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7RSLRQMHIDQVIRUPOGWLYFHHPHQW YV
WKDWHGHIL@QWKHERXQGDURHYV
LOWHOOLHRSREHUQGLYLGXD® V
RUJDQL]DWQBQVSESHEMLWKDK JH

LQ VRFLHW\

e 7RFXOW LLYQ®W/HHU G L V FRSIOW Q B UNVGKGSM YR SDF W I X
UHVHDUFK WKDW DGGUHVVHV WKH ZRUOG V P
e 7R GHYHORSWQIQV S DVHFKRX QWDBGHT X L W DO H
VROXWLRQV WKDW HPSRZHU LQGLYLGXDOV DC
e 7R OHDB\ H[DPSOMQGLQVSLWMHQRYDVBELHSD UWP H
FKDPSLRPXOWRIERQW L QXHRXVQQBISHULPHQWD\
GULYLQJ SURJUHVYV DQG SXVKLQJ WKH IURQW |
e TRFUHDWWLR QREQHEWINYRIRUHHGELVLRQ MINGEL Q
WUDQVIRUP LQGXVWULHY DQG VRFLHWLHV IRL

16, (63+(5(



‘HDU 5HDGHUYV

~WLYRWLPPHQSBHDWXBUHHVMWXEA D X J¥GDORIR X U

GHSDUWPRQWDQQH) VLGHG6SKHUSIODW I RUP DWHG
FDSWXWKHS XOVSDVOLBQ S URJURVWKHISDUWPRRQW
&RPSXWHIUH@RHGQJLQHH B UL HFWB OMOL.Q BRFK L QH
/HDUQLQJ DW /DNLUHGG\ %DOL 5HGG\ &ROOHJH

7KHVKHARWKLVVXBARUYYHU\R QM | O RBVBH O MHI D W
$UW L ILBDMDHO OLL\GHRDRH) JBIG L V W\ B AK Q RFORRI L. QNHRG
UHVHDOBEV LWVD WUDQV IR UPRDUWFIHFEAH V VWEROYH U\
LOQGLYLEWHD@HDUDRBH YHGBUHDP$-W R GIDQ | O X HRX W V
GDLOLYH®ZD\VRQFMKRXJIKQLPDJLQDEIWHRPVPDUW
DVVLVDDEMD OW ISFRIHGH. FWERRXYWDLDQERHUD WQRQ V
SHUVRQDKE XKHF® W LRVGVKMWKHPHHDLPWR/LPSODQ\G
FHOHEWBSWHVHRIEH @ @Y SHRWXPDQLHPSKDVL]LQ
WKDQW HO OFLH & R @HRWX VR D F K L QXMW RV KIML Q GWVK D W
FUHDWH WKHP

- QVLGHG6 SIKHUIHWRVHUYIHVD YLEUDQW G RIZQ WHRX U
GHSDUWPHQW V DFDGHPLF DQG FUHDWLYH HFRV

3XEOMWKUHBLWLIRIPRFDGHRHBDU-XOIRYHPE DWW G
ODUFK WR HQVXUH FRQVLVWHQW HQJDJHPHQW L

, QMLGHESKHWH



+LIJKOLGKWDUWPBGWDODWGEGBINKLHYHPHQM)W O XGLQ.
ZRUNVKRSV )'3V FRQIHUHQFHV LQGXVWULDO YL

SHFRIQWHKBIFFRPSOLVKAHFWY®O®WE® W X GHEHOWHEUD WL
WKHLU UHVHDUFK SXEOLFDWLRQV LOQQRYDWLRQYV

)YHD W XFRJUWHH D WALV LWHIVHD DBV L -BOHGA URMH QWL J KWV
RITHULQJ D EDODQFHG EOHQG RI WHFKQLFDO GHS

SURYL®H®RWLILFDIVQBRRQS/GDWEHERXWSFR.QJHYHQW YV
FRPSHWLWLRQV DQG RSSRUWXQLWLHV IRU SURIH

(YHWDJRI-QVLGHS6 S KHIUH OH RN RER O O D E RUDLW L YW
W K O5WA | L QRDMG HS D UQWP HD VS D FAK HUHGHDW N KD U H G
YRLFMYKHD WX GQQRY DMKRLIKINA/D JD | LIV RAH U H O\
DFROOHRWDRYLEGMINFRPPXQLOMW\UUDWEXRLW KH
FXULRVLW\ DQG FRPPLWPHQW RI RXU VWXGHQWYV

