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* Objectives for N90 workshop series

» Initial validation of ML models

* Overview of scheduling algorithm

* Real-time performance monitoring tools

» Post-operations analysis reports available

 Discussion
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Motivation for N90 Workshop

* NASA predictive engine developed to support Sustainable Flight National
Partnership Ops 1 (SFNP Ops-1) demo in North TX and Houston area

« SFNP Ops-1 is demonstrating pre-departure TOS reroutes within the
lockout period which require ATC coordination

« Demonstration of use cases that require ATC coordination is constrained
to specific locations agreed upon between NASA/FAA/NATCA

* N90 workshop to explore use cases of predictive engine that don’t
require ATC coordination



N90 Workshop Potential Use Cases

Flight plan filing outside the lockout period (predictable demand capacity
imbalance at the terminal boundary)

Prediction of OFF time to support Mandatory OFF Time (MOT) decisions

Prediction of arrival gate conflict

Additional use cases identified during the workshop series...



Objectives of N90 Workshop

* |dentify and demonstrate additional use cases of predictive engine and
quantify associated benefits

* |dentify improvements or new requirements needed for predictive engine
to support additional use cases

« Knowledge transfer to increase understanding of NASA's predictive engine

« Knowledge transfer to better understand level of effort to build and
validate predictive engine at new location



Outline

* |nitial validation of ML models
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NASA Services Available via Digital Information-Platform
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NASA'’s Building Blocks

TFMS: Traffic Flow Management System

Airlines I (0] £33 I
Airports I ]

STARs: Standard Terminal Automation Replacement System ERAM: En Route automation modernization

TOS Web Table |
TOS Data

Predicted ON Time
Predicted Taxi Time

Predicted Runway

Predicted Config

NAS-Wide TMI Service
TMI Flight Service
TTP (TFDM) feed

NAS-Wide Fuser

Flight Data
Arrival Runway

Departure Runway
Taxi IN/OUT

Real-time flight TOS reroute data
Coordination of reroute submissions
Available on any machine for

operational use Planned

s Machine Learning Models

for What-if applications

Parsed TMIs

TMiIs by flight in selected airspaces

TFDM-like streaming feed Planned

Pub/sub streaming service

Data access services provide near real-
time data from Fuser (NTX only)

REST API returns an actual or predicted
values

OIS: Operational Information System 8

TFDM: Terminal Flight Data Manager

TBFM: Time-Based Flow Management

D-ATIS: Digital-Automatic Terminal Information Service



ve Engine = ML Models +Scheduler

Terminal Scheduler
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{-« Arrival
% Runway

@ Estimated ON Time

 Machine Learning: generate unimpeded trajectory used as input by the scheduler

« Scheduler: generate OFF prediction while enforcing constraints at terminal boundary and each airport surface




I
ML models |
Data _—
¥/

L

L Model Training Pipelines

|

Live Data Streams: ATD(_D/A:rIines
isplays
gmﬂéé’g'}" i CDDR Inputs
}
~_Live System




Validation of ML Models

MLFlow Demo




- INFO - . 6% departures were selected in the date range
Completed out 29 tasks
Completed out 29 tasks

- INFO - Kept .6% of flights when filtering to keep only departures
Completed out tasks

- INFO - Kept 67. of departures when filteringto keep only departures with non-nulldeparture stand

- INFO - Kept : of departures when filteringto keep only departures with non-nulldeparture runway
Completed out tasks

- INFO - Kept .2% of departures when filtering to keep only departures with valid actual_departure_full_taxi_time taxi time

- INFO - Kept . of departures when filtering to keep only departures with value within 3.0 +-IQR/QUANTILE for actual_departure_full_taxi_time
Completed out of 29 tasks

- INFO - Kept .2% of flights when filtering to keep only departures with non-nulls for all required actual times
Completed out of 29 tasks

- INFO - Matched 100.0% of departures when joining fraction of taxi-out trajectory with speed greater than or equal to threshold
Completed out of 29 tasks

