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Available Computer Models for Traffic Operations Analysis 
David R.P. Gibson 

The purpose of this report is to make the user aware 
of the availability of computer models for analyzing 
traffic operations problems. It will show their use 
in both proposing solutions and analyzing problems 
in detail. The use of these models is one of the 
newest areas of traffic engineering. Practicing 
traffic engineers may only be slightly aware that 
these tools are available to assist in reducing the 
considerable amount of time spent in developing and 
evaluating alternative improvements to traffic sys-
tems. Traffic signal systems in particular could 
take advantage of the currently available models. 

The outline of what is available in this report 
is based on previous work done in developing the 
outline and intended contents for a handbook on com-
puter models for traffic operations analysis, an 
FHWA project. 

In order to put what is available in perspective, 
it will be necessary to also portray what and how 
FHWA is making computer models available. Present 
and future work in the implementation process will 
be described. 	(Work in progress and needed future 
work are described in separate reports by Radelat 
and Ross in these proceedings.) 

WHAT IS AVAILABLE? 

In the review of models for the handbook, a total of 
104 distinct computer models were located that could 
be applied to traffic engineering problems. The 
technical appendix gives a one-page summary of "all 
significant models". 

Types of Models 

The major goal in describing what is available in 
computer models for traffic operations analysis is 
to describe the models in terms of typical problems 
that need to be analyzed. After looking at various 
methods of problem classification (such as signal 
phasing, ramp metering, lane operations, etc.), it 
was felt that the simplest classification would be 
by the geometrics that the model analyzes. 

Intersection Models 

There are more than 250 million signalized intersec-
tions in the United States. Most drivers regard 
these as a major problem on their way to their des-
tination. Inefficient operation of an intersection 
can lead to excessive fuel consumption. 

Manual design procedures for intersection signal 
timing does not permit comprehensive evaluation due 
to the trial-and-error nature of the process. As a 
result, many phasing patterns cannot be considered 
and the traffic engineer must use his or her ex-
perience in deciding which patterns and traffic con-
ditions to analyze in detail. 

Many solutions to intersection problems require 
geometric changes. Adding lanes or widening them 
can be very expensive and the traffic engineer will 
need an extremely strong case before funds will be 
allocated. 

Considerable effort was expended in trying to 
develop models that would provide accurate and quan-
tifiable estimates for assessing proposed improve-
ments at intersections. A total of 26 models were 
identified that could be used to optimize and ana-
lyze traffic at intersections. Table 1 summarizes  

the models reviewed for possible inclusion in the 
handbook. Most of these were found to be inappro-
priate. They were old and had not been maintained. 
Thus they became outdated. Two of the models are 
relatively new and potentially useful. These are 
the SOAP and the TEXAS models. 

SOAP (see Figure 1) was developed for FHWA and 
the Florida Department of Transportation by the Uni-
versity of Florida. It provides a tool for examin-
ing and evaluating a wide range of intersection sig-
nal design alternatives. It is an optimization, not 
a simulation, model. Solutions are found for cycle 
length, phasing, and left-turn analysis. It also 
has a theoretical capability for analyzing coordina-
tion effects; however, other models are more appro-
priate for this purpose. (See a more detailed des-
cription of this model in a paper by Courage and 
Wallace in this report.) 

TEXAS (see Figure 2) , the Traffic Experimental 
and Analytical Simulations model, was developed by 
the University of Texas for the Texas State Depart-
ment of Highways and Public Transportation. TEXAS 
,allows the user to evaluate the effects of roadway 
changes, driver and vehicle characteristic changes, 
intersection control, lane control, and signal-tim-
ing plan effects on single intersection operations. 
It is perhaps the most microscopic traffic simula-
tion program in existence. It does have some prob-
lems in being brought up on new computer systems and 
is recommended only for those cases where its super-
microscopicity is needed. 

Both SOAP and TEXAS are maintained by public 
agencies. Future enhancements of both models are 
expected. 

Arterial Models 

Many arterial highways are now congested. This 
èeverely restricts the flow of traffic to ano from 
work and major shopping areas. In this era, new 
highway construction is coming to an end due to en-
vironmental, right-of-way, and construction cost 
problems. Engineers have a wide range of improve-
ments that can be applied to reduce congestion. 
Usually, the first to be looked at are traffic con-
trol techniques such as improved coordination and 
parking restriction. These are the lowest-cost mea-
sures. Minor geometric improvements such as adding 
turn lanes and bus pullouts are the next level of 
improvements to be considered. Arterial computer 
control systems can now be implemented economi-
cally. Table 2 summarizes the models reviewed for 
possible inclusion in the handbook. 

A variety of arterial signal coordination pro-
grams has been developed. The most widely used of 
these are PASSER II, PASSER III, SIGPROG, SIGART, 
and the LITTLE/MORGAN model. Of these, PASSER II 
and PASSER III are the best maintained. Of the re-
maining models, the SUB model provides a unique cap-
ability for simulating urban buses. It is hoped 
that SUB's capabilities will be integrated into the 
TRAF model. 

PASSER II (see Figure 3) was developed to deter-
mine optimum progression along arterials while con-
sidering phasing sequences. The model developer 
combined Little's optimized unequal bandwidth equa-
tions with methods for handling multiphase signals. 
Inputs include turning movements, saturation capac-
ity flow rates, minimum green times, distances be- 
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Table 1. Summary of models reviewed 

for FHWA handbook project 
Number Mane Date App1 icalien Model lag Approach 

Progran, 
Language Conputer 

i-i TEOAS 1978 Traffic Performance Mic., 	Stoc., 	13, 	Sin. Fortran 
IV 

CCC 6600 
IBM 310 

-2 SOAP It)? Signal 	Tieing 	(Cycle, 
sOilts 0 phasing) 

Mac.. Ost.. TS. Opt. Fortran 
 IV 

IBM 340/ 
370 

-3 SPLIT 1976 Signal 	lining 
(Splits only)  

Mac., Os?., IS, Opt. Fortran IBM 360 

r Et1 TIT Signal 	lining 
(Cycle only)  

Mac., Dat., 	TS, Opt. Fortran IBM 3W 

I-S HAV'ST 1 1973 Pezastrlan Eltac?s .lac.. Oat.. TS. 	Sin. OFSS IBM 
1-6 SIGCAO 1975 Signal 	Timing 

(Splits only)  
Mac., Oat., IS. C9?. Fortran 

I-i UTCS-IS 1973 TraffIc Perlornance Mic., 	Sync.. 	TS. 	Sin. Fortran 
iv 

IBM 360 

-8 BLT 1973 Bus Priority Lanes Mic.. 	Sin. Fortran Unknonn 
I-c SIGSET 1971 Signal 	lining 

(Cycle_&_Splits) 
Mac,, Oat.. TS, Opt. Fortran IBM 360 

TTt FOFD itt Gap Acceptance Mic., Stoc,, TS, Opt. ALGOL ICL 1909 
I-Il TEC 1968 Traffic Performance Sin. 

____________ 
GPSS IBM 7096 

IBM 360 
1-12 JONES 1968 L.ft Torn Storage Mic., Sync. • TS. Sin. Fortran 18141130 
1-13 OARS 1966 Adnisory Spned Signals Sin. SS IBM 360 
i-la 71 iT Stop Control Delays Mic., 	Sync., TS, 	Sin. 

