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S$UFKLWHFWXUH DQG ,&7 RSHQ XS D VHULHV RI SRVV
GLITHUHQW DUFKLWHFWXUDO VFDOHV IURP WKH QDQI
FLWLHYV I[URP ELWV WR JHRJUDSK\ $W ,$$& WRJIHW
UHVHDUFKHUV ZH GHYHORS QHZ GHVLJQ LGHDV DQG
LPSRUWDQFH LV QRW WKH ¢QDO DHVWKHWLFV EXW L
WKDW SUHSDUH WKH JURXQG IRU WKH ELUWK RI HI¢F
DUFKLWHFWXUH RI FLWLHVY DQG EXLOGLQJV

Buildings

,Q WKH MPHQWXU\ WKH FRQFHSW RI pnGZHOOLQJYT ZDV
IRU OLYLQJY D UHIHUHQFH WR D QHZ ZD\ RI XQGHU\
LQKDELWDEOH VSDFHV WKDW FKDUDFWHUL]JHG WKH |
ODWHU ZH IDFH WKH FKDOOHQJH RI FRQVWUXFWLCQ
SURWRW\SHV OLYLQJ RUJDQLVPV WKDW LQWHUDFW
WKHLU HQYLURQPHQW IROORZLQJ WKH SULQFLSOHV |
WKRVH RI PHUH FRQVWUXFWLRQ DQG ZKLFK IXQFWLR(
UHVSRQVLYH QRGHV ZLWK WKH SRWHQWLDO WR X§’H D

$GGLWLRQDOO\ WKH H[WHQGHG XVH RI VPDUW BDW!
PDWHULDOV SLH]JRHOHFWULF WKHUPRHOHFWULFSRU
SURSHUWLHV LQ GLIIHUHQW HQYLURQPHQWDO FRQG
EXLOGLQJV DW D QDQRVFDOH DQG RSHQ XS D VHUEHV
RI EXLOGLQJ VNLQV DQG VWUXFWXUHV 7KH ODWWHU
&RPSXWDWLRQDO ,QWHOOLJHQFH VHQVRUV DFWXDW
LQQRYDWLRQV SURYLGH UHYROXWLRQDU\ LGHDV RQ
VHQVLWLYLW\ UHSOLFDWLRQ DQG HQHUJ\ VDYLQXEV LG

&DQ EXLOGLQJV WKLQN"

$UHWL O

6KRXOG ZH NHHS RQ FRQVWUXFWLQJ ULJLG VWUX%%L‘LI.
+RZ FDQ ZH GHVLJQ DQG FRQVWUXFW EXLOGLQJV DV (
DGDSW DQG DFW DV WUHHV LQ D ¢HOG"

,$$& DIJHQGD RQ 6PDUW DQG 6HOI 6XI¢FLHQW %XLOGL
DV WKH VFDOH FRQVWUXFWLRQ RI WKH )DE /DE +R
SDUDPHWULFDOO\ GHVLIJQHG KRXVHV ZKRVH IRUP IRO
RI WKH DUHD WR EH LPSOHPHQWHG )DE /DE +RXVH
IDEULFDWHG E\ D JURXS RI UHVHDUFKHUV DQG VWX
WZLFH DV PXFK WKH HQHUJ\ WKDW LW QHHGV WR FRQ
DGMXVWHG WR WKH RSWLPXP IRUP RI WKH EXLOGLQJ
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2WKHU SURMHFWV LQFOXGH DQWL JUDYLW\ ' SULQWLQJ PD
WKURXJK URERWLF DUPV DQG SRO\PHU PL[HV IRU QHZ DXWF
FRQVWUXFWLRQ VI\VWHPV RU G\QDPLF SURWRW\SHV RI IROGDE
VI\VWHPV WKDW FDQ EH UHDUUDQJHG E\ WKH XVHUV DGDSW W
DQG E\ LQADWLQJ SRFNHWV RI DLU RU JDV LQVXODWH DQG !
WUDQVOXFHQF\ DV GHVLUHG

7KLV W\SH RI SURMHFWY DV SLORW SURMHFWYVY KHOS WR >
DUWL,FLDO DQG FRPSXWDWLRQDO LQWHOOLJHQFH DOORZ IRU
PDQXIDFWXULQJ SURFHVVHV RI LQWHOOLJHQW EXLOGLQJV FR

7KH DGYDQFHV LQ WKH EXLOGLQJ GHVLJQ DQG FRQVWUXFWLF
VFDOH XQDIIHFWHG ,Q WKLV ZD\ HDFK DFWLRQ RQ WKH WHUU
RI PXOWLSOH HQYLURQPHQWDO IRUFHVY FRQQHFWHG WR QXPlI
DQG QHWZRUNV VXFK DV HQHUJ\ WUDQVSRUW ORJLVWLFV D¢
QHZ LQKDELWDEOH DQG UHVSRQVLYH QRGHV ZLWK WKH SRW}
UHVRXUFHV 7HUULWRULDO DQG XUEDQ VWUDWHJILHV DQG |
WKHUHIRUH EH FRRUGLQDWHG SURFHVVHV WKDW H[WHQG DUF
IRUPV RI PDQDJHPHQW DQG SODQQLQJ LQ ZKLFK D PXOWLVFD
DQ XQGHUVWDQGLQJ RI VKLIWLQJ G\QDPLFV HQHUJ\ DQG LQI
DQG FRQWLQXRXV DGDSWDWLRQ

Cities

BUEDQ (QYLURQPHQWY KDYH DOZD\W VWRRG LQ FORVH UH(
WHFKQRORJLHYV RI SURGXFWLRQ WUDQVSRUW DQG FRPPXQL
,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7THFKQRORJLHV ,&7 LQ V.
FDQ EH FRQFHSWXDOL]HG DV D QHZ W\SH RI LQIUDVWUXFWXUH
LQIRUPDWLRQ WKDW DOORZ FLWLHV WR SHUIRUP DV RUJDQLV

Figure 01. ,Q>IRUP@DWLRQ %XLOGLQJV &LWLHV DQG ODQXIDFWXULQJ B3URFHVVHV
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3URMHFWYV VXFK DV *&LW\ 3URWRFRO ~ 326PDUW &LWL]
UHVHDUFK DJHQGDV LQLWLDWHG E\ ,$$& LQ WKH HIIF
LPSOHPHQWDWLRQ LQ XUEDQ HQYLURQPHQWYV KRZ F
HQYLURQPHQWDO RU VRFLDO GDWD DQG XVHUV QHHG
LQ WKH FROOHFWLRQ DQG VKDULQJ RI GDWD RI WKHLL

+RZ GR SHRSOH LQWHUDFW ZLWK WKH SXEOLF VSDFH"
"KDW KDSSHQV ZKHQ WKH ,QWHUQHW Rl WKH WKLQJV E

7KH SURMHFWYV IRFXV RQ PRQLWRULQJ WHFKQRORJLF
FROOHFW GDWD SURFHVV WKHP XVLQJ DSSOLFDWLR(
FRPPXQLWLHY DEOH WR GH¢QH DFWLRQV EDVHG RQ H!
ZDWHU NLGQH\ VIVWHP WR PDQDJH YHQWLODWLRQ
WR ORFDWH DQG EDODQFH WUDI¢F OHYHOV YLVXDO \
WR SURGXFH ELRIXHO GLJHVWLYH VI\VWHP WR FUHD
LUULJDWLRQ V\VWHPV WR EOXU WKH OLQHV RI WKH
ZLWK UHVSRQVLYH WLOH V\VWHPV :

itec

B Arch

&LWL]HQV RQ WKH RWKHU KDQG DUH DEOH WR YaLVX
SDUWLFLSDWH LQ SXEOLF VSDFH GLVWULEXWLRQE WR
GDWD SODWIRUPV WR FDOFXODWH WKH VKRUWHV# U]
Rl WKHLU HQHUJ\ FRQVXPSWLRQ LPSDFW LQ WKHLE XL
DQ XUEDQ HYROXWLRQ EDVHG RQ VHOI RUJDQL]DWELRQ
VRFLDO RU HPRWLRQDO IDFWRUV Rl WKH FLWL]HQ¥ ZK

=)

[a)
‘H DUH PRYLQJ WKXV WRZDUGV D GLIIHUHQW >IRUPC
QRW MXVW LQKDELW RXU DUFKLWHFWXUH EXW ZB LQ
LW ,QWHUQHW RI &LWLHV %XLOGLQJV RI ZKLFK2IRU
ODWHULDOV UHVSRQGLQJ WR HQYLURQPHQWDO FRQGI
RI DQ DUFKLWHFWXUH WKDW LV QRW MXVW PLPLFNTQ]

W LV QHFHVVDU\ WR JHQHUDWH FRPSOH[ NQRZOHGJF
RI UHDOLWLHVY WKDW KDYH WUDGLWLRQDOO\ EHHQ Wk
PDQLSXODWLRQ QDWXUH XUEDQ PRELOLW\ GZHOOL
IDEULFDWLRQ WKH GHYHORSPHQW RI VRIWZDUH DQ(
RSHQV XS WKH SRVVLELOLW\ RI JHQHUDWLQJ QHZ DU
SULQFLSOHV RI GLITHUHQW GLVFLSOLQHY DQG FDSDEH
DGDSWLYH HQYLURQPHQWYV
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$QG QR GRXEW LI HYHU WKHUH zZzDV D WLPH WR JR GHHSHU
PHWDEROLVP WKURXJK QHZ PXOWLGLFLSOLQDU\ DQG WHFKQR
RXU 3KDELWDWV"~ WKLV FHUWDLQO\ LV

