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PREFACFK

In order to examine specific Automated Guideway Transit (AGT) develop-
ments and concepts--and to build a better knowledge base for future decision-
making--the Urban Mass Transportation Administration (UMTA) undertook a new
program of studies and technology investigations called the UMTA Automated
Guideway Transit Techrology (AGTT) program. The objectives of one segment
of the AGTT program, the System Operaticas Studies (S0S), were to develop
models for the analysis of system operations, to evaluate performance and
cost, and to establish quidelines for the design and operation of AGT
systems. A team headed by GM Transportation Systems Division (GMTSD) was
awarded a contract by the Transportatior Systems Center to pursue these
objectives. The Technical Monitor‘for the project at TSC was Arthur Priver,
who was assisted by Li Shin Yuan and Thomas Dooley.

The Discrete Event Simulation Model (DESM) provides the capability
L0 model the operation of a mass transit system operating over a network
composed of guideway links and stations within a given time domain. A
wide range of transit classes can be modelled using the DESM. User con-
trols and options are available within the simulator to allow modelling
the effects of various operating strategies and service policy options on
overall system performance in terms of prcviding transportation service
on an individual patron basis.

The Programmer's Manual defines the program's purpose, functions,
organization, variables, and processing algorithms from a software
maintenance viewpoint. It contains the information for a programmer
to maintain and modify the program as required.

11§
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SECTION 1. INTRODUCTION

This document provides a detailed description of the design,
programming logic and implementation of the Discrete Event Simulation
Model (DESM).

1.1 OVERVIEW

The DESM provides the ability to simulate the detailed operation of
a :ransit system operating on a network of automate? guideways and
stations. Vehicles traverse the automated network arcording to
preplanned schedules or in response to patron regjuests for service,
depending upon the selected mode of service. Simulation functions
associated with patrons include: arrival at a station, assignment of a
vehicle to service the trip request, waiting for the assigned vehicle,
boarding, deboarding, and transferring. The travel portion of the
patron activity is modeled in conjunction with vehicle travel. Vehicles
move along the guideway network and through stations according to a
user-selected system management strategy, which consists of individually
selected policies for: type of service, berth assignment, entrainment,
empty vehicle allocation, path selection, dispatch, longitudinal
control, position regulation, and merge control. Vehicle movement in
the model is affected by operational interactions caused by the
simultaneity of vehicle movements on the guideways and in stations, and
the occurrence of asynchronous events, reflecting unexpected or
preplanned stimuli that affect system operation. Other system
characteristics, such as vehicle capacity, nominal speed, and headway
are major factors considered in the simulation of system performance.

The DESM employs a standalone discrete event modeling approach to
perform required transit system simulation. In this approach,
transactions are scheduled on a time ordered Future Events List (FEL) to
reflect time delays associated with a set of actions or interactions
which affect or are associated with system operation.

Transactions represent entities (e.g., vehicles, trips), simulation
control or modeling requests, and asynchronous or exogenous simulation
processes.

When a transaction reaches the top of the list, the required delay
time associated with a particular event has been completed, the
simulation clock is advanced to the event completion time and any
required event processing related to completion is performed. In this
masiner, the simulation clock is advanced in discrete intervals of time
to the occurrence of the most imminent event to be performed. This is



in contrast to a continuous or de'ta time simulation approach in which
the clock is advanced incrementaliy by a fixed number of clock units
with the status of all transactions being continuaily updated at each
clock advance.

Once event processing for a transaction is completed, the
transaction is scheduled for its next event completion. If conditions
within the system preclude the scheduling of an event, the DESM employs
1 detailed transaction queuing and dequeuing mechanism for handling
event preemption and resumption. This mechanism pruvides the ability to
recognize the interaction effect produced by the simuitaneity of event
occurrences.

The major processing functions impiemented in the DESM are organized
into three standalone program components: 1) an Input Processor (IP),
2) a Model Processor (MP), and 3) an Output Processor (OP). All three
processors within the DESM interact with the user and communicate with
one another through a centralized AGT data base as shown in Figure 1-1.
Each processor is initialized from predefined files within the data
base, augmented by user run time inputs.

The Input Processor is the primary interface between the data base
and user run time data and the simulation. Its major functions are to
check the input data for consistency and reascnableness and to transform
the initialization data from a user-oriented format to a model-oriented
format to provide for efficient operation of the Model Processor.

The Input Processor performs translation of input definition data
and selected control options input by the user to structured data files
usable by the Model Processor. The IP is basically a sequential
processor, having a fixed order of tasks that can be performed.

However, the user, through input of control and option selection
parameters, defines which of the tasks and processing options are to be
executed. The structured data produced by the IP is organized into
Network, System,Demand, and Time Dependent Data files. The Network file
contains binary images of connectivity and configuration data for
describing the system to be simulated to the MP. The System file
contains binary images of system characteristics and option data
processed or computed by the IP. These files are used by the MP to
initialize the global common data area (status region) which provides
the initial conditions and options required for a given simulation
experiment. The Demand file contains a generated sequence of trip
arrivals which represent patron demands for transportation service to
the MP. The structured time-dependent data file contains card image
data in a generalized input format. This data is processed by the MP to
fntroduce asynchronous events or to modify simulation conditions during
a modeling experiment.

The DESM Mode! Processor performs the event driven simulation for
modeling the detailed operation of the automated transit system. Events
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are scheduled within the simulation for occurrence or completion at scme
future time, in response to transaction processing requirements.
Transactions are appropriately processed when the event time for which
they were scheduied is completed and the next cvent for the transaction
becomes the next most imminent task to be periormed in the simulation
system. Transactions are rescheduled when processing for the current
event of the transaction is completed and the next required event and
its completion time has been determined.

Upon entry, the MP performs initialization of the simulation
experiment which may involve system restart or initial system
definition. In the case of system restart@previously recorded
checkpoint of the system status area (structured data and global model
common data) is read from the data base to reinitialize and resume the
simulation from a specific point in time. If a restart is not to be
performed, the structured data created by IP is reac from the data base

to establish all global common data defining the simulation initial
conditions.

Once initialization has been completed, the basic control loop for
accomplishing the recognition, scheduling and processing of transactions
is started. Ouring this process, the next transaction to be acted upon
is determined by performing a sequential scan of successive entries in
the clock table, beginning with L-= currently active interval, until a
non-empty interval or the end of the clock table is reached. If a non-
empty interval pointer is found, the first transaction chained within
the interval is removed and returned as the currently active transaction
requiring event processing.

The transaction can be one of the following types: asynchronous
event, (data read, checkpoint, failure insertion, or active fleet size
management), statistics sampling, trip arrival, dequeuing, periodic
computation, guideway link modeling or station link modeling.

The DESM output processor provides the means by which sampling data,
written to the raw statistics file during a simulation experiment, can
be retrieved and formatted for transit system analysis. The output
processor permits access to and manipulation of the raw statistics in a
convenient and unrestrictive manner. This is achieved by providing a
user interface which does not require apriori knowledge of how data is
formatted, acquired from the input source, or arranged internal to the
processor itself.

The processing performed by the output processor is directed by
service request commands input by the user. These commands invoke the
four basic processes provided by the OP as follows:

1. Data storage allocation

2. Command request processing



3. Data acquisition and manipulation
4. Data display.

Data request commands provide the means by which desired statistics
and presentation format are specified for retrieal. These requests are
accumulated until a read command which causes actual accumulation and
formatting of data is encountered.

The OP allows the accumuiation of up to 400 user requests before
data acquisition is required. The exact number of data request commands
which are accumulated prior to initiating data acquisition and
processing is entirely dependent upon user requirements since data
acquisition is performed only in response to a user command request.

The OP also contains an automatic request. generation facility which
allows the user to obtain via a single request a specific item of data
over a range of modeling entities.

The basic control loop of the OP involves the reading and filing of
user data requests until a data acquisition (READ) command is
encountered. This causes the reading of the raw statistics file to
begin and data manipulation, summarization, and display to be performed.
Once the desired data display and output have been accomplished, the
control loop is once again started to process further sets of user
command requests. The control loop is executed until all user data
requests have been satisfied.

1.2 COMPUTER REQUIREMENTS

The DESM requires an IBM System 370, Model 155, 158, 165, or 168
CPU, or a compatible equivalent, for program maintenance and executiorn.

