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5K iLab SLIE

%l & HKU iLab i KB59:85% : The urban big data hub il_ 3 b | @ HKURBANS
= Director: Prof. Wilson Lu 1T SE4#0S b
@ Urban big data hub at Faculty of Architecture, HKU j& X2 FFx

iLabHKU

= multi-dimensional and multi-disciplinary urban big data collectlon,

storage, analysis, and presentation to inform decision-making in / 3 fac.arch.hku.hk/iLab

urban development
= Focusing on information technology (IT)

o Building Information Modeling (BIM)

o Geographical Information System (GIS)

o Global Navigation Satellite System (GNSS)
o Urban Remote Sensing (URS)

o Internet of Things (10T)

o Blockchain (BC/DLT) 2020 New Year dinner
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China




& 0.2 About myself HEJ 14

% & A mixed background ¥ 5¢ & Engineering T.F#

Lab = BEng in Automation, CAUC | oos = ISE, CEM, EIE
= MSc in Computer Science, CAUC 2007 » ® Computer Science F1HPl
= PhD in System Engineering, HKPU 2012 = Al, OR, ML, SE, DBA
= PDF/RAP/AP in Construction IT © Economics 3%

® Research interests JjInj l
= Automation/IT in construction 25 &2 B
o

@ Urban sensing and computing Im1T8&

= Applied operations research, ML, etc. (LIt &
& Professional ¥V pr2 gy

= MACM, SMCGS, MIEEE, MHKGISA

@

Xue, F. (2020). Blc%(§ggfoé(§sM;tunl§l’t}g Mt‘-c((}\%§§ %‘!\Mle@]p&!n) BIM Conference - Youth Forum, Hofwepagefob 2tefinupdatésiffree full-texts)
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B 0.2 My research projects EFFIIH (£9500/7 % )

iy

® On-going fEWF ® Keywords Jgdin]
iLab
: @ Pl: HK RGC GRF/ECS (17201717, 17200218, 27200520), HKU (102009917, 201910159238) 8] BIM/ CIM/ DTB/ DTC
@ Co-Pl: ITF (1ITp/029/20LP), Key R&D Guangdong (20198010151001), HKU PTF o BrrZe bk
102009741 i .
( : = 3D point cloud =4k =
= Co-1: NSFC General (71671156), NSSFC Key (17zDA062), HK SPPR o
(S2018.A8.010.18S), HK ECF (111/2019) = Derivative-free
® Completed 5EhK optimization (DFO)

= PI: HKU (201702159013, 201711159016, 201811159177), HKU-Tsinghua SPF (20300083), = Construction blockchain

= Co-l: NSFC General (60472123), HK PPR (2018.A8.078.18D) SoyrsHKASS (k)
® Job vacancy (1 PhD + 10 RAs openings) LY (YA 7S ‘
= RA/PhD (Web BIM, LoWaWAN/NDb-10T hardware, Blockchain, software
engineering), transferable to PhD (vision, rigor, & performance) e .’TF -
= HK$200,000~400,000/year KPGD (05M)

Sponsors of grojects as P1/Co-PlI
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China
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B 1 What is a blockchain? g ¥ ~ =2
/| & Blockchain X} —

ab = Linked-list-like incremental data storage systems
o Saved distributed, identically on each “node” /'";'ﬂ-::' I
o Verified by “miners” for rejecting
o Each “solved” EI284 becomes immutable | =
= Less related to (%) Bitcoin HA¥Th, 4 Ethereum BAKYi, DApp |
= Maturity level ) time
o Blockchain 1.0; 2.0; 3.0; 4.0 (?) ... PRIH? WSR2
® Three old components “wine” in any blockchain “bottle”
sects. 1.1, 2.1 @ Distributed storage (1970s) 7570 T &
Sect. 1.2 [m Consensus mechanisms (1990s) 115 #2| =

Node #1 "
Sects. 2.2, 23 @ Cryptographic tools (1990s) / smart contract (1990s) DDM//\Q’j\‘ S Bad

Diagram of a blockchain
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, T{inimershivielden)
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® In database management system (DBMS) domain, |
Lab the 1970s contributed