SOLAR PROTOTYPES AND DIGITAL MEANS OF PRODUCTION

6XQ DQG DUEKUWHSWXRIHU\ XQGHWDFKHG IRUFHV %XW I[IDVYV
D EDGO\ XQGHUVWRRG LQGXVWULDOL]DWLRQ PDGH XV IRUJ
PDWHULDO HI¢FLHQF\ FRPH EDFN DV FULWLFDO EXOOHWYV RQ
FXVWRPL]DWLRQ GLJLWDO PHDQV DQG QHZ IDEULFDWLRQ WFE
WUDGLWLRQDO VWDQGDUGL]DWLRQ SDWWHUQV ,QIRUPDWLRQ
ZH ZRUN WKH zZD\ ZH LQWHUDFW WKH ZD\ ZH SURGXFH DQG G
VWLOO WKH\ GLG QRW FKDQJH RXU FLWLHV \HW

7TKH (QGHVD 3DYLOLRQ LV D VHOI VXI¢FLHQW VRODU SURWI
%DUFHORQD 20\PSLF 3RUW ZLWKLQ WKH IUDPHZRUN RI WKH 9
'RUOG &RQJUHVV 6&(:& 2YHU D SHULRG RI RQH \HDU LW
D FRQWURO URRP IRU PRQLWRULQJ DQG WHVWLQJ VHYHUDO S
SRZHU PDQDJHPHQW

7KH 3DYLOLRQ LV WKH ¢UVW SURWRW\SH RI D ZRRGHQ V
V\VWHP DSSOLFDEOH WR GLIIHUHQW VFDOHV DQG ODWLWXG
V\VWHP EDVHG RQ SDUDPHWULF PRGHOLQJ DQG GLJLWDO IDI
FRGHG WR RSWLPL]H JHRPHWULHY GHSHQGLQJ RQ ORFDO FR!
VA\VWHP WKDW WULHV WR LQWHJUDWH SDVVLYH VWUDWHJILHYV
NQRZOHGJH ZLWK FXWWLQJ HGJH WHFKQRORJ\ ORFDO FRQGL\
7KH (QGHVD 3DYLOLRQ LV MXVW D VNLQ WKDW UHDGYV DQG PD
FRQGLWLRQV WKDW VXUURXQGV LW

, W LV D UHVXOW RI D ORQJ FRPELQHG UHVHDUFK LQ VHOI VX
WHFKQRORJLHVY DLPLQJ DW ZRUNLQJ RQ PHFKDQLVPV WR PH
ZLWK GLIJLWDO RQHV )LJ

Form Follows Energy

/LNH D WUHH WKH SDYLOLRQ WDNHV WKH HQHUJ\ IURP WKH
GHVFULEHV WKDW RI WKH VHDVROTOE QWRUSPWOWIQWUDRP WKH ||
RI 3IRUP IROORZV IXQFWLRQ™ WR LWV VW, FHQWXU\ YHUVLRQ

$QFHVWUDO UHFLSHV UHJDUGLQJ HQHUJ\ DQG DFFOLPDWL]D
PDWKHPDWLFDO SUHFLVLRQ GXH WR WKH FRQWHPSRUDU\ GLJ
/ILNH D WUHH OHDI HDFK EXLOGLQJ FRPSRQHQW LV SURGXFLQC
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Figure 02. (QGHVD 3DYLOLRQ 6RXWKZHVW IDoDGH DQG HOHFWULF ELNH
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Figure 03. +\SHUKDELWDW 9HQLFH %LHQQDOH O0XOWL VFDODU GLDJUDP

$UHWL 0D UNR S R)@m]ationHSkhaf Oving Architecture
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Figure 04 a, b. 1HZ WHFKQRORJLHV LQWHJUDWLRQ D &KDUOHV % .LQJ 'HWUR
,$$& ODGULG

i

Figure05. OHWDEROLFigdre06. 1DWXUDO ORJLFV RI LQWHJUDWLRQ )RWRYROWD
DQG LQWHJUDWLRQ,$)RWRYROWDLF
WUHH GLDJUDP ,$$&
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SURWHFWLRQ DW WKH VDPH WLPH $QG HDFK RQH RI WKHVH |
LV SUHFLVHO\ FDOFXODWHG WR RSWLPL]JH LWV SHUIRUPDQFH
DV WKH UHVXOW RI WKH VLPSOH DJJUHJDWLRQ RI WKHVH LQW
VDPH ZD\ ZH FRXOG XQGHUVWDQG D WUHH DV D UHVXOW RI W|

Mass customization

$v D SURWRW\SH WKH SDYLOLRQ LV D UHVHDUFK RQ WKH S
WUDGLWLRQDO LQGXVWU\ ZLWK WKH ODWHVW GLJLWDO 1ID
IDoDGH PRGXOH LV FDOFXODWHG DQG JHQHUDWHG XVLQJ S
LV IDEULFDWHG XVLQJ &1& PLOOLQJ RQ PLFURODPLQDWHG
DVVHPEOHG WUDQVSRUWHG DQG 3SOXJJHG LQ" WKH VWUXFW
ZHHNV &RQYHQWLRQDO LQGXVWULHY XVHG WR PDVV SURGX
WHFKQRORJLHY DGDSWHG WR PDVV FXVWRPL]DWLRQ UHTXLL
LQ D VLQJOH FRQWLQXRXV ZRUNARZ

7KH SDYLOLRQ LV QRW D FORVHG LWHP EXW D FRQVWUXFWLR
DV D GH¢QLWLYH DQG ¢QLVKHG LFRQ EXW DQ RSHQ DQG PXO\
IDoDGH V\VWHP EDVHG RQ D VHW RI PDWKHPDWLFDO UXOHV D
DQG WR EH DGDSWHG WR DQ\ ORFDWLRQ RU PDWHULDO UHD!
ORFDO FRQGLWLRQV DQG WKRXJKW WR EH ORFDOO\ IDEULFDW

Matter
$QG LQ WKLV FDVH ZRRG

KHQ 6DOYDGRU 5XHGD 6SDQLVK XUEDQ HFRORJLVW ZDV DVNH
KH VWDWHG 3D VRODU EXLOGLQJ VKRXOG EH PDGH RXW RI D \
UHQHZDEOH PDWHULDO W JURZV ZLWK WKH VXQ 7KH VDPH H
WKH SKRWRYROWDLF SDQHOV RI WKH SDYLOLRQ PDGH JURZ LW

6HOI VXI¢(¢FLHQF\ LV D PDWWHU RI VFDOH RI WKRXJKW :KHQ Z
FRQVXPLQJ UHVRXUFHV IURP GLVWDQW LQIUDVWUXFWXUHV D
NLORPHWHUV DzZzD\ :KHQ ZH IDEULFDWH LQ ZRRG LQVWHDG RI F
DUH DFWLYDWLQJ IRUHVWY ZH DUH JHQHUDWLQJ SURGXFWLY|
WKH ZKROH SURGXFWLRQ FKDLQ DORQJ DOO VFDOHV LV EDVI
WR DFKLHYH UHDO DQG SURGXFWLYH VHOI VXI¢FLHQF\ $UFKL
DQG WU\ WR JLYH WUDQVSDUHQF\ WR WKHVH ORJLFV )LJ

(QGHVD 3DYLOLRQ ZRRGHQ V\VWHPV DUH H[SRVHG WR WKH XV
VWUXFWXUH NHUWR4 PP )-, MRLVWV ODPLQDWH ¢U DV H[V

PP PP ODPLQDWH ELUFK IRU LQWHULRU ¢QLVKLQJ 26% D
¢EHU LQVXODWLRQ DOO MRLQWYV DQG FRQVWUXFWLRQ OD\HU
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7KH ZDUP ZHOFRPLQJ DQG GRPHVWLF SHUFHSWLRQ F
GHHSHU PHDQLQJ :RRG LV DQ XQGHUVWDQGDEOH Wt
LQWHUYHQH 7HFKQRORJ\ KHUH LV QRW D EODFN ER]
SULQFLSOH WR HDFK RQH RI WKH OD\HUV RI WKH GHYV
WKH ¢UVW VWHS LQ JHQHUDWLQJ HQYLURQPHQWDO D:

Material Organization

7KH ¢UVW DXWRPRELOHYV ZHUH KRUVH FDUWYV ZLWK HC
FDU GHVLJQHUV ZHUH QRW DEOH WR UHDOL]H WKDW Z
IRUFHG IXQGDPHQWDO FKDQJHV WUDQVIRUPLQJ DOO (
WZR GHFDGHV IRU FDUV WR VWDUW ORRNLQJ OLNH FLC
LQAQRYDWLRQ LQGXVWU\ DQG VRFLHW\ LV WKDW VORZ

$QG DUFKLWHFWXUH LV QRW DQ\ IDVWHU 7RGD\ ZH
LQ SDUDGLJP &OLPDWH FKDQJH DQG UHVRXUFH VFDU
HFRQRPLHY DQG JHRSROLWLFV %XW DUFKLWHFWXUH

ul

6XVWDLQDELOLW\ DQG VHOI VXI¢FLHQF\ DUH WULEJJH
H[DPSOHV DQG DWWHPSWV RI LQWHJUDWLQJ WKHVH
PHFKDQLFDO DGGLWLRQV DQG SOXJ LQV 3ROG VVBUDYV
$ VRODU KRXVH LV QRW D KRXVH ZLWK VRODU SBQH
DXWRPRELOH QHZ WHFKQRORJLHV GHPDQG IURP XV W
[
,Q QDWXUH JHRPHWU\ LV WKH FRKHUHQW UHVXOW |
SK\WVLRQRP\ ,Q QDWXUH PHWDEROLVP DQG IRUP DUH
VDPH V\VWHP )RUP IROORZV HQHUJ\ WKHUPRG\®DPI
FKDQJHV JURZWK 7KH PDWHULDO RUJDQL]DWLRRQ RI
SURFHVVHV WUDQVSDUHQW ,Q IURQW RI WKDW ZH3FRX
+ 3lRUP IROORZV IXQFWLRQ LV VRPHKRZ OLPLWH®& E\
PDQDJHPHQW LQWR FRQVLGHUDWLRQ )LJ —
7KH (QGHVD 3DYLOLRQ UHVHDUFK UHSUHVHQWYV WKH H
WHFKQRORJLHV DQG SURFHVVHV GHPDQGHG E\ WKLV QHZ .
VIVWHP $ FRQVWUXFWLYH V\VWHP EDVHG RQ DGDSWDWL
WKDW LV DEOH WR UHDG WKH FRQWH[W FRQGLWLRQV DQ¢