_______________________ 

ALL 
(Ent.) 

unknoen 

I-IS BOFTSER 1 1965 Four way Stop Mic,, TS, 	Sin. .JnkIOnn iinknonfl 
1-16 MILlER 1965 Effact of Tarns Mic,, Sync.. Sim. lJnknoon Unknonn 

-1:11-  1 Traffic Performance Mic., Sync., TO, Sia. Fortran 
II • FAP 

IBM 

TTh o'ir- ir 
I SM  

Capacity and Controls CiA., 	Sync., 	TO, 	Sin. Fortran 
_ _______ 

IBM 7090 

11T Z 1 Traffic Porfornance flic,, 	Sync.. 	TS., 	Sin, For_tran 
II 

7094  

1:70• EVANS i3 Guessing at Stop Signs Mic., Stoc.. TS, Sin. IBM 0=90 
1-21 AITKEN 1963 Qsauaing at "Tee" 

Junction 
Sin. Unluloon Ferrunti 

 Sirius 
171 ntt FF Vesicular Delay Mic., Stoc.. TO, Sin. F8P '7tiT IBM 

7094 
135 iTO IT Traffic Control Mic., 	Stoc., 	TS, 	Sin. Fortran 

il/F UP 

IBM 7ö 

TT ,t 193 Traffic Performance Mac, (let., 	Sin, Unl,n000 
__________ 

Fwrwtr 
Pegasus 

T 5UE T Delay Mac,, Dot., TO, Sin. Fortran iti7 
1.26 l5i 156 Delay Hic., 	(let.. 	TO, 	Sin. Unknoen 

_______ 

MIOAC 
IBM 704 

Abbraaiatlons: Mic. - Microscopic 	Mac. - Macroscopic 
Dot. - Dete'-alnistic 	Stoc, - Stochastic 
TS 	- Time. Scan 	 ES 	- Event Scan 
Sin. - Sinslation 	Opt. - Optinization 

Figure 1. Intersection model: SOAP. 

CEVELOF(D BY 	 E.G. Courage and N.R. 	YEAR, 	- 	igln.l: 	 1977 
Landeann, Uninernity of Florida 
Transportation Research C.nler 

PROGRAM LAIGUAGE, 	 FOAW.AN  IV 
MAINTAINED BY: 	Florida Departeen? of 

Transportation 
pa.AM STRUCTURE, 	 Stroctoed 

PURPOSE, 	Optinai signalization of Isolatad 
intersections. MkCHlNE 	- 	 IBM 
IOELING APPROACH, 	Macroscopic, d.tlrninis- 
tic, time-scan, optielzatloe. 	 CO(E REQUiREINT5, 	 176 K 

DC-TREE OF DOGUMENTAT1OfI, 
MOGei Cenelopeen? - 	 TSR 	EFF1C1EPCT: 	 High 
Progran, Oescr iption 	 yes 	 - 
User Manual - 	 Y.s 

- 	 - 	0EEE OF VAL1CAT1ON, 	Eatensive field 
- 	 testing 

GENERAL DESGR1PTIOtI, 
REFEPEICES - 

SOAP Is a design and analysis tool ohich en- 
abies the user 10 design the aignalizatlon 	• (I) Co.a-ag.. E.G. and M.R. Landesnn, "019- 

	

for any two to fow legged intersection, 	eel Operatioas Mdiynia  Package," fin. 

	

Either Plead an actuated mentrol old neitipie 	docIdnSnts evoian.  I - Coepotational 

	

phasing nay be specitl.d. Maitiple runs opt 	96thodolOgy."Vo)lO. 2 - Users Manual," 
be inciudsd in one job to obtain mesper lions -- 	tOl,05S 3 - PFogroseer's Manual," end 

	

of alternatin.d.slgn configurations. SOAP 	 voboo. 4 - Portable Calculator Mos- 

	

ases a search and find optinization procedure 	tinsu," University of Florida, Trees- 

	

to -find the -optinoo cycle length, splits and 	portation Research Center, RIcA iepi•- 

	

dial assigrenents. Maaslres of •ff.ctlneness 	mehTation Package 79-9, Jsiy, 1979. 
ore delays, stops, ancass tool conslanption 
doe to stops and delay, degree 01 saturatIon 
and left-torn nenf I icts. SOAP may be used to 
analyze .alsting or pr.-d.t.r.ined tlelng. 
inputs consist of a old. nor (sty of options 
and control parameters. tobus.n, lI.edeays, 
capacIties and special parameters we input. 
The latter permits SOAP to consider coerdlaa- 

. 

	

	 tion of the signal With on adjacent internec- 
lion and the effect of platoon err (eels. 
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Figure 2. Intersection model:' TEXAS. 	IOEL: 	 TEXAS 	NUMEER: 	 1-1 

CEVELCPED Pt: 	 T.W. tieao and C.E. Lee 	YEAR, 	 igInai: 	, 	 1977 
Center for Highway Research 

	

University of Texas at Austin 	PRCOR.nM LANGUAGE: 	 FORTRAN IV 

AITTAINTU Pt: 	TeXAS Departemnt of Highways 

	

and Public Transportation 	PROGRAM SRUTOVE: 	 Structured 

PURPOSE: 	Evaluation of traffic performance 
- 	 I4ACeINE: 	 CCC 6600 & IBM 370 

CORE R0UIREME1ITS: 	 Est. 2051 
hOELlNG APPRCACfI: MIcroscopic, stochestic; 
time scan, simulation. 

EFFICIENCY: 	 1:46 to 1:8 
DEOREE OF OcCJMENTATION: 

Model Development - 	 Yes 
Progan Gescription - 	 Yes 	DEGREE OF VALIDATION: 	Computational & Field 
User Manual - 	 Yes 

GENERAL DESCRIPTION: 

The TEXAS package Is designed to pattern de-
talledemeluatlons of traffic performance at 
isolated intersections. The geometry proces-
sor, GEOPRO, translates the user Input data 
into the requIred geometry infornation. These 
geometry input data are straightfor.ard and 
comprehensive. The driver-vehicle processor. 
OVPRO, randomly generates the individual dri-
ve--vehicle ovits based on a variety of over 
data and pronram defaolt values. The partic-
ular driver characteristics and the vehicle 
generation are treeted stochesticolly. The 
sievlatlon processor. SIffPRO, nlcroscopicolly 
processes each driver-vehicle unit through 
the Intersection in a fiend, discrete-time 
Incrotent, and occunulates data on the ve-
hicle performance and traffic Interaction. 
This nodal is asefol in deeeioping and 
evaluating elternative geometric or control 
lmprdeements and appears to be on efficient, 
aeli-daneloped tool. 

- 

011) T.W. Rloov and C.E. Lee, "TEXAS - Micro-
scopic Traffic Simulation Pockage for 
Isolated Intersections", presented at 
the 56th annoel meeting of the Transpor-
tatIon Research Board, fieshinglon. D.C.. 
1977. 

12l C.E. Lee, at 01.. 'The TEXAS Model for 
Intersection Traffic - DeoeIopmnnt", 
Research Report he. 184-I. Center for 
Highway Research. University,  of Teoas, 
Austin. 

"(3) C.E. Lee, at al.. 'The TEXAS Model for 
Intersection Traffic - Programmer's 

- 	Guide', Research Report No. 184-2,Cot- 
ter for Highway Research, University of 

- - Teoos, Austin. 

(0) C.E. Lee, at al ,,. "The TEXAS Model for 
- Intersection Traffic - User's Guide', 

Research Report No. 164-3. Center for 
Highway Research. University of Teaos, 
Austin, Jofy, 1977, 82 kpp. 

0(5) C.E. Lee, at al.. -The TEXAS Model for 
Intersection Traffic - Analysis at Sig-
nal Warrants and Intersection Capacity', 
Research Report No. 184-4, Center for 
Highway Research, UniversIty of Teoas. 
Austin. 

