






Project ID 12.04.182 

D01 - Technical Specification Edition: 00.02.00 

3 of 35 

Table of Contents 
EXECUTIVE SUMMARY .................................................................................................................................... 6 

1 INTRODUCTION .......................................................................................................................................... 7 

1.1 PURPOSE OF THE DOCUMENT ................................................................................................................ 7 

1.2 INTENDED READERSHIP .......................................................................................................................... 7 

1.3 INPUTS FROM OTHER PROJECTS ............................................................................................................ 8 

1.4 STRUCTURE OF THE DOCUMENT ............................................................................................................ 8 

1.5 REQUIREMENTS DEFINITIONS – GENERAL GUIDANCE .......................................................................... 8 

1.6 FUNCTIONAL BLOCK PURPOSE ............................................................................................................... 8 

1.7 FUNCTIONAL BLOCK OVERVIEW ............................................................................................................. 9 

1.8 ACRONYMS AND TERMINOLOGY ........................................................................................................... 10 

2 GENERAL FUNCTIONAL BLOCK DESCRIPTION  ............................................................................ 13 

2.1 CONTEXT .............................................................................................................................................. 13 

2.1.1 Operational and functional advantages of interlinking Surface Routing Management and 
Departure Management ............................................................................................................................ 13 

2.1.2 Information flows of interlinked departure and Surface Routing Management function .. 13 

2.2 FUNCTIONAL BLOCK MODES AND STATES ........................................................................................... 15 

2.3 MAJOR FUNCTIONAL BLOCK CAPABILITIES .......................................................................................... 16 

2.4 USER CHARACTERISTICS ..................................................................................................................... 17 

2.5 OPERATIONAL SCENARIOS ................................................................................................................... 19 

2.6 FUNCTIONAL ......................................................................................................................................... 22 

2.6.1 Functional decomposition ......................................................................................................... 22 

2.6.2 Functional analysis .................................................................................................................... 22 

2.7 SERVICE VIEW ...................................................................................................................................... 23 

3 FUNCTIONAL BLOCK FUNCTIONAL AND NON-FUNCTIONAL REQUIREMENTS  .................. 24 

3.1 CAPABILITIES ........................................................................................................................................ 24 

3.1.1 Precise taxi time (EXOP) calculation ...................................................................................... 24 

3.1.2 Enhanced sequence management .......................................................................................... 25 

3.1.3 Additional functional blocks capabilities .................................................................................. 26 

3.2 ADAPTABILITY ....................................................................................................................................... 27 

3.3 PERFORMANCE CHARACTERISTICS ..................................................................................................... 27 

3.4 SAFETY & SECURITY ............................................................................................................................ 27 

3.5 MAINTAINABILITY .................................................................................................................................. 27 

3.6 RELIABILITY ........................................................................................................................................... 27 

3.7 FUNCTIONAL BLOCK INTERNAL DATA REQUIREMENTS ........................................................................ 27 

3.8 DESIGN AND CONSTRUCTION CONSTRAINTS....................................................................................... 27 

3.9 FUNCTIONAL BLOCK INTERFACE REQUIREMENTS ................................................................................ 28 

3.9.1 HMI improvements ..................................................................................................................... 28 



Project ID 12.04.182 

D01 - Technical Specification Edition: 00.02.00 

4 of 35 

4 REFERENCES ........................................................................................................................................... 30 

4.1 USE OF COPYRIGHT/PATENT MATERIAL /CLASSIFIED MATERIAL .......................................................... 30 

4.1.1 Classified Material ...................................................................................................................... 30 

APPENDIX A  TRACEABILITY  ................................................................................................................. 31 



Project ID 12.04.182 

D01 - Technical Specification   Edition: 00.02.00 

 
5 of 35 

List of tables 
Table 1: Roles and responsibilities ....................................................................................................... 19 

Table 2 : Operational Scenarios ........................................................................................................... 21 

Table 3: TS requirements / Functional block traceability ...................................................................... 31 

Table 4: TS requirements traceability ................................................................................................... 32 

Table 5: TS requirements Verification Methods .................................................................................... 34 

 

List of figures 
Figure 1: Flow of documentation overview [PMP] .................................................................................. 7 

Figure 2 - Functional block overview .................................................................................................... 10 

Figure 3 - Interlinked departure and Surface Routing Management function ....................................... 14 

Figure 4 – Functional block modes and states ..................................................................................... 16 

Figure 5 - Integrated departure management and surface routing management Users ...................... 17 

Figure 6: NSV-4 Integration of Departure Management and Surface Routing Management ............... 23 

 



Project ID 12.04.182 

D01 - Technical Specification   Edition: 00.02.00 

 
6 of 35 

Executive summary 
This document is the Technical Specification for the integration of departure management and surface 
routing management. It is based upon operational requirements available at the time this document 
has been produced, and contains technical requirements specifying this integration. 