Data Management

W LV WKURXJK WKH QHZ LQIRUPDWLRQ WHFKQRORJLF
UHVSRQVLYHQHVVY 'DWD PDQDJHPHQW WRJIJHWKHU ZL
XV FORVHU WR WKH UHDO G\QDPLFV $UFKLWHFWXUH
SHUPDQHQFH LV QRZ DEOH WR LQWHJUDWH WKH ORJ
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Figure 07. *UDVVKRSSHU HQYLURQPHQWDO DQDO\VLV WKURXJK *HFR ,$$&

Figure 08. (FRWHFW VXPPHU PRGHOLQJ ,$%&

Figure 09. (QGHVD 3DYLOLRQ FRPSR g@MOHOHRIEGWY 3B¥&OLRQ FRPSRQHQW
DVVHPEO\ ,$%&

140

Figure 12. (QGHVD 3DYLOLRQ HOHFWEduFDD HFRIQOWWMPDOEBEL SOXJ LQ VIVWHP
$8&

Figure 13. (QGHVD 3DYLOLRQ FRDVW OLQH YLHZ ,$$&
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SDUDPHWULF GHVLJQ KDV EHHQ DSSOLHG LQ RWKHU G
WLPH EXW LW ZDV RQO\ UHFHQWO\ LPSRUWHG LQWR LC
IURP DQDORJXH WR GLJLWDO LV QRW MXVW WKDW RQF

yLuvw 'LIJLWDO GDWD PDQDJHPHQW DOORZ XV WR PR
LOWURGXFLQJ WLPH DV D EDVH SDUPHWHU :H FDQ FD
DORQJ WKH ZKROH \HDU SUHGLFWLQJ WKH H[DFW SRL
VRPH VSHFL¢{F GD\ DW VRPH VSHFL¢F KRXU :H FDQ F
ZLQG EORZV RU VRODU UDGLDWLRQ ZLWK LQFUHGLEO
LPPDWHULDO SURFHVVHYVY FDQ EH GHVFULEHG DQG PD
WKDQ LQ WKH SDVW ZKHQ ZH ZHUH GHDOLQJ ZLWK VW

6HFRQG 3DUDPHWULF GHVLJQ RSHQV WKH ORJLFV RI G

EH QRZ WKH SUHFLVH UHVXOW RI D VHW RI WUDQVSI

DQG SK\VLFDO FDOFXODWLRQV 7KHUH DUH QR UDQG

ODZV EHLQJ GLVSOD\HG $QG WKLV PDWKHPDWLFDO ¢

KLIKOLJKWHG DQG H[SRUWHG $ GHVLJQ WRGD\ L\ QR

RI D VWDWLF REMHFW EXW WKH GHVFULSWLRQ RI $VKH
<

7KLUG 7KH RSHQQHVV RI WKH ORJLFV RI GHVLJQ PDNH
7KH VDPH FRGH Rl WKH %DUFHORQD 3DYLOLRQ FRX@G E
7KH ORJLFV ZRXOG EH WKH VDPH EXW WKH FRGH %RXC
RXWSXW :H H[SRUW ORJLFV LQVWHDG RI H[SRUWL@J PI

b,

&
7KH (QGHVD 3DYLOLRQ LV MXVW WKH %DUFHORQDZ YHL
WR EH DSSOLHG JUDIWHG LQ GLIIHUHQW VLWXDWLRQ
ORJLF GULYHV WKH ZKROH GHVLJQ 7KH UHODWLY®# SR
ZLWK WKH GLITHUHQW VHDVRQDO VXQ SDWKV GH¢®HV
DQG SDQHOLQJ LQFOLQDWLRQV  )LJ 2

(DFK FRPSRQHQW LV GH¢QHG JOREDOO\ Exw UHvr
LQGLYLGXDOO\ PRGXOH E\ PRGXOH IROORZLQJ WKH \
UHODWLRQV (DFK FRPSRQHQW JHQHUDWHVY LWV RZC
UDGLDWLRQ QDWXUDO OLJKW DQG DUWL{FLDO LQWHL
LQVXODWLRQ« (DFK FRPSRQHQW FRQWDLQV DQG UHV
UHTXLUHPHQWY IROORZLQJ D VLQJOH VKDUHG ORJLF

(DFK PRGXOH LV GLIITHUHQW EHFDXVH LW LV UHVSRQGL
$QG WKLV OHYHO RI RUJDQLF UHVSRQVLYHQHVV ZDV
WUDGLWLRQDO PRGHOLQJ VI\VWHPV DQGIFRQYHQWLRQ
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DIGITAL fabrication

'LJLWDO IDEULFDWLRQ ZLOO PHDQ WR WKH SK\WLFDO ZRUOG
GLIJLWDO® RQIHYH FXVWRPL]DWLRQ SDWWHUQV DUH FKDQJLQJ W
PDUNHW DQG LQGXVWU\

7KH VHFRQG LQGXVWULDO UHYROXWLRQ IROORZLQJ )RUGLVP
EDVHG RQ LPSRVLQJ W\SHVY DQG UHSHWLWLRQ 6DPH KRWHO
RI WKH ZRUOG VDPH IDoDGH VA\VWHPV DSSOLHG LQWHUFKDC
%DUFHORQD %XW LQ WKH VXFFHVV RI WKLV SHFRQRP\ RI VF
LWV IDLOXUH 7KH ORVV RI LGHQWLW\ LY DOVR D ODFN RI DGD
VKRXOG QHYHU EH WKH VDPH DV RQH LQ %DUFHORQD

7KH VR FDOOHG WKLUGLMIGAVWIGED S URGHMRQRW LMVRIQH VKLIW U
FHQWUDOL]HG PHDQV RI SURGXFWLRQ WR KDYH GLVWULEXWF
EHFDPH SK\VLFDO DQG WRGD\ &1& IDEULFDWLRQ SHUPLWYV WHF
LGHQWLW\ WR HDFK FRQVWUXFWLYH VI\VWHP WR HDFK IDoDG
VNDWHERDUG QRW EHLQJ MXVW D QDwYH H[DPSOH $UFKLWH
WKH VSHFL{¢FLWLHYV RI WKH XVHU FRQWH[W DQG HQYLURQPHC
LOGLVWLQFW LPSRVLWLRQV RI ROG LQGXVWULDO PRGHOV

(QGHVD SDYLOLRQ LV D ODERUDWRU\ WKDW FKDOOHQJHV W|
FXVWRPL]DWLRQ DQG PDVV SURGXFWLRQ WHFKQLTXHV ,W LV
WKDQNV WR WKH XVH RI GLILWDO IDEULFDWLRQ WHFKQRORJI
DQG FUDIW DGDSWDELOLW\ )LJ

$ FRGH zDV VFULSWHG GHVLIJIQHG DQG VHQW WR WKH IDFWR
PRXQWDLQV LQ WZR PRQWKV WKH ZRRG ZDV PHFKDQL]HG L
SUHDVVHPEOHG LQ RQH 7KH VWUXFWXUH ZDV DVVHPEOHG GX
IDoDGH PRGXOHV ZHUH SOXJJHG LQ GXULQJ DQRWKHU ZHHN ,Q
WRRN RQO\ WKUHH ZHHNV SKRWRYROWDLF (¢HOGVY DQG HOHFW

7KH LQWHJUDWLRQ GHVLJQ WR SURGXFWLRQ ZDV IDVW DQG U
WKLY FHQWXU\ PLJKW EH PRUH UHODWHG WR UHVSRQVLYH C
DQ\PRUH WR WKH ADW DQG LQGLVWLQFW

Scale and time

$QG AH[LELOLW\ LV D WLPH EDVHG FRQFHSW :H XSGDWH R}
HDFK \HDU RXU ODSWRSV HYHU\ \HDUV RXU FDU HYHU\ WH
LQQRYDWLRQ WKDW FKDUDFWHUL]JHY QHZ WHFKQRORJLHV GHF
%XW EXLOGLQJY DQG FLWLHY DUH VWLOO EHLQJ GHVLJQHG L



6WUXFWXUHYV FDQ SHUIRUP SHUIHFWO\ ¢ QH VHYHQW\ \
IDoDGHYV PD\EH ¢(IWHHQ SKRWRYROWDLF FHOOV EHFRF
\HDU« :H VKRXOG VWDUW WKLQNLQJ LQ WHPSRUDO GL|

$QG WR GR VR WR VSHHG XS DUFKLWHFWXUH GLVF
WHFKQRORJ\ EDVHG LQGXVWULHV ZH KDYH WR ZRUN
ORJLFV &RQVWUXFWLRQ V\VWHPV VKRXOG EH HDV\ \
WR DGDSW DQG WR XSGDWH $Q\ERG\ FDQ XQGHUVWE
DFWXDOL]LQJ LW WR WKHLU FKDQJLQJ QHFHVVLWLHV
HDFK WLPH PRUH OLNH D EODFN ER[ IRU WKHLU XVHU\