- INFO - No filtering from surface counts
Completed out of 29 tasks

- INFO - .9% of departures were unimpeded in the AMA (because fraction of trajectory measurements with speed above threshold >=
Completed out of 29 tasks

= INFO - train group has 9 instances

- INFO - test group has instances

MLFlow logging: identified missing gate data at KJFK




Missing gate Percentage - KJFK
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KJFK missing gate data spikes on particular days indicating technical issue




- INFO - .5% of departures were selected in the date range
Completed out of 29 tasks
Completed out of 29 tasks

- INFO - Kept .0% of flights when filtering to keep only departures
Completed out of tasks

- INFO - Kept .6% of departures when filteringto keep only departures with non-nulldeparture stand

- INFO - Kept .0% of departures when filteringto keep only departures with non-nulldeparture runway
Completed out tasks

= INFO - Kept .4% of departures when filtering to keep only departures with valid actual_departure_full_taxi_time taxi time

- INFO - Kept .0% of departures when filtering to keep only departures with value within 0, +-IQR/QUANTILE for actual_departure_full_taxi_time
Completed out of 29 tasks

- INFO - Kept 63.0% of flights when filtering to keep only departures with non-nulls for all required actual times
Comp leted out ot ZY tasks

- INFO - Matched .0% of departures when joining fraction of taxi-out trajectory with speed greater than or equal to threshold
Completed out of 29 tasks

- INFO - No filtering from surface counts
Completed out of 29 tasks

- INFO - .7% of departures were unimpeded in the AMA (because fraction of trajectory measurements with speed above threshold >=
Completed out of 29 tasks

MLFlow logging: identified missing actual spot crossing times at KLGA




KLGA Missing Spot Crossing Time o=«

Missing spot crossing time - KLGA
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KLGA missing spot crossing times indicate technical issue between
October 2022 and February 2023




Num. of flights

y_est [secs]

KJFK

KJFK - test set - residuals

Unimpeded AMA Taxi Out Models

[ predicted_unimp_AMA_XGB, MAE: 83.9 , RMSE: 133.5
predicted_baseline, MAE: 156.5 , RMSE: 221.2
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“Truth” data collected by identifying aircraft which maintain AMA taxi above pre-defined threshold value
ML models show improved performance compared to benchmark (average across terminal/runway group)
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NAsA - ..Departure Runway Models: .
AS, - ur nw it
0 0 0
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R 0.0% 0.1% 0.0% 0.8% 0.0% 0.0% 0.0% R
a a
0.0% 0.0% 0.0% 0.0% KA 0.0% d O - KA 0.0% 0.0% 0.0% 0.0% 0.0% 0 d
0.1% 0.0% 9% 0.2%
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Departure runway prediction mostly determined by D-ATIS configuration

A



ASA > Arrival Runway Models.
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« Arrival runway prediction is mostly determined by D-ATIS configuration
« With departure/arrival runway determined by current configuration, the focus shifts to configuration prediction
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Airport Configuration Models
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Configuration prediction shows improvement over baseline (predict current
config) but more research is needed to understand model performance




1.2% 0.9% 0.1% 0.0% 0.6% 0.0% 0.4% 0.4%
Q
0.3% 0.1% 0.1% 0.0% 1.9% 0.1% 0.8% 0.3%
Q
0.0% 0.1% 3.0% 0.0% 0.2% 1.3% 0.0%
S 0.1% 0.5% 0.1% 1.0% 0.5% 0.0% 0.0% 0.0%
g Q
2 0.2% 1.6% 1.3% 0.1% 20.8% 0.1% 0.9% 1.2%
© K 0.0% 0.0% 0.0% 0.1% 0.2% 2.5% 0.7% 2.2%
© 0.7% 0.6% 0.9% 0.2% 2.1% 0.3% 9.39 0.5%
Q
Q 0.0% 0.2% 0.0% 0.3% 1.0% 1.2% 0.1% 8%