“H[WHBGKHDUWIWHDW.WRXMHD®I'HSDUW P HIZAX O W\
DGYLVRGVWRVWHDB®DQ ® OFAR QW UL E2KRREM G L F DIMVQA®R Q

HQWKXVKDYPIDGHMVIKML U YW OHHD OADMM\-QVLGHBSKH L
FRQWL@WRH V SIOHD UQERO O D E R IDIMEE R\QF R YIHUZ\H

MR X UDQGWRHY RO ZIRQURE UW L 1+ 6 WHD ORLQBOQFKLQH

/JHDUQLQJ WUXO\ PDNLQJ LW $- IRU (YHU\RQH

. BO VKRN

, OLGHBSKHWH



(<127($' " 5(66
" HDUB\WMGHW ) DRXGWV 0 HP EHY DQG 5HDGHY/

WILYHVP HIP P HQWH SGDVXUH R Z HBRP H\ RX DR WH LODXJIXIDCHGMRQ RI
RXU GHSDUR HQWOP DIDJIQH - OMGH6SKHH D SOMRWP  \WDWP LLLRY/ \WH
IOMBPAMDO GHSW FUDWYIW DQG DFKIHYHP HOQW Rl WH ' HSDUR HQWRI
&RP SXWU 6AHQAH DQG ( QIIQHHUQ)  $UMIFADO -QM@HQAH DQG 0 DRKIQH
/ HDWIQJ 7KLV P DUD] LOH LV QRARRVAD FREGIPARQ RI DUAFBN DQG HYHQW MLV D
IHBPARQ R RXU MXWOH  YDOHV DQG YIMRQ VR QXUMWH D JHOHIDARQ Rl
LOQRYDVRLY/ WIQNHY DQG GDGHWY/

7TKHWHP HRI WLV I IDMBAXH - $—IRU( YHI RQH  SHUHPD DO QV Z IMK WH VSIUW
R LQFOMYIW DQG DFFHWELON 1Q WH P RGHO WFKOQR®JIFDOHWD  $UMLADO
QM@ HOFH LV QR ®RQIHUD GMEQAFRQFHSW MV QRZ GHHS® LOMI DG LOR

RXUGDI® @/HV ) IRP SHUWRQDM HG GDLIQI SOMRLP VR P HGIEDOGIDI QRVMEY

$-V [P SDAMHDAKHV HYHY FRUDHURI VRAHW  7KH WXH HWHORH Rl WKLY WHP H

@V 1Q WH EHTH WDWS—LV QRWIP WG \R VAHQWAN RUHQIIOHHY  IMEHBRQIV

VR HYHY GDUHU FUHDRU DQG SWIREGP VROHU ZKR DVSILHV VR P DNH D

GLLI HIHOFH

$33/,&%$7,2162) $,$&5266' 20$,16

$UNIADO-QM@HOFH $— IV WDQMRWP 1Q) WH Z RUG 1Q H WDRWEQDY ZD\V
IO XHOAQ) QHDUWD HYHY VHARU Rl KXP DQ DRWW -W DELOWV R DQDO] H
FRP SG[ GDW O®DW ILRP SDWAWV DQG P DNH IQM@IHQW GHAMRQV LV

LHYROMRQL] LQJ [QGXMMHY [P SLRYIQJ HIIAHQR  DQG HOKDQA.QJ WH TXDOW/ R
@HDALRW WH J@EH

, QUGH6 SKHUH



Q KHDOMFDIH $-EDWHG GIDIQRWE Vi VMP V DQG SUHGIPWYH DQDOWEV DUH
DMMQI GRARY/ 1Q GHWPWQ) GM-DVHY DWDQ HDUD WIUH HQDEQQ WP HO

WHDW? HOADQG P SLRYIQJ SDAHQARXWRP HV -Q WH IIHG Rl DIUEX@XUH \P DUV
IDP 1Q) VRRY SRZHHG E\ $— FRP SXWU YMRQ DQG -R7 DUH LHGHIQIQI ARS

P DQDIHP HQW 7KHVH WIFKQR®JIHV KHS 1Q P RQMRUQI VRIOKHDOK.  SUHGLEWQJ

\IHGV GHWPAMJ SHW DQG RSWP [J1QU) IULIDWRQ — WHUHE\  VXSSRUAY

VXWELODE®! | DLP LQJ SLDPAFHV DQG IP SLRYIQJ |RRG SURGXPWRQ Hi I LIFHQR

Q HGXFDARQ $—GUYHQ WWVRUQI Vi VWP V DQG DGDSWYH GDLQIQ] SOWMRWP V DUH
SHURQDM LQJ HGXFDARQ @\H QHYHU EHIRWH % DQDO] Q) IXGHQW GDLQIQ]
SDMADY $— LGHOWIHV VAHQIWY DQG Z HDNQHWHY  HQUXUQI FXWRP L] HG
VXSSRUMMDWHQKDQRHV XQGHUAMBQGIQ) DQG LHWMOMRQ $— KDV DOR P DGH D
W QULIFDQWIP SDRWRQ WDQVSRUBMRQ 6HD GUYIQ] YHKLEGN  LOW HQADI | LE
P DODUHP HQWV M VWP V' DQG SUHGIPWH P DIQMQDOFH VRREY' DUH P SIRYIQY
PREION WHGXAQ) DFAGHOW DQG HQWXUQI WP RRKHU WDQUSRUMARQ
QHE RNV 7KHWH LQORYDWRQV DUH SDYIQJ WH Z D\ WRZ DUG D IXWUH Rl VDIHU
VP DUMU DQG P RUH VXBLQDE®! WDYHO

