THE UNIVERSITY OF HONG KONG & #& K 2 [ KURBANS
faculty of architecture == 'r’ﬂ lLabN| bk

Derivative-free optimization

Theory and applications in construction management

19 October 2018
Tongji University
Frank Xue

t. of REC, HKU
HKUR Nlab—iLab, HKU



B Outline

Lab

@ Introduction to DFO

@ DFO in construction management

@ Discussion

F. Xue: DFO



INTRODUCTION TO DFO



1.1 Fundamentals

& Optimization (a.k.a. Mathematical programming) max f:R" — R

iLab An example of optimization

= the selection of a best element (with regard to some criteria)
from some set of available alternatives.
& Nonlinear optimization _ o
. flz) ==z sin (2°) + 1
= When objective function or some constraints are nonlinear | A= (-2,251)
& Optima (optimal solutions) ]

= A subset of global extrema

o Boundary of f ﬁ

o Non-differentiable points 2 NV Jo v 3

o Stationary points, where the first derivative is zero f(=2) = —5.99

First derivative and stationary points
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8 1.1 Derivative-free optimization

& The derivatives are often unavailable, unreliable, or N L
iLab impractical to obtain (Conn et al., 2009; Xue, et al., 2018a) X r
When f'is too expensive or unanalyzable

o E.g., FEM parameter tuning, aircraft wings design

Challenging (NP-hard usually) and time-consuming

Aerodynamics simulation
Picture source: mentor.com

& Derivative-free optimization (DFO) (Conn et al., 2009)

Solves problems using meta models Input p—

Blackbox

REspnss

DFO: Manipulating a black-box
Picture source: Wikipedia.com

Equivalent to a black-box function regression
Succeeded in many science and engineering problems

o E.g., Protein folding (Nicosia & Stracquadanio, 2008), aircraft wing

design (Lee, etal., 2008), optimal adaptation of new materials
(Miskin & Jaeger, 2013)
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8 1.2 DFO algorithms
"¢ & Category by meta model ™~
iLab oy ] NN
: = Heuristic {j’ \
o E.g., Monte Carlo, local search (greedy hill-climbing) ( Y
=] Meta-heuristic DN iz
. _ SN 74
o Second-level heuristics for heuristics W ) T
Ry

- E.g, EDA, GA, PSO, ABC, etc. T e @
. . . . Nelder-Mead Source: Wikipedia.org
= Quasi-derivative/ trust-region

o Temporarily assuming regions are smooth and differentiable
o E.g., NEWUOA, Nelder-Mead, DIRECT, etc.
= Quasi-derivative + meta-heuristic

o E.g., CMA-ES (covariance matrix adaptation with evolution
strategy), CMA-VNS (CMA with variable neighborhood
search) (Xue & Shen, 2017)

F. Xue: DFO CMA-ES Source: otoro.net 6



1.2 DFO algorithms

& In general L f’iﬁiﬁ?ﬁ’s ﬂ’“}uFE’A

= ‘Quasi-derivative + meta-
heuristic’ > Quasi-derivative >
meta-heuristics

0.8

T

= Due to the characteristics of real ©6

world problems

‘1—\-\? i T T T T T T || T _é—l T ‘J
9; 90 - '_+,..-- = -__,g ? £ 5 0.4r
= [ o = &
5 80 ;;ﬂ%‘#—__%( v
= i S v i
S 7O v+ DIRECT g 0.2k
N - sepalPOP-CMA ]| :

6{] . 1
= v o ABC 1
3 _¥ < CMAES b
2 30T o g MLSL i M2 :
E 40l 4 PSO _ 0.0 B EEN===m ' ' > Monte Garlo
=7 Y NSGA2 B 10° 100 102 10° 10* 10° 10° 107 10°

30 i b Running length / dimension

100 1000 10¢ g

Number of iterations (k) . . .
F. Xue: DFO DFO for symmetry detection (Xue et al., 2018c) Comparison of DFO algorithms for BBOB-2009 (Auger et al., 2010) Source: Inria



DFO IN CONSTRUCTION
MANAGEMENT



= Inadequacy: Poor semantics in the models

= Overload: Rich online open BIM/GIS resources _:

Custom Wood, Epic Custom Woad, Epic
All-wood Double- Al-Weod Stationary
Hung Picture Casement Window

JELDMWEN Windoaws and JELAWIEN Winchowes an

o With fact-nongeometric & instructional

& Semantic registration as auto-modeling Google Map/Earth? ~£0D2  BIMobject.com has >300,000
' parametric BIM objects

= Registering semantics to low LOD models

= Input 1: 2D Photo /3D point cloud N\
= Input 2: S ti t '
npu eman 1c.c0mponen S Semantic
& Performance metrics L AR registration

. . Semantic BIM
= Computational time components
and topologies K j

= Precision = true positive / registered

Semantic registration as a process

= Recall = true positive / actual HK GRF 17201717, HK$450,000
F. Xue: DFO HK GRF 17200218, HK$520,000 9



2.1 Problem formulation

| B8 |
" The proosed DFO-based somantec egsration approach___
- @ Semantlc reg]‘Stratlon ls a‘ deClSlon prOb ° /C:EE;t(i};Eli‘lﬂl/L): of :T;::-:;)innfl;h;'\:ln‘\;ers
iLab .
& Problem formulation (xue et al., 2018a;b;c) D >;\ Pof v