Predicted configuration values show diversity in predictions

1.2% 0.0% 2.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0%
0.0% 0.1% 0.9% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0%
0.4% 0.9% 4 0 0.6% 0.0% 0.0% 0.2% 2.4% 0.0%
0.0% 0.0% 3.8% 1.9% 0.0% 0.0% 0.1% 0.0% 0.0%
0.0% 0.0% 0.2% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.0% 0.4% 0.0%
0.0% 0.0% 0.6% 0.2% 0.0% 0.0% 1.4% 2.4% 0.0%
0.1% 0.0% 2.4% 0.2% 0.2% 0.0% 0.2% 6.5% 0.7%
0.1% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 1.7% 0.9%

0.1% 0.0% 0.3% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0%
0.1% % 2.0% 0.3% EX 0.2% 0.0% 0.7% 0.0%
0.2% 1.7% 99 0.0% 0.2% 0.3% 0.0% 0.9% 0.6%
0.0% 0.6% 0.0% 1.7% 0.6% 0.1% 0.0% 0.1% 0.0%
0.0% 3.1% 0.4% 0.2% 89 0.2% 0.0% 0.4% 0.2%
0.0% 0.6% 0.0% 0.1% 2.3% 2.0% 0.1% 0.4% 0.0%
0.0% 0.1% 0.2% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0%
0.0% 0.9% 0.6% 0.0% 0.8% 0.8% 0.0% 0.09 0.4%
0.0% 0.3% 1.6% 0.1% 0.1% 0.0% 0.2% 0.6% 4.2%

(not just predicting the most dominant configuration)
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Arrival Actual On Models
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Actual ON prediction shows some bias as the flight approaches the
ON event and requires additional investigation




Outline

* Overview of scheduling algorithm




NASA Scheduling

« Center TRACON Automation System / Traffic Management Advisor® (CTAS/TMA/TBFM)
« Surface Management System (SMS)

» Final Approach Spacing Tool (FAST)

* Precision Departure Release Capability (PDRC)

« Spot and Runway Departure Advisor (SARDA)

« Terminal Sequencing and Scheduling* (TSAS)

 Integrated Arrival Departure Surface” (IADS/TFDM)

* NASA software of the year
A NASA first runner up software of the year



NASA Integrated Arrival Departure and Surface Scheduling
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Predictive Engine = ML Models -+ Schedule

Scheduling Algorithm
ML Model Output - - Scheduler Output
/ Predicted Runways\ / \

Predicted Unimpeded . Estimated Take Off
Take Off Time (UTOT) | Select Next Aircraft - Schedule - False Time (ETOT)
to Schedule at Runway
Predicted Landing Target Landing Time
Time A
. . Wake True K /
Terminal Constraints
Vortex

KScheduIing Groups/

Scheduler output provides prediction of OFF time and delay for departures accounting for:
combined demand + surface constraints + terminal constraints




NASA _Estimated Take Off Time (ETOT) Accuracy -+

DFW ETOT Accuracy <ATOT-ETOT>: n = 8750
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Outline

* Real-time performance monitoring tools




Performance Monitoring

N90 Timeline Demo
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Performance Monitoring

Real-time ML Monitor Demo
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ML
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SUMMARY
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TAKEOFF ACCURACY BY
LOOKAHEAD

RUNWAY TIMELINES

DEPARTURE FIX
TIMELINES

RUNWAY ACCURACY

TMI SUMMARY

QOS METRICS

AIRPORT
CONFIGURATION

B3 Other Bookmarks

Armvai LOA AIRFUKI 1w I NO LLUDUKE I l !
Departure DFW AIRPORT 1
MIT
ML

Arrival EWR AIRPORT 25 0 17

Arrival JFK AIRPORT 25 0 28

Arrival LGA AIRPORT 25 0 24

Arrival NOBBI FIX 15 0 1

Arrival VALRE FIX 15 0 1
Departure BIGGY FIX 0 5 6
Departure BIGGY FIX 10 0 2
Departure NEWEL FIX 15 0 2
Departure RBV FIX 10 0 26
Departure WAVEY FIX 20 * 0 18
Departure WHITE FIX 0 5 12
Departure WHITE FIX 0 7 1