Q WH IL.QDQFH VHARU P DFKIQH GDUQIQI P RGHY DUIH EHQJ XVHG VR DQDO] H
UMV GHWIPM LDXGXGIQADRAYMEHY DQG P DNH P RUH IQIRWP HG LOYHWR HQADQG
RHGIWGHAMRQV $—GUYHQ FKDVERW DQG DXVRP DWG M VWP V DUH HQKDQAQJ
PXVWRP HUVHWFH Z KI®! SUHGIEWYH DQDOWEY VXSSRUN EHWAUI LQDQRADCEBQQLQJ
DQG VHEXUW

) IOD® 1Q WH DUHD Rl VRADOJRRG $— IV EHQJ GIYHWDIHG 1RU KXP DQMBUDQ
SXWBRWHV  DIGIQI GVDWMUP DQDIHP HOWHQDE@Q DWIMAYH WIRKQR®JILHV 1RU
SHURQV ZIW GMEIDAN DQG SWRP RWY  LOFOMYIW WURXJIK  LOW HQW
DFFHWIELDN VROMRQV 7KHVH DSSTDMRQV GHP ROVADM $-V SRWMOWDOR FLHDWM
DI DILHUDQG P RUH FRP SDWIRQDW VRAHW

7TKWRXIK -MGHBSKHH ZH DP VR HS®WH DQG KLIKQKWWHH GLYHUH
DSSTDARQV Rl $ UNADO-QM@HOAH LQVSIUQI RXU WMXGHOW \R YIHZ  $— QRW
P HHO® DV D WFKQR®JIFDODGYDQRHP HQWEXWDV D SRZ HUXOVRROIRU VRAHVEZO
WDQMRWP DARQ : H HOFRXWDIH RXU UHDGHW VR HP ELDFH $— UHVSRQVE®

IOQRYDWM WRXJKWXK@® DQG FRQMEXW P HDQQIIX@® VR WH EHWMLP HQWRI

KXP DQW

, QUGH6 SKHUH
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2XU&6( $- 0/ GHSDUR HOWHOYIMRQV SWIRGXAQI WHKQFD@ SURIIAHQW
HWIFD@ WHVSRQME®!I DQG VRAD® DZ DUH JWDWGXDWAV HT XISSHG VR H FHOQ ERW

UHVHDURK DQG LOGXV 7KH H SHPMG IXGHQWRXWRP HV DLH

o BWGHQW ZI® JDIQ GHHS H SHUWNH 1Q $UMIADO -QM@HQAH 0 DRKIQH
/HDWDQJ ' HHS / HDWDQJ) DOG ' DV 6AHQRH FROFHSW HQDE@Q WHP \R
GHWLI Q LOW@I HQMWA VWP V DQG LHDOZ RUT VROMRQV

e 7KWRXJK SIRMPNEDVHG GDUOIQ) DQG KDQGV RQ [P SGP HQMMRQ \AXGHOW
Z I@HQIDIH 1Q UHVHDURK WDWARQMEXWV VR HP HULQ $—WIFKQR®JIHV DOG
SXEGMRQV

e 2XU FXUIEXOP HOFRXWDIHV WH IQMIUMRQ Rl $— ZIW -R7 SRERWEV
&\ EHUHRXUW DQG &BXG &RP SXWQJ VR SUHSDUH WXGHOQW IRU G\ QDP IE
FLRW GRP DIQ LRV

o * LDGXDWMV Z (@GHYHBS DZ DIHOHW Rl $—HWIEV EIDV DQG GDV SUYDR
XQGHUABQGIQ) WH VRADDQG P RWDAP STFMRQV Rl WIFKQR®RJ\

e 2XU WXGHQW ZIl® HYROH DV DGDSWE® SWRIHWMRQDY ZIW VARQJ
FRP P XQIFDWRQ WDP Z RIN DQG GDGHUKIS W@ UHDG VR FROMEX\M R
DFDGHP 1D WBUXSY DQG JREDAQGX\MHY

e $V ZH RSHQ WH SDIHV RI -QUGHESKHH ®WXV FHOEWDM WH FROPAYH
DFKIHYHP HQW Rl RXU IDFXQOV DQG WMGHOW Z KR FROADXRXV® AMMYH IRU
H FH®IQFH 7KLY P DID] IOH Z L@EH SXEQKHG WUHH WP HV HYHU DFDGHP IE
\ HDU IQ X® 1RYHPEHU DQG 0 DUK SIRYIGIQ) XSGDWMV RQ
GHSDUR HOBO HYHQW UHVHDURK  DFFRP SOKP HQV  DQG  FUHDWH

