Use of Dynamic Traffic Assignment in FSUTMS in Support of Transportation Planning in Florida (Research BDK80 TWO #977-12)
Requirements for Assignment Environment for Florida
This section presents a catalog of requirements for an advanced assignment environment (AE) in Florida.  It should be recognized that the “assignment environment” in this document does not reference the utilized core assignment tool but also the tools and modules that need to be developed to support the use, calibration, and utilization of the core tool.  

These requirements are based on a review of literature, the requirement workshop of this project, and a survey of the modeling community conducted as part of this project.  It should be recognized that some of the requirements are not expected to be satisfied by any existing methods and tools.  The requirements are written based on the needs rather than the existing capabilities of assignment methods.   
One of the main purposes of writing these requirements is to allow the comparison and testing of various assignment methods and tools including static and dynamic assignment, as part of this project and future projects.  Thresholds for acceptable limits and performances of the assignment environment vary as a function of the modeling purpose and scope, agency, region size, and other considerations for the specific projects under considerations.   This became clear during the requirement workshop and surveys, conducted as part of this project.  Thus, this study avoids specifying exact thresholds but rather present guidance on the factors to be considered when comparing the performance of static and dynamic assignment models and tools.    Later in this project, testing of existing tools will indicate what can be expected with regard to the performance of these tools.
For each of the identified requirements, a statement will be given specifying if the requirement is a general requirement applied to all applications (All), applicable to long range plan (LRP) modeling, short range plan (SRP) modeling, planning for operation/ITS (PO), and/or corridor/impact studies (CS).

The   next steps in utilizing the requirements presented in this section include:
· An assessment of how examples of existing static and dynamic assignment tools can meet these requirements.
· An assessment of what additional supporting tools and modules are needed to accomplish the requirements.
It should be recognized that the purpose of developing the requirement and the testing of example tools based on the requirement is not to select a specific assignment tool for use in Florida but to provide a mechanism for the assessment of different tools relative to the requirements for use in a specific application.  The final decision about the selection of a tool will have to be made by the agency based on various considerations related to the specific application.
I. General Hardware and Software Requirements
Applicability: All requirements presented in this section are general requirements that are applicable to all four levels of requirements (All).

1 The assignment environment (AE) shall be able to run on computers commonly available to the public and private sectors for the specific application under consideration, with different congestion levels and multiple user class specifications. 
1.1 For corridor studies, the AE shall run using commonly available 32-bit computers with a memory of 2 GB of RAM.  For regional network and computationally intensive components, it is acceptable that 64-bit computers are needed as long as this is made clear ahead of time to the users.
1.2 The AE shall run in a reasonable time on commonly available public and private sector computers considering the size and attributes of the model network and demands.   
Note: 16 hours has been identified as possible upper limit in previous studies and in the requirement workshop of this project.  However, this limit depends on the modeled system attributes. Reasonable time should be decided on by the agencies.  This project will provide the time required by typical AE tools as guidance.  
1.3 For large problems, it is acceptable that more powerful computers are needed to reduce the computational time, as long as the analyst is made aware of this need. 
1.3.1 The AE computational performance shall improve with the use of computational capabilities such as distributed (allocation of processing workload to available processors on a local area network) or parallel computing (use of multiple computer processors), if such capabilities are implemented and required.
Note: There may be tradeoffs between communications overheads and computational savings that is a function of the number of processors. There may be an optimal number of processors for best computational performance.  The AE results shall be the same on computers with different number of utilized cores in the case of parallel processing and different number of computers in case of distributed processing,  if such capabilities are implemented and required.  This shall be applicable for both deterministic AE procedures and for stochastic procedures.  Stochastic procedures shall allow specifying fixed seed numbers and ensuring that the results are the same as long as the seed numbers are not changed. 
1.3.2 The AE results shall be the same when running the software with the same inputs different times on the same computer and different computers.  This shall be applicable for both deterministic AE procedures and for stochastic procedures.  Stochastic procedures shall allow specifying fixed seed numbers and ensuring that the results are the same as long as the seed numbers are not changed.
2 The AE shall be installable on Florida agency local computers or internal networks.  Internet-based software solution is not acceptable.
3 The tools/software used in the AE shall have acceptable initial and annual recurrent costs.
4 The AE shall provide the flexibility of updating core modules within the AE environment.

Note: This could be having an open source software or an API type facility to allow the interface with internal assignment/traffic flow modules.  