Performance Monitoring

Surface Traffic Monitor Demo




Real time NEC Monitor

Lo el u e »02:
BT Mail-syoulton@u..  P) Timesheet @ ADSGboard €@ DIP Tickets 38 ATD-2Home Page.. @ ATD-2Testing-A. € ML sirport service.. R Aifiow [l Real-time MUMon.. [l Long Term Monitor  [ll] NEC Monitor B3 Other Bookmarks

Real time NEC Surface Summary -
Monitor Start time (UTC) i 5B

SURFACE SUMMARY End time (UTC) mm/ddfyyyy, -~ 0O [

TFMS ETOT & EOBT

OR
AVERAGE TAXI OUT

Input how far to look back at the data from current time in minutes and press Enter.

¥ ]

Time Bin Options System Options %s
® 15 min ® Pure ML s
x JFK x LGA x EWR - 30 min STBO
60 min

Start Time: 2023-06-27 13:33:35

End Time: 2023-06-27 15:33:35

Surface Delay By Departure Fix
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Real time NEC Monitor
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o Surface Delay By Departure Fix Q m
Real time NEC 40 w
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TFMS ETOT & EOBT S
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Outline

* Post-operations analysis reports available



Daily Data Digest

TEST DIP Daily Data Digest for EWR 2023-06-23

o alerts@clt-warehouse.ntx.org <alerts@clt-warehouse.ntx.org>
To: # Lin, Melody I. (ARC-AFS)[SimLabs Ill Contract Management & Technical Services]; Cec: @ Coupe, William Jeremy (ARC-AFH); © greg.juro@cavansolutiol

KEWR_mI_asm_taxit... . L KEWR_ml_asm_surf... . L KEWR_mI_asm_pea... . L KEWR_ml_asm_pea...
38.8 KB 39.4 KB 13 KB 9 KB

Download All - Preview All

Times are in local Eastern unless otherwise specified.

Off Peak
eaks EOBT Provision & Accuracy

2023_::_ ;: :Iaor; :“ Flights :ajor/reglonal OGA/BA/cargo | Group |Flights |Flights with EOBT @ AOBT (% with EOBT @ AOBT |Median num updates‘
2023-06-23 02:00 |7 7 0 22 22 OG0 i ‘
2023-06-23 03:00 |10 10 0 = 2t i - ‘
2023-06-23 04:00 |12 12 0 4 g g ‘
2023-06-23 05:00 |6 6 0 Ei:l 221 ;200:% 1
2023-06-23 06:00 |40 39 1 [22 2 100.0% |0.5 ‘
2023-06-23 07:00 |53 52 1 [48 |7 14.6% |1 ‘
2023-06-23 08:00 |47 46 1

2023-06-23 09:00 |53 53 0

2023-06-23 10:00 |49 47 2

Daily Data Digest (DDD) provides email summary of daily operations




Percentage Gates Occupied
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Daily Data Digest

KLGA Surface Counts

KEWR Taxi Out Time
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B Deps, AMA
B Deps, Ramp

|u||||\n||l||||| |\u||\|\|I\I\Ihul)lhn.l...h._..

40

Taxi out time (minutes)

100%

80%

60%

40%

20%

0%

t t t
N R A

K

— ——————

S S SRR

o < < S & ) <
SO S S

t t t t
o o o o
& 4 R & 05’@ ‘L"@ {ﬁ@ ’1{?9 S & q{@ o

Local Time

KEWR Taxi In Time

40 -
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20

Taxi in time (minutes)

Local Time

KEWR Taxi Time

B AMA taxi time
B Ramp taxitime

Local Time

B AMA taxi time
. Ramp taxi time

Local Time

DDD email summary includes analysis attachments

Unknown
Departing 22R, Landing 221

Departing 22L, Landing 221




TMI Summary

TEST N90 TMI Summary for 2023-06-25 ‘

o alerts@clt-warehouse.ntx.org <alerts@clt-warehouse.ntx.org>
To: # Lin, Melody I. (ARC-AFS)[SimLabs Ill Contract Management & Technical Services]; Cc: # Coupe, William Jeremy (ARC-AFH); © greg.juro@cavansolutions.com; # Chevalley, Eric (ARC-TH)[San Jose State University Research Foundation Inc]

NY.ml_asm.tmiSum...
131.6 KB

Download - Preview

Times are in local Eastern unless otherwise specified.