= New hardware

o Hard disk computer HUbEE{L

o Solid State Disk (SSD) 1970 FZ&xmli#:
= New software

o Relational DBMS
o E.g., SQL/DS, SEQUEL, DB2

IBM System/38 (1978), specified database computer
. ) v (Source: Wikipedia.org, Author: CarstenSchulz)
o Distributed data storage 434 S AF GRS

o Rosenkrantz et al. (1978) resa
o Hevner and Yao (1979) I ="
= New data system: =l = [
o Data warehouse |

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 N%@Qﬁmﬁmaﬁﬁwﬁﬁ(@ﬁiﬂﬁce: Author)
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1.2 PoW consensus [2])] T{EEUEEHILH

@ Invented against Email spam (junk email)
iLab

EE

= Appeared in early 1990s
= 90+% world emails were spam by 2014
= Reason 1: Spamming cost ~ O;

= Reason 2: Assuming-people-are-good Email protocols
© Dwork & Naor (1992): ‘Proof of computational efforts’

HSHEEW] £ ) don’t know you and you want to send me a message, then
you must prove that you spent, say, ten seconds of CPU time,
just for me and just for this message.” (Dwork et al. 2003)

© Jakobsson & Juels (1999): ‘Proof of work’

LARLED Where a prover demonstrates to a verifier that he has expended a

certain level of computational effort in a specific time interval

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China



1.2 PoW consensus: On hard-to-solve, easy-to-
B check math problems — —NPC|r]&H

o

d DN

® Sudoku puzzle Ek A an
Lab = Each column, each row, and each of the nine 3x3 grids 98] | || 6 |
o All nine digits (1-9) 3 8_5_3 1
= Hard to solve, easy to check / .
6 28
= Nondeterministic Polynomial time-Complete (NPC) whenn > 3 [ lal1]e| | 5]
© And Max clique, Boolean satisfiability, Subset sum, ... 719
ENPC (HFATEEREME: NPTEO)
® And, e.g., hashcash PoW (Back 1997; 2002) Wi “Tfeiibll” SCHR
= PUBLIC: HO k ([ PUBLIC: hash function H(-) with output size k bits
o k: difficulty | T+ MINT(s,w) findz €q {0,1}* st H(s]|2) o, O
= MINT: solving = O(2%) complexity return (3, 2)
] ] V « VALUE(T) H(s||z) =, 0F
= VALUE: checking = O(k) complexity | return v

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conterence - Youth Forum, 11 November 2020, l'alyuan, China
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! 1.2 PoW consensus: How it works
& Proof of work (PoW) TAE S UEI]

iLab
= A class of consensus

L

= Sender / prover / miner side

o Hard to solve (e.g., Soduko, hashing, ...)
= Server / verifier / node side
o Easy to check

& Examples Bilf (ZLHEMIB, WAEHBRBUBELinux Lt )
1. Hashcash PoW (Back 1997; 2002)

o X-Hashcash: 1:52:380119:calvin@comics.net:::9B760005E92F0DAE
o| $ echo -n 1:52:380119:calvin@comics.net:::9B760005E92F0DAE | openssl shal
$ 0000000000000756af69e2ffbdb930261873cd71 (v correct; 13 hex (52 binary) 0s in <1us)

2. Email attaches a key to the Sudoku’s initialized by sender + content + Email time

PROOF OF WORK

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China



F 1.3 Nakamoto (2008)’s Bitcoin [3] BTCEFEINZE

@ Bitcoin = BC 1.0 app l:h##fﬁzlx y{%l.ol‘\z _mbeai Hash? Time? Transactions?| Total BTCY |Size (kB)?
1ab 356987 |141a6f95b2. |2015-05-18 13:28:14 [ 1714 17353.00313324 | 749.227
e @ Immutable 1‘ nl %i& 356986 |13cff723ec.. |2015-05-18 13:11:53 |2114 2380524520712 | 749204
356985 |11282a2601. |2015-05-18 12:27:49 | 594 6119.90095486 |392.306
— . 336984 |140b0R27H9. |2015-05-18 12:20:14 | 1087 7849.33374079 |544.102
=1 block = many transactions 356983 |dleasbelc7.. |2015-05-18 12:08:01 [830 779927270534 |455.006
& 1 trans = 1 sender + 1 receiver + amount 356982 |76634b52be | 2015-05-18 11:58:42 [221 1706.08443753 | 152.745

o Pt X3 CEE1058—A, XMERCLRT)

