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Daniel H. Wagner Associates 

• Consulting services in operations research, mathematics and 
software development since 1963 

• Technical staff of 25 includes 12 PhDs in mathematical 
sciences 

• Primary client base – DoD and financial community 

• Offices in Exton PA (HQ), Hampton VA and Vienna VA 
 

Daniel H. Wagner Associates, Inc. 
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Daniel H. Wagner Associates 
Daniel H. Wagner Associates, Inc. 

• Missile Defense Agency:  Tracking, Registration, and Data Fusion 

• Air Force:  AWACS Multi-Sensor Fusion; Tracking ground targets  

• Army:  Combat Identification for IBCS 

• Department of Homeland Security (DHS) : Field tested Data Fusion 
systems for the Mexican (ground) and Canadian (water) borders 

• Navy: Torpedo Defense, Data Fusion, Mission Planning, Mine Warfare, 
Submarine Warfare, Unmanned Vehicles 

• NASA: Random Number Generation on GPGPUs  

• Financial Community: Retirement Spending Planner, Mean Variance 
Optimization Library, Statistical Arbitrage, Optimal Coupon selection, 
Portfolio Optimization 
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Daniel H. Wagner Associates 

POWERVENT COMBATANT MARITIME 
VESSEL 

11M RHIB 
7M RHIB 

Currently Running Data Fusion (World 
View) on Six Heterogeneous ASVs 
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Daniel H. Wagner Associates 

360-Degree Electro-Optical (EO) 
Imagery 
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Daniel H. Wagner Associates 

Fusion of Four Sensors 

Ownship 

RADAR 

LIDAR 

EO Stereo 

AIS 

Ownship w/ GPS/IMU 

Fused Contact 



The Terminator Dilemma: 
 
We are building Skynet now......... 
 
our job is to ensure the robots don’t kill us. 
 
 

Logical Progression is Autonomous Use of Non-Lethal and/or 
Lethal Weapons (as the Navy already does with mines, torpedoes, 

cruise missiles) 
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Daniel H. Wagner Associates 

• Daniel H. Wagner, 1925 - 1997 
• Dan Wagner at Brown University 

– Real Variables, Banach Spaces, Cohomology – Abstract Math! 
• Dan at Navy’s Operations Evaluation Group 

– In the vanguard of OR as a discipline 
 

Before Wagner Associates 
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Daniel H. Wagner Associates 

• Daniel H. Wagner, 1925 - 1997 
• Dan Wagner at Brown University 

– Real Variables, Banach Spaces, Cohomology – Abstract Math! 
• Dan at Navy’s Operations Evaluation Group 

– Origins of OR as a discipline 
• Dan at Burroughs Corporation 

– Led a team of Mathematicians designing a new fangled invention! 
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Daniel H. Wagner Associates 

• Daniel H. Wagner, 1925 - 1997 
• Dan Wagner at Brown University 

– Real Variables, Banach Spaces, Cohomology – Abstract Math! 
• Dan at Navy’s Operations Evaluation Group 

– Origins of OR as a discipline 
• Dan at Burroughs Corporation 

– Led a team of Mathematicians designing a new fangled invention! 
• Dan’s First Entrepreneurial Adventure 

– Kettelle & Wagner (1958 – 1963) 
 John D. Kettelle 
 Ballistic Missile Early Warning System (False Alarm Rules: 1 per 100 years 

FAR) 
 

Before Wagner Associates 
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Daniel H. Wagner Associates 

• Business started on May 1, 1963 
• Incorporation on December 20, 1966 
• Hire “pure” mathematicians 

− Maintain Strong Academic Connections 
− Hire Interns 
− Encourage Prof Development; Publish Papers; Attend Conferences 

• On the job training 
– “Field Assignments” for the Navy 

• Excellence in Written Documentation and Oral Presentation 
Dan writes “High quality in report preparation is obviously of fundamental 
importance to an organization whose only output is on paper.” 
“In the 1960’s and early 1970’s I reviewed editorially and technically 
almost all of our technical output” 

