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Fig. — The FLRP layered system

F — FREEDOM

path availability: which WCs are reachable with acceptable waiting, right now

A

L — LOGIC

rules of navigation and decision: routing, calibration, confidence, regimes

A &
R — RELATIONSHIPS %
interactions between agents, infrastructure, sensors, environment — crowd pressure %
A\
P — PHYSICS
physical constraints: distance, capacity, time, movement, bodies, queues

a festival is an FLRP system: physics constrains, relationships create pressure,
logic routes, freedom emerges when people can perceive and navigate available paths

JUXWH 2 7KH)/53 O\HHGMWWP ) HHCRP / RIIF 5 HODMRQY 3K\ MEV

7TKHVLV |9 2 0 XVXDOGHSHQGHQR\ RI FDXVH @Z DQG DUFKIWFXWH

JUHHGRP3 ' DQJ53DUMXW X MH@WDLOHAMRIIDIDOKMHY T JUHHGRP
ZLWKRXWDEZW DF XRXWYD P IBFR Q G LALIMRKER K BV X W MIKID DZL W K R} QR/P
XQGHI2QHMSDWEDQGERWII QIDMXSEHFRPHV7KH UF K LW B IEWRW KW
ODEZ\D HP SWD EH®ILMHLR/Q AD § W DGR QIR L QWK@D NHUHH @RPIHVWLY D O
RSHUDWV SQ\DWE @ S RVQ®H DV X UD B KRHH D V X U HP $IMU D W }O/F W & H

YOR,Z W H O OV\MINRABH FW LR Q V

TKHVIV 9 2 QW@ HOFH WH P HFKDQLVP WDWP DNHV GMRUARQ @J K\WU

, QW H O OLLWHKBMA FIK D QWYX P BN 16\ V W RQJIW KRRHAR URD BHF R Q Q HWWIH® W L Q

L QW H 00 WIRHQGIH U VW B IQREREVHHW Z FAHBDH [EGH W Z MHKGIL PHD Q & KE B S MV H V
H[DFWRDWD GLQWH O QN KEDFSD MLRHW KOIL J K &/ BIVEWW RUEHW ZBHQW R UW H G
O L Q$IS/S O IMHREV W LLYQ@VO M O O IHINMRTAKHH JE Ml | RLUBHH F R PYHLY L E D HHRMAKHP S W&
EHKLW&HURZGRIGH WHHVKHED Y EHIRUM HF R PHR/O O LSWHD Q V IR\ Q W R
QDYLJIDBOHH U Q QWIHCHOE RHMAWH P RW KZ-D O O KGHL V W DROWWHRD S D F B I WH V
PDNAKWKHFPDYLJDEOH

YUHHGRIPVWWKBDWIGLVWR UMLLGRHYKBEDWK QWHO O LRBIIQFW K BED WB L JKW
DJDLQ



Intelligence as the mechanism that makes distortion lighter

INTELLIGENCE

intelligere:
read between the lines

digtorted lirtas the lightest path,
queugs j/noise - uncartainty made visible

“Freedom is the path; distortion hides the path; intelligence makes the path light again.”

YUXH 2 QM@ HQRH DV WH P HFKDQVP  \KDWP DNHY GMRIIRQ @ KWU UHDAQ] \WIH @ K\WMASDW EFE HHQ GMRUIMG THYV

$ VXSSRUVBIHEHY HORG\HKBIX W KR KLY @IRUN LW XDKXWKRMFKDQRIR®WHUV
PRVIVEY HQ XSIK\VLESERS H U V L VR XIGAGHL V W REHFIDRX@FS R \GHW W Z Q P V
FDSDPLWPAR QJHVIVQ @ QP L WIH/G. E2L O QB Q O RISHNQ V W HIPAH AW \Q QRMI R X W H
D U R XLQABD OFODVQ ERB\D V WHIGU RRVR W X UR W B Q ERRIFF X S OHGERID IDOKmMH YV

| J ,QWH O OLMHKIFHF K D QW\KAB WN HWK GV VW R Q VY. RIDVE IO K \
PDNLRQVUSDEEGWHOPHD RIS X F L Q RDVG G LRDIW HP DB DV W U X ZWWHHD VL Q J
WKDWKLHYHYV GHOLWHKWIEPHIHHGRBFRQVWURERLGRIE D J Q L WPXRGHH
H[SHQWZLYHGHQ\WDRD® HWHORODIDOKMHNY \ 7KH FDELRWKLV
F D WAV XOBUIH [ HS3K \ V LHFYH U \ WAKKNQW WHHKPD Q 1HAK D Q 1 BB\D Q'G

: DYRHV DUHWH YIME® VKDSH RI UHHGRP  XQGHUFRQWADLOQW

YORZIMXLJIK GH@WWHKPRO)RWKDQVARRWWBHRURZDYHBMQFKURQNV KB
SURJUDPPH UIZYDDGBWH KHDGDY BAKR Z QG HM LD Y HWMH OREDJIDOKmH V
V $VWBRFNGLRLVERBWHYWRIPHURQREAD YHHILPIHYKW  + KLJK
IUHHGB®RGLVWRBWQRYD L CSDE/OKWVR ZW K + IlUHHGRPI LWQRRPSUHVV
D\GHQW@AUHBMBM  + W KAHU L WADFYOP@R P H @ WH GH. V W R B VLR RQ 5
FRQJHVADIGRRPLQDWERVW FRQFHYRD RMHDMBHUYLFH SADHMIEK KILHF K
WKW\VWRRVWHFRBPB® HG LV WIWDLREZRAHE H DINVW K& H F L \PLR/R-H QW \Z K H U H
HYHU\WAOLQRZ URQJR Z KH W W H O KL RHALH K B DU ¥ M\ V WW R DRWU RD O \
G X U LVOKIHL JXAW LLRGBRDY O R ZQ W H O O\L\NVAVQIFIRI X VAR UGIX U WVQKAD Y BHF W LR Q

GHY H QRS Y WRRS H U D W IDROQ [E CPIRVE IHROQ



The festival as a wave system
Pressure arrives in programme-synchronised waves, not smooth ramps — each wave front is visible at entrances minutes before it becomes occupancy

LIGHT GROWTH REgiReadliner wave b4 ot coNCERT

show-end wave

exit wave

arrival wave

WC approach pressure

13:00 15:00 17:00 19:00 21:00 23:00 01:00

YUXWH 2 7KHIHWDDV D Z DYH AW WP SUHWXUH DULYHV 1Q SURJWDP P H VW QFKURQIVHG Z DYHV CRAVP RRW UDP SV

K\ GRHV WH XQLYHWH QDYLI DM 7 KH QRQ QDYLI DWRQ FRXQWUDFWWDO

7KHUD P H Z RGJHNH SV DV 2 H W\ FACK U RIXWFRR X Q W H U ZIKIDEKPO®GRQ QDYLJDWLRQ
XQLYHAHMHZRUGZGWKRBEWERX EGDZR U @GW K RXWW Q V EW WRGW®AW B § G
WKHUHZRWIK REXWD P LENW K RXQWR U P DW QRRU P DIWU R QL V WGH.U HHGJ HOQFGH
GLITHUM®FNXLDMWMAWVD Q V LW WRKG@R B WV D WIIERQ V. M W D NW Q D Q V LDALERQV K R X W
REVHUY REVRQNKDQ WHKRE V H U V WDAKH FLR. W \DRVAJID Q V IBW EBZQR U DG R W
PHUHORSWA\W\WK QRE VHUYQE 03X DIEQR R K FFUW & WUGIRY D Q WIDRE K L ALKW V
SDWKOHNRQBIFIM VOHIOGROD JIDOKMHE Y 7 K LLVW KHN U X FINQMIZIMEK \
W K HLUFHK D QD ¥ OBH F D XWKHHLUM H H R P H F D YWUD Q V HMLR@WR P H W MIDQNIH V
WKHEPHORODIDOKMHIYD DE 3DWKOHVQEMARN VIZROUBIE X FNDLYRLGHG
LW\ RIS RV V ZIRQKOEH ORWDIDOKmMHY 7KK QLY HUDWH. J B WHD/YAR] L B B
G\QDPLFINVWB @& R DY L JIDWAH\HD P HD FG\H V F UWEZ i B ORI D JD O K m HY

T [ 7KHHVWLY DPORVRDGDRIG HEXW [ D FINQ V \ VW B PWSKH R S @HWV
DO UHI®\Y L.JDMLWR G/ARQ OX H VW ZRKEG W KWW WIKWHL V LE O H

9DXHV RI ) HHGRP  IOMSURWYH WHI P HV

%HFDXVB ' L\DUDWLRD O XBVWW U X FRVHOUDLMQ & KGH SO R\ FB @ W) H D&/
DQALQVWUXPKERY H\O X VIEGWWHEEMZWHQLPHIVE OMHLY MAKIHQWHUSUHWLY F
EDQRVHGEWKEDSHKUHDHWWKHRUHGM AD S U W\ R WILIRRSWHLU D WIHRGR® V H

Q RFAD O L E WIKW H @& KIR/OVE\E OHLR/KILQEID QER X Q G WX WAZRH N

) UHJLPH 6WUXFWNKDDOQJ JHVWIPIDQL IHVWDWLRQ 6\WVWHMVSRQVH

) : SDWENUFHDYHXD YDLODEO 4XHXIBDLORIHU VZAQ WW &RXQWHUUBRKWIREBHUDW L
QDY LJIJIFRDPO® B WHKEHL P L:W’ VDWX UFIW N/ YWY LVLEOH DOH UMYV WRIUHRWQBHUFHL

RG: DOWHUQDWLYH SDWK
) 'LVWRUWHHEBEHWWUFHSWLRQ  3HDWHJILPWOWHUGDVWAYWH 5DLBHDSSY¥FUHHQV
FRQVWUDDLWQHG®WLRQ D UKD UDVGRHHF KR L GHHYDW®W UHFRPPHQG DWEZRQV
YLV LEXHKH FDOLEUDMNR@MXNWOHMUY F
) 8 3HUFH SDICDQBANVW RUWLR( *URZWHKILFNMHXHRWUEPXW ORQLWRWURRQ¥FHS/UHSBHWBII
DOWHU QBIWDXYHM EOH UHFDOLEUDWLRQ

) ! SHUFHSWERRBGIW W RRISH@RHL, /LIKMAILPBQDYDLCEDEMK &RQVHUYDWHWHDQHEUDW
ORZDLWLQJ HV WD B&RILWDNCD W H

7DEG 2 9DOHVR ) BHHGRP  IQMBUAYH UHIIP HY  \WHRUHWADCAEDQGY  CRWFDITEUDWG \WUHVKRGV



3 DV DQG SDWYV  WH HOGBMVQHW GAMMOPARQ

$ GLVW L Q\FKRR R GPXD/N FS\WU H F IO WHDGRHO D JID O K m HN W PDWWRSUHWUDWLRQDOO
KHUWH G VHBKUR X MWRPOR VVHPIUSHQG LY SK\VLEDOWER ZHLVIHDERXQGH G
REMHOWKHOD\BRER U U LDZMONUGXWHKHSSURWRK  3K\VLED®HKYSE DW
ZDODWD W X U DWDRQW QRW K B UHH[ D F MCDAK H \OLWD \RWD Q ERWH U R XWKHI® X J K
$ 3DWKD S L W DLODVWWHIGX FWIX D @ DLGR\R\QL E/ISLMKRCHY D L O DREDGDH WW DWR-P
W KX UURQMDWRVHLWKRREHFD RN VL ENOHMX\UMYWWW DWB FRBEBQV
I X UWWHD Q V LDVQIBERKEHD X V WRIIWIKRIHFE X USRWWAL E L @ K WIWHWF H RV8 HRQRW H V
OHORHWDJIDOKmMHM W , I WK HUUSID WE W OVB K HUHRO D YWY KD H QB ID O O
3D WEKR/X @ @V K3D W K DRIWR/'BH F W L RZX L KR KD\RR\E W DOLHIOGR D J D O K m HW

Y 7KHHVWRSBOLFID@ILRHKWMD: & VD W X UTSWMHWLE DI M Q G HEG W K H
DWW HQEDHWHKY YBIRW WKEBIH[WUDQV IZWDRQ P WR/KHOWHU GO YNWHWY WV
ZKHW RMRMWW\S HUF H ISYTHDXCH X BIL O XWWHK H U O RYBICH [K D XV R/IB R @ K W\D
FRO O RSWHU F H W IHRIDW WK D WP DR §H)I R ZQ W H O OLLWHKBMB A K L QMKIN WH S V
3D WKW U F H SAK HERB MV LE DOFKO/R VD Q MFEWED E L O K\ V L E XMA/D DX D U D Q\K Bl W
W KRS W VB QB H YBIR RWNPD O\D K DV

Fig. — The Freedom Intelligence stack: perception, distortion, navigation, counterfactuals

PERCEPTION ‘ ,
the agent's usable understanding of available paths
(occupancy, waiting, alternatives made visible)
DISTORTION . . N ‘
uncertainty, misinformation, crowding, waiting, bad signage,
sensor noise, GPS error, lack of visibility — reduced by the system
\ J
NAVIGATION ,
converting perceived paths into movement:
routing logic, walking-time trades, section-aware guidance
A J
COUNTERFACTUALS
paths the agent would never have seen:
“instead of the visible queue, the better available cluster”

YUXH 2 7KH) UHGRP QMM HQFH WBFN \WH VA VAP UDIVHY SHIFHSUIRQ BZ HY GMRMIRQ HQDEGN QDYLI DIRQ DQG

FU-DWMV FRXQMUDPXDY
JORZ,QWHOOLJIWRQ/KHRSHUDWLRQUHWKURXZKLFRUHHGRRWHOOLJHQFH
EHFRPRWMDVXUDIE@HK\VLFDSD FH

% D FN.J U FROXQB3H O D WRIGN

&WRZ G G\ QDP LFV DQG SHGHWIDQ P RGHIJ
7KHSK\VLENG HQ¥HR Z & D ¥ HHWOQW X G\LIHGEFUWHX L QR Q G D WALHRYQHDAD R | Z/RHWN L F H
JUXLQ DQ®&KWRFLDOFRRGHARIVMHOEIDQIEROOHDUKBIEL@®ROQIU
+HOE HQUWO Z L WOXD VWHPI$ L UZ RDWBIK R Z LKRIZ/ L P SEOHHK D Y L R X OBHIQ H U D W H
FROOHFWAHHSKHRAP AN VVBWG 6WLPWRY G VALQGFKHE WLL\O O
DQWKHNDQEIFHGQW VRLBWQFHQWE X VWUX® G+H D @QIED | H\W FXWLY H



| UD PWKRS HU D WLVRIDNDHRVL J& H Q VY WD IO®@I R U P MW L RIQH WSULRH/R PR J H
FRQIJHWWARRBHWAXHYRIMXWRPBWRILG® DO\VWIDJIKLFDOWHHQ =KDIQW
DO F D W D OARKIBKHHD VILDQPL COLYHDV/L ONDHECONW K RGAPDPREWHUYDEOH

' HYLFH EDVHG FLRZ G VHOMQJ

& R X Q WELHORISWDKIU R WXKKHD GH RL V V IRR\Y K HFBLKR QKIIVIB V X E V W DOQWY/IHIUA W) X U H
SUREPMRQLWRBDQWUDKIPRGLIVABUWSKRQNY (ULNVVRQ DQG

% O X HW R R WH DIQ QK IDEH HQV HWBR V W L FFIJ\R EEGH Q VILW/E D ® AK D ¥RBLD
"HSSQHUXNRZLF] LQFOXGWEYWLYDBYHEKRMHSD UW L FL\SHDARNWS KR Q H
VHQVLQUHWO DQELW\ VFRDRZAG P D QD SHOMHAQ W U B DHIE O 7ZR
VWU XFW KR IMMM HOG®R F X P HQWSK.GD G G UHIVYG R P L VVOQMBLHRUP IGHY. FH OHYHO
FRXQWL®EH LGHQWLODRDMWERQ 9D QK RIND O DQ®@KMDSSLIQRP
GHYLBHWHRPVBHR SSIUHH VHWWYLURQPHQW @R B HQIS HGMDARLISWM RNL G H
FRPSOHPHERDLWH JBREQGHGW G H @& PHR QGHRMH® *R Qi OH\N O EXW

D UGIHLW RF UO L WQ RUFHDIDAH MRIDWHH P S R R § 1 U DX B V IDIRF HW WRDAHP D\Y @
ZRUNINERYWKHARWKVHEJJUHJGW\WMH F\WRQRO@MH Y H G HQ W LDIQHIVVY H DWK WA
GHYLFH WP BSRIEMWIHY[S O L FDW DE BHW HBR GHLWVERWW K DER Q VW D Q W

| RZ SRZ HUZ LGH DUHD QHVE RUINLQYJ

/IREMQEB:$1 WHFKQRORRYB&BJ UDRZIHE D Q GA L QMK WHRG. V W U [GEDX\WIH G
UHSRUWXDIVMRE Q % R\ O &HQWHIQWOR OHNMMO 5D]BW
DO 6 F DO D BLWX &/NRHD O DQGRP S D UDAXUWHIONMN NVD O
HVWDEWKRRHUDWQYHORSABRPHWUWDYRBXDEHHDYRXUBRQB L W.RIDWYO
SD\ORBXW\ FOFICPHMOQE W U RED VL WER/QWH QRW H BM\D F H PGILQEV L J K W

L QW H U | FMBHUQIIHILFQNIRQS D F NHDVMB H F W L& Q D PAKGHL V W L @ FRV W@ X ULUGH G
GHSOR\BHQWW EFW ZHREQFRPPXQLFDIVQRRB | | HF WH @ MW QG LKW KU H
GLIIHONQ YWEWRNYWIRUGRPWIQLWXGH

4 XHXHQ) ZDIWQJ DQG WH YDOXHRI WP H

/L W WGEDIHZ Y W W O HW L HX/H YOHH Q JDAUKU LUYCDVDI) BD L WW Q B\W KRIS H U D WU L VI DW X U H
RQUQVKHV\FKRABRXHXHLRUVRQ ODLVWHUHYVWD E Q/KSHMNF HZ ¥ H\GRRM W
H[FHHERP L Q\DLOFHR VINQ @/ K B OF H U WEDQ®W D L UDUWWKGIRPLQD QM DYBWR UV
ERWEL UHBW G UHE WL LEVBL O DLELIRIUW DWKHROR Q R RUW Y. FDHD O R FD®/G R Q
WUDYHQ DVLPHWIHEN HU 6PDOO VXS SWKHD O X DAL HLGH H F W L RQ
DVVXPSWLRBREDN\OH G

3UYDR\ DQG GD\ SIRWRWRQ

7KH'35 (XURSHBDQOLDPO®WXQFLO WKHJWLFORUNLBDUWS\LQRRQ
DQRQ\PLVDOWMRFOBWBURWHERWRQGD UW\ DQ®KSIULYDF\ E\ GHVLJQ
SULQFL&DHRXNLDQGHILWKHHJIXODWRGH LGHQW LUHNVWEB®& QW MR\ H

HW O V K R ZWK P RVE L Q\LWADF BH W U D R U G GRIWALKINY EEGUH PR D U V HDQMBGK H
DJJUHJDDWIWRQ IMRYNH PRWLYPMHWY XP FRX®W H 7K HRIGH V XKD B H

K D UOBU F K L W HURVREWB @R U N G H Q W D ILGHHUY/E H U V L VRMIKSIL S H GRLSHHU IRV H V
DQRQ\PRAYUHJDBDMWHIIBY HXGRQ\GRXNEFIHW DG L VW L @EWKR BL \DLH/IHD O
FRQVHTXHQHFWWLR @ P DUW ,FRIAWAD P H Z R %D WA O =DQHBWD
SURYWBHJRDGHSOR\PRQWH [W



7KH) UHHGRP |, QW@ HOFH WIHVHDUFK SURJWDP P H

7TKMVKHRUB W\ RW RS U S B U D RQN KIHX W K R ULTRRIU SWWIR X Q G D WIWRIMDIOP H Q W V
RIW K$U F K L W HRAWHHHG RPW H O O D DHSIPMIKY D L O DIEVDAELHALW @ H ROH O®RH
0DJDOKmMHN E H S WKARP S XW DWVRIUP@DQ R NEDRQBOARRO GV
DQ®ZDU®@DY LJD ELQOAGK@/KPIX F D OWREFED® SDL DPNOBRHDIDOKmMHR