5 The AE shall have a proven customer support.
6 The vendor of the assignment tool shall provide contact information of agencies that successfully used the tool in at least one project of similar size to the size of the system to be modeled using the tool.
Note: Vendors will have to be asked to specify for such information for the size of the largest network modeled by their software.
7 It shall be possible to integrate the AE with other modeling components as outlined below either directly or indirectly by using data conversion tool.
7.1 The AE shall be able to be run from and exchange all needed AE input data and AE output data with the FSUTMS modeling environment. 
7.2 The AE shall be able to exchange or can be extended to allow exchanging all needed AE input and AE output data with microscopic traffic simulation tools that use text input and output files. 
7.3 The AE shall provide sufficient data to support an integration with the EPA emission modeling procedures that require travel model inputs. 
7.4 The AE shall allow importing data from GIS files.
8 The AE shall provide a Graphical User Interface (GUI) that allows editing inputs. 
9 The AE shall output text files with model outputs including global, facility, and link measures of performance including but not limited to volume, speed, travel time, density, queue length, and delays.

9.1 The AE shall include graphical displays of performance measures 
9.2  AE shall display the results in text list format. 
9.3  It shall be possible to reconstruct the vehicle trajectories from model output files.
9.4 The AE shall allow dynamic animation of traffic movements and the animation link-based performance measures. The scale of the animation (geographic and temporal) shall be such that it is sufficient to allow the modeler to calibrate and assess network performance.
Note: A qualitative assessment of the ability of typical tools to meet this requirement will be made in this study.
10 Training shall be provided to the Florida modeling community with focus on the principal and use of AE.
II. Shortest Path and Path Choice Modeling 
Applicability: LPR, SPR, PO, and CS.

1 The AE shall identify all the routes used by each origin-destination pair, the volumes associated with them, and the performance of each path in terms of the components of the disutility function used in the assignment.
Applicability: LPR, SPR, PO, and CS.

2 The utilized tool(s) within AE shall provide documentation and/or an explanation of the method used to ensure an efficient identification of the optimal sets of shortest path and path choice.  This should include the documentation of basic algorithms, methods for improving computation memory and time efficiency, data structure improvement, and other techniques.
Applicability: LPR, SPR, PO, and CS.

3 The AE shall allow the user to specify different driver groups for use in the assignment
Applicability: LPR and SPR (3.1, 3.4, 3.5), PO (all), and CS (all).

3.1 The AE shall allow differentiating between different vehicle types (e.g., automobile, truck sizes, and truck types). 
3.2 The AE shall allow differentiating between different types of demands in the assignment process to reflect the fact that the disutility function parameters, network constraints, and tolls are different for different traveler types (e.g., commuters, non-commuters, tourists, etc.), toll payment methods, trip types, and vehicle occupancy levels. 
3.3 The AE shall allow differentiating between different demand and vehicle types on managed lanes and toll facilities, allowing charging different tolls to vehicles belonging to these types.
4 The shortest paths and path choice computation shall be made for specified user groups (demand and vehicle types) to take into consideration the different disutility function parameters, link use constraints, and tolls for different groups. 
Applicability: All
4.1 Utilization of additional user groups shall not result in AE performance not meeting the other requirements presented in this document, including for example, computational time, consistency, and convergence.  

5 The identified shortest paths and path choice shall take into consideration various factors that affect traveler choices that can be specified in a disutility function for use in the assignment.   The weights of the different factors in the disutility function shall be modifiable by the analyst for different demand and vehicle types.
Applicability: LPR (5.1-5.5), SPR (5.1-5.6), PO (all), and CS (all).

5.1 The disutility function shall allow considering the cost of travel in dollars.
5.2 The disutility function shall allow considering the average travel time.  
5.3 The AE shall allow considering the difference in the perceived travel times between different facilities such as freeways and arterial streets.
5.4 The disutility function shall allow accounting for the number of turning movements in the disutility function.
5.5 The disutility function shall allow accounting for the number of signals in the disutility function.
5.6 The AE shall allow accounting for measures of reliability.
5.7 The disutility function shall allow accounting for the additional disutility resulting from accounting for calming measures. 
6 The assignment interval (the interval between the time of path updates and assigning traffic to the updated paths) shall be user selectable.
Applicability: All
7 The modeler shall be able to identify fixed paths to be used for all traffic or for specified user groups between O-D pairs.
Applicability: PO
8 The selected paths shall consider access restrictions/prohibitions for specified vehicles or demand types on individual links.
Applicability: ALL
8.1 The AE shall allow be able to assign traffic using different assignment options.
8.2 Non-iterative or no feedback assignment (also called one-shot assignment in some tools), in which vehicles are assigned paths based on free-flow travel time without feedback to the assignment shall be supported to allow simulating users unfamiliar with the network.
Applicability: All but more for SRP, PO, and CS.

