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seniority_list: A Tool to Address the Challenge of Airline Mergers and Labor
Integration

Abstract

Integrating employee groups from separate firms into a combined, well-functioning workforce presents
one of the most difficult challenges in a corporate merger. This has particularly been the case in the
recent airline mergers in the U.S. that have left three large legacy airlines, namely, American, Delta, and
United. Carriers in these mergers have, in some cases, seen years of arbitration and litigation, employee
turmoil and labor union decertification, and delays in operational integration and the realization of
anticipated merger synergies. In response to this situation, this report introduces seniority_list, a
computer-based tool that can be used by unions, employee groups, arbitrators, airlines, and consultants in
their workforce integration efforts, analyses, and recommendations. The report demonstrates how the
tool addresses such variables as employee tenure, jobs available, and furlough recall schedules, together
with ordering and conditions on integration alternatives, to comprehensively assess the short- and long-
term impact of workforce integration strategies. The purpose of seniority_list is to help speed up post-
merger labor integration, enhance outcome fairness for merged employee groups, reduce conflict, and
allow airlines to more quickly realize the operational and financial benefits expected from a merger.
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seniority_list:

ATool to Address the Challenge of Airline Mergers and
Labor Integration

by Robert Davison and Sean E. Rogers

EXECUTIVE SUMMARY

ntegrating employee groups from separate firms into a combined, well-functioning

workforce presents one of the most difficult challenges in a corporate merger. This has

particularly been the case in the recent airline mergers in the U.S. that have left three large

legacy airlines, namely, American, Delta, and United. Carriers in these mergers have, in
some cases, seen years of arbitration and litigation, employee turmoil and labor union decertification,
and delays in operational integration and the realization of anticipated merger synergies. In
response to this situation, this report introduces seniority_list, a computer-based tool that can be
used by unions, employee groups, arbitrators, airlines, and consultants in their workforce
integration efforts, analyses, and recommendations. The report demonstrates how the tool
addresses such variables as employee tenure, jobs available, and furlough recall schedules, together
with ordering and conditions on integration alternatives, to comprehensively assess the short- and
long-term impact of workforce integration strategies. The purpose of seniority_list is to help speed
up post-merger labor integration, enhance outcome fairness for merged employee groups, reduce
conflict, and allow airlines to more quickly realize the operational and financial benefits expected
from a merger.

Keywords: Airlines, Unions, Mergers, Pilots, Labor Integration, Seniority Integration, seniority_list
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seniority_list:

ATool to Address the Challenge of Airline Mergers and Labor Integration

by Robert Davison and Sean E. Rogers

n a 1955 article entitled “Seniority Problems in Business Mergers,” published in the journal

Industrial and Labor Relations Review, economist Mark Kahn wrote: “Every industry with

seniority practices has encountered seniority integration disputes at least sporadically,

while some, especially in transportation, have been plagued by them.” ! Professor Kahn's
statement remains no less true today than when he wrote it more than 60 years ago.

I Kahn, M. L. (1955). Seniority problems in business mergers. Industrial and Labor Relations Review, 8: 362)
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Participants in the approximately 50 airline mergers
and acquisitions from 1930 through 2013 may have felt
that they were in the midst of a plague when it came to
integrating their unionized employee groups into a single,
merged workforce.? Among modern major air carriers, all
except Delta Air Lines and JetBlue have significant labor
union representation across most “crafts” or “classes” of
employees.’ Thus, airline mergers and acquisitions almost
always encounter the seniority integration problems Kahn
identified.

These problems have often resulted in multi-year
legal disputes, union de-certification, delays in merger
implementation, and even new regulations and legisla-
tion being enacted to prevent seniority disputes. Classic
examples of such disputes include the 1952 Pan Ameri-
can—American Overseas pilots and 1962 United Air Lines—
Capital Airlines pilots. As an example of merger-driven
regulatory changes, in 1972 the Civil Aeronautics Board
(the now-defunct agency then responsible for regulating
airline operations, including routes and fares) established
the Allegheny-Mohawk Labor Protective Provisions, or
LPPs, which arose out of the seniority integration list
proceedings from the 1972 merger of Allegheny Airlines
and Mohawk Airlines (precursors of US Airways). The
LPPs basically required a newly merged airline to “make
provisions for the integration of seniority lists in a fair and
equitable manner.”* Amid concerns about the treatment
of unionized employees of Trans World Airlines (TWA)
following its acquisition by American Airlines in 2001,
Missouri senators Claire McCaskill and Christopher “Kit”
Bond introduced federal legislation aimed at guarantee-
ing LPPs for workers affected by merger-induced senior-
ity list integration. The McCaskill-Bond Statute became an
amendment to the Federal Aviation Act in 2008.5

Introduction to seniority_list

In view of the obdurate challenges relating to seniority-
based workforce integration, we developed seniority_list
to provide an unbiased, easy-to-understand, robust ana-
lytical tool for employee groups, labor unions, airlines, ar-
bitrators, and consultants to use when they are attempting
to combine seniority-based work groups. The tool uses
readily available employee and company information

to model the effects of post-merger, combined seniority

2 5ee: http://airlines.org/dataset/u-s-airline-mergers-and-acquisi-
tions/

3 https://nwlaborpress.org/2012/10/fly-the-union-friendly-skies/.
Pilots at Delta Air Lines are unionized, but most other large employee
groups are not.

4 http://www.mondaq.com/unitedstates/x/164186/Aviation/Senior
ity+Integration+And+The+MccaskillBond+Statute

5 http://naarb.org/proceedings/pdfs/2013-191.PDF

list ordering proposals over a wide range of metrics and
conditions, doing so in a manner that is quickly adjust-
able and can handle multiple iterations. Although it was
designed with airline pilot workforce integration in mind,
senijority_list can be adapted to any industry or group
where workers operate under a seniority system.