H SUHWRQV

—H WQG P\ KHDUAHOVFRQIDMOMRQV R ' U -RKQZ HM® &KDSSIGL WH ( GMRU
10 &KIH DQG WH ( GMRUDOYRDLG |RU FXUDWQ) WLV Z RQGHUXOLQMDAWYH \WDW
WX® HP ERGHV RXU GHSDUR HQW HWRV GDWOQ) IQORYDAWRQ DQOG
LOFOOLYIW

/ ALY I LDAMDMAXH Rl -QUGHBSKHH EH D EHDFRQ Rl NQRZ BIGIH  JXIGIQ) RXU
UHDGHW/ VR XQGHUAMIQG DQG HP ELDFH WH YDWSRWIEIMAHVRI - $—1RU( YHU RQH

, QVLGHBSKHLH
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7UDG L WLRH@WL | MFHDRKIGR QN BV DY L DK HS U L P CRIEM H FRMIWYKHUWA V H DLUVF K
RQ PDQXDB®[DPLQDWRIRPRUSKRORMRDPLO IWDBWE® G HOLPRYMXLW
IHDWXEBMWUDL GIGVRPRORIQWW R XUEKHFEBW V VLI WRDWUR Q IWHERR
DFFXUDWHKILYSSURDIFKWLPH FRQVXPKQYHLO/OOWHAKHKVIRI<2/2Y
ODERU LQWHDGSINRQWRKXPDMUURBURYLOGBMGIGXHVR WYHDO WL
HVSHFZKG@HSOR\RGBGDUJH REDHMR E M H F3M W H F WALIRSD E L O LAK L IF X
WLPH PRQLWRULQJ HQDEOH WS HFLBWQWLILBDWQE
SHFHQ@®YDQEEPRPSXWHYLRQGHHSFRQGLWLR® XS S RIUOW HJUDMNLR
OHDUQIKPNY HUHYROXWLR®DWHGED VARELRM G JGIH Y L FRH®Q VGWWHDV
ELRORJAGDOVLILPDWLA®RVVLEGRPRQLWRULKQHDSSURDBRWRQO\
DXWRPIPRMTXLWSHF LBHWFR JQ LZLMRE Q K D Q FHKM S HHEBQ G/ FD O D ER.IO L
KLIKDFFXUDRGHIILFLHQMMSOHDUQVGHFLBYWQWLIEXIAGVRQQLILFD
PRGHEBVSHFERQGIR OXQH R@B@ Z R UMNRQ W U L B RNKMAR P DGLIVG Y WHF W R
&11V KDYWKRZQYXSHUIFPWBDELDQWDSSL@KLFKVHVVHQURLIQPHO
IHDW XKW UDF\WRREO DWW HBGRIQLVBIURY HQWLYH LOQWHUYHQWLRC
DOORZIRQD VWHYPRUKWHOL IVEGIFLHKHIHVHDUFSO L H\OW K HD FWK D W
FODVVLILFPRSIIRUWMEF R QY HQ WLLARIQIID O W K RKH K H (GBI® © H D U PLROGIH O \
SURFHVWHWKRGM VVDH@DO KDYHEHHQURSRVHALQVHRW
5X VW BIFD O 7KHVARGHPYGURFHWRYV T X LWHE R J Q LRARMMOX | ITHUR P
FRPSOMLVXPXHV VXBNZLQBDWWHWOQPLWHGJIJHQHUDOL]DEL®LWM
WKRWH[WRQERGXHIJPHQWDWLRQHWRPSW W D \WRR @ROH G X FDHFG X U D F
RIWHADOOHIRIWKRXBDB[SHUWMGHQWXOGHWU\LKJY L UR Q PAHROQA\GD.@V L F
XQGHWDULHGLIJKWIRQYIHQYLURQP H@EWD W LR QD[QOWLQWXGLKBY H
FRQGLWLRQV IRFXVHGULPDULR®® FRQWURDO
7R DGGUHWKHOLPLWDWUIRPDQXDODERUDVERWDVHWWNLQRE XV \
FODVVLILADKLNVRVX GSURSRVBI\GHHSSHUIRUPDIQFGLYHUYHOWGHWWLC
OHDUQLQJ IDDWPHGERUMNL QW KK2/2Y FKDUDFWHBL]BBLVHOOXPLQD
DUFKLWHR WXBIX W R P DVGH® WL | RADYWLIRLDWLRQ DQG EDFNJURXQ
PRVTXMSRFLURE LJLWDOHKHRGHO
LQWHJG&BYBYNQBWEDFNERRGHHS