Table 2. Summary of arterial models. 
Pro9ree 

Number Rome Data App) Icatlon Model In9 Approach Langaeg. Compote- 

A-i Sif.'TCL 1976 Grades & Trucks Mic. • Stow., IS, 	Sic. FatTen IV CX 6400 
NC STOP I 175 Slonaf Progression Mac. • Dot. • Tb. Opt. Fortrem lb Unknown 

'5• PASSER 1970/ Signal 	Tleing 	, 	- Mac., Oct.. ,TS, Opt. ANSI/ 161-f 360/ 
Iii 1976 Dien,ond Romps 	-- . Fe-tree IV 370 

T 1'747 Signal 	Progression Mac., Oct.. TX, Opt, Patron IBM 360/ 
II 1976 1 	 - iv 370 

5 SUB 1 1 Urban Boa Operations fIb., 	Stow. • 	ES, 	bile. Fortran IBM 360/ 
(tar balMs) IV 370 - - Mac,, 	Stow.. TX, 	Sla,. 
(for others) - 

'• NCSiJ TtYY Pess beg Sight Mac.. Get., IS, Opt, Fe-tree Unknown 
Oistevc. Reqolre,nents - 	- IV 

tU 1973 1,- Perkiag Effects on MIc., Get., 	Sic. Unknown Unknown 
Capacity  

A-B AECELLIO 1973 ?iotoon DisperSion Mac., Get., 	Sie. 	. ORSS IBM 360/ 
-  165 

TSlRfA TIT int.rs.ction Mic., 	Stow., 	Sic.' MachIs. Elliott 
Operetfons - Code 920161 

f-fRI 	, 1970 Traffic Fl.. 	IS Mtns. Mic.. 	Stow., 	'TO, 	Opt. Fe-tree lb CX 
/ASsembly 6900 

A-Il MACCLEN- 1969 V.hici. Lengths Mic., Get., 	TO, 	Sic. Fe-tren lb Unknown 
AfIAN 

iT CELA°, 1969 Signal Progression Mac., 	Get., 	'TO, 	Sic, fe-tram lb IBM 7094 
- DIFFERENCE  

13-  SIGPROG TT Signal Progression Mew. • De?., IS. Opt. Fe-tram DBM 360 
A-Id. FIRL 	• 1967 Passing Moneanors Mic., Oat. • TS, 	Si,. Fe-tree if Unknown 
A-i) WMNSfI1US,, 1967 Traffic Fins - Rural Mic., 	Get., 	T5, 	Sic. - fortran IV IBM 7094 

- Roads 
A-16 CRAFT, TT Traffic Flow Si,s. 	• Unknown Unknoan 

SMITH  
''T SIDART 17 Signal Progression Mac., Get., TX, Opt, For,tren iv I BM 560 7 _________  510 
1T NEWAR4 13 Car Following Man. Mic., 	Stow.. 	Sill,. Unknown Unknown 

A-l9 LITTLE 1965 Signal 	Progression 	, Mac., Get., TO, Opt. Fe-tree IV IBM 7094 
61620 

8-20 YARDENI 1964 Signal Pf-ogr.ssion Mac,, Get,. TO, Opt. Fortran lb IBM 7096 
_______  67040 
FISHER 1964 1 Late-el R.strictioes Mic,, SYnc., Tb. SIn, Unknown IBM 650 

Y-  PRETTY 1964 Erattic Flow Signal- Sic. 	 -. Unknown ljhka,O,n 
Ized Artarlel 

8-23 ARNOLD/ 1964 Traffic Flow on Iwo- Sirn. 	 . Unknown Unknown 
RESZ lens Roads 

A.'24 RAACNESTER TS Traffic Performance Mew. Stow.. IS, Sb, Atlas Atlas 
_ Autocode ICY 

8-20 RIIREE 1963 Traffic Contol P01. Mac,, Oct., Tb, 	SIc. Unknown 1 Immense 
6 1615 TT Irotf Ic Floe P40w,, 	Sb, I 	Assembly i7ö' 
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Figure 3. Arterial model: 	PASSER II. 	 Ii A-4 

DEVELGRED BY: 	 C.J.MESSER, at at YEAR: 	 Oiginei: 1974 
Tevas Transportation Institute RevIsed: 1978 

MAINTAINED BY 	Tevas Department of llighaays PROGRAM LAN2.AGE: FORTRAN IV 

end Public Transportation 
PROGRAM STRUCTURE: Single Routine. 

PURPOSE: 	Mavinizotion of 	Bend.idth along 1600 Statmn,ents 

signal izad 	&terlai 
MACNINE: IBM 360/370 

IMDDELIIG APPROACH: 	Macroscopic, 	deterninis- 

tic, 	time scan. optImIzation. CGRE REQUIREMENIS: Unkflaafl 

DEGREE OF DOGUMENTATION: 
Model Development - 	 Unknoon EFFICIEtCY: Nigh 

Progrotn Oescriptiofl - 	 Yes 
user Manual - 	 Yes DEGREE OF VALIDATION: Co.nputatiomei 

and Field Yr if icat ion 

GENERAL DESCRIPTION: 

This model, Progression Analysis and Signal 
System Evaluation Routine, was developed to 
neiyze indinidual signalized intersection 

Operations or to determine Optimum Pogres-
slofl along an arterial Street considering 
or led multI-phase- sequences. 	The 	model 
developer's have canbined Brook's interfer-
ence algorithm ltu Little's optimized un-
equal bandeidth equations and eopanded Them 
to Include multi-phase signal operation. 
Basic Inputs Include turning novanants, set-
iretion capacity floe rates and minimum geen 
times for each novmamt that oust be pOnided 
for at each intersection. For progression 
analysis distance between intersections, 
average link speed, queue clearance intervals 
and parmlssabie phasing sequences we rOvi-
dad. Standard outputs include on echo copy, 
progression values loptimum cycle length, and 
bendaidth in secoodsl and average speed in 
both directions as well as two measures of 
oftectineoess, baodeidth efficiency and per-
cent of minimum erteriel green  time Included 
In the band. Also included is signal tining 
information on phone sequence, offset and n/c 
ratios. As an option a printer or digItal 
plotted, time space dIagram can be pronided. 

.11> Manner, C.J., at ai. "A eerlabl.-Se-
gsenve Muitlphese Progression Optimiza-
tion Program," IRS, Nigheay Research 
Record 445, 1973. pp. 24-33. 

i2I Manner. C.J., Macnd, N.E. and Koeppo, 
E,A.. "A Report on the User's Manual for 
Progressive Realysis and Signal System 
Evaluation Routine- PASSER Ii," Tapes 
Trans. institute, Research Report 165-
14, August, 1974 lNTlS-PB24I5821 

0131 Messer, C.J. and Fambro, D.C. • "A GuIde 
for Designing and Operating Signalized 
Intersections In Texas," Teves Transpor-
yqtiov institute Research Report 203-I, 
August, 1974. 

tweerl intersections, average link speeds, queue 
clearance intervals, and permissible phasing se-
quences. Outputs include an echo of input, progres-
sion values, signal timing, and information on phase 
sequence, offset, and V/C ratios. A printer plot of 
a time spacing diagram is optional. PASSER 11-80 
has just been released by 'Texas and will be included 
in the handbook if time permits. PASSER-80 is an 
example of graceful model improvement. It uses in-
put formats almost identical to PASSER II but has 
improved processing algorithms and measures of ef-
fectiveness. PASSER II is written in FORTRAN IV and 
was developed on IBM computers. 

PASSER III (see Figure 4) provides optimal 'offset 
relationships for diamond interchanges. The objec-
tive is to minimize totaldelay for the interchange 
for a given cycle length and phasing pattern. Four 
phasing patterns are permitted, 'including all com-
binations of leading and lagging' greens plus the 
four-phase, two-overlap sequence. Inputs to the', 
model include an interchange description, phasing,, 
pattern, cycle length, overlaps, movement volumes, 
and capacities. A progressive mode is available 
that determines the optimal cycle length and pro-
gressive phaâing for progression along frontage 
roads for a series -of diamond interchanges. Time 
space diagrams are available as an output for this 
use of the model. PASSER III was written in FORTRAN 
66 and requires approximately 168k7bytes of memory. 
The Texas tran"spdrtation department has extensively 
field tested'-the model.. 

The SUB model is a 'special-purpose program for' 
simulating bus--operations on arterials. It-provides 
a number of performance measures. Vehicular traffic 
is treated macroscopically, while buses are treated 
microscopically. 	Twenty arterial' blocks may be 
modeled with either protected or unprotected bus 
stops. The detailed logic for bus stop operation 

requires input of bus descriptions, discharge head-
ways, passenger service time, traffic volumes, bus 
routes, link, and signal data. Outputs include ar-
rival and departure time for each bus, passenger 
statistics, and travel speeds. SUB was written in 
1973 in-FORTRAN 66 and requires approximately 90k of 
memory. Many of SUB's capabilities will be placed 
into the TRAF model currently under development by 
FHWA. 