Vv X WKH53RSHUDWLQJUDRMEBWYRVV GRMNIVEOERIDIDOKmMHYV

P T [ ] DD WKS$H UFH SSVUIRRQ D P FSHH U F H DNVAGRXQV WRIU L Q J
UHF X U\BIRWH/ L E MWOU DM\ GBLHQUIF H S IV LIRIQQO/MW 'G H I D X @Y @R E M H F WDLW/WD E O H
SDWK DYDLOWEKOWMOKHODJIDOKmMH W o) Q U Z WKH
SDWKOHNVOHNMYQMORDJIDOKmMHE Y DQWKHHFXURBRY VLEQLOQ R\
GHODJDOKmMHW W DQ& KHFRQRBREBERQVWUXRWVRJPXH@LHAWRUWLRQ
JHRPHWUB&H I ODWWKYUNYER@EGHP DUW JHW VO BKIHDOERHID J D O K m HIV

J \ 7KHSUHVSDSWHWKIKE UG WS OR\RIOKE YR JUDB BV WY FD O H
IDOVLILDELRHWKRGREMIRHODIDOKmMHK JRY HWXSD S HEOW LW FLSOLQH
6HFWLRQ

7RRXNQRZ O HGKEHH S O R\ PG R UKW L& PR QUK HUW RQ VW U X\PKHHR VS O I8 W H
HVWR NI VW DWDKU ¥ DDHADKD JJUHJID WSHUR @ DF\ S U IDWHF K ¥ IVMFR WXWHRG
UHDO SWP®IRFK WZ 8K U DAWVKDR WN Q R Z O A G DHDRRDS U L REQ WL P

% )ORZIVQ @D WDK\ DYORZDQQRMDNHG

7KHGLVWLQPWLIRRIE B Q G D U U IMHKGU R X J KRIDORZW KUHH B OH Q R P HS)HRRS O H
PRYLZDLWERQ@YHUGLQIHWRARXIS\HQW HOHPYTXQH X L' Q WIDDW U IDHE W
DIORZ DPHDVXUHWIDQB®SODBE®/ LPXQGBEBKRVH@VW UXPHBMKRVH Q
G HIL QLAWK DIRUGIRWKD PW K L QQ W KHHQ WE IU\HF L R GVLKEHY S H H \RQYH | X WL R J
FRQ I XWKH P

'DWDW KFU\VWDOWKINEREAWKHRZ VKDGRZHRQ R UP DDBOHEWD U H D O
ERGA \HWW\VODMEHSH QW LRIEGGH WHKGIL JWKWD MGG W\Q RW KEHR G\D W D
FU\V W DEP®LY\VHNRZ WIR [ HEH F RW G R\ZH HBR'Y L @ XW KQHX P E M UWW LR H Q
D W/ KLHQ V WIDQ@QBGYU R WV KIHIQ J OE D WV D N BIRY M K®IL JK WK D QW HVHH Q \UFDLG LV K H
FRXQVLQSE RZKR-H W G HR L Q 12WDLREDKVK D GIRKZD Q VKD B KL &V HER G3 R K)\R B/
FOXVDMIHDQ XLQHRFF XS DFOFARVYMKD GBW P HWWBIG IDXQVE X L WA R WIX\M U
PHW UBHRAMD KUHH B O VDI G H L WLAWAKUB RZK I LR ORZQWH O OLLM HQ BW RBK D G R Z
ZHOHQRXWR Q | MKERGLQWHUSBEWWRQDOH GHSEREDFINQ WRKBIHD O
PRY HP MQO\BDW W

<RXFDQQRDMBIORZARXFDQDNB DWDK LIVV\P P H MWW K-HW K VSR Q@ M/ KHV W H P

$ IORZSK\VLEBD® LMKIHX HX N \O R QY WWV KAHU X VR \6 H QVHWWAD QGRUDPLQJ

FKD QMKER GLQNVKWSDFBWIE\ FR QW WDYXW K RUKREH YAHKR R WWHM3 , WK H
LQVWUXWHKEBEM) GRYQ® KBIHQRP L FIXWRR WHK®BIXPERWHD®DNHBE:& ORRN
ZHOO VHUFRBEQWIYLRNVWNIHQHURBRELKXYHUD RLYMOR @1 Q G RYQG

UHSR UWVIODIW WGHIQRP L GDWRED W B SUR Y KNAWKIKD RZVX Q W R X BDIQHBBEK H
DWWH @ &HBOWWKLYVZK\WKW\VWHBEVFLSOQA®WHFRUDMILRIFLW\ UHODWL
QRUPDOLVPRQRBRQILGHRIFELQH RYHUKDOGIRLWQYG JJUHIDWH RQO\
PHDV X UHP GHQMWR H H/$KGID WIDL W KV V&I RIZW K D G RZVW WHD QL W KWK & H

VW RRJQ R L J KA QWYRV HDIOFS DS HUM 7 X UUH QXD Q RD F F X UDHFY F H QAL IVKHR X W
JURX @@ X Q@RI XD U D QWHIHHEQQRY H S X E O VWKIMIBHO X HY U B OLAD V W DROIRID\AH



FRPPLWPGIRWR\W NMKHK D G E B F D W\KER GAD Q GERIY N D@ W KSHH U VLRIQKTHK H X H
OL YLKV KER G\

'K\ WUHDWQRZINMVIOR ZMW KRIQ OVK L /K ZWUN$ V\V WW R R 3/W L PILWMDMW D
UDWWHDR@I®RREW LPWKEYR REMHRD G U LK HH.B\ JUHERLOKHXHMR Z
EHFDXW¥VJURRPIMXID GRZYVHDWD®RIDAN ORZPHD QRO G MKIPHDVXUHPHQW
DFFRXQWREKBK\VLERIOQR P HDQRRYHWW H Z K L FLRZ K \W KHV W L PLDEAKRIDUAR X Q G
SK\WLFBDQLQUDGMXBWD RQWKLQGLYLWRBRUUBRQYRZEQDDSUHVVXUH
QRUPDOLRHGO SD FUVW WHIDQY R XIMED UQN WE HK HO L P L W DWQ R 1B UDHIQBN

P X VE\W/ W D W HIBILQ V W U X/PHHRMDV K D G R B 0ORZD WD UWRBQ JOH GHSHQGHQV
DQGHUW MIERMMER GAVQH Y BYD L O DIEKS R U UMHHFWS RLQYRWWY RD N\W KRHL V VL Q J
FHUW EXQWRD UWWR QHY\WBEFLVLRQ DQNE@YW DMRHE L GHDKIHARA [D FW O\

W KSR V WRKBHHF W L R Q B

%HHUQWRURZGHK\IORZBHKDDPOLNHIDUGRHEKXDW RZYQWR OR Q DHMYG

RO OFRKZH UR PRUIHG L HEGIW Z D U PO O R IFROUMHBIRWRAL WHWG HV WWHDIQR/UIJD QL V H
LQWR QU R DNCU DIRIUPPAW RS D @B YHAD F NFHXUHVK BD H W Z RAKNAA U LINDLAQOWY K D W

W K HIDHR R\E HW K\HD PEID 2 VF R Q J H WWKLIRHDV KDY SIWR S D JDAMAIOR QJ HL @DIRQ ANQ J

W KGR Q O LEGIPUKIZDLWQE DD W X UD\8HRGEMLHD D GRIXWW B UM WRQWI
LQVHRYWRD G\D LB FNEBEW U Q GIDSGD Q DVVUNRIRWY Q D O RK LW D P HZRINIDV

VW UR G OBWPKBIH J X O DD U WK BIVEHHEF D XKD MY X Q G D P HLOMWIMV U X FRVSOMAK

DY DL ODERWKRMDW H W IKIPG®Y WMWK U RIXWRW KH53 UHD G Z®& B VL V3K\V 2FW K H
VSHFERGLHYW S H R SRABHD @ \. W KWK E V WOLLD WKL PUHH H GCRW KHHRIBYDLODEOH
S D W2 W/ WV K®ID \ WK DRW H E®IK D Y LoDV W F R Q &/RWA H GIRKD QWKR-D WHU LD O
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Flows versus data, and why flows behave alike regardless of what flows

Data is the crystallised shadow of the flow Same path structure, different matter
FLOW (the body) @
radius 5 m radius 15 m adius 25 O
one body - many angle-dependent shadows
move the light and the data changes shape ants - bees - crowds - packets obey one queueing law
because path availability is primary and matter is secondary
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Fig. — Waiting as a tax on experience

Queue time P Lost experience P Lost value = At scale

minutes standing shows, friends, implicit €7-10/h % 80,000 people
in line food & beverage missed per person x 4 days

the "waiting tax"”: friction paid in time by every attendee, invisible on any balance sheet
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Fig. 1 — Rock in Rio Lisboa 2026 site with 8 canonical WC cluster markers
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Fig. 2 — 24 geotagged sensor seed points by cluster and role
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Fig. 4 — Canonical WC marker generation: one public marker per cluster, not per sensor
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Fig. 3 — Outlier detection: WC-07-M2 (near WC-03) and WC-04-H2 (displace
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Fig. — Sensor topology: gender-separated vs unisex reference design

WC-01 02 03 04 07 08 WC-05 - WC-06

male male female female entrance interior

4 sensing roles per cluster 2 sensing roles per cluster

Reference design: 6 x 4 roles + 2 X 2 roles = 28 sensing roles across the estate.

Entrance roles (amber) estimate approach flow, queue pressure, and queue formation.
Interior roles (green) validate actual occupancy. Nearby sensors are averaged, never blindly summed.

YJUXH 2 6 HMQ WSRRJ\  IRXURBNV SHUJHQGHUVHSDUDWG FOOWMU \ R SHUXQWH FOWMU  VHOVIQJ URBI DRIRW \KH
HADMA

Fig. — LilyGo LoRa32 / ESP32 node: edge sensing, LoRa backhaul, power-bank operation

LilyGo LoRa32 node

LoRa gateway

ESP32 Wi-Fi / BT ~ backend
edge compute |aggregate sensing| 4

USB power bank

RITI=5LdIE TITIR
(full-day mission) {small payloads)

LoRa radio counts only —
868 MHz backhaul no identifiers

calibratable sensing radius
=3-60 m (RSSl-gated)

non-metallic (ABS-class) enclosure — metal attenuates the signals the node measures — mounted 2-3 m
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Fig. 5 — Two-role sensing: entrance pressure vs interior validation

approach flow wc c'“ﬁﬁgﬁor senso
(arrival waves) (H2 /M2 / M3/ U2) validated
occupancy validajion occupancy
> @D >

Pen r”nsor
1 ul)

(H
Pt ue pressure

final_cluster_estimate = weighted(entrance pressure, interior occupancy)
passers-by detected at the entrance never become occupancy without interior confirmation
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How the LilyGo LoRa32 (ESP32) node works: passive scan -» RSSI gate -» edge count - private uplink

PHONES NEARBY] PASSIVE SCAN RSSI GATE EDGE COUNT LoRa UPLINK BACKEND

Wi-Fi / BT frames emitte
by devices in rangee

aggregate device coul L |
nly — identifiers droppeiny count packets on th
on the node private 868 MHz backha

| 6 firmware levels: L
—65 ... —93 dBm
optes m .. 60 m radius

ESP32 radio listens;

divisors - normalisation -
transmission toward p

Usion - smart-data means

remote calibration path: backend pushes a radius level » node firmware applies the matching RSSI threshold — six real levels, changed in seconds, during the show

privacy by incapacity: the pipe after the RSSI gate physically carries counts only — no image, no identifier, no trajectory ever exists to protect
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GHSWKRWKDWMRWS PHDWYHDROFFXSDQEFORVXOUHYHQWL GBMH G
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UXBRPSUHWRBWHQW MQMWHKH QZR Y UMD G KXOMW[DF RQSK\VLFBDQLQJ

Where to place the nodes: two roles, two positions, physically meaningful radii

PLACEMENT RULES

* mount at 2-3 m: above heads, below structures

+ ventilated ABS enclosure — radio-transparent, heat-safe

* clear of metal sheets and cable trayq{attenuation ~ C S TER (1
* one node per role per section; close a M
* compact cluster (depth = 10-15 m): fingtedoo fevtimoe ~Z2=3m figh
. ' radius 10-20 m (—f5/—86 dBm)
* power bank inside enclosure; 10-h svjap cycle sees real occupandy
\\ ‘I
~ ~ . - -
R ~ ~ENTRANCE node
. Jdpor frame - 2-3 nf high
. b/—75 dBm)

~

door line

-~

queue

_ ssees the queué + approach
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Entrance predicts the wave; interior validates the wave
Why fusion is entrance-dominant (=70/30) in Growth, Peak, and Post-concert — the entrance sees demand before it becomes occupancy (conceptual)
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Fig. — Confidence scoring: C(s,t) = f(freshness, completeness, agreement, stability, health, geolocation, regime)
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Confidence-weighted fusion: base 70/30 reallocates automatically as sensor confidence degrades
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Fig. — Five-minute rolling average as the stability layer (illustrative)
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YJUXWH 2 7KHIYH P IOX\M UR@J DYHUDIH DV WBEIQWV O\ HU VSINHY DQG GURSRXW CHYHUUHDRK SXEQVKHG YDOHV
LOG\DIYH

From raw detections to operational pressure

Pressure score

E(s.t), I(s,t) divisor calibration capacity normalisation | regime + confidence min(100, 100-P)
raw entrance + [ E/de , I/di PpE_norm = E / waiting lirjp weighted fusion [» 0-40 low - 40-70 med
interior detections per role - per phase|_gorm = i / physical capacffE-E_norm + w*|-|_norn 70-90 high - 90+ critical

weights are regime-dependent (entrance-dominant =70/30 in Growth, Peak, Post-concert; interior-dominant in Light)
and confidence-reweighted: w*E = wWE-CE / (WE-CE + wI-Cl) — a stale sensor loses influence automatically

“The model was not an average of sensors; it was a weighted interpretation of physical meaning.”

PlantaOs field deployment - Rock in Rio Lisboa 2026

JUXH 2 7KHIXCHAWP DIRQFKDIQ GHWAIRYY:  GYWRUFDIEUMRQ: FDSDFW QRWP DODMRY: WUIPH  FRQIGHH

ZHIKWGIXVIRQ:  SUHWXUH VFRUH
7TKHPRGHDDVQRWQDYHUDRHVHQVRUWDVD ZHLIKWHGWHUSUHWDWLRQ
SK\WVLFIPGIDQLQJQWUDQ¥HQVRBVHGLFWXIBXEDYHVLQWHUYRQVRUYV
YDOLGDWHIDRFFXSDQPQGFDSDFLOWM\PLWRQYHUWRWKQWRSHUDWLRQDO
SUHVVXUH
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WKIHQ LWRDPX DMV HP D WY FDGIOWS R R SIGIMLVRURS WL P LVOREDOOHW
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Fig. — Sensing range before/after negative calibration (reconstructed from field calibration notes)
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Fig. 7 — Negative calibration: correcting systematic overestimation (illustrative)
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FRQILGISER® Q®NUDWLRXNQQIKWYVHRQVHUYYDWILEKW BWURQUR ZW K
LQF U HDDA\WM H @VRIQRVU B B BN BXXW L3HID N QW U D Q FH IXQ/W R\E V R H QGWLDLAD J
3RVW FRIQUFAFHAKQYA Y VWELHDE BMRR YHXLFN O\

Four wave regimes drive the calibration model
Sensor priority, weights we(t)/wi(t), and calibration posture switch with the regime — the peak is the decisive moment
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Phase-dependent divisors
6 Caonfiguration memory / field notes — not final audited logs. Lower divisor raises the estimate; visible overcount demands the opposite correction.
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VWDMWWEHHQRBWGORZE UY LVRIUWHNY W L PCRAKE X GLLW L DRBIP @ D (ZLKGH Q
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% D\HVLOWLRAH L J KW FKHQVRWWARQILGKEQFMW VD OLNHORKWRE@DWXUDO
IRUPDOLRIZWDWERR Q | L GH Q FIHD®IU HDSB\U R [L P D WHDW Q4+VGV L P D WIRW X U H V
VXFIK\666 KLVWRJIJLN@EXHG®IOVW U L PXOVE BERVWRR X GWK\L J K I M WO K QIK I6\DW D
DSSHWHBNHMVWMEESODLQDEUEHWMHLQY HU DISB@\WWDBEZY E /LWWOH
2 WRRQ YRKDW XD H G LUD/OW RS H F VLGN W KU JWWRIRRG R Q Y H D\IR Q J
W KIME R Y B WVRKZD L W L Q QWP B HUKIHS & L V S OTIK\ME H S O RAKIRSLZATH¥ R U UIIR IBW
ILUG WYHHV W ZKBI@Q XPEHWZUR@W LQURAW SHRSD@ SHUPWRW
XQGHUVAKDIQEB QMHQW IDQEHLWERQARPPD Q& KK S JUB®W KUHJUH\RLRQ
JURXWG X\WRRQVH U DDIIRIRRUNO P DRV LRERERW K UHV HW KHW LRVRED U
LWWDQVSDOBEWFN

+ HXUMWAFV DQG P HMBKHXUMFY  Z KDAXQV @QYH Z KDWXQV DAGHVLI QWP H

7KHOLY®ID\HWX QB HWHUP L QHANXLIEV\RQFEWLY I URD QG D WIRQM D FKV
FORVHGORB®MH VHQWHQFH M[SBHMV\Y D&EHEGD QNRYMIKFHRVMWQFWLRQ
GLVWDOBHVVXHFWLRSGFRQILG KQAMH RIS FQIHF RP P HQ GDINFIORYW H U
GLVSOWRHW UHBMRPPHQ RIVBIDREW. [ HRED U J IZ® L LKW KGID P S LRHIFKDQLV P
IRWKMGYHUWLVHPH QWHLGCERHBNFIVWRICR QV K U H VIKGRHDUBRVQMEKIHU H V \EXDLQHS V
GULYV@HZDQGOHD GLYBSDWRWZR VWBRRW KMIIFNVHFRQG
VPDUW RSHDWINMHGMQIIHYH PLOXBMLVKHGBYERQILGUHEMHL JKWFIORN HG



IRUPBHFWLR Q@ KH RXQ GDXQ@M E VR OGXWHWKIRE R X WAKGIL WH. F R Q W PHLQR/
VWRFKDMNIDFKEH URHD PRGHOYKHQYDOXBHUR@W LQURAW
SHRSWKHP X VEMR QRHRPPD QR QW KH SO D Q R HIRQW HQ F H

7KHGHVLJQ VOILPH.WZ K HURHW D K H X U IEVMV® IRRDR X H D WAQK HBLOUDEEHHI R&RIR U V
VZDUP $&2 NODVWRKHQ\BROW F H PI@E® X WL MR § BAUKYHH Q XHID 8 KV KGL UH FW
IHVWDREBOLFRWKBQ( JXLGHZD URPSW L P L \GHY HROGRIHG. O GLAY KK WKR U V
SURJUDPOHHDRMDJIDOKmMHY R X VLPXODWE&BDRWPQHWHIFUR K
SRUWDE @ G R EDMILLIRQX V WO G MBZD YWF H Q DRIWKSHU LRW X EHFW LR Q
VFHQRWBIMRLP LM RWLR G UHWH\VWHMDUDRQVQHXS EDRH&WLPDQYED\RXW
V H D WRFYKWUKIHH Q G H U H G PAQSLWIR[Q M F R LBH'W K3-R R OHLIOR Q R RIBAHVF W L RTK H
GLYL\RUIRDE RXWKSRLPWWDKHXHLYORMKARPELQDWRVIBDEKH WH. RN
FKHDX3HXULMMFPVOHOLDPREZEHWHU XWIVSHQVLYH

The heuristics stack: what runs live, what runs at design time

LIVE LAYER — deterministic heuristics only DESIGN-TIME LAYER — metaheuristics

Best-WC greedy ranking Swarm / ACO-class search

cost = distance + pressure + type + confidence sensor placement + cluster siting on the venue graph
Hysteresis on recommendations Simulated annealing / GA

switch only past a margin — damps the advertisement inversion portable-unit allocation across clusters under wave scenarios
Threshold alerting Scenario optimisation

pressure bands 40/70/90 - steward dispatch Day-0 preset selection against lineup-based crowd estimates
Two-stage smoothing Layout search

60-s smart-data means — 5-min published series gendered vs unisex mix per zone (pooling economics, §4.3)
Confidence reweighting

W*E = wE-CE/(WE-CE+wI-Cl) — closed form

the boundary rule: stochastic search belongs to Day 0 and the drawing board;
during show hours the live tick runs closed-form, one-sentence-explainable heuristics only