 
 

 

Wagner Associates – The Beginning 
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Daniel H. Wagner Associates 

• Summer of 1967: Dave Bossard goes to Groton, CT to support 
Commander Submarine Development Group Two 

• Commander Second Fleet – Norfolk, VA 

• Commander Submarine Forces Pacific Fleet – Pearl Harbor, HI 

• Commander Patrol Wings Atlantic Fleet – Brunswick, ME 

• Commander Patrol Wings Pacific Fleet – Moffet Field, CA 

• Commander Task Forces 69 & 66 – Naples, Italy 

• September 1987:  Reynolds Monach returns from CSP, Pearl 
Harbor 

• Thirty eight Field Representatives over a twenty year span 

 
 

 

 

Naval Field Assignments 
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Daniel H. Wagner Associates 

Dave Bossard At Sea 
August 1968 
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Daniel H. Wagner Associates 

• January 17, 1966 – USAF loses an H-Bomb 

• May 22, 1968, the nuclear attack submarine USS Scorpion 
(SSN-589) sinks 

• September of 1857, the 2100 ton SS Central America 
(carrying three tons of gold) sinks off the Carolinas 

• The search and recovery operation following the 1986 
Challenger disaster 

• Clearance of mines from the Suez Canal 
 

 

 

A Few Famous (Wagner) Searches 
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Daniel H. Wagner Associates 

• January 17, 1966 over Palomares, a small Spanish fishing 
village 

• B-52 Bomber carrying four H-Bombs collides mid-air with SAC 
KC-135 refueling tanker 

• Three H-Bombs hit the land, but one is lost (presumably at 
sea) 

• No existing search methodology (doctrine) to apply 
 

 

 

The H-Bomb Search 
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Daniel H. Wagner Associates 

The H-Bomb Search 
References 

• Lewis, Flora (1967). One of Our H Bombs is Missing. McGraw Hill 
• Bush, Julie and Maydew, Randall C. (1966). America's Lost H-

Bomb: Palomares, Spain. 
• Moran, Barbara (2009). The Day We Lost the H-Bomb: Cold War, 

Hot Nukes, and the Worst Nuclear Weapons Disaster in History. 
Random House, Inc. 
 

• Craven, John Piña (2001). The Silent War. Simon and Schuster. 
• McGrayne, Sharon Bertsch (2011). The Theory That Would Not Die: 

How Bayes’ Rule Cracked the Enigma Code, Hunted Down Russian 
Submarines, and Emerged Triumphant from Two Centuries of 
Controversy. Yale University Press 
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Daniel H. Wagner Associates 

The H-Bomb Search 

• Dr. John Piña Craven, Chief Scientist Navy Special Projects 
Office 1958 - 1970 
– Divide the Search Area into small grid cells 
– Combine possible scenarios into prior probability distribution 
– Hire Wagner Associates to do on-site analysis 

• Daniel H. Wagner Associates 
– Ashore: work on developing a better prior distribution and a search plan 
– Dan Wagner sends a young PhD, Henry R. (Tony) Richardson to Spain 
– Expecting an august authority, Admiral “Bull Dog” Guest assigns the 

eminent mathematician a Captain’s stateroom and steward.   
“When he met Richardson, who looked even younger than his 26 years, 
Bull Dog harrumphed ‘I didn’t think we were getting a teenager.’ ” 
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Daniel H. Wagner Associates 

The H-Bomb Search 

• Search Assets 
– 125 Swimmers and Scuba Divers 
– 25 Navy Ships with 3,000 Navy personnel 
– 4 Research Submersibles 
– A host of civilian researchers and contractors (including Tony) 