For Phase 1, the scope of this integration is: 

• For the surface routing to provide an optimised taxi time (more precisely defined as the 
EXOP) to the departure management that can use it to build a more reliable pre-departure 
sequence, 

• For the departure management to provide more stable TSAT and TTOT that the surface 
routing function can use to build more realistic traffic forecasts. 
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1 Introduction 

1.1 Purpose of the document 
This document describes the technical requirements for integration of departure management and 
surface routing management. . Approach chosen to write requirements is to consider the 
improvements provided by the two functional blocks integrated and not to focus on each "block" 
enhancements for its own side. 

This document covers functional, non-functional and interface requirements. They are addressing the 
“what” and not the “how”, therefore they don’t aim at specifying the physical design of the functional 
block (which remains for the industry), but the functional description and the necessary logical 
interfaces with other functional blocks. 

The relations between this technical specification and the other SESAR deliverables are illustrated in 
Figure 1. For Phase 1, due to the lack of a 12.1.7 Technical Architecture Description that has to 
allocate operational requirements from the 6.X.Y projects to functional blocks, a bottom-up approach 
has been chosen: operational requirements from 06.08.04 OSED [8] are analysed and identified as 
"inside 12.04.04 scope". 

 

 

Figure 1: Flow of documentation overview [PMP] 

 

1.2 Intended readership 
This document is intended for the following audience: 
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o 12.01.07 (Airport system specification drafting and maintenance) is interested in the document to 
identify and maintain the consolidated list of requirements derived from each WP12 projects; 

o 12.03.05 and 12.03.03 as specifying the DMAN and the Surface Routing function will check that 
the requirements written for the integrated functional blocks are compatible with the behaviours 
specified for each block internally, 

o 12.05.03 and 12.05.04 working on the A-iCWP will be interested on the HMI requirements, 

o 06.08.04 (Coupled AMAN-DMAN) as the principal source of operational requirements for 
integrated Departure Management / Surface Routing function, which will need to check the 
consistency between the operational and technical requirements, 

o 10.09.01 and 10.09.02 as working on coupling between Arrival Management and Departure 
Management. 

 

1.3 Inputs from other projects 
The high level architecture of the Aerodrome ATC system is defined by B04.03 architecture 
description (B.04.03-D09 [9]). 

Project 06.08.04 is identified as the main source for the input requirements. Operational requirements 
relevant for Departure Management / Surface routing function integration have been selected by 
12.04.04 from the initial OSED (D06.08.04-D07 [8]). Requirements related solely with DMAN (for 
12.3.5) or AMAN (10.9.1), were excluded. 

Project 06.07.02 is describing the operational behaviour for the routing and is a source of information 
even if current OSED version [12] does not contain requirements applicable to 12.04.04. 

The following projects were identified as possible source of requirements in PIR [14] but were not 
used for this document version: 

• EMMA2 Project produced requirements related with DMAN – A-SMGCS integration but these 
requirements were not used because 06.08.04 initial OSED superseded them. 

• Project 12.03.03 did not identified requirement linked with a DMAN interface. 

 

1.4 Structure of the document 
This document is organised as follow: 

• Chapter 1: Purpose and scope; Requirements structure; Functional block purpose and 
high level overview 

• Chapter 2: General functional block description; 

• Chapter 3: Functional block requirements, 

• Chapter 4: Referenced documents. 

1.5 Requirements Definitions – General Guidance 
Requirements have been developed according to the SESAR Requirements and V&V Guidelines [4] 
and SESAR Template Toolbox Latest version [3]. 

1.6 Functional block Purpose 
The main objective of this project is to integrate Departure Management and Surface Routing 
Management tools and to enhance their functionalities developing a single integrated platform in order 
to improve the pre-departure, the taxi route calculation and the departure sequences. 



