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~ INTRODUCTION 

This report represents a summary of the 1973-74 University 
of Minnesota Car Pool Service as developed over a 12-month 
period, February 1973 - February 1974, under contract wlth 
the Minnesota Highway Department, Federal Highway Adminis
tration and the Metropolitan Council. 

The conclusions are a result of 2 years of car pool service 
experience; examination of various procedures and programs. 
The final product implemented during the Spring Quarter 1974 
will be utilized on a continuing basis at the University of 
Minnesota as part of the Transportation Services provided 
for students, faculty and staff. Although the contract per
iod is ended, the program will be evaluated on a continuing 
bas is. 

The Office of Physical Planning provided the project frame
work and background analysis. The lransit Services Office 
developed the implementation procedures, and the Hybrid Com
puter Laboratory established the computer program now avail
able for use by all public and private entities in need of 
improving transportation services to employees, students, or 
constituents who travel each day to their respective destin
ations. 

Previous car pool program experience was gained during the 
1972-73 academic year, and although computer operations were 
used to sort cards by zip code, the actual matching process 
was done manually. Currently, the matching operation is 
done by the newly developed computer program which forms 
11 pools 11 or combinations of applicants who 1 ive in the same 
neighborhood or zip code area. 

Part Two of this report entitled 11A Computerized Car Pooling 
Program" is addressed to systems analysts and programmers 
who seek to apply the program to their respective computer 
operations. 

Questions which remain unanswered regarding the implement
ation procedures may be directed to the Physical Planning 
Office - Telephone (618) 373-5765. Questions related to 
the computer program should be directed to the Hybrid Com
puter Laboratory- Telephone (618) 373-9751. 
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~ OBJECTIVES 

The goal of the car pool service is to facilitate driver/ 
rider matches to increase the number of occupants per car 
and therefore reduce the number of cars arriving at a 
destination. 

Other objectives of the program are to: 

- Enhance the adequacy of existing University parking 
facilities as well as the parking facilities provided 
by the adjacent community. 

- Reduce congestion and noise on the transportation network 
leading to the University and the circulation system 
surrounding the campus. 

-Provide a computer program which can be utilized nation
wide. 

- Reduce the cost of transportation per person. 

- Reduce consumption of fuels. 

- Increase the efficiency of transportation energy. 

-Apply the program in more than one type of community. 

- Increase service to the participant. 

-Decrease the amount of pollutant emissions and improve 
environmental quality. 

- Encourage commuters to share vehicles when efficient and 
economical. 

- Provide a major contribution to non-capital outlay programs 
of the Metropolitan Area transportation agencies. 

To what extent the car pool service meets the above objectives 
is dependent upon the number of people applying and the number 
of car pools created. This final report attempts to evaluate 
the total program effectiveness. 



~ SUMMARY 

The University of Minnesota is a commuter campus. Fifty-eight 
percent of the University population comes to campus by auto
mob i I e, 19% of which car pool . 

In order to encourage potential car poolers to uti] ize the car 
pool program, the entire University population received appl i
cation cards each quarter. Over five thousand applications 
were processed during the 1973-74 academic year which was a 
51% increase over the previous year. Applications rose 15% 
from Fall to Winter Quarter and decreased by 60% from Winter 
to Spring Quarter primarily reflecting changes in climate as 
well as some general enrollment fluctuations. 

The typical car pool size was 2.8 compared to 2.7 of the 1972-
73 academic year. The average round-trip was 20 miles; however, 
there were more shared drivers this year than last. 

The origin of the car pool population reflects the origin of 
the University population; however, there was a greater number 
of applications from areas not served by the University Express 
Bus System or the Metropolitan Bus System. It was evident that 
a large number of applicants unable to form a car pool could 
rely on the bus system particularly those people 1 iving within 
six miles of the campus. 

Arrival and departure times were concentrated at peak periods; 
morning and afternoons reflected the Civil Service schedule 
while the 9 and 3 o'clock peaks reflected class hour arrival 
and departure periods. 

An average of 35% was able to form car pools. This means that 
l ,364 people formed approximately 455 car pools throughout the 
1973-74 academic year. Fifty four percent of the car pools 
had two people sharing the driving, which means that the pro
gram helped to reduce congestion by some 280 cars over the 
3-quarter period. The out-of-pocket savings for th~ shared 
driver was approximately $146 over·a 3-quarter period. 

Car pool service operating costs per year are approximately 
$5,000 based upon 1,700 application per quarter. The benefits 
outweigh the costs. 

As a low cost transportation alternative, carpooling is a comple
ment, and not a competitor of an efficent means of mass trans
portion. Increased publicity and need will increase the Car 
Pool Program potential benefit to the single occupant automobile. 

3 
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~ UNIVERSITY OF MINNESOTA TRANSPORTATION OVERVIEW 

The University of Minnesota is the fourth largest traffic 
generator in the 7-County Metropolitan Area following the 
central business districts of Minneapolis and St. Paul and 
the commercial/industrial developments within the Interstate 
494 and Highway 100 corridor. To facilitate vehicular move
ment of people to and within the campus community, the Univer
sity has adopted policies and programs in an effort to solve 
some of the circulation issues. Parking policies have been 
established, a University Express Bus System developed, and 
most recently, the computer-matched car pool service has 
been put into operation. 

