown in Fig.10 (b), the difference between the higher
heat transfer region and lower heat transfer region becomes small
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in comparison to the distribution of heat transfer coefficients at

H/D=5.
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The dark blue color in Fig.11 (a) and (b) shows a lower
temperature. The lower temperature regions are almost
coincident with the position of nozzle exit and that remain
independent in Fig. (a). On the other hand, at Fig. (b), the lower
temperature region for the center portion is adjoining the
neighborhood of the lower temperature region. Since the cycle
of the flow change is about 0.01 seconds, the frame rate of
infrared camera is not enough to catch these instantaneous
phenomena unfortunately. However the difference between the
time averaged isotherm and instantaneous isotherm is
approximately clear.

3.3 Distribution of heat transfer coefficients

The variation of the local heat transfer coefficient distributions
along the X/D with Re =310 ~ 630, at H/D=5 and 10 are shown
in Fig. 12 (a) and (b). At H/D=5, the distribution have peaks at
the nozzle position. These values of peaks are gradually
increased with increasing Reynolds number. The positions of
peaks move to the outer portion corresponding to the jets flow in
the outer portion which inclines outside as shown in Fig.6 (a).
At H/D=10, the distributions are becoming small overall
comparing with that of H/D=5. And thus, the difference of the
high heat transfer and the low heat transfer is small.

The distributions of the local heat transfer coefficient along the
X/D with Re =310, 630, at H/D=5, 6, 7, 8, 9 and 10 are shown in
Fig. 13 (a). (b). At Re =310, the distribution has peaks at the
nozzle exit position. The value of the peak is gradually
decreased with increasing H/D. And the positions of the peaks
move to the outer portion with increasing H/D. At the lower
Reynolds number, the distributions are almost constant. At Re
=630, the distribution has peaks at the nozzle exit position and
this value of the peaks is gradually decreased with increasing
H/D. This value is larger than that of Re =310.

3.4 Averaged heat transfer characteristics

To obtain the information about heat transfer characteristics,
averaged heat transfer was estimated by overall instantaneous
temperature distribution which was measured with infrared
camera in range of -16=X/D=16 and -16=Y/D=16. It was
averaged within this range to prevent the wall edge of
observation window from influencing it.

Figure 14 shows the change of averaged Nusselt number based
on averaged heat transfer coefficients and nozzle exit diameter
with Reynolds number for various separation distance between
nozzle exit and the plate. Nusselt number gradually increases
with an increasing Reynolds number at the all H/D and increases
with a decreasing in H/D. The highest Nusselt number at H/D=5
depends on 0.69th power of Reynolds number like shown in the
equation (1). On the other hand, the lowest Nusselt humber at
H/D=10 depends on 0.66th power of Reynolds number shown in
the equation (2). Thus the increase rate of Nusselt number
slightly becomes smaller as the H/D becomes larger.

Nu=0.038 Re®®
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Figure 15 shows the change of averaged Nusselt number with the
separation distances between nozzle exit and plate for various
Reynolds number. Nusselt numbers gradually decrease with an
increasing H/D at the all Reynolds number and decrease with a
decreasing in Reynolds number. The highest Nusselt number at
Re=630 depends on -0.33th power of H/D shown in the equation
(3). The lowest Nusselt number at Re=320 depends on -0.26th
power of H/D shown in the equation (4). Thus the decrease ratio of
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Fig.16 Characteristics of averaged Nusselt number

Nusselt number slightly becomes smaller as the Reynolds number
becomes smaller.

Nu=5.63 (H/D)%* (Re=630) (3)

Nu=2.94 (H/D) %2 (Re=320) (4)

To simplify the experimental equations, the dependency of
Nusselt number to Reynolds number is assumed to be Re®®” and the
dependency of Nusselt number to H/D is assumed to be (H/D)®3.
Here, this dependence of the Reynolds number is similar to that of
colliding of the large scale vortex and the colliding of the large
shearing flow. In addition, the Nusselt number is arranged by
(H/DY*3Re%". Figure 16 shows the correlation between averaged
Nusselt number and (H/D)%*Re®®. Finally, the Nusselt number is
expressed approximately by the equation (5). This equation (5) can
be approximated with an error 4.5% or less.

Nu = 0.07(H/D)**Re** (5)

4. CONCLUSIONS
Characteristics of the heat transfer on a plate being
impinged by multiple jets were investigated experimentally by
visualizing the flow and measuring the isotherms images.
The results are:

(1) The jets perpendicularly impinged to the impingement plate
and then flow to a radial direction along the impingement
plate as the spent flows. For the outer portion, the jets flow
are bent to the radial direction because of the interaction of
adjoin jets and spent flows.
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For instantaneous flow field, the jets and the spend flows
change along with the time. The cycle period of this flow
change is about 0.01 seconds.

The high heat transfer coefficients regions for the center
portion are almost corresponding to the position of nozzle
exit. At the outer portion, that region slightly moves to the
radial directions corresponding to the jets flow which inclines
outside. The difference between the higher heat transfer
region and lower heat transfer region has become small in
case of increasing H/D and decreasing Re. And it approaches
the same heat transfer coefficients overall.

Instantaneous isotherm images change corresponding to the
instantaneous flow field.

The distributions of the local heat transfer coefficient have
the peaks at the nozzle position. This value of peaks is
gradually increased with increasing Re and with decreasing
H/D. The positions of peaks shift to the outer portion
corresponding to the jets flow which inclines outside.

Nusselt number depends nearly on 0.67th power of Reynolds
number and on -0.3th power of H/D. and thus, Nusselt
number is arranged by (H/D)°*Re®®” shown in the equation
(5). This equation (5) can be approximated with an error
4.5% or less.
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ABSTRACT

In the Radio-over-Fiber (RoF) link of Worldwide Interoperability for Microwave Access (WiMAX) of IEEE802.16-
2004, three different types of Multi-Quantum-Well (MQW) Distributed Feedback (DFB) Laser Diodes (LDs) are
evaluated with Relative Constellation Error (RCE). The RCE is measured using a subcarrier frame of the IEEE802.16-
2004. The two types of MQW-DFB-LDs are designed for community antenna television (CATV) applications. Another
one is an Electro Absorption Modulation monolithically Integrated (EAMI) MQW-DFB-LD that is designed for
10Gb/s digital applications. The 1550nm and 1310nm MQW-DFB-LDs show similar RCE characteristics in the same
test condition. The RCE values are lower than -44dB over the modulation powers between -5 and -20 dBm, and over
the optical powers between 3 and 6mW. The EAMI-MQW-DFB-LD shows different RCE values, in comparison with
the others. The RCEs lower than -40dB are obtained in a narrow range of the modulation powers between -10 to
-15 dBm and the optical powers between 2 and 3.5mW. These results are similar to that of the Error Vector Magnitude
(EVM) measurements in the IEEE802.11g (WLAN). Those types of MQW-DFB lasers are suitable for both the CATV
and the WiMAX applications, and satisfy both the cost and the low RCE performance.

KEY WORDS
RoF, WiMAX, RCE, IEEE802.16-2004, DFB Lasers, CATV
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Abstract

Neuroblastoma is the third-most-common solid tumor of childhood. To date, no reliable blood marker for
neuroblastoma has been established. The growth factor midkine is highly expressed in human carcinomas, and its
knockdown leads to tumor growth suppression in animal models. Here, we evaluated the plasma midkine level in
human neuroblastoma patients. Plasma samples were obtained from patients found through mass screening, as
well as from sporadic neuroblastoma patients. The total number of cases examined was 756. Among them,
prognostic information was available for 175 sporadic cases and 287 mass screening cases. Midkine levels were
significantly higher in neuroblastoma patients including both mass screening cases and sporadic cases than in
non-tumor controls (p<0.0001). The midkine level was significantly correlated with the statuses of MYCN
amplification, TRKA expression, ploidy, stage and age (p<0.0001, <0.0001, =0.004, <0.0001 and <0.0001,
respectively), which are known prognostic factors for neuroblastoma. There was a striking correlation between
high plasma midkine level and poor prognosis (p<0.0001). Within sporadic cases, the midkine level was also
strikingly higher than in non-tumor controls (p<0.0001), and correlated with the statuses of MYCN amplification
and stage (p =0.0005 and =0.003, respectively). There was a significant correlation between high plasma midkine
level and poor prognosis (p=0.04). Taken together, our data indicate that plasma midkine level is a prognostic
factor for human neuroblastoma.
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A gall-forming copepod causes localized bleaching of the coral Porites
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Abstract

I found a small circular white spot on the surface of a coral Porites spp. on the reef flat of Okinawa
Japan. This white spot resembles its color and size in PUWS (Porites Ulcerative White Spot
Disease) reported from Philippine. However the white spot observed in Okinawan Porites was not
PUWEF disease, and found that a copepod Xenomolgus varius lives in the skeleton under the spot
(Hoi and Yamashiro, 2007).  X. varius was found from the formalin-washout of the coral Porites in
Mauritius (Humes and Stock, 1973) and it has not been unclear where this species live. The
individuals situate in the skeleton and the head is set upward. Coral soft tissue has a small hole,
through which they may get something and release larvae. The present study is to elucidate the
reason why the copepods bleach coral tissue. To observe the relationship between copepod and
symbiotic algae, histological sections were made. Furthermore the gut content of the copepod was
investigated with a fluorescent microscope.  This parasitic copepod did not affect coral
reproduction. Observation showed that the copepod eats symbiotic algae of the host coral. To get
sufficient food, they must need culture algae around them under dim light. The copepods have to
inhibit the growth/photosynthesis of upper symbiotic algae as a curtain, because they need much
sunlight for lower algae as a food. This cryptic copepod has highly organized strategies;
transformation of the coral skeleton to live in, inhibition of symbiotic algae to uptake sunlight and
culture. Although the effect of copepod inhabitation on host coral seems not to be serious at
present, continuous monitoring is needed.

(Symposium 7, Diseases on coral reefs)(llth International Coral Reef Symposium, Fort Lauderdale,
Florida, USA)
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Fig. 1

A massive coral Porites sp. White spots on the
surface of the coral showing inhabitation of the
parasitic copepod Xenomolgus varius.
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Fig. 2
Xenomolgus varius in an envelope of coral tissue (left)
and the hole made by the copepod (right)

KHAT VEEBEOY L TMEEY H L CHE
BLT-FER, 2VES Z LI TE DL DDWFEKEE
HiF7e <, BE b THRE CTH o7z, THEHDE
FIZITERA2F > TPV (Figl). Bt 2L T
TSR L O S L — Y —
TBEEIT-oT2E 2 A, Zun 7 4 VG ORM
LA L TWelow, BhmazER - AL T

WD ZEBHBINE ST (B 7 v BHDIZY,

OB ITERE), BRI OEICLEENA LN
M, ECOWTITMEOREZEAL L TV izD
THIEENTWD Z ERbhodz, B —
AR/ S e/ =R =R AP IO -6 i = = oY
BlEsh ol GUEREROERNG, 18 Hikk
PAREFLCOWAHIRIZI0HELE 1T HEUANTH -
77

anterior pocket

eggbépsMe

Fig. 3
Dorsal view of the female Xenomolgus varius, right
egg capsule is not shown.
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Fig. 4

Vertical thin section of the female colony of Porites sp.
Note that copepod inhabitation (a dotted circle) does
not have inhibitory effect for host reproduction.
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The Black Woman Is Beautiful:
Women’s Fashion in the 1970s and Strong Blaxploitation Female Characters
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Abstract

The strong female lead characters in blaxploitation films such as Coffy (1973), Cleopatra Jones (1973), and Foxy
Brown (1974), depart from the conventional depiction of black women in Hollywood film. In these films, women are
portrayed as both strong and beautiful, and such attributes are emphasized not only by their physical prowess, natural
beauty, and intelligence but also through their hairstyle and outfits. This study attempts to reveal the relationship
between the sociocultural contexts and female-oriented blaxploitation films and to reconsider the importance of
cinematic excess for the historical representation of black women. Utilizing contemporaneous advertisements and
articles in black magazines, this paper analyzes how the ads about hair products and clothing articulated racial pride
and what kind of images of women were presented to black people. Blaxploitation films played an important part in
reflecting or contributing to the era’s trend, providing uplift messages in their fantastic narratives and images.

