n®R: MORS P#: t1wom

GOVERNMENT 7 1 ZB

DISCLOSURE FORM DEADLINE: 2 MAY 08

Fax to: 703-933-9056

Author Request - The following author(s) request autharity to disclose the following présentation althe next MORS
S  withi subseg; whﬁcﬁﬁonhmm $§ﬁmlmpm.!orinmsinnm 3 Rsscnmdmmsﬁpgmm i
RS website. ;

Principal Author: Other Author(s):

2Lt. Anthony Alvin Illi% Maj. August Roesener, Maj. Shane Knighton, Maj. Shane Hall

Principal Author's Organization:
Air Force Inslitute of Technology X ‘.% —ﬁ%

TN T iei) i ds: Prmcipll Author's Signature: 4 Date: 2L APT 0f
346 Evergreen Ave

Niceville, FL 32578 ProneRCD) 2873 - 5010

FAX: (35“03 g82- GZF7F ___|
Email: Qn*#gni(‘,_ﬂuj@?;‘hﬁ fec aflmil

Title of Presentation:

Hurry up and Wait ... Optimizing the Initial Skills Training Scheduling Process

This presentation is beieved tobe:|__|SECRET || CONFIDENTIAL | ¥ | UNCLASSIFIED anc il ve presented in

[ speciat Session [ Tutorial[ "] Demo [ |c6: A-B-C-D-E-F (crecney  [7]Listai WG #: 2.0, 22

PART II i

The Releasing Official, with the understanding that MORS Symposia are supervised by the OCNO NB1. that all attendees have current security

clearances of at least SECRET and that no foreign nationals will be present confirms that the overall classification of the p on is:

[ Jsecrer [ JeonrioenTia UNcLASSIFIED [ JoTHER: and authorizes disclosure at the meeting
Classified by Declassified by:

Downgrade to: Onm:

The e,pph‘cab!e distribution statement below must be checked and stated to complete this form.

- Dlstrlbutwn statement A: ]:l Other distribution statement: (List here or attach saparate shest)

This p ion/paper s find,
approved for public release, distribution
unlimited, and is exempl from U.S. export
licensing and other export approvals under the
International Traffic in Arms Regulations (22
CFR 120 et seg.)

Releasing Official’s title: \PLL bf‘.C f Q:F r-hS 145_5-?- X )X’M Z kg/m,&m

Printed ngme.S\and - T S A G Releasing Official's Slgnxturu 4
Qrganization: ﬁ'_fn: , _/._//j,q_ Date: 53 A‘PQ 0%
Complete mailing address: asso He (AS0A) W Ay Phone:

WEPAFB OH Y533z rres | nx

—"V= ] )/



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
01 JUN 2008 N/A -
4. TITLE AND SUBTITLE 5a CONTRACT NUMBER
A Network Flow Approach To The Initial Skills Training Scheduling £b. GRANT NUMBER
Problem
5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
5e. TASK NUMBER
5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
AFIT REPORT NUMBER
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES
See also ADM202527. Military Oper ations Resear ch Society Symposium (76th) Held in New L ondon,
Connecticut on June 10-12, 2008, The original document contains color images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18 NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THISPAGE UU 33
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



\.

N

This briefing is UNCLASSIFIED.

L0

A NETWORK FLOW APPROACH TO
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Maj. Shane Knighton
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Problem Description

AL

 Initial Skills Training Scheduling Problem (ISTSP):

After commissioning, new Air Force officers typically require
training to be certified to perform their duties.

Commissioning sources: USAFA, ROTC, OTS

All officers must attend ASBC. (Mandated by CSAF)

Following ASBC, many officers continue training to be certified
* Pilots

o Combat Systems Officers (CSOs)

o Air Battle Managers

e Intel Officers

 Space and Missile Officers

 Air Field Operations Officers This briefing is UNCLASSIFIED.



- Problem Description
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o Initial Skills Training Scheduling Problem
(ISTSP):
« Course sequences are rigid and vary by AFSC
e Class sizes and intervals vary
« Course length is fixed

e Class blends must be met

« AETC desires that certain blends are met according to
commissioning source and AFSC (in ASBC).

This briefing is UNCLASSIFIED.
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Motivation

Average 2" Lt Pay:
o $124/day (2007 dollars)

Number of Annually Commissioned 2" Lts:
e ~4000

Estimated savings of 1 day:
* $496,000

Current average number of down days:
e ~180

Huge Potential for Savings!!!!

This briefing is UNCLASSIFIED.
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Network Flow Approach

o ls

General personnel scheduling techniques are
computational intensive

ISTSP has structure which can be exploited

Developed network flow approach (NFISTSP)
 How it works

Commissioning sources are source nodes.
Create nodes to represent each class.

Connect the nodes with arcs if it is possible to go from the starting
node’s class to the ending nodes class.

The cost on the arc is the number of days between the classes.
Use minimum cost flow to solve.

This briefing is UNCLASSIFIED.
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 What it accomplishes

 Enforces blends:

e Source of commissioning (SOC) blends enforced by creating
3 separate nodes at each class (one for each SOC) then
capacitating arcs accordingly.

« AFSC blends are done in a similar way at ASBC.
e Does not allow skipping.

This briefing is UNCLASSIFIED.
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NFISTSP Graph

L

[ Simeilnotes foreiass OB 2 2, 2. %ioce <V
VseS aeA’ VeceC,
<___Sum all nodes for AFSCUB _> 2, 2 Xsace SUB

VseS VeeC,

Z Z Xs,a,c,c’ SUBs,c'

VaeA' vVceC,
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Why does it solve quickly?

a&ane
Using this formulation allows large personnel
scheduling problems to solve in seconds

« Why?