The seniority_list tool uses the Python programming
language, in conjunction with several Python numerical
and data analysis libraries (i.e., pandas, NumPy, mat-
plotlib, and seaborn). Using seniority_list requires a basic
level of familiarity with computer language programming,
as well as access to the supporting libraries and software
programs. The seniority_list program, all needed pro-
gramming tools, and the user interface are all open-source,
and freely available to download, use, and in some cases,
modify.®

While all of the particulars of seniority_list cannot be
described here, this report (1) discusses the basic concepts
and terminology of seniority_list, (2) outlines the process
of using seniority_list from start to finish, and (3) demon-
strates a sample operation, output, and analysis, as well as
editing the analysis. Complete instructions for using the
tool can be found at the documentation website for
seniority_list at rubydatasystems.com. The website
contains step-by-step instructions on how to download
the tool and all supporting libraries and programs, how
to adapt the tool to the particular conditions of a given
seniority integration, and conceptual explanations of what
the tool attempts to accomplish through its modeling.

Basic Concepts and Terminology of
seniority_list

A key attribute of seniority_list is that it is focused on
outcomes, rather than on processes alone. A particularly
lengthy workforce-integration process, for instance, was
that of the pilots in the 2005 America West Airlines-US
Airways merger, followed by that airline’s 2013 merger
with American Airlines. The pilot integration dispute of
America West and US Airways was not resolved before
that merged airline (then doing business as US Airways)
merged with American Airlines. Seniority list integration
among those three pilot groups was finally resolved in
September 2016, approximately eleven years after the initial
merger.

In this and the other disputes that we mentioned
above, the emphasis has been placed on the process of in-
tegrating seniority lists rather than the actual results of the
integration. That is, decision makers have been singularly

6 If improvements or other changes are made to seniority_list, the
only caveat is that these modifications will also made free and avail-
able to the public. Source code for seniority_list is hosted at: https://
github.com/rubydatasystems/seniority_list.
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concerned with perceived equity and fairness during the
process and its immediate outcome. Our horizon involves
the results of workforce integration for the working
conditions, internal labor market mobility, and lives of
employees in the years after the integration has nominally
been completed.

To that concern, seniority_list offers a dynamic, ana-
lytical approach to understanding the long-term quantita-
tive effects of various alternative workforce integration
solutions on the personal and professional lives of union-
ized workers caught up in a corporate merger.

Seniority

At the heart of any explanation of an airline pilot seniority
list and how it operates is one basic idea: once a pilot’s
position on a seniority list has been set, the advancement
and job opportunities available to that employee are
directly related to the birth dates of the other pilots senior
to him or her on the list.” For example, the number of
steps a pilot can advance upward on the seniority list over
the course of his or her entire career will be capped by the
number of more senior pilots with an earlier birth date,
because the affected employee will retire prior to those
who are younger and more senior to him or her.

Additionally, a pilot’s rate of advancement is directly
proportional to the ranges of birth dates belonging to
senior employees. Someone on the seniority list who is
younger than any of their more senior colleagues will
move up to the number-one list position at some point.
That employee’s accession to the number-one position
depends on the ranges of senior employees’ birth dates.
For example, if an individual is on a list where all pilots
senior to her will be retiring within the next month, after
the next month that pilot will be number one on the list
for the remainder of her career. Conversely, if an individ-
ual is on a list where all employees senior to him will be
retiring two days prior to his own retirement, he will stay
right where he is on the list with no advancement until
two days prior to his retirement.

Employees working under a seniority system are
acutely aware of this situation. Seniority determines
nearly every aspect of the employee’s work life, from
job status to work shift to annual vacation. Employees
continually look ahead and calculate when they might
be able to attain a particular status. Overall, the seniority
system is constant and predictable for employees—until a
merger occurs. A merger can completely disrupt the exist-
ing systems, with significant changes to workers’ careers
and challenges to their long-held expectations. This is

7 In the U.S,, airline pilots have a mandatory retirement age of 65.
Thus, the point at which airline pilots will leave the firm and no longer
hold a place on the seniority list is fixed and known.

SENIORITY_LIST TERMS AND DEFINITIONS

The following list includes terms specific to the seniority_list tool
and airline pilot workgroups, as well as others more generic to the
computer languages, software, and programs used to run the tool.

Attribute-a homogeneous measurement stored in a column form,
such as list percentage, age, or cumulative pay;

Bidding-a job selection process where individual employees indicate
job preferences and receive job assignments using those
preferences, beginning with the most senior employee and
proceeding through the seniority list top to bottom;

Conditions and restrictions (“fences”)—job rights or limits assigned
to one or more employee groups intended to reduce equity
distortion, normally with defined duration and scope;

Dataframe-a data structure organized with rows and columns which
is optimized for data analysis;

Dataset-the final data product of the seniority_list calculation section
containing multiple columns of analytical information with one row
for each employee for every month of the data model;

Date of hire (doh)-the date when a pilot began work for a company;

Delayed implementation—a delay in time between the “official”
merger date and the actual implementation of an integrated
seniority list;

Density chart-a chart which displays population distribution and
concentration per employee group;

Differential chart-a chart which compares the difference between the
same attribute from two calculated datasets;

Editor tool-an interactive display which reveals integrated list
inequities and permits corrective list adjustments

eg—employee group;

empkey-a unique employee number assigned to each employee;

Furlough (fur)-a leave from work, normally involuntary due to job
reductions;

Inactive—employees who are not occupying or bidding for a position
which would otherwise affect the job opportunities for those
employees below them on the seniority list;

Integrated—the employee groups merged as one using a combined
list order, or the calculated data resulting from the combination;
Long-form-a dataset format containing information for every month

for each employee remaining on the list for that month;

Python library/package—an add-on program designed to provide
additional specialized capability to Python users, such as web
development, server operations, or data science;

Recall-a return to work following a furlough;

Script-a program routine designed to accomplish a specific task;

Short-form-a dataset format containing static list data, without any
future progression calculations with length equal to the number of
employees;

Skeleton-a long-form pre-calculated dataframe containing employee
information which is list order independent;

Squeeze-the movement of a selected section of an employee group
within an integrated list using the editor tool; and

Standalone-an independent employee group, or the data calculated
for an independent group as if a merger had never occurred.
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Input file: Employee data (excerpt of master.xlIsx)