IHDW XI\W UD FDMLARII HVBDVEKIJUHIDWLRQ

IHWZRURUPXOWL VMADOHINMLRTK LV
FRPELQDWQRDQMHW\VWHP BELOWW \

GHW NKEW®RKW SKR O RILFWOQBDWRRQV
WKUIPHGLFDOLGQLILFRQMXLWSHFLHV
$HGH)QRSKHDE & X O H[KH WS HF DH\
PDMRWHFWRUGLVHDVHFKVGHQJIXH
PDODUDRG=LNDPDNLQWKHIDIFFXUDWH
LGHQWLILHD/WHRWRDMSLGHPLRORJLFDO
VXUYHLODKHIBR SR \PHRGOZDW UDLQHG
DQGIYDOXRWBEGDWDFRMSULVLQJ
DQQRWDRWBGHSHPRQ VW UDHAPLDQUN D E O H

HIILFLHQF\ DQG UHDO WLPH GHWHFWLRQ FDSDELOLW\

 QVLGHBSKHWH



7KHPRWLYDWMWKYUWVHDWEKPWYRMWWKH LIXUH -OOXVWPRWSKRORJI
XUJHQMHGRPSURYXE KHBOWKYVSRQEHI IHUHG@FHMMZ HSI)G HY Q G& X O H [
V\VWHPVOHYHUDIHAB®HDUQRQIHD PRV TXIOMR Y'BIBLOYDD\DOD O

WLPHQWRPRORIXBEDPOLO@RDFMQG*OREH 7KHILIXUKLJKOLJK
DFFXUDGHQ W L | IRA P RALRQWSRI F IFHD\Q G L V W L QMU X FWVYULDIY VR/ID VW K H
SODD FUXFLUDROHQSUHGLFWROYHQWEKDSHWKHLSKRQ ®VKSRVLWLRC
R X W E U HOSNWL P LY HEWFRRWD WVR 0D W HRB LVHHW D KIH WH. V ¥FX®IVU AU X FILRDJO
DQ®LQLPL]WEWUDQVPLRNLRQ XLWERIITHUHQ WISIHW LGXU LQYXHD U O\
ERUQHSLVHDVHAKH SURSRVHP®GHOGHYHORSPHMWDDIBQGVHUYHBYV

LQWHJUDIWPRELDEBGR7 EDSEBBWIRWMYHUHEBMW XIRMVKEHHSHD U QL

FRXOGE Y RO XWLHFRQWRH Y H L OHDOEFMHIRRIGHO V LPDJH UHFRJQLWLRC
KHDOV‘DK&(WKRUL\WRHRQLWW@VTXLWLRJXUH _OOXVWPRWSKRORJI

SRSXODWURI@Q AR GHVSRBURDFW LY MO\ | 1y @ FIMAZ H$IK)G HY Q G& X O H

WR HPHUJLQJ HSLGHPLEV PRV TXIOMR Y'BILOYBD\DODO
*OREH 7KHILIJXUKLJKOLJK
G LV W L QPWWLX FAMDUDY GVRVIO VW K H
VKD SFHWKWLSKRQ® KSIRVLWLRG
RIVHW DKH WH. V ¥XGIVU FIU X FILRLO
GLITHUHQWISHW LGIIU LK HDU O\
GHYHORSPHQWDBBQGVHUYBV
UHIHUHE@BMW XIRMVKEHHSHD U QL
PRGHO V LPDJH UHFRJQLWLRC

& 2

/129

 QVLGHBSKHWH



I onth-: ] -mtnv; du7t-|; V[T7; 7% ; u

| < %o ot bj; uv| wv|o; Stou |o|_; m %o

|; 1 noto]hv-nv |o]-bmvol ; ~-tf-0t;

brrod - |lon¥; [1:$_lv%dit O; | < brjw7t1|lwm
-7, <ot ;" ul_ot]_| o=ou%on¥; y 7 -00t| |_;

“-uotv  |ootv];mu|bi |_; | o/om) -v;7

lom; m =ou|_; v-1 ; tv, W T|v5 vnj B

%onv; um | _-|7_0%| ; 7-|- 10tt7 O; |fumbro

= tmjvs ;|v;Stou | ; 7; m|; 1 noto] <

0; mv | o/lomt 4

2 YHUWH SDWHZ \ HDY DQ IQMHVAQ) WIQI KHWH FRP HV LY WH ERRP 1Q$, DQG $, UHDWMG
IIHBV DQG P RUHRYHU DB RWVDOFR@U HV DQG XQYHIMAV DUH IQARGXAQ) $, DG $, UHDWG
FRXUHV 7KH XVDIH Rl $, 1Q RXUGDI® @H LV DOR SO\ LQJ D AXADORG! $ @P RWMQ DOVHRRLY/
Q\H +HDOK &DUH YDONQI VHRRY $JUEXOMUWH ) IDQAH ( QMBUMHY 6KRSSIQI 0 DUN MO
( GXFDARQ 6\ WP V 6SDFH DQG ILQDM $, FDP H VR WH X\VDJ H LOR RXUKRP HVVRR / HW J HVKR
NCRZ KRZ WH $, XGHUAMIQG DQG GHWPARXUHP RAWRQY DQG MW FRQOMQAS HOHIDWRQ GHSHQGLQ)
RQRXUHP RWRQV