Keywords: blaxploitation, black women, beauty, fashion, the 1970s

Introduction

Among blaxploitation films, which usually center around a male lead and in which women are treated badly
as mere sexual objects, those featuring a strong female lead character, such as Coffy (1973), Cleopatra Jones (1973),
and Foxy Brown (1974), assume an exceptional quality, consisting of a conspicuous subcategory, though small in
number. In other words, these female-centered blaxploitation films seem to depart from the conventional depiction of
black women and to offer a new type of representation of them. However, female-centered blaxploitation films have
also been criticized because of their excessive use of sex and violence, and the status of such female characters is
ambiguous; Stephane Dunn, for example, argues, “Foxy Brown stands somewhere uncomfortably between the
stereotype of the dangerous sexual black woman, the strong black superwoman, and a potentially new kind of
heroine” (71). This embodiment of both positive and negative traits—depicting the black woman as powerful while
exploiting her beauty and sexiness—tend to be the center of the critical discourse, especially in the case of Pam Grier
characters.’ In this way, women in blaxploitation have tended to be analyzed in terms of their negative treatment,
their immorality, or the excessive exposure of their bodies even though these female-oriented blaxploitation films
have also been recognized as exceptions.

| agree with this type of analysis and it is absolutely important to point out the problematic, stereotypical
representations of blacks. However, the especially striking outlook of the characters in these films seems to signify
some historical facts about black women, and this is also worth examining. It is my contention that the strength and

! See Donald Bogle’s Toms, Coons, Mulattoes, Mammies, and Bucks: An Interpretive History of Blacks in American
Films (New York: Continuum, 2001) and Ed Guerrero’s Framing Blackness: The African American Image in

Film (Philadelphia: Temple University Press, 1993) among others for the details. Dairus James also points out that
Grier’s Foxy Brown is “[b]oth an object of male sexual adoration and a 1970s feminist model of the liberated
woman,” appearing in Playboy and Ms. [a mainstream feminist magazine] in the mid 1970s (45-46). See That’s
Blaxploitation!: Roots of the Baadasssss ‘Tude. (New York: St. Martin’s Griffin, 1995).
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sexiness of the strong woman in blaxploitation is closely related to or emphasized not only by her physical prowess,
natural beauty, and intelligence but also through her hairstyle and outfits.

Therefore, rather than criticizing the sex-object or praising feminist aspects of female characters, | want to
focus on the strong women’s fashion or style in the films and explore the relationship between the powerful and
beautiful black women and fashion in the 1970s; what does the female characters’ outlook signify beyond their beauty
and sexiness? How are the strong and feminine images of women relevant (or not) to social, political, or cultural
currents of blacks in the 1970s? What does the black-power era’s fashion suggest about race, beauty, and status?
How did these characters present images of the new sexy black woman to America in the 1970s?

To answer theses questions | will turn to the contemporaneous contexts concerning the black power
movement, cultural trends, and the major shift in black women’s socio-economic status and beauty culture. | will
examine women’s hair and clothing and explore the discourses surrounding fashion in the 1970s. Hair has been the
most conspicuous signifier of race after skin, and it has been one of the central issues dealt with in African American
literature, popular culture, and academic discourses. Clothing is also significant in that it signifies individual and/or
collective identity. | will use advertisements in contemporaneous popular black magazines such as Ebony, Essence,
and Jet® to understand what kind of images of women were presented to black women and how the ads about hair and
hair products articulated racial pride. | will also examine ads for clothes for racial and feminist implications, and
consider the relationship between cultural trends or fashion and the cinematic representation of a new type of women
in blaxploitation. 1 will mainly refer to the strong “heroines” played by Pam Grier and Tamara Dobson (especially
Foxy and Cleo), for they have been understood as the representative actresses in this group of films, and they most
pertinently embody the discourses of beauty, power, and pride, even though their characters are the most fantastic
figures. An examination of the contemporaneous fashion will help to reveal the nexus between the social and cultural
contexts and female-oriented blaxploitation films, and to reconsider the importance of cinematic excess for the
historical representation of black women.

I. Ethnic Diversity and Cultural Nationalism in the 1970s

America in the late 1960s witnessed a major shift in identity politics. As historian Bruce J. Schulman
explains, “Americans retreated from that expansive, universalist vision. Instead of widening the ‘we,’ the nation
reconstructed itself as a congeries of many narrower units” (77). That is, separatism replaced the integrationist
aspiration of the civil rights era, and black nationalism and militancy appeared under these circumstances in the late
1960s. By the 1970s, politicians acknowledged inassimilable groups of people positively as a promise, not a problem
(68), and minorities as well as the majority embraced “a politics of identity” (77). This attitude helped to promote
various social, legal, and ideological developments that favored ethnic diversity in the 1970s and early 1980s (68).

This notion of diversity was not limited to the political domain; it also involved cultural practices. As
Schulman also writes:

American popular culture reenacted the debate between integration and diversity in the 1970s. The nation’s

moviehouses, record stores, and dance clubs witnessed and extended, if not always conscious and articulate,

dispute between the fading integrationist ideal and the emerging nationalist sensibility. (72)

Specifically, African Americans shifted their attention to their roots in Africa and thought that their racial heritage
brought meaning to their life and offered a significant degree of sense of identity (Van Deburg 194). They were also
aware of the value of the unique cultural heritage that could be utilized for the racial empowerment movement (194).

2 Ebony, which emerged in 1945, has had a wide circulation among blacks and it is known for its race empowerment
traits. Tony C. King, for instance, states, “Ebony could take the high ground and serve the needs of those in pursuit of
the American dream Afrocentric style” (89). On the other hand, Jet is in King’s term “a magazine of the people,” and
features gossipy topics, “keeping the public abreast of fashion trends, celebrity break-throughs, breakups, hookups,
and hoedowns” (King 88-89). Essence, a woman’s magazine, has a classy tone and it is integrationist, championing
the Western standard of femininity (Benshoff 41).

® For African Americans, it was called the “politics of black ethnicity” (quoted in Schulman 63). See Harold Cruse,
The Crisis of the Negro Intellectual (New York: Morrow, 1967): 8-9.
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In the 1970s, the soul style became popular among blacks, and many people wore the natural Afro style, listened to
soul music, ate soul food, used soul talk, etc.* African Americans recognized the importance of rejoicing in their
culture, and what Schulman calls “cultural nationalism” (67) played an important part for African Americans in their
everyday life in the 1970s. The proliferation of these various cultural forms, which became the fashion of the time,
consequently made black culture synonymous with Black Power.

11. Black Women’s Social Status, Pride, and Beauty Consciousness

During the 1970s, the number of the black middle class increased, and more and more black people were able
to get better jobs. As Jon Kraszewski notes, “more working-class African Americans began entering college and
moving into corporate, political, legal, and public sector jobs” (51), which was an important change in American
history. Surprisingly, in the 1960s and 1970s, more black women than black men and white women were
professionals.” According to sociologist Cynthia Fuchs Epstein, this “had little to do with advantage but a great deal
to do with the attitudes of each woman’s family, her sense of self-worth, the role of her mother, and her superiors’
perceptions of her” (quoted in Giddings 332).° A 1970 census that indicates young working black women’s earning
surpassing those of their white counterparts (Weems 51)" also supports this changing social status of black women.

Another survey conducted in the mid 1970s by Stanley M. Zdap also supported a similar implication about
black women at that time. He focused on young disadvantaged black girls between 9 and 17 years old and found that
they thought of themselves as “better looking, quicker to learn, and better dressed than either advantaged or
disadvantaged whites” (“Black” 6). He then indicated that the slogan “‘black is beautiful” may be successful among
the black group” (6). The article in Jet is a brief report of the survey and does not clarify the reason why Zdap chose
those specific groups of girls and did not expand his focus to different age groups; however, this survey helps us to
understand how black women regarded themselves in the 1970s. Significantly, the survey also points out how the
young women emphasized their appearance. The magazine then featured a positive response to this survey from a
reader (Sharon Davis) in the next issue:

After reading of the survey [. . .], | felt I had to write and say, ‘Right On.” | am a Black women [sic] of 18

and | am most definitely proud to be. | felt a surge of pride after reading that article because that’s how | feel

about myself in relation to other races. Black is beautiful. (5, emphasis in original)
This letter supports Zdap’s interpretation of black female pride.

Another letter in Jet titled “Black Women Are Beautiful” praises black women in pinups. The writer (a
sailor) says that whenever white men come to his room, “they grin for 30 minutes” because of the “beautiful sisters in
the pinups” (Bogan 4). He thanks the editors of the magazine for being proud of black sisters and goes on to say that
he is regretful of having only put up pinups of white women before. As this letter indicates, the phenomenon of black
women’s beauty was not just a trend among young black women or even black men.

This trend of celebrating African heritage or blackness originated in the 1960s, shifting the idea of beauty in
American society. In her book entitled American Beauty, Lois W. Banner points out that the 1960s was the first time

* See William Van Deburg, New Day in Babylon: The Black Power Movement and American Culture, 1965-1975
(Chicago: University of Chicago Press, 1992: 192-247) for the various soul styles.

> For an analysis of how black professional women are presented in Ebony, see Tony C. King, ““Who’s That Lady?:’

Ebony Magazine and Black Professional Women.” (Disco Divas: Women and Popular Culture in the 1970s. Sharrie

A. Inness, ed. Philadelphia: University of Pennsylvania Press, 2003: 87-102).

® A typical description of the mother of professional women is that though she is not stronger than the father, she is

the most aggressive and takes actions to improve the family’s situation (Giddings 333). This is similar to the

description Pam Grier gives about her mother, aunts, and grandmothers in an interview (or interviews): “I based my

screen characters on my mother, aunts and grandmothers. They were the kind of women who would fight to their last

breath before they’d give up their purse to some punk robber” (Louis B. Hobson, “Foxy as ever,” Calgary Sun Dec.

21, 1997). Epstein found that the daughters of such mothers had much confidence in themselves (333).

’ But the subjects were limited to those who lived in the North or West in this survey. That is, there were more low-

income groups in the South and other areas.
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in U.S. history when writers on beauty extolled non-European models of beauty and those models were regarded as
deserving cultural emulation (289).% “Black is Beautiful,” the slogan originally for black activism, permeated black
society, having an enormous impact on black people’s sense of pride and beauty in wider contexts in the 1970s.°
Another letter in the June 1973 issue of Ebony entitled “More Beauties” also supports this idea:

I hope your publications will continue to feature on cover more of America’s Black beauties in movies,

entertainment, athletics and wherever you find them. If you take this tip, you will find circulation zooming.

Let’s get with the NOW generation. (Tieuel 25)™°
“Black is beautiful “ was a successful slogan, indeed.

Strong blaxploitation characters reflect these trends—the increasing number of black female professionals, an
explosion of a sense of pride, and the celebration of black beauty. Cleopatra Jones is a government agent, and though
they tend to be extreme, her possessions such as gorgeous clothes, car, etc. suggest her financial or class status.
Grier’s Coffy and Foxy, who seem to be more ordinary or realistic, are nurses.™" Also, her appearance (including
makeup, jewelry, and clothes) and the décor of her room indicate her middle class status,? reflecting the rising
number of the black middle class and the shifting status of black women.

I11. Fashion: Individual and Group Identity, Enhancement of Status, and Consumer Culture

The era’s celebration of black beauty had a close link with fashion. Fashion in this period is therefore
especially pertinent to not only African Americans’ lives but also blaxploitation films. Before discussing the specific
1970s fashions, | will survey some of the functions of fashion and their relevance to or importance for black identity,
empowerment, and beauty.

As is well known, a major function of fashion for the individual is “searching for meaning in his or her
existence” or “striving to establish his or her identity” (Lauer and Lauer 3). Fashion at the same time embodies two
opposing ideas, i.e. expression of ourselves and conformity to the group. Fashion can therefore be both individual
expression and a social phenomenon.

A person can also use fashion as a tool for enhancing his or her status. A number of theorists of fashion
“have analyzed fashion as a tool that is used to gain advantages over others in the competitions” (Lauer and Lauer 6).
For example, those who have lower status can utilize clothing in order to improve their status or to confront the
existing social structure (8). In her book on working women in the early 20th century, Kathy Peiss writes, “Dress was

8 She goes on to state, “But arguing that even the commercial beauty culture presented blacks as beautiful does not
mean that the popularity of traditional sorts of looks went out of style. Voluptuous blonds and elegant brunettes were
still greatly admired. What is important about the 1960s is that the rigid standardization of physical appearance was
broken to such an extent that, more than ever before, a variety of racial and ethnic looks could be seen as attractive.
By the 1970s blacks and orientals (although in small numbers) even advanced to the finals of the Miss America
pageant, while the Miss Universe contest presented as beautiful a worldwide selection of disparate faces and bodies”
gBanner 289-90).