1.2.1 Core Memory

The core storage size required to execute the DESM is a function of
maximum problem size, given by System Generation (compile time)
definitions for network size, configuration and system capacity. These
SYSGEN sizes represent an upper bound on the size of a particular
simulation experiment that can be modeled by the DESM. This requirement
applies specifically to the MP, which represents the largest of the
three components of the DESM. This requirement is exclusive of System
Control Program Core requirements, which are CPU and installation
dependent. In order to support the problem size requirements placed on
the DESM, as outlined in the Functional Specification, a minimum of 4.5
million bytes of core storage is required.

Size requirements can be varied as necessary to support smaller or
larger maximum problem sizes or core storage availability, by redefining



compile maximum values and recompiling and link editing the IP, MP, and
0P components of the DESM. Only the I/0 portion of the OP need be
recompiled to reflect new meximum size definitions. As a guide to
establishing core storage requirements for a particular SYSGEN of the
DESM, core requirements for key configuration and capacity related
elements within the MP are shown in Table 1-1. The exact core region
size required for execution of the IP, MP, and OP components of the
DESM, after recompilaticn and link editing, is provided as a standard
output of the link edit process.

1.2.2 Peripheral Equipment

The DESM is designed for either batch mode or terminal supported
background mode operations. In a batch environment, standard system
utilities and JCL procedures are used for data base updating and model
execution. Background operation requires the use cf an online terminal
and associated terminal support software to allow online data base
editing and job submission. This capability is provided via TS0, if
available, in a System 370 operating environment. The mode of operation
selected for the DESM places certain constraints on the peripheral
equipment required for maintenance and execution of the model. The
specific equipment requirements are described below.

1.2.2.1 Data Base Storage

The procedures provided for execution of the DESM require the use of
direct access storage for online data base access and control. However,
with user modification of the standard procedures, other forms of data
storage can pe used to eliminate online storage requirements or provide
a supplement to the online data base.

Direct Access Storage - The storage requirements for various
functTonal areas of the DESM are given below, in cylinders of IBM 3330
disk storage (approximately 248,000 bytes):

1. Program Development Libraries (Source. Object, and load) -- 20
cylinders

2. Input from Data Base (per configuration) -- 10 cylinders

3. Trip Arrival Sequence (One hour of 30,000 trips) -- 2.5
cylinders

4. Checkpoint Data (each checkpoint assuming 25 stations, 70 guideway links,

20 station links, .15 routes) -- 1.2 cylinders/checkpoint
record
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TABLE 1-1. DESM CORE REQUIREMENTS

Element Core Required

Basic DESM MP 480k Bytes

Vehicles 167 Bytes per vehicie

Guideway Links 153 Bytes per link

Stations 282 Bytes per station + 18 (number of stations
squared)

Station Links (83 x maximum number of stations + 24) Bytes
per station 1ink

Trips 69 Bytes per concurrent trip

Transactions 14 Bytes per transaction

Routes (160 + 12 x maximum number of 1inks) Bytes per
route + 10 x maximum number of entries in
route list

Ne twork 4 x (maximum number of stations x maximum

number of 1inks x maximum number of

simul taneous path tables) + (maximum number of
merges + 2) x maximum number of intervals in
merge scheduling table + 16 x (maximum number
of merges) Bytes



5  Raw Statistics (assuming 5 statioms, 70 guideway links, 20 station linka,
15 routes, one hour simulation, one minute sampling interval) -- .27

cylinders, sample (5.1 tracks), 16.3 cylinders/hour of
simuiated time

6. Auxiliary Qutput
a. Completed trips log -- 5 cylinders

b. Vehicle Station Arrival Log -- 1 cylinder
c. Link Statistics Log -- 1 cylinder

4. Station Statistics Log -- 1 cylinder,

Magnetic Tape - The DESM has no explicit reguirement for magnetic
tape storage, but it may be a preferable medium over direct access
storage for handling of simulation output data. The selection of tape
over disk should be based upon the aimount of disk space available,
frequency of access required, computer center operational procedures,
and desired mode of DESM operation. File; resident on magnetic tape are
not readily modified and cannot be displayed via background terminal
editing ana display procedures. For planning estimates, a 2400 foot
ree! of tape recorded at 1600 bytes/inch has a capacity equivalent to
188 cylinders of 3330 disk space.

1.2.2.2 Unit Record Equipment

The DESM requires a card reader for batch job submission and a high-
speed printer for output.

1.2.2.3 Display Terminal

Background data preparation and job submission via standard TSO
procedures requires a 3270 display terminal or equivalent for DESM
operation.

1.2.3 System Control Program

Maintenance and operation of the DESM requires specific operating
system and system suppore software features as described below.
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1.2.3.1 Operating System

The DESM executable load module is structurea to avoid requirements
for the loading and overlaying of individual program segments. Each
execution of the DESM assumes the availability of "unlimited" core
storage as provided in a virtual storage and virtual machine operating
environment. Specifically, the following operating system or a
compatible equivalent is required:

0S/VS2 (SVS or MVS option).

Additionally, tre use of the DESM in a background environment
requires operating tystem support of a file/editing, updating, and job
submission capability which provides for online terminal operations. In
an 0S,/VS environment, this support is provided via the Time Sharing
Option (TSO).

1.2.3.2 Compilers/Linkaje Editor

Modification and maintenance of the DESM requires the availability
of programming language support as used in initial model deveiopmert.
The DESM is implemented in structured FORTRAN with Assembler Language
for accomplishing Operating System interface and data management
functions. The structured FORTRAN implementation is provided by PARAFOR
which is based upon use of the PL/I preprocessor for extending the
syntax available in FORTRAN. The use of the preprocessor within
PARAFOR, provides the capability for including code segments from
several source libraries to form executable source modules and permits
the use of user coded macros for accomplishing app!ication related
functions. These capabilities are used extensively in the top down
implementation of the DESM to enhance source code readability and leave
unobscured the logic flow through the system.

Structured FORTRAN and Assembler language coding within the DESM
requires the following system compilers:

1. FORTRAN IV (H level)
2. PL/I Optimizer
3. Assembler (H).

Executable load module creation, requires the use of a Linkage
Editor which supports an overlay option. The overlay option is used in
the IP and MP components of the DESM for structuring global common area
data as described in Section 2. The program segments thiemselves are not
overlaid since the DESM is designed to operate in a virtual storage
environment.



1.2.3.3 Support Software

Structured FORTRAN and data base maintenance require the following
utility software:

1. PARAFOR
2. 0S/VS2 System Utilities.

PARAFOR capabilities and operation are described in "PARAFOR User's
Guide", IBM Federal Systems Division, October 15, 1976.

1.3 CODE SEGMENT DESCRIPTION

The code segments listed in Tables 1-2, 1-3, and 1-4 identify each
program module, included source member, macro, common data area and
entry point name which comprise the IP, MP, and OP components of the
DESM, respectively. The descriptive information in the tables identify
the level of documentation proviaed for each listed code segment. The
detailed design logic for each routine is provided in the Process Design
Language (PDL) presented in Appendix A. The component descriptions, as
listed in the tables, are provided in Section 6.
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TABLE 1-2.
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(1 of 6)

TABLE 1-3.
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MODEL PROCESSOR CODE SEGMENTS
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TABLE 1-3.
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TABLE 1-3.
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SECTION 2. PROGRAM DESCRIPTION

Figures 2-1, 2-2 and 2-3 contain tree diagrams of the control flow
through the program modules which comorise the I[P, MP and 0P respectively.

The diagrams in Appendix B illustrate the DESM high-level design
through the use ot Hierarchy plus Input-Process-Output (HIPQ) diagrams.
The Visual Table of Contents illustrates program organization and con-
tains the names and icentification numbers of the detail Input-Process-
Output diagrams that define the processing to be performed. These
diagrams are intended for use in conjunction with the Process Design
Language (POL) descriptions contained in Appendix A, which provide
descriptions of tne program design in greater detail. “here the Visual
Table ot Contents and Input-Process-Output diagrams reference a segment
name and identification number, that segment is further expanded in
both an Input-Process-Output diagram (having that identification number)
and a POL segment (having that segment name). If an Input-Process-Cutput
diagram references a function by segment name only, then the design of
that segment can be found in the PDi segment having that segment name.