TMI Activity

Departure Fix Closures

Creation Time Start Time End Time |Actual End Time [End Reason [Duration| Fix |Gate |Alt Fix |Alt Gate [Requesting Facility [Facility |Reason/Impacting conditions [Source (Inclusions [Exclusions |Creating User
2023-06-25 13:20 |2023-06-25 13:20 [2023-06-25 16:00 |2023-06-25 16:00 [EXPIRED 02:40 PARKE (WEST N90 EWR WX:Thunderstorms TFM
2023-06-25 13:20 [2023-06-25 13:20 [2023-06-25 16:00 [2023-06-25 16:00 [EXPIRED 02:40 PARKE WEST N90 LGA WX:Thunderstorms TFM
2023-06-25 19:38 [2023-06-25 19:36 [2023-06-25 20:30 (2023-06-25 20:15 |CANCELLED |00:39 GREKI [EAST DCC N90 WX:Thunderstorms TFM  |JETS

Departure MIT/MINIT Restrictions

Creation Time Start Time End Time Actual End Time |End Reason i Fix| Gate |Miles in Trail [Mi in Trail |R ing Facility [Facility /i ing c iti ISource I Exclusions |Creating User
2023-06-25 10:25 [2023-06-25 10:15 [2023-06-25 13:30 [2023-06-25 13:13 |[CANCELLED [02:58 BIGGY |WEST |0 5 NSO EWR IVOL:RERTES (o MET
2023-06-25 11:05 [2023-06-25 10:15 [2023-06-25 13:30 [2023-06-25 13:13 |[CANCELLED [02:58 BIGGY |WEST |0 5 NSO LGA IVOL:RERTES ITFM
2023-06-25 09:43 [2023-06-25 10:15 [2023-06-25 13:30 [2023-06-25 13:11 |CANCELLED (02:56 BIGGY |WEST (10 ZNY NSO IVOL:Volume TFM
2023-06-25 11:05 [2023-06-25 11:00 [2023-06-25 13:30 [2023-06-25 13:13 |CANCELLED [02:13 LANNA |WEST |0 5 NSO EWR  |VOL:RERTES TFM
2023-06-25 11:05 [2023-06-25 11:00 [2023-06-25 13:30 [2023-06-25 13:13 |[CANCELLED (02:13 LANNA |WEST |0 5 NSO LGA \VOL:RERTES ITFM
2023-06-25 10:59 [2023-06-25 11:00 [2023-06-25 13:30 [2023-06-25 13:11 |[CANCELLED [02:11 LANNA WEST (10 ZNY NSO IVOL:RERTES TFM
2023-06-25 11:09 [2023-06-25 11:30 [2023-06-25 14:00 [2023-06-25 12:50 |[CANCELLED (01:20 WHITE |[SOUTH |0 8 NSO EWR \WX:Thunderstorms TFM
2023-06-25 11:09 [2023-06-25 11:30 [2023-06-25 14:00 [2023-06-25 12:50 |[CANCELLED (01:20 WHITE |[SOUTH |0 8 NSO LGA WX:Thunderstorms TFM
2023-06-25 11:07 [2023-06-25 11:30 [2023-06-25 14:00 [2023-06-25 12:50 |[CANCELLED (01:20 WHITE |[SOUTH |20 DCC NSO WX:Thunderstorms TFM
2023-06-25 13:21 [2023-06-25 13:15 [2023-06-25 18:00 [2023-06-25 18:00 [EXPIRED 04:45 ZIMMZ |WEST |0 7 NSO EWR WX:Thunderstorms TFM
2023-06-25 13:21 [2023-06-25 13:15 [2023-06-25 18:00 [2023-06-25 18:00 [EXPIRED 04:45 ZIMMZ |WEST |8 9 NSO HPN WX:Thunderstorms TFM

Email summary of restrictions in airspace (potential to expose as API)