A B C D E F G H | J
1 empkey eg| Iname dob doh Idate sq | fur|line |eg order
2 | 10011102 1 tooeyoo 1949-07-13 1973-02-26 1975-01-29 0O O I 1
"3 | 10010475 1 rubelot 1949-02-05 1975-05-27 1975-05-27 0 O 1 2
__4_j 10013096 1 yeloxid 1949-01-08 1977-01-18 1977-01-18 0O O 1 3
5 | 10012178 1 xayeaue 1951-06-07 1977-11-15 1977-11-15 O O 1 4
6 | 10014447 1finuceu 1951-10-17 1977-12-09 1977-12-09 0 O 1 5
7 110014384 1 pevagai 1954-06-02 1978-01-12 1978-01-12 0O O 1 6
8 | 10012843 1 quniy 1953-05-14 1978-02-18 1978-02-18 0 O 1 7
g | 10014067 1 gimed 1955-05-25 1978-03-01 1978-03-01 0 O 1 8
jf_o__ 10010929 1 xovejig 1955-06-20 1978-03-07 1978-03-07 0 O 1 9
~ 11 | 10014351 1yanag 1950-03-22 1978-03-12 1978-03-12 0 O 1 10
12 | 10011974 1 eipieuv 1955-02-14 1978-03-21 1978-03-21 0O O 1 1T

why employee groups fight so hard to preserve status quo
whenever seniority lists must be combined.

The seniority_list tool is designed to make this transi-
tion as smooth as possible by providing stakeholders and
decision makers rapid insight into, and understanding of,
the real and practical effect that various proposals would
have on employees. It does this by modeling combination
outcomes and then measuring and comparing multiple
equity factors using specialized algorithms. Additionally,
the program is able to build or edit proposals so that job
opportunities are balanced and changes to career expecta-
tions are minimized for all pre-merger work groups.

Assumptions and Boundary Conditions

At some regular interval (e.g., monthly), airline pilots bid
on what routes they will fly during some specific period
(e.g., the next month). Their rank on a seniority list deter-
mines the degrees of freedom of their preferences. The
seniority_list tool does not attempt to predict the bidding
preferences of individual employees, except to presume
that employees will always bid for the highest paying or
highest ranked assignment (even though that may not
always occur). But it does aim to model the employees’
bidding opportunities. For this purpose, the program
focuses on variables that are fixed or that can be modeled
in a quantifiable state, such as birth dates, jobs available,
proposed list orders, furlough-recall schedules, and special
conditions or restrictions that may be part of a solution.
The overall result of employees’ individual choices is a
group average, ultimately constrained by list positioning.
Thus, seniority_list offers abundantly more insight into the
real effect of a potential combined seniority list than has
been available to decision-makers in the past.

Cornell Hospitality Tool ® May 2017 ® www.cihler.cornell.edu ¢ Vol. 17, No. 12

Because birth dates are fixed, the order of an inte-
grated seniority list is the primary determining factor
controlling the careers of pilots within the newly merged
airline. Thus, seniority_list was designed to examine the
effects of different proposed list orders by creating data
models that can extend into the future several months
or until the youngest pilot reaches retirement. The tool
also determines the best possible job assignments for
all employees, as limited by the order of separate and
integrated seniority lists. It incorporates other con-
ditional factors such as delayed implementation, job
count changes, furloughs, recalls, and special job rights.
Many other additional calculated metrics are generated,
culminating in a rich set of attributes providing objec-
tive, outcome-based analytics for workforce integration
decision-makers.

The program does not advocate for any particular
starting point or list integration philosophy. It simply
calculates results based on the decision-makers’ inputs.
It can reveal optimal list ordering without the use of any
associated conditions and restrictions, or it can offer so-
lutions which contain corrective conditions and restric-
tions to address equity distortions. An example of that is
when list construction is premised on a certain founda-
tional standard, such as order by hire date or ratio, when
the native groups possess disparate demographics or job
structures leading to an uneven integration.

Procedural Outline of seniority_list

Operational basics. The seniority_list data model is
built upon predictable variables, and isolates and treats
separately variables that cannot be straightforwardly
quantified (see Exhibit 1). We know that certain aspects



Input file: Compensation data (excerpt of pay_tables.xIsx, 1 of 2 worksheets)