Tne executable 1o0ad modules for the I[P and MP components of the
DESM are structured with defined overlay regions for establishing a
common data communication interface The overlay regions within each
Toad module contain identical segrents in which all global common area
data defining the Network and Systam Characteristics reside. The common
area data within these regions is structured in contiguous core locations
beginning and ending with symbolic names which are converted to physical
memory aadresses during the linkage editing process. The structuring
of common areas in this mannar permits the Network and System Character-
istics to be transmitted .ia the AGT data base without regard to specific
variable assignments within the common area definitions.

The structuring of the overlay regions is accomplished by the
following input to the linkage editor:

OVERLAY REGION (REGION)
INSERT BEGCOM

OVERLAY REGION

INSERT PROCESSOR COMMON 1
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DESM INPUT PRUCESSOR:

EACOMN
ETPSAV
EIPARM
EINPUT
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DESM OUTPUT PROCESSOR:

EODATA BLOCK DATA INITIALIZATION OF MAJOR COMMON AREAS
EONTIX SAVE PARM FIELD ADDRESS AND INITIATE OUTPUT PROCESSOR
-=--EQUTPT DESM QUTPUT PROCESSOR CONTROL

-—-EO%NIT OUTPUT PROCESSOR INITIALIZATION
|---SPIEL ESTABLISH INTERUPT HANDLER (EP-XTRACBK)
|---EDBIN PERFORM BIN AREA ALLOCATION
{---EREQU FILE USER REQUEST
| ---EZREAD READ SAMPLING FILE HEADER
| ---EOUPTX RETRIEVE PARM FIELD ADDRESS (EP EONTIX)
I*--EOINDX DETODE PARM FIELD & UPDATE INDEX
,‘--DATTTM OBTAIN DATE & TIME
|=---DTIMEL READ SYSTEM CLOCK
---ECFLAG INITIALIZE AUXILIARY OUTPUT
--—-EDUMBIN DUMP CONTENTS OF BIN AREA HEADERS
---ER?QU FILE USER REQUEST FOR DATA
| ~-—EOQERR PROCESS AN ERROR MESSAGE
I---EBTCHK EXPAND BIN AREA ALLOCATION
I---ESTIFT SHIFT BIN AREA DATA
|---EOERR PROCESS AN ERROR MESSAGE
| ---EOERR PROCESS AN ERROR MESSAGE
--=EZREAD DATA ACQUISITION CONTROL

~--ESETUP INITIALIZE OUTPUT PROCESSOR DATA
---EQERR PROCESS AN ERROR MESSAGE
---EHEADER READ HEADER RECORD
-=--EOERR PROCESS AN ERRGOR MESSAGE
---ESKIPFO SKIP A FOLLOWER RECORD
---ECERR PROCESS AN ERROR MESSAGE
-=-EREQTLU RECORD/REQUEST CORRELATION
--—-EOQERR PROCESS AN ERROR MESSAGE
-=-EREADO2 READ & PROCESS SYSTEM STATISTICS

EQERR PROCESS AN ERROR NESSAGE
---ESIORE STORE DATA 1IN

-=-~EABIN BIN REALLOCATION

~--ESHIFT REALLOCATE BIN ASSIGN
-=-=EOQERR PROCESS AN ERROR MESS
STIC

-=-=-EREADO3 READ & PROCESS GUIDEWAY LINK STATI
l---EOERR P OCESS AN ERROR HESSAGE
-=--ESTORE TORE DATA IN

FIGURE 2-3. (1 of 3) OUTPUT PROCESSOR CONTROL FLOW
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AD & PROCESS STATION STATISTICS

PROCESS AN ERROR MESSAGE
STORE DATA IN BIN

RE
RR
ORE
--—-EREADOS READ & PROCESS STATION LINK STATISTICS
RR
OR
RE

PROCESS AN ERROR MESSAGE
STORE DATA IN BIN

E
~~==EREADOSG AD & PROCESS SCHEDULED ROUTE STATISTICS

--~—EOQERR PROCESS AN ERROR MESSAGE
---ESTORE STORE DATA IN BIN

~---EOERR PROCESS AN ERROR MESSAGE
--=EZLIST TIME SERIES LIST CONTROL
~==-ELIST LIST ITEMS IN A BIN OR PRODUCE SUMMARY
---EZTIST HISTOGRAM QUTPUT CONTROL
I---EMNMX COMPUTE MINIMUM AND MAXIMUM VALUES Ii BIN
-==EHIST OUTPUT HISTOGRAM OF DATA
| =——EBNCHK EXPAND BIN AREA ALLOCATION

--—-EZPLOT TIME SERIES PLOT CONTROL
-==-EGRAPH OUTPUT TIME SERIES PLOT OF SAMPLED DATA
-~-EOPSUM COMPUTE & WRITE PERFORMANCE SUMMARY DATA
I---EOPRPT HRITEPSERFORHANCE SUMMARY REPORT, STANDARD
-=-=-EOSSUM COMPUTE SYSTEM SUMMARY STATISTICS

-~--EOSRPT WRITE SYSTEM SUMMARY STATISTICS REFORT,
STANDARD REPORT 2

-=-ETSSPM STATION-TO-STATION PERFORMANCE MEASURES CONTROL
---ETCOMP COMPUTE REQUESTED STATION-TO-STATION MEASURE
-=-=ETCAPT CAPTURE STATION-TO-STATION RAW DATA

-=-ETACUM ACCUMULATE STATION-TO-STATION
RAW STATISTICS
--—-ETMEAS FUNCTION TO COMPUTE RAW DATA
FOR THE MEASURE
-=--DERROR ERROR TERMINATION ROUTINE
-=-=ETTOTL COMPUTE RAW _DATA TOTALS
~==ETSTAT COMPUTE STATISTICS
-=-=ETRPTS WRITE STATION-TO-STATION REPORT
~=-=~AADATE PROVIDE DATE IN CHARACTER FORMAT
-=-DAYTINM OBTAIN DATE AND TIME
---ETSTID FUNCTION TO CONVERT STATION ID 7O
EBCDIC
I---ETNHBR FUNCTION _TO CONVERT A
NUMBER TO EBCDIC

FIGURE 2-3. (2 of 3) OUTPUT PROCESSOR CONTROL FLOW
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END

| {---DX:RROR ERROR TERMINATION
! ROUTINE
|

{---DERROR ERROR TERMINATION ROUTINE
~~--ETMERG CONVERT RAW STATISTICS TO UTPS FORMAT

--—-AADATE PROVIDE DATE IN CHARACTER FORMAT
---ETNMBR FUNCTION TO CONVERT A NUMBER 7O EBCDIC

-=--DERROR ERROR TERMINATION ROUTINE
~--EOERR WRITE ERROR MESSAGE
{-—-XTRACBK OBTAIN SYSTEM TRACE
i'--XTRCBKP FORMAT TRACEBACK REPORT
===cOWTIX UPDATE INDEX FILE (EP-EIONDX)

FIGURE 2-3. (3 of 3) OUTPUT PROCESSOR CONTROL FLOW
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OVERLAY REGION 2

INSERT IPNET

OVERLAY REGION 2A

INSERT NETWORK DEFINITION COMMON 1
. . M

OVERLAY REGION 3

INSERT IPSYS

OVERLAY REGION 3A

INSERT SYSTEM CHARACTERISTICS COMMON 1
. . M

OVERLAY REGION 4

INSERT ENDCOM

The symbolic names assigned ta each overlay region are given as
BEGCOM, IPNET, and IPSYS, respectively. The symbolic name ENDCOM is
used in conjunction with BEGCOM for defining the entire overlay region.

Each symbolic name corresponds to a dummy control section for
which address constants are established within the program code of
each component. These address constants are retrieved during IP and
MP initialization to map FORTRAN arrays to each area of the overlay
region, such that data transfor can be accomplished via a sequential
binary read or write statement.

2-1 INPUT PROCESSOR

The Input Processor is invoked via a cataloged procedure which
provides the information necessary to access user-specified input and
output data sets within the AGT data base. The primary data interfaces
to the IP are shown in Figure 2-4.

Upon entry, preliminary initialization is performed, which includes:
determining the location and size of the output data areas that are the
interface to the model processor, saving the 1ist of data set member
names specified by the user, and defining parameter values and program
indicators to establish default conditions and a baseline for verifying
and validating specified inputs.