8.3 Non-iterative or no feedback assignment (also called one-shot assignment in some tools), in which vehicles are assigned paths based on instantaneous travel time without feedback to the assignment shall be supported to allow simulating drivers receiving pre-trip real-time information and deciding to divert based on the information.

Applicability: PO.
8.4 User equilibrium based on experienced travel time to simulate user familiar with the network during recurrent congestion (day-to-day learning).
        Applicability: All

8.5 It shall be possible to have a single run with different user groups assigned using different assignment options (e.g., unfamiliar drivers using non-iterative assignment based on free-flow travel time, user equilibrium for commuters, etc.).

Applicability: All but more for SRP, PO, and CS.

9 The user equilibrium shall support a proof of convergence for each assignment time interval 
Applicability: All
9.1 The AE shall support the computation of the relative gap and use it as the convergence criterion, based on user specified values.
9.2 The used relative gap measure shall be for each departure (assignment) time interval.  
9.3 The used relative gap measure shall be reported for each departure (assignment) time interval.  
9.4 The AE shall allow specify the maximum number of iterations as a criterion for the assignment. 

9.5 It shall be possible for the user to ensure that the AE will converge to an acceptable relative gap.  It shall be possible to plot of relative gap by departure interval over all iterations to show convergence to stable values.

Note: A typical trend that has been found with AE is to see increasing values of relative gap with increasing departure time, partially due to the increasing congestion levels encountered by drivers.

Note: For static assignment, the relative gap found to be acceptable by research is (10-4).  It has been found that dynamic traffic assignment models typically have significantly higher values of relative gap in the final calibrated solution. The level of convergence achieved by an algorithm in a given time period is highly dependent on the size of the network including the trip tables, the level of congestion, and the number of zones.  
10.4 AE shall provide sufficient information to allow the external computation of the total relative gap.
10 The results from the AE shall be of high quality to allow their use in applications that required stable and proportional route flows such as select link analysis, subarea analysis, and impact analysis. 
Applicability: All.
10.1 AE shall ensure route flow proportionality in relation to the demands between origins and destinations.

10.2 AE shall respond logically to changes in input and shall not produce unexplained results such as significant changes in VMT and or changes in links that should not be impacted by minor changes in the modeled network.

10.3 Division of a link into sub-links while maintaining network geometry shall not result in change in the assignment results.

11 The assignment shall be able re-compute a new equilibrium from a prior solution (warm start), even if the demands or network attributes have significantly changed.
Applicability: All.
11.1 Warm start shall significantly improve the computational efficiency of AE.
12 It shall be possible to extract zone-to-zone path skims for the variables used in the disutility function (travel time, cost, distance, etc.) for any time interval within the modeling period.
Applicability: All
13 The AE shall allow the user to perform en-route assignment to emulate in-vehicle traffic information provision using different options including:
Applicability: PO
13.1 Non-iterative or no feedback en-route assignment (also called one-shot assignment in some models), in which vehicles are assigned paths based on instantaneous travel time while traveling on the network to simulate traffic diversion based on information while en-route.
13.2 The en-route assignment shall consider the percentage of travelers with in-vehicle information and the proportions of travelers that change route under different conditions in response to the received information.

14 The AE shall allow the modeling of the impact of dynamic message sign/highway advisory radio implementations on traffic diversion under incident conditions.
Applicability: PO
14.1 The AE shall allow the user to change input parameters to impact the proportions of travelers that change routes under different conditions in response to the received information.

14.2 The AE shall have the option of the user to specify the paths used by travelers diverting in response to incident conditions.

15 The AE shall allow the specification of monetary user costs of travel (tolls).
Applicability: All
15.1 The AE shall allow specifying entrance, exit, and mainline tolls by user groups. 

15.2 The AE shall allow specifying distance-based tolls by user group.

15.3 The AE shall allow specifying tolls that are calculated dynamically as a function of congestion (dynamic pricing) or are inputs as time variant tolls. 