$IWHU VRPH GHFDGHV RI QRQ VWRS FRQVWUXFWLRQ
UHQRYDWLRQ RI WKH DOUHDG\ FRQVWUXFWHG UHF\F(
FLWLHV IRU D EHWWHU PDQDJHPHQW RI HQHUJLHV $Q
WKRXJKW RI DV DQ DEVWUDFW RSHQ FRGHG SOXJ LQ \

7KH FRPELQDWLRQ RI ELJ LQGXVWULDO SURFHVVHV
VWDQGDUGL]DWLRQ« ZLWK DGDSWLYH GHVLJQ WHFKC
FRGH ODWLWXGH UHVSRQVLYH« DOORZV IRU D AR[LE;
VIVWHP RXWFRPH LV D SDYLOLRQ LQ %DUFHORQD 3EXW
WR VRPH RI(FH KL ULVH EXLOGLQJV LQ %RVWRQ §LQC
VRPH KXWV UHVRUW LQ 1HZ 'HOKL 2SHQ GLJLWD%) FF
&1& IDEULFDWLRQ PDNHV LW ORFDO

N R S Rica@mR]at

Self-Sufficiency
)LQDOO\ VHOI VXI¢FLHQF\ LV D PDWWHU RI VFDOH2 ,W
WKH F\FOLFDO SURFHVVHV WKDW ZHUH OHIW RXWTN , \
QHWZRUNV LQVWHDG RI FORVHG REMHFWYV z

)
©

7KH (QGHVD SDYLOLRQ LV QRZ D WRWDOO\ VHOI VXIﬁFLI
ZLWK VXQ HQHUJ\ %XW VPDUW FLWLHV DUH QRW %BG\
JHQHUDWHYV RI WKH HQHUJ\ LW FRQVXPHV XVHV H
FKDUJHV D VHW RI HOHFWULFDO ELNHV 7KH VXUSOXV
FRXOG IHHG WKH FRQVXPSWLRQ RI D FRQYHQWLRQDO

7KH SURWRW\SH zZDV XVHG WR SHUIRUP H[SHULPHQV
PDQDJHPHQW RI HQHUJ\ JULGV %\ EHLQJ DEOH WR FI
HQHUJ\ ZH FRXOG FURVV UHDO WLPH GDWD ZLWK GH
energy EULQJV WKH AH[LELOLW\ RI D &0RXG WR WKH SK\
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1HWZRUNLQJ FROODERUDWLQJ DQG LQWHUFKDQJLQJ DUH HV
FRKHVLYH UHVLOLHQW V\VWHP 7KDW LV ZK\ QHZ LQIRUPDWL
WKHLU LQKHUHQW RSHQ SDUWLFLSDWRU\ FKDUDFWHU DUH FI
WR XVH LW LQ WKH ULJKW ZD\

$V LOQWHUQHW GLG LQ WKH GLJLWDO VSKHUH VHOI VXI¢FLHQF
EHWZHHQ SURGXFHU DQG FRQVXPHU 7UDGLWLRQDO KLHUDUFF
RI SRZHU HQHUJ\ DQG JRRGV ZLOO VORZO\ EH FRXQWHUED
QHWZRUNV RI SURGXFHUV FRQVXPHUV 6HOI SURGXFWLRQ RSt
KRULIRQWDO VHW RI UHODWLRQVKLSV

7TKH IXQGDPHQWDO VKLIW LQ SDUDGLJP KHUH LV LQ XQGHL
DUFKLWHFWXUH QRW DV HI¢FLHQWO\ GHVLIQHG PDFKLQHYV
FKDQJLQJ HFRV\VWHPV )LJ

ANTI-GRAVITY ADDITIVE MANUFACTURING

7KH FXUUHQWVFDSEHEHY D QHZ PHWKRG RI DGGLWLYH PDQXIDF
D URERWLF DUP 7KH UHVHDUFK SURMHFW SUHVHQWHG LV E
DOORZV WKH FUHDWLRQ Rl ' REMHFWV RQ DQ\ JLYHQ ZRUNLQ
RI LWV LQFOLQDWLRQ DQG VPRRWKQHVV DQG ZLWKRXW D Q
VWUXFWXUHV %\ XVLQJ UDSLGO\ KDUGHQLQJ WKHUPR VHW U|
LQQRYDWLYH H[WUXVLRQ WHFKQRORJ\ LW LV SRVVLEOH WR
RI YDU\LQJ GLDPHWHU ZLWKRXW WKH QHHG Rl VXSSRUW VWU X

2YHU WKH SDVW VHYHUDO GHFDGHV WKH WUDQVLWLRQ IUF
UHYROXWLRQL]JHG PDQ\ ¢HOGV PRVW QRWDEO\ WKH GLVWU
FRPSXWLQJ DQG VRFLDO PHGLD 7KH GLJLWDO HUD QRW RQC
FRPPXQLFDWH VRFLDOL]H RUJDQL]H SHRSOH DURXQG LGHD!'
FULWLFDO LQIRUPDWLRQ DFURVV QDWLRQDO DQG SROLWLFEL
FKDQJHV LW LV QRZ DOVR VWDUWLQJ WR GH¢{¢QH DQ HYROXW
PDOQXIDFWXUH GLVWULEXWH VHOO DQG BDOVR UHF\FOH SURG]

,Q LWV WXUQ WKH GLJLWDOL]DWLRQ RI SURGXFWLRQ QRW RQ
H[LVWLQJ PDQXIDFWXULQJ WHFKQLTXHV EXW DOVR EURXJKW L
SURFHVVHV VXFK DV WKH DGGLWLYH PDQXIDFWXULQJ SURFHVV

:KLOH DOO WUDGLWLRQDO PDQXIDFWXULQJ WHFKQLTXHV FF
PRVWO\ UHO\ RQ WKH VXEWUDFWLRQ RI PDWHULDO DGGLWLY
SURGXFLQJ D WKUHH GLPHQVLRQDO REMHFW OD\HU E\ OD\HU



SURFHVV RI DGGLQJ VXFFHVVLYH OD\HUV RI SDUWLFXC
I[UHHGRP LQ WKH GHVLJQ RI WKH IRUP DQG LQ LWV FR

7TKHUH DUH PDQ\ NQRZQ PHWKRGVY RI DGGLWLYH PDQ:
IRUP WKUHH GLPHQVLRQDO REMHFWY DQG PDQ\ PRUI
WKHVH PHWKRGY ©6RPH RI WKH PRVW NQRZQ PHWKR
ORGHOLQJ )'0 6HOHFWLYH /DVHU 6LQWHULQJ 6/6 €
DQG 3RZHUEHG DQG LQNMHW KHDG ' SULQWLQJ 7KHV
GLPHQVLRQDO REMHFWV KDYH D ORW RI GLIIHUHQFH
LPSRUWDQW VLPLODULW\ WKH\ DOO SURGXFH WKUHH
GDWD E\ FUHDWLQJ D FURVV VHFWLRQDO WZR GLPHQ
WKH REMHFW DQG WKHQ IRUPLQJ LW E\ OD\LQJ LQ D¢
IRUPHG DQG DGKHUHG ODPLQDH

Limitations
$ERYH PHQWLRQHG PHWKRGV VKDUH VLPLODU OLPL\
Rl ZKLFK DUH WKH QHFHVVLW\ RI D VXSSRUW VV\EUXF
UHTXLUHG ZRUNLQJ VXUIDFH IRU DGGLWLYH PDQXEDFV\
RI PXWXDO DGKHUHQFH RI ODPLQDH

QOving Al

,Q WKH FDVHV RI 6/6 3RZHUEHG DQG LQNMHW KI—EDG
XVXDOO\ VROYHG E\ WKH SUHVHQFH RI SUHFHGLQg oD
FUHDWH SUHYLRXV ODPLQD ,Q WKH FDVHV RI )'0 RU 6
XVXDOO\ VROYHG E\ OD\LQJ VXSSRUW ODPLQD XVXDO
UHVXOWV LQ DGGLWLRQDO VWUXFWXUHV FRQQHFWHG
SURFHVVLQJ WKDW FDQ VRPHWLPHV UHVXOW LQ WKH

ORVW RI WKHVH PHWKRGV XVXDOO\ UHTXLUH D VSHFL
IRU WKH IRUPLQJ RI REMHFWV :LWK PRVW FRPPR® G
IRUPHG RQ ZRUNLQJ VXUIDFHV ZLWK LUUHJXODU KHLJ
YHUWLFDO ZRUNLQJ VXUIDFHV GXH WR WKH IRUFHARF)IL
RI lRUPLQJ REMHFWV RQ VXFK VXUIDFHV OLNH ZDOOV

$OWKRXJIK G SULQWLQJ WHVWYV LQ PLFURJUDYLW\ KL
IRU H[SORULQJ KRZ DGGLWLYH PDQXIDFWXULQJ FRXO
6SDFH 6 WODWRRIQ WHVWY DUH OLPLWHG LQ VPDOO VFD
DQG DOzZzD\V LQVLGH KHUPHWLF FORVHG PLFURJUDYLW

KLOH WKH SUHYLRXV PHQWLRQHG PHWKRGY DUH HI¢FI
REMHFWYV LQVLGH RI GHVLJQDWHG PDFKLQHV WKH\



Figure 14.
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REMHFWYV RXWVLGH RI WKH PDFKLQHV RQ XQSUHSDUFL
WKDW GRQYW KDYH VXSSRUW XQGHUQHDWK WKHP