The selected data set member from the system characteristics Input
and Description file is then read through a standardized input processing
procedure data into the defined common areas. User defined data base
override parameter names and values, if present, are then read from
a data set member or from the SYSIN stream to alter particular variables
in the defined common areas for the current simulation exercise. This
override function does not alter the Input and Description file contained
in the AGT data base. The user-defined run description information for
the index data set is also read and written to the Run Index file.
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Simulator cortrol and option selections are read which set the
various program indicators and control variables that direct the DESM
for the type of transit system, demand profile, and service policy to
be simulated. User run-time data, if defined in the input, is read
and used as a basis for recomput=tion of specific aspects of the
simulation, such as, the network configuration (for link failure/repair),
and service planring (for active fleet size, management) at times
specified in the users input data.

2.1.1 Architecture

The IP is basically a sequential processor, having a fixed order
of tasks that can be performed. However, the user, through input of
control and option selection parameters, defines which of the tasks
and processing options are to be executed. The functional flow through
the IP and the relationship to the data base is shown in Figure 2-5.

The program begins by determining and saving the address and size
of the data areas that will be written as Structured Data files. Next,
the data set member names specified by the user are extracted from the
parameter 1ist established by the cataloged procedure. Then, a predefined
set of parameters is initialized to establish model default conditions
and to define a baseline for checking user-entered data. Next, initiaj
condition data is read from a specified Input and Description file
dataset .+hich will contain the system characteristics of a generic
transit system. Reading of a data file containing database overrides,
run control parameters, and option selections is then performed. This
permits the user to modify portions of the transit system characteristics
for a series of related siiulation exercises (e.q., sensitivity analysis).

The IP contains three basic groups of process functions: ocuideway
network configuration processing. trip demand generation, and transit
service planning. The user-entered run control parameters define which
group(s) are executed in a given run. For example, in a given series
of runs, it may be desired to vary the level of service, holding the
guideway network and trip demand definitions constant. In this case,
the IP executes only the service planning group which uses the
characteristics of the network and demand pattern. Howsever, generation
of network minfmum paths and a trip file is bypassed.
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Each group of process functions produces an initial conditicns
report, summarizing tne results of tne computations performed. User
input cata will pbe chacked for consistency and reasonableness and
appropriate error messages will be printed.

The [P consists a major processing loop ba-.ed on the applicabie
time asscciated with tie input data. Al]l three groups of functions are
included in the major ioop. This permits the generation of a trip file
from a series of demand matrices representing a time of day demand
profile. It also permits the level 0¢ service to pe established using
recomputation of minimum cost paths wnen a guideway link failure is
planned to occur during an exercise.

A1l initial conditions, whether read from the database or generated
by the IP are written tc Structured Data file datasets for access by the
Model Processor which is run as a separate Job step.

A summary of the major processing performed by the [P is presented
in the following sections.

2.1.1.1 Network Processing

[f processing of a new guideway network configuration is required,
network definition data is ~ead from the user specified input and
description file as created by the user. After checking the input data
to verify that the network is complete and has properly defined stetion
sites, merges, and diverges, the least cost path betweer. each pair of
stations is determined. The network connectivity tables required by the
Mode! Processor are then built using the least cost path definitions.

If a previously processed network is to be used for the current
experiment the structured network data is read from the user-specified
file for use ac needed to support alternate path processing, guideway
failure processing, and transit service planning. If one or more
alternate paths have been specified in the system characteristics or
run time data sets, the program establishes connectivity between the
alternate paths and the least cost paths at the common diverge points.
The alternate path data is translated from user format to the Mode!
Processor format.

If either a new network has been processed or new alternate paths
have been defined, a new network structured data file is written for
use by the lwagei Mrocessor and subsequent Input Processor runs.

if guideway 11nk or vehicle failures are required, the program
peralizes the use of the failed 1ink and recalculates the least cost
path definitions, 1f selected by the user. If tow vehicle recovery is
se‘lo;:}:od. Tinks which must be closed to isolate the tow path are also
penal 1zed.
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The failure definition data is *“ransateq 20 Mode!l Processor parameters
ard wriftzen with the new least cost path table to the structured run

time data file. [f the failure is within . station, the failure
definition data is translated to Model Processor parameters and written
to the structured run time data file. l.east COst paths are not recomputed.
Recovery from failure is handled in a similar manner, except that when
the last failure is removed, recomputation of least cost paths is not
performed.

2.1.1.2 Trip Demand Generatiion

Demand generation is performed if a new sequence of trip arrivals
is to be generated or if the user requests the [nput Processor to
estimate the number of vehicles required for a specified level of
demand and service policy. The function has the capability to process
multiple 4emand input files, to accept overrides to the demand time
interval, and to apply a scale factor to the demand to handle time of
day variation in level of demanc.

The generation process begins with the reading of the user-supplied
demand definition data from the input and description file, which is
expressed in terms of total passengers during a specified time interval
for each origin/destination pair. This is convertad to *rips oer hour
by origin/destination using user-specified trip group size distributions
(a trip consists of one or more passengers traveling together by their
own choice).

The user can enter up to three group size distributions and assign
each origin/destination pair to one of the three distributions. The
data is entered in frequency distribution format and converted to
cumulative distribution format for later use in generating individual
trips. If a new sequence of trips is not required, no further processing
is performed.

[f the generation of a new sequence of trip arrivals has been
requested, probability distributions of origin and destination selection
are formed from the trips per hour by origin/destination data and the
aggregate trip interarrival time is calculated. A Poisson process is
used to select individual trip arrival times and pseudo-random numbers
are compared to the probability distributions to assign origin,
destination, and group size to the trip. Al ternatively, the user may
choose to generate trips in a deterministic manner using a uniform
distribution. This process guarantees the exact number of trips
specified in the demand matrix and a constant interarrival time for
a1l trips for a given 0-D pair within each demand interval. The trip
parameters are then written to the structured demand file. When the
trip arrival time exceeds the time interval specified in the demand
input data, trip generation terminates and a report summarizing the
generated trips is written.
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The entire trip generation orocess is repeatec for each set of
demand input data specified by the user.

2.1.1.3 Service Planning

This function includes station configuration, system characteristics
checking, and transit service solicy processing. If the user has defined
the station characteristics in the user-oriented notation, this input
gata is processed to build the station characteristic and connectivity
tables required by the Model Processor. The user may elect to input
the station characteristic and connectivity tables directly, in which
case no processing is required.

The system characteristics input data is checked for reasonableness
and consistency to detect parameter value errors and invalid combinations
of functions (e.g., synchronous control requires ceterministic dispatch).

1f an error is encountered, a message 1S written and if further processing
is unrealistic due to the nature of the error, the run terminates.

The service policy can be efither demand responsive (single or
mul tiparty or multiparty single stop or timeout/group) or scheduled
(with user-defined routes or routes determined by the Input
Processor). The user may define the vehicle fleet or request the
Input Processor to estimate the number of vehicles required based on
the network characteristics and the level of trip demand. For
scheduled service the Input Processor calculates the vehicle departure
schedules for each station on each route.

After the service planning functions have completed. the structured
system characteristics file is written and 2 report is written summarizing
the system characteristics and transit service policy data.

2.2 MODEL PROCESSOR

The Model Processor performs the discrete event modeling of the
desired transit system as defined by the user through the [P. The
data provided by the IP through various formatted files, specifying
the configuration and characteristics for the network of guideways and
stations, establishes the two basic modeling entities in the simulation
processor. [n addition, initial conditions, operational policies, and
options which are to direct the flow of transactions, defined as vehicles,
trips, and asynchronous stimuli in the simulation cystem comprise the
initialization data set for the Model Processor. The primary data
interfaces to the MP are shown in Figure 2-6.
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The Model Processor contains the discrete event simulation architec-
ture which provides the time dependent prncessing c¢f all functions
associated with trip management, station, vehicle, and guideway
operations. The interaction of these functions over time can cause
queues of patrons in stations and propagation of vehicle congestion on
the guideway and in stations. Asynchronous command processing provides
for time-dependent inputs such as trip requests, fleet size changes, and
introduction of failures and other externai stimuli.

The Model Processor, in performing a given simulation experiment,
collects, summarizes, and formats statistical data at periodic intervals.
This data, which is related to completed events, current operational
status and gueues, is recorded in a data file for subseguent report
generation.