YUXH 2 7KHKHXWAFY WIFN GHVMUP LOMIF KHXUMIFY @H P HIBKHXUMIFY DW D DQG \WH GUDZ IQJ ERDUG

DYHORZRQWURYH % D&BIGLEUD®Q/ER{HGRROODSVH

7KHWHFKQRGBGBWHJIJRDYHORZRQWWRWH FKQ RR@ BIW HFMLVOH U SDRW L Q J
FRRUGLQORZDYM @® D USIKA\V L¥ O DPHW R XNQRZ O HDQHI HFK Q RDWHRR U\

Z KL FKKAH V WIH@ KE U S HW KHUGMS O R\QNGN DR HIR UZD YIHORD G E HBPWR. DG V
GRORMQFUHNPRRWWERRYHEDY HVWWH VW LYDOWWW ULJIJEWUBBRISHQLQJ
SUH FR @RHHW HRRD FMWW B RYFHQ®LQRRBQGULQXUJBENW K URRWPIH V
ILQBEPLVEY DWRKDQ JHHR/H U J H QFQ &'\ D Q \ERRAUMAO H & FBFHNAMY) RWX BB J JH U
QXPEMUWWWSKD¥KD QWHKSR LDKH WKV W R W KCHROE H F R P& W H O O UVA\® MP
WK RW @\R UNVX ULTXL SWULRB®WRIUHBIO HQW L Q WG VLM OIF YWD O X H
DSSHDKNWKID YHUULYHV

J(JVRXFRQWWREDYHVYRXGRORWRQWBEBRRSORXFR QW WRKEIR QG LWWKO@W
PDNWPRYHPHOWIKWHUHIWDVWBQ®RUMDOXDEOH



AXHXHDW IQRWWDREMHRMKMDUMKHHVL®XHEDYHYURZSUHVVXUBILYE V
SURJUDPPH V\QFKXBDIDWKBEK HV W L P DSWIRREQLH/W K H U HDRD H GHWHFW LR
SUREOHI@WUNMOPNBHWWKEHJILQ RIQZDYH QWHVUHQVRD U L G DIMH X O W
ILYH PLOQXWUD/FRRWIKID YZL W KR XGLLYD H J D \W DOH E UDWALYRIQ) @RXDIY H V
FRQILGWYPRUWG.R 6N U DIKRIUKH VW HB H O L DEM@HR X WLHFR P P H Q GIEEDAL R Q V
UH G L WHZEDWEH | RIWEAH F R FOTWX H XBIL O XK O H P R B WF W LR GIYL \VEWIVF D RV H

W KZHD Y\HW U X P VDXRURHL W) H H MY H Q X KIH GHI PDQGP W RRWK O\

2 SHUD WIURHMMAPPR G HFRKDPEH SW XD OO\

BffZ e —f fEE [ fao —b PACH Zefte—p et -
ZKHUHVWRUWRRQ MJ D WHIXHQ F H U W DM U R’ W DVHD VARIWWED &/ L J Q D J H
RYHUFURDGIRIVLVLEOW H U Q@MW ¥ RIMND OWQHE U R D O L E U DKL R)XQD VL VR Q
FRQFHSVDEBI® IERP S DYRDVL W RRIGH & X MR/D N AWKLHD W H U Y B R WL [ERGL7AKLHN
V\VWH@FUHRSHYD W UR G BRPU RDRNWS SORHBKDQLVRYFUHBWUFHSWLRQ
2 VKRZLINIDLOBEQ@HDLWWQPRFFXSDDEE R XRIWLRQWH G X FAIQIWRUWLRQ
FDOLEUDREVE DV RHW H EBBRXW OXWIULY H P LQXMUHIIGIRD UN VQUBO M D
RITOLQMQFUHMDLYQJI D E IFRIQWH W\N QEEFOWQWRWLRQBEERPPHQGD@ERQV

FUHDWREDWHUID FWXDWRM DL QURV KO H D UHMI EXOHHXIHRW RV KEH W W H U
DYDLCEXQ/MVHU ~

:DYH 7ILPEZLQGR &URZWGNDW 0DLQ 6HQVRBULRUL &DOLEUDWL 2SHUDWLR( )UHHGRPHF
UHJLPH GLVWRUVW EHKDYLRXU DFWLRQ
/LIKW + /IRZGHQVL\ O0RVVO®RVZ , QWHWH®VYRU &RQVHUYDW (VWDE@QRVR +LJKUHHGR
YDOLEDWHOL FDOLEUDWL VWDWH
*URZWK + ,QFUHDVLI 5LVLQJ (QWUDUWMHRHV R $GMBVYWLVR 'HWHFDWJ O\ )UHHGHERHPJIL!
DUULYDOV JDUPSRUWD( DQBRQILGH( SUHVVXUH WRRPSUHV)
3HDN + +LJEHQVL OD[LPXP (QWUDQRWH 1HJDWLYH 5HGLWBHRSG )UHHGRIPQ
F R Q FHLY\H IXVLRTXLUH FDOLEUDWL DORBWUDW FROOB SMH
HVVHQWLDC EHJHVWRUFE
3RVW FR +FORV ([LWDYHMW | 6XGGHQ | (QWUDMHRHWR )DVIWHVKQH 3UHYHQW | 5HFRYBQG
VHUYRXWHBYV VXUJHV GHWHDPYWURQ FKHFRMLQF ODVW DY+ UHGLVWULI
LQWHRIQRUUP GLVFLSOLQI
VDWXUDWLR(
7DE® 2 : DYHUHIIP HV FURZ G\WIW GMRWRQ VHOVQ) SURIMNWY FDIEUDIRQ DRIRQ DQG IUHERP HIHFW

7K HDGHVH BIPISK DE/HLFD KWK H WHIH D P H ZIR D BR@ R VLWKAH H'S U L QLIJ K W
DO P FOQR H D V X U HPHSURDAERING/H T X ® MWWHV RIVARIRIGE U U R UMY Y L V' IXEQ 19 J
3HDNQWUD DGR O/®W X ERE BAVW H @ X DOEHEDV VH U® RERG W U B R X GD\Q/G
QDLMWW L PDX\QE\DA H[DFWEHR QG LWHR QWD YK E UBHMAVRIORZD ¥ X LIG S

T X H XWK DRV PDAZ H DIND | U H H GRRRPO O D/SKZHD Y Bl U U L YWK®IO W H U GHIJ WM \WDHDES
QRERBRX®E W K HIPQV L PHK B/ \ VW HWREW R R Y W KIHQ W H U Y H Q WQ\RKIIVOK H
FRO O DM\SYH) W U B B 6 MRHMW KZHD YIHU R B MQ X & H MRLUAR Q Y MMRW ¥ X S DIDFW K R V H
PLQXWHWMKZH Q GR@K L AKH G L VW ULVEWRNQHBDS



Freedom collapse at Peak vs intervention before collapse - conceptual model, hot measured data

WITHOUT intervention WITH Flow Intelligence
freedom collapses into queue failure wave detected at entrance, redirected early
140 ; : ; :
= == jncoming wave (pressure) = == jncoming wave (pressure)
=== gueue at visible cluster = flow redirected to alternatives
= rosidual queue after redistribution
120
intervention window:
100 _.entrance sensors see the front
!f minutes before occupancy
Y
k]
©
o 80
[}
=
©
T 60
—
40
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0 20 40 60 80
minutes into peak wave minutes into peak wave

YUXWH 2 ) BHGRP FRISVHDVSHDNYV) BZ , QMM HOFH LOMYHQIRQ EHRUMH FR®SVH  FRGFHSWDCP RGHOQRWP HDVXUHG
lesl]

Fig. — Before/after operational freedom over a festival day (conceptual model, not measured data)
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= without Flow Intelligence — freedom compresses at peak
= with Flow Intelligence — perception up, distortion down

Operational Freedom (relative, conceptual)
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YUXH 2 %HRUH DWURSHIDMRQDAUHHGRP RYHUD IHAYDOED,  FRQFHSWDCP RGHO SHUFHSUIRQ XS GMRMRQ GRZ Q
HVSHAD GXUQJ 3 HDN DQG 3 RWFRQFHW

JORZQWHOORIBAEMHQEWHUBRDHRUWLQJ

7KSLSHQAVZHQVRWEWFNH@GHVW IFP® LE UDQWLRBRQILGEQEHHVKQHV YV
FKHENFOXVWHUWBHBHH O VERHHQYV IRLSS PLQRWBLYQUDEE253,WDQG
FOXV®MMWHMSRUWQEIVWLPDRRIUMA U YHWH BR Q V X PSME QLHFFRPPHQGDWLRQV
RSHUD WD DRQ@WE[W H GOI® S R UDME U LIYRIW KHD PFHD O L E FIRWHGHQFH VFRUH
F O X VWHWIRHE K D Q BBI@L VD ZUMBIQ RW K H U



Fig. — The Flow Intelligence core

Entrance sensors Public screens / app
queue pressure recommendations
FLOW
Interior sensors i INTELLIGENCE Operations alerts
occupancy validation calibration - smoothing steward dispatch
confidence - failure handling

Staff counts SCOR telemetry
cross-check external KPIs

one estimation core, many consumers — every output derives from the same calibrated, confidence-scored cluster state

YUXH 2 7KH) BZ ,QMEIHQFH FRUH RQH HIP DIRQ HQIIGH P DQ. FRQUXP HY

Fig. 8 — Flow Intelligence pipeline with 5-minute rolling-average telemetry

Sensor nodes Backend ingestion Calibration engine reshness & confidence
(pggregate radio count (per-node samples) ivisor - radius - weigh checks
SCOR KPIs + | Public screens & app Cluster-level state

-minute rolling mean@—

cluster telemetry (/screens values) people, occupancy %)

if no valid sample in the 5-min window -
estado_sensor = offline - confianca_cruzada = 0

JUXH 2 6\ VAP DURKIMAMUH IURP VHQVRUGRGHV \R SXETF VFUHHQY DQG6 &2 5 CDUD UHSRWQ)

) DIOXH KDQGIY

(D F K O X VWHHRWR ROX SR 8 R |W K UGIBW BV D W HWVH V&KH J U D @ H® 12 QL WMW U L F W
WUDQVUWR R HUGD@WD SR USWEDL WKHPN D @ W KGID VIW FIL Q X WGHVY B U
ODVW VRO XMKRM GO WPLVWKHDOLE DY WHIDYH QW D WOW ROHKH. QGR Z
LVH P S W\ KH V WW B D Q \HRVLWVDVG R B VRHI QO IFRMBIH JU D B HVEIR Q ILDQF DB FBX]D G D



L@WH YEF NI QB OIS HRDGYE O DNFX U U B Q@H YRLQ X I D F WRQ H\G B QFRIQ HV W
3ZHc R RMQ RZLJBRZUR SHUD W VRS B OMBYW DR ESUHVHRWHGUHQW

Fig. — Data-state machine per cluster section

taleness [ window
FRESH dpagreemept  pEGRADED empty OFFLINE
valid samples partial / noisy no valid sample
in window samples in 5-min window
C - full C reduced [© = (@
recovery requires fresh valid samples — old values are never re-published as current

OFFLINE transmits estado_sensor = offline - confianca_cruzada = 0 — never a backfilled value

YLUXWH 2 ' DWWBMW P DFKICH KWK GHIWDGHG RIGEH Z W UHFRYHY RQD WURXIK IUHWK YDIE VDP SGV

6&25 6 HQVDZ D\ GDW VFKHP D

,QWHIUZWWR@EB&25 6HQVDZOD W IWUPR QVEPHW W O XV W HRIHVY N BRIO®R Q
ILYH PLEX®W/HREWKKHHQG@WEOH OXRXIBHVWLY DO, OIKYRKG B[Y HU:RRJH
RFFXSDQPFWEYHWOLGBOWRSIHGLUISHWHEG/ ZRSURKL E IDVUBREY R OXRV H

LQGLYLGX0DWMYH®DQVPDY@RSGE UV RMQUDDIM H PWHRUH/MAR D B & K HL QH
W KK DL Q

) HG 0 HDQQJ

FGMMBIG &COWVWMUVHARQIGHOMHU HIY © & BO : &
WP HABDP S (QGR WH P IQX\WM Z IQGRZ

\WEP RYHVBG-WRBCRV $JJUHI DWW GHVIFHV G-WRMWG IDZ  SRWGHGXS
SHWRDVBHWYP DDV & DOEUDWG SHRS®I HVP DWW 3

KRPHQV P XBHHY XQWH R 6 HAMRQ GIYHOHIP DMV P DBl [HP DBl XQWH
HQWDGDVBIU  VDIGDVBIU ,QUDUHG HQNY H IWFRXQW Z KHUH [QMKP HQMG
REXSDFDRBIQABQEQHD 2 FFXSDQR YW VHRIRQ FDSDRIW

FRQIU HP BSURVHI XU , QGHSHQGHQAVHEXUMY VB FRXQWZ KHQ DYDIDE®! FUIRW FKHAN
FRQIDQFDBFL] DGD &WRW YDIEDWMG FRQIGHFH> + @
HWBGRBVHQVRU RQEH GHIWDGHG RI@H

7DEG 2 6&25 FOMMUCDW VFKHP D VHH$SSHQA[ ' IRUNDQVP MRQ XBV

7KHSXEQF DSS @\ HU SOQMIRFNIQUR FRP

7K XE@ISFS O L F B WU WERE0 D Q W D U R F NELDQUUIRD HFR\R L Y\DKOHD \W i U RZXKI IKF K

F O X VYWHIBMKF R PIW W H BB KIBIY LRWM KR Z HRGFRXUBR D HD U:WWR FFXSDQF\
ZDLWOBYUHBOFRPPHQBN®E X VWIWHRM/ KNP G HU XMYLIVIHD DEHO DWH/UWRWYV X U H
DQGRQILGRG@MHIUDGH G \RVIMW B HHH O H VEKREGPW FK D Q L VI KXV RS H @K H

DSS WKBISREWDWR¥VHWDORFDWKREBHUPLWWMWEBHDUHVRADEFXODWLRQ



KDSSHQLHQW KHIGHR VV LERSHR V L VDLFRY@® Bl D YHWBIH Y L FHW KIS FRPSDUH V
GLVW RFFN S DIFEVW LPDIMMGL WHFR P P FAQEM V&' Q RQWH F H V WDKBHD®W H V W
& 2 WKAR X QW HUURKWREBE FW L RP® GHR Q F U H VB E VIFRJ H W IQRE K\HD P H
FOXVWHVUWDHRENY WHQJGWKRXIWS DQG WKEDFNHIQSR UMNH P LQXMWWBDJH
VW DWRI25 6HQV DZIDEDMNYHWX U DHIDVGKAD PFHR QLG H Q F HF O/F RMWHIBAKHH
DS SV K\HF U H D@/ KRIS H U D \& DR/GE RIPGERW D J, . QHWHH UH P EE H Q R A/ KL Y H

GHSOR\PBQWVHQ®HFAV LR Q

7KHEOXVWHW(DFK& FOX\VADKHULRE Y F U HMHOE KD WB GG Q V L D\W U RO
WKHIRY HEO X VWHBL V S O KHPGVX V Y € O RFDBH.REOIH Q GBIEFF X SDQR P

WR  SHWYHFWVYR@HNVLEHWKKFHQXH ERE B W H US D DBBID@W/IRKBHP SW L HV W
& TKIDWWHOWBOGQQRRWE VDZ& VP D@HYIGI P DEMDY G H V MEKH P
ZKHWHRD AN VWHRGHR Q1L G H Q F IV W BIRAMHGHDIRHF B GHY \HRJQ X VOMH U HR QH G
WKHYH PLQKWKP

The cluster TV: every WC cluster displayed its own per-gender occupancy (0-100%) plus the emptiest-WC counterfactual (schematic of the deployed screens)

AQUI | WC2 | HERE

EMPTIEST WC?
[ele] @, 111

D ! . i

rt City of Rock - Planta lomes — ona TV per cluster, per-gende! 100%, refreshed on the minute rhytl

YUXWH 2 7TKHFGWMU79 VFKHP DWD@ SHUJHQGHURFEXSDQR £ IRUWLY FGOMMUSSY \WH HP SWHW - &
FRXQMUDPXDO \WH GHSE HG VFUHHQV DSSHDUIQ 6 HAIRQ
7KHQHD UH\DW K URRB®RWO ZD\W KEHVEWD WK URRPHW HFRP P HQ ®@RMLRQW V
EHFDRWK P WQW HMHAHG LVWD SBH VVXWUHF WILRSHFR QI L G IQQIFFE UVW D Q F H
DORQH

7KHDSSGL®RWLPSOAKRZKHUEDWKURRPMWHWWUDQVIRUPHGKURRP
FKRLEGVWR HDO WLRPHW IGHFLVLRQ



Fig. — App recommendation flow (public layer)

2. Location obtained
where permitted
(client-side)

3. Nearest-WC computed 4. Compare distance +
on device where possible cupancy + estimated w4

1. User opens app
(plantarockinrio.com)

=

. Backend exports 5-mi 6. Public screens show L 3. Recommend BEST WC +
averages to SCOR cluster-level states not necessarily closest

“The app did not simply show where bathrooms were. It transformed bathroom choice into a real-time routing decision.”

YJUXWH 2 $SSUHRP P HOODIRQIBZ

3ULY DR E 35
SULYDEDVQRIWOHIJDONHUWKRMYWIBVOWHFKQERDWUDLQW

3ULYDWGHVLFRQVWWEB BN SHBGHOD\ HQRIWFRPSOLDYFHQTBHIBRYHUQLQJ
U X ONHKVH V WHRPX (W R DADHED R DVWQ G R W KH@W&IR Q FUHW H O\

$ IRLQGLYLGXDOL 11 ROKWMIVRGDRVR BIDAV XY @ JJ U H FRW B BQ R GRHY D)
LOQWHUWD@ERQFRB®HUVRQ

tf IRSHUVRQ E\ WHD¥BQGQGRVUDMHNRMARRIDPR H LGHQWDHRUFRWRIEG DR
SHU GHMMWWRUQ\EK HQHKRK D L Q

+ TROLXWHWRFDWWRQKIEDN R L GD WEHV W HIDSZSHH. FORWQ\RXIE O R D G
SRVLWIREQWDUBFRPPHQGDWLRQ

+ &OLHQW M GHVWR XSZIKHIWHKSHD D W BRIWP L WYWAR P S X W D W @R K H
DWW H @G HDRID LY YK EO L F R M GW HILH NBSHRWH. \§ HR QWD WHEH Y LF H

P ((WHURQ\NMW IMHFHRQEYVJUHFOWWWWHDBMWMKIHD EON FKHRMH YRIRGH OHYHO
UDERXQWYV

Tt 5DA GHQWDLUBHYSRIU V L2VIR-HIXGDWHFR P S X WWEHG DHOBRQ G R X PR Y H
GRZQVWUHDP

T )LYH PLOIXWHHJIDWGKBHW.GHQWULENWHPE@ERDO VHCOQAMAO FRXQW
VXSSUHYNVIWK&RPOMGHUDR QDI GRER VR X (DMEOHVOBR KUHVKROG

9RF DE XIOW H Y DBOHF\L WLQRIQ\P DXNUH EIDWH GHYLEHEWRGH QLQGRZ

2 FDQQRWJHO DWHEGLGHQW L$HIE/@QGED ORXW VWEH35 VPDWHVERG H
3VHXGRQ\BRX\GHWDVWR UBDGLEH QW H Y HKIVV KH G H P D LS\ V RGIDVOD
EHFDXWHLGHQWILMRDWHRGKEOER UG RWKWHD PWKL QO G UF KLW HFRDW HV
S H U VLLG/M\Q W1H XKD WK K H B UHQV K\HH F RFDBN H URHU'D U ROLHOWWH R MKA V W IENP
FRQILDW® QV W UWRNKLHRIE/DW H ZAKU A RZ K DS\ U PR®NUDMWE®RQ SHUVRQ



YHQXHWKRR®VHDREIR W HQ V 501V L GXIDOND V V H VWIHVEWHTBEQ V P L VAWRHEEO O
FRXQDWYVROMRE®DWWLIKRXOQOGULQFEROUHALMIKER EV H ULYHGEL Y L G XD O
PLWLJEBWHKG S UH WKLRD/ K RPQ Q@ XWIHIP S FDWIB® X VW HUSO MMIDO H J DWVQLAR Q
UHWHQWRRW\DQRGHPSOHV

Fig. 9 — Privacy-by-design architecture (people and flows only; no individual tracking)

Physical layer — radio presence sensing

Aggregate device counts only - no identifiers stored - no per-person tracking

\ 4

Edge / ingestion

Counts and flows per node - no individual trajectories - no image or audio capture

Backend
Cluster-level aggregates - 5-min means - freshness flags - no user location storage

Client (app / screens)