® Anonymous {44 / -
= Hash “wallets 2. eI — AP

Hash of Previous Cryptmlglaphlc Hash Hash with

Block Header Fu"gﬁ;_;;? # ™ pifficulty Target
. Wi =l v
® Secure (and expensive) Bf&E (%) e
. = 3. Merkelp§ ! LATEST TRANSACTIONS

m ~ 125EH/s (1.2 x102° H/s) computational power SR | A B%A BTC

1isA2IXgjTUw 1162Tqm53p5 0.01
Ol ~1OOTWh/year [ | 1503"3_h51\.n\r:f... 1ANNASCIX3T... 3...000;“

o 2 x Google, 4 x Ireland, or US$10B bill |”:"| |H":"| |H":“| |”":"| 62

® Decentralized (pseudo?) (fh) = |\| [>2] [pe] [ :
Xue, F. (2020). Bl@@a%fo?(]o@ér%tii)nirgn ngca/I§§%rz!Qh&lpdﬂﬁggl\(glgeggcg%w Forum, 11 NovembelflzOEWQEPnthﬁmi‘jiai
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1.3 Bitcoin’s consensus: Nl “{ZH H&¥
® A “miner” is a prover " L.: FHHIRAZS K PR ({":’WE&I‘E‘“’“‘I:_“

Puzzle

o L

’I[—ab Metwork server
= Solves the hashcash PoW S '
o Data content = trans + hash pointer
. , 2. W8 “¥zEm” 3. BHER
o Return ‘nonce’ to server (q rQw (Q}
= Receives reward as BTC | = [ cindikitbes Checks solutions
y=f(x1) € wrong
® Server / node validator Ik 5% 2% /%% P Bk 4 BF—AERN TR—EE 7 2o

= Collects and packs transactions

= Opens a puzzle for millions of machines

o Flexible difficulty: every 10 mins per block
= Awards the winner with 6.25 BTC (now)

® The ledger (> 200 GB now) SIKHL

IE L iVe O n m i I I i O nS Of d eVi CeS (S pace red u n d ant) 0000000000000000003cd2ad5f4092639cB04bB0a09i64 1 28c50e5abd

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference-Y_ ... __ ., . . ____, .,



B 1.3 PoW’s cons: 51% attack and more 3+3E100%Z%£

o (by US$1M goods for free) ‘ ‘ . ‘w
@ Can succeed if > 50% computing power

® Other cons HAth ] PoW 51% Attack Cost

i .. :
id & A malicious miner ;BN 1.

= Tries to modify transactions
o E.g., change his/her-100 BTCto 0

MName Symbol Market Cap Algorithm Hash Rate 1h Attack Cost NiceHash
O Competitiveness between miners aitcoin 8iC §129388  SHA-255 BSTIPHAE  §582622 %
Ethereum ETH §525a88 Ethash 216 TH/s $364000 3%
o Root cause of 51% attack
0 TOO much energy COSt Litacoir Lic $6478 serypt 300 TH/s 1%
- - Monaro XMR £2518 CryptaMghtV'7 370 MH/s §20048 145
=21 million hard cap BTC R
IE] Easy COinS before 2010 Ethereum Classi ETC S1508 Fthash 6 THs 10344 e
Bytecain BN $9BE24M  Cryptabight 164 MHE  $637 219%
o 97% bitcoins were held by 4% of addresses .. e R

Xue, F. (2020). BlockchairﬂorRﬁgﬂﬁKﬂﬁSStlQﬁﬂih@Sﬁﬂ;lﬂ]EﬂgiﬁteiFﬁﬂjna BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China



B 1.4 Blockchain take-away /N¢5

%l & Blockchain = a (distributed, encrypted, trustworthy) database X3 = BiiR)
Lab .. . .
" & Some characteristics meet smart construction requirements

= Immutability

= Distributedness

= Transparency

= Security Bk () XYEEAR “hs#h” (2) “hEmh” AR
© Blockchain is not equal to “crypto-currency” (not currency)