A foooB | e | e | e . B | e [ H ] |l 3 | kK | v | M | N |

1| year | jpum | 12 | 2 | 3 | a4 | 5 | & | 7 | 8 | 9o | 10 | 11 | 12 |
~2 | 2013.0 1 2532 12024 12121 122.17 123.14 12410 125.07 126.03 127.00 12797 12893 129.90
_3 | 2013.0 2| 2532 102.21 103.02 103.84 104.66 10548 106.30 107.12 107.94 108.76 109.58 110.40
“a | 2013.0 3 2532 9489 9565 96.41 97.17 9793 98.69 99.45 100.21 100.97 101.73 102.49
5 | 2013.0 4 2532 6069 73.18 74.97 76.78 78.61 80.46 8232 84.84 86.75 88.04 8B.70
“ 5 | 2013.0 5 2532 5168 6227 63.79 6533 66.88 6845 70.03 7217 73.79 7488 75.44
Edl| 20130 6 2532 4802 57.85 59.26 60.68 62.12 63.58 65.05 67.03 68.53 69.55 70.06
8 | 2013.0 7 2532 6480 6541 65.93 66.44 66.96 67.48 67.99 6851 69.03 69.54 70.06
~9 | 2013.0 8 2532 3302 3971 40.66 4163 4261 43.60 44.60 4594 46.97 47.66 48.01
10 | 2014.0 1 2532 129.77 130.81 131.85 132.90 133.94 134.98 136.03 137.07 13811 139.15 140.20
11| 2014.0 2| 2532 11029 111.17 112.06 11294 11383 11471 11560 116.48 117.37 11825 119.14
12 | 2014.0 3 2532 10239 103.21 104.03 104.85 105.68 106.50 107.32 108.14 108.96 109.78 110.60
13| 2014.0 4 2532 6546 7895 80.88 B283 8481 86.80 8882 9153 9360 9499 9570
14 | 2014.0 5 2532 5572 67.16 68.80 7046 7214 73.83 7554 77.85 79.60 80.78 81.38
15 | 2014.0 6 2532 5177 6239 6391 6545 67.00 6857 70.16 7230 73.92 75.02 7558
16 | 2014.0| 7 2532 69.99 7055 71.11 7167 7223 72.78 73.34 7390 74.46 75.02 7557
“17 | 2014.0 8 2532 3557 4279 43.82 4487 45093 46.99 4807 4953 50.63 5138 5176
18 | 2014.1] 1 154.36 155.61 156.87 158.12 159.37 160.62 161.88 163.13 164.38 165.63 166.88 168.13
“19 | 20141 2 130.28 131.38 13244 13349 13462 13566 136.66 137.78 138.75 140.23 141.72 143.18
20 | 2014.1] 3 123.46 124.46 125.46 126.48 127.51 128.52] 129.53] 130.55 131.55 132.64 133.75 134.84
“21 | 20141 4 4518 8378 97.86 100.20 10257 105.13 108.03 110.48 11166 113.16 11418 115.20
_22 | 2014.1] 5 4518 70.82 82.68 84.66 B86.70 88.85 91.26 93.37 9432 9586 97.02 98.15
23| 20141 6 4518 67.12 7835 80.23 8215 8419 86.52 8850 8944 90.69 9158 92.46
24 | 2014.1] 7 8150 8211 82.78 83.44 B406 8474 8538 86.05 86.70 87.37 £8.04 8B.68
“25 | 20141 8 4518 4518 51.84 53.07 5430 5565 57.17 5846 59.07 59.87 60.42 60.93
26 | 2015.0| 1 158.96 160.24 161.54 162.83 164.12 165.41 166.70 167.99 169.28 170.56 171.85 173.14
“27 | 2015.0 2 13416 13528 136.38 137.46 13863 13969 140.73 141.88 142.88 144.40 14594 147.44
28 | 2015.0| 3 127.13 12816 120.19 130.24 131.30 132.34 133.38 134.43 13547 136.59 137.72 138.85
“29 | 2015.0 4 4650 86.27 100.76 103.17 10561 10825 111.23] 113.77 114.97 11652 117.57 118.62
30 | 2015.0| 5 4650 7291 8512 87.16 B89.27 9148 93.97 96.14 97.11 98.70 99.89 101.07
31 | 2015.0 6 4650 69.10 80.66 82.60 8458 86.68 89.08 91.12| 92.09 93.38 9429 9520

Cornell Institute for Hospitality Labor and Employment Relations ® The Center for Hospitality Research ® Cornell University



or parameters are known and unlikely to change (e.g., job
counts, retirement counts, and pay scales), while others
are likely or sure to change (e.g., individual bidding choic-
es and future employee work leaves). The factors that are
known or predictable are incorporated within the model
calculations. The unpredictable factors are handled equal-
ly for each group so that one can control for their threat to
the accuracy of the model. With the effect of the unpre-
dictable variables removed, the results of the calculations
will be directly related to the predictable variable inputs.
The primary predictable variable is list order, which has
by far the most influence on the resultant datasets.

seniority_list constructs a job-level hierarchy in ac-
cordance with compensation scales, again assuming that
all employees will continuously bid for the highest paying
job. Consequently, the resultant employee career metrics
reflect and focus primarily on the true effect of the order-
ing of proposed integrated lists.

Input Data

To get started, log into the seniority_list documentation
site, rubydatasystems.com. seniority_list reads input data
from four user-formatted Excel files (as shown in Exhib-
its 2 through 5). The input files contain employee data,
compensation information, proposed list orderings, job
information, and program settings. File setup is simplified
by the inclusion of example templates and extensive guid-
ance from the program documentation.

Input files relating to specific case studies are stored
in separate folders, permitting the simultaneous existence
of multiple case studies. Switching between case stud-
ies for analysis is simple, involving a change of a single
program input.

List order proposals submitted by parties are nor-
mally read and stored from one of the Excel input files,
but new list ordering also may be generated using the
functions within the list_builder script, or an existing list
ordering may be modified through the interactive list
editor tool.

Generating Basic Program and “Skeleton” Files

seniority_list begins by reading the input data and pre-
paring certain files needed by the program for dataset
generation and other operations. Datasets are built from a
basic structure known as the skeleton file, which is a long-
form pandas dataframe assembled from one of the Excel
input files. The skeleton file contains general employee
information which is integrated-list-order independent,
together with pre-calculated data common to all subse-
quent dataset production. Only the order of the skeleton
file is adjusted for different integrated list proposals.

Input file: Proposed integrated list ordering
(excerpt of proposals.xisx, 1 of 3 worksheets)

| B |
empkey
10011102
10010475
10013096
10012178
10014447
10014384
10012843
10014067
10010929
10014351
20010692
10011974
10014916
10013233
10010598
10014294
20011034
10011916
10011396
10012952
10013060
10014377
10010054
10012113
10013413
10014156
10011656

g »

1 oraer

N N I e e e el s
I~ AN B WN HOOO~dhU S W o2~ 0 s Wk -
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Input file: Job changes (excerpt of settings.xlsx, 1 of 13 worksheets)

A | B C D E F G H I J K

1 change Job month_start month_end total_change eg1 eqg2 eg3d

P je1 1 35 64 43 40 3 0

3 je2 4 35 64 72 66 [ 0
4 jcd 2 1 52 -408 =377 -23

5 jc4 a3 1 a2 -310 -474 -26 -10
i jed 3 1 61 411 376 26
"7 | 6 6 1 61 411 376 26 9
_ia

9

P M o | scalars | attribute_dict | retincr | job_counts | job_changes | recall | prex | ratio_cond | ratio_count_caf

Calculating Standalone Datasets

Standalone datasets contain career progression data for
each employee group separate from other group(s) as

if no merger occurred. Standalone data are useful for com-
parisons between each other and with integrated datasets.
Information pertaining to each separate group may be
extracted from the skeleton file quite easily and processed
independently. The standalone dataset calculations
consider any pre-existing special rights to jobs within one
or more of the employee groups, job count changes, and
furlough and recall schedules, among other options.

Calculating Integrated Order-dependent
Datasets

The production of an integrated dataset is more complex
than the standalone datasets, as depicted in the flowchart
in Exhibit 6.