W ZDV DSSDUHQW WR WKH UHVHDUFK WHDP WKDW WK
RQ RQH KDQG WKH REMHFWV FRXOG EH IRUPHG RQ
LQGHSHQGHQWO\ RI LWV LQFOLQDWLRQ DQG VPRRWK
VWUXFWXUHV RU OLPLWHG VL]HG PDFKLQHV 2Q WKH
JHQHUDWLQJ D PHWKRG WKDW ZRXOG DOORZ FUHDWLQ
RI ZRUNLQJ ZLWK WZR GLPHQVLRQDO JHRPHWULHV D
DGGLWLYH PDQXIDFWXULQJ PHWKRGV )LJXUH

Material prototyping

S3UHFLVH PDWHULDO VWDWH PDQLSXODWLRQ ZDV HV)\
VROLGL{FDWLRQ ZRXOG UHVXOW LQ ORZ VWUHQJWI
VROLGL;FDWLRQ RI PDWHULDO ZRXOG UHVXOW LQ D F

$IWHU FRQGXFWLQJ D ODUJH QXPEHU RI PDWHULDO
SRO\PHUV WKH XVH RI YHU\ UDSLGO\ KDUGHQLQJ W:
SRO\PHU ZDV VHOHFWHG DV WKH PRUH DSSURSUWELDW
SURWRW\SHV Rl WKH H[WUXGHU ZHUH FUHDWHG $3VWI
FRQVWDQW UDWH SOXQJHU H[WUXGHU DUH XVHG W§R P
Y)LIXUH %RWK VRXUFH PDWHULDO FRPSRQHQWV D
ZLWK VXFK VSHHG WKDW VROLGL,FDWLRQ WDNHVESOL
QR]]JOH DSHUWXUH )LJIXUH

R S RIF

,QLWLDOO\ VRPH DFU\OLF WXEHV ZHUH XVHG DV EPUU
Rl WKH PDWHULDO WKH\ IDLOHG WR ZLWKVWDQG WKH
)LODOO\ WKH DFU\OLF WXEHV ZHUH UHSODFHG ZLWK D
SULQWLQJ H[SHULPHQWYV ZHUH KHOG XVLQJ D &1& FBDFK
H[SHULPHQWYV SURYHG WKDW WKH SURWRW\SH ZRUNHG
FROQHFWHG WR D YHUWLFDO VXUIDFH ZDV SULQWH& 7
WKHUH ZHUH LPSRUWDQW LVVXHV RI ORZ SULQWLQJ VS

$GGLWLYH PDQXIDFWXULQJ VSHHG LV DOZD\V OLPLWHC
WKH PDWHULDOV XVHG VLQFH WKRVH FDQ RQO\ EH H[V
EHIRUH \RX VWDUW WR GHVWUR\ WKH SURSHUWLHYV RI \

$IWHU H[KDXVWLYH WHVWVY RI WKH PDWHULDO SURSHI
SRO\PHUV LQ GLIITHUHQW KHDWLQJ DQG GHSRVLWLRQ V.
ZDV IROORZHG DQG DV D FRQVHTXHQFH WZR KHDWHUV
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IRU VSHHGLQJ WKH FXULQJ SURFHVV RI WKH PL[HG PDWHULDO
RSWLPLJHG VFHQDULR DFKLHYHG DOORZV D ¢(¢QDO VSHHG RI RQI
¢YH PLQXWHYV

Robotic prototyping

I1H[W UHVHDUFK VWHSV IRFXVHG RQ WKH GLJLWDO IDEULFDWL
DQG DQ $%% /| URERWLF DUP DW -RULYVY /DDUPDQ /DE SUHPL
IDEULFDWLRQ WHVWVY DQG ¢QH WXQLQJ WKH PDWHULDO SUR
FRQWUROV WKH URERWLF DUP ZKLOH WKH UHDFK RI WKH DUP

6LQFH WKHUH ZDV QR H[LVWLQJ VRIWZDUH WR FRQWURO ER\
HIWUXVLRQ VSHHG D FXVWRPL]J]HG SOXJ LQ IRU 5KLQRFHURYV
E\ WKH UHVHDUFK WHDP DQG VFULSWHG ZLWK 3\WKRQ ODQJ
XVHG WR FRQWURO WKH URERWLF DUP PRYHPHQW DV ZHOO D
VLQFH WKH VIQFKURQL]DWLRQ RI WKHVH WZR IDFWRUV LV D
GHYHORSPHQW 7KH FXVWRPL]HG SOXJ LQ JLYHV WKH DELOL
WKH URERW IRU SULQWLQJ FRPSOH[ VWUXFWXUHV EXW DOVR
SULQWHG FXUYHV E\ FKDQJLQJ WKH H[WUXVLRQ VSHHG )RU
VSHHG LV KDOYHG + WKH GLDPHWHU RI WKH SULQWHG FXU)

YLIXUH 7KHUHIRUH RQH FXUYH IRU LQVWDQFH FDQ KDY
LQ RQH SDUW DQG PP LQ WKH RWKHU ZKLOH WKH AH[XUDO
P3D

$YRLGLQJ FROOLVLRQ RI WKH URERWLF DUP ZLWK SUHYLRX\
VLIQL¢(FDQW DQG FRPSOH[ SUREOHPDWLF ZKLFK FDQQRW EH V
FRQWURO $IWHU QXPHURXV H[SHULPHQWYV LW ZDV GLVFRYHU
LQFOLQH IURP WKH YHFWRU RI WKH SULQWHG FXUYH LQ RU
FXUYHV ZLWKRXW DIIHFWLQJ WKH TXDOLW\ RI WKH UHVXOW )
LQFOLQDWLRQ FRQWURO VLIJQL¢(FDQWO\ VLPSOL¢HG WKH FRO

$GGLWLRQDOO\ D FRORULQJ IHDWXUH ZDV GHYHORSHG LQ
GLIITHUHQW FRORU SRVVLELOLWLHV RI WKH ¢QDO SULQWHG R
SURJUDPPHG SURSRUWLRQ DQG LQMHFWHG LQ WKH VWDWLF
XVHU WR SUHSURJUDP WKH FRORU RI WKH SULQWHG REMHFW
FDSDELOLWLHV RI WKH SUHVHQWHG WHFKQRORJ\ )LJXUH

Architectural Application

, QWURGXFWLRQ RI DGGLWLYH PDQXIDFWXULQJ WR DUFKLWI
LQGXVWU\ LV EHLQJ UHVHDUFKHG LQ D QXPEHU RI LQVWLWX
EULQJ D ORW RI SRVVLEIURPNIHVLER WRHVHQEH'GKNYSH ODUJH



Figure 16.

21MPaNYDIY GUIAND TRWSHUORMIONE SYNNA0 TMHNS

Figure 18.
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Figure 19.

Figure 20.
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VFDOH G SULQWLQJ VWRQH PDFKLQH WR WKH FRQFUHWH FR(
.KRVKQHYLV RU WKH 3)UHHIRUP &RQVWUXFWLRQ 3URMHFW" |
/IRXJKERURXJK DGGLWLYH PDQXIDFWXULQJ LV EHFRPLQJ D VL.
WHFKQLTXH IRU WKH IXWXUH FRQVWUXFWLRQ

8QWLO LW FRXOG EH IXOO\ DSSOLHG LQ UHDO FRQVWUXFWLRC(
EH VROYHG RQH RI VXFK SUREOHP LV WKH UHTXLUHPHQW RI
WKH SULQWLQJ SURFHVYV

7KH SUHVHQW PHWKRG SUHVHQWHG LQ WKLV SDSHU LV FR
LPSRUWDQW VWHS LQ WKH GLUHFWLRQ RI VROYLQJ WKLV OLPL
VHULHV RI GLIIHUHQW GHYLFHV PD\ DSSHDU LQ WKH IROORZ!
G SULQWHUV WR EXLOGLQJ FRQVWUXFWLRQ DQG UHVWRUD)
WHFKQRORJ\ FDQ FRQVLGHUDEO\ LQAXHQFH DUFKLWHFWXUH
LW SURYLGHV SRVVLELOLWLHVY WR FRQWURO IRUP LQ D PXFK
EHIRUH )XUWKHUPRUH LW EULQJV FORVHU WKH FRQFHSW RI
RI DUFKLWHFWXUDO EXLOGLQJV

SMART CITIZEN _ OPEN DATA, KNOWLEDGE AND
PRODUCTION PLATFORMS IN CITIES

7KH UHODBH.\RDNKQSWHFKQRORJ\ DQG KXPDQV KDV FRQWLQ
FKDQJLQJ LQ WLPH 6LQFH HDUO\ DJHV WKH KXPDQV FUHDWH
WR REWDLQ UHVRXUFHV LPSURYH WKH OLYLQJ FRQGLWLRQV
HQYLURQPHQW 7KH ¢UVW FRPSXWHUV DQG &1& PDFKLQHV ZHL
WK FHQWXU\ SHUVRQDO FRPSXWHUV EHFDPH FRPPHUFLDO S
WKH ,QWHUQHW EHFDPH D FLYLOLDQ WRRO LQ WKH IV VPLC
PDVVLYH SURGXFW WRGD\ DOO WKHVH WRROV SURGXFHG DQ
ZKDW ZH DUH XVLQJ H[WHQGHG FDSDELOLWLHVY WR UHODWH R
DQG RWKHU KXPDQV 1HZ WRROV DUH SDUW RI RXU HYHU\GD\
YDVW DFFHVV WR WKH SURGXFWLRQ DQG FRQVXPSWLRQ RI N
DQG DW WKH VDPH WLPH SURYLGLQJ XV ZLWK WKH RSSRUWXQ|I
LQIRUPDWLRQ IURP WR DQ\ZKHUH DW DQ\WLPH DQG E\ IRU D
LQIRUPDWLRQ SURGXFHUV LQ WKH ODVW GHFDGHV ZH ZLOO
REMHFWV SURGXFHUV WXUQLQJ ELWV LQWR DWRPV WKURXJK
PHDQV 7KH SURYLVLRQ RI WRROV IRU FLWL]HQV FRXOG FKD!
WHFKQRORJ\ LQ RUGHU WR GHYHORS D FORVHU UHODWLRQ\
PDFKLQHV ZRUNLQJ WRJHWKHU IRU D FRPPRQ SXUSRVH ERW
WKH GLJLWDO ZRUOG LI LWV VHSDUDWLRQ LV QRW REVROHW