In addition to the arterial models selected for 
inclusion in the handbook, there is another model of 
interest. It is the MRI Mountainous Terrain Model 
(see Figure 5). It provides for simulation of di-
rectional flow on a four-lane, divided roadway up:.to 
131 000 ft in length with intermittent hill-climbing 
lanes. 'Speed and acceleration characteristics are 
controlled by grade and horizontal curvature. 
Driver-vehicle characteristics and maximum speed on 
downgrades can be specified. The model has been ex-
tensively validated and appears to be realistic. 
The MRI Mountainous Terrain Model is written pri-
marily in FORTRAN 66 but does have some CDC assembly 
code. It requires only 32k of memory. 

Network Models 

In most urban areas, there are one or more central 
business districts (CBDs) that have extremely dense 
road networks. These areas have been undergoing a 
resurgence of construction and development as rising 
fuel costs have reestablished their value. During 
the next decade, this growth may be expected to tax 
the transportation system. The modernization of the 
infrastructure of the CBD area has not extended to 
the physical street systems. In some areas it has 
been accompanied by the establishment of com-
puterized UTCS systems. In most areas, however, 
traffic' slows to around 20 mph when it enters the 
downtown area. 	- 
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Efforts to improve traffic flow, such as signal 
interconnection, parking prohibition, one-way 
streets, reversible lane operations, and other 
changes, frequently meet with opposition from local 
businesses. Improvements also meet opposition from 
residents on the fringes of the central areas who 
want to restrict the flow of traffic. 

Developments in computer technology provide the 
traffic engineer with a rather inexpensive method of 
developing and evaluating different techniques of 
improving traffic flow and persuading council, busi-
ness, and residents of the potential benefits. 
Table 3 summarizes the models that were considered  

for possible inclusion in the handbook. 
NETSIM and TRANSYT are 'the two most widely used 

network models, each in its own category. TRANSYT 
has several variations. TRANSYT-6 served as the 
basis for the TRANSYT-6N and TRANSYT-6C models (see. 
Figure 6) . The TRANSYT-7 model reduced input re-
quirements from TRANSYT-6 and speeded up the optimi-
zation. An anglicized version of TRANSYT, called 
TRANSYT-7F, has a preprocessor to provide simplified 
input and a postprocessor to provide a time-space 
diagram and improved output. The TRANSYT traffic 
model also provided the basis for much of the SIGOP 
III traffic model. SIGOP III provides a form of in- 

Figure 4. Arterial model: PASSER III. 	L: 	 PASSER III 	NUASER: 

CEVELED BY: 	C.J. Manner and D.E. tanlbro. 	YEAR: 	 Olginal: 

	

Texas Transportation Institute 	 Revised: 

TAIIT9INED fY 	Texas Cepartnent of ilighoays 	PROORP,M LANGUAGE 
and tool IC trans;ortotion 

6-3 

1974 
1976 

ANSI FORTRAN 

'lodu I 
PURrOSE: 	Optimizes signalizatIon of-diamond 
innurcr.nnges both Isolated or'elong frontage 
roan Systems. 

'COELING APORCACH: 	Macroscopic, determinis- 
tic, tine-scan. OptinnizatiOfl. 

CORE REQUIREIIENTS: 	 168 

EFFIClElT: 
	

111gB 
DEEE OF DXCMET$TATION: 	 - 

Modal Development- 	 No 
orogrom Description - 	 Yes 	CEEE CF vALIDAtION: 	Estansin. fisid 
User Manual - 	 Yes 	 , 	 testing in Texas 

GE4ERAL DESCRIPTION 

PASSER III Is a design tool nnlch enables en-
gineers to determine the optimal offset be-
tcoen the Two signals of a dianano Inter-
change ahich minimizes total interchange de-
lay for a given cycle length and phasing pat-
tern. Four phasing patterns we permitted 
including all cOSbimetions of elmedimgn and 
"legging' Teens,  plus the so-called "4-phase 
with onerlep" pattern. 	Inputs to this iso. 
lanes mode Include interchange descriptions, 
desired phasing pattern(s), cycle length, 
onerlap, queue capacitIes, movement nolunles, 
005 capacitIes (enpressed as eqoinalent num-
ber of lanes and minimum Teens). The vo-
gresilne nOde determines the optimal cycle 
length and p'Iorlty phasing for crogresslon 
on a system of Interconnected Interchenges 
vith contInuous frontage roams. 	The soon. 
data (or constants for patterns) plus are-
gr.sslon speeds we input (cycle length nay 
very over a range). Ostputs we optimal d. 
sIgns, aeasweo of effecylneness and time-
spec. dlagtems. 

REFERETCES 

"(I) Fombro, D.B., .t.a I., n3  Report on the 
User's Manual for Diamond Interchange 
Signallastion - PASSER III,- Texas 
Transportation Institute R.seerch Report 
No. 178-I, August, 1976, 

0(2) Masse,, O.J. • D.B. Falebro and J.M. Tur-
ner, "Analysis of Diamond Interchange 
Operation and Development of a Frontege 
Auad Lenel of Service EvaluatIon Program 
- PASSER III 	- FInal Report.- Texas 
Irnesportation Institute Raseerch Report 
IC. 178-2F, August, 1976. 

Figure 5. ArterIal model: MRI Mountainouo Terrain. ICOEL: 	 hl Moumtall,auo TerraIn NU1€ER, . 	A-b 

DOnELOPED BY: . 	Mldasst Research InstItute ' 	YEAR: 	 0-Iginal: ' 	1970 - 	Rem Ised: . 	Unkeonn 

PR.M LANUUAGE: FORTRAN IV/ASSEP€LT 
paisTaintU Pt: 	 ' 	' 	l.lnkmee,, 

PR).M STRUCTURE: Modular 

PLR°TSE: 	Evaluation of 	traffic Cherect.r- ' 
istici of 'roedoays 	In ,momtaleouo en.au. 	. MNOIINE: 	, 	. CX 6400 

PELIPG 	PROACt1: 	MIcroscopIc, stochastIc, CORE REQSIREMENT5: 
silnulOtiOlt.  

CETEEOF DXIJIAEMTATIO':. 	' 	' EFFICIEPCY: 	' ' 	20:1 	to 	10:1' 
MoRel Development - 	.. 	 Y.$ 
Program C.scriptiom - 	Yes DEOREE Of VALIDATION: P1.10 V.rltic.tlon 
User Manual - 	 Tan 

REFEREICES I 
GENERAL DESCRIPTION 

00) A.D. St. Johe, D.R. Cobalt, Speaw,1114, 
The geonstr,Ic configuration of this aCd.l 

	
and S.D. Colanz, "Traffic SImulation to, 

allons sloclatlon of dIrectIonal flow on a 
	

the 0.51gm of Uniform Service Reeds In 
tour-lane, divided road.ay up to 131,000 f.et 

	
Pountanous TerraIn", 4 Volumes, Fleel 

long with Imtereltt.nt tIlII-clleblng lanes. 	Report, MIdmost R.s.a,ch Imutitot., Con- 
The slesslation dynaeiCs are parallel to t105 

	
fr.ct No. ERR-11.6093 for FBA, 1970. 

In the *1 Freeoay model, oncept that desired 
speeds and acceleratIon cboracterlstics en. 
controlled by 9'ades and torlzomtel corns-
tore. Different 8' Iner/n.),Icl. character Is-
tics are else defined and meailnann speeds for 
doengredes can be specIfied. ExtensIve valI-
dation eas been perfo.-eed and realistic re- - 
sulTS have been reyortec, 
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Table 3. Summary of arterial network models. 