A standard provision when integrating a workforce is
that employees will be able to keep the job they held prior
to a merger, even if the integrated list places a particular
employee in a position that they would not otherwise
hold. This provision is known as “no bump, no flush.”
Quite often, due to differences in demographics, hiring
patterns, and job opportunities, certain conditions and
restrictions (also known as “fences”) are applied pro-
spectively to the operation of a combined seniority list.
These fences may place a cap or floor on the number of
jobs which may be held by employees from one or more
of the original groups, provide some sort of ratio assign-
ment process, or apply some other corrective action to
ensure an equitable outcome. It is also common to see
a time span between the “official” merger date and the
actual implementation of an integrated seniority list. This
delayed implementation affects the operation of the list.

When calculating integrated datasets, seniority_list
is able to incorporate all of the above factors along with
other factors such as pre-existing job assignment condi-
tions, job count changes, furlough and recall schedules,
and compensation schedules.

Job Assignment within Dataset Generation

Job assignments cascade from top to bottom within
each month, in the following manner. Beginning with
the highest level job, employees already holding that
job from the previous month are assigned. Then, if
there are unassigned jobs remaining within that job
level and there are special job assignment conditions
associated with that job level for the current month, jobs
are assigned according to that condition. Finally, any
remaining unassigned jobs are distributed to the most
senior unassigned workers. The program then proceeds
to the next job level for the current month. When all of the
job levels for that month are processed, any remaining
unassigned workers are marked as furloughed. The
assignment routine then proceeds to the next month,
repeating until all months have been completed.

Analyzing Results

Once an integrated, order-dependent dataset is generated,
the dataset will likely be quite large, as it contains one
row for each employee for every month within the model.
While the exact size depends on the demographics of the
employees, an initial list containing 12,000 employees

will produce a dataset with over 1.5 million rows and 35
columns of data.®

8 Despite the file size, this will run on a typical contemporary
laptop computer.
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Process for generating an integrated order-dependent dataset

List Order Source

[aw ]

OR |
/ List Builder /

OR |
/ Proposal Specified / Gather initial job counts
per employee group

Gather projected job
count changes over time

(per job, per group)

Read List Order Read Master List

Read Skeleton

v

Sort skeleton file by
menth and list order
(use editor list order if
in "edit_mode")
This forms the structural
foundation for
the overall dataset
production

v

Assign original jobs to each
employee group using
group job counts,
incorporating any pre-existing
group job assignment
conditions

Copy standalone data (from
calculated standalone
datasets) for the
pre-implementation months
and carry forward the last
month of standalene data for
start of integration calculations

delayed
implementaticn?

Calculate the number of
jobs available within each
job category for all
months (frem jeb changes
data input)

Y

4

Assign jobs to combined
group, allowing for
delayed implementation,
no bump/no flush,
assignment conditions,
enhanced/basic job levels,
jobs available,
cempensation, and
furlough and recall options

A

After jobs for each month
have been assigned,
calculate many
other attribute columns
and add to the dataset

Y
Add compensation data
to dataset based on
current year, job level,
and lengevity

Store calculated
dataset
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ExHipiT 7

Editor tool process

Load dataset

Select
display type, measure,
filter, and value

Calculate new dataset
from edited list

A

Y

Plot editor chart
andfor analyze with
other program tools

Use junior and senior
slider controls

View result of

Edit squeeze? squeeze on density

to select "squeeze"
range

Run "join_inactives"
script to create
final list

Once the datasets have been produced, the user is
able to explore them using many of the built-in methods
of Python and the “scientific stack” libraries (e.g., pandas,
NumPy). The datasets may be converted to other types of
files for analysis within other programs if desired. Interac-
tive exploration and visualization of the dataset are avail-
able through the Jupyter Notebook interface.” This allows
seniority_list users to easily and quickly transform model
output into charts and graphs that depict the effects of
integration on the various workgroups.

Within seniority_list there are many built-in plot-
ting functions available to visually explore and contrast

9 (http:/fjupyter.org/) As stated on its website, the Jupyter
Notebook is an open-source web application that allows you to create
and share documents that contain live code, equations, visualizations
and explanatory text. Uses include data cleaning and transformation,
numerical simulation, statistical modeling, and machine learning.

distribution
chart
YES A
Y
Select squeeze type,
> target group, > Squeeze

direction, and squeeze
forcefslide value

multiple attributes of the datasets. Most of these functions
accept a variety of inputs allowing a wide range of analy-
sis. The built-in charts are produced by a Python library
called matplotlib and another called seaborn, which is a
charting library built on top of matplotlib with a focus on
statistics.

Modifying List Order with the Editor Tool
(If Needed)

Analysis of the initial integrated dataset will likely reveal
certain issues of inequity related to a particular list order
proposal. The editor tool can remedy this by allowing
adjustment of proposed list order through an interactive
process, as depicted in Exhibit 7 and the screenshot in
Exhibit 8. The editor tool interface consists of a differential
chart, input controls, and a distribution density chart, all
of which are described on the following pages.
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Editor tool interface: Controls, differential chart, and density chart

squeeze 100
scatter sq type log - attr spent - attr filter ret_mark -
1 poly fit emp grp 2 - mnum >= - operator = -
= s sqz dir <cd - value 0 - value 1
| 1

junior 6008

squeeze calculate plot
senior 1502

Differential: spent

20%

L]
]
L]
]
: e 3
1
]
]
1
1

=
g
@ S *
£ 20w ,?‘;-: L :
Fx S ] :
M T . I 1
‘_:o'i ;':_\l'd . 1 i
. R g :
N i
e 1. e - W '
-40% L '
¢ 1
. :
1 L]
: :
.50% 1 1
7000 6000 5000 4000 3000 2000 1000 0
proposal_order
gy e b B e e A R
T
3 N L o e
et
g
0
new_order
The differential chart is used to quickly reveal other attribute. A horizontal slice of the differential chart
outcome-based equity distortions existing within an inte-  display may be selected by using two interactive slider
grated dataset and to identify where modification of list controls which position two vertical lines on the chart.

order may be necessary. The user assigns an attribute for ~ The area of the chart between the lines represents a sec-
comparison by selecting from a dropdown box containing  tion of the integrated seniority list.