TMI Summary

Arrival Fix Closures

Creation Time |Start Time [End Time |[Actual End Time [End Reason [Duration ﬁlCornerpost Requesting Facility |Faci|ity |Reason/lmpacting conditions |Source |Inclusions Exclusionsl

Arrival MIT/MINIT Restrictions

Creation Time Start Time End Time |Actual End Time [End Reason |Duration Fix |[Cornerpost [Miles in Trail [Minutes in Trail |Requesting Facility [Facility [Reason/Impacting conditions (Source |Inclusions |Exclusions
2023-06-25 07:00 |2023-06-25 06:00 2023-06-25 07:00 ([CANCELLED [01:00 CAMRN 10 N90 ZNY VOL:Compacted Demand
2023-06-25 07:00 |2023-06-25 06:00 2023-06-25 07:00 [CANCELLED [01:00 LENDY 10 N90 ZNY VOL:Compacted Demand
2023-06-25 10:05 |2023-06-25 11:00 (2023-06-25 12:00 [2023-06-25 12:00 (EXPIRED 01:00 Lizzi 15 DCC ZNY VOL:Arrival Demand TFM
2023-06-25 11:14 |2023-06-25 12:00 |2023-06-25 22:00 |2023-06-25 22:00 [EXPIRED 10:00 CAMRN 10 N90 ZNY VOL:Compacted Demand TFM
2023-06-25 11:14 |2023-06-25 12:00 (2023-06-25 22:00 [2023-06-25 22:00 (EXPIRED 10:00 LENDY 10 N90 ZNY VOL:Compacted Demand TFM
2023-06-25 11:16 |2023-06-25 12:00 (2023-06-25 22:00 [2023-06-25 22:00 (EXPIRED 10:00 OWENZ 15 DCC ZNY VOL:Compacted Demand TFM

Contains both departure and arrival TMI restrictions




Flight Summary

A B © D E F G H | J K L M N o] P Q R S T u v w X

1 |acid | '_gl ufi \ v | isArrival \ N2 | isDepamJ v \ departurd v l arrival_aJ v l departurd v l arrival_sd v l aircraft_d v | aircraft_d v I aircraft_d v l aircraft_ti v ‘ wake_tuﬁ v | altitude_i' v l beacon_d v l cancelled N7 | cancelledjﬂ carrier | v \ departure_i v | departure_ﬁ v | departure_d v l departure_ﬂ v ‘ departure_i N7 | departure_i
2 |ELYO0O01 ELYLTLVJFK  TRUE FALSE  LLBG KIFK 7569605 JET B789 B 12000 7304 ELY 6/24/23 22:00

3 DAL157 DAL157.ACC.  TRUE FALSE  DGAA KIFK 10548300 JET N1602 B763 C 32000 7276 DAL 6/24/23 22:06 6/24/23 22:10

4 JBU679 JBU679.JFK.I  FALSE TRUE  KIFK KMKE 10701176 JET N3102J BCS3 D 14000 6642 JBU 6/25/23 18:24 6/25/23 18:35 6/25/23 19:13 6/25/23 19:23 6/25/23 18:30 6/25/23 18:
5 MSR986 MSR986.JFK.  FALSE TRUE  KIFK HECA 65876 JET 65876 B77W B 31000 2641 MSR 6/25/23 16:26 6/25/23 16:40 6/25/23 16:50 6/25/23 16:00 6/25/23 16
6 JBU780 JBU780.MBJ  TRUE FALSE  MKIS KIFK 10594990 JET N2060J A21IN D 9000 6766 JBU 6/26/23 1:14 6/25/23 17:00