Nunbor Name Oae Application Mod.ling Approach 
Program 
Lenguape Ccmput.r 

N-i SIGOP 	II I79 Opt. 	Signal 	Timing Mac., Dat., 15, Opt. Fortran CX 660 
IBM 360/370 

T TRANSYT7 1T71 Opt. Signal 	Timing Mac., Os?., 'IS, Opt. Fortran lv 
_________ 

lOt. 4-70 
IBM 360/370 

r srTsle T7T £noins Signal Control 
Systerm 

Mic., 	Stoc, 'IS, 	Sha, Fortran iv IV73W7376 
CX 6600 

i -  TR.ANST'T6C ITTT Opt. Signal 	Timing Mac., Sat., 	'I'S, Opt. Fortran 
IBM 360/370 

3 IRASOM iiYS Opt. 	Signal 	Tilting MAC. • Oat., is, Opt. Forl'ran 	IV Unkno.n 

NITROR Opt. Signal 	Timing Mac., Dat. • IS, Opt. *SX/MIP IBM 370/163 

1 T 1974 Oat. 	Signal Timing Mac.. Dat. • IS. Opt. Fortran It IBM 370/165 

iF 0000E5 1974 Eva. V,nici. Pertorm, Mic. • 	Sin. Unknown Unknown 

ERiICS(N TT Eta. Bus Maeen,.nt MiC,, 	Stoc., 	ES. 	Sin. Unknown UsPJtoan 

SiGNET TT jEwa. 	Signal 	Timing Mic. • StOc. • 	'IS, Opt. Fortran IV CX 6300 

'iT uTs-i 1131 Enaluata Traffic Floe MiS., 	Stoc.. IS, Sin. Unknown Unknown 

P1-12 1I1RMiNG- 1970 Enaluata Signal 	Timing 
HAM  

Mic., 	Oat., 	IS, Sin. Egtran 3 Atlas 	ICL 

N-IS OtNET 1969 Enalaata Traffic Plo. Mic., 	Stoc.. 'IS. 	Sin. Fortran Unknown 

14 .  4AITAI/ 1969 
NAGAO ________________  

Enaluat. Traffic Pica Mac. Stoc., IS, Sin. Unknown 

__________  

Unknown 

T5•  SCtiAU(- TF Ecaiva'ta Ttaftic Fin. 
WI JIC  

Mac., Sin. iim5cr I pt OX 

N-iA BRITISH 1967 Opt. Signal 	Timing 
CONS IN,  

Mac.. Set., 'IS, Opt. Fortran if IBM 360/30 

b-iT IMIT 1966 Ecal. 	Signal 	lining Hoc., 	Silt. Unknown Unknown 

1T VE'TRAS 1T6Z Eeaivata Traffic R. ,fIc., 55cc., 	15. 	Si.. GRSS IBM 360 

1T IRRL rsr tool. 	Signal 	Timing Mac.. Stoc., IS, S:m. Unocn ke Forrant,  
Pegasus 

5 UTS i'r Eva luata Traffic Floe Mic.. Stoc.. 15. Sin. GRSS/FAP iBM 7090 

P1-21 SIURIO 1964 Opt. Signal 	Timing Mac. • Dat.. IS. Opt. Fortran Unknown 

1 TRANS i963 Evaluate Signal 	Timing Mac.. 	Stoc. • IS, 
Si;. 

 SfJ'/FAP IBM 709 

9-23 LO?1GLEY i'5 Evaluate Traffic Fin. Mic., Oat., 	TS, 	Sin. Fortran Elliott 4100 

9-24 UtRt Loaluate Trotfic Flow Mac.. Stoc., TS. Sin. Unknoon SWAC 

Figure 6. Arterial network model: TRANSYT 
6C. 

P000L: 	 TRANSYT BC 	NUfeol 

DEVELORED BY: 	 P.P. Jananls, 	YEAR: 	 &lglnai: 

	

and A.D. May, aY.ai. (AC) 	 R.nised: 
Unlv&slfy of California, Brkei.y 

PRNM LANGfJAGE 

MAINTAiNED BY: 	UnicarsI't'y of CalifornIa 

	

Be, kalay 	PROGRAM STRUCTURE: 

PURtOSE: 	Eutends 1RANSTT6 to Incloda anti- 	WRO4INE: 
ronnontol and node shift impacts. 

9-4 

-1967 
1977 

ANSI FONTRAN 

Sit soturad 

CX, IBM 

MOEt.ING APPROACH: 	MacroscopIc, determinis- 
tic, time-scan. optlnizatlon 

DEGREE OF DX'JMEldTATIOlO: 
Modoi Dnvalopvent - 	 Yes 
Procren Description - 	 tas 
User Manuel - 	 Ya 

GENERAL DESCRIPTION: 

This version antands TRANSYT 6 to edd anti-
ronmantol Inpactsand demand responses, ma 
network traffic flow is sinulatad to act mate 
fuelconswnptlon and aohauSt eniSslons for 
aach link. Datpsts of this simulation gina 
the foci and emissions data plus traffic par-
tornanca maastres. Plots of these may 60 ob-
tained. The demand responses redlct the at-
facts of special and model shifts. In eddi-
Plan to the recious outputs, this sctanodeI 
Outputs the or ions demand shi ftc. Al I rem-
lnal TRA NSYT 6 inputs e'a raguired (as appi I- 
cablal. This version also raquiras data 	l 
the roadway and traffic atnposItlon lIar foal 
consumptIon) and parmnatars for the demand 
r as pen Se 

CORE REQUIREMENTS: 	 320 IT (IBM) 

EFFiCIEPCt: 	 Los 

DEGREE OF VALIDATION: 	 Plaid tested 
In California 

RE lEA E PC E S 

(I) Jonanis, P.P., A.D. May and W. 	Yip. 
"Further Aoalysls and EnaivatIon of 
Selected impacts of Traffic Maoagmnoat 
Strategies on Slrfaca Streets," ITS, 
ihline'slty at California. Berk.I.y, 
October, 1977. 

(2) Jonanls. P.P. and A.D. May. •'W4NS'fl' BC 
Madel Workshop. Studant Workbook," ITS, 
Uninerslty of California, Berk.l.y. (un-
dated). 

put that is very similar to the type of traffic data 
traffic engineers typically collect whereas data re-
quired for TRANSYT are somewhat different. SIGOP 

III provides for a comprehensive evaluation, includ-
ing cycle lengths, with measures of effectiveness 
for both individual links (one direction of each 
block) and the network as a whole. Neither SIGOP 

III nor TRANSYT-7F are available to the public; both 
are undergoing comprehensive field trials and final 
development. Both models represent the latest state 
of the art and should provide the traffic engineer 
with useful tools. 

NETSIM (see Figure 7) is the most widely used 
network simulation model. It is a microscopic, sto-
chastic model based on the UTCS-1 model that in turn 
was based on the DYNET model and the TRANS model. 

It treats individual vehicles rather than platoons 
and is the main reason this conference is being 
held. Plans for improvements and refinements to 
this model as part of the TRAF family are described 
later in this paper as well as in other papers in 
this conference (see, for example, the paper by 
Lieberman in this proceedings) 

NETSIM, TRANSYT, and SIGOP III are all written in 
standard FORTRAN 66. Due to their wide use, they 
are perhaps the most portable of the models for 
traffic operations analysis. The data required for 
input are similar. The SIGOP III input data set is 
a proper subset of the NETSIM data set although it 
is formatted slightly differently. On one occasion, 
we were able to code an arterial network in NETSIM 
directly from the SIGOP III input data. These three 
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Figure 7. Arterial network model: NETSIM. 	PL 	 NETS IC 	NUIER: 	 6-3 

	

DEVELEO BY: E.B Llebor,nan & A. Rasenfisld, 	YEAR: 	 0-IgInel: 	 1971 

	

ilLS AssoCiateS, Inc., 	 RevIsed: 	 1977 
and J.J Braggesen and 9.2. dorral, 

	

Peat. Mar.ick, Mltchel & Co. 	PROGRAM LAPGUAGE: 	 FTRAN IV 

4AINTAINEO BY: 

	

FHWA 	PROGRAM STRUCTURE: 	ffoduler, consisting of 
a (I) pre-proCessor, (2) Simulwtor, (3) fuel 
consumption and enissiofl5 and (4) past-pro- P'JRPCSE: 	

Evaluation of alternative rOan 	cessar. 
arterial network control strategies, with 

	

particoiar emphasis an sophisticated si3nal 	f.IECHINE: 	 iBM 370, CDC 6600 and UNIVAC 
Control systems. 

