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Optimization Model for Officer Retirement Extension Policies
under Budget Constraints: A Constrained Markov Decision
Process (CMDP) Approach

Seungryul Lee *+ Suhwan Kim
Department of Operation Research & Logistic Management, Korea National Defense University

This study proposes an optimal implementation strategy for phased officer retirement extension policies to
ensure the stability of military personnel structures under demographic changes. While retirement extension
enables the effective utilization of experienced personnel, it also introduces constraints such as increased
personnel costs and potential congestion across ranks. To address this issue, a constrained Markov decision
process (CMDP) model is developed to optimize retirement policies under budget limitations. The proposed
model incorporates rank-based promotion rates, separation probabilities, and personnel cost structures into the
state transition dynamics, and determines optimal retirement extension policies that maximize long-term
operational efficiency within budget constraints. Numerical experiments demonstrate that the CMDP-based
approach outperforms simple sequential retirement extension strategies in terms of budget efficiency and
personnel stability. In particular, the model contributes to reducing separation rates and strengthening the
mid-career officer structure. Sensitivity analysis further reveals that the effectiveness of the policy depends on
the level of budget growth, with efficient outcomes observed within a moderate range of budget expansion. The
findings suggest that retirement extension policies, when optimized under budget constraints, can serve as an
effective tool for sustaining a skilled and stable military workforce. This study provides a quantitative
decision-support framework for future defense manpower planning.

Keywords: Constrained Markov Decision Process (CMDP), Dynamic Optimization, Military Personnel
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Figure 1. Current Military Officer Personnel Structure (2025)
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Figure 2. Historical Retirement Rates by Age and Rank

Table 1. Baseline State Transition Probabilities by Rank and Age
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Figure 3. Revised Promotion Rates by Age
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CPT MAJ LTC COL
years count | promotion | retire count promotion retire count promotion retire count retire
28 2,466 0% 0 0 0
29 2,122 5% 0 0 0
30 1,827 15% 0 0 0
31 1,572 50% 0 0 0
32 1,353 15% 0 0 0
33 1,164 5% 0 0 0
34 1,001 45% 5% 1,127 3% 0 0
35 862 20% 3% 1,068 2% 0 0
36 742 7% 1% 1,014 2% 0 0
37 638 3% 1% 962 3% 0 0
38 549 2% 0% 913 8% 0 0
39 472 0% 866 30% 4% 571 0
40 407 0% 822 16% 3% 533 0
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Table 1. Baseline State Transition Probabilities by Rank and Age (Continued)

CPT MAJ LTC COL
years count | promotion | retire count promotion retire count promotion retire count | retire
41 350 780 5% 10% 497 2% 0
42 301 740 3% 4% 463 3% 0
43 259 702 2% 11% 432 2% 201
44 223 666 13% 403 3% 195
45 192 632 36% 376 3% 20% 190 0%
46 0 600 1% 351 4% 9% 186 0%
47 0 569 327 5% 5% 181 0%
48 0 540 305 1% 3% 177 1%
49 0 513 284 0% 2% 172 4%
50 0 486 265 2% 1% 168 9%
51 0 0 247 164 19%
52 0 0 231 160 34%
53 0 0 215 156 51%
54 0 0 0 152 65%
55 0 0 0 148 70%
sum 16,500 13,000 5,500 2,250
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Table 2. Definition of State Transitions in the CMDP Model

State Transition Mathematical Definition
Retention (r,a)—(r,a+1)
Promotion (r,a)—(r+1,a+1)
Retirement (rya) —=EXIT
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Figure 4. State Transition Mechanism in the Aggregated CMDP Model
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Table 4. Model Parameters and Constraints for Simulation

Category Variable/Constraint Value / Logic
Basic Inflation Rate 2.0% per annum
Economic
5 Salary Step Increase o
Variables (Step-up) 3.0% per annum
Budgetary | Annual Personnel Cost |..... . o, o
Constraints Growth Limit Within 3.0% 10.0%
Promotion Rate by Rank Malntalried ?t current
Transition evels
Logic .
. . | Over-capacity allowed
Personnel Capacity Policy (Flexible quota)
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Table 5. Simulation Results of Personnel Structure and Budget by Year (5% Growth Scenario)
Year | Total Strength |Annual Retirement Budget Growth Personnel Cost Retirement Age
Rate CPT MAJ LTC COL
2025 37430 1863 0 3068.1 44 51 54 57
2026 38546 1349 3.69 3231.9 45 52 55 58
2027 40046 966 4.61 3408.6 46 53 56 59
2028 41692 819 4.93 3595 47 54 57 60
2029 43024 1134 4.07 3794.8 48 54 58 60
2030 44465 1024 4.62 3991.8 48 55 59 60
2031 46099 831 4.95 4197.2 49 56 60 60
2032 47731 834 4.83 4388 50 57 60 60
2033 48975 1221 4.02 4589.7 50 58 60 60
2034 50093 1347 3.84 4798.1 50 59 60 60
2035 51030 1529 3.59 4946.2 50 60 60 60
2036 51497 1999 2.60 5093.5 50 60 60 60
2037 51941 2021 2.56 5222.9 50 60 60 60
2038 52297 2110 2.39 5347.2 50 60 60 60
2039 52745 2018 2.63 5466.3 50 60 60 60
2040 53314 1896 2.86 5612.2 50 60 60 60
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Table 6. Definition of Policy Scenarios (S0, A - D)

Scenario Policy Entry Assumption
SO No Extension Fixed New Entry
A CMDP Optimization Fixed New Entry
Simultaneous Extension .
B Fixed New Entry
(All Ranks)
C CMDP Optimization Declining New Entry
D Simultaneous Extension Declining New Entry
(All Ranks)
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