The slogan was also used in advertisements in this period with slight moderation: “Black and blue is beautiful” (Lee
jeans); “Black and White and Beautiful” (Flagg trousers and shoes).
1% Ebony in fact chose quite a few popular figures including popular singers, blaxploitation actors and actresses, or
other “beautiful” celebrities in the mid 1970s for not only the cover but also the feature article (and the person/people
discussed in the feature articles seemed to be chosen for the covers). An article about four black blaxploitation
actresses, “The Battle Among the Beauties: The Black Actresses Vie for Film Roles,” which | will discuss below,
appeared in the November 1973 issue. In addition, just like “right on” in the previous letter, the word “NOW” seemed
to be part of black pride discourse. A wig advertisement in Ebony (June 1973) reads “The ‘Now Look’ Is Here!”
1 Foxy Brown does not specify her job but it is supposed to be a sequel to Coffy, in which Grier plays a nurse.
12 Robert E. Weems states, “the 1970s blaxploitation film genre represented an extremely effective means to more
fully incorporate blacks as American consumers” (90). He also discusses the surging market for ethnic beauty
products that suggests the black woman’s fascination with beauty and personal care products. This also evokes the
financial power, beauty, and sexiness of the single, professional women in blaxploitation films.
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a particular potent way to display and play with notions of respectability, allure, independence, and status and to assert
a distinctive identity and presence” (63). In other words, those working women “put on style” as they worked on the
street (63), aspiring to gain a certain, unique identity and better status. Peiss also explains that working women
viewed dress as “a cultural train of pleasure, expressiveness, romance, and autonomy” (64), and they spent a lot of
money on clothing, hats, etc. Although people no longer spent much money on hats in the 1970s, this notion or
tendency is applicable to African Americans’ fashions in the 1970s.*® For oppressed or socially underprivileged
groups like working class women and African Americans, fashion is a way to cope with that status and is thus an
important device for enhancing identity, self-esteem, and social status. Cultural critic Kobena Mercer also regards
style “as a medium for expressing the aspirations of black people excluded from access to ‘official’ social institutions
of representation and legitimation in the urban, industrialized societies of the capitalist First World” (248).

Fashion is also closely connected with consumer culture, which facilitates the profusion of certain styles in a
given time. The 1970s fashion in African American society (and American society in general) is especially tightly
linked to a consumer culture context, partially because of the economic improvement after the Civil Rights era. Anne-
Lise Francois, for example, characterizes the 1970s fashion as:

a transposition of civil rights expressions of faith in black power and black freedom into an asocial and

depoliticized consumer context where the address can no longer be collective because it is no longer a

question of a struggle to mobilize people around a common experience of racial disempowerment but of an

individual’s quest for upward mobility. (162)

Guerrero also calls the shift from the 1960s to the 1970s as one from the “we generation” to “me, the consumer
generation.”** The original implications of the soul style, as a result, were changing or being depoliticized as more
and more African Americans consumed fashion.

Regardless of the negative force or implications the idea of fashion as commodity offers,™ fashion functioned
to empower individual African Americans at the cultural or personal level, and popular culture such as movies and
magazines played a large part for an individual seeking “upward mobility.” Even though they tend to be unrealistic,
films and magazines could offer the viewer/reader a sense of hope, models to aspire to, or uplift messages. It is
impossible for everybody to copy the styles of characters or models in exactly the same way; however, ordinary
people, middle or working classes, can also apply or imitate these fantastic models in one way or another. As Rabine
states:

The fantasies generated by fashion magazines (or videos) do not confine themselves to the page (or screen).

They are actually acted out by readers on their own bodies. Imitated from magazines, movies, or videos, and

worn in daily life, fashion erases the boundary between the ‘real’ and the “fantastic,” between the private

escape of fantasy and public intercourse. (63)

The role of popular texts or fantasy is thus significant, for it both entertains and empowers people. In addition, films
and fashion magazines can also reflect popular fashions on the street and imitate or incorporate them. This circular or
two-way mode evokes Lauer and Lauer’s argument about the diffusion of fashion: “the pattern of diffusion was one of
a simultaneous adoption across the strata and spread within strata, rather than adoption from the upper to the lower
strata” (13-14). In short, while expensive styles cannot become a fashion, certain styles (such as the Afro and the bell-
bottom) can easily become the fashion of the time transcending class, while creating specific racial group identity.

3 According to a survey, in 1950, black men spent more for clothes than did their white counterparts at all income
levels, and the prices of the items sold to blacks were higher than those sold to whites, suggesting that the individual
black was more conscious about clothes, using it to enhance his status (Lauer and Lauer 8-9).

' In Baadassss Cinema (dir. Isaac Julien, 2002), a documentary about blaxploitation films.

15 See Leslie Rabine, “Fashion and the Racial Construction of Gender” (“Culture’ and the Problem of the Disciplines,
Ed. John Carlos Rowe, New York: Columbia University Press, 1998: 121-140) for negative implications of fashion
and its complex nature regarding subject formation through “corporate ideology” and “emancipatory self-fashioning”
(121).
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1V. Hair and Race

As a number of critics have pointed out, hair is one of the most salient racial features. According to Wendy
Cooper, for example, hair and skin “are the two most important physical attributes for racial classification” (quoted in
Banks 5). Although we usually regard the color of the skin as the most conspicuous racial signifier, some critics like
Paulette M. Caldwell argue that hair texture, not skin color, is the most notable signifier that classifies race (383).
Although these “racial features” may get complicated because of their changeability, hair, rather than skin, can
become a site of personal and racial expression and a site that embodies desire, which pertains to the social and
political situation of a given time.”® Caldwell also emphasizes the aspect of identity politics of blacks’ hair: “the
choice by blacks either to make no change or to do so in ways that do not reflect the characteristics and appearance of
the hair of whites, represents an assertion of the self that is in direct conflict with the assumptions that underlie the
existing social order” (383-84). Mercer also makes a similar point; since hair is generally changed or “worked upon,”
it is a raw material that is “constantly processed by cultural practices,” investing it with “meanings” and “value,”
“making it the medium of significant ‘statements’ about self and society” (248-49). He further states:

when hair-styling is critically evaluated as an aesthetic practice inscribed in everyday life, all black hair-styles

are political in that they articulate responses to the panoply of historical forces which have invested this

element of the ethnic signifier with both personal and political “meaning” and significance. (251)
Hair is thus closely linked to racial politics, embodying both individual and group identity for African Americans. In
addition, Mercer’s point about hair being “constantly processed by cultural practices” is also of note; it suggests that
hairstyles are also fashion, largely affected by the culture of a particular moment and of a historical force. As Cooper
points out that hair is easy to control and variable, denoting status, setting fashion, or serving as a badge (7, quoted in
Banks 5), hair connotes a complex mixture of social/cultural/political circumstances and personal/social expression.
The next section will explain these aspects in a more specific way.

V. The Afro: Black Pride and Beauty

Before the 1960s, it was a common practice for black people to straighten their hair according to the
mainstream standard of beauty. In other words, natural hair was far from the notion of beauty before this period. This
perception changed drastically in the 1960s and 1970s, and wearing natural hair became accepted and welcomed,
reflecting the political climate of the time. As Frank W. Hoffmann and William G. Bailey explain, the Afro
“represented both a break with the integrationist civil rights movement led by organizations such as the NAACP and
the Urban League and an aggressive assertion of black pride” and it became prominent by 1968 (15)."" A lot of black
people at this point rejected the costly, painful, and racially degrading chemical relaxers and perms, opposing white
power and dominance, and celebrated a kinky, African hair texture that became an icon capturing turmoil, anger, and
hope; that is, “[b]oth literally and figuratively, the Afro lent stature of those who wore it, making it the perfect
expression of black pride and power” (Simon 39). Van Deburg also defines the Afro as “a highly visible imprimatur
of blackness; a tribute to group unity; a statement of self-love and personal significance” (201). The Afro hairstyle
thus served as a significant symbol, indicating not only self-expression but also a group identity shaped by the
political climate in the late 1960s.

Although the Afro was worn by both men and women, a number of writings on it focus on women.*® Noliwe
Rooks, for example, discusses political and identity issues surrounding black women’s hair: “the representation of hair

18 Although one could change the tone of the skin with the skin lighteners once widely circulated in black society, the
texture or color of hair is much more easily altered. Noliwe Rooks points out the huge influence of advertisements for
hair products on African American culture and society, because of the changeability of the hair’s texture (15).

1" For the history of the Afro, see Robin D. G. Kelley, “Nap Time: Historicizing the Afro” in Fashion Theory 1.4
(1997): 339-352.

'8 Adoption or incorporation of an autobiographical style seems to be a fairly common practice in black women’s
(academic) writings on hair and (other topics). Gloria Wade-Gayles’ Pushed Back to Strength: A Black Woman’s
Journey Home, Andrea Breton Rushing’s “Hair Raising,” and Rooks’ Hair Raising are examples of this style among
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and the discussion of the meaning of African American women’s relationship to their hair illustrate the extent to
which hair becomes synonymous with politics and the construction of a group identity” (16). Similarly, in her essay
titled “Hair Raising,” Andrea Benton Rushing recalls, “I talked about how the personal is political and kinky hair was
beautiful enough to jump out in public without a straightened disguise” (334)." Historian Robin D.G. Kelly also
raises the issue of beauty and hair: “For black women, more so than black men, going “natural’ was not just a
valorization of blackness or Africanness, but a direct rejection of a conception of female beauty that many black men
themselves had upheld” (348). °

The Afro-wearing women in blaxploitation represent the political meaning and the sense of black beauty of
the time. Grier’s Foxy wears a big Afro when confronting her white enemy in the last part of the film, valorizing and
emphasizing blackness and difference. In addition, when she is with black men, she also wears an Afro, showing or
asserting black femininity or beauty. It is therefore worth examining the image and meaning of black women’s hair in
black society in the early to mid 1970s in order to understand what meaning female blaxploitation characters might
have in relation to racial and sexual issues. | believe that advertisements in popular black magazines are one way to
get a good sense of how the Afro played a part for creating empowering messages and racial identity as well as setting
a trend.

VI. The Afro Advertisements: Empowering Black Women and Enhancing Group Identity

The 1970s witnessed a surge in the Afro and hair products. Ads in popular
black magazines illustrate this trend, and they also reflect the era’s racial pride current.
For example, an ad for Wella Balsam shampoo and conditioner in the September 1973
issue of Ebony places a black woman in a big Afro in the center with a partially shown
black man in the background (Fig.1). On top of the photo, there is a headline, “Love
your hair” and there is an explanation of the products: “Wella Balsam. The original.
Makes your hair beautiful as no other balsam can” (emphasis mine). Another phrase,
“For the beautiful two of you” (emphasis mine) is put on the bottom of the page. “Love
your hair” and the Afro connotes black pride and self-esteem, and the repeated use of the
word “beautiful” also reflects the celebration of black beauty.

R Blach Woman. You Are Pive o1 Jix Women,
Yorta (48 Blec Rl Block. Rl Beowtifel.

Fig.1 A Wella Balsam ad in Ebony

Similarly, there are a number of Afro wig ads in these magazines.
According to Frank W. Hoffman and William G. Bailey, the Afro wig was a
notable by-product, which “allowed potentially compromised entertainers as well
as average citizens to appear hip and/or politically correct when the occasion
demanded it” (16). Diana Ross, for example, wore an Afro wig on particular
occasions. Pam Grier and Tamara Dobson characters also wear a big Afro “when
the occasion demands it.”**

Fig.2 An Afro-wig ad in Essence

others. Hair has also been a frequent subject in black women’s literature. See Rooks on African American women
writers (pp. 7-12).

19 She also criticizes Ebony and Jet for showing women with straight hair.

2 An increasing number of interracial couples in the 1960s and 1970s suggests that this new notion of beauty was also
embraced by white people. The “Strictly for Laughs” section of the January 1974 issue of Ebony exemplifies and
satirizes this trend, presenting an illustration of two interracial couples in which the Afro-wearing black man and
woman with their straight-haired white partners look away from each other as they pass by.