• Each day Tony computes “Search Effectiveness Probability” 
– The probability that the bomb would have been detected if it were in a 

given cell 
– Overlaying bits of paper to superimpose curves 
– Use a slide rule and an adding machine that could also multiply! 
Richardson: “My recollection of my marching orders was to statistically 
document the search and … to be able to certify to the President and to 
Congress that everything possible was done and that it was done in a 
scientifically accurate and careful way. ” 
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Daniel H. Wagner Associates 

The H-Bomb Search 
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Daniel H. Wagner Associates 

The H-Bomb Search 
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Daniel H. Wagner Associates 

The H-Bomb Search 

• On March 15, 1966 the H-Bomb is located 
• From Craven’s Book 

“By this time, Wagner Associates, [Dan] Wagner’s firm, had constructed a 
mathematical model whose complexity defied understanding by mere 
mortals.” 
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Daniel H. Wagner Associates 

The H-Bomb Search 
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Daniel H. Wagner Associates 

The USS Scorpion Search 
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Daniel H. Wagner Associates 

The USS Scorpion Search 

• Declared lost at sea June 5, 1968 
– A nuclear submarine (SSN-589) 
– Between Azores and base in Norfolk, VA 
– 99 Crewmen perished 
– Remains at depth of 11,220 feet 

• Implosion event was detected acoustically 
– Triangulation reduced search area to 10 mile radius circle 
– Dr. Craven et. al. came up with nine possible scenarios 
– Each scenario produces a location uncertainty (probability distribution) 
– Each scenario is given a weight 
– Monte Carlo simulation produces a priori target distribution 
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Daniel H. Wagner Associates 

The USS Scorpion Search 
Probability Map 

• 10,000 Monte Carlo samples. 
 

• Count number in each grid cell 
and divide by 10000 to get 
probability. 
 

• Highest Probability Cell: 0.125 
 

• Now update probabilities using 
Bayes Rule as you search 
 

• Scorpion found 260 yards from 
the highest probability cell 
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Daniel H. Wagner Associates 

• In 1857, while carrying passengers and gold from California to New York, 
the SS Central America sank in a September hurricane taking tons of gold 
bars and coins to the ocean bottom 8,000 feet below. 

• Some 425 people lost their lives, including the Captain of the ship. 
• A financial panic ensued in New York, and the Navy was directed to 

investigate the loss. 
• The Central America was the most famous shipwreck of its time, 

comparable to the loss of the Titanic in the 20th Century. 
 
 

• For the full story, see Ship Of Gold In The Deep Blue Sea by Gary Kinder 
 

SS Central America 
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Daniel H. Wagner Associates 

32 

Route of the SS Central America 
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Daniel H. Wagner Associates 

SS Central America Encounters Hurricane 

Route of SS Central America 
Savannah 

Charleston 

Jacksonville 

x 
x 

x x 

Thursday night 

8:00 am Friday 

Herndon 
7:00 am  
Saturday 

Marine 
12:00 pm 
Saturday 

Ellen 
8:00 am 
Sunday 

Badger 
Estimate 

ROUTE OF THE  SS CENTRAL AMERICA September 1857 

Route of  SS Central America 
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Daniel H. Wagner Associates 

34 

Probability Distribution and Search Plan 
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Daniel H. Wagner Associates 

Location of SS Central America 
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Daniel H. Wagner Associates 

Some Gold from the SS Central America 
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Daniel H. Wagner Associates 

Challenger Search 
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Daniel H. Wagner Associates 

Clearing Ordnance from the Suez Canal 
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Daniel H. Wagner Associates 

Clearing Ordnance from the Suez Canal 
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Daniel H. Wagner Associates 

Operations Research Society of America Lanchester Prize - recognizing Theory of Optimal 
Search by Lawrence D. Stone as the best English language publication in operations research for 
1975 
 
Rist Prize - to Barry Belkin, Joseph Bolmarcich, and Lambros Hatzilambrou recognizing “A 
Methodology for Estimating Quantities of Threat-oriented Ordnance Needed for Combat” as the 
best paper in military operations research in 1975 
 