III. Traffic Flow Modeling (TFM)

1 The AE shall include a traffic flow modeling components that satisfy traffic flow theory principals.
Applicability: All
2 TFM shall be able to simulate different traffic conditions from free flow conditions to congested conditions at an acceptable level of accuracy for the considered application.
Applicability: All
2.1 TFM shall estimate the change in travel time with the increase in demand. 

2.2 TFM shall simulate the building, propagation, and dissipation of queues.

2.3 TFM shall model queue spillbacks to upstream links. 

2.4 TFM shall model the blocking of left and right turning movements without causing the through movements to be blocked (unless the TFM is able to accurately account for turning bay queuing capacity and account for the spillover to adjacent lanes).

2.5 TFM shall account for the blocking of a lane due to back-off from an exit ramp.

2.6 TFM shall account for limited capacity at merging points by distributing the flow correctly between the two merging traffic streams.

2.7 All the demands inputted to the model shall be processed by the software without eliminating portion of the demand due to congestion.

3 TFM parameters that affect capacity and performance measures shall be changeable by the users.
Applicability: All.
4 TFM shall not allow link V/C ratios greater than 1.0, other than due to rounding errors.
Applicability: All
5  TFM shall be able to simulate non-recurrent congestion.
Applicability: OP
5.1 The modeler shall be able to model and assess the impacts of incidents and work zones with specified capacity drops, beginning time, and ending time.

6 TFM shall be able to assess signal control impacts on approach travel time/delays.
 Applicability: 6.1 (All), 6.2 and 6.3 (SRP, OP, CS), 6.4 (OP and CS), 6.5 (OP)
6.1 The analyst shall be able to specify a simplified method of assessing the impacts of signals on traffic flow travel time/delay for large scale networks without requiring detailed modeling of signal control attributes and intersection geometry.
6.2 TFM shall optionally automatically calculate the signal timing using an acceptable methodology.
6.3 TFM shall allow the user to input signal timings. 
6.4  The effect of cycle length and green split on intersection delay shall have the same trend as those produced by commonly used and accepted traffic signal analysis tools.   

6.5 TFM shall be able to account for the effect of coordination between traffic signals.   

7 TFM shall be able to simulate the impacts of stop signs and yield signs on traffic operations.
Applicability: OP and CS.
8 TFM shall be able to model the impacts of ramp metering on freeway mainline and on-ramp traffic using time-of-day rates and/or traffic responsive rates.
Applicability: OP.
9 TFM shall be able to simulate time-variant speed limits on links, at lease at the time-of-day level to simulate applications such as dynamic speed limit and school zoning.
Applicability: OP and CS.
10 TFM shall be able to simulate the impacts of bus priority on signal operations on transit and passenger car traffic at least at a macroscopic level. 

Applicability: OP.
11 TFM shall be able to model the operations of bus-only lanes and bus congestion-by-pass lanes.
Applicability: CS and OP.
12 TFM shall be able to model managed lane with different number of lanes and different capacity per lane compared to general use lane.
Applicability: All.
13 TFM shall allow the modeling of reversed/contra-flow lanes.
Applicability: CS and OP.
14 TFM shall allow the inclusion of warm-up and cooling periods that are not considered when reporting the statistics of the system in the outputs. 
Applicability: All.
Note: Modeling traffic flow by lane is desirable but not required.  In addition, modeling merging, diverging, and weaving explicitly is desirable but not required.  
IV. Network Geometry (Supply)
1 AE shall allow the simulation of a network that include links belonging to different facility types including freeway facilities, arterial facilities, on and off ramps, two-way two-lane highways, HOV/HOT lanes, truck-only lanes, and user-defined link types.
Applicability: All.
2 The provided AE tool shall meet network size requirements of different applications of the AE tool including the number of zones, nodes, links, and vehicles.
Applicability: All.
Note: The size depends on the application being considered by an agency.  However, this study will provide estimates of the ability of example AE tools to deal with various network sizes.

3 The modeler shall have the flexibility of specifying connection to the network for the trips to enter and leave the network with as many connections per zones as needed. 
Applicability: All.
3.1 The AE shall have an acceptable method to divide the generated trips from a given zone between the different connections between the zone and the network.
3.2 The AE shall allow the modeler to specify the distribution of the generated trips from a given zone between the different connections between the zone and the network.