2! Although wigs run counter to the idea of the Afro as “natural,” wig ads still emphasized blackness (hence “natural”
look) and its beauty while referring to the practicality of wigs unlike the real Afro. This is also related to the
commercialization of the Afro which I will discuss in the following section.
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One of the Afro-wig ads that appeared in the December 1972 issue of Essence also implies black beauty and
pride (Fig.2). Like the previous one, this ad also places a woman with a big Afro in the center with a line, “You’re
Not A Black Woman” (emphasis in original) above the photo. The ad has a fairy lengthy explanation of the product
init:

The woman you see here is not A Black woman. She’s four or five women. All Black, all beautiful. Her

name is Gwen Claytor. She owns the company this ad is for, Oriental Wig Imports. Her company was

founded on the idea of consistently offering the finest values in fashion, anywhere. She, more than any other
person, is responsible for the general lowering of Quality Wig prices during the last two years. She
introduced the six seventy-two price, when other people were selling exactly the same wigs she was for up to
thirty-five dollars. And, the wig that you see her in here, the Queen Bush Afro, [. . .] Each of these totally

fashionable wigs is designed to help you be all the women you’re capable of being. [...] (92)

The first and second sentences suggest group identity and pride, and the third one appears to be a version of the
“Black is Beautiful” slogan.? The introduction of the owner of the company also reflects both a tradition of such
businesswomen as Madam C. J. Walker in the early 20th century (though she introduced/dealt with a very different
product) and the increasing number of professional women or the middle class in the 1960s and 1970s. The word
“Queen” and the last line offer an uplifting message to women as well as reflect the general climate of the black
woman’s aspiration for beauty.

VII. The Afro Advertisements: Commercialism and Depoliticization

On the one hand the Afro had political meaning, signifying defiance to the convention of hair straightening
among blacks and identification with Africa; on the other, the fact that the Afro subsequently became fashion®® and
commercialized implies another thing. That is, the Afro of the 1970s can also be interpreted from a different angle.

As the image of the Afro became popular and empowerment messages became ubiquitous in advertisements,
the implication of the style changed and it lost its original political meaning. Critics of African American hair point
out the depoliticization of the Afro in the 1970s. Jeannette Mageo, for example, argues that when hair, which is a
body symbol, became a part of culture, its unconscious motivational importance for those who wear the style in public
waned (quoted in Banks 6). Other critics regard the commercialization of the Afro and the proliferation of hair-care
products as a turning point. Mercer states, “Once commercialized in the market-place the Afro lost its specific
signification as a ‘black’ cultural-political statement” (255). For Rooks, hair products undermined the political
implication of the Afro by making it unnatural (easy to comb, etc.) (130).

The Queen Bush Afro ad | cited above also signifies this commercialization and depoliticization while
offering an empowerment message. The ad emphasizes the low pricing of the wig, comparing its price, 6.72 dollars
with 35 dollars. We also see the number (6.72) under the image of the Afro-wearing woman. The Afro appearing in
advertisements already suggests commercialization but the emphasis on the price further indicates its depoliticization.
This woman with an Afro offers a different meaning than the image of Angela Davis in her FBI wanted poster.24 In
other words, the Afro ads mainly emphasized beauty, not militancy. I think the image of the Afro signifies a black
cultural-political statement to some extent, which Mercer denies, but the Afro’s political connotation nonetheless gets
significantly weakened in this ad.

22 The ad continues on the next page, beginning with the line, “You Are Five or Six Women. All Black. All
Beautiful.”

2% It seems that the Afro also became popular among white women “who, when they did not wear their hair straight,
had it frizzed into an approximation of the black style” (Banner 289). Francois calls this popularity of the Afro and
Afrocentric looks “African-Americanization of the mainstream” (159).

2% In the contemporary observers eyes, the photo also connotes different, depoliticized meaning. See Davis, “Afro
Images: Politics, Fashion, and Nostalgia,” in Picturing Us: African American Identity in Photography. Ed. Deborah
Willis. (New York: The New Press, 1994): 170-179.
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The mid 1970s also witnessed the popularity of other Afrocentric® hair styles—braided styles and
cornrowing. An article in Ebony, “Is the AFRO on Its Way Out?: Ancient African Hairstyles Win New Converts” by
Phyl Garland features various kinds of braided styles and their popularity,?® while referring to the downside of the
Afro. A harsh criticism of the Afro that Garland uses in his article is made by East African writer Kadji Konde:

How natural these nests are is a mystery to me. In the United States, where this hairdo comes from, it is

called an Afro style. This implies a link with Africa, although 1 fail to see how this keeping of wild oiled

bush on the skull has anything to do with dear mother Africa. (Garland 130, 132)

Other critics also make a similar point about the mythic aspect of the Afro. Hoffmann and Bailey, for instance, note,
“In actuality, there was nothing particularly African about the cut” (15). Mercer also states, “there was nothing
particularly African about the Afro at all” (256), and goes on to note that the Afro is delivered from European
fantasies of romantic, mythological, imagined “Africa” (256). Although the Afro style was celebrated and became
popular because of its implication of Africa, the style does not actually have a strong link with it as much as braided
styles do.”’ In addition, Garland mentions the commercialization of the Afro: “Then [in 1968] it was an expression of
black identity, but the whole thing became somewhat commercial with everybody wearing them” (130). Mercer also
points out that the Afro is not so radical because it soon got depoliticized and became fashion in the mainstream
culture (251).

Regardless or because of these facts, the Afro still maintained its popularity at this point; Garland’s answer
(to his title) is that “it is too soon to conclude that they [braids] are about to move the stately Afro into obscurity”
(Garland 134), referring to a variety of the Afro such as the shorter ‘fro®® and the curly “fro, which can be seen in ads.
In addition, there are two ads for Afro hair products inserted between the pages of this article, which have a photo or
illustration of a big Afro, implying that the Afro was not obsolete yet. Quoting a beautician saying, “There’s room for
more than one approach,” Garland then claims that “black people are just beginning to discover a whole new wide
world of beauty concepts [. . .]” (136).

Garland’s article and hair care ads in magazines suggest that the mid 1970s was an interesting transitional
time when not only various hairstyles were in vogue, reflecting the changing standard of beauty due to the celebration
of diversity in both black and American society in general but also the meaning of the Afro was changing. The
depoliticization of the Afro and its entry into the mainstream fashion imply the link between the Afro and beauty in a
new sense.

VIII. Blaxploitation Women and the Afro

One more point I also want to note about Garland’s article is that he mentions Nina Simone, Cicely Tyson,
and Roberta Flack as celebrities who wore braids. There is no mention of blaxploitation actresses who were also

% For the philosophical discussion of Afrocentricity, see Molefi Kete Asante, Afrocentricity (Trenton, N.J.: Africa
World Press, Inc., 1988).

%8 gee African Hairstyles by Akua-Adiki Anokye (New York: Akua-Adiki Anokye, 1980) for examples of braided
styles from six African countries.

2" Garland presents a photo of two Somalian men who wear their hair in enormous bushes, which can be comparable
to African American’s Afro style, though the shape of the hair is different from the American Afro. The size of the
bush varies according to his marital status; the unmarried one has a bigger one with home-made butter applied on it.
The older man’s hair is smaller and natural with no butter put on it. Therefore, the Afro does not seem to be entirely
irrelevant to Africa. And the reason that the East African writer failed to see the connection might result from
difference in hair style in different regions in Africa, though this is just a speculation. In any case, Garland does not
mention African women’s hair. In the case of braided style, it has usually been praised for its practicality (there is no
need for hair products and no damage to hair) though it is expensive, and for the real African origin. See Diane
Simon (39-40) for its advantage.

%8 Kelley discusses that the close-cult “fro challenged gender conventions because long hair was a signifier of
femininity, and the style was also interpreted as a sign of militancy (349).
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popular, appearing in Ebony and other magazines. Female blaxploitation characters were usually associated with the
Afro, not the braid, and blaxploitation films did not represent all the popular hairstyles of the time.

An article in Ebony titled “The Battle among the Beauties: New Black Actresses Vie for Top Film Roles”
points up this tendency. The article celebrates a “new variation of old themes” that created new roles for black
actresses and made women a “hero or super-hero” (Horton 144) and introduces blaxploitation actresses Pam Grier,
Vonetta McGee, Gloria Hendry, and Tamara Dobson with their photos, in which all of them wear an Afro. The Afro
is an important prop in their films, since the Afro style connects black beauty with power, reflecting the trend in black
society and the “black is beautiful” slogan.

In Foxy Brown, for example, the first image we see in the opening credit
sequence is a close-up of Foxy Brown/Pam Grier with an Afro. Even though this
sequence accompanied by Foxy’s theme song presents several different images of
her, such as with long wavy hair and another long, sexy red dress with a long
slit,”® the image of her in a pair of pants with an Afro reappears at the end of the
sequence. In addition, the round lines added around her hair emphasize the size
and shape of the Afro (Fig.3), which evokes the image of the big Afro inan ad in
Ebony. The film immediately stresses the Afro before the story begins, implying
its significance. In addition, the film ends with Foxy wearing a big Afro,
shooting villains. In both scenes, her hairstyle is linked with power and beauty as

Fig.3 The first image of Foxy Brown

Fig.4 Foxy’s style in everyday life

Fig.5 Cleo’s Afro & stylish cloths

she performs action while wearing makeup and a well-combed Afro. In the scene
of the meeting with the anti-slavery committee where Foxy asks the black men to
help her to avenge her boyfriend, she wears an Afro and gives an empowering
message. Although Pam Grier always appears on screen as a beautiful woman,
here again her beauty is linked with power by the Afro, stylish outfits, and
makeup.*

The Afro is also associated with everyday situations, implying the fact
that many people wore it and it was a predominant style in the early 1970s. The
film shows the Afro hairdo as the style Foxy usually wears in her ordinary life
like Coffy does (Fig.4); she wears it in the first part of the film where her
boyfriend is still alive and she is leading a normal life. In addition, the woman
who happens to be walking and pushing her stroller on the street in a scene where

a fight between the anti-slavery committee members and a drug dealer begins
also wears an Afro and a pair of tight, long pants like Foxy. Even a mother, who
is in a weak position being pushed by some unknown men and fearing for her
baby, wears an Afro, suggesting that it was depoliticized, commercialized, and
proliferated as a fashion.

Similarly, Cleo wears an Afro and is presented as beautiful throughout
Cleopatra Jones. In fact, men comment on her beauty and gaze at her for a while
when they see her walking on the street, wearing an Afro and stylish clothes. The
scene in a karate school where she punches and kicks her male friends down
while wearing an Afro and a silver outfit suggests the power and beauty
association. Like Foxy, Cleo also wears an Afro and stylish clothes when she
fights the (white) villains (Fig.5). If we compare other later female action
heroines such as the Sigourney Weaver character in Aliens,*! Cleo’s elegant

29 She changes to this type of dress when she has to deceive men or enemies using her sexuality, not a gun or fist.

%0 Even when Grier characters do not wear a regular Afro, the big size and shape of their hair are emphasized. Posters
of Sheba, Baby and Friday Foster, among others, exemplify this tendency.

31 See Yvonne Tasker, Spectacular Bodies: Gender, Genre, and the Action Cinema (New York: Routledge, 1993) and
Sherrie A. Inness, Tough Girls: Women Warriors and Wonder Women in Popular Culture. (Philadelphia: University
of Pennsylvania Press, 1999) for traits of action heroines in Hollywood films.
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outfits and the neat Afro are quite unusual. The black action heroines’ props are thus part of the black is beautiful
rhetoric.

As | noted, it is curious to think that blaxpoitation
characters rarely wear braiding,* which was already popular
in the early to mid 1970s. Almost all the female characters
seem to wear an Afro, some sort of relaxed hair, or a
bandana/turban. It might be because of the practical reason,
that is, braiding takes much time and special techniques while
an Afro (wig) is easy to wear. It may also have to do with the
original, militant implication of the Afro, which suits the
revenge or action plot of these blaxploitation films. In fact,
Grier and Dobson characters are often presented in films or
stills wearing an Afro and holding a gun or striking a karate or
kung-fu posture (Fig.6). On the other hand, it is not so far
away from the “reality” in magazines in which the majority of
ads for hair were about the Afro. In other words,
blaxploitation films and magazine ads resonate in that they
produced images of the Afro and disseminated its
mythic/fantastic aspects in conjunction with racial pride and
beauty. The Afro, in any case, became a generic element of

Fig.6 Posters of Cleopatra Jones and Coffy female and action-oriented blaxploitation films.

IX. Africa-Oriented Clothing

Like hair, clothing is an important part of fashion that also signifies socially constructed meaning in particular
times.* In the 1970s clothing was also significant for African Americans in that it both signified racial empowerment
and group identity. A popular writer wrote in 1974 that a person’s clothing was the proof to judge or categorize the
person “as one of Us or one of Them, and which particular Them” (Gross 123, quoted in Lauer and Lauer 51).