Execution of the MP is initiated by invoking a cataloged job control
procedure contained in the procedure library. Upon entry, the MP
performs initialization of the simulation experiment. This initializa-
tion is based upon reading of structured data files created as the
result of input processing and involves the following processing:

1. Establishing system statuc area addresses. The addreses of
all data related to transaction management, links, venicles,
stations, trips, and sampling are established and stored for
use in order facilitate the unloading and loading of these
areas during system checkpoints or restart.

2. System Restart. Thi, process locates the data (recorded
system status) for the desired restart interval from the
checkpoint f.le and initializes the simulator such that the
simulation experiment may be resumed from the previously
recorded checkpoint.

3. Architecture Initialization. The stiuctured data created by
the Input Processor is read to establish all common area
definitions containing the simulation initial conditions.

The event timing mechanism is also established. Once this is
accomplished, the scheduling of system transactions to begin
trip processing, sampiing, asynchronous data reading, and
periodic computations is performed.

4. Modeling subsystem initialization. This process is performed
to establish inftial conditions for guideway 1inks, stations,
sampling statistics. The initial scheduling of vehicles
in the network which is also accomplished is based upon the
service policy in effect for the simulation run.

2-24

.......



(ince this is completed, the basic control loop for accomplishing
the recognition, scheduling, and processing of :“ransiction events is
started. This control process provides for obtaining the next transactior
to be processed and invoking the processing procedure regquired for the
transaction as shown in Figure 2-7.

The processing components invoked by the architecture perform the
processing tasks as indicated by the active transaction. This processinag
may cause the reading of asynchronous data input, application of
algorithmic computatinns for updating modeling status, data summarization
and recoraing, or processing within the modeling subsystems (guideway
links or stations) of the simulation system. As the result of process-
ing, the transaction which invoked the processing may be rescheduled to
occur depending upon the processing task performed. Service request
transactions for invoking periodic computations, sampling, system check-
pointing, and algorithm execution are always rescheduled to occur at
a fixed interval in the simulation. Service request transactions which
are used to cause recognition of trip arrivals or model data updates
are rescheduled to occur at the time indicated by the next asynchronous
trip or data record to be processed. Transactions which are used for
restarting queued transactions within the modeling subsystem are not
rescheduled, but reclaimed and returned to the available pool of
transactions. Reuse of the transaction depends upon operational condi-
tions within the modeling subsystems. Vehicle transactions as described
previously are resheduled or queued depending upon whether their next
event can be performed within the modeling subsystem. After transactior
processing is completed contrel is returned to the architecture for
execution of the system control mechanism.

The end of simulation occurs in response to recognition of a
simulation termination event scheduled as the result of an asynchronous
data input request. The occurrence of this event results in performing
simulation termination activities and ending the simulation experiment.

2.2.1 Architecture

The MP architecture is designed to provide a separation between
system and model dependent functions. Those functions which are system
dependent represent the basic control mechanism of the simulation and
serve as the fixed structural elements of the system. The interface
between the simulation control mechanism and model dependent function
is provided via architectural components which perform system lavel
processing functions. Transactions flows are the only linkages that
exist between the system architecture and the modeling subsystem. All
scheduling and manipulation of transactions is handled by the system
architecture through requests made by the modeling subsystem via
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standard system macros. The transaction parameters and data are
controlled and manipulated by the modeling subsysten. The common
transaction attributes recognized and communicated between the
architecture and modeling subsystem are the transaction ID, next event
function, or branch ID, and the delta time increment for occurrence of
the next transaction event. Thus, processing flow within the simulator
is maintained with three fixed pieces of information which represent

a standard control-modeling interface. This control relationship is
shown in Figure 2-8.

The definition of entities within the MP is oriented toward
increasing execution efficiency by limiting the amount of event sched-
uling which must be pertormed.

Guideway links, stations, vehicles, and trips are designated as
simulator elaments. Elements are further defined by type as transactions
or system entities. Defined as transactions, elements are subject to
event scheduling each rime processing is required. As systam entities,
elements are given attribute status and can only be assigned to other
simulator elements and therefore do not require any event schaduling.

The conceptual view allows greater efficiency in simulator execution
since usage demands on the event control mechanism are reduced.

Transactions within the MP are defined as either vehicles, trips,
or system service requests. System service requests are used in
scheduling events in the future that are not directly related to mode!
processing events. This includes such functions as data input reading
trip arrival recognition, sampling and periodic computations. Vehicle
transactions are used in the architectural sense to represent requests
for simulator control or model processing services. These requests
may take the form of a vehicle completing a specific event such as
link travel, station arrival, passenger embarkation, etc. Trip
transactions represent demand requests for service processed within
the modeling subsystem. Regardless of transaction type, control
processing and flow through the simulation system is handled in the
same manner by the control architecture. The discinctions made
between the types of transactions are totally model dependent.

Simulator elements such as links and stations are assignable to
system transactions. Any processing performed while an entity is
assigned to a transaction is totally dependent upon the organization
of the 1ink and station models. These models can contain as many inter-
nal processing paths and event points as desired, providing transaction
flow back to the control program is handled according to the requirements
specified above.
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Trips (passenger demand requests) can assume both entity and trans-
action status within the simuiation environment. Typically, trips are
regarded as entities which are assignable to either 1 network station
or a vehicle transaction. In this case, trips are considered as
attributes of the simulation element to which they are assigned. As
trips are served during the course of simulation, their assigned status
is changed from one entity to another (station to vehicle). By
considering trips in this manner, demand loading has little direct
impact on simulator run time since trips do not require event scheduling,
thereby reducing siirulator overhead required for event manipulation.

In 1imited circumstances, however, trips must be considered as trans-
actions which require individual event processing. These circumstances
arise when independent actions must be taken by trips, such as movement
(transfer time) within system elements. However, once the special
event for which the trip was scheduied is completed, the trip again
assumes entity status as described above.

Since vehicie and trip transactions are associated with different
station and link entities as a simulation progresses, the systea
architecture must maintain records to account for all transactions at
all times. Accordingly, transactions must always be a member of one of
three possible lists:

0 An Available List (AL), or
0 The Future Event List (FEL), or
o} A Queue List (QL} from which transaction restart is required.

At the start of simulaticn, all of the transactions are allocated
to an Available List. As vehicle transactions are initiaiized in the
simulation, they are removed from the AL and rew.uin creatad thrcughout
the simulation experiment. As trips arrive, trip transactions are
removed from the Availahle List and are initialized to be located at
their origin stations. As a trip leaves the system (i.e., reaches its
destination), its transaction is returrned tc the appropriate Available
List for future reuse. Similarly, system service request transactions
can be reused during the simulation.

Queue lists in the simulator are associated with transaction
assignment to physical modeling entities, e.g. vehicles, guideway
links, stations, etc. The lists themselves are complex data structures
designed for efficient maintenance by the system architecture in
performing transaction management functions. Each queus list consists
of a header which serves a pointer to the last transaction in the 1ist.
Transactions are associated with the queue list via a chain pointer
which is used to indicate the following transaction in the 1ist, and
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form a circular list of transaction membership as shown in Figure 2-9.
The circular structure of a queue 1ist provides an efficient mechanism
for adding transactions to the list since at most two pointers within
the structure must be.modified as shown in Figure 2-10.

Transactions can be r2moved from the list without regard to queue
ordering by a standard dequeuing procedure as shown in Figure 2-11.

Within the DESM, a set of Transaction Management Service macros
are utilized to perform the following list management functions:

) Obtain an available transaction by type

0 Free a transaction by insertion on the available 1ist
0 Schedule a transaction on the FEL for event completion
) | FIFO or LIFO enqueue a transaction in a queue list

) FIFO or LIFO dequeue a transaction from a queue list

0 Search a queue list for a specific transaction

0 Uequeue a specific transaction from a queue list

2.2.1.1 Modeling Entity Control

From an architectural or control program view, links and stations
are considered as common entities requiring a basic set of fixed pro-
cesses or macro events. Both require entry and exit testing and a
processing component to provide for transaction movement within the
entity being modeled. As such, within the MP, the link and station
models contain parallel structural components to handle macro event
processing as shown in Figure 2-12. The actual decision logic and macro
events within these structural components differs for links and
stations.