Nearest-WC logic computed on-device where possible - no location cookies - no per-userfanalytics

YUXH 2 3uWyDR B G-WJIQDURKIMWRXUH DRIRW SK\ MFDOHGIH EDANHQG DQG FOIHOADA HY/

Fig. — Data-minimisation chain: each stage strictly reduces information

Radio environmen Edge aggregation _|| Cluster aggregatio Small-count External telemetry

(devices present) count per node 5-min mean suppression cluster state only
not collected dentifiers never spatial + tempora counts below threshold anonymous aggregate
as identifiers persisted minimisation withheld externally outside GDPR scope

JUXWH 2 ' D P IQP IVDUWRQFKDIQ HDFK AR H VAUEV® UHGXFHY IQRUP DIRQ LGHQMHY QHYHUHQMUWH SISHIH

SHVXDODWBEVHUYXB/ FRPHV

3URRRIR S HUD WLKRN)\ V WHPU NIHBU R G X FVQR IQDWD W HVHIQOVG Y H WMIR Q E O H

D F U D\OWR XIWH V WG D EROV SHUVERDLMFDWKHXE OIS WODQWDURFNIQGILR FRI
WKIHU F O XA WYOH.GFHD O L E USIHW HIGH € G K UWWWHIWK i) R X FKRHXUNDRARDQUIVK H
6&25IHHWUDQVPRAWKHBH PLGRGWHQEWKXGLWDEGRHN WHRRFOWLEUDWLRQ
FROQYHDIJWG KB\ F\FOHQ @ KH U HDX WBILLY B I GHM PNHIBE V H U YW WU R ®J K



3HDNQ BRVW F RWHFH.PHREH UD WS BRBW KMD \WMHQV EQ D L E UDQUERMIWCLLMH
DW F D20 H\H VW D E G\ WKEIB S O R\ P W WOD Q W L PISHDGHWD PWQ X WHFRY SHH G
SHUVRW KWHX E MRIWWAR Q W URWCROHGS AMUPKSADKR J6H F W L R7QK HL URVGWDV. D Q G V

R QV KILHW W MYKEHD F RHODAUIQAD\K P E Bl W KQH [RAQ H

2XWFRPHWHS D UDWHRE WA HVLHOG VXSBRIWMHELR@GWODWKURKJIKRXW
WKVYWFWHREGKODV® DWW EDVILGEBURVYHHOG YHREMHHBEWERRQG GHULYHC
PHDVXUHRHPFRQVWUXKMIHRPRWMWDWWGXPSVRIUBSRUWIKBHQGLQJ
YHULILFDWLRQ

s

& FOXVIRVRQMW BBUHBOWXIHHVWEPDVMOLIHQGHU VHSMYRDWWHH ULILHG
HVWBRIWH FDEL®WU FOXNQYHH

7K SBQGFUWNYWZHIPE HS O RSID® QW D URFNDQ 8& RS FER-PQ V B DIM D
LQW HJ IRBBW URRY@HIGH Y H P L DX®HHE PIO L E D8 HRIQR UXPQHGEH B DL®1 O G
FRQGLVDIQROM\ D\WDOHE ZDWBILR'G R YOHUBSGE OLH G

JHRW DV HIOMRIEE®R L Q\M ¥R WDGXEE UL IZLBBOHVLQFOX\GEZIDJIIHG
RXWOWH@NDU GX SOLERNE@HDU LG ISQ MICADYHO X VVWHU PLVVLQWV
HQW U S RIEBDQ® W DZ IQWMED O\R QH. O HRRN@\H F W H G

1 HJ D WFLDYOHL E WZIDW IHR X LDUHEES S OHLWS D W FW RIMBIHF R QOL J X UDW LR Q
V\VWHPDWYRDE8OWRPHOVSD®RHHPO\E RIE LY LIMRAUHDU BWIMKWHQLQJ
ZHLIBEMGXFIVQRWDOH RHOQV § WDE LSHNE/MIG BB &HKNY. FKKHUHD IWH U
UHP D LROIEX \OLEDAMWRE V H U YW WU RQIBINQ BR VW F RIGHFH.BPW V

TKEDFNIOQRGMHIL¥WOQMNIQRBEBHAN\RYWEHIHRWDVBHHBRLQBIMDIQRVWLF
LOQDFWLYWRHQWDERYILJIXUHGDFDWEHHS UR G XKUFRWE®UHH J L WY Q\
WLPHVWOQBBWHSR VWS BU DUARROAHH V H Y Bl K

9DOLG VBRYAUWDIHENRD X \D/QIGWD F O X VIMHEBIRP SOHWWHUD QFH SMIWWULRU
V X'V W DALOVH 16 UK IDIAKBIRQ | L G\W R B& 211O0LQH SN RIBWHU D QV LMW W H G
HVWDGRBVRHQURVWFRQILDQFDBFU@H)YGMFNILOOHG

6&25VUDQVP LU/DR®EHYH PLBXGHIGRHIRBH UDKRDQSHU PHVVDJIH
VXFFHWRJJIHEE X G L W.INE KBHE 2 5. Q J H VIWHLIRRU G V

3 XE YIFRJ HDH)@ S S O L POWDIBRQ * YLHZMVHSRURMAKEHVWLY DO
SHULIRMB. QF O XDAHGS RXWBEBY MQEHFWLEQOBHAFR QEWOBIMY KW
VHSDURRI®GED O\ XN HPHWULF

'"HSOR\PWEMDSISUR[LP DA H\OH Q DRWGHWUSHJ HSD WHB®O OUROHIHUHQFH
WRSROAGX¥EDUBSSUR[LPDIHIOF WR WIS H U DW URIQBIE ®BMQ W V
RSHUDWRR®RQOFHQWQRWH G& DQ® 7KHVIH X DML HQRBW H V
SHQGUEFRQFLDIDMIWRD F N IQRGH JLVW U\

'D\ WU D M HW WHRWWWIEKR) F W LIRR$HHEQ E R@/H J U DOBE 16 Q VLRV W K H
RYHUHVWSRPRW®@KB® FW LR L MU B HF R YHLRW K U RW KKK

QHJDWLYH FECAEDDWXBQYFRRBAERQVHUBDWILWERIYN PLRXMUHD JHV
RIIOLQH G WINDIBGIEH G X WHE QVD ¥ D O X4eAW KHD WH UL PSXEOLVRB&EH V
WUDPNMEBEVHUYDWLRQ

TZRXVDUH X FH VY F XBo@AKB UGIL | | H B H QWA IKBXWAOWH YEHRB RQIODWHG
DSSUR[LPDWHKOHUV YDVYRRIMPEGD O\ XKV CHYWAF =* YLHZV
DSSHWRBWYLHZV LPSUHVWHWWYILB\EKHDU ULMWMBSR GWE GLLIDRJ
YHULILFDQO@EEXEOLXKBBED DR R VW W IHPKH W U WY



2 SHIDWRQDCORXWRP HV

% H\ R QUKW H P IHWH.G HW RBIH S O R\ B @ W X\FIHRES H U D WLVRIB\E B Q J:K.VV W D W H
EHFDFHVLERHSHHVBHFDPHDVXUBEB®IRXWAHFDBRVVLEWBXNSSRUW
EHFDPRUHQIRUPHIEGHUXDISG FIRX\EBFRFHVLPQEHQ\ORW LW EMERG M
H[S O LBMMRHIDICG GHWKAR QILGBIQEH O GQMF L 8 @ DQWH V WG IR F O D K BLYWV

G R HD\RNWQ R Z

3RVLWLRGULQKHQJDJHPGHQAVE HUWD L O VKSIME (LSS O L F D WER@BWE DV W
DURXQG YLHZWRVVPRMBHSHQBRQQODBSR WPWAIQLIAK GLFDIMMWURQJ
HQJDJHRAR®WR Q F URBMI D WX \RFCD/AD W WHKUD@H Q W H U W DV/LXQUA EREIMN K R V H
QXPEHWNKGHSOR\RMWDPW RQRMW KPR WX F F H VW B ®W WS Y RMKSH) RJUDP P H

L QVH URIS X E ®IWW H Q /& B QF WIHRDHDY @ @ WHY D W H PGIKQNMMEMW L G HBQWHFLSOLQH
DER YAHKHQ J D J H PIHIQXWHNS H Q G LLAID RIH UL | L FIDOWVI. K@ P SDUB WV YW LLRQ L Q J
DSURJUDPPHREVNHORQWIMDX G LWHEN LIQDWD RIWT X HV W ERQ H FRHUR Q G
DQGDVKERDKBE SOR\BHEWQ V WDQIHEB @ H RR HV WL Y 6 O MLSISHANFARIG H

R W KK-D U GRIS/WAU D VB IURRGEIDAH B W LKYDDYGHV

6 WDWMJ LE RXWRP HV

6 W U D W H WWHKBIHSM\R \ PV QMD E OVLKAKMHL QSIWR W K DRA W LFYCDREDWUHH D O V&L P H
LQWHOOSURKDWUJH HOHQIMW W BERBMERBIE DS W DYHWHKIYQ D IVQ B
IRXQGDMRIRQD G LXPWS RADPE X WVHW VXS HUPD DIQBW\KKLI K GH QS DWWV
6HFWLRQODLPN\RMWXHYLGHEDAPHH[DAWH XH WHREX F WX R QD QWHMHGV
XSOLDWGIVWLPDWRXIUBRUFHQW DUMRKD LQW XZRIUND ZDLWKEKRBRQWUROOHG
JURXQG ROPSDRBGIFWLRQ

7KH/ WD WNWKSIDSHSUL QFESDOVF W D W6 L VERHO X VAWHNMIH BIR &/ X V WH U V
JHQGHU VHORWDARKEVH|] YHULAMEL QWKH JHRW DYHHER L @QWWWKK H L U
10D JJRDON O DIQBVKGILVFRDPBG\S SOLFRM HR Q W DYH E UDWHLIR@QG Y HAKIH L H G
GHSOR\RHQKNHIS D QEFUHBQWKHYH PLOXNSADGHQEM. HOG VX SSB@®RE W H G
DXGLWD@OKHHQJHVWHRR UEW - YLHZVIX DI GV Kad *RRJOH
$Q DO\ YALHIN VXD BIHH S R USMIQE LLGWD RIH U L | L FIDQOLURSQ | | H B iH @M K BXW W
QHYEHWFRQIODMWHXHSOR\PHQW MFIBOH QRGIBVHSDHH®FW DYMH\
PRP HQWRF XRQ: & L& DQ G& DUHHFRQVWUNXRWLHR@EWSHQGLQJ
UHFRQFLOIDWMRED FN HIRGGUHH J L VAXBWX H WILHPGIX FINQ &/@% =+ 0 GD\
HFRQRPQBNYWW D WWGX P S VDIQREAH Q IPRIARH Q R WH D V X U H RRHIQARWVH @ RH

HV W L PIDRAF R USCHAU F H Q W D DHL FEHHG D R WH R X\ G XWIKV W V

7 KH SIRGXPWOQ WH I LHTS LOWAIDFH HYLGHQFH

7KHIROORZLBUHHQVIKRMMR PWKHDLYGEHSOR\P MKW X EODS SO L F DML R Q
SODQWDURFNL@®W KRHENFAUHFAR \EUD @ BBIEGWWRSRFN3OD GWDUWRP HV

7KHD UHQ F O XZEREBEG HF R U EW DRHY L G H QW WHRIV& § B S HIUH D WEOD@P W K H

566 EDQGWKGILYLNABHLJIRKRQW WYL HQ \U RALISHR @ DFKIW HV K @ RQW V W\

W KFR X Q W H U LDRPAVRLODOU WL V LIEWHW KL S SHFRGW ZRBBR VW BKBRWLRQDOLVDWL]
9 D O XHO\R DQGIL Y W DIWHIKA-R P H @ W D S WIXQIBD O X VRV b1 I \DUADLQ@QIBIROWY H U D J H V
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A Confirma o ponto antes de seguir
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YUXH 2 +RGHVIQWH FOHOAY/ RFDO DonRGAVDXDA DD “ P Ki V DQG3*&RQIP D R SRQR DQMV GH VHI XU
2 \AWBIBIQHWW DQG SRVMRCDOXGFHUBIQW VXUDFHG VR WH XVHUIQWMDG R KIGEHQ \WH RIEH GHIUDGHG AVASEH R 6 HAIRQ
H, \MQGHG R \WH DWHQGHHV RZ Q SRMRQ



YUXWH 2 /LYHP DS Z M RQH FDQRQFDCSIQ SHUFOMMU 6 HAIRQ  DQG SIHWXUH HFRGHG IQFRBXU? © &
KLI K@ K\WMG XQEHUBDG 2 DEQIMGH \WH RQ GHYIEH SRVMRQ GRWCR VHQURUVFDWHUUHDFKHV \H SXETE P DS



WC‘02 misto

37/54
L]

68%

Homens por calibrar

vé (telemodveis)

X

Mulheres 53/72

73%

por calibrar

conta (homens)

? re-medir 38.79268, -9.09401

ALCANCE

5m
-65 =75

Peso D —

® H H2 interior

60 ; 25

vé (telemoveis)

27s 48h

conta {(homens)

YUXWH 2 7KHFDEDMRQVXUDFHIRY: &  DQGWH VARQIHWWQI B! SIHFH R LQMUDFH HYIGHQRH 1Q\KLY SDSHU

SHUVHRIRQ RFFXSDQR\ DI DIQANKH RIIIFIDCFDSDFMAV RN 7DEG! + RP HQV 0 XBHHV D3SRU
FDIEWDU VWO (@) FRRUECDWM UH P HDVXUHP HQVUH P HAU WH $/ &$1&( EDQGVHDAWDV7DE®! Pi  « P
GFP WH' MMRUHBRRU + R 7DEGI WH3HVRMIGHUDW 2 D6HRAIRQ  IXVIRQZHIKWDV D SK\ EDOFRRG

DQG SHUCRCGH IUHWKQHW V' 7KH FDOEUDWRQ P HNRCR®J\ R 6 HARQ  Z DV CRAD SDSHUDEVDRIRQ W2 DV D VHWRI

EXWRQV RSHIDWRY SUHWHG GXUQ) \WH WKRZ

) LQGQIV  UHDO DQG VADQIH

7KHUHDIQQ G L QYW H H V XKODMMWM IGHW D R/IXIVQ G LD W WHKIHQ S H F W D W UR @V
RYHUHVW LRDRHOR @ HWW D OMRQ@QGL WY RQD LFRIQ I L J X LRDAM IUFE @ XOQRAYHHE) \

F O X VAW@IHJJ D W DYOH. E UDBA\OLIREIW KY M Q VEQD D P EX G JHWRIDW\DGHSOR\PHQW
UHTXLUHMHFRWEHQWUOBBME RN HDQRSHUDW XK@ DXOIDN UD QFHDROYWH G
PLOXWKMBGE QW HUILWR ¥ UW WU RRIKRZVEKDNQER VW F RDKEHAAW KHQ W L U H
EDVRWSUH HP SWRDWHE IQUUWBKIH Q G HW\E P HWAD L D9 G D UB B S W 2 U WIKK H

P D OWH F WIL\R £ ZKL @M HPDOMFWIODQ: UHSURGRFKHHGEDFWRN

G LV 'S DU WX FAMRHIHHQI H X HR.RG 1S O H G & FOMQWY KXHD L \FHD[X V WBNQLW LFEDDO P H U
DWW RROW®B RDW K MK R X)RX U W KSHJ L YEDINFHN KHDDXUDQ MR VW5 DN H SW SRUW L Q J
W K U RW KB4H Q VELWD WK B VW X USDVE FDEFW Z AW NI H V K @ RQW S WH V HW UK E W



RSHUDMMRRW W H @G A H SWRHI® LQHAH | X000V W DXR EBUHVHRWXGUHQW
ZD¥RUURVLYH

7KH W U D QUGG L QRXUH V XZHWRR X QW H U LHIQAWRXUAR LHAHHW ¥OHD EFHKOW D G L R
SDUD @RAD[LP XPUR TG Q WU WWAH Q VR K WIHHRZWBLH Y LE HS'H U VERIH VH B RIG L H V
DEV RWUE QPR QHWHVEH® ZERG LGHVREH O RAK UH VK RIARBKARUUHEWYRQW V
DQGVKBLYLORULWLRD®/BIMORZ 6HFWLRQPRUBHRSDHDNWUJIQ DIOH
DGYHUW LIVGIPHIDSEKE Q UFHER P P H Q\GKHP 5 W E 19X WV MRD/N L IQW K M O G HDY W
URXWHGGEORRSGDPSHGUDFW®WWHKMZR VWPRRWKLSDUWRPSOLMDQFH
IUDFWRIRQYWH @QFRYQUHFRPPHQGDQYEROD QNKSOGDWEWKIHLYH PLQXWH
UK\W KPKRIV F L O ZIDWZIDRVF KRG Q WD W IGH R U B WWLKEENDS OR\PHRMS U LD QFH
OHY H RN W D O HIQIHHNRW H W\ X VDAOKIREQ HARWI OR. R BIW K IS O D X VR B@XP E H U
DEVHG@&FHD W B IDGL Q W H N BBHY Bl IDGG H F HSLQ/MN KRHH W UILIFS/ +
YLHDVYDLOVW DQDOWWHI T VSUHIHGNZWH@HJLW PPDWXU H RV
VDPSIURGX PWHPLQGOWVDS BSHEERRKMD VXU HRMHKQWHURMDO L E LBDMRERDM P
DOZDNWHHDQIRRIQHRYPHWULFV

SHUIRUPDQWID WHPHQWYVWEPQRSWRSHUIRRMWXOLPLOQDWEHRAQVWUDWHG
WKDWULYDF\ SUHVRZ ¥FERYSOR\D B WK URPRZQWHO OQDNBEBE@ D N H
SUHVWXWHEQEBURG OFAMLRQBEGRPHQGYYGBREYDVWERRY W U DRQ® V
RXWSHWRDMWDREOXDM®SS ROOW H U QIS N H I WILRW IDFOQ CERLLLOYLIRY G
GHSOR\DEL GHWL E HEOBAOHY®KF F X UDHY FH QPR B WL Q PR WAG HSHQGHQW
JURXW G XWIKV W W K M GI® WD BX R WS QH F LIV LIRIQD S B H FAARK B G H U \WAKTHW H
HYLGH@VKPPDWKHVWERPRQVWIZIBRWNBGFKDQIRWBRILYDF\ SUNVRDYLQJ
L QWHO O XKIDHEQHMH GE&QVWWDLQWYV SHR S®HHG D \ P8 FOXVWSBI&V
XQFHUWPRBM\H LQMWDBDRQNWG LR S UHNMMKM®EHEND Y HB\RVW F R/QFH Bl W
SULYDFRQVWU B [\Q WYEER2G GDWIHSRUWQ@XEOLF IDAEGRPPHQG DWIORQV
VLPXOWD QMRBXB®®W V8 UR WD AV X VIDKH XUH G X F WX \R KARHURX VVH D V X U H

FR QW URCHXHHGE X F VE RXQUDEBFRQRPREBYHUVLRQ

JURPORZHDVXUHMHROWHGRIPVWRUDWLRQ

$ TXHXNDIUHHGRROX QHREWH FD XDHWILD D Z AN GE X WH F D YWWKSHH U VAROF N V
YLVLEQOWH U QIXWLD/RSK\V LEQIQ DV W BXBWREXA KL | | H UBIQMGRPSHQGLQJ
REZKHWEHE FOMHBIQGD Y L IDWDH OSDEMKN F D E LGLW W U IRENHNULHE B QX VW H U V
D UHHL W BARRAR S W LARRWDWHRVP \ V W H IDICHBVKGHL | | H UIHNQEFIHR U P DANRER Q F UTHKW W
LWKS$IUHFGYHHU BB WHE MKGHS O RAWG/B@ 6RQYHQW RRYVER QWLUR D JH
JLY R FDVDISRSQL YRDS\&&7ILYREVHUY PWQRDROX QWL BWODUMGRUW YV
)ORZ W H O OLLNEXFHL J D ER® W H U ILDIF M@ ROH/

TKHYDOXRl WKW\VWHPVQRWHUHONKDIWFRXQWWRS OLHAF UH D VWEHHW W H U
FRXQWHU | DSFIWAKKOVO

7KH R X QW H UVBVFUNRDEK WM H.@B D L WHFG! Q D LIVWRK/R ®W,ZQ W H O O D V@ WiH Q G H H
ZDO MW KHLVLROFHX HXOH) BDLW YV PLQ X WH WKW K MHBIQRWKHU P DZD\
ZLWXR Z B UHV\DXQED YOHH VW L P D¥ HREL Q X W HW K ROWR ZQ W H O O IV WHEDHF Bl F W
DIWBITUX HXH F R PYHLW L Z OWLKAV W IVIH § U H V \BXULID GELH) RIVEIH FRPRISSHUDWLR QDO
IDLOXIWHK RIOW ZQ W H O O IWIKNE BIX Y D Q D JBNBV W DAVDISE L WKW KHH Q KHFRP H V
DOLQMYLJINEOWHPKISHU WALIRSHI X DHNHF H Q BIWVMRL PIORMHAL ZWWREW H U Y H G



FOXWSBDELOY WR :&LVWDXGNRY P DOWH U QD WILADHEYP\L Q XZDHG NQ R W
PHDVXDWIBUDJHYV

Deployment funnel: prepared - verified — active - focus

s prepared
~28-3n8287role topology + spares)

24 geotagged research
seed points verified

_ 1 5 active at
operationally relevant moments

3 clusters of ¢

WC-02 - W(g

JUXH 2 ' HSB P HQNXQUHOSUHSDUHG YHULIHG DRYH IRFXV [IHT QRMV

Fig. — Counterfactual routing: a path the attendee could not see becomes navigable

visible WC
queue ~20 min

default path: I
ey cahighepressure
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“The value of the system is not merely that it counts people; it creates counterfactual paths.”