Project ID 12.04.182 

D01 - Technical Specification Edition: 00.02.00 

9 of 35 

This allows maintaining a safe and efficient flow of traffic on the ground and providing the flexibility to 
ensure the maximum use of runway capacity.  

Knowledge of realistic taxi times: 

• Enables ATC to optimise the push back, start-up, taxi and take off sequence and hence
reduce queuing and taxiway congestion

• Improves CTOT compliance

The following topics have not been studied during this project phase (Step 1) and will be part of Step 
2 activities: 

• Taxi time will not be re-computed after aircraft push-back (track position is not taken into
account),

• Monitoring of real-time traffic will not be used for taxi time update. Taxi times will be only
updated by manual request of controller.

• The project will not produce an integrated HMI of Departure Management and Surface
Routing function.

1.7 Functional block Overview 
The integrated Departure Management / Surface Routing Management platform aims to improve the 
pre-departure sequence and taxi route calculation using more accurate information..  

In order to obtain reliable sequences and routes, Departure Management / Surface Routing 
Management has to consider accurate information related to each flight, available from individual 
Departure Management and Surface Routing Management systems: 

• TSAT: Target Start-Up Approval Time, the time that an aircraft can expect start-up / push-
back approval. This information is calculated and provided by Departure Sequencing function

• TTOT: Target Take-Off Time, calculated and provided by Departure Sequencing function.

• Taxi Route: description of the path to be followed by the flight and the timing of events along
this path; in particular start time, intermediate hold times and end time. This information is
calculated by surface routing function.

• Taxi Time (EXOP): A-CDM has defined the term VTT “Variable Taxi Time” as the generic
name for both inbound and outbound taxi time parameters. According to the scope of the
project, this document will just refer to EXOP (Expected Taxi Period from Off-Block to
Runway Holding Point (with no buffer or delay). It includes time to line up and roll to airborne).

The surface routing function has the objective of calculating the most suitable taxi route and the 
corresponding EXOP. This will improve the accuracy of both departure and pre-departure sequencing 
for the departure sequencing calculation: 

TTOT = TOBT + EXOP + ERWP 

TSAT = TTOT – EXOP – ERBP 

The Figure 2 depicts the overview of the integrated Departure Management / Surface Routing 
Management platform and the related concerned functions. 
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2 General Functional block Description 

2.1 Context 
The main objective of interlinking the Surface Routing Management function and Departure 
Management function is the improvement of the planning of the Departure Management function and 
the generation of more reliable planning results. The Surface Routing Management is also improved 
as realistic TSAT and TTOT can be used to predict traffic and thus calculate optimized taxi routes and 
taxi times. Further improvements of interlinked functions can be achieved in step 2 when continuous 
updates due to the actual traffic situation will be considered in the planning. 

 

2.1.1 Operational and functional advantages of inte rlinking Surface 
Routing Management and Departure Management 

2.1.1.1 Calculation of realistic taxi times 
Instead of using static taxi times from a taxi time matrix, realistic taxi times (EXOP) for departures can 
be provided by the Surface Routing Management function as an input data for the departure 
management function. Based on the predicted traffic situation at either TOBT or TSAT the Surface 
Routing Management function can calculate a realistic EXOP. Predicted inbound traffic and tow 
operations have to be considered by the Surface Routing Management as they are sharing taxiways 
and apron areas with departures and may have a strong impact on the EXOP of departures. 

2.1.1.2 Prediction of the traffic situation 
Based on the realistic EXOP provided by the Surface Routing Management function a more realistic 
prediction of the traffic situation is available. This at the end allows a more realistic calculation of 
TTOT and TSAT by the departure management function. 

2.1.1.3 Automatic recalculation of the EXOP 
The EXOP calculation is always initiated again if the initial conditions have been changed. This is the 
case if an updated TOBT, a new runway or departure fix/SID is received or if a manual recalculation 
of the departure sequence is requested by the controller. In all these situations the Surface Routing 
Management function calculates EXOP under consideration of the actual conditions and the 
departure management function is recalculating the departure sequence and generates updates of 
TTOT and TSAT. 