As African Americans extolled African-style hairdos, they also paid attention to African clothing, searching
for their roots and celebrating their tradition. Although it is for a hair product, an ad in Ebony (July 1973) uses a
woman with an Afro and Dashiki clothing with more Dashiki cloth around her, and there is an explanation at the
bottom of the ad which reads, “Daishiki Creation by Onopa of West Africa.” Ebony’s fashion fair section in the July
1973 issue also featured African clothing. It has the title, “African Splendor,” a sub heading “Colorful garb reflects
the best of two worlds: regality, style, comfort,” and several photos that present different kinds of African clothes.
They all suggest elegance and traditionalism, and the article connects an African tradition with the contemporaneous
climate of racial pride and fashion among African Americans. The writer states, “women like the sexy, clinging,
body-shaping fashions that bare one arm or both and sometimes the midriff, and show off the newest hairdos, like
cornrowing, to their best advantage” (“African” 113). However, this section of the magazine featured fashion shows
or extraordinary clothing, which is highly impracticable, and those clothes are not usually applicable to the daily life
of ordinary people. The article in fact explains, “The African-style clothes are relatively expensive, due in part to the
fabrics used” (113). Similarly, Jet and Essence also featured a photo and an article on African clothing in 1973 and
1974: Jet presented a photo of a couple in Chicago at a prom night, wearing African style outfits; an article entitled
“Alternative to a Traditional Wedding” in Essence showed an African style wedding with an illustration of African
wedding costumes. These pieces indicate that though black people embraced African style clothing, they were

%2 Cleo wears braids at the end of Cleopatra Jones; however, her hair is decorated with a lot of colorful beads and
feathers, appearing different from braided styles in magazines. Also, it is a very short, farewell party scene in which
she just says goodbye and drives off.

%3 paul F. Secord and Carl W. Backman call clothing “structural nonverbal communication” as oppose to “kinetic
nonverbal communication” such as gesture and movement (quoted in Lauer and Lauer 34).
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expensive®* and saved for special occasions, failing to become a dominant fashion or a commercial object, or those
clothes are rather things people dreamed of, i.e. a fantasy. Therefore, these were few in number unlike the Afro
(product) ads. This tendency also reflects the fact that blaxploitation characters rarely wear genuinely traditional,
(western) African clothes, except for the ones in Shaft in Africa, which was made in Ethiopia. Vonetta McGee
appeared in the “Battle” article in African clothing because she starred in the film and wore it in Africa.

Nonetheless, the colorfulness of the clothes was adapted to the contemporaneous black style. As Van Deburg
writes, “Flashy and flamboyant, the soulfully attired took their fashion cues both from the African past and from the
sartorial standards of inner city hustlers” (198). In other words, even though African-style clothing did not truly
become the fashion of the time, colorful clothing that implied Africanness became a fashion. Blaxploitation
characters often wore the colorful and ornate clothing which was in vogue in the 1970s due to this Afrocentric attitude
or trend. For example, Foxy wears bright yellow, red, or blue outfits and, a lot of them basically have these three
colors, like the yellow shirt and light brown pants she wears in the first part and the blue shirt, pants, and turban in the
middle of the film. The opening credit sequence, which is highly stylized, using colorful silhouette images and
somewhat cartoonish optical treatment, also presents her colorful outfits as she dances or does karate action.

Likewise, Cleo’s outfits are colorful. In the first part of the film when she wears fur coats and a silver outfit,
she also wears red shirts under them. In a car chase scene, she wears a blue shirt and a blue bandana on her head.
Another outfit she wears is dark blue, and red is used on the edges and the collar, and she also wears a red scarf on her
head. In Cleopatra Jones and the Casino of Gold, the sequel to Cleopatra Jones, Cleo also wears a red shirt, blue tie,
and orange hat with a green strip. Coffy also wears a red turtleneck and red check trousers. In addition, the makeup
both Foxy and Cleo wear also assumes this colorfulness from the traditional African cloth. In the scene where Foxy
wears blue outfits and threatens her brother, she wears blue eye makeup. Cleo in the second film wears green eye
makeup when she is in a pink, gold costume. These kinds of makeup were also presented in the fashion fair section in
Ebony in 1972. There are several photos of models wearing different eye-makeup, some of which are very similar to
the ones Foxy and Cleo wear. Even though African tradition was hard to make fashionable among African Americans,
it could be incorporated, adapted, and inflected, creating an original style such as colorful clothing and makeup.

X. Pants style of the 1970s: Exaggerating and Extending Power

According to Anne-Lise Francois, a 1970s aesthetic of dress was to accept “accents, overemphases,
protrusion, and mix-up as available and appropriate means of fitting in; to take such synthetics as natural; and to make
a habit of exaggeration, wearing excess to conventionalize rather than stand out” (155). Examples of such clothes
include skintight bell-bottoms, satin hotpants, and twenty-six-inch flares.** She goes on to state:

seventies fashion wearers seem to be equally at home betraying their insecurities as advancing claims to

power. Their clothes seem as much a practical means of achieving comfort (of facilitating entry into the

dominant order) as a mode of expressing discomfort, a discomfort that easily shades into a form of dissent

and silent protest. (159)

Although she focuses on the general fashion of the 1970s, her accounts seem to be the exact descriptions of the
extravagant clothing presented in many blaxploitation films. That is, African American style became the dominant
fashion in the 1970s. Frangois also maintains that “in the seventies adornment was the tool or prop that allowed ‘us’
to “approach things on the bias’ and that asserted itself in our place, sometimes for and sometimes over against ‘us,’
[...]” (160). This sense of group identity also reflects VVan Deburg’s point: “The Black Power generation was eager to
accentuate and to promote what they considered to be favorable group distinctives” (198). The 1970s fashion can also
be linked to Michel de Certeau’s notion of “art of the weak,” “a calculated action determined by the absence of a
proper locus” (quoted in Francois 161).

% There were also inexpensive dashiki but they were most likely not as authentic as the one used in the magazine.
% Other things she cites are velour T-shirts, three- to five-inch platforms, four- to five-inch wide ties, collars out to the
shoulders, polyester everywhere (155).
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Among the various 1970s clothing, I will focus on the pants style or the bell-bottom, worn by
both men and women and female blaxploitation characters. Unlike traditional African clothes, bell-
bottoms are not expensive and could become a fashion. Therefore, there were a lot of ads for or
images of bell-bottoms in the magazines. For example, Eleganza, a mail order company, advertised a
bell-bottom, with the phrase, “The Big 30”” Bell!” (Fig.7). The ad also reads, “These will be the most
talked about slacks in town! Legs fit close down to the knee . . . then they flare out to a giant THIRTY
inches for as exciting a look as any slacks ever had!” (emphasis in original). This ad represents the
1970s fashion of exaggeration or accentuation that became the norm. Although bell-bottoms deviate
from the body’s contours and seem unnatural, they participated in the “go-natural” style of the early
1970s along with the Afro (Francois 167). This also reminds the fact that the Afro is not really
“natural” but the “natural” fantasy or fashion of the time.

The image of black women wearing bell-bottoms has another layer and particular meaning in
relation to the feminist movement of the time. Although the idea of feminism for black women is

different than that for whites, wearing pants became more common for women in the 1970s. A Fleganza
JCPenny ad in Essence, for instance, features a black woman wearing a pair of pants e
with a wide flare (Fig.8). The low angle from which the photo was taken and the way Fig.7 An Eleganza ad

she poses exaggerate the flare. In addition, the ad reads:
With a look like this, who has to flirt? What a way to get a guy’s attention! Just show up
wearing this bodyshirt with flirty little ruffles, plus a zippy little zipper to wear as low as you
dare. With the shirt, a very buttoned-up pair of pants cut with special flare. Both in a
variety of eye-catching colors.
Both “special flare” and “ruffles” again illustrate excessive nature of the 1970s look. The “eye-
catching colors” also suggest colorfulness derived from African clothing. The model is in a way
similar to Dobson’s Cleo, who can get men’s attention with her beauty without making any effort or
flirting. In addition, Essence’s fashion page of the June 1972 issue has a title “Pants Power,”
featuring a woman in bell-bottoms wearing a big Afro, which resembles strong female characters’
style. This image again presents the 1970s look and connotes the era’s empowerment and liberating
atmosphere as well as the commercial aspect. Like the Afro, pants are Foxy’s usual attire, and Cleo
also wears them almost all the time either when she works as a government agent or not. The pants
that Foxy and Cleo wear are not mere costumes for the films but they also signify sexual and racial
liberation and commercial contexts.

Fig.8 A JCPenny ad

Conclusion

1970s fashion had a close link with the era’s context of cultural nationalism or racial pride and empowerment.
Even when the Afro and accentuated clothing did not have so much political meaning, they still maintained the power
to promote group identity and pride. Both magazines and blaxploitation films played an important part in reflecting or
contributing to the era’s trend, providing uplift messages in their fantastic narratives and images. That is, commercial
contexts, including ads in magazines as well as blaxploitation films, also suggest that these styles further proliferated
among blacks, accentuating racial traits and empowering race and group identity.

This group identity was especially important for African American women in this era. As Banks states,
“Although a black women’s consciousness is not essentialist in assuming that all black women are alike, we know that
as a group, black women have a particular historical and political reality in the United States” (18). African American
women who had faced racial and sexual prejudice for a long time in American history could finally present and assert
the image of black female beauty, different from the Western standard of beauty, and could have pride in being black
and being women. Even though strong female characters in blaxploitation tend to be unrealistic or the films are
extraordinary adventures or revenge stories, the women in these films are very much in tune with the
contemporaneous race pride, black power, and beauty consciousness. Therefore, their strength and beauty are closely
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related to and emphasized by the constantly changing display of their dresses, hairstyles, and make up, and costumes
and hairdos present and emphasize racial difference or black identity.

The female-centered blaxploitation films present the possibility for an African American woman to be
powerful and feminine/beautiful at the same time in the dominant society. These strong female characters and their
outlook that embodies their social and cultural contexts therefore consist of a significant historical/cultural document
of the 1970s.
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1 Preliminaries

Let (M, g,.) be a spacetime, where M is an orientable n-dimensional manifold and g,,,, is a Lorentzian
metric on it. The action we will consider is

S = /d%\/fg(—R — Ly + Lon(T4, 004)), (1)

where « is a positive constant, R is the Ricci scalar and L, is the Lagrangian density of matter fields
U4, The Gauss-Bonnet term Ly is given as

Ly i= R* — ARy, R" + Ry po R

Varying this action with respect to the metric and matter fields, we have the Einstein-Gauss-Bonnet(EGB)-
matter equations as follow:

GMV + OéHp,y = H%Tuua (2)
0L, oL,
b — =0 3
K (8(8#\11/‘)) owA )
where ]
G;w = R/uz - iRgum
H,, :=2|RR,, —2R,,R% — 2R*’R By L
uy = wy aplly, — nowf3 + RH Ruaﬁv} - 59;“/[/2
and

Mg ag

is the energy-momentum tensor.
In this paper, massless scalar fields are assumed as matter. The Lagrangian density and the
energy-momentum tensor are given as follows:

'Cm = guyauqbal/(bv (4)
1
T;w = 8u¢au¢ - ig;wgaﬁaozqsaﬁqs- (5)
The field equation becomes
1
——0u (V99" 0,¢) = 0. (6)

V=9

Now our main theorem is



102

Theorem 1 Consider asymptotically flat smooth initial data (S, h,k) for the spherically symmetric
EGB-scalar equations. Let (M, g) bethe mazimal Cauchy development from S and let m : M — @Q
be the projection map to the two dimensional Lorentzian quotient Q). Suppose that there exists on
asymptotically flat spacelike Cauchy surface S C Q and a point p € S such that 7~ 1(p) is trapped or
marginally trapped and at least one of the connected components S \ {p} containing an asymptotically
flat end is such that 7=1(q) is not outer anti-trapped or marginally anti-trapped for any q in the
component. Then J~(IT) N JH(S) ¢ DT(S) C Q, where It is the future complete null infinity.
Moreover, the Penrose-like inequality v < rp(Myg,a,n) holds on HT = J=-(Tt)NQ\ (I~ (TT)UIT),

(n_Q)Vn72 n—>s

where Tp is the unique positive solution to My = “——5"==r (r?2 + &), r denotes the volume radius

function and My is the final Bondi mass.
The following is the ”physical statement”:

Theorem 2 Asymptotically flat n-dimensional spherically symmetric spacetimes evolving from suit-
able initial data, with a tapped or marginal trapped surface, possess a black hole with a regular event
horizon satisfying the Penrose-like inequality and o future complete null infinity.