YJUXH 2 &RXQMIDRANDARXMWQ \WHW VMP P DNHV D SDW QDYLI DE®! \WDVWKH DWHQGHH FRXG QRWAHH

7KHGLIITHUHQWED @ HRWD WHK 0B U SWKW\ VW KR HYR RQ G H W IFE\R Z G L Q)
GHWHEMHQUHHGRMERXWRROODSUAGUHDWBWHUQDHIWLEW I R WK H
FROODSHARPMNMVVLBEH XHXH

7 KUHH FRXQWAU DFXDOYL QHWMYV  SUFHG

7TKHRXQWH UOIRREKMPROPAHRQ F KW B X Q JD L § WVW KWKV WBIPW XGOWS OD\HG
WIKHH FW LR ®D S W XYIHNQ H W WMHKVD W X ULHDWAKGY F U HBIKWVR& G DW=

ZKLO8H VLIWW= URXJKOPHWDIBYD UW K RAKKMH VW WK K& TXHXNM/KH
YLVLEQHWHO! UHL QIQRG.FHWFD S D ENWQY L V:IILBAORHKW VW WHRRER / +$$4 8,
SDOQBPQW KIHS S RXWHRrDUJLQW W HWREHH 2 HD AR Y HGH U VARHQV F HIQKBHW HH S



SDWRMWKHQIPOFXUYEHFWLRQDQ®GWKGRFXPHQWHGLVDMKRFHRQY H[LW\
DUJXPR®WFWLRQHPRWH®D MR B MAKSMU V RIQSW FACHGW H G L U HUHVERR® U V
PLOXWDVFIRWYHQ SHRSOMHDBHDHYHQMXDW  KRXE8W RI
H[SHULYRQ®GNX® K IURRQFOXVIMHRIQHY HQ [QUMIRG GABS D FLULWQHW W H
W KIHH Q G HRAH\G P H W B D S WAKKURIZWKRD OHH FWRIRQ D W+ ZKLO/MHPDOH
V H F WILLRDOW: $ S O DALAX DN HUWDR KB OG YD O BHG *ILQMWKIHRUVW VHR®/HRQ
BHFWLRGHFODWHREOHPDQWHF W LR QURZMMLHQJBNGI O VH ZEKKIUARP H Q
Z D ONW U DLLQ7TRMMW KIH H 916U VR RVGOHD @ D X W H JH P + SIRHIV M@ WWGE Q'S CLWZL W\
OD\RXW DQG L@ RRPEMWRRWM\DF D S D BLUWRE OHB QHWWHKIHRVW KHDGOLQH L
ZDYRKWKREZQGWHRMWKRXVPRGHR Q FHY HWQ W UD DG WU NPHL'Q X & H MR U H
DQLQWHWR\R X UDW K RXKH VW N D IH DIJER W\KZAD YZHK H @ KTHX H XBIWBIO U H D G\
OR@WKH SDWWHWERWEKIRVW FROHFHPWLIKWA HQWUDRQUWWFUHHQV
UH UBQNXVWREBWHZDWGIVV S D VEFKHHIEV X 8 Bl 6V \ZX U BVKZD YIHY WIL@/@ DQ VLW
7KK HFR Y PIUGHOR MAKV. IVQ GAMHZAD YIHUSHO D X WL EOED\U JTH\AQWY H. 7 D E O H

7KHGLIITHUHQBRWQOXKRUWMNHXHAK HG L1 1 H U HLOXY K MWKWS D FHV REM L Q J
EOLQG

&RPSDULAMMRMOWHUQGBEAWKQRORILHYV

K\ DSSWR] IP DWRQV DIH ERAMAUWDQ FHIRLQW KHH

$ UHFXURE QB FGVH\RFQUDGHL W 1B DW Z MUK V W HFR X QDAUBIS S U R [ L R/BAKRKQ R W
GHS RN F K Q RUKBRX GHIYF VIAOH F D W\KGHH F L WAL KRIDV WV U GHREQ\R@VH HHG D F W
FRXQWNVWHHGBVYGLPRWUHFVE®&HRO X VIWHRUEB RD G HEH VK QBIRXQ RWH Q
PLQXWHWR DQG&KRQHVWRRQILGNQPHMHK DWPLAMDWWXQNQRZOURXWLQJ
UHFRPPHQGDIFRIRIHEWH Q &/KBIW W HWY GHHEH Q X L @& HOARGHUV WM T XD O O\
FRUUBKMW RHUEHW WO XVKRIQG VRU SHRSOMD Q Z K IHOHH WAH F K Q RADKRDIW
DS S UR DFFRKHE WU W B L\G YWY Q VIVDLVOBHVQ HIVO L E ¥ D @AHHBSD \MR UW@G HSOR\PHQW
WL PSK\VLEQW U XINJIHR IRRZW U XF Q/& RIQY PR VDAD B D AW K RI'DH O X R G HLV
GLVTXDORWIMMP SRYBQXHDEOHMW E 7KHVUDIGBIV\PPHWUUFWK WLPDWH
ZLWKLQ EHDDBHUIARWQWDW HQ QX\RBBHFDRWBHDDWHQ PLQXWVRK @W G
GHVFURGEHVHZRQ®MSSUR[LP BWUWRIDRDFRP S UR RIHHX F\D B B MSIWAYE K H
HSLVWHPLEQERGW L PIRARW KGHFLVAHRLP D GH SURYLBB® KLWKHVWHP V
ZKR@H VFLSWOK RMWDISSUR[LPBIVLBUMWR Q I LGEQWREB Q GHJUDWRRMIOLQH’
UDWWKIVEFWLRQ



Why approximations beat certainty for queue routing
Routing needs ordinal correctness + freshness + honest confidence — not exact counts (conceptual)

DECISION-GRADE ZON
fresh - honest - ordinal-cgfrect

100

a fresh £20% estimate beats
a perfect count 10 min

80

60

relative value / cost

40

20

=== decision value of the estimate (routing correctness)
=== cpst + intrusiveness of achieving that certainty

0 20 40 60 80 100
certainty of the count (%)

YUXH 2 ' HAMRQ YDOH YV \WH FRMR FHUBIQN TXHXH URUQ) @YHV 1Q\WWH GHAMRQ JUDGH ] RQH FRQFHSWDO
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Why Peak is a phase change, with an equation: heavy-traffic waiting explodes nonlinearly in p
Kingman heavy-traffic scaling; convexity of Wq(p) is why redistribution strictigwedeadedtalusiiing (illustrative)
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Fig. — Four-day cumulative scenario at ~80,000/day (~320,000 total) — assumption-based
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Fig. — Ticket-price sensitivity at 80,000 attendees/day (assumption-based)
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LPDUJLQ
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7UDQVIHUDROWRBADIA QW V

1RWK ILQA KBIU F KL W H¥MW\XW HY DO W BHFILP L PAD QIR Q \ P R R X QRASH R SDOHG
IORZVFDOLESDWWEVWAHL P:D WRX WA R Y D L CADESDHE HWMK H U i IFRRGMQ D Q V I H U
E\WFHQ FODRD/WWHKEQ DP LRW KHH @QQBGHL Q Y WK PEHRVH Q XZHIK D Y H
QRRWH DV X YRIXGYF HQ FODR/YVHEGE UHFWR®D EOHYV D SHUVRRR FBOQW

SHUVRQ/WGYDDWKGW S OR\PHQBWV SHUVRIQJD IHVGDL\PRO

SHUVHR[@QUHRWWLYDO VWHGCHYEW GREDOWYFDBWH®O® PLQXWHV
UHFRYEDHGNQBHSH U D@ H S U HWIH Q WIK/LYD O R My KOHD U WHADWD B Bl X O O
UHFRY KR X\®KHQ Y H QRIDHFKHYHQ X SH®D V K i D POIR LFS CHHHWR @ 8 H @ W V
VW D G LIKPRNH Q WDUQHAYU D R X EWX SH U P D BINPISWMDH W S R @ W U HSYHHRISTOXH X H
IRGLVW U EDSW RGNAD Q VRIM

) IRP ;& TXHXHV R DT XHXHV

1RW K LLQW KHV W L P B @RI VP HD VX UL R QWY DRUFHV VXYW HYRBUGDWLR Q
FDSDRMLKWHVKRYENILPAHRQILGBQBR X QW H UUBRKWXREIOQ F K D QURIGH U\
T X HXHV K¥HH Q XBD UNR R B X W OW WY, Q J00DHU JAHRVAYE O B DA DROLR\Q J I E B HIQV
3RUWDBIGHL[D 3~EOLFR PHUFKDQWRNMMHQW UDMEENULWEFDOO\
HILMKHWKH HGLWBR@®Y UROHSYVRE XFEHGW L KRB U D Q V/SHDUINWS W
2EVHUYDGRUKDWRX®BGSSHWKFRQFABWHDHEHGHXHYXY HQXRXOG
EHFRPMLQIRDG ED ®B QFEEHV MY HUM U YSR HQ MO X VAL MK D S D LB\
ZDLWRQORZB®ABW W HIQREMGIY &BR X Q W H Ul WHZIMQR\S H U D WH R BIQYH U \
ZDYIHROWQ X WB VDO @ K-H Q XW RWWIDIOMY @ JF X U U HSDALG\Y L VOLFELOR G R ] H Q
TXHXWSHWHDV X SHWGEGFBGE\VWHPDWHBXO&EE& GHSOR\P MM RRI
PHFKDQUMWAHFKDQUW®HXH JHQHULF

7KHPDSSLQDRE\IORZRUWIRHV W L PVl BWRRW K N WILO/RMADF K D QRIFID SD F L W\
W D EDOGHZD YAD O H QS3-DUO RE\SPhD U VVHU YSRWL WD RISV WH O ONE PRI

+ VSHRUGHEDYNVQFKURQRHEGHDHYWUDBBEMDWKEDIWRQVBDHGLFWV
W KUHX VIKQ W HUH BRI Q BV KFHR X Q WIHQUL G.DWR RBR X 8 W W [DOXCHWU Y2EUY PLQ
WKSUH KHDGIQQAHIY BRPLOQDWIKH UHFRWCRZWRRGPRQWKEDUJHVW
FRPSOBD@W JRPDINLDW KD W MHFBRRSG X OBIW H D D QHWH U YZHLWRE + V
SHWLFNHDREQBHUHPRUQL@IUENYH QW U D8 BN LI SW KPS S U RILFKAK H

O R Q JOINV VG RIW KYHH Q X H. W VH J U HFODVDHWH U Y W WL Q DDH M @WK URDRYH G
RWKGDZKHWKH 6WRS WRIOHDWVRIEXFHEBEWL WERQVZORGW H VWMDY LQJ
DW[LDVS S URDFR® YHIHOWDIVHLQR B X HV V ZIRQMIR DV X UHB H QMK D QIBQ.& H
ORFNHUWLOOV FPONVYWHYRUWEUR QR X RSHI® F TRWH W K He ORFNHU
FRQY HU DHOQAHDIGNG V LVGKIGW S O R\ P BIKDR\P M \WOUW HUUH | LDDQDBK D U JERUIG W V
VORZ VHIRMIPMLKRROMX H XHIMRIZQ Y L VG E OIKQIBW D G\ U HFRWOS\Q/BRGMD | H W\



OD\HYHWRQR IW K HMHK H WLKW\O/OV DFQNF KD QWHER® URWHQJOH VIHHRPRHW U\
RQH PLQYPDHW BBOMIN.YH PLSXWOILFFWSERELRUP DO LWHYLRKL JKW V
FRQILGBQBRXWLQJ

Fig. — Scenario-based scalability: even 5-15 minutes recovered represents six-figure daily value at scale (assumption-based)
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YJUXH 2 6 FHCDUR EDVHG VFDOELQN DRIRW HYHQNFOWHY DWXP SWRQ EDVHG

Fig. 11 — Transferable deployments of the Flow Intelligence layer

Festivals City centres | Supermarkets

& arenas Stadiums & transit hubs| & retail Campuses e

same primitive everywhere: anonymous counts of people and flows — pressure estimates — routing to available capacity

YUXH 2 7UDDOUHDE® GHS® P HOV IHAYDY BGXP V FMAV VXSHUWP DUNHW DILBRW FDP SXVHV

7 KH LM HOFH 1LWAMHWAYDO WAKRXUHY IR@RZ |BRZ V

$ VKDUSRM QW H U VDI WY O R IR @AM LVQAWLHIIXVHX S S RAWVKHHH VW LMD OHH G R P
, QW H O O LYGIRZON H O OILHHWQ IEXDVOM KGID \ B U U LEHHRW KAHW U X F D 0 G/HWAL W H
SODIQGUDZQGHU 3 ' IURRVKH. UVWHWHAKU HHODVRBADY L ®RBHRS DO O
VFHQDULR) EDWEGSDRLWKW VW MISMILRFY LVDRQRRWKH IHPDOH PDOH
FODVV]HRDZR UV D/WHKP MWD V X UHPHRWD ZH WK YH F D O IGEHFID/BIEE YSHHW
JRQMVKFHRUWDE EX XIHRWORED VX QHEBWDMRU | HARDIBWOIG LRHGWQ W H G
XQLWW Q IV Q AFOV@AW KHRE X Q G URIIBXUKNM Y H QAW HXQ + ULJKW YNJLQJ
ILYH ILJXDHLGHUHGLWERQRWHVLQJOKHXHRUPW QGLWLV H[DF\WOOK H
VPDUW VXEVWLW RWFRK/DIGRRMPKEHY O DW LR Q D UD QUKW N & R O BHHW Y00 \§ B V
OHORHDJIJDOKmMHN \ 6HFR®G@GDF HENI@WR ZR/O X V WIHARE/ KHHD VX UH G
JDWH VWDJH AR B G LHB[R WWHUR@O HIWRSBBHVKH Q VBIQL ®V6 HFWLRQ
GHVLJIQMOGWWHIIG FRY B D MIBLUWKKHW L O L VB WHEGQ FEOX V @Y BIU Y RIZIRE

W KIHL U K RIXRIW KIH US A7 KL URSS HU D V8 HRYQ VYW BB JL PHOYHD QLQGRYWHZDUG



URVWHUSR Z DR J L WAR K FI\G B OB IGY YD YD O H Q G B URHIR [HER X GGAD SDFL W\

RITOLZXHH GHPDQEOLIJKXODYDLODKEHOWM KED YBUULY KM HWURHBWR\PHQW
GRFXPHQ@QMKE& U SHHFR WIDOWHR BI L [HED \ RWWH W H O O L J HQ/FWE BLR)Y YW H V
W K\HD P ¥ID OSX® XWKAD S LIMERX (RGV K H UKZD YBHK U LLHISY HU ERILD WO BBRELVLRQ
6 W U X F WROUMHBR Z V

Structures follow flows: what changes when the intelligence layer precedes the site plan (scenario-based)

Structures first, intelligence after Flow Intelligence first, structures after
(retrofit — this deployment) (design-time Wave Flow Control)

u ||

static ratios
(1:75/1:400)

worst-case sizing
placement by leftover space a

cost: overbuilt units + queues anyway (2024 record)

clusters sized and placed on measured waves
unit budgeffollows demand, capacity follows flows

savings: fight-sized unit budget + Jensen gains from day one

YJUXH 2 6 WKRMUHV IRBZ IGZV \KH IQM@ HQFH IIWAWHIYDOU] HY DQG SOFHY FDSDRW RQ P HDVXUHG Z DYHV
VAFHDUR EDVHG

7DU HWFAHQW IRU: DYH) ®RZ &RQWRO

7KHROOR DWMID U YHWP H® WA S O L RLRWI LV WH@LUH QWRHBUIJDQLVDWHRQV
DUFKHWRBHD @QRWHIHUHHHVLPRE@X VLY HQBRFNQGLR W\BHLPDYHUD
BRXQG W\SMRUURZO D ®GDW WSRIQ E X bl\V W LFHD OFVRIQ F B U R/P R WAHHUP'S R U D U \
FLW\ VAPB&®H U D WRKHD Y HX H X MWR L CBDAUYR R 6R X UMQ/W U D B FLHENQ G
WHPSRURUYDVWUXWKMKWADYMHWWDGLER®SRUVOXEBHDIDGULG FODVV
VWDGL¥HQILEFPRUWDQEE& 3RUWR FERXWYS$ ),)$ HYHAR®HUDWRUHQD
RSHUDWRADG KOPKD O | VZ DFYHHVQ W U DY HIM LAD Y HED W K UZRCRFHE\DZID Y H V
DQ®HF X ERWMAW O Fl Q\HKEHDW ED Y RV Z H H NFD.G H GPID FWWDR BB XQLFLSDOLWLH)
/LVERRUVER VF DD DOQ & P D UW SALRV\U D PIHHQH U FR MQ HWBER Q GHUVWD Q G
IORZ\8DUNWWH U | IBRE \BHWFH QWD Q \KSXFEEWWD U N HEWM YD F KDHQ/@/ R X UJLRAPH V
$LUSRLOWA/U D Q \KSKFEEW W K URRPX MW F X 0 XW X ER D U GZLOQVIHED J J DZBHY H V
DQ® HWPER@JHVSQRQH U \DLQMELIMR/S X VAHO/D V'V F K D QHRD | H WTHXUHDDIOV. E U D U\
RFFXSDB¥FHOQWDNWHWDIQW® XSHUP D UFNKHWNRXYWHSD UNEZQ Y HWR R W DIDAEO
RFFXSDRAS LWOQBXE ©HU Y IZAH WU RR PAVU L B DHH W HOHDADWHRIWIEHHX H V

2 DOORWZ\V W HRHVDHY WD @GP D B WL O G R@ B X S DK WDHUGH BV W K U RIFORHW DW R U V
DQBOHD RISQWL P L V, DM/ RGN J P FADKAHY W L PLDYAQREUK D QR € ®AKAD S D MLDANB@HG

W KZHD YAHD O H @G DY U

$Q\SODRHWEBHRSOZWLWLEDSDFLMWQG& QY LV LE®OWHU Q DIWD FE VHRW
:DYH)ORZRQWURO



Client expansion map for Wave Flow Control (target segments)

Festivals & music eventJ Stadiums & sports Smart cities Airports & transport

E football stadiums - Benfica / Sportjng / Lisboa - Porto - Cascais - Braga security waves - boarding waves

Rock in Rio-type - Primavera-type kg
terfronts, transport hubs, tourisn] zpnebathroom + retail congestion

Pmorrowland-type - Glastonbury-tFgPgrto-class - UEFA / FIFA operatorpacie,

@ first deployment class

Universities & campuses| | Retail & supermarkets | Hospitals & public servicdpdal estate & smart buildings

class-change waves - cafeterias checkout waves - parking waiting rooms - triage occupancy - shared areas
libraries - event peaks footfall & occupancy elevators - service queues bathrooms - cleaning optimisation

target segments, not existing clients — "Any place with people, waiting, capacity, and invisible alternatives is a client for Wave Flow Control.”