4 The AE shall be able to correctly simulate networks with short and long links.
Applicability: All.
5 The modeler shall be able to model detailed intersection geometry and control including the number of lanes and lengths of left and right turn bays. 
Applicability: CS and OP.
6 The AE shall be able to model specified link and node attributes.
Applicability: All.
6.1 AE shall allow specifying capacity or fine-tuning parameters to produce capacity for network links.
6.2 AE shall allow specifying free-flow speed and/or speed limit per link and per facility type.
6.3 AE shall allow specifying the permission and restriction of different turn types from a link including thru, right, left, diagonal, and U-turn.
6.4 AE shall modify link capacity based on heavy vehicle proportion (trucks, transit, and RVs) and grade.
6.5 AE shall allow the modeler to specify turn penalties of network links.

7 AE shall allow specifying transit line information including transit paths, stop stations, terminals, park and ride, and schedule.
Applicability: All.
V. Network Demand 
1 AE shall allow the specification and modeling of different types of demands 
1.1 It shall be possible to specify different vehicle types (e.g., passenger cars, truck types, truck sizes)  
 Applicability: All.
1.2 It shall be possible to specify different demand types (e.g., commuters, non-commuters, tourists, etc.)
Applicability: CS and PO.
1.3 It shall be possible to specify vehicles with different equipment  (e.g., electronic toll transponders, dynamic guidance/in-vehicle information) 
Applicability: PO.
2 AE shall allow the inputs of demands in a fine-grained origin-destination matrix format at a user specified interval length.
Applicability:  All. Note that coarser interval lengths may be acceptable for long range plans.
2.1 The user shall be able to specify trips at modeling interval lengths of as low as 15 minutes.
2.2 The modeler shall be able either to specify the demands at each modeling interval or the proportions of the total demands for the intervals.

3  AE shall include a dynamic (time-dependent) trip matrix estimation process.
4 The AE shall allow the inputs of demands as an activity list
Applicability: All.
4.1 The AE environment shall allow the use of activity-based model outputs as input to the assignment process.
4.1.1 It shall be possible to load individual trips in the activity list on the network at the time that the activity is estimated to start. 

4.2 It shall be possible to have a feedback of assignment results to the activity-based model to re-estimate the demands based on the network performance.
VI. Transit Modeling

Applicability: Networks with significant transit services 
1 AE shall allow the consideration of various types of public transportation including bus, para-transit, express bus, bus rapid transit, rail, . 

2 AE shall allow trips that utilize a mixture of modes (transit, auto, and walk) 
2.1 The AE shall allow the specification of the accessibility of transit to walk and auto. 

Note:  Modelers normally use distance-based or time-based criteria to identify zones that can access a bus stop or station by walk.    The availability of park and ride facilities is used to determine the availability of auto access to a bus stop or station.
3 AE shall support the identification of optimal transit routes and assigning demands to these routes.  A route is defined as a sequence of links and nodes used by transit riders including the transit vehicle portion, in addition to the walk and auto (park-and ride) access and egress portions of the trip.
3.1 AE shall include a route enumeration process to identify sets of routes between origin-destination pairs, which have a reasonable probability of being used to travel between the zones.
3.2 AE shall allow analysts to request multi-path routing between origin-destination pairs, in which multiple potential routes are identified with the probabilities of using these paths.  AE shall also allow performing best-path assignment, in which a single “best path” route for each origin destination pair is identified.
3.3 AE shall utilize the travel time for each particular transit run scheduled time in the assignment.   The results from the highway assignment process shall be used as needed to produce the performance of the enumerated potential routes by the period of the assignment.
3.4 The transit speed used in calculating transit travel time in the assignment shall be a function of highway speed resulting from the highway assignment process but shall also consider the difference between highway and transit speed, which may be a function of parameters such as the number of stops, number of boarding/alighting, facility type, and area type.
3.5 It shall be possible to adjust the transit speed based on signal priority availability.

3.6 AE shall allow the estimation of the wait time, transfer time, and number of transfer for use in the assignment process.
Note:  Examples of this are the wait curves used to compute initial and transfer wait times based on the frequency of services in Cube.   In Cube, the user can assign at each stop node, two wait curves: one for the first boarding point and the other for transfer points. 
3.7 AE shall allow for accounting for the impact on highway performance of the extra auto traffic generated due to driving to park-and-ride facility, as specified by the analyst.
4 AE shall support the estimation of mode choice by providing the in-vehicle travel time data required for the mode choice estimation process.

5 The mode choice, route enumeration, and demand assignment shall be based on a generalized cost (disutility function) that can include fare, in-vehicle time, transfer/boarding penalty, waiting time, and walk time. 
5.1  It shall be possible to specify the relative weights of different components of the generalized cost function that are different for different user groups to reflect the importance of each of the generated cost components.
5.2 The analyst may select to use different components for the route enumeration step compared to the demand estimation step.