various dataset measures. Further filtering is available to To correct an equity distortion, a user positions the
limit displayed results to a particular month, group, or vertical lines on either side of the distortion. An algo-
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RUN_SCRIPTS Jupyter Notebook

RUN_SCRIPTS - Mozilla Firefox

_ seniority_list/senior... x SENEEtalalzyed

@ | localhost:8888/notebooks/project_ /main_F 90% | C | |Q search B U 3 & 9 = =
— Jupyter RUN_SCRIPTS (auosaved @ Logou
File Edit View Insert Cell Kernel Widgets Help |F'yli'-c-r| [conda roct] O
+ = A B o 4+ M B C Markdown j CellToolbar

RESTART kernel prior to running after any changes to config files...

import configuration and functions modules

In [ ]: %%time
import functions as f
import list builder as 1lb
import pandas as pd

build program files

dataframe pickle files: master, fur, sg(special group), active_each_month, order proposals, month percentage
dictionary pickle files: settings_dict, color_dict

pay data pickle files: pay_table_basic, pay_table_enhanced

pay data spreadsheet workbook: pay_table_data.xlsx (in reports folder)

note: add case study name after script name
In [ 1: %%time
%run build program_files sample3
skeleton
In [ 1: %%time

%“run make skeleton

standalone

standalone must be rerun after job level model change...

In [ 1:| %%time
%run standalone prex

calculate for each list order
(including list conditions, job count changes, and possible furlough recall schedule)

The cells below run the compute_measures script with proposals p1, p2, and p3. All scenarios include a "prex” or pre-existing job
assignment condition. The first case includes a ratio condition and the second case includes a count-ratio condition.

In [ 1:| %%time
%run compute_measures pl prex ratio

In [ 1:| %%time
%run compute measures p2 prex count
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Setting the case study

note: add case study name after script name

In [ 1: %%time

srun build program files sample3

rithm within the editor tool then slides or “squeezes” the
members from one of the original employee groups up
or down the list within the selected section, creating a
new, modified order, while maintaining proper relative
ordering within each employee group. Following the
squeeze operation, a new horizontal list-density chart
appears below the main differential chart, representing
the new population density produced by the squeeze. The
squeeze process may be repeated with different inputs
prior to any calculations if the density chart indicates an
undesired population shift. Once the user is satisfied with
the squeeze, the squeeze-modified integrated list order is
then sent back to the dataset creation routine by clicking
the “calculate” button. A new dataset is generated and the
resultant outcome is displayed on the differential chart for
re-examination.

The edit process may be repeated many times, until
the observed equity distortion(s) are eliminated or re-
duced to the extent possible.

Reinserting Inactive Employees

Inactive pilots are defined as those who are not occupying
or bidding for a position which would otherwise affect
the job opportunities for those employees below them
on the seniority list. Examples of inactive employees
might include those with a status of medical, military,
or supervisory leave. Because inactives do not bid for
jobs and have no effect on the operation of a seniority
list, they are removed from the list prior to the dataset
calculation process. While many on inactive status will
return to active status over time, an assumption is made
that other employees will do the opposite and provide a
counterbalance.

Once a final integrated list order has been determined
for all active employees, the inactive employees must
be reinserted into the overall list, using the join_inactives
script. The inactives may be inserted into the integrated
list by locating them next to an employee from their na-
tive group who is either just senior or just junior to them.

An Example of seniority_list Operation, Output,
Analyses, and Editing

Let’s examine an abbreviated example of how to use the
seniority_list tool to support workforce integration deci-
sion making. This example mirrors a recent airline pilot
integration attempt in which pilots representing three
separate airlines were being integrated as a result of a se-
ries of mergers and acquisitions. Anyone can conduct this
demonstration analysis, as the needed sample files are
included in the downloaded tool. The sample case study
is named “sample3” and includes a list of approximately
7,500 pilots from three separate employee groups.

We designed the seniority_list program to use the
Jupyter Notebook as its working interface, because this
application is especially adept and capable in this role, to
include the interactive manipulation and visualization of
large datasets and output. Users can also choose to run
seniority_list via the command line or analyze the calcu-
lated datasets with any suitable program. Again, we do
not explain every aspect of the programming below,
as comprehensive documentation is available on the
senijority_list website.

Starting the Program and Inputting Data Files
Start by opening a Jupyter Notebook window, which
will display cells of programming code what can be run
independently, modified, and rerun with interactive
results occurring in real time. This code can direct
seniority_list to perform the actions needed to merge the
sample employee lists found in the “sample3” case-study
files included with the program. The Jupyter Notebook
known as “RUN_SCRIPTS” contains commands and
other code used to generate all necessary program files
from the sample data and to compute datasets using
various proposed list orderings and associated conditions,
as shown in Exhibit 9.

Many of the RUN_SCRIPTS notebook script com-
mands accept arguments, or variable inputs, which direct
the program to use specific source files for calculation or
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ExHiBiT 11

16

File

Sample of a plotting notebook (output)
. PLOTTING - Mozilla Firefox

Edit View Insert

In [36]: %%time

— PLOTTING

E] 0% | & ||Q Search w B 4+ & 9 =

Cell Kernel Widgets Help | Pythen [conda roct] O

mp.job_level_progression{'p2’, emp_list, '203@-12-31', sdict, cdict, eg_celers,

job_colors, ds dict=ds dict, alpha=.1)

p2 job level progression

global job ranking
g

Capt G4 B

Capt G4 R
CaptG3B

CaptGZB

CaptG3R

Capt G2 R

FIO G4 B

FIiOG4AR
FiOG3IB

FiO G2B

Capt G1 B
- None FIOG3R
- — 20011684

- — 0011995
- FIiO GZR
| — 30010358

- i Capt G1 R
active count FBG1B

CPU times:
Wall time:

207 2019 2021 2023 2025 2027 2029
date

user 768 ms, sys: 20 ms, total: 780 ms
775 ms

In [38]: %%time

mp.parallel{[‘p2"', 'pl', 'p3'l, 'standalone', [1, 2, 31, 'spcnt', [48, 80, 128], job_lev

eg colors, sdict, adict, ds_dict=ds _dict, facecolor="#fff9e5", left=0, xsize

Group 1 SENIORITY LIST PERCENTAGE 40 mthe  Group 2 SENIORITY LIST PERCENTAGE 40 mihe  Group 3 SENIORITY LIST PERCENTAGE 40 mths

Baseline

1008 100%
p2 1] pa Baselina p2 pl S Basaling B2 p1 =3

Group 1 SEMIORITY LIST PERCENTAGE 80 mths  Greup 2 SENIORITY LIST PERCENTAGE 80 mihs  Group 3 SENIORITY LIST PERCENTAGE 80 miths

] S
0%
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to identify options to be included within the calculations.
In fact, seniority_list is directed to the proper case-specific
input files by a single argument as an addendum to the
“build_program_files” script code line. Exhibit 10 shows
the argument ("sample3”) set to read the sample3 input
files.