= Good medium of exchange v {ET3 5 20,000

& Poor store of value * {/MEfEZ

o See the right picture
= Inappropriate unit of account x {SFHRIEEEN |

o Countless new ‘coins’ (> 5,000 now)
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 NovemberRi(ta@,i'ﬂap'piaue China
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B 3.1 Case 1 ZH#1: Procurement K (Yang et al. 2020)
id ® Construction procurement ¥
iLab

= Multiple parties, distributed
= Having possible trust/compliance problems

= Involving payment, quality assurance fitinse

® Yang et al.’s (2020) example etz | PRPS———
= Purchasing a distillation tower SLZXIEE o | [ | —
= In five steps o N |

® Objective HIY | oitltontower | | supter [~ "o T
= Blockchaining the procurement S I LY p— s cntmcping e

o E.g., “pay AU$ 30,100” _ | |

= On Ethereum (Blockchain 2.0) as a 1.0 way ™" [ = i W it opedini ol

Processing of purchasing construction equipment

Reprint: ith permissi
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, gl%ﬁ)vem%%rvgogopgaiyugg, SHI)na



3.1 [1]) Data storage 7#{i&: From 2 to >1 million

® Model mapping as a smart contact JiFEHE
= Modeled in “App server”

2

= A “World state” computer in a Ethereum “virtual machine”
® Data in the application layer (top left) Z¢H%
= Two parties

= 6 world states, 5 steps g i E
&® On chain %L Two parties A gz Data saved by >1M users,

& & each user has one copy;

= > 1M user (data copies) ‘e Ethereum Network
= ~ 30,000 similar smart — ST Buried in ~30,000 smart
contracts per day m i i i contractsfday
: : Smart contract Ethereum-based architecture
0 Loager (Reprinted with permission)

Xue, F. (2020). Blockchain for Construction in the Post-COVI_bulsmesmpaununurmuasd___________ . . ettty a ter eaaimen M vy ey aan) aaaaae

N



B 3.1 ETH transactions DA AIHHYAS B

Step 4: Receive the equipment

‘¢ & Each step is transformed - =TT
iLab ] L : 5
[m] TO a ETH transactlons -Zl‘ac‘:r.ltss‘f'l?és.‘arDEE&H:‘aﬂ.'-auiiimrh???*HE!«-‘uE." N l " ,\ r—- - i.\

sroarhire 5
+0.000069

& ETH’s Transaction fee  ercuemen | s
team ey
= ~HK$0.1/ step e .
= ~HK$0.5 for each procurement | . f o
- address: e 3008 156LCOAFANBAF 3120 2o A04bAESHSIA02 R'4 F-4
@ NOte ) Step 5: Completion of the procurem?(
= Payment was offline / —
\ - - = 1

‘‘‘‘ —— +0
0 addriss: OxTSAT30DBEAN2AADBIIIECHB2TCTTTIIE S
DETALS
Productame
0: string: Distiation Tower JeOIRER. LRI S —— +0.000052
curement it B
L8 . i
st 77 s w o b GEb 1 e
C.8 n =
-5

Procurement (Steps 4, 5) was transformed into Ethereum transactions

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. Th (Reprinted with permission)
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B 3.2 Case 2 EH2 : Supply Chain LN §# (Lu et al. 2020)

id ® Cross-border construction supply chain K% X VIt EE
Lab ® Trackability and traceability B iBE#PE: | —Ilﬁﬁ‘lﬂi
= loT 4BX M
= GPSHL}FEMIES
® Problems [}

& Unstable communication

= Possible false signals
® Luetal’s (2020) blockchain solution

@ Smart contracts PUZEEES LY R ottt .

o Service, aggregator, oracle, and reputation Source: (Lu etal. 2020)

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China



o

B 3.2 Smart contracts HREESLVHE (EfE+HE)
#“ & Two on main chain FEA N EY
ab = Service iRSS
o Data inquiry
@ Aggregator ILIHEES

o >519% SCOs for consensus

® Two on side chains A 206852

= Oracle /AiEE i :
51 s 7
o Unbiased randomization JoiuBiPLiL % P S
= Reputation =2 i R -

o Accumulated reputation over time B R

Ll = T e R =

Number of Data Requests

® Results: Two-chain secure of IoT locations consensus

——C1024 —a—C1029 C1030

& Note: (Lu et al. 2020) is under review, citable Source: (Lu et al. 2020)
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China
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B 3.3 Case 3 EH3: BIM changes BIMZEE (Xue & Lu, 2020)