7 |DAL669 DAL669.JFK.L  FALSE TRUE  KIFK KLAS 10910664 JET N517DN A21N D 10000 1511 DAL 6/25/23 21:13 6/25/23 21:54 6/25/23 22:31 6/25/23 22:40 6/25/23 21:10 6/25/23 21:
8 JBU137 JBU137.JFK.S  FALSE TRUE  KIFK MDST 10593228 JET N2044) A21IN D 15000 3062 JBU 6/25/23 10:46 6/25/23 10:57 6/25/23 11:07 6/25/23 11:15 6/25/23 10:17 6/25/23 10:
9 AAL1077  AAL1077.SFC  TRUE FALSE  KSFO KIFK 10492032 JET N105NN A321 D 19000 1615 AAL 6/25/23 20:30 6/25/23 20:44 6/25/23 20:51 6/25/23 20:35 6/25/23 20:
10 DALS28 DAL528.SEA.  TRUE FALSE  KSEA KIFK 11226859 JET N828DN B739 D 20000 1677 DAL 6/25/23 22:53 6/25/23 23:08 6/25/23 22:55 6/25/23 22:
11 EDV5424  EDV5424.JFK  FALSE TRUE  KIFK KCLE 10563787 JET N176PQ CRJ9 E 10000 1537 EDV 6/25/23 14:16 6/25/23 14:23 6/25/23 14:31 6/25/23 14:42 6/25/23 13:20 6/25/23 13:
12 DAL2861 DAL2861.JFK  FALSE TRUE  KIFK KBOS 10490862 JET N104DU BCS1 D 11000 3050 DAL 6/26/23 2:48 6/26/23 2:57 6/26/233:09 6/26/233:20 6/26/230:55 6/26/23 2
13 CALO12 CAL12.TPEJF  TRUE FALSE  RCTP KIFK 9015329 JET B77W B 20000 1713 CAL 6/25/23 9:30

14 SKW3975 SKW3975.0F TRUE FALSE  KORD KIFK 10644408 JET N255SY E75L E 19000 6273 SKwW 6/25/23 12:01 6/25/23 12:07 6/25/23 12:15 6/25/23 11:59 6/25/23 11:
15 JBU1105  JBU1105.JFK  FALSE TRUE  KIFK KORD 10718418 JET N328)8 E190 D 32000 3355 JBU 6/25/23 12:44 6/25/23 12:50 6/25/23 12:59 6/25/23 13:15 6/25/23 11:30 6/25/23 11:
16 ASA42 ASA42SFO.J  TRUE FALSE  KSFO KIFK 11367985 JET N967AK B39M D 11000 3306 ASA 6/25/23 6:17 6/25/23 6:37 6/25/23 6:15 6/25/23 6:
17 RPA4306  RPA4306.INL  TRUE FALSE  KIND KIFK 10795522 JET N403YX E75S E 6000 3744 RPA 6/25/23 16:31 6/25/23 16:36 6/25/23 16:
18 JBU161 JBU161.JFK.S  FALSE TRUE  KIFK KSMF 10592452 JET N2039J A21N D 30000 1020 JBU 6/25/23 22:20 6/25/23 22:29 6/25/23 22:49 6/25/23 23:12 6/25/23 22:26 6/25/23 22:
19 AAL1524  AAL1524.MI}  TRUE FALSE  KMIA KIFK 11297861 JET N898NN B738 D 11000 6660 AAL 6/26/23 3:06 6/26/233:13 6/26/23 3:23 6/25/23 22:24 6/26/23 3:
20 DAL707 DAL707.PHX.  TRUE FALSE  KPHX KIFK 11251486 JET N852DN B739 D 11000 4121 DAL 6/25/23 19:24 6/25/23 20:14 6/25/23 17:30 6/25/23 20
21 AAL198 AAL198.JFK.I  FALSE TRUE  KIFK LiMC 11175628 JET N778AN B772 B 35000 4025 AAL 6/25/23 23:20 6/25/23 23:26 6/25/23 23:44 6/25/23 23:53 6/25/23 22:15 6/25/23 22:
22 DAL429 DAL429.JFK.L  FALSE TRUE  KIFK KLAX 10558780 JET N171DN B763 C 36000 1031 DAL 6/26/23 2:36 6/26/233:00 6/26/233:05 6/26/23 3:13 6/25/23 23:05 6/26/23 1:
23 DAL451 DAL451.DFW  TRUE FALSE  KDFW KIFK 10490862 JET N104DU BCS1 D 11000 2311 DAL 6/25/23 12:15 6/25/23 12:23 6/25/23 12:33 6/25/23 12:15 6/25/23 12:
24 DAL446 DAL446.JFK.L  FALSE TRUE  KIFK KLAS 10914110 JET N520DE A21N D 10000 1152 DAL 6/26/23 1:57 6/26/23 2:21 6/26/23 2:31 6/26/23 1:10 6/26/23 1:
25 DAL861 DALB61.JFK.S  FALSE TRUE  KIFK KSFO 11101559 JET N704X B752 D 11000 1532 DAL 6/25/23 19:53 6/25/23 20:03 6/25/23 20:12 6/25/23 20:31 6/25/23 19:59 6/25/23 19:
26 DAL613 DAL613.JFK.#  FALSE TRUE  KIFK TNCA 11219251 JET N820DN B739 D 33000 2706 DAL 6/25/23 12:08 6/25/23 12:31 6/25/23 12:39 6/25/23 12:10 6/25/23 12:
27 DAL226 DAL226.GRU  TRUE FALSE  SBGR KIFK 11231459 JET N832MH B764 C 26000 6607 DAL 6/25/23 0:14 6/25/230:15 6/25/23 0:
28 AAR221 AAR221.JFK.  FALSE TRUE  KIFK RKSI 7455617 JET A359 B 40000 1157 AAR 6/25/23 17:25 6/25/23 17:40 6/25/23 17:59 6/25/23 16:55 6/25/23 16:
29 DAL208 DAL208.JFK.E  FALSE TRUE  KIFK EGPH 10583757 JET N196DN B763 C 33000 2620 DAL 6/26/23 2:01 6/26/23 2:10 6/26/23 2:34 6/26/23 2:45 6/26/23 2:05 6/26/23 2
30 QT1246 CT1246.JFK.  FALSE TRUE  KIFK CYHM 12593270 JET B763 C 30000 3375 ar 6/26/23 5:59 6/26/23 6:19 6/26/23 6:33 6/26/23 5:00 6/26/23 5
31 RAM20IN RAM201.JFK  FALSE TRUE  KIFK GMMN 131388 JET B789 B 37000 7141 RAM 6/26/23 1:28 6/26/23 1:49 6/26/23 1:56 6/26/23 0:40 6/26/23 0:
32 JBUS09 JBUS09.JFK.S  FALSE TRUE  KIFK MDSD 11349873 JET N949)T A321 D 27000 1156 JBU 6/26/23 5:22 6/26/23 5:29 6/26/23 5:37 6/26/235:45 6/26/23 2:56 6/26/23 3:

One row per flight with processed metrics generated by nightly queries

against our internal databases (fuser, scheduler, TM|, ...)




Flight Summary

N90 Departure Fix Demand: 2023-06-11
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common metrics across the team and simplify downstream analysis tasks
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UTOT = Unimpeded Take Off Time, ETOT = Estimated Take Off Time, TCOT = Terminal Controlled Off Time

a) UTOT
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- non-restricted

ETOT

Using OOC algorithm
where red restricted
flights are inserted into
schedule first generates
unfeasible surface
schedule for XYZ600

XYZ500
XYZ400
XYZ300

XYZ600

XYZ7200

XYZ100
12:00

- restricted: TCOT =12:02

a) Hierarchical Order of Consideration
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UTOT = Unimpeded Take Off Time, ETOT = Estimated Take Off Time, TCOT = Terminal Controlled Off Time

a) UuToT ETOT b) UTOT - ETOT
. . Allowing XYZ600 TCOT to
Using OOC algorithm 'g
where red restricted delay flight but not advance
flights are inserted into flight generates a feasible
schedule first generates surface schedule that can be
unfeasible surface communicated to the
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a) Hierarchical Order of Consideration b) NASA heuristic allowing TMI constraint
to delay flight but not advance flight in
UTOT sequence



UTOT = Unimpeded Take Off Time, ETOT = Estimated Take Off Time, TCOT = Terminal Controlled Off Time

a) UToOT ETOT
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b) UTOT ETOT
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