Defining the set " of /

= Input 1: E.g., 3D point cloud | ety et
P e, EoE R — (# components)
= Variables (X): component transformation parameters
= Objective function (f): min_f(X)
.. : s.t. ((X)<0
o Minimum geometric error (e.g., RMSE) )
) DFO-based Semantic registration (Xue et al., 2018a; 2018b)
[; EPEC dp, T, 6)2]1/2 C Example Example value Notes

o Dissimilarity between pictures (e.g.,, 1 — SSIM)  scaling_max  [1.5,1.5,1.5]  xyz coordinates
SSIM = structure - luminance - contrast N scaling_min [0.8,0.8, 0.8] Ibid.

_ GHgpare)@o g o) z_rotation_max T1/2
(u jwﬁ +ep)o 5+0'124+02) ’ z_rotation_min 0
; . > > on_top_of ‘Ground’ Adjacency,
= Constraints (C): Topological regularity —1oP_ vl nectw)i’ty
@ DFO algorithm: CMA-ES C, contains_on  ‘Wall’ Containment or
intersection
min_separation ‘0.5 m’ Separation
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=l Automatic, error tolerant, recoverable from wrong objects

= Segmentation-free, topological relationships involved

"I [T [ (10 [0 [
_—
a1l ___Anonk tree attached

L' @ 5O &
(a)Aphoto of a demolished building ~ | — r_ =

&% w

- e A lhree-section window won
ﬂT HTI T!i m— [T b it sheer 00005 stmilarity
S o the leltimest window cn
&F; Bnd of mcramental

- The best plan of filling 5 % HEIng
| tdentical sraditional
| wmdows

genesalion.

Door portico Tree X 2 A betrer plan of fitting 5 three-
section windows on 11 wall
(B = E O 1 [ wn | un | oo [ o - = L e -
¥V The incremental generation phase I'he fipe-tune phase 1
1 HEE G vl O A A T T ) i
: 300 S ERLTT L'y (B [BES [
Wall x 2 Windows x 2 : ' ’

. Accurmulaiod inals ol CR{A-TS
(b) Semantic components from web
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= Time: 2.5h
= Precision: 0.92
= Recall: 0.92

f *c) Approx1mate building mode

X
- oy L.

[ v

[T
PR,

" el

LR

Vi 'l"-w--

(d) Semantic/topological links

(Language: C++, Ruby; Data formats: SketchUp, Bmp, Google earth) "



= Automatic, saved 98% time from manual modeling

= RMSE = 3.87cm, equal to experienced modelers

L‘.\ll' T T T T
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= Time: 6.44s
= Precision: 1.0

= Recall: 1.0
PN

(Language: C++, CLR; Data formats: Autodesk Revit, Stanford polygon)
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iLab
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8 2.1 Symmetry detection from 3D point cloud

;.'?:]
iLab

© 3D point cloud > symmetry hierarchy (Xue et al., 2018¢) & Time = 98.6s
= A knowledge discovery tool for further 3D modeling = PCR =93.7%

L — i
- A [:l _u-l]um-u
" retlection G " reflextion
"B Y o
e

(¢} A symmetry-guided model

(a) The detected reflections (b) Symmetry hierarchy

i - x B - =R
(@) Reflection (Wimark (b} Rotation ic) Trandation id} Translation = scaling
The Tazi Mlakal India) The Pentzaon 175 A) (The Geeat Wall, Chinad  (Fractal-like} (Hindo temples)

1) The parameter space viewport ﬂ\o\ulkill'tg on Lip.w))
LY = i ]

n

Tl i 5 T e,
[} Sealing = potation () Rotaten = wanslaien ) Translation = reflection () Clustes OEROMIGE0ME
({The Panrheon dome, Ity (The G herein, UK) (Sugar Hill Project, USA)  svmanetries (Talon:, Chinal

) The hmldlug

The value of the objective Function
=

0 20 40 60 80 100
Time cost of CMA-ES (s)

(1) The optimization viewport (descending of

(b) Photos by a drone (c) A dense point cloud the objective function by CMA-ES)

(iii) The Point cloud viewport (testing i serics of symimetrics)
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& Megaproject
iLab

Many stakeholders, and complicated activities

& This project aims
1. To identify and cluster key stakeholder network
o Using social network analysis (SNA)
2. To formulate their relationships and optimize stakeholder
coordination strategy
o Agent-based model of interests and decision preference
o NK model of their coordination networks
o DFO for mutual interests coordination
3. To devise a methodology for megaproject coordination

F. Xue: DFO

Huge amount of investment, long project development cycle,

B 2.2 Case 2: Megaproject stakeholder coordination
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£ 3.1 Discussion

% & DFO

ab = Generic, cross-domain algorithms
o Many (meta-)heuristics
o Quasi-derivative methods

= Proven successful in challenging science/engineering problems
= Applied to 3D modeling processes

o Pros: Automated, fast, accurate,
o Cons: Still one or two parameters to tune
E.g., iteration, population size

With sensitivity analysis and recommended settings provided
= To be applied to stakeholder network

o For optimal collaboration

F. Xue: DFO
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