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Conclusion

• Generalized Reaggregated Hull reformulation: Developed a unified reformulation for GDP 
disjunctions with shared linear coefficients that retains convex-hull strength while removing 
disaggregated continuous variables, producing substantially smaller MILP models. 

• Computational Performance Gains: In single-unit scheduling and strip-packing benchmarks, the 
strengthened Hull consistently outperformed the traditional Hull and achieved solution times 
competitive with or better than Big-M formulations.

• Scalability and Robustness Demonstrated consistent performance gains across problem sizes, 
confirming the method’s practicality for large-scale GDPs.

Background

General Disjunctive Program (GDP) 1,2 Partial Common Structure of 
Mixed-integer Program Reformulation

Assumed ℎ𝑗𝑘 𝐱 = 𝐀𝑘𝐱 − 𝐛𝑗𝑘

Big-M reformulation of constraints in 
disjunctions

Hull 3 reformulation of constraints
 in disjunctions

• Constraint enforced exactly or trivially by 
having a large coefficient.

• Big-M constraint estimated by 
computing the maximum violation of the 
linear constraints in the disjunction.

• Continuous variables are disaggregated for 
each disjunction with the index set.

• Disaggregated variables are coupled with 
binary variables.

Comparison of Big-M and Hull Reformulations

Big-M Reformulation Hull Reformulation

• Advantage: simplicity and low modeling. 
• Disadvantage: sensitive to 𝑀 - too small 

violates logic, too large weakens the relaxation 
and causes instability.

• Advantage: tighter relaxation than Big-M. 
• Disadvantage: Higher computational cost 

from the Large model size due to variable 
disaggregation. 

Publication available here

Reaggregated Hull Reformulation3-6 

• Compact - Removes all disaggregated continuous variables, keeping only the original problem 
variables for a smaller and cleaner formulation.

• Tight - Maintains the exact convex-hull relaxation strength of the  Hull reformulation.
• Faster - Produces a smaller MILP with fewer constraints.

Suppose a GDP model has disjunctions with linear constraints in which all disjuncts share the same 
left-hand-side coefficient matrix, as follows

The Hull reformulation of disjunction is given as Summing the individual constraints

under yields

Thus, the reaggregated reformulation yields

Single-aUnit Scheduling as a GDP7
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General Precedence Concept (GP)

Immediate Precedence Concept (IP)

Time-Slot Concept (TS)

• Sequencing  relationship between all pairs of jobs 
(   ) which    ,  whether job   precedes job   or 
vice versa. 

• Each job is assigned exactly one time slot, where time slots equal jobs in number.

• Each disjunct specifies whether one job precedes the other jobs or is the first/last job.
• There is exactly one first job and one last job, and they must be different.

Results of the Scheduling Problem
Reaggregated Hull Reformulation of the Scheduling Problem 

General Precedence Concept
• Bounds created by algebraic 

constraints applied on 
disjunction, making the 
Reaggregated Hull 
applicable.

Time-Slot Concept

BM – Big-M            HR – Hull HR_C – Reaggregated Hull

Strip-packing as GDP formulations8

Strip Packing Problem

• Arrange a set of non-rotatable rectangles into a fixed-
width strip to minimize total strip length.

• Bounds created by algebraic constraints applied to 
the disjunction enabled Reaggregated Hull for the 
strip-packing problem. 

• Reaggregated-Hull vs. Hull: The S0 
reaggregated-Hull curve lies 
consistently above S0 HR, showing 
faster solve times and smaller 
optimality gaps across most 
instances

• Competitiveness with Big-M: 
Reaggregated-Hull matches or 
slightly outperforms Big-M.

• Scalability advantage: For medium 
and large instances, reaggregated-
Hull closes gaps more quickly, 
whereas standard Hull lags behind 
in both runtime and solution quality.
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