+RZ FDQ FLWLHVY FUHDWH WRROV IRU WKH FLWL]HQV !
RI' LW" +RZ FDQ ZH XQGHUVWDQG D QHZ XUEDQ HFRV\
WKH PDWWHU LV SDUW RI WKH LQQHU FLW\ IDEULF" $U
UHQDLVVDQFH RU D KLJK WHFK PHGLHYDO DJH"

Technology and Humans
JURP WKH HDUO\ FLYLOL]DWLRQV WHFKQRORJ\ KDV S
RI WKHLU FDSDELOLWLHY )URP WKH (UVW WRROV W
¢UH FRQVWUXFW VKHOWHUV WR WKH *UHHN $WKHC
RU WKH 6SXWQLN WHFKQRORJ\ KDV H[SRQHQWLDOO
VWXG\ DQG XQGHUVWDQG RXU VXUURXQGLQJ HQYL!
IURP WKH PLFURVFRSH WR WKH +XEEOH WHOHVFRSH
EHFRPLQJ WKH ELJIJHVW DJHQW RI FKDQJH RQ WKH ¢
WR PRGLI\ HFRV\VWHPYV DV QHYHU EHIRUH ,QWHUQH)
IDEULFDWLRQ WHFKQRORJLHYVY DGYDQFHYVY DUH EXLOGCG
XUEDQ HQYLURQPHQW &RPSXWHUV VWDUWHG WR E|
EHFDPH SHUVRQDO DQG DFFHVVLEOH WR FRPPRQ%SHF
fv. :H FHUWDLQO\ HPEHGGHG SHUVRQDO FRPS%XWD
RI GHYLFHVY ZKLFK KDYH VPDOO FRPSXWHUV WREGH\
RXU VA\VWHPV ZRUN ,QWHUQHW ZDV LQYHQWHG GXUL!
VHFXULW\ UHDVRQV ZKLFK LW ZDV QHYHU XVHG gRU
LOQYHQWLRQ GXULQJ WKH ODVW GHFDGHV ZKHQ %W E
WR EH XVHG E\ DQ\RQH 3&V ZLWK ,QWHUQHW FR®QH
DQG LQIRUPDWLRQDO HUD ZHKHDLRH PX®DQGRHY VQREGD ¥
ZKHQ DOO WKHVH WRROV DUH MXVW XVHG IRU HQZZKNHU
RWKHU FRXQWULHV SRUQ LQGXVWU\ KHOSHG WR2PDN
VWUHDPLQJ DQG FKDQJHG WKH RQOLQH YLGHR LQGX
ZHUH EDVHG RQ RXU EDVLF LQVWLQFWYV DV KXPDG@V O
WKHP HQVXLQJ IURP WKH GHYHORSPHQW RI WKH RPLOIL

2SHQ VRXUFH KDUGZDUH DQG VRIWZDUH DUH RSHbL
LQ FLWLHV GULYHQ E\ FLWL]HQV WKDW EHFRPH PDLC
FRQQHFWHG FRPSXWDWLRQ GHYLFHV DQG D QHZ VHW
SURGXFWLRQ &LWL]JHQ VHOI HPSRZHUPHQW WKURXJK
RQ WKH GHYHORSPHQW RI IXWXUH FLWLHV DQG FRPPX
PRYHPHQW FROODERUDWLYH LQYHQWLRQ ',:2 GR LW
DQG RSHQ VRIWZDUH DUH EULQJLQJ D IDVFLQDWLQJ \
FRPSXWHU DQG FRQQHFWLYLW\ ,Q WKLV VHQVH WKH
DQG RXW RI WKH GLJLWDO ZRUOG DUH QRZ WKH PDLQ
ZRUOG E\ FRQQHFWLQJ FRPSXWHUV ZLWK PDFKLQHV
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LQWR DWRPV LQ VKRUW SHULRGV Rl WLPH 'LVWULEXWHG PDC
WKH SURFHVV RI LQGXVWULDO SURGXFWLRQ IURP ZHHNV WR K
DW D ORZHU VFDOH DV UHJDUGV WKH TXDQWLW\ /RZ FRVW DQC
ZLWK VHQVRUV DQG DFWXDWRUV HTXLSSHG ZLWK FRQQHFWLY
VHQGLQJ UHDO WLPH GDWD RI RXU HQYLURQPHQW DQG PDNL

N 86' ' SULQWHUV FRQQHFWHG WR RXU FRPSXWHUV PDNLQJ
URRP RQOLQH RSHQ $3,V IRU DQ\RQH WR FRQQHFW GLIIHUHQ
VLQJOH VROXWLRQ IRU VSHFL¢{F QHHGY DUH MXVW H[DPSOHV
WKH PRVW IDVFLQDWLQJ WLPHV IRU FUHDWLRQ DQG LQQRYDYV
SHRSOH DQG QRW IURP 1$6%$ '$53%$ RU 0,7 HQJLQHHUV RU WKH
DV LW KDSSHQHG LQ WKH SDVW

SMART CITIZEN. A Person and a Microcontroller
Doing Things Together
‘H DUH LQ WKH WLPHV RI 6PDUW &LWLHV RU DW OHDVW WKI
(5,&6621 RU FLW\ FRXQFLOV DUH WHOOLQJ XV DW DQ\ ODUJH
'ULYHUOHVY FDUV LOQWHOOLJHQW VWRSOLJKWY H[SHQVLYH V
WKDW WDON WR RWKHU EXLOGLQJY DUH MXVW YHU\ IHZ H[DPS
DQG EXVLQHVV SODFHV WKDW DUH EHLQJ SURPRWHG LQ DQ!
FRXQWULHYVY 7KH 6PDUW &LW\ PRGHO LV DLPLQJ DW WKH FUHLEL
SURGXFWYV WR EH GHOLYHUHG WR WKH FLWL]HQ LQ FORVHG ¢
XQZUDSSHG WR EH XVHG 7KH QHZ 6PDUW &LWLHV LQGXVWU\
IRU ELJ FRPSDQLHY DQG JRYHUQPHQWYVY E\ WKH DGGLWLRQ F
LQWHOOLJHQW HTXLSPHQW DQG KLJK WHFK VROXWLRQV IRU
FRPHY ZKHQ ZH VWRS IRU D VHFRQG WKLQNLQJ DERXW WKH L
6PDUW &LW\
6KRXOG FLWLJ]HQV EH FRQVXPHUV RI D QHZ VHW RI SURGX
:LOO FLWL]HQV EH DEOH RI XQGHUVWDQGLQJ 6PDUW &LWL
WDNLQJ WKHP IURP FRPSDQLHY DQG JRYHUQPHQWYV DV VH
&DQ FLWL]JHQV SDUWLFLSDWH LQ D SURGXFWLYH ZD\ LQ FL

7KRVH TXHVWLRQV FDPH RXW ZLWKLQ WKH )DE /DE %DUFHORC
EHHQ WKH LQVSLUDWLRQDO FDXVHV IRU WKH GHYHORSPHQW F
6PDUW &LWL]HQ LV D SODWIRUP IRU FLWL]HQYV SDUWLFLSD\
FLWLHV EDVHG RQ RSHQ VRXUFH WRROV IRU GDWD FDSWXUL:
SURGXFWLRQ V\VWHPV EDVHG RQ ' SULQWLQJ DQG UHF\FOLQ
SURGXFWV EHWZHHQ FLWL]HQV 7KH 6PDUW &LWL]HQ SURMHI

RQ D FURZG IXQGLQJ FDPSDLJQ E\ )DE /DE %DUFHORQD V
$GYDQFHG $UFKLWHFWXUH Rl &DWDORQLD +DQJDU $UW 3URG:
FURZG IXQGLQJ SODWIRUP DQG KDV EHHQ VXFFHVVIXOO\ IXQ
%DUFHORQD LQ $SULO



7KH 6PDUW &LWL]JHQ SURMHFW EHJLQV ZLWK WKH DV
*6PDUW &LWLHV" KDYH WR EH SURGXFHG E\ LQWHOOL
7KH UHDVRQ WR IXQG FROOHFWLYHO\ WKLV SURMHFW
JRDO LI WKH SURMHFW ZRXOG QRW KDYH DQ\ UHFHS
ZRXOG QRW EH SRVVLEOH WR GHYHORS LW 7KH SURM
WKH 6PDUW &LWL]HQ .LW 6&. DQ HOHFWURQLF ERDU
2SHQ +DUGZDUH WKDW FDQ FDSWXUH HQYLURQPHQW
RQOLQH SODWIRUP XVLQJ ,QWHUQHW ,W FRQVLVWYV R
DQWHQQD DQG FDQ EH XVHG E\ DQ\ FLWL]HQ ZLWK Q
XQGHUVWDQG WKH SHUIRUPDQFH RI LWV HQYLURQPHQ
$W WKH VDPH WLPH WKH NLW KDV EHHQ GHVLJQHG V
IHDWXUHV DQG FDSDELOLWLHY GHSHQGLQJ RQ WKHL
FXVWRPL]DEOH DFFRUGLQJ WR HDFK VLWXDWLRQ $GG
E\ DQ\ XVHU DQG DWWDFKHG WR WKH PDLQ ERDUG