2 DMotivation: Singularity theorem and weak cosmic censorship

In 1960’s, Penrose has proved a singularity theorem in Einstein theory as follows:

Theorem 3 (Penrose [PR65]) If in the initial data set {3, h,k}, ¥ is noncompact and contains a
closed trapped surface S, then the corresponding maximal future development is incomplete.

Here, a closed trapped surface is a compact spacelike two-dimensional surface such that a displacement
(area element) of S in M along the congruence of the future outgoing null directions decreases. The
theorem says physically reasonable spacetimes have singularities in general. However, (1) the theorem
does not say us nature of singularity, and (2) predictability is breakdown if singularity can be seen.
Therefore, Penrose has proposed the following conjecture:

Conjecture 1 (Weak cosmic censorship (WCC)) [Penrose [PR69], Christodoulou [CD99]] For
generic asymptotically flat Cauchy data, solutions to the Einstein-matter equations possess a complete
null infinity.

Remark 1 This formulation is of Christodoulou. The original is formulated by Penrose.

Recently, the WCC has been shown for spherically symmetric gravitational collapse of a massless
scalar field in asymptotically flat spacetimes [CD99]. To do that,

e global existence theorems in suitable coordinates,
e completeness of null infinity (analyzing asymptotic behavior of the solutions)

were shown. We would like to extend the result to more general gravitational theory, such as the
FEinstein-Gauss-Bonnet gravity. Since it is too difficult to solve the Einstein-matter equations without
assumptions, then we will assume spherical symmetry as a typical example.

3 Spherically symmetric spacetimes in n-dimension

Globally hyperbolic spacetimes M with n-dimensional spherical symmetry imply that the group
SO(n — 1) acts by isometry on M and preserves ¢. We assume
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inherits from spacetime metric g the structure of a 1+ 1-dimensional Lorentzian manifold with bound-
ary with metric g, such that
g = g+rido?
= —Q%dudv + r’c?, (7)

where o2 is the standard metric for (n — 2)-sphere and functions € and 7 depend on only u and v on

Q.

In this metric, the Einstein-Gauss-Bonnet-scalar equations become as follow:

20 02 & o K2
2a ~ (n—3) kn—3) o (n—4)r
[1 + 7"24 0y0ylog) = 2 OurOpr + 12 Q 52 OuOyr
af? 02 "
+WZ + m (.g Tab - 4Tu) ) (9)
[1 L2 } Ou(Q 20, =~ 2y (10)
2 K| Oy ul’) = n— 2T uw
[1 L } Ou(Q20yr) = — K g, (11)
T2 ,"[/ v v - n — 2 VU
-2 -2
0u0u0d =~ = 0udyr — o 0,104, (12)
r 2r
Here, & = (n — 3)(n — 4) and
o 40,r0,T

and
_2(n = 8)urdyOyr 1612

02 04 (
(0u0urd,0ur + 40, 10 00, n Q1O — (9u0,r)?)

N
Il

Oy In Q010,07 + 0y In Q0,10,0y1) + (n — 5)

82
oz

Note that 0,r = (1 — p)k.

Definition 1 The boundary of @ consists of 'S, where I' is a connected timelike curve and S is a
connected spacelike curve. T' N S is a single point and r(p) = 0 if and only if p € I'. T is called the
centre.

4 Local existence

The following is the standard local existence theorem:

Theorem 4 [DM05a] Assume 1+ i—g‘,u > 0. Let Q, r and ¢ be functions defined on X = [0,d] x {0} U
{0} x [0,d]. Let k >0, and assume r > 0 is C**2(u) on [0,d] x {0} and C¥*1(v) on {0} x [0,d], and
assume that Q and ¢ are C**1(u) on [0,d] x {0} and C*T1(v) on {0} x [0,d]. Let |f|nu denote the
C™(u)-norm of f on [0,d] x {0} and |f|n, denote the C™(v)-norm of f on {0} x [0,d]. Define

N = sup {10201, 901,00 97 o Il Il 17 o 1911, (610} -

Then there exists a §, depending only on N, and a C**2 function (unique among C? functions) r and
C**1 functions (unique among C' functions) Q and ¢, satisfying the Einstein-matter equations in
[0,6%] x [0, 6*], where 6* = min{d, d}, such that the restriction of these functions to X is as prescribed.
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To extend the local solution globally, one need extension criterion as follows.

Proposition 1 Letp € Q\T, and g € QNI (p) such that J~(p)NJ T (q)\ {p} C Q, and N(J~(p)N
JT(q) \ {p}) < oo, where given a subset Y C Q\ T, define

N(Y) = sup{|Q];, |7 !

0 ) |¢‘1}7

where | f|, denotes the restriction of the C* norm toY. Then p € Q.

07|T’2’

5 Trapped region

Definition 2 We define the following three regions:

e Regular region: R ={q € Q : d,r > 0,0,r < 0},

e Trapped region: 7 = {qg € Q : 0,r < 0,0,r < 0},

e Marginally trapped region: A= {q € Q : 9,r =0,0,r < 0}.
In addition, we call RU A the non-trapped region.

Now, we will assume 9,7 < 0 along S. This means that there is no anti-trapped region on the initial
surface. Under the dominant energy condition T}, > 0,7y, > 0,71y, > 0, one can show the following
proposition.

Proposition 2 The followings holds:
(1) Q=RUTUA.
(2) If (u,v) € T,then(u,v*) € T for v* > v. Similarly, if (u,v) € T U A, then(u,v*) € T UA for

v* > 0.

6 Gravitational mass

Now, we will define the generalized Misner-Sharpe mass, which is a useful tool to analyze spherical
symmetric gravitational system.

Definition 3 (Maeda and Nozawa [MN]) The generalized Misner-Sharpe mass is

(n —2)Vp_ogrn=3 &
m(uv 1)) - 252 M+ 7"72#2 ) (13)

where V,,_o is the volume of (n — 2)-sphere.
Evolution of the mass is as follow:

Oum = 2r" 2V, _9Q 2 (T 0t — T Oy7) (14)
and

Aym = 2r" 2V, 502 (T Opr — TipyOur) (15)

Proposition 3 (Monotonicity) Monotonicity properties Oym < 0 and d,m > 0 hold in R if the
dominant energy condition is satisfied.

Proposition 4 The relation 1 — =0 folds on A, 1 —pu <0 inT and 1 —pu >0 in R, where

2 2~
T 8kzam
l—p=14+—11—,/1 n .
a +2&< \/Jr(n—z)vnl_zrn—l)

Proposition 5 (Positivity) m > 0 in R with regular center if the dominant energy condition holds.

Corollary 1 1+ 3—‘25‘;1 > 1 in R with reqular center if the dominant energy condition holds.
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7 Extension in the non-trapped region
The results in the previous sections are independent of kinds of matter fields. The following can be

prove for massless scalar fields.

Proposition 6 Let p € R\T and ¢ € RN I (p) such that J=(p) N J (q) \ {p} € RNA. Then
peERNA.

Thus, we have a global solution to the EGB-scalar equations with spherical symmetry.

8 Infinity

We will define spatial infinity and null infinity as follows.

Definition 4 (Dafermos [DMO5b]) The curve S has a unique limit point i° = (4,V) on Q \ Q,
which is called spatial infinity. Let U be the set of all u defined by

U:={u|l sup r(u,v)=occ}.
v:(u,v)EQ

For each u € U, there is a unique v*(u) such that (u,v*(u)) € (Q\ Q) N Jt(S). Define the future
null infinity Z7 as follows:
It:= U (')
ueU:w*(u)=V
We will denote infz+ m by My, which is called the final Bondi mass.
Proposition 7 If non-empty, I is a connected in going null ray with past end point i°.

Lemma 1 A is a non-empty achronal curve intersecting all ingoing null curves for v > vo for suffi-
ciently large vo, where A = {(u,v) € A|(u*,v) € R for all u* < u and Ju' : (v',v) € J-(ZT)NQ} is
outermost apparent horizon.

Proposition 8 J-(Z")NQ CR and J-(Zt)NQ C RUA.
Corollary 2 If T # 0, then Q\ J—(ZT) # 0.

9 Penrose-like inequality

Set the domain of outer communication D = J*(S)NJ~(ZT) N Q and one can show D C R. The
event horizon H is defined by the future boundary of D in Q.

Lemma 2 On A,
(n — 2)Vn_2 rn—5
2Kk2
Equivalently, » < rp holds, where rp is the unique positive solution to

-2V, _
7(71 2/32 n 2r"_5(r2 + &) = My
n

(r*+a) < M.

The proof for this lemma is given in [MN]. We can generalize this to the case on the event horizon.
Lemma 3 On H,
(n — 2)Vn—2 ,rn—5
2K2
Equivalently, » < rp holds, where rp is the unique positive solution to
(n — 2)Vn—2 rn—5
2K2

(2 +a) < My.

(r? + ) = My
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10 Completeness of future null infinity

The remaining task to prove our main theorem is to show completeness of future null infinity.
Lemma 4 If AUT is non-empty, then IT is future complete.

Thus, the validity of the WCC has been shown in the case of spherical symmetric gravitational collapse
in the EGB-scalar system.
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Effects of Volume Fraction of Alumina Short Fiber on High Cycle Fatigue
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High Cycle Fatigue Property of Extruded Non-combustible Mg Alloy AMCa602
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Measurement of Electron Energy Distribution obtained from Wedge type Silicon
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Joule Heating of Field EmitterTip Fabricated on Glass Substrate
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Design of Multiple Threshold Gate with Hysteresis for Asynchronous Circuits
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A System Verification Methodology based on Check-Point Extraction Method
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Recently, system verification plays an important role in design of large scale and complex systems, embedded
systems, and other critical systems. However, it is very difficult for designers other than the specialist who is well
versed in Temporal Logic to specify behaviors of the system. In this paper, we consider where designers of
systems can extract check-points, necessary signal events, in model checking of formal verification. Moreover, we
demonstrate some specification examples, and some verification results by NuSMV model checking tools.
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A System Specification Using Check-Points Extraction Method

*C. Yamada®, Y. Nagata?, M. Nakahodo?
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Recently, model checking has played an important role in design of complex systems, embedded systems, and
other critical systems. However, the model checking has problems of its own class too. The major problem is that
a large amount of memory and time is often required, because the underlying algorithm in the model checking
usually involves systematic examination of all reachable states of the system to be verified. In this paper, we
consider where designers of systems can extract check-points, necessary signal events, in model checking of
formal verification. Moreover, we demonstrate some specification examples, and some verification results by
SPIN and NuSMV model checking tools.
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An Efficient Model Checking Using Check-Points Extraction Method
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Recently, model checking has played an important role in design of embedded systems, complex systems, and
other critical systems. However, it is inefficiency to verify the entire systems. This article considers the case where
designers of systems can extract check-points easily in model checking of formal verification. Moreover, we
propose a method by which temporal formulas can be obtained inductively for specifications in model checking.
Finally, we demonstrate verification results for some arbitration modules by NuSMV model checking tool.
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Design and Evaluation of Hysteresial Threshold Gate based on Neuron MOS
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In this article threshold gates with hysteresis using neuron MOS (vMQOS) are presented as basic elements in Null
Convention Logic (NCL) circuits. NCL, which proposed by K. M. Fant and S. A. Branst, needs special gates
having hysteresis, because NCL uses different ternary logic systems in computation phase and wiping phase of
asynchronous behavior, respectively. To implement the dynamic behavior, the traditional NCL circuits exploit
extended CMOS structure which consists of a number of cascaded and parallel transistors connections. Then we
improve the circuits with the characteristics of threshold function in vMOS, we designed hysteresial vMOS by
means of feedback loop. This results the asynchronous circuits reducing the number of MOS and wire area. We
provide two synthesis methods and simulation results of the gates and full-adder. The evaluation results of area
dissipation and average delay show the advantages of the proposed circuitry.
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(2008)
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Three-Valued Temporal Logic Q t and Future Contingents

*S. Akama, Y. Nagata®, C. Yamada®
YUniv. of the Ryukyus, ?Okinawa National College of Tech..
Prior’s three-valued modal logic Q was developed as a philosophically interesting modal logic. Thus, we should
be able to modify Q as a temporal logic. Although a temporal version of Q was suggested by Prior, the subject has
not been fully explored in the literature. In this paper, we develop a three-valued temporal logic Q t and give its
axiomatization and semantics. We also argue that Q t provides a smooth solution to the problem of future

contingents.