® Rome wasn’t built in a day; so wasn’t BIM. “BIMAs %ﬁ‘?ﬁ@ﬁiﬁ@”

I.Oﬂ.ﬂ['hl
\-WU[ ] I.OHD UKy
Preparstion & Brigl
I.OO( ITA) LOMD 2 (UK}
object Concept Design
LOMD 3 (UK} l.ODlW[UW
Developed Design Symbolt representation
LOG D (ITA}
Detaded obyect LOD 200 (U m
e @ Xue & Lu (2020):

;‘;",;;; WA AG00MIGBIM, 57 Big
oo o B ife B A R SCHEH90.01% .
o031 Pibk, B BB RS IREA BIM
v, 15 wIRASr B IS B X el 2L

rmimasnen LODE(TA)
Specific object

tonos v et (BIMEBER/AR SCE )

Lo &)
LOD 400 [USA) Handoet
Fabwication
LoD 500 USA) LOD G (1TA)
A Updated obspect

Xue, F. (2020). Blockchain for CotA-HRGEEMentBlingROmerty. (B) M gaometiec R geometrs semantics(kliso20 42 uan, china
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@ IFC (Industry Foundation Classes)
= The best open BIM standard
= STEP (Standard for the Exchange of Product Data) format
= Clear, [hardly] readable
= But massive, involving many random global IDs

® Our in-house program for the SDTs. i X225t a

FYYES1: HERREHLID T8
FRES 2 R MELE

iLab

procedure compute_SDT

input: ifc,, ifc, /I lFC changed between t; and t,

1 o, +— semantic_interoperability ( ifc, ); // ' To call “*semantic interoperability”
2 o, <« semantic_interoperability ( ifc, );

3 o* — o, N a; // The intersection (unchanged) tree

4 Oy Ty — 0% // To purge the unchanged instances

5 0. — T, — 0%

6 A, < tree_diff (o, 0,.); /! Difference between changed objects
7 return A,

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conferen(eXﬂ(e&[E‘urﬁ&ZDl)I

7 3.3 Semantic differential transaction i& ¥ =50 &

1SO-10303-21; Exam p I e I FC

HEADER;

FILE_DESCRIPTION(('ViewDefinition [CoordinationView, ...);
FILE_NAME(‘example.ifc','2008-08-01T21:53:56',(‘'Architect...);
FILE_SCHEMA((IFC2X3Y));

ENDSEC;

DATA;

#1=IFCOWNERHISTORY (#84,#71,$, ADDED ,$,$,$,1217620436);

#21=IFCLOCALPLACEMENT($,#2);
#22= NG('0yf_M5JZv9QQXIy4dq_zvl'#1,'Sample Building’,...);
#23=IFCBUILDING '0C87kagBXF$xpGmTZ7zxN$' #1,...);

#24=IFCLOCALPLACEMENT (#21,#2);

END-1S0O-10303-21,



3.3 SDT tests

® Changing a window’s size

B WO

Input
IFC
(7.4KB
each)

IFCXML
(32.9KkB
each)

Item

Size (KB)
Time (s)
SH?*
Output

Size (KB)
Time (s)
SH?*
Output

Line-by-line file comparison
1.00

0.041

X

6 changed lines:

0.56
0.042
x

6 changed lines:
ScS

= <extime_stamp=2018-11-01T11:53:56</ex:time_star

> <gx:time_stamp=>2019-11-01T11:57:59</ex:time_star

The proposed SDT
0.36
0.003

nged properties:

‘time sr.amp [2019 11-01T11:53:58',
'quantities”. {'IfcElementQuantity”: {
0: {'IfeQuantityLength’; {
1: {@LengthValue": ['0.75", — "1.4'J}}},
1 {'IfcQuantityLength’: {

2: {@LengthValue": ['0.75, -« "1.4TH
‘decomposition’: {'lfcProject’: {'IfcSite”: {
‘IfcBuilding’; {'lfcBuildingStorey": {

‘IfeWindow': {
'@0verallWidth': ['0.75°, — "1.4'THHN

- '2019-11-C

Kwiso_10303_28 header{
‘ex:time_stamp':['2018-11-01T11:5366' 201810
‘uos"{l ‘{Rep