CORE REQUIREMENTS: 	 226 6 
YCELI:1G aPPROACH: 	Microscopic, stochastIc. 
time Scan, Simulcetion. 	 EFTICIEYCY: 	Approa. 1:2 (IBM 360/370) 

1:5 (CX 6600) 
OEIEE OF DOGOMENTATION:' 

fooni Oewelopment - 	 Yes 	DEGREE OF VALIDATION: 	The model has been 
Program Descriptiot - 	 Yes 	subjected to an entenslme pragran of field 
User Manual - 	 Yes 	testing and vOl Idatian. 

REFERECES: 	 - 
GENERAL DESCRIPTIOS: 

The NETSIM model is a mIcroscopIc, stochastIc 
network simulation nodal aatnnsine at the 
UTCS-1 model which incorporated and eapanded 
on The TRANS and ORNET models. It treats the 
street network as a sam es of Interconnected 
links and andes, along which vehicles we 
processed In a time-scan format subject to 
the imposition of traffic control systems. 
THIS refined model can treat most major forms 
of urban traffic controls and was primarily 
desi;nad as a teal for testing alternative 
control strategies anaer condltians at foamy 
demand. 	It is partIcularly applicable to 
evaluation of dynamically controlled SIgnal 
systems which use real-time traffic Srveil-
lance information. A wide um-iety of simpler 
problems can 0:50 be addressed. In addition 
to the normal data on vehicle performance 
(Speed, dalay, vehicle-miles, etc.) a,utput 
data Incudas estimates of fuel consumption 
and vehIcle emissions. 

(l) E. Lieberman and W. Rasenf laid. nfotaork 
Flow Simulation for Urban Traffic Con-
trol System - Phae Ii", Eatension of 
NETSIM Simulation Vtael (formerly LITCS-
I) to Incorporated beside Fuel Consump-
tlaa and Emissions", bals. I-U, KU.O 
Associates, Inc.. 1977, 53 pages. 

0(2) E. B. Lieborman and R.D. Worrail, 
Srk Flaw Simulation for Urban Traffic 
Control System - Phase II, Vois. 	I-S, 
Peat, Mar.lck, Mitchel and Co., and ilLS 
Assoc iates, Inc., 1973-I4. 

°(3) E.B. Lieborman at al., nLoglcai  Design 
and Sonanstretlon of UTCS-1 NeIacrk Sim-
ulation Yfodel:, hRR 409, TransportatIon 
Research Board, '.lashingtan, D.C. • 1972, 
pp. d5-56. 

(4) J.j Bruggonen, E.B. Liebernan and R.D. 
Worrail, nfotaork FIoo Simulation for 
Urban Traffic Control System ;  Peat, 
Marwick, and Co., 1971. 

models are also among the most extensively vali-
dated. TRANSYT and SIGOP are based on field studies 
of platoon dispersion by Denis Robertson in Great 
Britain. The NETSIM model was validated through 
film-recorded data of a traffic network in Washing-
ton, D.C., and to a lesser extent by traffic studies 
by various users. 

FHWA is making available the computer models 
selected for inclusion in the handbook. The tape 
library will include the source listing for each 
model and the sample problems used in the handbook. 
These problems will be useful in testing compatibil-
ity with the user's computer. 

Freeway Models 

Strong emphasis has been placed on increasing the 
capacity, safety, and efficiency of the nation's 
freeways in recent years due to the unavailability 
of new construction funds. These limited-access 
highways were built generally during the last 25 
years to serve existing and future traffic for years 
to come. However, due to the attractiveness of 
these facilities, design volumes were often exceeded 
within several years. 

Today, the nation's freeways operate during por-
tions of the day with stop-and-go traffic and low 
speeds, much as the arterials they were designed to 
relieve. This congestion is due to demand in excess 
of capacity and frequently to traffic accidents and 
incidents. Because most of the congested freeways 
are, within the urbanized areas, the typical solu-
tions of adding lanes are not feasible, due to 
right-of-way and construction costs. Land use and 
environmental impacts also restrict new construc-
tion. The more economical solutions to these prob-
lems have concentrated on providing higher vehicle 
occupancy, controlling the rate of access to the 
freeway, relieving bottlenecks caused by weaving and 

inadequate merging lanes, and detection of incidents 
to permit improved response through traffic control 
measures. 

In the last decade, a considerable number of com-
puter models have been developed to aid the trans-
portation engineer and planner in evaluating 
alternative traffic control strategies for these 
facilities. Table 4 summarizes the freeway models 
reviewed for the handbook. 

The most common method of encouraging higher ve-
hicle occupancy has been through the designation of 
a priority lane reserved exclusively for high-occu-
pancy vehicles. The earliest reliable model, which 
has been used extensively in the past to evaluate 
the effectiveness of this technique, is the PRIFRE 
model. PRIFRE is an acronym for FREeway PRIority 
lane model (see Figure 8). . PRIFRE can be used to 
evaluate existing conditions without priority-lane 
treatments and various types of priority treatments. 

Another method of improving the level of service 
of freeways is the use of ramp metering to either 
control the flow of entering vehicles or provide 
priority treatment for high-occupancy vehicles. The 
FREQ3CP model (see Figure -9) has been used ex-
tensively to evaluate alternative priority entry 
control strategies for freeways. This model can be 
used to determine the entry control strategy such as 
metering rates and priority cut-off levels that 
maximize the objective function (passenger or miles 
of travel). 

Both of these models are included in the FHWA 
Transportation Planning Back Pack library. They 
have proved to be a valuable tool in evaluating 
freeway operations. They were developed by Adolph 
D. May and his associates at the Institute of Trans-
portation Studies (ITS) at Berkeley. In recent 
years May and his associates have extended FREQ3CP 
to include fuel consumption, vehicle emissions, and 
demand-response impacts (see Figure 10). They have 
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integrated the extended model with PRIFRE to provide 
a more comprehensive model, FREQ6PL (see Figure 
11). However, these models are still being modified 
to reflect operational characteristics of the motor 
vehicle fleet (e.g., more strictly regulated fuel 
and emissions control) and other enhancements that 
promote a more comprehensive approach to freeway 

'operations such as the effect of ramp control on 
parallel arterial streets. The handbook includes 
the more widely used versions, PRIFRE and FREQ3CP. 

Corridor Models 

During the last decade, transportation engineers 

Table 4. Summary of freeway modela. - Program 

Number Name Date ApplIcation Modeling Approach Language Conpwte 

TT' FAU,6?'. IfW Evaluate nOV Lanes Mac.. Oat., IS. Opt. ANSI O)C/IeM 
Fortran 

?i' FRENCP ceveiop Opt mel Ramp Clan., Oat., 	IS, Opt. ANSI cxxwieii 

_________ - Metering For tran  

T3 FRE3CP 1975 DevelOp Optimal Ranpa Mac., Dat.. IS, Opt. Fortran IV IBM 360 

Metering  COO 6900 

F..4 TRAFFIC 1975 Evaluate Incident Mic., 	Stec., 	IS, 	Sin. Fortran IV CX 6400 - I)etection Strategies  
E:5 

_________ 
nA:r 1974 Evalate Traffic Floe 'fec., Set., 	TO. 	Sin. Fortran CCC 6400 

T' PSIFRU T75 Lueluate NOV Lanes Mac., Den., 	IS. 	Sin Fortran IV CX 6400 
IBM 360 

77 A.AI4PCON 1973 Oeoelop Opt. MeterIng Mac., Oat.. 	IS, Si.. Fortran (5100cm 

Rates  
OX 1972 doaluate Ireftic Floe Mic,. 	Stan., 	IS, 	Sin. Fortran IV 18ff 360/67 

UNIVAC iioa 
GEOPOIA 1971 Ene. Affects of Tracks Mm., 	Stan., 	IS, 	Sin. Fortran 'IV IBM 360/30 & 

/Assembly 90 

F-ID COIINECTI- 1970 Enalaute TraffIc Floe Mic., 	Stan., IS, 	Sin. Fortran IV UNIVAC 1106 

CUT  
F-il ,4IKNAI.XIN 7970 Eta. Sensor Lanatlons FortranIV 

n 
 
 

BM 360 
IBM 560/6 5 1-12 SINVA f 

MI
c
c., Stan 
	. an,IS.S

i
n . St..  ForraIV 

/Assamb ly  
T'ir'.' 4OPT.f- 1969 Uvaluete Lane ChangIng Mm., 	SIoc., 	TO, 	Dim. W5nIV CCC 6400 