JUXH 2 &OHQON SDOMRQP DS IRU: DYH) BZ &RQNROVIU HWHIP HQV QRWH MY FOHOW

Future module concept: a city-scale Wave Flow Control dashboard

CITY FLOW — live

ROUTING - divert 20% of transit-hub flow to secondary concourse : pressure ETA 12 min

pr

ity riow Intelligence moduie

JUXWH 2 ) XWUH P RGX®I FRGFHSWD AW VFDBI . DYH) B & RQIRCEDVKERDUG FRGFHSWP RN QRVD VKISSHG SURGKFW

6XVWDLQDELOLW\

(QHUIJDQ@DWHULDIOHEHS OR\PHQ MW F K LW HEW XBABXIV W D L QIDEE D\ \
GHF L V(DFF@® R G3HJ D RQW KRHU GRIIDZ D WWR PV W D Q 6 ¥ ® Z ED NV9 VZDSSHG
R@URO@L QKR X¥UF OWR PV P DPKD U VIS®ERR ®WZR P L YWWHEAWDDENQR G H
7TKHERQVHTXFRFESR/XQRE DL W E OWR® U RKUR D& H WY U H Q FEBGU P IQRYV



WUKB]DUGWGLHYHQH UDRWREHQ VR QUEZ R UNWH L EHNR QG P PRXQWLQJ
DQEDUGZWKHEWHFRYBWH®IHY HR@GBHGH S MRINVKEH [PWQ HKISRZHEWD QN V
QRGHUWHZDOG% 6H QFORDXBHNXVNEQRSH U H B WHAD UJLRDWHULD O
IR R W SRILQWW U X P Bl @\8 GQ WILHRG\CICE B O R D] FHKJHRK HJ L \BN R 1ILROCHO W RWD P H
ORJBHFWLRQRYROWDEHFRQFHQWYP WY RPD PWVKIH VL G X B P RILY
EDWWHU\ SFRRAHNBH Y LEKL AKD O ZR\WKIHQVXUD QBB IHW\ FRPERUDB & BH
VWDPLQLPB®EVWDLQDBIRSE WY DWUILRMAVXDOOWUDGHWMIBERZHU EDQN
DUFKLWEXWRWHRQ F H

JOREZQW H O QLI VQWFW D L QLIDBVLVD U ¥EHF@W WIR S U RWHXAV R IL Q 1 U D V W WXXADWX U H
DOUHDGVIKHWRQY HQW HR G BORMH XIHWX SS O\ FRGHQ L WR/UWHL J Q PR H
VWDIL]HRDZR UV YWHK DW\QL QY PWQ X\ HEDSHD O W HREH. V W UDL\E WARVERRHY
VDPBUREOUBRWKGHPDYGGIHOOX@GHU RONGEHIRDG\REMLAGMVR QHV
&RQFUHMWHDQ HG XFHUHUE X LRIGDQLVFDSD FX WO H F H WYADIDMLIF) DVW D | |
JXHVVZRDWADHNGW HOIBHHEQR ZGL FWOL@REQ H | | L FISHDOGLIV® U LEIG\W PR Q G

6 X VW D LYQIDEKOH M U H F LEVHVOXWHRUZ K DIAO U H GV W V

ERRUGLQDODLNEARMXWXBISOR\PHQWYV
7KHROORZOQIERRQGHYYGHVSOR\PEOWH S O L¥PEDEX O H

% H | RW KBHK D VIHRX H G\W RRHS H U D WFLRRIGHEV@WY HVQV H S WP D SV KYHH Q X H G H | LIDAHO

‘& FOXVWA®WUYSRHQWWODVVHRWERWVS2HPDOHMPDXIQLVH[ SODFH
HQWUDQREKWHVUHQURWWHFWLRIHRWXYHQRGH VHM)LWDIBQ XV VHQVLWLY
EDQGWUROMEOH UXGDOLEUDKWLRQUKW RZVBKDNQGRVW FRQFHUW
SXEOUWD O WQ R MYWHINWRY KWW 05 D V K E RODQUEE B X EOLFUHHQV DBBPSXWH

PLQ XWRO MLYQHU D RW D E PMH WRIBR UBVQGQJ XVHRXWARIWRHGLVWULEXWF
GHPDQGHU\WHKDE® KVNFWIVRKH R I HV VL R QFoM K R QRS V

3KDVH $FWLRQV

7i GD\V 2 EW IRIQF VD & ® D@ H QDA \F O X V \& H ULVCHD R QR.IF D IO HHYWV L R BV \WALCRSD F L W L H
GHILLQHV H J UBIW X RQH BHDQDS R IR QY X PHROWHH Q/ BSED FH YV

7i GD\V SUHSDIUMYR5D (63 QRGHRQILIMOUHIHYEE6 VHQVLWH Y SBWR OBIE O HW H V)
SRZHEDQNMKXOOPANVLRVGNREFRP P X QL FIDQUWBDRMH EBY HUBUH SGDMKERD L
SUHSDSSRXVIRJGF | LAR25VFKHPREDGHQFH

7i GD\V 3K\VLFPDOLBO& ARRUGL S DDHHIW UD QBE V V) VERHWHFWYRQ@LIS DQGHW
FRR UG RXDWOW HW WBE-X EOSE QG W RWHHB/&?2 5G D W B S R UGVHIQRIDHD L E GHWR B@W
UROH

(YH@WD\ ,QVWDOOXBD VH G DO E WOAMLKREY KSW U LRBD V H OW\GHY R Z WRKL UADAY G H W H F W
UHFDO EEHURMHD N XDHDRNRGEXUERDFHQWM WLYH FDXOW K BB WMARAL WK
3RVW FRRFGBIWKHD GO KRERVRQLRIRUQH GHVHQGRIEYRIUWH P LIDYKWUD J H \
SXEUEBHHQWLDSS

3RVW HYHQW | 9H U LYIN HZR JH/[ S RWH\Q \CRRIFRR P S IZUKNVKI R E V H U Y DAVRIPFEQHVW NV L PDXAHHSHU H V V X
SHRIO X VERAX P HDQLW XRIQWH VW SU RDID L E UIXE IOR/GIKQ R Q \ P IGH/ER.BIRWV LEO t

7DE® 2 ' HS® P HOWFRRECDIRQ SO\ ERRN

) BZ QM HOFH IRU) HWAYDYY E\ 3 @QW 6 P DUM RP HV KRZ WLV LV VRG DV D
ZKR®

7KHHVWLYD G UBBIX¥WPHGRZQ W H O OIIRIWHYMH.E\B O ¥ GWD UWR P HV/ W K H
IHVWERGERIM K3 D QIWDH O R& R Q WSIORION | R&HPS O R \LDEVOHHO GDLJ\HHUB B U J H
HYH@WSK\VLEFBDFHWML URRG XIOW. % D W K URRFZQ W H O O MIKIQWW\W R L V
SDSHIRFXPHQ@WWRD G PPBG X OHW/MH D YRRG DWHED UNLQUD Q V SARHFAX UL W\



(PHUJHGHW DLPOGP D W WO R ZQ W H O 04 HDFRHNHID PHV W L PDIWBG LI THUH QW
FDS D RLOEAMHED YHD O H QE3-DFWW LRQKDWWR OGS H HYHQWESSL@KH QVRU
NLWWKHSS VFUBBXHWKHRSHUDWGBQKERBBG6&25LQWHJUDMIIDROQW LP H
UHFRPPHQGDWKBIRYW HYHISIR®DW D GRS MH Q WLLPRSQRY H PHIQ®&/Q XFOWD
SHU HYOH® WQNK KHV WV I CSBAR S R VIILW/IPR@AH Q W H QLFBHW KH. WHID Q &
ORFDWHR@W \WDOOQVLQGR X WOLIDW K B MOSIVG XKHI X HM G L V WAH EX Q@ G
UHFRI[BW ULWQFH -

KDWD [HWAYDCKILHY 2 DQG Z KDAMGRHY QRW

7KHH QJD JH RMNQM L E HWUIDAVSRO@\R W K GRIW KOHL QKD W KH V WK YDBSHU HYHQW
OLFHIRABQRXWFROFHR UL LQVW U X P:HQ RODG/ EHWWH F W L R Q VIHADWDKI H
FDOLE WHWLYRIPH S O OV F Bl O L E IDDAMLKRRIUKLWAREKY KHJY H@DW W KSHK E QIRX W L Q J
OD\HJS & IWK$IO D Q W D U R F NALGDRSIGRYVHROPX IF U H H\V@ KRS H U D B IDR/GXE RZID W&
SUHV\DAMHB W25 .3H[SRDW® KR VW HIYHSIAAM WKKI B @Q J U H ZIDWHD: K B W
W KIH VWG RBERKL B HD Q @& KILW D @/IK-D ODHM X P H)GB\H U P D Q QWD VW D R BW X U H
FLYZRUN@RFDPHUDY®RSHUVRQDOURFWIYILIELDLIW\HJIDWH RQULFDO
LQFDSDFHAWLR QRJHS ODF R RMOMWH Z DRIOGAWD QRHIVH/F X B MWKVA V WIHPI R U P V
WKH® P FF X WDRJ U CRIMR X QEWHVF D R RIZIR X E &K R Q H&/MFW L RQNVKGHOLYHUDEOH
LVGHFLVLR QU DQDGEH VK @HGW DMRHE L G B QFKG LMWHDEG FREQ@R RFN LQ
W KNHLOVH D ¥ KN QY KHHY HIQ@VG3W R F X U HUPYH@WEL YVHW H S WV KIH V WY X B © O/ W H
PDS:& ORFDWLRBNFWAIRID FL W BIOWD QMW WV XOF@WK VW H (8 B R S BB GSHHGJ
L Q VW U X PRHOQASHEHY WG DD OD L @ KYAD OWFHH Q DRIZ B E O HV LQVW D O

'D\ FDOLEUDWLRQHYHRSH UD W QREGMKGID LSV RW R FR & O R VALIQMWKK H
UH S RUMOHW KH RBID Q& O RF D WL RIW O R JIDIDD L W HVVDROERI W KRR Q W U D F W

‘D WHFDIEWDARQ GD\  DQG WH SURUWXG. IMWFRQVXP HV

2QHXOBDEHIRGRRUWHVHURKWGOGOLEUD ERQVKKLIKHVW OGIYR WK
GHSOR\PBQWRQVXPSVLRWXIEWVHPZQWEKHVWILGXSUHFHBGHBER DO O
RILMDSSUR[LPD@REMIVWFFXUBEDF\W BN KHVWLPDWWRBOQHXS EDRHAG
HVWLPONMWKR/X ZKLFRKHD G O LR K I PKW D JSH0 OKRZP D Q § H R S/IDRIZ IZKGE F K

JROQHW[SHFWRGHP HSDW W HD@AH W RF R WDUGERADVU H WA RRSE.WR X W H V
FOHD YE®HGXBBEWXVDBADEEQR¥QGHOHD Q ¥F@3B D RUWI\R QY X VAVQ WAHKH

FDSDRLBVEDOBW LPH Y DW HDWH F WAIRSD F DW BB Y WQQRLIMWDE OB G DQG

WKEDY HDOHQRIDSS L YWKEXEOLVIHG UD RRHWRK FR XUHJLPHWMR PWKHVH
SHU FOSYMMBMAGBIR D AH)E W DDB@LY L \VZRIULN KDMQEOHD QLQGR ZV

7TKHDOLEUDWHERM HH[HF X WWREXTUX D O MM H @\WH V FH QRALGERIB U H | H UH@QG H
FRVASWLIRQSUHVVOGKFEOLEUDWHBRIR RGN KR XV DB@REMNG L R SW HVYHIQW

W KGID W XYMHXQ HQ HU F MAKHHY W IY W Y IS AR X (DAY HRIO X VDAQHFWR KGHL Y L WR KIY
EH\WRE W IERIG D XYWMMHHD GHRYLUR QRH{IB W LRQ VWD I IHKHDUY¥ DOVWDI |
ZDOWF UL SN EBWK URMDKKO X VAWHQW U D Q FSD R\ QYW HEZROGO[HI®O R ZV
JLYLRRQW U ROROHIBE XDVMBRBEHQVEWO L E WIKWMHR/PHI/QG ROBRMYRMWUR ZG
DWW H Q XSW/ILERE V\Q W KE& MNLIFFHY WWIUDIRIBYKRQHYV E HDDRFHRMWX GHBW D QFH YV
YDOLOVMKSMGH EDQCGVWQRGHKHD SHYWLEUDWRHYVOASWLRY KLVWRULFDO DQDC
SUHVBRWMWKSHU FOSVMNHRIMWDEOHURBFRPSDUBSEIOBMS O R\ PIQ@MW NVOKW
ILUMWKWHILRHD\ DWKADOLEUDWGREWLRRRFRSRMAHOO 'DXQARLQ@KH
PRUQLBDWLGGBHLDSUHNYHIQMW\VWALWKDOZDBRD ®NWEKIB OO EORRKDW



'D\

H[S O L IBLRMOR W W HREBRF X U DWW LAFMAU LW HWEL RBWHWYN F W IHR/QV VR D' W H
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Planta Wave Flow Control: product modules
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WC Flow Intelligence deployed, nine roadmap modules share the same sensing, calibration, and routing stack
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7KHRITHMW ROWHQ\BRW FKDWB R XWFRRBWIIDVHRI QV H S DOD\EQKD UG ZD U H
NLBHBOXVWRGEMURQHWWHZBRZHWDQRYNVKH KRXWZDB\FOHQFORVXUHYV
PRXQW WVDKED FN HD@E&D O LE UHDQNLREJH V& IL RIQUFDGAD YWH I L PAHRQ ILG HQF H
RINOL®WFLSDQ@HJIDWLYH F DIOUVE K R WIMEX E OQB\HDW W HR SRHW K H
SODQWD UR F NLOQDS/ORYF R AU H & X WA B KEH V&V U D W W BVQKH D U WMWK
RSHUDWDREBADVKERDXIEXH S U BDOWHUWWAZDQ E0HD GLYS EWFEKDV X UH G
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The package: Bathroom / WC Flow Intelligence as a whole

1 - Hardware kit per cluster
LilyGo LoRa32 nodes per role - gateways - power banks (10-h swap cycle) - ABS enclosures - mounting|

2 - Backend + calibration engine
ingestion - divisors - radii - wave regimes - capacity normalisation - confidence - offline discipline

3 - Public layer
attendee app (plantarockinrio.com-class) + venue screens - best-WC routing, not nearest-WC

4 - Operations layer
dashboards - pressure-score alerts (90+ = critical) - steward & cleaning dispatch by measured pressufe

5 - Data layer
SCOR/KPI integration - auditable 5-minute aggregate export

6 - Service layer
T—90 playbook - on-site calibration during event - post-event dataset + report

one contract, one accountable operator, one confidence-scored state feeding every surface — priced per instrumented cluster per festival day against the recovered-value scenario tables
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continuous: 5-min SCOR export - alerts - screens/app live
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I X WXHEH WRRENUW QBGW PR Q V WWKIDNWEHYQ R Y SWRR QDPPER P P L V DIGRX
VKLSHDRQIUD VW U RFWHOWDQ RRQ FNF W L Y DWKIHRMW K URR P L Q WRIFOROLLVNHLQRRH
Z D W KHHQ WSWR\L ® WH F LEVHHRID\ K WW KKFD U G PR VWR P SO D L Q H G HDIFRXR\R U B R ¥

2 VR O YLLYQW KHV U R G RAAMBEIREE K Y W6HP D B W\R Y5 R FINW H D O

JRUBRFNGLROQGRFNRUOQR W KRIS HU DMKRX H X G L UWKWWB/WSHI R G X FW
WKH UHFRUKR ZDLWDEIVRBRP SO B D@V JRYE Y HRL Q XW/RIVV\R O L Q kD
PLQXWHE W U DFRWMIBHK RW KW L F RIBIR X JKRW | O RZD \8 H | H QWERR WDH/ V2H W

DW W H B [GHHH L H @FHG R HARR QW KRISH U D W RQMIU R D P H UPRBHUVR QDO GDWD
OLDELQRSWU P D FHL @R0U NQ/RJ H 'S O D F R FHH QWAW/IVDOD Q@ GN LWWK D WD Y KM@Y K H
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SHU FOXWWWUR®Y DQWKB\ GDLSURWRBROWLRG@GV 7KDSWLYBDF\
LQFDSDRGEMWSOR\DWOH SHUVREDOHFWLRI@DG ZLWKKFHOLHQW RAMGWLR Q
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F\EHU SK\Q®DRB\WOKDAM QV AN O L E UDYAHHM 1BW H U DUHINKL G HVR ZAL W K R X W
LGHQWRIW QD FNRQR T HZ D YRR G H(QS O DAIQW L P LRDIW W SIWH'V \DXUIHLYH V
SURJUDPPH V\Q FZKUYRIYKSHH ENV KGHH F L P RYHH D/ BV \V WW R DRWU RYD © Q

W KOHL JKHAWU ILRYARDY O R, W H O OVL\MANDEARIFING L RL V E B BI P R Q V WMKIHW MA@ G H U
UHBDJK GHOVHWVXYSHUR[LPDWHGHR SHHE DR XGD\V P& HLJKW
FOXVWWHWYLILHGDE LG XQFHUWDR WY WWDHWZRINGW SLLAW PRQ VW UDL QW V
2 VLPXOWDQHRXVO\

$KLIJK GHBYHIO L YHHHGRFW AR HP R UGIL V W RIUVMFLFRX® X O/DKRFR USHH R S O H
ZDLMUR ZXXHVDWQ GR RIS W L RIR/ZQ W H O OW HIBFE HYW RENWD R QR G GOV K V
YLVLEDHKYMQWHGRFNGLREHSOR\RMERRQ ®\& U R X WALDQWHV X GIWWY @i D U O\
GHPRQVWRBWBSKOVL¥BDADEHFRPRUNWHAKHYKEHFRPRUHQWHOOLJHQW
7 KH X H X BN UBIO Z DAV H LKHD V¥ K D Q JLHWE K WK HFR X @ B/ H R QH D U IOR Q H VDGR
DQRQ\PR X VI0Q @ K O RW KIH U W\WPDHW K ¥ ¥ Q X+HY HEMH U V\RWD Q G (RIK D ®
FRXQW H U I, IFMWR BD E XFRIVKHL G 1$W R J U D PPHORH DJD O Km H B s

T WKSK\VLEDWRNMDUTXHMFRHUH[HEXWKHDWRWYBHUH DQ®&/ KLV
GHSOR\RNEWDMWIRROVIKHQYHQXW QJLQHHRVK® W Q HRIS'W V@ PR R N V
VPDOWKOWV7KH QQRYDIWQR®Q OAHQ V I7Z&H Q QR Y DLWR. BREK H V WWDGH.R Q
XQFHUWRVQEDOLE WBIWWHRIHQGHU XQORSRPIRWUDQFIWHQVEQHMH
UHJLPQINIDWDWOH EUIRWHRRQ Q X WHDDSI® R X WEQUYDF\ S U K\DRUUBS RUW L Q J
DQEFRQREBHPVRYBOIUQ Y L V:IRE DXH XHYWR D O RS R H D WIRMHD@OLK H Q F H
I HV W R WDKK W XLUGIRRVQ G\U R J U D P2P HBWR U F K H V W I, BIMQHDBB HR MAVK 8 B S HVY
W K BOD GWDUWR P HVU H DXAKHDGVAW R XN QR Z O D@ HE HS O R VDIEPKIQ RDWHJIR U\
‘DYHORZRQWRBRODJK GHOKNIWMF¥FODFHW RFINGLRLVEBBSOR\FKR ¥R Z
YUHH G RPWHO OE BIIF @ PRIS/H U D W R QRXD R ZQ W H O 01 MM Q ¥ L VAIEOHV
UHGXFEQUWR FWHR @ HQISBIW PY & X UQWE PSR BIY Q@1 U D VW W QMIRX U H
DG D S WUOWHH P

$FNQRZOHGJPHQWYV

7KHDXWK®WKDQWKNERFNRUO®GSHUDWLEREW FKQWHDPN.TXL@QRYDWLRQ
BHQVDZD\ 6&DIVKHH VW IWHFX UDQWY W H Z D UG K R VIHQ G H S H FAREKQWY V
VXSSRBWRI\GY YDOLGDWLRQ

SHIHUHQFHV
SHIHUHIREKH®R & WIHGVW\OH



$SUNF®! ' DD3LRMARY: RINQJ 3D 2 SIQRQ RQDQRQ P DMOARQWIKQITXHY : 3
( XURSHDQ&RP P MRQ

$ELDOM/3 $/ : DWGEPDQO 0 HD DDOMVR 8. YDOXH/R WOYHOAP H $ QXSCDM
7 IDQVSRUMARQ 5 HAHDUAK 30U 3RTA DG 3 WDAWAH +
SXIXMD $ <L- &DXWHQ 7 7RZQW : O $ WG R /R5D / RY WDQH ®&Z SRZ HJQHE RNV

IRUWH, QM.OHAR 7KLQIV 6HRY/

YOW 0 $[KDXVHQ . : *IDQORM/) 3RGRXNKRY $ 9J]DL$ : DKRZIH 0 2 X]RXQV *
3RUXIDQ < 6P DUNAVEVR WHIXWUH 7 KH( XURSHDQ 3K\ IFDC: RXUQDO6 SHALDOY RSLRY

+

YHNH* 6 $ WHR R WHDIRDARQR WP H 7KH( FRQRP LF - RXUQDO -

UWRQED9 ' ' HX\SHJ$ . UQiV* $ WWUH R IHXOVRQP RELBISKRQHGDWVHN DQDOMY ( 3-
' DD6AHYH  $UAFG

YRUO & 5RHAJ 8 9RIW7  S$BAR- 0 ' R/ RBSD®Z SRZ HJZ LGH DUHD QHE RINWMDGY |, Q

SIRHGEIQIVR WH W $&0 , QMODARQDOZRQ HHIFHRQO RGHIQ $ QDOMYDQG6LP XOWRQR! :  LLHBIW
DQGO RELBIB\MPV SS  +  $&0

&DYRXNIDQ $ 3UYDR B\ GMJQ 7KH  |RXQEDARQDCBUQAS®Y , QRUP DARQ DQG 3 UYDR
&RP P DMRQHUR 2 QRUR

&HOMPDR 0 9DUHIMB / =DQHID $ =RJLO / RY WDQIHFRP P XQUFDWRQVLQ XQUAHMHG
EDQGV 7KHUMQI WEWIQWH, R7 DQGWP DUNAW VFHQDURY , ( (( : LLHDMW&RP P XQIFDARQY +

GHO RQMAH< $ +IGDOR & $ 9HMVQ 0  %RQGHD9 8 QATXHIQWHFRZ G 7KHSWYDR
ERXQGVR KXP DQP RELOW 6AHQMLF5 HSRWW — $ UAF®!