 

2.1.2 Information flows of interlinked departure an d Surface 
Routing Management function 

The departure management function and the Surface Routing Management function have a common 
data source. Flight plan data that is provided by this data source is e.g. call sign, registration, aircraft 
type, parking position but also the TOBT as depicted in Figure 3. 
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Step 4: Based on EXOP updates the TTOT may also be updated. EXOP is recalculated if e.g. the 
runway, SID etc. has changed or if the controller has initiated a recalculation of the departure 
sequence. Using the updates of the EXOP the departure management function checks if the existing 
departure sequence can still be realized using the multiple line-up alternatives at the specific runway. 
Only if this is no more possible the departure sequence is also updated including TTOT and TSAT. 
Both times are sent back again to the Surface Routing Management function. 

The functionality of step 4 can vary dependent on the Surface Routing Management function. If EXOP 
is computed for a route starting at TSAT the process is as described. If EXOP is computed for a route 
(including line-up and roll to airborne) finishing at TTOT the Surface Routing Management function 
"guarantees" a taxi time to reach TTOT and the departure sequence is more stable and deviations 
must be covered by adaptations of taxi routes and EXOP. This way of computing EXOP is more 
complex and will not be studied in Step 1. 

 

2.2 Functional block Modes and States  
The mode characterizes the way the system is operating in respect to the availability of its functions. 
The Integration of Departure Management and Surface Routing Management can be in three different 
modes:  

•Operational: In operational state, the system is designed to provide continuous operational 
service despite the failure of a function. Under normal circumstances all functions are in use, 
and actively processing data. This mode is the operational one which is the normal mode of 
operation of the system.  

•Degraded : A function can automatically (as a result of failure) or manually be switched off, at 
any time, leading to a degraded mode of operation.  

•Failed : In case a significant set of functions necessary for the continuation of the Tower ATC 
service (supported by the Departure Management /Surface Routing Management integrated) 
is not available, the system is considered in failed mode.  

 

Transitions between these three modes can be illustrated as follows: 
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Figure 4 – Functional block modes and states 

 

2.3 Major Functional block Capabilities 
With the interlinking of the departure and Surface Routing Management functions the planning quality 
of both functions can be improved. 

The planning of the departure sequence can be done based on realistic taxi times (EXOP) that is 
calculated by the Surface Routing Management function under consideration of the predicted traffic 
situation at TOBT of each departure. 

Using the TOBT and EXOP the departure management function can calculate realistic ITOT (Initial 
Take-off Time) which are used for the calculation of the optimal departure sequence and for the 
determination of TTOT. In case of coupled Arrival Management / Departure Management the ITOT 
are also used to provide realistic times to the AMAN for the generation of gaps in the arrival sequence 
for departures. 

Based on TTOT and under consideration of EXOP realistic TSAT can be calculated by the departure 
management function. These improved TSAT quality again allows an improved calculation of taxi 
times for further departures in the Surface Routing Management function. 

Planning results of the departure and Surface Routing Management function must be displayed at the 
relevant controller working positions. Suitable HMI should be used to display the planned sequence of 
operations and the related target times. Therefore, the HMI should be adapted to the specific needs of 
the different working positions so that the Clearance Delivery Controller is getting the planned start-
up/push-back sequence (TSAT) displayed while the Runway Controller is getting the planned take-off 
sequence (TTOT) displayed.  
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2.6 Functional 

2.6.1 Functional decomposition 
When not coupled, Departure Management and Surface Routing Management provide functionalities 
"on their own": building a departure sequence and computing a taxi route. 

Considered as a single integrated functional block, Departure Management and Surface Routing 
Management allow a reliable departure sequence based upon an accurate EXOP computed by the 
surface routing function. They provide the following functions: 

• Precise taxi times calculation: the surface routing function provides an accurate EXOP 
based upon the flight taxi route and taking into account various parameters such as 
aircraft type, parking position, the planned traffic during the taxiing… 

• Enhanced sequence management: based upon the precise EXOP the departure 
management generates an enhanced departure sequence for each flight providing 
optimal TTOT and TSAT. 

 

2.6.2 Functional analysis 
The diagram below describes the Departure Management and the Surface Routing Management 
integrated and considered as a single functional block. It details also how the different internal 
functions interact with each other and with external functional blocks. 

