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Pathways to Segueing to Convex Problems
AT TAI N I N G A  CO N VE X PAR ADI GM

MILP

Convex Nonconvex

MIP

Exact Relaxed

MINLP
Linearization

Convex

Co
nC

nu
ou

s/
Di

sc
on

Cn
uo

us
Di

sc
re

te

Non-Linear Linear

Convex

Nonconvex



Refresher #2



N U M E R I C A L  I S S U E S
Sampling of numerical issues found
in various ML libraries/toolkits
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E n h a n c e d  N u m e r i c a l  S t a b i l i t y  P a r a d i g m
RCR Architecture
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CNN: RCR LSTM DLNN

SOT

EDA
NI

EDA = Enhanced Discernment Accuracy

NI = Numerical Implementa+on

CNN = Convolu+onal Neural Network

SOT = Sequence of Transforma+ons

LSTM = Long Short-Term Memory
DLNN = Deep Learning Neural Network

RCR = Robust Convex Relaxation



NMF

GCM ISM MMF

CORWT CWTECORWT

SOT
NMF = Nonnegative Matrix Factorization

MMF = Multiresolution Matrix 
Factorization

CWT = Con+nuous Wavelet Transform

SOT = Sequence of Transforma+ons

ISM = Input Synthesis Model

CORWT = Corresponding Wavelet 
                  Transform

GCM = Gaussian Composite Model

ECORWT = Enhanced CORWT



Experimentation



Experimentation – Figure 1



SM: MULTIMOORA 
MODMss

MADMssMADMis

MODMisOM: CPRLD

MODM

SM: PA, AHP, WASPAS
OM: CRITIC, TOPSIS
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MULTIMOORA:MulC-ObjecCve 
OpCmizaCon on the Basis of RaCo 
Analysis Method 

CPRLD: Constriction Factor (CF)-Particle Swarm 
Optimization (PSO)-Robust Convex Relaxation 
(RCR)-Long Short-Term Memory (LSTM)-Deep 
Convolutional Neural Network (DCNN)

PA: Point Allocation

AHP = Analytical Hierarchy Process

WASPAS = Weighted Aggregated 
Sum Product Assessment

CRITIC: CRiteria Importance through 
Intercriteria CorrelaCon 

TOPSIS: Technique of Order 
Preference by Similarity to an Ideal 
SoluCon

Fuzzy VIKOR: VIšekriterijumsko 
KOmpromisno Rangiranje 



Experimentation – Figure 2
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Experimentation – Figure 3
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Experimentation – Figure 4
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DLC -> OLC Acceleration



Reflections



To summarize:

The poten+al of an enhanced discernment capability, as well 
as a DLC -> OLC accelera+on opportunity, via a bespoke 
architecture and SOT, seems promising.

In par+cular, the EDA -> NI -> SOT -> M2ED progression seems 
robust.

As well, the NI via CNN: RCR LSTM DLNN seems to be a viable 
implementa+on.

In turn, the SOT via NMF -> GSM -> ISM -> MMF -> CORWT -> 
ECORWT -> CWT seems to be viable as well.

Future work will involve more quan+ta+ve experimenta+on in 
this area.
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