WESTERN - /SPURT ___________ 

F-Id rll 	- 1969 Evaluate Ramp Controls Mm.. 	Stan., 	'15, 	SIn. Fortr an 	IV 1814 7094 

CE RD INO 
F-IS MRI 1968 Evaluate IreAf In Floe Mm,, 	Stoc.. 	75, 	Sin. Fortran IV 1614 360/50 

fAss emS it ______ 

1-16 MIESSE 966 Evaluate Ramp Closures MIc., 	Stan.. TO, 	Sin. UnknOen UnknOen 

T7T -  ANIZOM 1964 Enalaute Ramp Design Mm., 	Stan., 	IS. 	Sin. iortran & I. 7072 or 
Autanoder 1401 

F-lB IGERLOUCA ji965 Evaluate Trefllc Floe IMIc,, 	Stan., TO, 	SIn. Unkno.n SWAC 

FigureS. Freeway model: PRIFRE. 	VeXEL: 	 PRIFRE 	 F6 

YEAR: 	 O- IginaI: 	 1973 

DEVELOPED BY: 

	

	M.D. MInister, P.O. Lee, 	- 	RevIsed: 

IS. Onalci. and A.D. May 
1110, Unlnersli'V of CalifornIa, Berkely 

PROOIW4 LANQUAGE: 	 FONTRAN IV 

MAINTAII1EE On: 	 INCA 
PROOPAM STRUCTURE: 	 Modular 

PUVPSSE: 	 Enaluat ion of NOV lanes on 

freeway. 	 MACNINE 	 CCC 6400 & IBM 360 

M000LIIG APPROACH: 	Macroscopic. determlnis 	COPE REQUIREMENTS: 	 60 IS IEst.l 

tic, tine scam, simulation. 

EFFICIENCY: 	 Unknoen 

DEOPEE OF DOOUHE1ITAIION: 
140001 Denelopmvnt - 	 Yes 

Program Description - 	 Yes 	DECREE OF VALIDATION: 	ComputatIonal P. FIeld 

User Manuel - 	 ten 

REF EVE NC E S 

GENERAL DESCRIPTION: 
C111 M.D. Minister, L.P. Lee, K. Omaic: and 

	

The PRIFRE model can developed to sImulate 	A.D. May, A Computer S:mulation fOOd 

	

the operation of a dIrectional frea.ay sac- 	 to' Evaluating PriorIty Operations an 

	

tloa aith a concurrent-floe prIorIty lane for 	Freeaays", 1710, lAliversiVy of CalIber- 

high-occupancy vehicles. 	Its structure and 	ale, Barkloy. 1973. 313 pages. 

nodal ing approach is based on Two earlier no- 

dels, FREED and 811555. 	The sinolatlon ap- 	°121 M.D. Iflsister, L.P. La., K. Oneicl and 

	

proech e.nployed is macroscopic and determin- 	A.D. May, 'A Co,npcter Sinuletion Fodal 

	

istic. In onich vehicular Aloe is modeled as 	for Ecaluating Priority Operationson 

	

a conprassible fluid and gueuaing Is Ideal- 	Freaoays'. AS 461, TransportatIon Re- 

ined. 	In operation. PRIFRE calculates the 	eaarch Board, Washington. D.C. • 19873, 

	

total travel time ecpendad older nnaI fran- 	pp. 3544. 

Operations and total tranal time expenoed 
under any number of different prIority opera- 
tion strategies, and monpures the Iwo. 	Any 

travel Vine difference Isanings a lossasl in 
noted In the final autput. Similarly, PRIFRE, 
also calculates total vehicle miles accunu-
leted snder normal and priorIty operations, 
end camperes the tao. A varIety of occupancy 
shIfts, number of priority lanes, model 
splIts. and ga.th  perIods can be Input to 
the program and results are calculated and 
compared.With ,,atual Intorfaclmg. PRIFRE 
can also be used to evaluate erong-.ay rener- 

'. 	sfbie lanes, separate bus roadeays, freeway 
design Improvement strategies, and ramp 
cotnrol schemes affording pr I' I tp eatry to 
hIgh-occopency nehicles. 
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Figure 9. Freeway model: FRE03CP, 	hEL: 	 FRE02CP 	NIJNR(R: 

DEVELOPED BY: 	 K. Ovoid, A.D. May, 	YEAR: 
	

aIgInaI: 	 1975 
R.F. Teal and J.K. Ray 

University at California 

MAINTAINED BY: 	University of California PROGRAM LANGUAGE. FORTRAN it 

PURPOSE: 	Cosign and operational Snobs- PROGRAM STRUCTURE: Modsier 
­entry tion of 	freeway 	control 	Systems, 	with 

or oithout dOt priority treatment. 
MACNINE: C)C 6400 and IBM 360 

MoDELING APPROACH: 	Macroscopic, detarn,InIs- 
tic, 	ties scan, Optimization, 

CORE REQUIREMENTS: ISO K (Est,) 
DEGREE OF OCCLPIEI1TATION: 

Model Oeneleprvenv - 	 tes 
Progran Cescription - 	 tes EFFICIEICt: Unknonn 
User Manual - 	 tea - 

DEGREE OF VALIOATION: 	 LimIted 
GENERAL DESCRIPTION 

The FRE05CP model was developed to evaluate 
elternatlne priority entry control strategies 
for freeways and to select The best strategy 
for a given system. The model consIsts of a 
slloniation subnodel, FRE93, and an optlelza-
ylon subInodel, PREFO. The sinnllation sub.nod-
01 In a nacroscopic, deternlnlstic model gnat 
predicts frallic performance as a function of 
freeway design and demand 0-0 patterns, The 
optinlzotion submodel has a linear program-
sing formulation designed to deternlne the 
entry control strategy (metering rates and 
prim-It7 cot-off level)'thal maolnlzes an ob-
jective function such as passenger Input or 
niles of travel. The optimizatIon process Is 
constrained such that no freeway congestion 
will occur and the selected maturing rates 
will be althin reosonable units. 

REF Elf E IC E S 

iui K. Onalel, U.S. May, R.F. Teal and J.K. 
Ray, "SImulation of Freeway PriorIty 
Strategies 1FRE93CPIe, IrrE. Uniomisty 
of CalifornIa, Berkeley, Contract 001-
51-11-8083 for FHWA, 1975, 471 pages. 

(2) K. Oaalcl, A.D. May. R.F. Teal and J.K. 
Ray, 'Developing Freeway PrIority Entry 
Control Strategies-, 199 533, Transpor-
tation Research Board, WashIngton, D.C., 
1975, pp. 122-137. 

Figure 10. Freeway model: FREQ4CP IEL: 	 0 	 FRE04CP 

DEVELOPED By: 	A.S.Kvuger, A.D. May 4 Others 
Unininerslty of California 

Beth I ey 

.AulnTAINE: tt: 	University of California 
- 	 Barkiey 

pituTSE 	Develop Optlmol reap nettering 
Struta0y for a freeway. 

MoDELInG APPROACn: 	Macroscopic, determinis- 
tic, tine-scan. optimization 

DEGREE OF OOGuNEliTAT101i: 
Modal Devn:opmenv - 	 yes 
Patron Oescrition - 	 tes 
Eser Manual - 	 yes 

GENERAL DESCRIPTION 

YEAR: 	 Iginal: 1972 - 	Revised: 1976 

PROGRAM LANGUAGE: ANSI FORTRAN 

PROGRAM STRUC'TUPE: Structured 

MACHINE: CDC, 	IBM 

CORE RETU1REMElITS: 280 K 

EFFICIENCY: Kediun 

DEGREE OF VALIDATION: Field tested at 
be of locations 

REF ER E ICE S 
This version In the FREQ-serles eatends FREQ-
3CR to' include fuel consumption, vehicle 
emissions and demand response Impacts. Dur-
ing the Simulation the model estimates the 
amount of fuel consumed in the study ores and 
the amounts of effluents of IC, CO and NO 
The demand response sub-model estimates te 
shift of vehicles in space duo to notealng 
and estimates the change in model choice be 

on travel time Savings and an input 
elasticity alter optin,izatioo. 	in addition 
to the FREE3CP inputs, data on the geo.netrlcs 
andvehicle mio me reuqlred. Entanded out-
put include measures of effectiveness and 
plots of the added functions. 