Another example of script arguments is found within
the last code cell visible in Exhibit 9. That code commands
seniority_list to compute a dataset for proposal 2 (“p2”)
while incorporating a pre-existing job assignment quota
condition (“prex”) and prospectively applying another
job assignment condition (“count”). The referenced
conditions are defined by case-specific input file settings
and are applied automatically with specialized program
functions.

For reference, this process created 20 files, with a total
size of 1.2gb, requiring 13 seconds on a Linux desktop
machine with an i7 processor, 32gb of RAM, and a solid-
state drive.

Sample Output and Explanation

Once the datasets have been produced, the exercise
becomes one of examination, visualization, comparison,
and potential modification. seniority_list includes many
built-in plotting functions designed to be particularly
applicable to seniority integration model visualization,
but users are free to explore and add to these methods
without restriction.

Jupyter Notebook can display charts inline, just
below the plotting command code cells. The screenshot in
Exhibit 11 is an excerpt of the sample plotting notebook,
after running it with a sample dataset calculation output.
The inputs within the code cells (function variables) may
be changed to view chart output for different attribute
measurements or population segments.

Due to size restrictions, the sample output in this
introductory report is limited in scope. The sample model
comprises sixteen job levels, each representing an airline
pilot job at a major airline, in one of four groups based
on plane types to which the pilots are assigned."” The

101 our example, these 16 jobs represent aircraft captains
(CAPT) or first officers (F/O). They are currently assigned to fly 1 of 4
groups of aircraft. Pilot group 4 (G4) consists of large wide-body jets,
such as the Boeing 787 or Airbus A330. Pilot group 3 (G3) includes
small wide-body and large narrow-body jets such as the Boeing 767
and 757. Pilot group 2 (G2) includes narrow-body equipment such
as the McDonnell-Douglas MD80, Boeing 737, or Airbus 319/320/321.
Pilot group 1 includes small narrow-body or large regional jets such as
the Embraer E190.

Additionally, pilots are either in a blockholder (B) or reserve
(R) job status. A blockholder is a pilot who has a monthly schedule of
trips ahead of time (most desirable for pilots), while a reserve pilot is
scheduled to be on call for certain days in that month. Blockholders get
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analysis also takes into account whether a pilot has an as-
signed work schedule (blockholder, or B) or is on standby
(reserve, or R). Generally speaking, the captain jobs on
the largest aircraft are the highest ranked and best pay-
ing positions, and the lowest ranked jobs are first officer
positions on the smallest aircraft. There are other factors
(which are customizable within seniority_list), but this is
the general rule.

Job Transfer

Combining two or more seniority lists will likely result
in some shifting or transferring of job opportunities from
one employee group to another. This transfer could be

to the group’s benefit (e.g., a gain in the number of Capt
G3R jobs shifted from Capt G2B jobs) or detriment (e.g., a
quantity of F/O G3B jobs traded for F/O G2R positions).
Jobs available and assigned to members of each employee
group within different list order data models may be
compared over time. Transfer of jobs by job level (both
upward and downward) throughout the model may be
calculated and visualized. While the number of jobs in
each category remains the same, the employees occupy-
ing those positions can be different due to seniority job
bidding and awards based on integrated list employee
positioning.

The chart in Exhibit 12 displays the change of job
assignments over time to one employee group assuming
a certain proposed integrated list order that also includes
job assignment conditions. In this case, the comparison
is between standalone job projections vs. integrated job
progressions. The chart legend on the right is arranged
so that the most desirable job assignments are at the top,
meaning that the jobs in blue are the best (starting with
light blue and then descending to dark blue, in the blue
group), followed by the green group, and so on. The
chart has data presented in a mirror format meaning that
the area above the zero line (job transfer gains) is always
equal to the area below the line (job transfer losses). The
user can quickly see how the job assignments for the
selected employee group are affected by the proposed
list order. In this case, the jobs above the line traded for
jobs below the line are all in a higher category, meaning

more paid working hours per month (approximately 85) compared to
reserve pilots who can receive 10 fewer working hours per month (and
sometimes not even that). Also included in our output are furloughed
(FUR) pilots.

Per the nomenclature above, for example, “Capt G4B” stands
for the job of a blockholder captain on a large wide-body jet. In our
example output graphs and charts, these jobs are rank-ordered by
compensation (from highest to lowest) with Capt G4B being the high-
est and F/O GIR (a reserve first officer on a small jet) being the lowest
of the active pilots, followed by furloughed pilots.
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Output plot depicting the job transfer effects of workforce integration on sample employee group 1

GROUP 1 Jobs Exchange
Group 1 PROPOSAL compared to Standalone Data
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ExHiBiT 13
Output plot depicting the job transfer effects of workforce integration on sample employee group 2
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Group 1 PROPOSAL compared to Standalone Data
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ExHipiT 14

Sample list percentage progression for 3 pilots, 1 from each pre-merger airline

seniority list percentage - proposal p1
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this proposal is good for this particular employee group
(“employee group 1” in our example).

Because the number of jobs available at any particular
time is fixed, the aforementioned accumulation of better
jobs to pilots in employee group 1 comes at the expense
of another group. Exhibit 13 reveals the effect of the same
proposal (from group 1) on the pilots of employee group
2. The short- and long-term effect of the same workforce
integration decision on employee group 2 is almost the
reverse of that for employee group 1, with losses in every
job category. Although we don’t show the analysis depict-
ing outcomes for employee group 3, the process is the
same as for employee groups 1 and 2.