YRU LWV ¢UVW UHOHDVH WKH 6&. ZDV GHVLJQHG ZLW
HPEHGGHG LQ D VKLHOG 7KH VHSDUDWLRQ RI WKH ER
FROODERUDWRUV WR GHVLJQ QHZ VHWV RI VKLHOSGV :
QRW FRQVLGHUHG LQ WKLV LWHUDWLRQ 7KH VHRVR
.LW DUH 5
+XPLGLW\
7HPSHUDWXUH
1LWURJHQ 'LR[LGH
&DUERQ ORQR[LGH
6RXQG SROOXWLRQ z
6RODU UDGLDWLRQ 6RODU 3DQHO DV D VHQVRU
‘DYHOHQJWK H[SRVXUH :L)L DQWHQQD DV D VRQVI
%DWWHU\ FKDUJH OHYHO 2

O

R S RIF@R]ationH Skhait

I
)
©

&RQVLGHUDWLRQV RQ SODWIRUPYYVY LPSOHPHQWDWLR
GDWD $W WKH PRPHQW WKH GDWD DUFKLWHFWXL}IEPR
IRUPHU 3DFKXEH ZKLFK DOORZV IRU WKH IUHH XVH
RI RSWLPLJHG EDFNHQG SURFHVVHV IRU GDWD YLVX
RZQHUVKLS FRQVLGHUDWLRQV LQFOXGH WKH GLVWUL
KDYLQJ D GLVWULEXWHG YHUVLRQ FRQWURO V\VWHP
DQG QRW LQ FHQWUDOL]HG GDWD URRPV 7KHVH IHD\
YHUVLRQV RI 6PDUW &LWL]JHQ QRZ XQGHU GHYHORSP

/IREDOLW\ PDNLQJ WKH FORXG WR UDLQ LQ P\ EDFN\D
UHODWHG WR SHUVRQDO GDWD FROOHFWLRQ DQG Vi



Figure 21. 6PDUW &LWL]JHQ .LW

Figure 22. 6PDUW &LWL]JHQ 'LJLWDO 30DWIRUP
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ZKLFK FDQ EH IRXQG WKURXJK WKH ,QWHUQHW DQG R
LQ WKH ZRUOG 6RPH H[DPSOHV DUH 7ZLQH 1LQMD ¢
6HQVRU 'URQH DOO WKHVH SURMHFWVY DUH EULOOLD
WHFKQRORJ\ WRGD\ DQG KRZ ZH FDQ GHYHORS DGYD
FRPLQJ IURP WKH LQGXVWU\ EXW IURP WKH VFLHQWL
H[WUD KRXUV WR GHYHORS WHFKQRORJ\ DQG WKHQ F
WKURXJK GLIIHUHQW FURZG IXQGLQJ FDPSDLJQV GL"
LQQRYDWLRQ SURFHVVHV DQG LQGXVWULHV $00 WK
WKH\ DUH LQ WKH FORXG EXW RQH VLQJOH FULWLFL
ODFN Rl FRPPXQLW\ DQG ORFDOL]DWLRQ LQ D PHWDS
UDLQ RQ P\ EDFN\DUG RU P\ IURQW GRRU 7KH JHR O
VHQVH Rl WKH 6PDUW &LWL]HQ SURMHFW DLPV WR ORI
UDGLXV ZKLFK FDQ H[FKDQJH DQG PHHW LQ WKH FLV
GHYLFHV LQ RUGHU WR LPSURYH WKH SURMHFW DW D
WKH SURMHFW LQ %DUFHORQD WKURXJK WKH FURZG
6HSWHPEHU DGGLWLRQDO NLWV ZLOO EH GLVWULE
WR PDNH WKHP SHUPDQHQWO\ DYDLODEOH WKUR)%JK (
GLVWULEXWLRQ SODWIRUPV )LJ

inB Architect

7KH SURMHFW ZDV GLUHFWHG WR %DUFHORQD DRWLY
SHRSOH ZLWK LQWHUHVWY LQ WKH XVH RI RSHQ VRXU
ZLWK LGHDV WR FKDQJH WKH SURGXFWLYH DQG %DQE
LQ WKH FLW\ DQG LQVWLWXWLRQV ZKLFKZRXOG CZNH
RI FLW\ G\QDPLFV 7KH JRDO LV WR H[WHQG WKH &URI
PDNH LW DYDLODEOH WR RWKHU FLWLHV LQ 6SDL@Zb D
ZLOO EH LPSOHPHQWHG LQ 6DQWLDJR GH &KLOH 20DO
FLWLHV LQ WKH ZRUOG °©

HWL

6PDUW &LWL]HQ ZLOO EH H[WHQGHG WR DSSOLRDWL
SULQWLQJ DQG PDQXIDFWXULQJ DQG ZLOO DGG RSWL
/IDEV ODNHU 6SDFHV +DFNHU 6SDFHV ODNHU%RV\} G
FRP RU 5HS5DS UHSUDS RUJ ZLNL 5HSS5D HV DPRQ.
DYDLODEOH DV D VHUYLFH WR PDQXIDFWXUH LQ WKH
GLVWULEXWHG SURGXFWLRQ IDFLOLW\

Cities and Crisis: The Fab City

YXWXUH GHYHORSPHQW RI FLWLHY VKRXOG QRW UHO\
7KH DSSOLFDWLRQ RI ,&7 LQ FLWLHV IRU LWV RSWLPL]
WKH FLWL]HQ SDUWLFLSDWLRQ DW GLIIHUHQW VFDO'
LQ SHRSOHYYVY HYHU\GD\ OLIH LV D UHDOLW\ WRGD\ DC(
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RQ PRELOH LQIRUPDWLRQ WKURXJK WKH XVH RI VPDUWSKRQH
EDFN ZH ZLOO ¢(QG RXW WKDW WKH HUUXSWLRQ RI XELTXLW
FUHDWHG D QHZ VHW RI UHODWLRQV EHWZHHQ SHRSOH LQ W
QRW RQO\ D SKRQH LW LV DOVR D ZRUG SURFHVVRU D EORJ
DQG SKRWR FDPHUD D MRXUQDOLVP WRRO RU D JHR ORFDWL
DSSOLFDWLRQV I ZH FDQ XVH WKHVH WRROV WR FUHDWH DQ
UHVXOWY ZLOO EH XQSUHGLFWDEOH $LU TXDOLW\ DZDUHQHYV
RQ WKH VWUHHWY DQG SXEOLF VHUYLFHV HI{(FLHQF\ LQ PREL
E\ WKH GHYHORSPHQW RI WRROV ZKLFK FDQ EH HPEHGGHG 1
ZLWKRXW KDYLQJ WR PDNH PDMRU LQYHVWPHQW LQ LQIUDVWL
DQG XQNQRZQ H[SHUWV 7KH FLWLHVY VWUDWHJILHYVY VKRXOG I
RI SODWIRUPV IRU DFWLYH FLWL]J]HQ SDUWLFLSDWLRQ E\ WKH
DQG QRW KLJK WHFK IDLU\ WDOHV

7KHYKFHQWXU\ LQGXVWU\ GHYHORSPHQW FUHDWHG D FOHDU
SURGXFWLRQ DQG FRQVXPSWLRQ SURGXFHU DQG FRQVXPHL
1RZDGD\V ZH DUH K\EULGL]LQJ PRUH DQG PRUH DOO WKHV}
LOQWURGXFWLRQ RI SURGXFWLRQ@RWGEOROMYIHURRDMRWHU\GD\ O
FLW\ KDV D )DE /DE D ODNHU6SDFH D 7HFK6KRS RU D +DFNF
ERUGHUV $00 WKHVH RUJDQL]DWLRQV DUH EDVLFDOO\ SOD
DYDLODEOH IRU HYHU\RQH WR PDNH ZKDWHYHU WKH\ ZDQW |
DW FRPPXQLW\ VFDOH )DE /DEV KDYH EHHQ GHYHORSHG DQC
D ZRUOGZLGH QHWZRUN RI LQVWLWXWLRQV LQ DOO FRQWLQ
)DE /DEV LQ FRXQWULHV LQ WKH ZRUOG GRXEOLQJ QH[W
D FXUDWHG LQYHQWRU\ ZLWK GLJLWDO IDEULFDWLRQ PDFKL
HYHU\RQH WR VKDUH DQ\WKLQJ ZLWKLQ WKH QHWZRUN WKH\
HTXLSPHQW DQG D VHW RI FRPSRQHQWY ZKLFK DOORZ IRU W}
IRUPDW ZKLFK DFWXDOO\ UHSUHVHQW DWRPV WKH QHWZRU
XQLYHUVLW\ WKURXJK WKH )DE $FDGHP\ DQG LV GHVLJQLQJ |
UHJLRQDO RUJDQL]DWLRQ

)DE /DEV DUH RUJDQL]HG WKURXJK FRPPXQLWLHV LQVWL!
RUJDQL]DWLRQV +DFNHU 6SDFHV DQG ODNHU 6SDFHV DUH PF
WKDQ WKH )DE /DEV WKH\ DUH PRUH FRPPXQLW\ EDVHG DQ
FXUDWLRQ WKH\ VHUYH DV SODWIRUPV IRU KDFNHUV DQG PD
RUJDQL]JH HYHQWY ZRUNVKRSVY DQG DFWLYLWLHV 7HFK 6KRSV
ZKLFK ZRUN LQ J\P IRUPDW LQ ZKLFK PHPEHUV SD\ D PRQW
DFFHVV WR HTXLSPHQW DQG NQRZOHGJH WR GHYHORS GHVLJC
$00 WKHVH SODWIRUPY DUH SURYLGLQJ DQ\RQH ZLWK WKH |
DOQ\ZKHUH DQG DUH JURZLQJ LQ DQ H[SRQHQWLDO zZD\ LQ GLII