290c290 ) ltems'{ dedA i .1 weptArea'{IfcArbit
< <lfcLengthM pas="0">0.75+llfcLengthM 2-{Coordinates" {lfcLengthMeasure"{0:{
> <lfcLength pos="0">1.4<llfcLengthM / - E‘i" J9.19, :{:i}}} o
E ‘et [0.75, 1. 4']}}}}}}J}}}}}}}}}
421421 ‘OerallWigh'[0.75', 1.4

< <LengthValue=0.75</LengthValue>

= <LengthValue=1 4</LengthValue>

‘IfeOpen [ Rep ion'{ 1 PraductDefi
tems"{fcExtrudedA id' [ Sweptarea { IfcArbitr
2-{Coordinates"{IfcLengthMeasure' {0
Fext [0.75°, "LATHINIIL
N\ fc QuantityLength':{
J'LengthValue"['0.75", 1.4}

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th ChinaiisCaR{GE SiEFareni@uth Forum, TT November 2020, Talywan, China



B 3.2 BIM change contract TZH &%

® BIM change contract (BCC)ZEH &

= BCC,: All BIM changes at time t
o BCC;=®,, o;

o Note: @ is the simplest operation for proof-of-
concept

= A BIM can be created from the model att-1 and “ws
changes at t

o ifc, = ifc,, + BCC..
= BIM at any time can be recovered from base BIM
and the chained BCCs
o ifc, = ifcy, + X, BCC. C S
® Data storage B fihfi - - S

= Permissioned nodes (stakeholders), not public Permissioned blockchain architecture

Reprinted with Tpermission)
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China

@@& L Lt = '\\
W Base models (1)

(major & minor versions)
from the BCCs

=T 1=°

stored on chain

BIM#2 (1): |

2 non-locali
changesi

BIM#L (#): 1 local
change (red) and |
| non-local (blue)




B 3.3 Another test case X— FHAYPIF (Xue & Lu, 2020)

® Autodesk Revit 2018’s sample BIM (a modern villa, 27.4 MB in IFC)

® Sequential / simultaneous roof window changes

= By two BIM users, fromt=0to 4
= t, — ty: Simultaneous changes by two users

Add new

&—
Ky

e Comment
‘ A test case 3

: s - t=0 |
Xue, F. (2020). Blockchain for Construction in the Post-COV ' (Reprinted with permission) - nce - Youth Forum, 11 November 203Q, Taiyuan, China
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3.3 SDT/BCC results i 45 R
& t, — t, B — T AL DR ST s ) o i K0

130340, 2078-11-08T1 304 5T QJ}M!IIMI
= User A: Added a roof window -

BIM change contract (t;) (3.45KB)

i
‘properties’ [ HfoPropartySal |
Hid=12QTT5u{CoadFermMNOEFE 1

another window
o o = bottom left block

@ BCC aS the ConﬂiCt_free merge SDT records (t.— t5) from the client (0.34KB) I.’”TI‘;J .
f i

=BCC = “ght block At s Combining SDTs to BCC att, — t;

@ BCC is efficient (<0.02%) T . (Reprinted with permission)
Line-by-line file comparison The proposed BCC/SDT
m 3.37KB out of 27.4MB IFC Input Change Size (KB) Time SHo* Size Interop.  SDT Ho#
— (lines) (s)* ' (KB) time (s)*  time (s)* '
®0.79s IFC tbots 54700 0789  x
Lo (27.4MB (Arch.))  (533,923)
= Good for blockchaining each)  tot; 53900 0756  x 345 6esL - 04e3

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM égll{'fag&ncgs%’olggﬂ Forum, 11 November 2020, Taiyuan, China
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3.3 SDT/BCC application 1
%l & Fraud detection B VER

ity ) . M) g
® On a simplest blockchain ey <

= Easy nonce
= Visualized blocks

o Green = verified; red = wrong / hacked

< BIM was immutable from

chitec -
[m] Web-baSEd change = P 0.47KB (mov 047KR (revert
contracts = awindow) the move)
.-'.-’“E'-.:
AL,
LB

= claiming false authorships, et | - o
= destroying evidence, or "o fmu
. g awindow) detected at 1,
= being hacked, etc. 2 =
Client - T =
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B 3.1 Smart construction =S

® Construction is known as a “backward industry” I untearning by doing

i United States, gross value-added*
La b

= Low productivity, labor-intensive (v.s. aging workers) e e

1,600

= Fatality, occupational hazards, management (e.g., cost overrun) e

1,200

® A consensus of global research institutes (eg. Harty et al., 2007) Manufacturing

800

= Effective (productive, automatic, age friendly) and efficient Wholesale and retait—l .