(I) Kruger, A.J. and A.D. May, 'The AnalysIs 
and Evaluation of Selected Impacts of 
Trelflc Management Strategies on Free-
says,' ITS, University of California, 
Barkaly, October, 1976, 

0121 Feldman, N., R. Cooper and A.O. May, 
"Oaeelopment of PrIorIty Strategies on 
Freeways (FREQWCP) - Student Wm-kbook," 
ITS, University of California, Barkaly, 
March, 1977. 

have realized that the problems on arterials, 
central urban grids, and freeways interweave. As a 
result, they have begun to look to solutions that 
considered the entire system of arterials, freeways, 
and feeder streets comprising transportation cor-
ridors. These efforts have focused not only on in-
creasing freeway capacities and vehicle occupancies 
but also on fuller use of the existing capacity 
available on parallel facilities, as well as efforts 
to minimize the travel time and delay for the system 
as a whole. Efforts toward accomplishing this pur-
pose have included the same elements of treatment 
that were covered in the arterial, grid, and freeway 
model analysis: preferential treatment for high-oc- 

cupancy vehicles, priority entry, and improved sig-
nal timing. In addition, such elements as traffic 
diversion to parallel facilities and systemwide sur-
veillance have been studied. 

Most of the computer models available for de-
veloping and evaluating transportation corridor 
strategies are recent and are still in the process 
of development, testing, and refinement. Table 5 
summarizes those corridor models identified and 're-
viewed for the handbook project. 

While not a single model, the TRAF family of 
simulation models will be capable of transportation 
corridor analysis when completed. In addition, two 
models of the TRAF family, FREFLO (freeway flow) and 



Figure 11. Freeway model: FRE06CP. 

Table 5. Summary of transportation cor-
ridor models. 
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NETFLO (street NETwork FLOw) have been developed as 
the TRAFLO (TRAffic FLOw) model, which macro-
scopically simulates large transportation areas. 
Testing of this model is under way. 

A number of corridor models were developed at the 
University of California at Berkeley. Models such 
as PRIFRE, FREQ, CORQUIC, and TRANSYT6C were spe-
cifically developed to examine transportation system 
management type improvements. 	(See the paper by 
May in this proceedings.) 

Due to the relatively new status of the transpor-
tation corridor models and the limited space avail-
able in the handbook, it was decided not to include 
corridor models. Instead, potential users are re-
ferred to the University of California or to FHWA's 
Office of Research and Development. 

WHAT FHWA IS MAKING AVAILABLE 

FHWA is sponsoring and making available a variety of 
models. The Arterial Analysis Package (AAP) family 
of models includes SOAP, PASSER II, PASSER III, and 
TRANSYT. The 14AP is currently under development for 

the Traffic Systems Division of the Office of Re-
search and Development and will be made available 
when successfully completed. 

The TRAF family of models is still under develop-
ment. However, the NETSIM program is available from 
FHWA. TRAFLO is available for testing and experi-
mental use, but only under tightly restricted con-
ditions, and is not yet operational. 

The TRANSYT-7F and SIGOP III programs are under-
going extended pilot-city testing and will not be 
made available until after completion of the test-
ing. They are included in the handbook with the ex-
pectation that they will be available for use by the 
time the handbook is printed and distributed. 

The FREQ family of models is technically in the 
public domain. However, the University of Cali-
fornia charges a nominal fee for copying, which in-
cludes limited consultation on setup and use of the 
models. Since FHWA does not have the staff or ex-
pertise to do this for cities and states, it is 
recommended that copies be obtained from the Univer-
sity of California. 
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PROBLEM TO BE ADDRESSED 

Considering all these seemingly wonderful traffic 
simulation and optimization models and the long 
lists of users that FHWA, ITS, and the British 
Transportation and Road Research Laboratory can 
point to, the question is, Why arent computer 
models being used more widely in traffic engineering 
practice? This was the basic problem considered by 
FHWA as it was planning its implementation support 
efforts. 

The objectives of this implementation effort were 
quite simple: to improve safety, reduce delay and 
fuel consumption, reduce air pollution, and 
generally make traffic flow better. However, to ac-
complish these goals, real-world changes in the be-
havior of traffic engineers were needed. To get 
traffic engineers to use traffic simulation and 
optimization models, they would have to be made both 
easy and less expensive to use. The models would 
also have to be reliable and valid. Of course, the 
results produced by the models wouldhave to be use-
ful to the engineer in achieving traffic improve-
ments. 

The approach taken to establish the credibility 
of the models and their validity was through demon-
stration and testing. Making the models easier to 
use was the goal of the training course and the 
implementation support effort. Information dissemi-
nation was planned to get the results of these ef-
forts to engineers in order to convince them to use 
the models. These efforts were quite successful. 
As a result, many engineers are now using the NETSIM 
model but many problems and limitations were identi-
fied. FHWA research and development now has several 
short-term activities planned to make NETSIM easier 
and cheaper to use and several long-term concepts 
under discussion to address the input/output problem. 

DEMONSTRATION AND TESTING 

FHWA contracted with the states of Utah and Cali-
fornia to conduct real-world uses of the UTCS-1 
model (the predecessor to NETSIM) . These 'field uses 
identified limitations in the model that require 
several minor changes and one major change. The use 
of annotated coding forms was invented to overcome 
limitations in input of data. Several of the most 
successful applications of the ,  model involved 
identifying do-nothing alternatives as the most rea-
sonable alternatives. These efforts proved that the 
concept of applying traffic models to real-world 
traffic engineering problems could prove quite 
fruitful. A variety of desired enhancements was 
identified by Utah, California, and Michigan en-
gineers that are part of the current FHWA recoding 
of NETSIM. 

IMPLEMENTATION SUPPORT 

A major problem found in the demonstration and test-
ing and subsequent distribution of UTCS-1 and NETSIM 
codes to various users was the need for assistance 
to users in setup and use. of the model. As a re-
sult, severe demands are made on the time of several 

engineers who are supposed to be conducting research 
activities. The FHWA Office of Traffic Operations, 
which is normally responsible for such activities, 
will not be able to conduct them until its 
TRANSYT-7F project is completed. Therefore, a con-
tract effort for what might be typified as debug-
ging, problem-solving, and program maintenance has 
been conceived. This effort will last from one to 
three years and will assist users in bringing up 
NETSIM on their computers, understanding its data 
requirements, and answering the inevitable questions 
that arise. 

SHORT-TERM PLANS 

For the next year, FHWA will be concentrating on 
providing •basic user support through the support 
contract. We will also be arranging for the state 
of Michigan to make its forms display input program 
available for wider use by converting it to FORTRAN 
77 and transporting it to one or more new types of 
computers. IBM, CDC, and UNIVAC computers are the 
primary candidates. Next year a test and demonstra-
tion effort of the TRAFLO program will begin. This 
program consists of a macroscopic version of NETSIM 
and a macroscopic freeway model. Before this effort 
begins, it is hoped that Michigan will be able to 
test the prototype version of the program. 

FUTURE PLANS AND CONCEPTS 

For the long term, FHWA plans to get involved in 
graphics. There is now some movement toward stan-
dards in the graphics area. The Association for 
Computing Machinery and the IEEE have supported a 
core-graphics standard and the U.S. Army Corps of 
Engineers has created a public-domain portable 
graphics software package. 

Interactive input in a truly intelligent sense 
will require the creation of a very sophisticated 
input processor. FHWA hopes that the experienced 
gained with the Michigan forms display processor and 
the RPI graphics input system will provide the 
foundation for any easy-to-use input system. Such a 
system will allow the integration of simulation and 
optimization models. 

This integration will also provide an excellent 
training tool. It could revolutionize the process 
of educating traffic engineers by providing hands-on 
experience. How this should be done may be the 
topic of some future conference. 
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