Military Operations Research Society (MORS) MOR Journal Award (2004) - to David P. 
Kierstead and Donald R. Del Balzo for their published technical article, “A Genetic Algorithm 
Applied to Planning Search Paths in Complicated Environments,” Volume 8, Number 2 
 
United States Army 1997 Army SBIR Phase II Quality Award - for work on "Continuous Speech 
Recognition with Speaker Verification for Secure, Real-Time Voice Control"  
 
 

 

 

Awards & Recognition 

http://www.wagner.com/technologies/missionplanning/search-optimization/cluetreatment.html
http://www.wagner.com/technologies/missionplanning/search-optimization/cluetreatment.html
http://www.mors.org/awards/mor_journal_award.htm
http://www.mors.org/awards/mor_journal_award.htm
http://www.mors.org/awards/mor_journal_award.htm
http://www.wagner.com/technologies/voice-speech/speaker-verify.html
http://www.wagner.com/technologies/voice-speech/speaker-verify.html
http://www.wagner.com/technologies/voice-speech/speaker-verify.html
http://www.wagner.com/technologies/voice-speech/speaker-verify.html
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Daniel H. Wagner Associates 

Defense Logistics Agency James S. Cogswell Award (1979) - in recognition of sustained 
outstanding achievement in implementation of the Department of Defense Industrial Security 
Program 
 
United States Navy Distinguished Public Service Award - to Thomas L. Corwin  
 
United States Navy Meritorious Public Service Citation - to Reynolds Monach for meritorious 
scientific achievements in the field of operational anti-submarine warfare  
 
United States Navy Commendation from the Chief of Naval Operation - to Daniel H. Wagner for 
his outstanding contributions to the field of naval warfare analysis 

 

Awards & Recognition 
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Daniel H. Wagner Associates 

Awards & Recognition 

“Other accomplishments which are directly 
 attributable to Dr. Wagner’s inspiring 
leadership are advances in the theories of 
cumulative detection probability, novel 
applications of modern analysis and 
tactical information processing, and in the 
use of Bayesian statistical methods to 
optimize real-time naval operations.” 
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Daniel H. Wagner Associates 

Awards & Recognition 



Abstract Deadline May 1, 2015.   
 
Apply to win this prestigious practice prize that rewards professionals who devise innovative analytical 
methods, utilize those methods is a verifiably successful O.R./analytics project, and describe their work 
in a clear, well-written paper.  
  
Two-page abstract is due by May 1, 2015. 
  
This prestigious INFORMS practice prize spans all O.R. and 
analytics disciplines and application fields. Any work 
presented in an INFORMS section or society practice-oriented 
competition is eligible as long as the work did not result in a 
published paper. 
  
Wagner Prize competition is high-profile, with its own track at 
INFORMS Annual Meeting. Presentations are widely 
distributed via streaming video. Finalist papers are published 
as a special issue in INFORMS respected practice journal 
Interfaces. 
 
The 2015 competition will be held at the INFORMS Annual 
Meeting, November 1-4, in Philadelphia, PA. First-place prize 
of $1,000 will be awarded at the Edelman Gala, during the April 2016 Conference on Business Analytics 
and O.R.   
 

 

Allen Butler (middle) congratulates 
members of the 2014 winning team -  

Oleg Gusikhin, Ford Motor Company (left) 
and David Simchi-Levi, MIT (right.) 

http://r20.rs6.net/tn.jsp?e=001i5tkQ6oaRgK75Anla93K4MvRnOz3q3aXSoCYxmPSP3zFIw01mPWu9r8rCP4wkx3RzThLodep7H6XSqLa7afqIPMwa8snUJbOfafsuzyIUzujhNs0o8ox_CgtRWq1kSdhn9bvjhk2MQE=
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Daniel H. Wagner Associates 

The Daniel H. Wagner Prize for Excellence 
in Operations Research Practice 



A Few Non-DoD Projects 
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Daniel H. Wagner Associates 

Computer Assisted Search Planning 
(CASP) 

“Computer software developed 
by Daniel H. Wagner Associates 
of Paoli was instrumental to 
success of a dramatic rescue off 
Florida recently, according to a 
Coast Guard source.” 
 