 

 

 



Project ID 12.04.182 

D01 - Technical Specification   Edition: 00.02.00 

 
23 of 35 

Figure 6: NSV-4 Integration of Departure Management  and Surface Routing Management 

 

The integrated functional block is composed by four sub-functions: 

• Departure management in charge of providing departure sequence and optimum 
departure runway, 

• Surface routing management responsible for providing a route and an accurate EXOP 
dependant on predicted traffic, 

• Technical management: manages for the integrated functional block the transition 
between the different modes of operation, 

• Constraints management: gathers constraints and rules for the two functions 
departure and surface routing management. 

 

2.7 Service View 
N/A 
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3 Functional block Functional and non-Functional 
Requirements  

3.1 Capabilities 

3.1.1 Precise taxi time (EXOP) calculation 
 

Identifier REQ-12.04.04-TS-0010.0010 

Requirement The surface routing functional shall receive for each flight plan the departure 
runway from the departure management and use: 

•the TOBT (if available, the EOBT otherwise), 

•parking position, 

•aircraft type,  

•departure runway, 

•expected traffic during taxiing. 

to calculate the EXOP accordingly. 

 EXOP will be calculated based on TOBT as first approach and based on TSAT 
for refinement. Additionally the departure functionality calculates and 
communicates to surface routing functional the departure runway. The surface 
routing function shall be able to designate a route for each aircraft and for 
vehicles that need it. One part of the necessary information to design these 
routes is provided by FDPS (e.g. runway chosen by the operator, identification 
of aircraft, stand assigned). 

 

 

Identifier REQ-12.04.04-TS-0010.0020 

Requirement The surface routing function shall receive the departure runway, the TTOT and 
the TSAT for each flight plan from the departure sequencing function and shall 
calculate EXOP updates, if it is necessary. 

 TOBT and TSAT are used by the surface routing function to calculate EXOP 
updates as the sequences evolves, TSAT and TTOT are also used to predict 
the future traffic situation. 

 

 

Identifier REQ-12.04.04-TS-0010.0030 

Requirement The departure sequencing function shall provide to the surface routing function 
an update of TTOT whenever it changes by more than <parameter_1 TBD>. 

 In order to maintain a reliable picture of future traffic situation and to predict 
precise EXOP values, the surface routing function must be informed by the 
departure sequencing function of all known changes to TTOTs. 

 

 



Project ID 12.04.182 

D01 - Technical Specification   Edition: 00.02.00 

 
25 of 35 

Identifier REQ-12.04.04-TS-0010.0040 

Requirement The departure sequencing function shall provide to the surface routing function 
an update of TSAT whenever it changes by more than <parameter_2 TBD>. 

 In order to maintain a reliable picture of future traffic situation and to predict 
precise EXOP values, the surface routing function must be informed by the 
departure sequencing function of all known changes to TSATs. 

 

 

3.1.2 Enhanced sequence management 
 

[REQ]
Id REQ-12.04.04-TS-0020.0010 

Requirement The departure sequencing function shall receive the EXOP from the surface 
routing function for each flight plan and shall calculate the TTOT and TSAT and 
thus the optimal departure sequence. 

Title EXOP provision 

Status <In Progress> 

Rationale The surface routing function is responsible for EXOP computation, which is then 
provided to the departure sequencing function in order to finalize the 
computation of TSAT and TTOT based on precise variable EXOP. 

Category <Functional> 

  

Verification 
Method 

<Test> 
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[REQ]
Id REQ-12.04.04-TS-0020.0020 

Requirement If changes in the push-back (TSAT) sequence occur, the departure sequencing 
function shall check if the existing departure (TTOT) sequence can still be 
realized (e.g. by using the multiple line-up alternatives at the specific runway). 
Only if this is no more possible the departure sequence is also updated. 

Title TTOT stability 

Status <In Progress> 

Rationale In order to avoid the excess of communications between pilots and controllers, 
the departure sequence will try to be kept once it has been communicated to 
them. Only if an aircraft can’t fulfill the sequence, this one will be recalculated 
and the pilots will receive the sequence updated. 

Category <Functional> 

  

Verification 
Method 

<Test> 

 

 

 

[REQ]
Id REQ-12.04.04-TS-0020.0030 

Requirement The departure sequencing function shall be able to use static taxi time data in 
case the surface routing function cannot provide EXOP. 

Title Standard EXOP 

Status <In Progress> 

Rationale In case the surface routing function cannot provide EXOP, departure sequencing 
function has to able to provide a departure sequence, based on standard EXOP. 