" HBHBD $ & $ WHR R WHHRQRP LFVR WP H 7KH( FRQRP LF- RXUDO +

" WIKIAL$  YDQ6WHQ 0 $ WUH R WRKQTXHVI RUDXVRP DAFDE VHMQ) WHEHKDYIRUR DRRZ G
$&0 &RP SXWQJ 6XUH V $ VAF®

" ZRIN & " UIHHQADOSUYDR |, Q$XVRP D @QIXDIH/DQGSWRIUP P LQJ ,&$/ 3 SS
6SUQIHJ

( XURSHDQ 3 DUICP HWDQG &RXQAO 5 HIXOMRQ ( 8 * HOHDO D3 UIRWPARQ 5 HIXOMRQ

2 |ILADO RXUQDCR WH( XURSHIQ8 QIRQ
( YHOW,QGXW ) RKP QG 7KHSXUS®IIXLGHVR KHDOK. VDI HAY DQG Z HDDUHDWP XME DQG RMHUHYHOW

YWDQNH7 /XNRZLH 3 9%DQNH 8 6P DUNAURZ GVIQ WP DIWAMHY 5 HDODH AW \FDBIGHB® P HOWR
D\P DWBKRQHEDVHG SOMASDRY ARZ GP DQDIHP HMMBMARP - RXUQDCR , QMLOHASHYLFHVDQG
$SSTUARYY  $UAFG

YWKQ - - 3HEHIMDQ SOQQLQI DYGGHLIQ 0 HARSRDEQ$ WRADARQR! 8 LEDQ' HIQHYDQG
( QYLLRQP HQWICB @QRHY

*RJi® 0 & +ICDOR& $ YDUIEWS / 8 QGHIMMIQEQI LOAVGXDAKXP DQP RELOW SDMAQV
1 DXWH *

+ HOOM DQG 6DIHN ( [ HRXWYH 7 KHHYHQWDI HN JXIGH + 6* +6( YRRW
+HELQ) ' )DINDV, 9LRHN 7 6LP XMAQ G QCP LFDO HDIMUHVR HVFDSHSDQLF 1 DIMUH

e

+ HELQ ORI U3 6RADA RIAHP RGHIRUSHEHWMDQ G QOP LRV 3K\ MFDGh HYLHZ (

+

QPR - ) & 7 KHMQIGIVHYHITXHKHLQ KHD WD ILF 0 DAHP DAFDCB LIRFHHGELQIVR WH&DP EUGIH
3KLERVRSKLIFDOBRAHN +

. GLIQURAN / A XHHQ MWWP V OROPH 7KHRY : LA

/DODRQ 5 & 3HISHAAYHYRQ TXHXHY 6 RADOMVARHDQGWHSM FKRBI\ R TXHXHQI 2 SHDARQY
5 HHDUK +

/ HONSW ) XLOR5 RANLQ5 LRHWQKR XP DP nRAKHDGHTXH] DV KWV ZZZ GDNSW
JIAB - & $ SRR IRUMHTXHXQI IRP X® /| B 2 SHDARQV5 FVDUK +

0 DMMU"' + TKHSMW KRB\ R ZOWQJ @HY ,Q- $ &IHSIHOO 5 6RBPRQ & ) 6XBLHIOQW
(O TKHWHMFHHFRXQMJ SS = I H IQIVRQYRR\W



ODUAQ - ODEHL 7 ' ROKXH& )RSSH/ %RZQ/ 5LV & 5\H( & UWRZQ' $ MG
R 0 $& DEGUHWIDQGRP L] DARQLQ P RELBIGHYLFHVDQG Z KHQ IWDLY 3 UIRFHHALQIVRQ3UYCA ( QKDQAQU
7 HKQRBULHY +

OHWNL. 9%ONF ( &KOJHD) OHHJ) $ FARP SDIDWYHWMG R/ 3: $1 WRKQRRILHYI RUGLIH \FDO!
,R7 G-B® P HW, &7 ( [ S3HW +

0 HRGHO DIDBHY * D 7KHDUKIWRMHR ) UHERP |, QMIIHOAH =HORGR
KW8V GRLRU JHRGR

0 HRGHO DIDBHY * E 7KHDUKIWRMHR ) LHGRP , QMMIHOAH $ GAMJQWHRY R SDW DYDLDELOW
6651 KWV GRLRU 0o

0 HRGHO DIDBHY * F 9% RQGGWHGDWSDUDGIP ) LHERP , QI HOAH DQG WHWXRXUDODY VR
QDYLIDELOW 3UHSUQN KWBV  GRLRU SUHBUQW Y

0 HRGHO DIDBHY * G &DQWHHEHD SDKOMQHWZ RUGS' =HORGR
KW8V GRLRU JHORGR

0 HRGHO DIDBHY * H ' FMJQDVSDK HUIQHHIQ) ) LHGRP SHRHBWRQ DQGWHDUKIWRMUHRI
SRWELDNV =HQRGR KW8V GRLRU JHRR

0 HRGHO DIDBHY * | IWRUARQJHRP HA DQGWHGH MARQDY WUHKRTE K\ FROWKPARQ LRV
IQMMIHYH?  DQGZ KHQ W LAQRW3UHSUQW KWBY  GRLRU SUHBUQW %

0 HRGHO DIDBHY * J 7KH( LOAMMQJIDS? $ QDYLIDARQ@YZ |RUVSCFHAP H WHILYHWHAVR WH

$UAKIWAMHR ) LHGRP |, QMIIHOAH DQGWHHILOHHIQI R WP DUNSCAH =HORGR
KWBY GRLRU 1 HRGR

0 HRGHO DIDBTHY * K $ | DO LDELOW | LUANQYHAS DARQ DRIRW FIDMFDCBK\ PV TXDQWMP P HRKDQLRY
EIRR\ FRP SXVPARQ FRIQURQ DQGWHIX@P HKDQFVR SHABWRQ 665 1
KW8V GRLRU WD
0 HRGHO DIDBTHY * L ) UHGRP , QMIMIHOAHIRUWP DWEXIEHQIV $) , JXIGHG\Z DP RSWP VDARQR
P XGNGRP DQARP | RUNQ LOGXVMDOADLQIQ) IDAMMHY 6651 KW8V  GRLRU WD
0 HRGHO DIDBTHY * M 7KHJHQHDODZ. R QDYLIDELOW 3 HIAHSVRQ DVFOMMUIQ) R UHRXUAYH SRAMELDNV
LQWHS$ FKIWAXHR ) UHERP |, QMIMIHOAH 6651 KWBY GRLRU WD
0 HRGHO DIDBHY * N 7KHJIHRP HAl R ERXQGHG FKRIFH =HORGR
KW8V GRLRU JHRER
0 HRGHO DIDBHY * O , QARGXAQ) SHABWRQLQ QDYLIDARQM WP V 665 1
KW8V GRLRU WD
0 HRGHO DIDBHY * P VWHXQYHIHDQ RSHDAQ) M VWP JRYHIQHGE\ IUHHERP " =HORGR
KW8V GRLRU JHRGR
0 HRGHO DIDBHY * Q 2 EMPAYIW DV \WEE®! SDM DYDLDELDN AKPXUH 6XEMPARYIW LOMVXEMPRYIW

SHAHYHS IUHHERP  DQGRSHDWYHIUHHERP  LOQWHS URKIWRXMHRY ) LHHGRP |, QM@IHOAH 665 1
KWV GR.RJ WD

0 HRGHO DIDBHY * R 2 EVHYHJ G-BHOGHOADYLIDELOW IQ\Z DLP LIOMMIHOAH $ SDM WIHRUHAE
GHRP SRUMRQR SHJRUP DQRHLQR SH.AHSWRQ DQG GIMRUARY 3 UHSUQN
KW8V GRLRU SUHBUQW Y

0 HRGHO DIDBHY * S 3D DYDLOELDW DVWHILUDMFRQGAWRQR UHDOW =HORGR
KW8V GRLRU JHRGR

0 HRGHO DIDBHY * T 7KHSDK DYDMELOW 72 ( 2 7KHRY R HYHIWLQI R IUHERP 6651
KW8V GRLRU WD

0 HRGHO DIDBHY * U 6HHQI FBOWD ' UIHHMDAQ) UDCSRMELDAHVVR P SURYHSH.AHSWRQ DQG
FKRRVQJ WHSDW Z W WHGDWNAXPMUDOGMRIARQ =HORGR KWV GRLRU JHRGR

0 HRGHO DIDBHY * V 6SDADAUHHERP IHBY $ WIRURXVFRP SXVIBARQDOLDP HZ RUIN I RUWH
$UKIWANHR ) LHGRP |, QMMIHOH $), =HORCR KWV GRLRU JHRGR

0 HRGHO DIDBTHY * W 7 KHVADQIHFDWHR SRMELDAHV LY UHRXUARQ 665 1
KWV GRLRU WD

0 HRGHO DIDBTHY * X $ VWKRXUDODZ R \ZDP [QMIMIHIAH 3D WHRIHAF XQULIFDARQR
QDYLICELOW P RARQ DQGGALHAMRQ 6651 KWBY GRLRU WD

0 HRGHO DuDE&mHY * Y 7KHHLYORSDKMGWMOHWV 6651 KWBY GRLRUJ WD



0 HRGHO DIDBIHY * Z 7WDQQI SHABWRQIRUMHOQIKWMABDAY2 K\ LOMIIHOPHUHTXLWLHYIRQU
DIDIQWD]\ SHABWRQ 6651 KWBY GRLRU WD

0 HRGHO DIDBHY * [ 8QUIHGWHRY R QDYLICELMN2 ' R DO WP VQDYLIDMLQWH\CP HZ D,
6651 KWV GRLRU 0o

0 HRGHO DIDBNHY * \ : KDAJHNM\P DUMUJHNFKHDSHS? 7KH@Z R IQMIIHOM LGDV 665 1
KWBV GRLRU WD

0 HRGHO DIDBNHY * ] : KDAI U-DOW LVDQRSH.DAQI A VWP " 7KH) UHHERP ) / 53 XQUIHGILDP HZRIN
=HOQRGR KWBV GRLRU JHRR

0 HRGHO DIDBNHY * DD : K\ LVWHHRKDQH' ) UHGRP DVWHRSHDWQ) WP R UHDOW =HQRGR
KW8V GRLRU JHORGR

0 HRGHO DIDBHY * DE : K\ LVWHHVRP HMLQU LOWMDGR QRMLQI" %-HFDXVHWHHLY I UHHGRP
=HOQRGR KWBY GRLRU ]HORGR

O RMDG 0 +HEIQ ' 7KHDX@ * + RZ [P S®IX®V GHMP LOHSHEHWMDQ EHKDYLIRUDQG AURZ G
GVDIMY 3URAHHAQIVR WH1 DARQDCS FDGHP \ R 6AHOAHV +

OXWDS$ %0  (UNKRQ - 7WDANQI XQP RGULHG WP DUBKROHVXMQI : L) LP RQMRAY , Q3LRAHHEQIV
RWH WS$&0 &RIHHIHRQ( P EHSGHG1 HERINGHARUB\MWP V SS =+ $&0

2 EVHYDGRU - XQH 2 TXHP XCOQRWIXQERILP GHVHP DQDGH5 RANLQS5 IR/ MERD ( TXISDSDD
RUHOMMUR S~EQAR SDUD [ LMV P HORIHVHFMWDV GHEDOKR IHRWDEDY KW8BYV  REVHIYDGRUSW
3RUECED4 XH[ D &RP SOLIONHRWGVIRUS5 RINLQ5 IR/ MERD HAWRQ KW8V  SRUBEGDTXH] DARP
3~EMR - XCQH 4 XH[ DVGR5 RANLQ5 IR/ IMERD DXP HOEP H> WHDonRj HAlonk DOWMUIRU
KWBV ZZZ SXETFRSW

50D8 . XODWQL3  6RRUNDEDQEDD 0 | RZ SRZ HJZ LGHDUHD QHE RNV $QRYHIMHZ |, ( ( (
&RP P XQFDARQVEXUH V7 XVRUDY +

BAKDXHJ/ : HOQHJO 0 DXV 3 ( AP DAQI FURZ G GHOVWHY DQG SHEHWMDQ I BZ VXMQJ : L) L
DQGYOMHRRWK , Q3WRFHGEIQIVR WH W, QMODARQDOSRQ HHOFHRQ O RELBIDQG 8 ELTXIVRXVE\ WP V/
ss =

6PDD. $ 9DODMRQR WOYHOAP H ( FRQRP LFVR 7IDQVSRUMRY  +

BWD* . , QMRGXPARQVR FURZ G VAHAH &5 & 3UHW

7LP H2 XW LVERD -XQH 5RANIQS5IR/ IVERD 2 TXHP XGDSOWDRIP GHVHPDQDGH H  GH-XBR
KWV ZZZ WP HRX\WSW

9D+ DAWIHP . 5RILHMAV: 1 RP RHTXHXHQI DAWH@GHY (RRP $ TXHKHQI WHRHAF MG R
VRLBIWD RAWDQG Z DWQI WP HGVSDUW * KHWB QLYHIAW

9DQKRH 0 O DM & &XQFKHO &DWERR/ 6 3IHAHYV) © K\ 0 $& DEGHWIDQGRP [ DARQLY
QRAHORXIK $QDQDOMVR : L) LQHE RINGVRYHY P HKDQWP V , Q3LRAHHEAQIVR WH W $&0 $MD
&RIHHIFHRQ&RP SXWUDQG&RP P XQFDARQV6HXUW SS =+ $&0

S DWPDQO  LExH - 1 7 KHFRQIHWMRQ P XGAS@HJ 9 DUDARQVIQP RRUMN YDXDARQVR WDYHO
WP HZ MWD LIF FRQEAMRQY 7 LDQVSRUAMRQ'5 HADUFK 306 3RIA DQG3WDAMAH +

. DPDQ O &KIQENDDD 9 3 .  GH-RQY * 9 DOXHVR WDYHOAP HLQ( XURSH 5 HYLHZ DQG
P H® DQDOMY 7 IDQVSRUMARQ 5 HADUAK 30U 3RIA DG 3WDAAFH +

D HBSQHU-  / XNRZIH 3 YOHRRM EDVHE FRECERWDAYHARZ G GHMW HMP DARQZ W P REL®
SKRQHV , Q3 URAHHALQIVR WH, ( ( (, QM.ODARQDORRQ HHOFHRQ 3HUDWLYH&RP SXWQJ DQG
&RP P XQFDARQV SS + L(((

S 1] 0 )WDNH7 S5RIJHY' O MBWRQ. HD ( /XNRZIH 3 7UWMJ* 3URELQ) ARZ G GHMW
WULRXIK \P DWBKRQHVLQ AW \FDBIP DA/IDMHIQIV ( 3- ' DBGAHFH  $UAFG

=DOHID $ 9XL1 &DIMIQL$ 9DQUHIMB/ =RJLO , OMLOHAR 7 KLQIVIRUVP DUNAMHY | ( ( (
, QMOHAR 7 KLQIV- RXUQDO +

=KDQ % O RM\RWR ' 1 SHPDIQQR3 9HDMQ 6 $ X/ 4 &URZ GDQDOMY $ \KUH

0 DFKLQH9 IMRQDQG$ SSTFDARQYY +



$SSHQGR[5DZ6HQVRRRUGLQDWHYV

7DEOHSHFWLR QW KIHX WK R U U B RR Y 8 IWHIFRBGOV H SR L DWWHSURG XFHG
Y HUE CDMALIPS W X QHIGHH Q G F O X\8 KBZI DI RXGW O L& UV+ & 0 DQBOO
QHDU G X SOLLADMIMK U H H FRRHDY H@HWQIFGIHRF R R U G IKQEW HWQL O HERV@\H F W H G
FDQRQRFDOHIHFWLRRQUGHULYBGXHME KGHHULY DWHB QR G XFRPODEO H
DORQH

$SSHQGR[)RUPXEDPPDU\
e f ™ —c ebptt_ ™ —c ebpt<
et XWIE ebp [ [ e

Be [ fR AT o2 e 1D Mo Y T@tt B ] B'7e [ fR ATt D S f2
A
G f M A e M A | Vfeefe U o o XVWEXWE
TI\1/ f TMC p TMC TMC ] TW f TMC p TMC TMC

Za for B oot Ef WD ™ oot o o WD FE S o F o

XSk f o dfe "FMSI W = | B ofee et o| . Zatfofd | | [l < " ZoSs 1fe "
X

ot T<ofp ] TTMUBEF oM chWEW] T7M—f o C ¢ hYrY]
fl! ] “h -pX-=c fc ecpYc] Xo &“-A 1| *“-D
f e<€]—p—=—Ff C] 7 I HFE €]~ c-e
| el f o 1fe ol e BFo—| o co—fo
e f e fS W I e [ fie StSTe
ol f 7 VpeSoteol. e N e fool fHitte foof, Lo\ SEZSI%E Z . < 0| " 100 T
JEEF f—fetfe. b S 271 111D ~f2R7 7S 2
Hte f PLE <o p ot'<e 30 -StUi<fl 112

B2 T e —f TfFLZ [ feo —b PACH Zef<E —p et e -
e —f
S5HILPHMIKW % *URZWK #* S3HDN % SRVW FRQFHB®WRVH
(QWU IXHAR KNV WQ F U HIDYHIDINQ &R VW F R QW HAH IRIIKIWWY H YBIRID FIKHHAR

$SSHQGR[6HQVRQEDLOXUHFNOLVWYV

7DEOHBQG 6HFWLRRRQVWWWKRSWHH D WALKRHFDNQVIHWWIBNE S O R\ FF K € R&IH/U
QRGHHIRERRDWYBLIDLOXUH KDRCHIYI@UEFX\E R P D VELWEBLCE\H O7LKQWM Z R
QRQ QHJRWX.OMWHHSHIDKVHKMI® B P S KD \QHWY HH S X ERQYEE O YONA/X U U IDQ\G
QH YPLQ XD FRRQUHGHQFH

$SSHQGER[6&25' DW®BF KH PIDQ ®&J D QV P L VBARHV

6FKHPPO XV W HWIBALKEY WDIRG HP RY H LV B GHIW M R IV DESHRWKR_ PID@AXD K H U H V
XQLVVH[RWUDGWVVBGEDREXSDFDRBLQVWRDOWDIDAPBSBRQHIXQWYFDBFUX]DGE



HVWDGRBVBEORUOUDQVPLYXORNO DHWP L QXWRD OY®L DIHYBIDVW YDOXH
VQDSVHKRWHGK W PLVWAMWGHED O LE DB WU BEHD W W D/HHWGFRI IOLQH GHJUDGH(
VWDZWWHRQILDQFDBF U XRMEHDFNID SR QLG IQOINMMQA®GLYLGXGDWIHYHO
QH YWW FSUHH V RMQUDOM HFW R UL H V