This structure for links and stations allows all interfacing
between the 1ink and station models and transaction control to be
contained within the system architecture without requiring direct
communication between the models. Thus, changes to any model or
modeling component does not effect any other subsystem and modularity
and flexibility is enhanced. The only requirement for model sub-
stitution is that it contains the basic processing components required
by the simulation architecture.
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2.2.1.1.1 Link Event Processes

Each link in the simulator is modelled as a basic system entity
requiring a fixed set of processes to be performed in providing
continuous vehicle movement through the simulated network. As mentioned
previously, these fixed processes include link entry testing, link
travel, and link exit processinjy. Link entry testing insures that
proper vehicle spacing is maintained and downstream congestion is
accounted for in moving vehicles between successive links. The traver-
sal of the link is handled by the link travel process. Link exit
processing provides the means for controlling queueing and dequeuing
of upstream vehicles or communicating downstream congestion conditions
to connecting upstream links.

The impiementation of these processes in the simulator is facili-
tated by viewing each link as being composed of a link entry segment
necessary for maintaining vehicle spacing, a link travel segment and
a link exit queue as shown in Figure 2-13. In this manner, link
connectivity is stated in terms of pointers to upstream link exit
queues. This simplifies vehicle control and allows alternative link
configurations (mainline, merge, diverge) to be described by at most
two upstream link exit queues. A mainline or diverge exit link can
be described in terms of one upstream queue pointer, whereas a merge
is defined in terms of two upstream queue pointers. Defining link
connectivity in this manner allows an online station or intersection
to be modeled as a combination of diverges and merges. In the case of
modeling a station, only one diverge/merge combination is necessary
to simulate the station entry/exit process. The merge component of
this geometry consists of the mainline entry diverge queue and the
station exit queue.

Intersections within the simulator are modeled in a similar manner
as a pair of diverge/merge combinations. The modeling of intersection
bypass ramps requires the definition of two additional links as does
the inclusion of cross over tracks. The same effect can be achieved
in the simulator without significant loss of detail by modeling the
intersection as a simple pair of diverge/merge combinations. This
configuration requires less 1inks to be defined and thereby can reduce
simulator run time.

2.2.1.1.2 Station Event Processes

Each station in the network is viewed from an architectural
control standpoint, as consisting of the same basic elements as a link
in that transactions entering a statfon require entry, exit, and internal
event processing. Although these components are similar as viewed
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from the control program, the nrocessing for stations is more involved.
For example, entry testing involves alternate station assignrent in
the case of blocked entry and internal station processing encompasses
a sequence of events which can be dynamicaily configured under control
of the modeling subsystem.

Stations within the DESM are configured as a set of canonical links
upon which various micro event processes within stations are performed
as shown in Figure 2-14. The specification for each link of the micro
events to be performed are made by designating which of the following
basic processes are required on each station 1ink.

1. Headway zone travel

2. Link traversal

3. Passenger deboarding

4. Passenger boarding

5. Empty vehicle storage

6. Launch time determination and processing.

The selection of processes on any one station link are constrained
by the configuration of the basic station structure supported in the
DESM as shown in Figure 2-15. For example,

1. The station input ramp can be modeled by events (1) and (2)

2. A docking lane can be modeled hy a combination of events (1)
(2), (3), (4), and (6)

3. Output lanes can be modeled by events (1), (2), and (6)
4. Station storage areas by event (5).

For a given simulation experiment, not all station links need be
present to support internal station processing. The minimal configura-
tion for station modeling requires at least one 1ink containing a dock-
ing and launch area to be configured. Such a configuration can be
used to model a simple point station. The processing of the micro
events on the station 1inks and management within the station is totally
mode] dependent and separate from the system architecture. Once a
vehicle enters a station, it is subject to the internal processing of
the station model. If upon l2aving the station processing area, a
vehicle cannot exit the statfon, it is queued in the station exit queue
in a manner analogous to the procedure employed in exiting a guideway
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travel the headway zone;

travel the main body of the link;
undergo the deboarding of passengers;
undergo the boarding of passengers;
store the vehicle on this link;

undergo the delay waiting for lsunch.

[l I v B B o
[ JO T Y I I |

FIGURE 2-14, STATION LINK CANONICAL DEFINITION
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link. This exit queue forms one componert of a merge with the mainline
guideway.

2.2.1.1.3 Transaction Dequeuing

As previously mentioned, vehicle transactions in the simulation are
subject to queuing within the modeling subsystem depending upon whether
the next entity or processing event for which they are to be scheduled
js available or can be performed. The MP provides the means by which
queued transactions can be restarted (scheduled for their next event)
when conditions are such that the event upon which they are waiting
can now be performed. This is accomplished by the scheduling of a
system transaction which causes the prompting (interrogation and
dequeuing ) of upstream guideway or station modeling entities. The
scheduling of prompt transactions results from completion of specific
event processes within the simulation system. Specifically, the
scheduling of a prompt transaction occurs each time an entity macro or
micro exit or entry event is processed. Additionally, prompts are
scheduled in response to asynchronous events such as failure recoveries
to provide the means for transaction restart.

2.2.1.2 Future Events List

The Future Events List (FEL) is a time ordered list of pointers
used to chain transaction IDs for scheduling of events for occurrence
in future simulated time. Time is quantized into discrete, finite
units called 'clock units', with each unit representing some period
of simulated time, e.g., one millisecond. The FEL is divided into
two components, a clock table for scheduling near time transactions,
and an extension (multiple thread list) for scheduling distant time
transactions. Each pointer in the clock table begins the 1ist of
transaction IDs which require processing during a simulation interval.
The point in real time at which the simulator is currently operating
is given by clock time, which provides the number of clock units which
have passed since the start of the simulation experiment.

Every transaction that represents an action to be performed at
some future time is placed into the FEL at the proper time point. To
record when events are to occur, each transaction has a time word that
defines the time at which it is to be processed. Scheduling of
transactions on the FEL is performed by both the architecture control
and modeling subsystems. Each transaction has as part of its definition
a chain word which is used for inserting it into the FEL. Transactions
are inserted into the FEL by determining the time interval (pointer)
within which the event being scheduled is to occur. The transaction
is then chained in time order into the 1ist of transactions which are
to become active in the specified simulation interval. The organization
of the clock table portion of FEL is shown in Figure 2-16.
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Since the clock table portion of the FEL is of finite length, only
a finite number of time intervals can be represented. Transactions
which must be scheduled for a time interval greater than the time
period represented by the clock table are scheduled on the FEL extension
or multiple thread future events list. Entries or quantized intervals
in the multiple thread 1ist represent an interval of time corresponding
to an entire clock table interval. Multiple thread list pointers differ
from clock table pointers in that they are created dynamically as
required during the simulation experiment by chaining available trans-
actions which serve as the FEL pointer for chaining transactions which
are scheduled during that simulation time interval. Transactions placed
on the multiple thread list are chained from the multiple thread trans-
action without regard to discrete simulation intervals as maintained in
the clock table. The organization of the muitiple thread list is
shown in Figure 2-17.

Once the simulation interval encompassed by the clock table has
passed (all transactions processed and clock updated to last transaction
time), the clock table is updated from the next available multiple
thread list.

2.2.1.3 Event Recognition and Control

The basic control loop in the MP is to determine the next event
to be performed, update the simulation clock, and perform the event.
Since every event is represented by a transaction, the transaction is
the basis for determining the next process to be performed. The
control loop ir the simulator consists of the following as shown by
PDL segment EMODEL:

1. Obtain the next most imminent transaction. The next event to
be performed is indicated within the transaction which is
first on the FEL.

2. Remove the transaction from the FEL.

3. Update the simulation clock to the time of the transaction.
Whenever the simulation clock is updated, it is updated to
the time of the next most imminent event.

4. Pertorm the indicated event. The type of event to be per-
formed is indicated by another item of information associated
with a transaction. This item is used to determine which
architectural processing component is required and a control
transfer {s performed. The architectural component invokes
the required processing functions as listed below.
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Asynchronous Simulation Event = This event reads asyn-
chronous command data and performs processing to execute
the command. The transaction wnich triggered the asynchro-
nous event 1s rescheduled to occur at the time indicated
by the next asyncnronous data header card.

Sampling tvent - This event causes statistics to be
accumulated and recorded. The transaction which triggered

the sampling event is rescheduled to occur at the time of the
next recording interval.

Trip Arrival Event — An arriving trip entering the simu-
lation is processed. The system transaction is rescheduled
to occur at the time of the next trip arrival,

Periodic System Checkpoint — This event causes the record-
ing of current simulation status. The system transaction

is rescheduled to the next interval at which checkpoint

is required.