: Overall 400

(safer, profitable, on-time, sustainable) industry

Construction

® Construction smartization with new Information Tech. TR O g

0

Source: McKinsey Global Institute *At constant prices

= Computing power

= New data, e.g., RFID, LiDAR, GPS, UAV, smart phones, ... USA's gross value-added by sectors
= New technologies, e.g., BIM, GIS, CV, VR/AR, blockchain, .

= 1380 (KR T EReEIs SERN LA HEEE’HE—E;%U” ) (™ (2020]) 605)

= 95FE: (KT NNERFAL RN TR RRYETS)  (ZiTAl (2020) 85)
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3.1 The COVID-19 outbreak ¥t 4+

#4 @ COVID-19 impacted and perhaps will change for ever
Lab W Y, FERER A

= Construction collaboration

g

= Construction procurement -
= Construction supply chain |
= BIM-based project collaboration ”
= Etc. B 50
® The silver lining JR¥ 5 1 (,o‘f\dgze .
= Promoting new technologies (Agarwal et al. 2020) Qﬁ& ‘
o Cloud meeting (face-to-face) Innovators |.Early Early Late Laggards °
o Remote working (office teamwork) IRy Ay

o Distributed collaboration (traditional) Rogers’s (1962) diffusion of innovations model

Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China
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A 3.2 A new distributed norm ? BC—ﬁﬁﬁ_ﬁﬁf B ?

1|f]

© Multi-stage construction life cycle

iLab
. = Architectural design

= Engineering design

BUILDING

 Construction = Wi
= Operation & maintenance
= Demolition
© Many stakeholders
= Even more decision makers, professionals
@ Teaming = Coordination=> Collaboration  #k&k
® Challenges ahead of blockchain collaboration?

= Spatially and Temporally

Xue, F. (2020). Blo %am ggsrt]r‘%lrcg(!lll?nqh ostlé“}lg %@\r/al Q‘erpghma BIM Conference - Youth Forum, 11

020, Taiyuan, Chinge
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B 3.3 Discussion

%

® Existing blockchain applications for smart construction .
Lab = Works, e.g., blockchaining SCM and BIM changes ' ’
= but preliminary and infantile

© The characteristics of blockchain are appropriate for
construction

= Immutability, transparency, security (e.g., no data loss)

& Challenges ahead
= Culture, regulation, governance

= Cost and efficiency (e.g., not widely used to fight spams)
= Security (e.g., business secrets, privacy) 47301 LA
o Channel I BARIE

= Understanding and acceptance
Xue, F. (2020). Blockchain for Construction in the Post-COVID-19 Era. The 6th China BIM Conference - Youth Forum, 11 November 2020, Taiyuan, China



| 3.4 Recruitment for a new project

) 153 3
ke

® [World first] “BIM Square”: Blockchain and i-Core-enabled Multi-stakeholder
Building Information Modelling Platform for Construction Logistics and
Supply Chain Management in Hong Kong. HKITC ITF ($10.36 million)

& MTXYUE . s BB B v DI v 75 8 dE Ak 2Rt B i B ik i
HSPSEEIR (B) [osoHiEMm, £23FE AR
= 1 RA/PhD: LoRaWAN / Nb-1oT #&{4. j&ifl. OracleyfEHiRAIIMY
=3 RA/PhD: 3DIREREEHACIUEN . 1Y, 26mE. 3THDTEE
® 1 RA/PhD: EEEZEFITIAIXEREES.0, 4.0)1218. 2945, LR
® 1 RA/PhD: BXFRF3E=ARSS. Web BIM, FH1App. IEHHEHS
=1 RA/PhD: IFCIENXff52. Open BIMIEICHNE)
=XNERE, SOiEKER . Z=HET < BBHP x1i1991@hku.hk >

iLab

1A LT ]
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