Studia Logica, Volume 88, Number 1, pp. 215-231, (2008)

A Three-Valued Temporal Logic for Future Contingents

*S. Akama, Y. Nagata', C. Yamada®
Univ. of the Ryukyus, 2Okinawa National College of Tech..
Lukasiewicz @ 3 fEzm#E7s Future contingents # & L72WDITEFD Z & ThHhDH. £ T, Prior DIERE
% Future contingents (Zi M L, #7212 3 fEFRFAHGREE FCP 21257 5.

Logique et Analyse 198, pp.99-111 (2007)
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Adaptive Resonance Theoryl (ART1) Neural Network Based Horizontal
and Vertical Classification of 0-9 Digits Recognition

MBAITIGA Zacharie

Department of Media Information Engineering, Okinawa National College of Technology,

Abstract: This paper describes the Adaptive Resonance Theoryl (ART-1), an efficient algorithm that emulates the
self-organizing pattern recognition and hypothesis testing properties of the ART neural network architecture for
horizontal and vertical classification of 0-9 digits recognition. In our approach the ART-1 model can self-organize
in real time producing stable and clear recognition while getting input patterns beyond those originally stored. It
can also preserve its previously learned knowledge while keeping its ability to learn new input patterns that can be
saved in such a fashion that the stored patterns cannot be destroyed or forgotten. A parameter called the attentional
vigilance parameter determines how fine the categories will be. If vigilance increases or decreases due to
environmental control feedback, then the system automatically searches for and learns fine recognition categories.

Keywords: ART-1, gain, input pattern, signal

Published in American Journal of Computer Science, Issue 3, pp.869-873, November 2007
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Self-Generation ART-1 Neural Network with Gradient-Descent Method Aid for
Latin Alphabet Recognition

MBAITIGA Zacharie

Department of Media Information Engineering, Okinawa National College of Technology,

Abstract: This study describes a self-generation ART-1 neural network for Latin alphabet recognition algorithm;
where the preprocessor is first constructed by forming seventh alphabet letters on a 3x3 square grid
(pixels) .These letters are then changed into a binary input vector by converting the grid of pixels into a sequence
numbers for the preprocessor to specify the inputs for the networks. Next the gradient-descent method is used to
move down the large error-surface created by delta rule by changing each of the weights by an amount that is
proportional to the negative of the slope.

Keywords: ART-1, binary input vector, Latin alphabet

Proc. of the 61% Joint Conference of Electrical and Electronics Engineers in Kyushu, pp.02-1A-09, CD-ROM
2008

Published in American Journal of Computer Science, Issue 3, pp.631-637, August 2008
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A gall-forming copepod causes localized bleaching of the coral Porites

H. Yamashiro

Dept. Bioresources and Engineering, Okinawa National College of Technology
coral@okinawa-ct.ac.jp

I found a small circular white spot on the surface of a coral Porites spp. on the reef flat of Okinawa Japan. This
white spot resembles its color and size in PUWS (Porites Ulcerative White Spot Syndrome) reported from
Philippine. However the white spot observed in Okinawan Porites was not PUWF disease, and found that a
copepod Xenomolgus varius lives in the skeleton under the spot (Hoi and Yamashiro (2007). X. varius was
found from the formalin-washout of the coral Porites in Mauritius (Humes and Stock, 1973) and it has not been
unclear where this species live. The individuals situate in the skeleton and the head is set upward. Coral soft
tissue has a small hole, through which they may get something and release larvae. The present study is to
elucidate the reason why the copepods bleach coral tissue. To observe the relationship between copepod and
symbiotic algae, histological sections were made. Furthermore the gut content of the copepod was investigated
with a fluorescent microscope. This parasitic copepod did not affect coral reproduction. Observation showed
that the copepod eats symbiotic algae of the host coral. To get sufficient food, they must need culture algae
around them under dim light. The copepods have to inhibit the growth/photosynthesis of upper symbiotic algae
as a curtain, because they need much sunlight for lower algae as a food. This cryptic copepod has highly
organized strategies; transformation of the coral skeleton to live in, inhibition of symbiotic algae to uptake
sunlight and culture.  Although the effect of copepod inhabitation on host coral seems not to be serious at present,
continuous monitoring is needed.

11" International Coral Reef Symposium (Abstracts),168, 2008

Defence-related signaling by interaction of arabinogalactan
proteins and B-glucosylYariv reagent inhibits gibberellin
signaling in barley aleurone cells

K Mashiguchi®, E Urakami®, M Hasegawa?, K Sanmiya™*, | Matsumoto®, | Yamaguchi®, T Asami', Y Suzuki®

'Department of Applied Biological Chemistry, University of Tokyo, College of Agriculture, Ibaraki University,
Department of Biotechnology, Maebashi Institute of Technology, “Department of Bioresources Engineering,
Okinawa National College of Technology
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Plant Cell Physiol. , 49, 178-190, 2008
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Expression and Chain Assembly of Human Laminin-332 in an Insect Cell-Free
Translation System

Hoang-Phuong PHAN®, Toru EZURE?, Masaaki 1TO?, Tatsuhiko KADOWAKIY, Yasuo KITAGAWA® and
Tomoaki NIIMIY

Y Graduate School of Bioagricultural Sciences, Nagoya University
?) Life Science Laboratory, Analytical and Measuring Instruments Division, Shimadzu Corporation

Laminins are a family of large heterotrimeric glycoproteins comprising a, B, and y chains. To determine the
molecular mechanisms underlying chain assembly in vitro, we expressed human laminin-332 subunits in an insect
cell-free translation system. We successfully produced the 3-y2 heterodimer and the a3-p3-y2 heterotrimer of the
laminin coiled-coil (LCC) domain following co-translation of each chain. The a3-B3 and the a3-y2 heterodimer
were not detected, suggesting that the a3 chain can assemble with only f3-y2 heterodimer to form a heterotrimer
via disulfide bonds. These results are consistent with those of a previous report indicating that laminin chain
assembly proceeds through the -y heterodimer to the a-p-y heterotrimer in vivo. We suggest that the cell-free
translation system is a valid system with which to study the mechanisms underlying laminin chain assembly.

Biosci, Biotechnol, Biochem, 72, 1847-1852 (2008)

Preparation of N-Acylated Proteins Modified with Fatty Acids Having a Specific
Chain Length Using an Insect Cell-Free Protein Synthesis System

Takashi SUZUKIY, Masaaki 1TOY, Toru EZURE", Masamitsu SHIKATA", Eiji ANDOY, Toshihiko UTSUMI?,
Susumu TSUNASAWA® and Osamu NISHIMURAY?

Y Life Science Laboratory, Analytical and Measuring Instruments Division, Shimadzu Corporation
2 Department of Biological Chemistry, Faculty of Agriculture, Yamaguchi University
% Institute for Protein Research, Osaka University

To establish a strategy to generate N-acylated proteins modified with fatty acids having a specific chain length,
tGelsolin-streptag, an epitope-tagged model protein having an N-myristoylation motif, was synthesized using an
insect cell-free protein synthesis system in the presence of acyl-CoA with various fatty acid chain lengths. It was
found that the fatty acid species attached to the N-termini fully depended on the acyl-CoA species added to the
reaction mixture. N-Acylated proteins with fatty acid chain lengths of 8, 10, 12, and 14 were generated
successfully.

Biosci, Biotechnol, Biochem., 71, 261-264 (2007)
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Expression of proteins containing disulfide bonds in an insect cell-free system
and confirmation of their arrangements by MALDI-TOF MS

Ezure T., Suzuki T., Shikata M., 1to M., Ando E., Nishimura O., Tsunasawa S.

Life Science Laboratory, Analytical and Measuring Instruments Division, Shimadzu Corporation

Escherichia coli alkaline phosphatase (AP) and human lysozyme (h-LYZ), which contain two and four disulfide
bonds, respectively, were expressed in a cell-free protein synthesis system constructed from Spodoptera frugiperda
21 (Sf21) cells. AP was expressed in a soluble and active form using the insect cell-free system under
non-reducing conditions, and h-LYZ was expressed in a soluble and active form under non-reducing conditions
after addition of reduced glutathione (GSH), oxidized glutathione (GSSG), and protein disulfide isomerase (PDI).
The in vitro synthesized proteins were purified by means of a Strep-tag attached to their C termini. Approximately
41 microg AP and 30 microg h-LYZ were obtained from 1 mL each of the reaction mixture. The efficiency of
protein synthesis approached that measured under reducing conditions. Analysis of the disulfide bond
arrangements by MALDI-TOF MS showed that disulfide linkages identical to those observed in the wild-type
proteins were formed.

Proteomics, 24, 4424-34 (2007)

Protein prenylation in an insect cell-free protein synthesis system and
identification of products by mass spectrometry

Suzuki .Y, 1to M.Y, Ezure T.?, Shikata M.?, Ando E. Y, Utsumi T.?, Tsunasawa S. Y, Nishimura O. ?

YLife Science Laboratory, Analytical and Measuring Instruments Division, Shimadzu Corporation
%) Department of Biological Chemistry, Faculty of Agriculture, Yamaguchi University

To evaluate the ability of an insect cell-free protein synthesis system to carry out proper protein prenylation,
several CAIX (X indicates any C-terminal amino acid) sequences were introduced into the C-terminus of
truncated human gelsolin (tGelsolin). Tryptic digests of these mutant proteins were analyzed by MALDI-TOF MS
and MALDI-quadrupole-IT-TOF MS. The results indicated that the insect cell-free protein synthesis system
possesses both farnesyltransferase (FTase) and geranylgeranyltransferase (GGTase) |, as is the case of the rabbit
reticulocyte lysate system. The C-terminal amino acid sequence requirements for protein prenylation in this
system showed high similarity to those observed in rat prenyltransferases. In the case of rhoC, which is a natural
geranylgeranylated protein, it was found that it could serve as a substrate for both prenyltransferases in the
presence of either farnesyl or geranylgeranyl pyrophosphate, whereas geranylgeranylation was only observed
when both prenyl pyrophosphates were added to the in vitro translation reaction mixture. Thus, a combination of
the cell-free protein synthesis system with MS is an effective strategy to analyze protein prenylation.

Proteomics, 12, 1942-50 (2007)



123

Cell-free protein synthesis system prepared from insect cells by freeze-thawing

Ezure T.Y, Suzuki T.?, Higashide S.?, Shintani E. ?, Endo K.?, Kobayashi S.*
) Shikata M.V, Ito M. ¥, Tanimizu K. Y, Nishimura 0.?

Y Life Science Laboratory, Analytical and Measuring Instruments Division, Shimadzu Corporation
%) Central Laboratory, Rengo Co. Ltd.

We established a novel cell-free protein synthesis system derived from Trichoplusia ni (HighFive) insect cells by
a simple extraction method. Luciferase and beta-galactosidase were synthesized in this system with active forms.
We analyzed and optimized (1) the preparation method of the insect cell extract, (2) the concentration of the
reaction components, and (3) the 5-untranslated region (5-UTR) of mRNA. The extract was prepared by
freeze-thawing insect cells suspended in the extraction buffer. This preparation method was a simple and superior
method compared with the conventional method using a Dounce homogenizer. Furthermore, protein synthesis
efficiency was improved by the addition of 20% (v/v) glycerol to the extraction buffer. Concentrations of the
reaction components were optimized to increase protein synthesis efficiency. Moreover, mRNAs containing
5-UTRs derived from baculovirus polyhedrin genes showed high protein synthesis activity. Especially, the leader
composition of the Ectropis obliqua nucleopolyhedrovirus polyhedrin gene showed the highest enhancement
activity among the six 5'-UTRs tested. As a result, in a batch reaction approximately 71 microg of luciferase was
synthesized per milliliter of reaction volume at 25 degrees C for 6 h. Moreover, this method for the establishment
of a cell-free system was applied also to Spodoptera frugiperda 21 (Sf21) insect cells. After optimizing the
concentrations of the reaction components and the 5'-UTR of mRNA, approximately 45 microg/mL of luciferase
was synthesized in an Sf21 cell-free system at 25 degrees C for 3 h. These productivities were sufficient to
perform gene expression analyses. Thus, these cell-free systems may be a useful tool for simple synthesis in
post-genomic studies as a novel protein production method.

Biotechnol Prog. 22, 1570-7 (2006)

Performance of expression vector, pTD1, in insect cell-free translation system

Suzuki T., Ito M., Ezure T., Kobayashi S., Shikata M., Tanimizu K., Nishimura O.