Transaction Dequeuirg Event - The queue associated with

a system modeling entity is interrogated for the existence
of waiting transactions. [f required, waiting transactions
are dequeued and scheduled for their next event. The sys-

tem transaction which triggered the event is released and
returned to the available transaction list.

Guideway Link Event — The transaction is passed to the
guideway modeling subsystem for processing.

Station Link Event -~ The transaction is passed to the
station modeling subsystem for processing.

Periodic Computation Event - This event causes a simila-
tion related algorithmic computation to be performed. The
system transaction may be rescheduled for the next
periodic event time.

Simulation Termination Event — System termination activi-
ties are performed.

2.3 OUTPUT PROCESSOR

The Output Processor provides the services nececsary to retrieve
the statistical output from the Model Processor, perform summarization
functions as requested by the user, and prepare printed reports in a
requested format suitable for analysis. The summaries include time series
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listings, plots, statistical summaries, histograms, and predefined com-
posite reports. Selected performance measures are also evaluated and
written to a Performance Summary File for later comparison with the re-
sults of other simulation experiments.

The primary data interfaces to the Qutput Processor are shown in
Figure 2-18.

2.3.1 Architecture

The OP is desianed to provide a flexible input/output procedure
which 1imits dependencies on specific data formats or the volume of data
residen* in the raw statistics file. This is achieved by viewing the
functions required to achieve data retrieval, storage, manipulation, and
formatting as modular components invoked as specific services as required
in response to user input commands or performance of other service func-
tions. The functional flow through the OP is shown in Figure 2-19. Addi-
tionally, the sampling data read from the input source does not depend
on a fixed record format, but is processed as required via identifying
informaticn which precedes each stored data record in the file.

Execution of the OP is initiated by invoking a cataloged job control
procedure contained in the procedure library. Upon initial entry, the op
performs initialization processing to establish initial conditions for
the processing of a raw statistics file. This invoives the initial for-
matting and allocation of the bin storage area which is used for data
(sample value) storage during the acquisition process. Default param-
eters relating to problem size definition are acquired from the raw
statistics file to define the following characteristics of the simula-
tion experiment from which the raw statistics were derived.

1. Number of Guideway Links
Number of Statio
Number of Station Links
Number of Routes and Route Groups
Simulation Clock Granularity
. Sampling Interval

. Vehicle Capacity

[+ -] ~ o w R 2 w N
. . . .

. Station Link Type Claszirfications.
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These characteristics are used to control data acquisition and for-
mat control in processing the raw statistics file and in the computation
of system wide performance measures and derived statistical measures.

Once initialization has been performed, the basic control loop of
the OP is initiated. Each OP request is processed until an acquisition
(READ) command is encountered. These requests are entered by the user to
control auxiliary (trace) output printing, acquisition of individual
statistics , performance summary generation, and pre-formatted report
preparation.

As each command request is processed, a region within the data
storage area is assigned to contain the data required for satisfying the
request, and decoding and filing of the command request is performed.
During the decoding process, those requests for jndividual statistics
which require data to be collected over a range of entities, causz the
automatic generation and filing of individual requests for each entity
in the specified range.

The actual acquisition of data, from the raw statistics file, is
initiated upon encountering an acquisition (READ) command during the
processing of user data requests. The acquisition process begins with
positioning of the raw statistics file to the beginning of the request
accumulation interval and correlating the data associated with filed
requests to record types and formats contained in the raw statistics
file. The raw statistics file is composed of a sequence of time tagged
header records ident®€ying the type of data which follows and a group of
follower records whi 1 contain the recorded sampled ¢~ a.

Actual data icquisition from required record types is performed by
1/0 processing based on individual record type for the major data cate-
gory indicated in the record group header. This processing iterates upon
each of the follower records in turn and then upon each of the requests
in the request table associated with the particular record type.

For each iteration, the required data item, located in the fol-
lower record, is retrieved, and stored in the appropriate storage area.
during the store process, an allocated storage area for a particular
request becomes full, it is automatically reallocated to contain more
space. Thus, the file reading process does not require a "second guess”
of how much of each type of data actually resides in the raw statistics
file. Once storage of a data item has been performed, the storage space
pointers contained in the request table entry are updated to reflect
storage utilization.

pata display processing is performed upon completion of data acqui-
sition to produce the desired output format requested by the user. The
display process involves cycling through the filed requests and
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manipulating, formatting, and outputting the associated data. As part of
the formatting process, sixteen character descriptive titles for the
requested statistics are retrieved for labeling purposes. In the case of
station link data requests, a type mnemonic is assigned for output label-
ing, based upon the numeric configuration type designation for the
requested station link.

2.3.1.1 Data Storage Allocation

The OP contains a unique data storage mechanism which does not
require apriori knowledge of the amount of data to be processed. All data
in storage is viewed as consisting of vectors of successive values for
one kind of data, e.g., a time series of queue occupancy levels, a list
of average vehicles in service, etc. In the OP, these vectors are desig-
nated as "bins" which are consecutively numbered and referenced by num-
ber. Bin allocations are initially made during initialization processing
according to descriptive information contained in the first record of the
raw statistics file. This information is provided by the MP during its
initialization phase and reflects the configuration (entity requirements)
used in the simulation run.

Figure 2-20 illustrates the manner in which bins are referenced
within the OP. The bin number, i, is used to index the bin location
pointer. The number in the location pointer (i) provides the position in
the bin storage area, at which the bin is located. By convention,
Jj=location pointer (i) always indicates the third word that has been
allocated to the bin such that data retrieval by bin can be accomplished.
Each bin is initially allocated as five wc -ds consisting of four header
words plus one unused data word. The initial number of bins allocated is
given by the number of entities (1inks, stations, vehicles) used in the
simulation experiment as reflected in the raw statistics file.

In general, a bin consists of several distinct areas as shown in
Figure 2-20.

1.  The system header — entries j-2 and j=1. This area is used
exclusively by the bin storage allocation and maintenance
services. It specifies:

a. The total number of words in this bin area, including
those in the system header

b. The identification number of this bin.
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Bin Location Pointer .
1
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FIGURE 2-20. OUTPUT PROCESSOR BIN REFERENCING
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2. The data header - entries j through j+2 used during the data
retrieval process:

a. The starting index of the data in the bin

b. The ending index of the data in the bin

c. A data identity area used to identify the data in the bin.
The unused portion of the bin allocation area is set up as a pseudo-

bin, with bin number set to zero to indicate it is unused.

2.3.1.2 Command Request Storage

Each data request entered by the user causes the contents of the
request to be filed in a request table used in data retrieval processing.
As part of tiis filing process, a bin assignment and reallocation is
made for internal storage of the sampling data to be retrieved during
request servicing. The amount of space reallocated to a particular bin
depends upon the display mode specified ir the request. The amount of
space allocated at this point serves only as an initial estimate of stor-
age required. If furthar space is required during the data retrieval
process it is obtained dynamically.

In addition, to the above, request filing results in the category
definition for the data item selected. This definition is stored with
the request for identifying the required sampling records which must be
processed to service the data request. In the raw statistics file, data
is stored on a time sample basis according to a category hierarchy.
Data is classified as to which portion of the model it pertains (major
category): system, link, station, station link, or route.

System-level data requires no subscript or index— each data element
is a single number. Link, station, or route data elements require an
entity index since each element consists of multiple values— one per
1ink, station, or route. In addition station link data requires two
indices to identify the particular station and link for which sample
values are required.

Further, data is classified as to whether it is status data or
historical data (subcategories). Status data reflects the status of a
modeled area at the instant at which sampling took place (e.g., the
number of vehicles on link five). On the other hand, historical data
reflects what events transpired over the interval preceding the sampling
event (beginning after the previous sample and ending at the time of the
current sampie). Examples of historical data are the number of vehicles
leaving a link exit queue during the sampling interval, and ine
average number of vehicles on a link over the sampling interval.
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The organizaticn of data in the raw statistics file consists of
groups of unformatted logical records. The first record of a group is a
header record. The header contains the following information.

1. A code number that indicates the type of group (major category)

2. A count of the number of logical records (sampling data fol-
lowers) in the group, excluding the header. If the group con-
sists of the header only, this count is zero

3. The value of the sumulation clock at the time the record group
was written. (This value is non-decreasing along the file.)