“During the night, planners at the 
Coast Guard Rescue 
Coordination Center in Miami 
employed CASP to develop a 
map showing at each grid cell 
location the probability that the 
family adrift would be at that 
location the next day.” 
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Daniel H. Wagner Associates 

Hospital Resident Scheduling 
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Daniel H. Wagner Associates 

Hospital Resident Scheduling 

“…considerable time and 
effort … to generate these 
schedules manually by trial 
and error.” 
 
“… not uncommon for the 
chief (pediatric) resident to 
spend as long as two or 
three months working out 
the scheduling details.” 
 
“…considerable secretarial 
work involved in editing and 
typing revisions.” 
 
“Human error in schedule 
preparation …” 
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Daniel H. Wagner Associates 

DNA Sequencing 
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Daniel H. Wagner Associates 

Human Genome Project 

• Map all human genetic material 
– Determine location of all genes within chromosomes 

 
• Sequence all human genetic material 

– Determine sequence of DNA bases in chromosomes 
– Given a fragment of DNA, find sequence of bases 
– Human Genome has ≈ 3 billion bases 

 
• Leads to  

– Diagnosis and cure of human genetic disease 
– Understanding of human physiology 
– Application of technology to other species 

 
• Prominent Methods in late 80s 

– Maxam Gilbert 
– Sanger 
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Daniel H. Wagner Associates 

Problems With Maxam-Gilbert or  
Sanger Methods 

• Tedious 
• Error Prone 

– Repeat several times for accuracy 
• Slow 

– 100,000 Bases/Persons/Year (1988) 
– 30,000 MY for Human Genome 

• Costly 
– $.75/base 

• Goal:  1 million bases per day (project wide) 
– $.10/base 
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Daniel H. Wagner Associates 

Hybridization 

• Probe hybridizes with (binds to) complementary subsequence of DNA 
fragment 

• Insight:  Use probes to learn about subsequences of fragment 

G C T A G G  Probe 

A C G T T C G A T C C G G T A C   DNA Fragment 
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Daniel H. Wagner Associates 

Sequencing by Hybridization 

DNA Fragment 
ATTCTTGTTA 

All Length 
3 Probes 

AAA AAC ACA ACC CAA CAC CCA CCC 

AAG AAT ACG ACT CAG CAT CCG CCT 

AGA ACC ATA ATC CCA CGC CTA CTC 

AGG AGT ATC ATT CGG CGT CTC CTT 

GAA GAC GCA GCC TAA TAC TCA TCC 

GAG GAT GCG GCT TAG TAT TCG TCT 

GGA GGC GTA GTC TGA TGC TTA TTC 

GGG GGT GTG GTT TGG TGT TTG TTT 

All Length 
3 Sequences 

Reconstructed 
Sequence 

ATT     CTT 

TCT     TTA     TTC ATTCTTGTTA 

GTT     TGT ATTGTTCTTA 

TTG 
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Daniel H. Wagner Associates 

 Reconstruction by Graph 

• Probes are Length k 
• Vertices are all k – 1 subsequences 
• Edges are all k subsequences (directed) 
• Reconstruction is a path through all vertices 
• Uniqueness (fragment length n) 

– n – k + 1 probes hybridize 
– Graph Eulerian 
– Unique Eulerian Path 

CT  TC  

TT TA END AT START 

GT  TG  
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Daniel H. Wagner Associates 

Wagner DNA Projects 

Topic Client 

Probe based partial sequencing/data base search NIH/DOE 

Gel Image Storage/ 
Data Compression 

Intelligenetics 

Signal Detection 
Flourescent Gel Scanning 
Film Transfer Image Analysis 
Mass Spectroscopy Gel Scanning 