ZRUOG WKHVH SKHQRPHQD DUH VLPLODU WR WKH DS
QRZ QDPHG SHUVRQDO IDEULFDWLRQ PDFKLQHV ZKLF
SURGXFWLYH PRGHO IURP D FHQWU,DQ@H]F& QRQIE MR D
WKH H[LVWLQJ FULVLV LQ MRE FUHDWLRQ DQG WKH
HQWLWLHY ZKLFK PDNH WKH ZRUOG H[LVW DV ZH NQF
FDQ VD\ WKDW -HUHP\ 5LINLQ LQ FIKIMHDRB[BORRQNEZDE

KRZ WKH PDVVLYH XQHPSOR\PHQW E\ UHSODFLQJ \
PDFKLQH LV JRLQJ WR FUHDWH WKH FRQGLWLRQV IRL
FRPPXQLW\ EDVHG VHOI RUJDQL]DWLRQV $FFRUGLQJ
WKLUG VHFWRU ZKLFK LV JRLQJ WR EH DEOH WR SUR
DVVRFLDWHG ZLWK WKH LPSURYHPHQW RI RXU HYHU\G

7KH FRPELQDWLRQ RI DQ H[LVWLQJ FULVLV VLWXDWLEF
DSSHDUDQFH RI WKLV QHZ PRYHPHQW RI ',< DQG ',:2 L
IRU WKH DFWLYH SDUWLFLSDWLRQ RI FLWL]HQV LQ W
WHFKQRORJ\ DV PHDQV IRU WKH SURGXFWLRQ RI ZHDO
RZQ WRROV WR LPSURYH RXU OLYHV WKHQ ZH FD@ E H

$UHWL 0D UNR S R}a@m]ationHSkha Oving Arch|
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1HLO *HUWKB QUHDO RUN %DVLF %RRNV

-HUHP\ 5TheNhif@ Industrial Revolution 1HZ <RUN 3DOJUDYH ODFOLOODQ
2YLGLX 9HIbterhevddEnergy + HOVLQNL 6,17()
7KH UHVHDUFK SURMHFW ZDV FDUULHG RXW LQ FROODERUDWLRQ Zl1
/DDUPDQ ,W ZDV FRQGXFWHG GXULQJ ,$$& 2SHQ 7KHVLV )DEULFDWI
E\ SUHWL ODUNRSRXORX DQG DGYLVHG E\ /XLV ( )UDJXDGD )DELDQ
7KRPVHQ
$UHWL 0D U Nor&d e Rexhocratization of production, Additive and Personal
Manufacturing in Fab Labs 5H SXEOLF

*LEVRQ 5RVHQ ' Aldii@e Bsvicdaetutihy Teébhnologies: Rapid Prototyping to
Direct Digital Manufacturing 1HZ <RUN 6SULQJHU 6FLHQFH %XVLQHVV OHGLD /
1$6% ODGH LQ 6SDFH "3ULQWLQJ LQ JHUR JUDYLW\ KWWS zZ
1LFN $WiyBmPrinting is Overhyped*L]PRGR ZZZ JL]PRGR FRP
3 <XDQ DQG Faupdating the Future 6 KDQJKDL 7RQJML 8QLYHUVLW\ 3UHVV
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3UHVV
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1HLO $ *H URMaK:Kkh@ téhtinG revolution on your desktop--from personal computers to

personal fabricaton 1HZ <RUN %DVLF %RRNV

3HWHU $é&zZdombs and burgers: how war, porn and fast food created technology as we

knowit 7TRURQWR 9LNLQJ &DQDGD

-HUHP\ 5TheNhdDf work: the decline of the global labor force and the dawn of the

postmarketera 1HZ <RUN * 3 3XWQDPYV 6RQV

1HLO $ *HURaK:th® tbh@nG revolution on your desktop--from personal computers to
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ILFHQWH /BRQADBDW $XWRVX¢{FLHQWH +DELWDU (Q /D 6RFLHGDG 'H
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NA PUTU KA ARHITEKTURI USMERENOJ KA [ZVOBENJU

Istra ivacki centar za arhitekturu i tektoniku ( The Research
Centre for Architecture and Tectonics ): Integrisanje

arhitektonskog obrazovanja sa istra ivanjem putem

projektovanja zajedno sa praksom usmerenom ka perspektivi

Michael U. Hensel, Sgren S. Sgrensen

2YDM pQANSDWXMH UD]YRM LQWHJUDWLYQRJ L LQWF
LVWUD&LYDQMX SURMHNWRYDQMD X DUKLWHNWXUL

,VWUDALYDPNRP FHQWUX ]D DUKLWHNWXUX L WHNWR
SULPDUQR LVWUDALYDPNR RNUXAHQMH ,QVWLWXWD
]D DUKLWHNWXUX L SURMHNWRYDQMH X 2VOX L IRN
LVWUD&LYDpPNLK DNWLYQRVWL YH]DQLK ]D DUKLWHNV
VX XVPHUHQH ND UD]YRMX VYHREXKYDWQRJ SULVWXS
L]IYRYHQMX SHUIRUPDQVL 2YR SRGUD]XPHYD VSHFL
DUKLWHNWRQVNRJ REUD]JRYDQMD L LVWUD&LYDQMD

SURMHNWRYDQMD NDNR EL VH SRGUADR UD]YRM VUR
PHVWR LVWR WDNR SUHGRPDYDQMD SRX]GDQLK HPSLL
SUREOHPD SURMHNWRYDQMD X VWYDUQRP &LYRWX X S
1DSUHGQR UDPpXQDUVNR SURMHNWRYDQMH GDMH SRW
NDR L UHDOL]DFLMDPD SUHGVWDYOMHQLP X UD]JPHUL
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.DR WWHKQRORJLMH ,QIRUPDWLpPNH HUH L QMLKRY XW
PHYXVREQL RGQRVL SRJLYDMX QD QRYH LOL SULODJ
REMHNWL L JUDGRYL QHSULPHWQR SUHSOLUX VD GLJ
MH]JLN HOHNWURQVNLK YH]D XYH]DQ VD MH]JLNRP ¢]LpN
$UKLWHNWXUD QH PR&H ELWL VDPR QDVHOMHQRVW L |
LQWHJULVDWL VD QMRP



$NR VX UDpXQDUL QHNDGD ELOL YHOLpLQH REMHNDWD REME
VSRVREQL GD REDYOMDMX , 2 NRPXQLNDFLMVNH SURWRNRO
PROHNXODUQRP QDQR QLYRX PDWHULMDOD LOL pDN VDPRVWI
DOJRULWDPD

$NR MH MDYQL SURVWRU X NRPH GDQDV 4LYLPR X RVQRYL |
LQGXVWULMVNH UHYROXFLMH LQIRUPDFLMVNR GUXaWYR VD!
WHKQRORJLMH SUHLVSLWXMXU IXQNFLRQDOQRVW L VWUXNW
LQIUDVWUXNWXUH JUDGD

KONSTRUISANJE ADAPTIVNIH EKOLOGIJA:
U PRAVCU BEHAVIORISTICKOG MODELA ZA ARHITEKTURU

7TKHRGRUH 6S\URSRXORYV

*\|UJ\ .HSHIVRUJL .HSHV MH MHGQRP REMDYLR pupn8 QDALP
NRQFHSXWXDOQLP PRGHOLPD SULURGH VWDELOQL pYUVWL
SUR4AORVWL VPDWUDR WUDMQLP L SUHGRGUHyYHQLP VH VKY]I
SROMD GLQDPLpNLK HQHUJLMD ODWHULMD *# RSLSOMLYD YLC
VWDURM VOLFL ¢(]JLPpNRJ VYHWD *+ GDQDV VH SUHIRUPXOL&H X
QXNHODUQLK GRJDYDMD VD HOHNWURQLPD NRML NUXaHUuUL SX
GUXJX RUELWX “~ )LNVQH L NRQDpQH WHQGHQFLMH NRMH VX Qt
SULURGQH L YHAWDpPNH VYHWRYH VX XpLQMHQH ]DVWDUHOLP
'DQDV XNUAWDQMD LQIRUPDFLMD &4LYRWD L PDWHULMH SULND
PRIXUQRVW PQRJR GXEOMH VLQWH]H 8 RNYLUX WRJ NRQWHNYV
MH SULPRUDQD GD UDGLNDOQR SRQRYR IRUPXOL&H VYRM RG.
L NXOWXUQH L]JDJRYH L X MHGQRP XEU]DQRP SURFHVX XUED
GDQDV PRUD GD XpHVWYXMH L GD VH EDYL VUHGLQDPD ER
NRMH REOLNXMX QD&H ALYRWH NRQVWUXL&XUL UDPXQDUVNE
SURPHQH SULKYDWDMXuL ]DKWHY ]D DGDSWDWLYQLP PRGHC
UHADYDQMD RYLK L]DJRYD REXKYDWD LVWUDALYDQMH VLVWHP
VH EDYL EHKDYLRUDOQLP VYRMVWYLPD NRMD VX SROLVNDOD
ELRGLYHU]JLWHWD NRMH EL GHORYDOH L]JPHYyX XUEDQLK NRQW
-HGQD EOLVND NRUHODFLMD PDWHULMDOD L UDpXQDUVNRJ VI
JHQHUDWLYQR YUHPHQVNL J]DVQRYDQRJ EHKDYLRULVWLpPNR
X]DMDPQR GHMVWYR ORNDOQRJ SRVUHGRYDQMD L SRGVWLFDN
NROHNWLYQD XUHYyHQMD =D UD]JOLNX RG YHULQH YHAWDpPNLK
REMHNDWD QLVX XJUDYyHQH X SODQRYLPD YHUO VX SUH SRYH
XSUDYOMD NUR] QDVWDMXuX NROHNWLYQX LQWHUDNFLMX