The samples above compare an integrated dataset to
the standalone dataset. The program is also able to com-
pare two integrated datasets; that is, two proposals can be
compared side-by-side to visualize how each affects the
different employee groups.

An important contribution of the seniority_list tool
is that it allows decision makers to clearly visualize the
long-term effects of integrated list proposals on all pre-
merger workgroups. This information can help remove
some of the subjectivity inherent in merger workforce
combinations, and lead to smoother and quicker
integration.

Modeling Conditional Job Assignment and
Fences

The application of “no bump, no flush” and other condi-
tional job assignment rules can have a dramatic impact
on individual career progressions and group metrics.
This is demonstrated in Exhibit 14, which displays career
progression in terms of list percentage for three employ-
ees, each from a different employee group and identified
by sample employee numbers. List percentage reflects
the proportion of pilots who rank above them in senior-
ity. On the example proposed integrated list, which has a
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ExHipir 15

Actual job progression of the 3 pilots in exhibit 13, accounting for job assignment conditions and fences

p1 job level progression
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CaptG4 B
CaptG4 R
CaptG3B
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— 10013738
— 30010419
active count

FIOGZR
Capt G1 R
F."C?Gi B
FIOGIR

2019 2021

projected implementation date of late 2016, the employ-
ees were placed close to each other at approximately 80
percent. After the lists have been combined, the plotted
results for the three employees are nearly identical. Over
time, older pilots above them on the seniority list retire,
and they move together on a percentage basis.

Initially, it appears that the three employees will
experience similar job opportunities post-integration.
However, due to jobs held prior to the integration, con-
ditional job assignment provisions, and changes in job
level counts, the actual jobs held by the three employees
will be vastly different from each other. Exhibit 15 reveals
a more accurate model of what would occur in terms of
jobs available to these three employees. The thin vertical
dashed line represents a modeled implementation date.
In an airline merger, each group operates independently
until the implementation date. The black line represents a
pilot belonging to a subset group with rights to a pre-ex-
isting special job assignment condition containing quotas

20

2023
year

2025 2027 2029 2031

to certain premium jobs, allowing the large jump in job
levels to the reserved positions. The blue line represents
another pilot who holds a higher ranked job at implemen-
tation, which is protected until his retirement. Employees
holding a job due to no bump, no flush protection or
special job assignment rights remain in that job until their
list partners from other group(s) “catch up.” Only until
the three pilots have reached the point in time where the
same bidding opportunities exist for all three do they
then move together in terms of list percentage correlating
to job assignments, and that occurs only if they have not
already retired by that point.

seniority_list’s ability to integrate into the model
employee-level nuances in job conditions and fences
(which may have significant ripple effect on the careers of
other employees) is an important and novel contribution.
These conditions shape the outcome of workforce integra-
tion, and must be taken into account if decision makers
are to arrive at the most equitable solution.

Cornell Institute for Hospitality Labor and Employment Relations ® The Center for Hospitality Research ¢ Cornell University



Effect of integrated list proposal on retirement list percentage, by employee group
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List Modification with the Editor Tool

As discussed earlier, the editor tool shows differential
information from calculated datasets resulting from sepa-
rate list order proposals. The user selects a dataset attri-
bute to compare. In this example, the editor tool output is
set to display the difference in employee list percentage at
retirement between standalone data and data for an inte-
grated list proposal. Each of the three employee groups is
represented by a different color, and each dot represents
an individual employee. The y-axis displays the attribute
differential (e.g., list percentage or job assignment), while
the x-axis displays integrated list order with more senior-
ity to the right and less seniority to the left.

The results in Exhibit 16 indicate that the employee
group represented by the black dots will fare much bet-
ter under the current proposal than it would have with
standalone projections. Nearly all of the blue group will
do much worse, and the orange group is split.

The output distortions of the initial differential
comparison (in Exhibit 16) can be reduced with the editor
tool, as shown in Exhibit 17. The list editor can be used

to modify the integrated list order, repositioning the
groups or sections of groups up or down the integrated
list to remove gains or losses indicated on the differential
chart. Each time a modification is made, a new dataset is
calculated and a new differential chart is displayed with
the updated results. This process only changes the relative
order between groups; relative list order within groups is
maintained.

If the differential chart indicates that a portion of
one group is experiencing a windfall as compared to its
neighbors from other group(s), this is an indication that
members of that group should be moved to be made less
senior, allowing the other groups to capture positions
otherwise held by that group within the data model. A
windfall could be indicated by much better average jobs
held at retirement or an increase in career pay for one
group while another group suffers a loss in both catego-
ries. The converse is true for sections of groups negatively
affected; they would be moved to more senior positions.
The goal of the process is to fine-tune the integrated list
order to one which promotes the most equitable outcome
possible for all of the employee groups.
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Exuipir 17

Edited effect of integrated list proposal on retirement list percentage, by employee group; more equitable

solution compared to results in Exhibit 16
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In this case, the first step was to evenly spread
employee group 1 (black dots) throughout the integrated
list. Next, selected sections of employee group 2 were
moved (“squeezed”) incrementally toward the top of the
list (right). The sum of these moves is shown in the final
sample chart in Exhibit 17, which shows that the post-
integration differential has been reduced for all employee
groups, thereby achieving greater system equity. The
results show that the majority of pilots are now able to
retire with less than a 5-percent difference from their
pre-merger retirement position. This is in contrast to an
over 40-percent differential in some population segments
before list adjustment edits.

While this editing example used retirement list
percentage as the attribute of focus, others can also be
modeled, such as final job level attained or compensa-
tion values. Further, proposal effects on attributes can be
drilled down to specific time points (e.g., a specific month
or year following integration) or slices of input data (e.g.,
all pilots hired in certain years, or who are within a cer-
tain age range). Various list conditions may be tested and
compared as well. The final integrated list solution chosen
would likely arise from a blending of attribute distortion
reductions, confirmed by the other analysis capabilities of
the program. W
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