 
ABI Pharmacia/NIH/DOE 
Intelligenetics/NIH/DOE 
Genomyx 

Multiple Hypothesis Fragment Assembly ABI/Intelligenetics 

Lab Management System (with Intelligenetics) NIH/DOE 
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Daniel H. Wagner Associates 

Stochastic Models of Sperm Motility 
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Daniel H. Wagner Associates 

Stochastic Models of Sperm Motility 
Biology Basics 
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Daniel H. Wagner Associates 

Stochastic Models of Sperm Motility 
Math Model for Motion 
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Daniel H. Wagner Associates 

The Iceberg Project 

• Client: Lower Churchill Development Corporation (Canada) 
 

• Problem:  Quantify risk of iceberg scour to a proposed power 
cable across the bed of the Strait of Belle Isle (between 
Labrador and Newfoundland) 
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Daniel H. Wagner Associates 

The Iceberg Project 
Analytical Approach 

• Factors to consider: 
– Number of icebergs flowing through Strait 
– Shapes and sizes of icebergs 
– Geography and bathymetry of Strait 
– Presence of a sill (submerged ridge) acting as a natural barrier 
– Possible rotational instability of icebergs 

• Discretize points on cable and floor of Strait 
• Calculate probability of scour by given iceberg taking into account 

– sill entry point of iceberg 
– iceberg shape index 
– initial iceberg draft  
– possibility tilting and rollover of iceberg in crossing sill 
– point at which iceberg crosses cable 

• Utilize historical data on number of icebergs entering Strait, sill 
entry points, iceberg shapes, and iceberg drafts to estimate required 
frequency functions 
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The Iceberg Project 
Main Results 

• Investigated the two alternate cable routes under 
consideration 

• Parameterized probability of scour event based on 
− depth of trench in which cable is buried 
− length of time period  

• Determined that without a trench the acceptability criterion 
of one expected scour event every 25 years is not met 

• Determined required depth of trench to meet acceptability 
criterion 
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Wagner Associates’ Offspring 

 
• Bossard Analysis (Dave Bossard) 

• EPL Analysis (Ted Loane) 

• Quantics, Inc. (Joe Bolmarcich, Robert Higgins) 

•  Inter-National Research Institute (Frank Engel) 

• Applied Mathematics, Inc. (Bill Browning) 

• Metron, Inc. (Tom Corwin; Larry Stone) 

• SmartCrane, LLC (Joe Discenza) 



Maintaining the Academic Connection 
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Daniel H. Wagner Associates 

 

 

• Shizuo Kakutani 

• Kazimierz Kuratowski 

• Paul Halmos 

• Paul Erdős 

 
Guest Lectures 
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Daniel H. Wagner Associates 

 
Shizuo Kakutani , et. al. (1978) 
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Birth and Development of the  
Polish School of Mathematics 
Kazimierz Kuratowski (1977) 



70 
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Applications of Probability Theory  
to Number Theory and Combinatorics  

Paul Erdős (1981) 
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How to Throw Small Matrices Away 
Paul Halmos (1983) 
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Maintaining the Academic Connection 
Return to Academia 

• Dr. Bruce Scranton 
– Chair, Mathematics Department 

Emmanuel College 
• Dr. Stan Benkoski 

– Instructor, Mathematics Department 
West Valley College 

• Dr. Burgess H. Rhodes  
– Visiting Lecturer of Mathematics 

University of Richmond 
• Dr. Walt Stromquist 

– Editor, Mathematics Magazine (a Journal of the MAA) 
– Visiting Associate Professor, Mathematics Department 

Swarthmore College 
• Dr. Michael Monticino 

– Dean of the College of Arts and Sciences 
University of North Texas 
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A Wall of Journals 
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1966 ORSA Journal 
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