Appendix
1. MORBDO for spring



The MORBDO of spiral squeezing spring is selected as the first example, which is modified from (Kumar et al. 2021a, Kannan and Kramer 1994). The MORBDO of spring can be deemed as a real mechanical application example with mixed integer, discrete, and continuous variables. The schematic view is shown in Fig. 3. There are two design objectives and eight constraints. The first objective is the minimizing volume of the steel wire, while the second objective is minimizing the shear stress. The integer variable  and the discrete variable  are considered as the deterministic design variables, while the continuous variable  is considered as the random design variable that follows the normal distribution with standard deviation 0.005. 

		
where

		

	

[image: ]
[bookmark: _Ref101435431]Fig. 3 Schematic view of spiral squeezing spring

2. MORBDO for simply supported I-beam
A simply supported I-beam is used as the second examples, which is widely tested by different researches (Huang et al. 2006, Kumar et al. 2021a). The schematic diagram is plotted in Fig. 3. There are two loads, i.e. P=600 kN and Q=50 kN. The length L is 200 cm. The elastic modulus E is 2×104 kN/cm2. The allowable bending stress σb is 16 kN/cm2. Two design objectives are minimizations of cross-sectional area and vertical deflection. The stress constraint is utilized. The geometric dimensions are considered as the design and random variables, in which the random variables are assumed following the normal distribution with 0.005.

[image: ]
Fig. 4 Schematic view of simply supported I-beam


		

3. MORBDO for ten bar truss
A ten bar truss is tested, which is modified from (Yi et al. 2008). The boundary condition is illustrated in Fig. 5. The values of loads P1 and P2 are 105 Psi. The Young’s modulus is 107 Psi. Both compliance and volume are selected as the design objectives. The first ten constraints are the stresses should be less than 2.5×104 Psi, while the eleventh constraint is the allowable vertical nodal displacement should be less than 4.5 in. The MORBDO model is as follows:


[bookmark: _Ref101448670]Fig. 5 Schematic view of ten bar truss.


		

4. MORBDO for welded beam
As plotted in Fig. 6, the MORBDO of welded beam is performed, which is modified from the deterministic multiple objective optimization example (Deb 1999, Ray and Liew 2002). The task is to minimizing the cost and maximum deflection, while the constraints are related to the shear stress, bending stress, and buckling load. The MORBDO formulation is depicted as follows:	

		


[bookmark: _Ref101430914]Fig. 6 Schematic view of a welded beam.

		
5. MORBDO for speed reducer
The fifth MORBDO example is based on the super reducer, which is a popular tested engineering optimization problem. There are two objectives, including minimizing the structural weight and stress. Seven uncertain variables and eleven constraints are considered. The details can been seen in studies of Cho and Lee (Cho and Lee 2011) and Chen et al. (Chen et al. 2018). The MORBDO formulation is expressed as follows:


Fig. 7 Schematic view of speed reducer.


		


6. MORBDO for disc brake
This MORBDO problem is modified from the deterministic optimization (Houssein et al. 2022, Gong et al. 2009). There are two objectives and four design variables. The design objectives include brake mass and stopping time. The design and random variables include disc radii, engaging force, and friction surface number. The MORBDO model is as follows:
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