The remaining logical records of the group, if any, have a format
unique to that type of group, which is indicated by the header. This
header-follower organization has several distinct advantages:

1. MWidely varying kinds of data may be interspersed in the file

2. MWithin a given simulator clock value, the order of information
js unimportant

3. Groups of records may be placed in the file or omitted from it,
at the sole discretion of the program which is writing the
file (i.e., the simulator). The sampled data items recorded

for a given simulation experiment is dependent upon the transit
system being modeled.

4. Information not needed on a given p2 - of the tape can be
auickly s¥ipned, siuwpiy by skipping the number of followers
specitied by the header.

The relationship between the request table and data storage bins
resulting from the request filing process is shown in Figure 2-21.

2.3.1.3 Establishing Request/Record Cor.elation

Once the data acquisition process is started in response to a read
command, a matching process which identifies which data records can be
used to satisfy filed requests is performed. The matching process is
started during data acquisition for the first record groups contained
within the desired accumulation interval. Subsequent occurrences of

record groups need not be matched, once the matching process has been
performed for that type.
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FIGURE 2-21. REQUEST FILING/BIN STORAGE RELATIONSHIP
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Prior to reading the header for the first record group in the
requested irterval, a match table, which provides for an indicator for
each category (record group), M, is initialized as follows:

0

0 - Record groups of type M are to be ignored (if found on
the tape. they will be skipped)

1 - Groups of type M contain data necessary for proper opera-
tion of the OP and are always to be read. (Example are conver-
sion tables, system dimensions, etc.)

-1 - Groups of type M might be required, depending upon their
existence in the file and upon a request for data contained
within them,

As reading begins, if the major category indicator for the record
group is -1, the match process is performed as shown in the example given
by Figures 2-22 and 2-23.

As shown in Figure 2-22, record type M has the main category 'a' and
a list of subcategories given by column j of the subcategory mnemonic
table. This list includes subcategories 'B' and 'Y'. In looking for
matches, the request table entries containing the major and subcategory
mnemonic designators are compared with 'a' and the subcategory list for
all i. Lines s and t of the request table matched both 'a' and either
'8' or 'y'. Consequenttly:

1.

The subcateogry indicator of the request table was set to
indicate the index of the matching subcategory. That is, since
line s matched the first subcategory ('y'), the indicator was
set to £. Likewise, the indicator for request (t) was set to k.

A list of requests that can be satisfied by record type M
(namely, requests s and t) was created by forming a chain:

a. The entry in the major category indicator table which was
-1 prior to the matching process, was set to "t", one of
the request table lines satisfied by record type M.

b. Item next request for entry (t) in the request table
gives a second line (s) satisfied by record type M.

c. Item next request for entry (s)=0 indicates that no other
1ines in the table are satisfied by record type M.

As a result of these actions the major category indicator indicates
those 1ines of the request table that are satisfied by records of type M,
via the chain. Also, the subcategory entry of the request table indicates
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Match Table Request Table

Record Group
Type Major Category Maj Sub
Indicator Cat Cat Chan
1 1
m
2 2
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B
Y
U

Sub Cstegory Mnemenic Table

FIGURE 2-22. DATA MATCHING PROCESS
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Request Table
Record i
M b
Group Type 3 Su

-

MATTAB Cat Cat Chain

Major Category
Mnemonic
1
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2
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9

FIGURE 2-23. DATA MATCHING RESULTS
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the exact subcategory of data that was requested, bty number. Consequently,
the main and subcategery mnemonic tables need not be referenced hereafter
for records of this type.

The subcategory indicator now contained in the request table entries,
serves as the position designator of the required item within the sampled
data record.
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SECTION 3. GLGBAL VARIABLE DICTIONARY

Table 3-1 defines variables that are global within the processors.
Those COMMON areas beginning with ECI are the structured s stem and network
characteristics data established by the input processor based on user input
and used by the model processor. COMMON areas beginning with ECN are used
only by the input processor. COMMON areas beginning with ECM are used only
by the model processor. COMMON ECAMSG passes initial conditions from each
of the processors to the error message handling routine. COMMON areas
beginning with ZC are the sampled data generated by the model processor and

used by the output processor. The following data areas are included in the
table.

0 ECAMSG - error message data

0 ECICFG - station configurator input data (2)

0 ECIFEL - future events timing control data (1)
0 ECIGL - guideway link data (1)

0 ECIMAX - run time problem sizes (1)

0 ECINET - network structured data (1)

o ECIPOL - policy cata (1)

o ECISL - station link data (1)

9 ECISTN - station data (1)

0 ECISYS - simulation system data (1)

o ECIVEH - vehicle data (1)

0 ECMFEL - MP future events timing control data

0 ECMGL - MP guideway link data

0 ECMPOL - MP policy data

O [ECMSL - MP station 1ink data

0 ECMSTN - MP station data

O ECMSYS - MP simulation system data
0 ECMTRP - MP trip data

0 ECMVEH - MP vehicle data

0 ECMXTN - MP transaction header data

3-1



ECNDMD

IP demand generation aata (2)

ECNNET - IP retwork data (2)

ECNPOL - IP policy data (2)

ECNSTR - IP network structured data (2}
ECNSYS - IP simuiation system data (2)
ECNTRN - IP transportation algorithm data

EILIMITS - IP limits for reasonableness checks
ESYSMAX/ECOMMAX - compile/assembly maxima
(blank) - OP data storage (bin area region)
BASIC - OP bin assignment mapping

EOSTAT - OP standard report 2 measures

HISTO - OP histogram data

IENDS - OP request storage counter
MATCH - OF record/request chaining table
NAMES - OP request translation data
OUTPT - OP output display label data

OUTPT1 - OP plot limits for time series display
OUTPUT - OP output control data

OUTSUM - OP standard reports data accumulation arrays
READER - OP data acquisition parameters

REQUES - OP request tabile

SUB - OP bin allocation data

SYSCOM - OP simulation related parameters

SYSCML - OP simulation related parameters (cont)
TABLES - OP request correlation table

TERMNL - OP input echo flag



P

0 ZCLNK - guideway link statistics

0 ZCRTE - route statistics

0 ZCSL - station linx statistics

0 ZCSTN - station statistics

0 ZCSYSG -
0 ZCSYSR -
0 ZCSYSS -
0 ZCSYST -

system-wide guideway link statistics
system-wide route statistics
system-wide station statistics

system-wide performance statistics

0 ZCTRP - trip statistics

0 ZCVEH - veh-cle statistics

(1) Vvariables also defined in assembly member ECICOMN to be made
known to GDIP routine in input and mode* processors.

(2) Vvariatles also defined in assembly member EIGDIP4 to be made
known to GDIP routine in input processor only.

The format of the definitiouns is as follows:

VARIABLE

where:
A is the
B8 is the
C is the
Ll
I2
14
R4
R8

D is the
assume

DIM TYPE ZESCRIPTION
B -C -0

name of the variable
dimension of the variable; dash (-) implies it is a scalar

type of the variable

logical, 1 byte

integer, 2 bytes

integer, 4 bytes

real, 4 bytes

real, 8 bytes

definition of the variable including the values it can
if a fixed set exists.
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GLOBAL VARIABLES

STATION CONFIGURATOR INPU

(2 of 53)
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GLOBAL VARIABLES

(3 of 53)

TABLE 3-1

CATEGORY:
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GLOBAL VARTABLES
RUN TIME PROBLEM SIZES

(4 of 53)
CATEGORY:
DESCRIPTION

TABLE 3-1
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DIM
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GLOBAL VARIABLES
NETWORK STRUCTURED DATA

TABLE 3-1 (5 of 53)
CATEGORY:
DESCRIPTION
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ECINET T T T TTTTCATEGORY: NETWORK STRUCTURED DATA
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GLOBAL VARIABLES
POLICY DATA

(6 of 53)
CATEGORY:
DESCRIPTION

TABLE 3-1

TYPE

DIM

ECIPOL

VARIABLE
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GLOBAL VARIABLES

POLICY DATA

(7 of 53)
CATEGORY:
DESCRIPTION

TABLE 3-1
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GLOBAL VARIABLES

POLICY DATA

3-11

(8 of 53)

TABLE 3-1

CATEGORY:
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ECIPOL
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GLOBAL VARTABLES

POLICY DATA
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TABLE 3-1
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TABLE 3-1 (14 of 53) GLOBAL VARIABLES

NAME: ECISTN (CONT) CATEGORY: STATION DATA
VARIABLE DIM TYPE DESCRIPTION
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