Total Unimodularity (TU)

o Definition: A is totally unimodular iff every square sub
matrix in A has a determinant of -1, O or 1.

e |Implications: Suppose A is the constraint matrix for a
iInteger programming (IP) problem. If A is TU and the
RHS is all integer then the LP relaxation of the IP will
yield integer results.

This briefing is UNCLASSIFIED.
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Test Cases/Scenarios

Min USAFA Leave

e 0, 30, 60 Days 3 Levels
Max ROTC Delay

« 0, 180, 365 Days 3 Levels
Class Blend Levels

 50%, 75%, No Forced Blend 3 Levels
Arc Weighting Schemes (OF)

 Minimize TDD, Distribute DD 2 Levels

Total Scenarios: 54

This briefing is UNCLASSIFIED.



Minimize TDD vs Distribute DD

Average Days Ineffective

120
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40 H

20 1

Current average is 180 days!

AL

12 3 4 65 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Schedules

oMM TDD
mDIST DD




7.

\
N Minimize TDD vs Distribute DD

\ Y

1200

1000 +=— 41—

400 H

eeeeeeeee



\‘:\&

Impact of ROTC Delay
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Effect of Blend Levels
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e The savings (dollars or ineffective days) from
reducing the minimum USAFA Leave Is not
significant.

’/1>

&

« ROTC delay extension results in a sizable effect.

e Restricting blends significantly impacts total

number of down days; partial blends occur
naturally.

This briefing is UNCLASSIFIED.



%  Robustness of Formulation
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 Theoretically, any timeline can be scheduled.

 This formulation handles heterogeneous
workforces well.

* In this example we had 2 heterogeneous levels (AFSC
and SOC).

e Can handle any number of types and levels efficiently.

This briefing is UNCLASSIFIED.



Future Research

Use of Decision Analysis

Use new optimization package in SAS/OR

Use model to schedule optimal class sizes and
class start dates

Use probabilities and stochastic analysis to
iInclude drop out rates

This briefing is UNCLASSIFIED.



(Questions?

Thanks for your time ...
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¢ Sets o
S =set of all commissioning sources = {s,,s,,..., s, }
A=setofall AFSCs={a,, a,,...,a,}
T =set of all training courses ={t,,t,,..., t, }
C, =set of all classes of training course t = {ctl,ctz s Gy }
« Variables
Xsac .« = Number of officers from commissioning source s

In AFSC a going from class c, to class c;
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e Parameters

de, q
Ys.ac = Number of officers from commissioning source s

= number of days bettween class c, and class c,

In AFSC a graduating from class c,

e Objective Function

Minimize Z=> > Y d, « > > Xs ac.c

vteT v eC,, Ve, eCy VaeA VseS
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§/ NFISTSP Mathematical Formulation

L Aﬁfw

e Subjectto

Yoae = Z Xs.a.0,.¢, VseS,aeA,c eC,
vc'eC,
D Xeaoe. = D, Xac.o,V5€SaeAc,;=¢,€Ct=12,.,n-1
v, eCy Ve 0€Ciln
/ L] P ] ]

2 2 2 Xae =2 2 2, Ysaq € ="Sink

VseS VaeA ve, eCy VseS VaeA Ve, eCy

D> D Xeaow, SUB, vel,eC,,,t=12,..,n-1
VseS aeA' V¢, eC,

/

DD Xeao o SUB, VaeA,c,eC,

VseS V¢, eC,
D D Xeaew, SUB vseS,c'eC,,t=12,.,n-1

VaeA' V¢, eC,
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Properties of Total Unimodularity

AL

* Properties of TU that will be useful:

If Ais TU then ATis TU
If Ais TU then (A, 1) is TU
Row and Column swaps in A do not affect TU.

The Node-Arc incidence matrix of a Network Flow
problem is always TU

If Ais TU and B is obtained by removing a row or
column of A, then Bis TU

 The first four are from Bazaraa, Jarvis and
Sherall
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Proving Properties ot Total
Unimodularity

okl

If Ais TU and B is obtained by removing a row or column
of A,thenBis TU

~

~

o7 G Y3 Yz o ;
dyy dy 8y Ay dy;
dy dyp g3 Ay ds;
dy dy 8y dy Y
d; d, &3 ay d;
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* A look at the constraint matrix for a network (the node

Incidence matrix)
Arcs

d; Qp g Gy au

1 -1 0 O - O
Nodes —*
-1 1 1 0 --- 0

o 0 -1 1 - O

Q4 Qq, A3 q, - 4
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 Another sufficient condition for TU is:

 ForeveryJ < N={1,...,n}, there exists a partition J,, J, of J
such that

da - a|<l  Vi=l..,m

jed, jed,

Constraints



A\/ / Total Unimodularit
° y
|

raaia

 The side constraints for this problem are of this form:

d; &, dz a, - q j
dy Ay Gy dy 0 d j
C— Ay gy Az Ay ot Dy
Ay Q Q ay a4j
B all a'|2 a'i3 a'|4 a'ij |
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 The side constraints for this problem are of this form:

C'=

Ay
a‘21

A3
a'41

ai1

A,
a22

A3,

S

a23 a‘24
a33 a’34

a'43 a'44

Ay |

s

a4j
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Consider the Matrix:

Network > A » Set J,;
0,1 Matrix > C » Odd rows to Set J,;
Even rows to Set J,
/
Compliment > C » Odd rows to Set J;
| | Even rows to Set J,
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 Another sufficient condition for TU is:

 ForeveryJ < N={1,...,n}, there exists a partition J,, J, of J
such that

da - a|<l  Vi=l..,m

jed, jed,
n/2 or n/2 or

(n+1)2  (n-1)/2

Constraints
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 Therefore, this matrix is TU