$O@R XGGHQ KHWH IV WH RCH WIQ) WDWL REVHYHG 1Q WH SDW ) RPP H® , KDYH JRCH
WURXIK WH XVDIH Rl WH $, VRROFD@IG * (0,1, DV L UDFKHG WH GDOT MWRU&+$7 * 37
7KHQ , REVHYHG WDAKH * HP LQLLY J HQHIDWY) WH FROMQAMNH YHY QRUP DODQG MP S® DQG
MV @H DB RWILHSHPRYH Rl WH ZD. RUWH HP RWRQ WDWZ H JLYHQ WH SURP SWZ KHQ
FRP SDUHG VR WH &KDW 37 7KHQ L WEWMG GMVAXOMQ) IWZIW P\ TUHQG  VHDUKIQ)  WHDGIQ
\RP H DWFGN HWF 7KHQ L FOPH \R NCRZ WDW WH IDACDWY WIKQR®J\ EHKIQG W1V
HP RWRQDCS

 QVLGHBSKHWH



%H RWH Z H J HAWGHHSHULQR WL GMV FBIDUXS RQH  * HQHD®  WH WDQURWP HY DIH X\VHG R
WIQ) WMDN : KDAHYHQLV'S, ™ JHHDM HP RARQDD  WHBIYDQA BASRQHV
7KHRQH Rl WH P RWAP SRUBQAMIQ) 1V WDW

6lP SO $WMIEDOQMMHGFH $, IVORWMIQ) EXW WH $, DOR XVAV WH SDW KIMRY
WH P DFKIQHV DUH WDIGHG VR WIQN DQG PP IF N H FRQYHUDARQ VR FKRRVH  WH  UHBIVDQW
KXP DQV Z IMRXWIH GHHG Rl KXP DQ KHS HYHYWP H  HP RURCDOUVSRQMY W @\H GDLQQ) [URP
+HUH WH P DFKIQHV J HAMDICHG Z W WH KXJH GDB®  WH SDWH SHUHQRH Z KIFK 1V DOR NQRZ Q DV
F\ XMQ \RPH DORUMPV DQG WIKQTXHV ,Q SHQRUAHP HQN/HDWQQ) 7KV GDWQRQ) LV

VP SBHUZD $, IV O\H IQMKXPAMY) WH FRP SXWMLY R

GO WICN DQG VR DFW QRWZ W HP RARQV EXWZ W
\RP H GDVB DQG ®J [EV

MOWMDP D LQ) WDWD P DRKICH IV \SHQGIQ) WP H
Z I XV MVWWR VKDUH RXU SUREGP V DQG VXJ J VA
UHBIYDOAMBY DOG VROMRQY DQG FROMQAI HOHIDARQ

\VROIQ) SUREGP V/Z KHUH HYHQ D KXP DQ FDQQRWWSDUH
DPIQP XP IQWIVEX ZRUG

6R \HK Z VMRXWGHD\ GMV JHWH S&RWH VR WH
(PRMRQS,

Q VPS® ZRGV (PRAWRQEDHG FRQOMQN UWNSRQG 1Q NQG ZD\V

JHHIDARQ LV QRMIQ) EXVWNH $, FUDW) \WH W \RU
YRADW Z KIFK VRXQGV @\H MKDV [HHIQI V VRR ON HR\
H AWP HQAM\VDG HW IRUHD XQGHIMBQGIQ) / HWKD,
IRUVXSSRVH \ RX JLYHQ WH SURP SWINH , P [HHI
DG \RGD. 7KHQ $, BISGV@H , P \RW R KHDU
WL EXWLKRSH WH QH WGD. IV JRIQ) WR EUQJ \ RX
WH KDSSIGHW  \QWIWZ RQGHUQ) Z KHWH DIWWD@D
P DFKIQH GR QRWKDYH |HHIQIV EXWMMIQN IRU\ RX
DQG LY MWKHUH IRU\ RX DQG MV Z WK\ RX
7KH KIGGHQ WIKQR®J\ EHKIQG WLV D 1 DMWDO
/DQXDIH 3WRFHWQ) 1/3 0 DFKIQH / HDWQQ)
P RGHY YDWGDRHWV HF

7KHPDQPRM R 1/3 VR DXDO] H HP RWRCDO

WH W[ WRU Z RUBV RUVHOMQPHV \R XQGHUMIQG WH

HP RMRQDO VRGHV XMQJ \RPH HP RURQ GHWIPURQ
P RGHY DQG VHQWP HQADQDOMY XVHG VR GHWIPWWH
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Brain E-Tattoos: The Next
Frontier in Wearable Tech

INTRODUCTION

Neuroscience and engineering
are converging to create smart

scalp tattoos that can read

brain signals in real time. Also
known as electronic tattoos or

epidermal electronics, these
ultra-thin, flexible devices
blend science and skin,
offering a sleek, non-invasive
alternative to bulky medical
equipment like traditional
EEG caps. They are designed
to monitor brain activity by
detecting the tiny electrical
signals, or brainwaves, that

the brain sends out.