Life Science Laboratory, Analytical and Measuring Instruments Division, Shimadzu Corporation

We constructed a pTD1 vector for an insect cell-free translation system containing a 5' untranslated region
(UTR) of a polyhedrin gene as a translational enhancer sequence. Its translational efficiency was about 50-fold
higher than those of mMRNAs without an enhancer sequence. Moreover, the pTD1 vector functioned as an effective
expression vector not only in the insect cell-free translation system but also in wheat germ extract and rabbit
reticulocyte lysate systems.

J Biosci Bioeng. 102, 69-71 (2006)
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N-Terminal protein modifications in an insect cell-free protein synthesis system
and their identification by mass spectrometry

Suzuki T. 2, Ito M. Y, Ezure T. Y, Shikata M. Y, Ando E. Y, Utsumi T.?, Tsunasawa S., Y Nishimura O. Y

YLife Science Laboratory, Analytical and Measuring Instruments Division, Shimadzu Corporation
%) Department of Biological Chemistry, Faculty of Agriculture, Yamaguchi University

To evaluate the ability of an insect cell-free protein synthesis system to generate proper N-terminal
cotranslational protein modifications such as removal of the initiating Met, N-acetylation, and N-myristoylation,
several mutants were constructed using truncated human gelsolin (tGelsolin) as a model protein. Tryptic digests of
these mutants were analyzed by MALDI-TOF MS and MALDI-quadrupole-IT-TOF MS. The wild-type tGelsolin,
which is an N-myristoylated protein, was found to be N-myristoylated when myristoyl-CoA was added to the in
vitro translation reaction mixture. N-myristoylation did not occur on the Gly-2 to Ala mutant, in which the
N-myristoylation motif was disrupted, whereas this mutant was found to be N-acetylated after removal of the
initiating Met. Analyses of Gly-2 to His and Leu-3 to Asp mutants revealed that the amino acids at positions 2 and
3 strongly affect the susceptibility of the nascent peptide chain to removal of the initiating Met and to
N-acetylation, respectively. These results suggest that N-terminal modifications occurring in the insect cell-free
protein synthesis system are quite similar to those observed in the mammalian protein synthesis system. Thus, a
combination of the cell-free protein synthesis system with MS is an effective strategy to analyze protein
modifications.

Proteomics, 6, 4486-95 (2006)

Size variation of planulae and its effect on the lifetime of planulae in three
pocilloporid corals.

Isomura N » and Nishihira M ?
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Internal brooding of clonal propagules by a sea anemone, Anthopleura sp.
Invertebrate Biology

Isomura N ¥, Hamada K ?and Nishihira M 2
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Distribution of intertidal sea anemone in Mutsu Bay, northern Japan.

Isomura N Yand Nishihira M ?
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Self-fertilization is highly possible in a brooding coral Acropora (Isopora)
brueggemanni
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Microsatellite loci isolated from the scleractinian coral
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Molecular Ecology Notes 8: 587-589, (2008)

Is gene flow rare in Isopora brueggemanni?
— Inferences from genetic assignment methods.
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The Raffles Bulletin of Zoology (in press), (2008)
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Telomerase activity is not related to life history stage
in the jellyfish Cassiopea sp.

Ojimi CM Y, Isomura N ? and Hidaka M ?
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Genetic connectivity of the broadcast-spawning coral Acropora digitifera
analyzed by microsatellite markers in the Sekisei Reef, southwestern Japan.
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The Effects of Aging on the Complexity of Head Fluctuation in Walking

“Tomoyuki lida*, Chihiro Edamatsu?, Takeshi Miyakawa', Kazutoshi Seki®, Sho Onodera®

! Kawasaki University of Medical Welfare, # Kurashiki University of Science and The Arts, ® Doctoral Program in
Health Science, Kawasaki University of Medical Welfare

The purpose of this study is to examine the influences of the complexity of walking cycle in young and elderly
people by using Approximate Entropy (ApEn).The complexity of head fluctuation in walking of elderly subjects
was lower than that of young subjects. It was considered that there were two possibilities why the complexity of
walking cycle of elderly subjects was lower than that of young subjects. First, the complexity of walking cycle of
elderly subjects was low because elderly subjects intentionally controlled their postures during a walk (ex. the
increase of step width). Secondly, it was considered that elderly subjects have simplified Central Pattern Generator
(CPG) which generates a walking rhythm. The human decreases a feedback function with aging. As a result,
information to CPG also decreases with aging; the walking cycle becomes regularly. Because of these reasons, we
thought that elderly subjects have high simplified CPG. In conclusion, we consider that that the complexity of
head fluctuation in walking is influenced by aging.

12" annual Congress of the EUROPEAN COLLEGE OF SPORT SCIENCE, p323, 2007
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Comparison between Treadmill and Level walking
—focusing on the complexity of the walking cycle—

“Tomoyuki lida*, Chihiro Edamatsu?, Takeshi Miyakawa®, Sho Onodera®

! Doctoral Program in Health Science, Kawasaki University of Medical Welfare, ? Kurashiki University of
Science and The Arts, * Kawasaki University of Medical Welfare

Measurements of walking ability and gait training are done on a treadmill as well as on a level floor by many
researchers. However, a lot of differences, such as body functions during walking, are observed in these different
situations. Therefore, the purposes of this study is to examine whether walking on a treadmill and a level floor
influences the complexity of the walking cycle by using Approximate Entropy (ApEn). From our results, it is
assumed that there are no differences in the complexity of the walking cycle at the free walking or a little faster
than free walking velocity while walking on the treadmill and level floor. This is because walking affects nerves
including the control of posture, which is optimized at the free walking velocity. In conclusion, it is clear that
walking on the treadmill and level floor have influence on the complexity of the walking cycle.

11" annual Congress of the EUROPEAN COLLEGE OF SPORT SCIENCE, p578, 2006
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The Effects of Walking Rhythm on the Complexity of Head Fluctuation in
Walking

*Tomoyuki lida', Chihiro Edamatsu?, Takeshi Miyakawa®, Sho Onodera®

! Doctoral Program in Health Science, Kawasaki University of Medical Welfare, ? Kurashiki University of
Science and The Arts, ® Kawasaki University of Medical Welfare

The purpose of this study is to show clearly whether the complexity of the cycle of head fluctuation during
walking is influenced with walking rhythm. As a result, value of ApEn showed a trend that value of ApEn of
walking rhythm except Free was higher than Value of ApEn of Free. In other words, the value of ApEn, which
indicates the complexity of head fluctuation, showed change like a reverse U curve, with the top of the curve at
the walking rhythm of free walking. This suggests that the complexity of head fluctuation at free walking was
high, and the result of this study showed a difference from the results of the walking velocity results of the last
study. This suggests that the complexity of head fluctuation was low at walking rhythm except free walking
because walking affects the lower central nerves strongly receive an order from upper the central nerves. In
conclusion, we hypothesize that measurement of the complexity of head fluctuation is a possibility for estimating
walking affect nerves, but it is not clearly that the measurement of the complexity of head fluctuation can estimate
of walking affect of lower nerves.

The 2005 American College of Sports Medicine, Medicine & Science in Sports & Exercise, Volume 37, Number 5,
$158, 2005
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Floral Dimorphism in Psychotria boninensis Nakai (Rubiaceae) Endemic to the
Bonin (Ogasawara) Islands

Yoshimi KONDO !, Masato NISHIDE 2, Kenta WATANABE 2 and Takashi SUGAWARA 2

! Department of Biology, Faculty of Science, Tokyo Metropolitan University
2 Makino Herbarium, Graduate School of Science, Tokyo Metropolitan University

Floral and reproductive characters were examined to determine mode of dimorphism in the flowers of Psychotria
boninensis Nakai, a species endemic to the Bonin (Ogasawara) Islands, Japan. The flowers reciprocally differed in
stigma and anther height, and were composed of long- and short-styled morphs. Pollen grains from the
short-styled morph were larger than those from the long-styled morph in size, but no major difference was found
between the two morphs in exine sculpture. The short-styled flowers produced less pollen grain than the
long-styled flowers, as in some other typically distylous species. The pollen grains produced by the two morphs
were positively stained with Cotton Blue solution, and ovaries of the two morphs produced fruits and seeds in
field. These results suggest that the flowers of P. boninensis are morphologically distylous, as in most of the
typically distylous species, and that the long- and short-styled flowers are functionally bisexual. This is the first
record of distyly among the plants endemic to the Bonin Islands.

Journal of Japanese Botany 82: pp251-258. (2007)
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Dioecy in Wikstroemia pseudoretusa (Thymelaeaceae)
Endemic to the Bonin (Ogasawara) Islands

SUGAWARA TAKASHI' WATANABE KENTA' KATO HIDETOSHI ' YASUDA KEIKO ?

Makino Herbarium, Graduate School of Science, Tokyo Metropolitan University ,
%Iriomote Project, Research Institute for Humanity and Nature

The sexual mode of Wikstroemia pseudoretusa, endemic to the Bonin (Ogasawara) Islands, was examined and compared with that of
W. retusa, distributed widely in the Ryukyu Islands, Taiwan and the Philippine Islands. Although the two species have generally been
regarded as hermaphroditic, we found that W. pseudoretusa was actually dioecious and W. retusa was hermaphroditic. In plants of W.
pseudoretusa, male flowers usually produced functional pollen grains, and their gynoecium was vestigial and lacked ovules, while
female flowers had a functional gynoecium, including an ovule, and their anthers were vestigial and completely lacked pollen grains.
Based on the morphological properties of these species and on the occurrence of hermaphroditism in a closely related W. retusa,
distributed on the continental islands, the Bonin W. pseudoretusa seems to be an example of dioecy evolving from hermaphroditism
within the Islands.

Acta Phytotax. Geobot. 55: pp55-61.(2004)
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Enhancement of Heat Transfer at Downstream of
a Backward-Facing Step by Mist Flow

Yoshitaka Miyafuji*, 1zuru Senaha?, Kenyu Oyakawa’ and Munehiko Hiwada®

! Okinawa National College of Technology,Nago, Okinawa, Japan
2 Department of Mechanical Systems Engineering
University of the Ryukyus,Nishihara, Okinawa, Japan
® Department of Mechanical Systems Engineering,Gifu University,Gifu City, Gifu, Japan

ABSTRACT

A mist flow which is an air flow with water-drop mixed is suitable for rapid cooling. This method is useful
compared with that of the air flow only applied, because of the heat transfer enhancement by both effects of the
latent heat of vaporizing and the sensible heat of attaching water-drop. Recently the demand of increment of
compact heat-exchanger has been required, but this method is not suitable for compact devices, because film-wise
and drop-wise water exist on the heating surface in narrow duct. We proposed this method to apply for the
compact heat exchanger without contact of water-drop on the target surface.

This paper shows how heat transfer was enhanced due to that the small quantity water-drop is vaporizing
immediately near the heated wall, when the mist flow was induced in entrance section of the channel. In order to
the heat transfer in separation and reattachment region, which is a typical one in cooling system, We apply this
method to the flow and heat transfer in backward-facing step.

Int. Conf. on Jets, Wakes and Separated Flows
September 16-19, 2008, Technical University Berlin, Berlin, Germany

Heat Transfer Enhancement of VVortex Generator Fin

Kenyu Oyakawa*1,Sohra Fukami® ,Islam MD.Didarul' , Yoshitaka Miyafuji*

'Energy and Heat Transfer Laboratory, Department of Mechanical Systems Engineering, Faculty of Engineering,
University of the Ryukyus,1 Senbaru, Nishihara, Okinawa 903-0213, Japan
2Okinawa National College of Technology, Nago, Okinawa, Japan

Because of the rapid advancement in thermal systems in recent years, the demand for high performance heat
exchangers is on the increase. There are two primary methods for enhancing the heat transfer performance of heat
exchangers. One is to extend the heating surfaces. The other is to make the large scale vortex with a vortex
generator to increase heat transfer itself. The vortex generator fin (V.G. fin) used in present study has both of
advantageous effects of extending surface of fin and heat transfer enhancement from surface. V.G. fin can enhance
heat transfer attaching or detaching of the longitudinal vortex generated by V.G. fin. We had focused
characteristics of V.G. fin by changing the conditions of their height, the separation distance between fins, duct
height and fins arrangement for square fin.

In present study, it was found that Nusselt numbers of triangular fins were higher than those of the square
fins in the co angular pattern. In contrast, Nusselt number of the square fins were higher than those of the
triangular fins in co rotating pattern.

Int. Conf. on Jets, Wakes and Separated Flows
September 16-19, 2008, Technical University Berlin, Berlin, Germany
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