$SSHQGR[*ORVVBRYUHHGRPWHO ODIHIORHQWHOOLJHQFF

7THUPD/UBHIL@HGY HGOWKBEY S HHU D FN HIWH G VS IRR @MYV KIHR U SZXKWH UHHD ALKV
GHY HOR®HIXO

JUHHGRPR 7KH WU XFRNXIDGCDAEIS O WHWKHR Q G L WZRQRAK U D Q V EW WRZBIH Q
VWDWHWVXBDLMWOWMWKHERIBK FHGYN® ROWDRRWDWG 3 ' $ PHDVXUDEOH
VWUXF\WWRMDARO DJD O KmHNV S

SHUFHSW2RRQDJH QYW IV EXGHE H U V WRIQ & D Q OIEVBHIQ RWD ¥ H Q V EQXW K H
FOXVWGE UIHEBU H QUWHILDARIYGI BRVVLE LOHORGD/IDOKmMHM O U ,Q
WKEMSOR\ ZHKOWKIHS S FUHBQGD VK E RIDDUIN¥L VLEOH

'LVWRUWTLRQYHU\W KMIQOBW J U DG KXV D ELROIBWWEKQFHUWPRPLQVQAIRUPDWLRQ
FURZGEQIWEQ®LJQDI/MHQWRLYIHOHUURHW ZIDUN XDIRN LV LEFOWHUQDWLYH)V
TKAXDQWYWWXEV\VRWMREN SARUMBHG XFH

) 3' /DZRI)UHHGRRDQRQLFD®HULMHRPRQRWR QIFOLOM FRYDQGDQFH
VHSDUDBHEFRWKBV)RXULHU )L FINWBMFY VU M BIL B! DIJHQW SBHYHO
RYHU WULD@®WQVLRBEGTGRQW W U BDWIGROQWID WRIRYV X UGVEKWD P H
XQLWK LWDSXUHXPEH @KL AR KDAWHRQMB DZRPSMFR U U IDGR Y XOHQBFLUF X LW
9DOLGIFRRSXWDW RRODOFMODRQRVY DJHQW GHNIDGIS UR G WKHIG H
LQGHSHYWGAMWORIDIDOKmMHN R X

.’ UHFXU\WLLYAH WH[GR Q H QY8 R Q HAWVKHH F X UW[MYHHQ MLHRH)G R B ' A’
LQVSLEAMBPEHUWVHO! UH | HULHPRWU B 6 \WM KSIHANBSHHIE H DF MREQLIVRZ Q
RXW9KW\WBIBQW YOLHO/SHV + OHORODIDOKmMHR W

IDOXRVVUHHGRFRWHUSUHWLARHW KHWDWLR FROODSWH FRQVWUDLQHG
QDYLJDWISRQEDODQFRH RSHQHOMKHRUHBOLGODS S MARH VW UWD DRIV
7DEOBRRDOLEWKWHEKROGYV

SDWIKDSLWDO$SVWE X FIWXD Q QLR \RQL B/ISLIMMRCHY D L O DRADQDH [WW D WRHP
WKRXUURQRBDWBVH . WKRRX®WSRVVLENMMHRMUMYWHWHWNDFKWERSH QM WKHU
WUDQV LOWMIORD YD JD OKmHN W

SDWEKK\VLFORZHWDVH ERXQ WHRGEMWW K3HO D\BRR U U LIDZRES U RWBKO XVWHU
SK\VLEDOHKQYG DWDOWOOMWXUPBWRRPOBHK HWLW K B UM KG1L VW RW MBIRMOQ R W
ERUHURXWKH® XJK

SDWEKYDLODETZIOBBWLPLRMWWHIDPHZRUNWWRWD QVHWMMMRRHUKHLUVW
FROGLRVMDRR@DYLIDVBOHOPA ORIDIDOKmHY

3DWKOHV VIKHYR/X QW H URDIFARXIASW K B X W KRV U D Q V LKHIQRBIRG \Q DP LF V
LQIRUPDRMILRD RURENVHUY BWLRHGFRKHUHQW X GRER BISR \D\EIZIRWID G
OHO®RODJIDOKmMHY Y

IDYLIJDELOKWOHIJUWRKLFB V\VWHPWD WBIEHWUDY HEAMHNEYIHQ WYX H
FURVV GBBRBISGNIKAR U SOQL | LHHVOR D J D O K m H[V



/LJIKW H/DAW R K HS D WRKO H DSHA F H UG V W DOQRAWK R U VDHRWIW W HADVID Q W V
VZDUPAURZ®WY G XU UHRWQY HRIQGH. WK RRWUG L Q DWQRP D ID O KmH X
z

JUHHGRIRHOBGKH SDWAIDWNV U L RXDWIDR@PEWKK BI\W FIKIH QWD G R F DW R M
VWU X FRMRQUDLAW. RMU R WHO O0KH 8@FBIJ D O Km HW

JUHHGRBRWHOOLJHKAFHYVHDBDWRIUDPRIBG HVLIQ VRLBIRHAHRMUKM K HRWU \
SDWKDLODEHOEWSGVLMDOR QWY RIDWQABRX QW HUFBRWEKHDQ@REO DIDOKmMHV
D+ DE

YORZQWHOOL JH@FSH UD W PRBQBI® H QRWI\M HRE@RV H O OLLE I QWL HIDRHK H
F\EHU S KO/ \RADKY MQ VAHD\O L E DIYW H BLXHW H U B Q BX\\L\G DR Z V

%DWKURRE )ORZQWHOOLJ)OREBWHO OV SH® EBW RWVHGEWQUDVWUXFWXU
TXH %M HV VRRAAK S DADA\W DQ B R X WILFQUIR& ¥ O X VIWW ¥ D S HVU WW H P

)/53 7KHRXU ORSHHW DWW Q X FYWXHHG S WKR SRORJIRILFRYMOWHULQJ
S5SHODWERQVGLQDIK\RQBWU YV LVWWHOMWBHQHH DRUHADREY H ULYBIKBY HUV H
OHORODJIDOKmHRK ]

) GHEWKHHDVXUBRERXBRWW XSSUHMVWHGRWLAH EDORRYWLESBWKYV
UHPDURSHUFHSWHEPOWW (RI6 HF W LLIRKV N V WILRADRO

&RXQWHUIDEDWXE 6 D WAKKBIJ H @ R/X GUARKD YWID N2H R I W ARX Q KD YWHH HQ
Z LW KW XKWV W HERMWKYH V LTECHM KE-H WEIWHDLL GFIDEXYMV H U

2SHUDWLRQBBGRRRQFHSWHNQRH OHDHONEYW L O BPGH FLVBHUFHLYHG
$OWH U Q DIMWIWRIVBH.RWL REG H V IERP S DYRIVL W WRIGH O

':DYHUHJLPAHQHRIRXRSHUDWIHHRQBRGM KW RZVBKDBRVW FRQFRWHWQLQJ
WLPH GHSEBERQIGHHKWWY L WDOLEWRNVNMWBRBWDIIZRQEOH

JUHHGRROODBKNKRHDN UHIDUIRORKREBZD YBIUULFEGWH U GIDWMWVR BERMGA H V
WKHRWLPBHRAHDO DQBTXHXH\VWDOOLVHYV

(QWUDQMHRQVRU 0 8 IRGBWVHFWIDRSE VR BINMKY L PDXAHHSHU H V VIXQUGH
GHWHEBDWIM RQMIVKWHQVULRG I2AM. IKMWMHBMH DN 3RVW FRQFHUW

,QWHUNRQVRY 0 0 8 1RGHQVLIBWHFWYRQ L GDRWHRE 6 X S DINFEG
SUHY BQOWVHUYRPHLBRRNMHEFFXSDQWYV

6HFWLRKIXQRW DSDPIQBRXWRROH IHPDOHRXQLVSI[6HFWLWQXEWXUH
RSHUDW GRIGR @B D FDWTGKM)GHQ DP GEVIHDEOH

DLWLQDODORZDQ¥SHURSHUDWZIRIOWIOQJ TXHXH G OR ¥ ®BOX VLV KIH
RINILARLBRX SDQPLMWEOH RWIOIFD SDFICWSHUD

6HQVLOYDGLXRZIDDQR GH VWR@ND GEAY LE66, IDWHBRWBOLEUDWDEOH
P TDEOHRWKW DPHYR5DQJIH

/RE5DFRPPXQLFDWIDRQJHRZIDW QRGHEBWMHSRUWUQWHVIDWH2D\
NLORPHW U CRB®RIER Q G L WARRRW G HRUF D J Q L WXIBHIWHKI/M Q VUQ S L X V
FRQIODMWKHPOG HSOR\PHQRU

&RQILGH@PHW/KHSHU UWROKMMVRUHRPUHVKOAFRPSOHWHQWUVUDQFH+LQWHU
DIJUHHPM@WE LMCHAWMKRHD O MK ORFBRQR@ HDQ@QFRHHIL B RS HURXGWLSOLHYV



IXVLR@ LIKWXE O LDKIHR/Q J HLYGHY\D O XHR O O DBWBINVH | WRR 1 1 O L EAHIX G H V
UHWURDHYRYW GOMPD QXIDFWNUW®GLQW\

1HJDW IEDHD L E U D WKHRLGH GGV F L ROEGIL HWILIQIO BVAD L VE QYL WRUMWHQLQJ
UDGUHG X ZIHQJ KWRZ H FRQ@JI L G R Q PH @ WIIRIE BW YIS X EO ROKDQX H V

J)LYH PLQXYWBOD@BUD3H 7KH WDEDDLMISEXE OLDKQHGS R U WHGDOHH
PLQXPMHD QQH YBIDVW Y QDS WKRWWLQ G RS2\E OR M K LQIRWIV OM D

&RQILGH@FM W3HU HVWIVFIRWMRPIUHVKQARPSOHW H@QWMMID QFH+LQWHU
DJUHHPHQWDE L O/IHMQ\V RRHDOWKRORFDRR®IQGHPRHGUHILPHIRYHUQV
SXEOLVK GHJUDGH RIIOLQH

4XHXBUHVVXUHWPD[ 3 i &DSDFLW\7KUHKHPRRGVKHEGRNYHDYHFWLRQ V
WKUHVKW KRG HU D WLRIQIIRBIBR X WOLQXHIO HU WV

&DQRQLRD ®DUNH2ZQ K XE ®IDRU NFHHEO X VMR X WMVERXWOLHUPIHGWHQY HG
RVHQVRIW®R U G LOIDAKHY XBDYOH U WIHXHYR D VOW MBIRID FW KSAX E ® DFS

$QRQ\PRXOVJIUHJIDBWWEOR X QAU VIRKE. G H Q W E RRRAHS)MIY WBHHG PHR X W VW LIBH YV
PDWHVEBSHVWLQRW®VHXGRQ\®RXNMETHWOW RUG IBQ W HIY. HKIDW K HZ&K L F K
UHPDBE VYV KE@NWD

'DLWL@UD[7KHULF VBIDRIGW L FEHH Y HD'W W HIQ( &M P D Q DUXKEX/NV W AT R H X H
WLPHORNVEHULHQRMIVOX®Y L \R@® QED O D\KHHH W

3UHV VXFHR URL Q 3 V WW K3X E O L RISHIG D WILXFO@DADLQARDNS H R FAREK Q W
%DQGN ORZ+ PHGLXPt KLJK FULWLFDO

(BQRUP ,BQRUP&DOLEUHB®WGDMFEL QW H WHIMVRNWL P OVRIW D O EV FAGK H
ZDLWLQJ D& MKNWRAE Q/@ KSK \V L ¥ B DWAIRSD FILHNAS H F W DEHDGA W K\HW H S
WKPBNH VS HR SOIDW KH JWWLQPBRW& DQ&

ZHLIKWERMHQWUDQFH GRVPLRBOQAODWR ZVEKDNQBRVW FR®FHUW
HQWUDBHVVXUR LOQWHURRRXSDQWFNILPH ED@EHGDEOH DQG
FRQILGHQFH UBRZWLRDH® 6 @ IF & WHRMVY HQ W HYUDLR IUGNDKAHH YWH

2FFXSDQMSUHVVXIZHRGLITHUKQWWKRQAQXQ@VKKE LQWHULRWWDIEKGE XH
IRUPLQGUIQWUDQFHKBHGEGWRBWLPLRBWMKWHFR@EFDXMMW LNODI@W X HXH

IRUPDWILRR@K OO QH VYV

"RUVW VHFWLERKX E GFLCFX VSAVUHRHY VXU HT ZRUVWFWLRQT DYHUDHRWLBRQ
VD W X U B WIHBHF WPLDRNIMWWKHO X VRV GIHW D W SRIQE O G D MVVKRD OH. G ML Q H

‘DYH)ORZ&RQW URKOW HF K Q FORM JRKBY S QWU R GXRKN QR Z O HGHH
VHQVEQOLE UPWHRIFURXRMR QSULYDF\ S U i QMWUOLBNHBERBEKE H U \DIQIEQ G
FRRUGLODRZAHG IGRYHNQODUBK\VLASDFHBWRSHUWDMW UHJRLPBIUH
FDSDFLW\ QR BR D OLG/HIEF HF © RR/BIEBERR\RVE H GSAH N BW\Q FD S IFE@X G HV
L QG LY MAXDFIF D@ HQD O \ BVAFFX/ DR U D BV IUHP\D @ I QUWAD V W U XF@WKSJBHR \ H G
PRGXO8H %DWKURRRZYWH O O BUHRGEHH DALY RIZR W H O OIIRMHY MHEABOD Q W D
6PDUWRPHYV

YORZ7KIBK\VLERI®QRPHQR/GIOR PRY LIDLWERQYHUGLQIH WRARXIS\LQJ
HQWHWHDIYTRB X LHURSHUMLMVOGHSHQ B PRIW DX UH FB Q WRIRHQW X P
DQBDYHVRQVXPHESD BLOW L PHF O X GHIVVGID VKERD QB VW L P2DW K RDAHHN V
VKDGRZV



6P D UGD WDK ¥ W D E LROH. IV V)GU H® BI\RWY K\ W W MARCHY H UBMHKOD VW HFRR G V
UDZDOXMHRPSXBHEHQVRMWUHQGHHFWSESRBOXVIVGIE W KBIOO FORMWHO V
IHHGMOKH.YH PLGXW®® L WKHHIGHM SHUMLIFNH W DWHHHUHVSRQMUDMFKLFDO
VDPHXM@HMYHOHY MOKWVR QI S XWRI Y HE X E OFU IDEFOXGUDXHFRQG OHYHO
GHWHFWLRIVH VB QNIRYY D ORGIGMKID QB\H F O DUWHIGK Q H V V

6LQJOH VHRR/GRW7KH RPSDFW FFRMWHWRYBRA U CHR/GIOW L JKDVG L X V
FRY H UIXQUXGIR R U ZIDQ GQ W HAK HRWHMH F W IGRH® WIKWIW KL G P 3URSHUWLHV
SUHVHRFFXS DHFW L P DV BR@ N E@H DD WWB H S O(RF O X GRHHYW U D@ BVE. P H
ZDYHJHGLFWIGRB | L GHOQWM LIKWHQXH OHFHALRDYSENGHVLJIQ

S8QLVISIRROLEKDUHG RBEHUPRIDRQXVWHU : & W X U QU DRBX H XIHYW R
RQAXOWL VIHUHXEHUR S H UWIWALBIW LPYVOLWF IDSOOMHIDR Q8 B & X FHIRSD DBIL W LRYIH U
VLPLQXWHRQ GH UL QVKHKH QPR G HRL J KXW L O L RDMKMMHR® FD E L RWT X LBH V
GHVLIX® O HQ FDMEV®WHK VIDMON H QEGEHDWIN. J K WRHOGHHDGBE LFQQIH V

,QWHO O L JHQNFHO O L HMAKIE 1 S FAIUKAD S D MLRAHW KOHL J K @ BIVEWW KRUBDH W ZHH Q
GLVWRUWHEBKAH FKD QWY PN KBV VW RQUMW KMWEHHRD L V



	Abstract 
	1. Introduction 
	2. Theoretical Framework: From the Law of Freedom to Wave Flow Control 
	2.1 Thesis I — Freedom as irreducible cause 
	2.2 Thesis II — The Law of Freedom: F = P/D 
	2.3 Thesis III — The FLRP architecture: reality as a four-layer operating system 
	2.4 Thesis IV — Mutual dependency of cause, law, and architecture 
	2.5 Thesis V — Intelligence: the mechanism that makes distortion lighter 
	2.6 Waves are the visible shape of freedom under constraint 
	2.7 Why does the universe navigate? The non-navigation counterfactual 
	2.8 Values of Freedom: interpretive regimes 
	2.9 Paths and paths: the endlessness distinction 

	3. Background and Related Work 
	3.1 Crowd dynamics and pedestrian modelling 
	3.2 Device-based crowd sensing 
	3.3 Low-power wide-area networking 
	3.4 Queueing, waiting, and the value of time 
	3.5 Privacy and data protection 
	3.6 The Freedom Intelligence research programme 

	3B. Flows and Data: Why a Flow Cannot Be Faked 
	4. Case Study Context: Rock in Rio Lisboa 2026 
	4.1 WC cluster capacity and operational limits 
	4.2 Queues at Rock in Rio: the public discourse, and what is different this year 
	4.3 Gendered waiting norms, unisex pooling, and its risks 

	5. Problem Definition: WC Queues as Flow Friction 
	6. Site Geometry and Geolocation Dataset 
	6.1 Coordinate system and venue polygon 
	6.2 GPS limitations under festival conditions 
	6.3 Sensor coordinate dataset 
	6.4 Canonical WC marker generation 

	7. Hardware and Sensing Architecture 
	7.1 Node platform 
	7.2 Communication range is not sensing radius 
	7.3 Why private radio 
	7.4 Sensing topology 
	7.5 How the node works, and where it goes 
	7.6 Why these sensors, and why the alternatives lose 
	7.7 Electrical and operational safety 

	8. Methodology Overview 
	9. Calibration Method 
	9.1 Why raw counts cannot be published 
	9.2 Estimation model: from counts to operational pressure 
	9.3 Negative calibration 
	9.4 Four temporal regimes 
	9.5 Phase-dependent divisors and fusion weights 
	9.6 Reconstructed calibration per cluster 
	9.7 Alternative estimator formulations 
	9.8 Heuristics and metaheuristics: what runs live, what runs at design time 

	10. Wave Flow Control: Wave-Based Calibration and Freedom Collapse 
	11. Flow Intelligence Pipeline and External Reporting 
	11.1 Failure handling 
	11.2 SCOR/Sensaway data schema 
	11.3 The public app layer: plantarockinrio.com 

	12. Privacy and GDPR 
	13. Results and Observed Outcomes 
	13.1 Operational outcomes 
	13.2 Strategic outcomes 
	13.3 The product in the field: interface evidence 
	13.4 Findings: real, and strange 

	14. From Flow Measurement to Freedom Restoration 
	14.1 Three counterfactual vignettes, priced 

	15. Comparison with Alternative Technologies 
	15.1 Why approximations are better than certainty here 
	15.2 The value comparison: what each euro of each method buys 
	15.3 Why this, not that: the design-decision record 

	16. Economic Value Model through Freedom Intelligence 
	16.1 The value of an hour: three converging anchors 
	16.2 The queueing mechanics: why Peak is a phase change, with an equation 
	16.3 Why redistribution creates value: the convexity argument 
	16.4 Aggregate recovered value and its sensitivity 
	16.5 Perceived waiting: the information term 
	16.6 Spend displacement and secondary value 

	17. Transferability to Global Events 
	17.1 From WC queues to all queues 
	17.2 The intelligence-first festival: structures follow flows 
	17.3 Target clients for Wave Flow Control 

	18. Sustainability 
	19. Coordination Playbook for Future Deployments 
	19.1 Flow Intelligence for Festivals by Planta Smart Homes: how this is sold as a whole 
	19.2 What a festival hires — and what it does not 
	19.3 Day 0: the calibration day, and the prior study it consumes 
	19.4 The four-phase daily calibration protocol 

	20. Scientific Novelty 
	20.1 Why Freedom Intelligence, specifically 

	21. Lessons Learned 
	22. Limitations 
	23. Future Work 
	23B. Why This Matters: Liquid Innovation, Rock World, and Everyone 
	24. Conclusion 
	Acknowledgments 
	References 
	Appendix A — Raw Sensor Coordinates 
	Appendix B — Formula Summary 
	Appendix C — Sensor and Failure Checklists 
	Appendix D — SCOR Data Schema and Transmission Rules 
	Appendix E — Glossary of Freedom Intelligence and Flow Intelligence 