HOW THEY WORK

Brain e-tattoos contain
miniature sensors and electrodes
made from conductive and
biocompatible materials like
graphene or soft metals. These
tattoos are applied to the scalp
like a temporary tattoo and stick
comfortably, even over hair,
feeling like a second skin.
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The sensors pick up
brainwave signals through the
scalp, similar to an EEG, but
without the need for sticky
gels or a wired cap. The data
is then sent wirelessly to a
device, such as a smartphone
or computer, for real-time
analysis. This analysis can
detect patterns related to
sleep, focus, stress, or seizures.



ADVANTAGES OVER
TRADITIONAL METHODS
For years, brain monitoring
relied on bulky, rigid
equipment that was
uncomfortable and difficult
for continuous use.
Traditional methods include:
« Electroencephalography
(EEG): Uses metal
electrodes on the scalp to
detect electrical signals
from neurons and is
commonly used to
diagnose epilepsy and
monitor brain functions.
« Magnetoencephalography
(MEG): Measures

magnetic fields from brain

activity and offers high
speed and precision, but is
costly and requires a
special, shielded setup.

« fMRI: Tracks brain
activity by measuring
changes in blood flow. It
provides high spatial
resolution but has poor
temporal resolution, is
expensive, and requires
the subject to remain still
in a loud, confined
scanner.
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E-tattoos offer a superior
alternative due to several key
features:

« Comfort and Flexibility:
They are ultra-thin and
flexible, making them
comfortable for long-term,
continuous wear.

« Wireless Monitoring: They
eliminate bulky equipment
and tangled wires,
providing a more user-
friendly experience.

« Accuracy: They can
accurately detect EEG
signals, movement, and
even temperature.

« Portability: They enable
brain monitoring outside
of clinical settings, in
everyday environments.

Traditional Methods_

APPLICATIONS AND FUTURE
POSSIBILITIES
The applications for this

technology are vast and span
multiple fields:

« Medical Use: E-tattoos
can be used to monitor
epilepsy, sleep disorders,
and brain injuries, aiding
in neurological diagnosis
and therapy.

« Brain-Computer Interfaces
(BCIs): They can control digital
devices using brain signals, and
are already being used in
research and assistive
technology.

. Mental Wellness: In the future,
these devices could be used to
understand our thoughts and
feelings and could enhance
gaming,

Scalp-Print
EEG Tattoos

Printable EEG 1attoos
applied dinectly to scadp,
e throdgh hair

Ultra-Thin Tattoo
Electrodes with
Headband

Tattoo electrodes mtegrated
into a headband for portable
EEG

Wireless E-Tattoos
for Mental Workload
Forehead e-tattoos mondor
Sealn activity wirelessly

Future Directions &
Emerging Tech
Graphene-based

CONCLUSION
Scalp tattoos represent a paradigm

shift in neuroscience and healthcare.
They offer a comfortable, user-
friendly way to monitor brain
activity, revolutionizing
neurotechnology and empowering
people to understand their mental
and cognitive states in everyday life.
With continued innovation and
responsible use, they have the
potential to reshape healthcare,
entertainment, and personal well-
being, proving that the next big
thing in tech might just be skin-
deep.

’ ETHICAL CONSIDERATIONS \

As this technology advances, it's crucial to address ethical and privacy concerns. Since
these tattoos collect sensitive brain data, ensuring secure storage, data ownership,
and informed consent is essential. The long-term use of these devices raises questions
about data ownership, misuse, and ethical boundaries.
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Special Edition

Is the advancement of artificial intelligence (i.e., science and technology)

BENEFIGIAL FOR MANKIND? HAZARDOUS? ot

Dr. B. Srinivasa Rao
I'm bringing up these issues in the context of the
advancement of artificial intelligence on the one SCIENTISTS FOR SOCIETY
hand, and job loss and the psychological distress on
the other. Who gains from the development of
artificial intelligence (in terms of scientific and
technological advancement)? If it is hazardous, who
does it harm? If we base our responses to these
questions solely on the data in front of us and then

ke niRon of VR b e wihE o increasing profits with very few jobs, and gravely

S OTroeh Bechilse DBthe Bt ht of 1 harming 90% of those who rely on jobs/work for a

philosopher/philosopher who remarked, "If living?

everything we see with our eyes and know is true, 5. Should we blame science and technology? Or should

then science is pointless.” we stand against those who have control over
scientific and technological developments, stopping

But First, let's look at some more : : . gt
concerns. Let us think. them from reducing working hours and disseminating

results to all fellow humans in a way acceptable to
developed science and technology?
6. Are they the questions we face today?