Category <Functional> 

  

Verification 
Method 

<Test> 

 

 

3.1.3 Additional functional blocks capabilities 
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[REQ]
Identifier REQ-12.04.04-TS-0030.0010 

Requirement The surface routing function should estimate the planned traffic of inbound and 
outbound flights on the airport surface and take it into account to calculate 
precise EXOP. 

 

 

 

[REQ]
Identifier REQ-12.04.04-TS-0030.0020 

Requirement The Departure Management should identify the runway holding point at the 
same time than the allocated departure runway. 

 

 

 

3.2 Adaptability 
Integrating Departure Management with Surface Routing function does not create new adaptability 
constraints to those existing for the two functional blocks alone. 

3.3 Performance Characteristics 
Integrating Departure Management with Surface Routing function does not create new performance 
constraints to those existing for the two functional blocks alone. 

3.4 Safety & Security 
 Integrating Departure Management with Surface Routing function does not create new constraints 
regarding Safety and Security to hose existing for the two functional blocks alone. 

3.5 Maintainability 
 Integrating Departure Management with Surface Routing function does not create new maintainability 
constraints to those existing for the two functional blocks alone. 

3.6 Reliability 
Integrating Departure Management with Surface Routing function does not create new reliability 
constraints to those existing for the two functional blocks alone. 

3.7 Functional block Internal Data Requirements 
 

Integrating Departure Management with Surface Routing function does not create new internal data 
constraints to those existing for the two functional blocks alone. 

3.8 Design and Construction Constraints 
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Identifier REQ-12.04.04-TS-0100.0010 

Requirement The departure management and the Surface Routing Management shall be 
designed in such a way that the configuration for a same data (such as data 
related with airport layout or topology) contains the same information. 

 

 

 

Identifier REQ-12.04.04-TS-0100.0020 

Requirement Data access for the departure management and the surface routing function 
shall be design as such that changes to data common (e.g. flight plan data) for 
the two functional blocks are processed at the same time. 

 

 

 

3.9 Functional block Interface Requirements 
This chapter only contains the interface changes coming from the integration between departure 
management and surface routing management. The only interface change identified concerns 
interaction with HMI. Specific interfaces for the Departure management are described in 12.03.05 
System Requirements [10], for routing in 12.03.03 System Requirements [11].  

3.9.1 HMI improvements 
The purpose of this chapter is to identify the enhancements / changes brought to the HMI due to 
integration between departure management and surface routing management. 

An integrated HMI for routing and departure sequence functions is not in the 12.04.04 step 1 scope. 
Requirements are written in generic way "system HMI" without specifying in which "product" HMI (A-
SMGCS, DMAN, Electronic Flight Strip) they have to be developed. This is considered as 
implementation detail and will anyway have to be modified in step 2 when an integrated HMI will have 
to be developed. 

 

Requirements written by 12.03.05 regarding the Basic DMAN HMI apply also this "System HMI" and 
are not duplicated here, including the following capabilities: 

- Entering manually a TSAT, 

- Re-sequencing any flights, 

- Removing a flight from the sequence, 

 

Requirements under 12.05.XX projects responsibilities are not duplicated here, including the following 
capabilities: 

- Displaying a default route, 

- Modifying the detailed route, 

- Entering/modifying flight data: Callsign, allocated runway, SID, … 

- Displaying the track on the airport layout, 

- Issuing Start-up, push-back … clearances, 
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Identifier REQ-12.04.04-TS-0200.0010 

Requirement The system HMI shall present the following data on the same display than the 
one used by the controller to enter clearances in the system: 

-TSAT for start-up clearances

-TTOT for take-off clearances

Identifier REQ-12.04.04-TS-0200.0020 

Requirement The system HMI shall indicate specifically when a start-up clearance can be 
issued according to the TSAT, this indication is on the same display than the 
TSAT. 

Identifier REQ-12.04.04-TS-0200.0030 

Requirement The system HMI shall highlight to the controller any changes performed by the 
system to the TSAT and TTOT. 

Identifier REQ-12.04.04-TS-0200.0040 

Requirement The departure function shall prevent any change done to the TSAT when this 
value has been set by the operator. 

Identifier REQ-12.04.04-TS-0200.0050 

Requirement The system HMI should display the EXOP duration while the route is modified 
by the operator. 
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