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ABSTRACT	
Compared	to	single-material	optimization,	topology	optimization	of	multi-material	structures	offers	a	larger	
design	space.	It	also	requires	efficient	material	selection	methods	to	provide	guidance	for	designers.	The	
predominant	 methods	 are	 based	 on	 interpolation	 schemes,	 which	 introduce	 order-dependence	 issues	
during	the	optimization	process.	This	means	the	sequence	in	which	materials	are	arranged	can	significantly	
impact	 the	 optimization	 outcomes	 and	may	 lead	 to	 notable	 issues	 with	material	 gradation.	 This	 paper	
identifies	 the	mathematical	 essence	of	multi-material	 topology	optimization	as	a	nonlinear	multi-valued	
integer	programming	problem.	In	this	paper,	we	propose	a	novel	stochastic	discrete	steepest	descent	multi-
valued	 integer	 programming	 algorithm	 based	 on	 the	 discrete	 convex	 analysis	 theory,	 which	 has	 been	
successfully	applied	to	challenges	in	topology	optimization,	including	compliance,	frequency,	and	frequency	
constraints.	 Numerical	 examples	 demonstrate	 the	 effectiveness	 of	 the	 proposed	 algorithm,	 showing	 its	
ability	 to	 generate	 designs	 with	 clear	 material	 interfaces,	 independent	 of	 the	 ordering	 of	 candidate	
materials.	This	algorithm	also	shows	promise	for	broader	application	in	large-scale	topology	optimization	
problems	that	involve	multi-valued	categorical	design	variables.	
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