5.3 The AE shall select between walking, transit mode/line, boarding/alighting, and transfer choices. 
5.4 The analyst shall be able to specify that transit line choice based on service frequency and/or generalized cost of travel to account for users with different information levels of the travel time to destination.
6 AE shall account for variations of transit fares strategies including complex fare systems such as fare-zones, peak/off-peak fares, transfer fares, monthly pass discounts, etc.

6.1 It shall be possible to specify different fares for different traveler classes. 
6.2  It shall be possible to specify the fares as a function of a number of measures including trip distance, number of fare zones crossed, and boarding-alighting fare zones.

6.3 It shall be possible to specify different fares for initial boarding compared to subsequent transfers. 
7 The AE shall allow the modeler to put limits on the parameters of the selected transit options including:

7.1 Maximum number of transfers

7.2 Wait time limits

7.3 Transfer walk limits

7.4 Maximum trip time

7.5  Minimum in-vehicle trip time

8 The user shall be able to specify a “must-use-mode,” which must be used during at least one leg of a public transport route.

9 AE shall account for transit capacity constraints/crowding effects.   The estimated average wait time shall include the estimated additional wait time due to passengers not able to board (and must wait for a later service).  The link travel time adjustment shall account for rider’s perception that travel time has higher disutility when standing compared to sitting, for example.
10 AE shall account for the impact of the presence of transit vehicles on the capacity of highway links.  

11 AE shall allow the modeling of bus lanes, bus-toll lanes, and bus-on-shoulder.

12 AE shall produce detailed reports from the assignment/passenger loading including:

12.1 Link based outputs
12.1.1 Number of buses on links (individual lines and total)
12.1.2 Number of riders on link (input and output)
12.1.3 Average in-vehicle travel time and total travel time (included dwelling time at bus stops) on the link

12.2 Bus stop level information
12.2.1 Aggregated and disaggregated (by line) number of boarding and alighting 

12.2.2 Aggregated and disaggregated (by line) average dwelling, waiting and transfer times 

12.3 Network based outputs
12.3.1 Number of transfers, average waiting time, and transfer time

12.3.2 Total trip and in-vehicle travel times for auto and transit vehicle

12.3.3 Total vehicle and walking distances for passenger and transit vehicle

12.3.4 Average speeds for passenger and transit vehicle

12.4 Line based outputs

12.4.1 Total distance

12.4.2 Total boarding and alighting
12.4.3 Average in-vehicle and total travel time
12.4.4 Total revenue
12.4.5 Maximum number of standing and sitting riders
12.5 Transit system skim matrices
VII. Calibration and Validation
Applicability: All requirements presented in this section are general requirements that are applicable to all four levels of requirements (All).

1 The AE shall allow model calibration by adjusting parameters related to capacity, demands, assignment, and traffic flow model parameters

2 AE shall allow the changing of global and local parameters to produce link capacities/throughputs, travel times/speeds, volumes, density, queue lengths, and other measures comparable to those observed in real-world.

3 AE shall allow the importing and use of data from multiple sources (coded in standard formats) to support model calibration.

3.1 It shall be possible to import link-level ITS data at different time aggregation levels including volume, speed, travel time, and density measurements.

3.2 It shall be possible to import FDOT statistics office data including volume and classification.

3.3 It shall be possible to import turning movement data

3.4 It shall be possible to import signal timing data 

4 AE shall allow the modeler to modify the configuration of the links on which the traffic enter or exit the network.

5 Tools shall be provided to assist the modeler in the calibration process based on qualitative assessment. 

5.1 The tools shall allow the identification of overestimation/underestimation, underutilized versus over-utilized paths between O-D pairs, and inaccurate estimation of demand profiles (time-of departure) based on visual examination of time-series plots of link and path measures such as volume and travel time.

5.2 The tools shall provide time-series plots of link and path measures such as volume, travel time, and density.

5.3 The tools shall provide time-series plots of the number of vehicles in the network by user group at each simulation interval.

5.4 The tools shall provide time-series plots the number of vehicles waiting to enter the network by user group at each simulation interval.

5.5 The tools shall provide time-series plots of time-varying, spatially averaged network speed. 

6 Tools shall be developed to assist the modeler in the calibration process by calculating measures to assess the degrees of deviation between model estimates and real-world measurements for each time interval. 
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