1Is stopping the advancement of science and
technology an acceptableidea?

2.Do science and technology restrict human progress?
Or do they make humans' jobs easier?

3.Should we resist science and technology when they
make our jobs easier? Or should we apply that science
and technology?

4.Should we resist the factors or this system that are
eliminating existing employment, not creating new
jobs,

' « " o

After the layoff of 12,000 TCS employees, there is'more
discussion regarding the possibie future of Al and IT
employees. The argument has grown in the context of
around 380 enterprises, ranging from start- ‘u.pg to

: /multlnatlonal corporatlons laying off 78,000 people “
(the actualflgure n’lay behlgher)
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What if the advancement of artificial
accelerates...?

1.Whatwill the future look like for ITemployees?
2.What will the future promise for not only IT professionals, but
also Al, other IT-related sectors, and the conditions of
employmentinthem?

intelligence

Because we recently seen two developments.

» We have seen a hospital that is fully "medically staff-free
and treats 3000 patients a day" with no doctors, nurses, or
paramedical employees.

« We've also seen a "shopping mall" that has started to
operate completely with robots, removing the need for
people to work.

The world is amazed by these two innovations. However, if
hospitals without doctors, nurses, or paramedical staff become
usual, what will the future hold for today's medical personnel?
Similarly, if there are no employees in shopping malls, what will
happen to the millions of individuals who work in them?

If we do not think rationally about this issue, we may get into the
trap of believing that artificial intelligence or the admncemqnt of

science and technology is harmful to humankind and that it WOuld ‘
be better if it did not ex1st Ty

2

History has shown that such crises occur every decade in a capitalist
system where profits are essential. It is critical to understand how
artificial intelligence influences the current issue. That is why crises
cannot be resolved without this framework. That is why we are
working long-term to abolish this system....

These things need to be completed as soon as possible.

« The working day should be limited to 6 hours per day. Thus,
instead of 8 hours and 3 shifts, all companies will have to run 6
hours and 4 shifts. This will create new posts. The unemployed
will get jobs. The work pressure of employees/workers will
decrease.

Another invention, "artificial pregnancy,” is also being
discussed. We see people talking about the damage to the
relationship between mother and child. But at the same time,
the department of gynecology is almost disappearing!
Moreover, the costs of raising a child in the womb and giving
birth to a child are decreasing, and days are coming when
women will not need maternity leave at all. Therefore, this
progress in science and technology should be examined from
two angles. The results of science and technology are not
available to everyone. Those who have made that science and
technology their own are reaping the benefits.

As philosophers say, science and technology are the collective
wealth of human society. Its results should be available to
everyone. That is not happening, because we are in a system
that benefits a few.
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« The minimum wage/salary should be fixed at 30 thousand and
implemented. It should be increased appropriately every year.
There should be assurance for retirement life after long
service.

« Forthisto be possible.... as Oxfam says, investors should reduce
their profits. If they are not ready to do that work, then that
pressure should come from the working class.

« The Andhra Pradesh state government, while increasing the 8-
hour working day achieved by the workers in 1886, and
allowing overtime (up to approximately 13 hours per day)

« 5. Recognizing that all political parties are united in the
imposition of these laws on us, we must recognize the need to
build a working class party that works for us. Only then will a
new system be possible. We can free science and technology,
which is captive in the hands of the capitalists. Instead of being
afraid of and opposing the development of science and
technology, we can all take its results.

We all need to understand this in the right direction, the responsibility lies
with us, and we appeal to analyze this scientifically..... Thank you.
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a Asiya Begum was honored with the Best Teacher Award on t
Teachers' Day in September, in recognition of her outstanding contribution
and dedication to academic excellence.
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ARTICLES, DIAGRAMS, STORIES, AND TECHNICAL PUZZLES

We are Jo[easeaf to invite students and facu[ty members to contribute ortgina[

content for our %vcomin\g yuﬁﬁcation.

We welcome a diverse range of submissions, inc[ucﬁng:
- Articles on academic, technical, or creative topics
Diagmms that illustrate concepts or innovations

Stories that ingpire, inform, or entertain

Technical “puzzles that challenge and engage readers
Creative works that ﬁigﬁ[i\gﬁt and nurture student talent

This is a wonderful opportunity to showcase your creativity,

knowledge, and problem-solving skills to o wider audience.

Please send your contributions to

wesily013

d

lbrce.ac.in.
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rmanently affiliated to INTUK, Kakinada
.R. District, Andhra Pradesh-521230