The transportation surveys discussed in this section present 
the travel characteristics of the University population as 
they pertain to potential users of the car pool matching 
service. The undergraduate population is of primary concern 
since they represent the largest portion of the University 
population, have irregular time schedules, and consequently 
create a greater challenge to effective car pooling, especially 
when compared to a situation where the majority of people 
arrive at 8:00 a.m. and depart at 5:00 p.m. 

Of the 53,000 students, faculty, and staff (including Univer
sity Hospitals) at the University, some 22,000 live V.1ithin 
a mile and a half radius of the Twin Cities Campus which 
is located both in Minneapolis and St. Paul. Five thousand 
of these people are students accommodated in campus housing. 
Well over 31,000 faculty, staff, and students live beyond 
the immediate University community which il Justrates the extent 
to which the University of Minnesota is a commuter campus. 

The following transportation surveys present a more detailed 
perspective on the University population travel patterns. 

A January 1971 Transportation Inventory revealed that nearly 
65,000 auto driver trips were made each day to the Twin Cities 
Campus with 1.5 persons per car. The average for the Metro 
Area is 1.48 persons per car. 
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Figure 2 below shows that an average 45% of the auto driver 
trips are made by undergraduates which represent almost 80:(, 
of the student population. Pub] ic transit provided incoming 
service for 5,000 people. The University Express Bus System 
(in operation since Fa] l of 1970) currently brings about 800 
people to campus daily. 
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the twin cities campus 

Fig. 2 



Preliminary to the initiation of the 1972-73 Interim Car Pool 
System, a February 1972 Car Pool Survey was conducted to find 
out the characteristics of the potential car pool market at 
the University. The results indicated that the majority of 
both active and potential car poolers earned less than $3,000 
a year, an economic factor Important to the University car 
pool program. Fifty percent of the potential poolers were 
under 21 years of age and 30% were within the 21-30 age range. 
Of the potential car poolers, 70% did not car pool because 
they did not know anyone with whom to form a car pool. 

These facts helped make evident the need for a system which 
could efficiently bring together the majority of potential 
car poolers. Hence, during the Fall of 1972 the Interim Car 
Pool System was put into effect, using a combination of tech
niques to determine the best way to present and carry out the 
program. 

Pursuant to the implementation of the Interim System, a Jan
uary 1973 survey conducted by the University Admissions and 
Records Office revealed a further breakdown of student trans
portation characteristics. in rounded percentages: 

TABLE I 
Student Transportation by Mode 

- 44 %owned and drove their cars 
- 23.5% walked 
- 15.5% uti! ized public transportation 

6 % were passengers in a car pool 
5 % rode a bicycle 
2.5% were drivers of a car pool 
2 %hitchhiked 
1 % owned and rode a motor bike 

In other words, 53% of the student population came to the 
University by automobile, 6% as passengers and 2.5% as drivers 
of a car pool. lt ls difficult to ascertain from the statis
tics what percentage of those people owning their car drove 
alone or carpooled. 
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During Fall 1973, the Physical Planning Office commissioned 
the University Opinion Poll to obtain an estimate of the 
travei habits of the University community and the opinions of 
non-bicycle riders towards bicycle lanes. It was learned that 
58% of the University population came to campus by automobile, 
19% of whom carpooled although respondents could choose more 
than one category if appropriate. 

TABLE 2 
University of Minnesota Transportation by Type 

% Student % Staff % Total 
(N=733) (N=219) (N=952) 

A. Car, no passengers 33 58 39 
B. A car pool of two or 

more people 19 19 . 0 
1_-

c. Bus 20 13 19 
D. Motorcycle 1 5 
E. Bicycle 17 3 13 
F. Waik 21 10 18 
G. Other 3 2 3 

The above statistics exemplify the major differences between 
a campus population and a business or industrial population. 
About one-third of the University population walks or bicycles 
to campus. 

It is the market of 58% which the car pool program hopes to 
serve at the University of Minnesota. Fifty eight percent 
represents about 31 ,000 people. To inform those people about 
the service, a public relations approach was implemented. 



PROMOTION AND INCENTIVES 

Informing students about transportation services prior to 
the beginning of the Fall Quarter presents a major public 
relations challenge. Consequently, the application card 
was placed in the student registration packets in order to 
inform the students about the service. Faculty and staff 
received the application in their payroll envelopes prior to 
to the beginning of the quarter. This was the primary 
vehicle employed for the Interim 1972-73 System as well as 
the current system because it explains the service and pro
vides the immediate form with which to apply. 

To further inform the students, and in particular, the in
coming freshman, information was printed in the "New Student 
News" published and sent during the summer to incoming stu
dents. The biweekly summer editions of the student news
paper, "The Minnesota Daily", presented news items for those 
students, faculty, and staff on campus during the month of 
August. "The U Report", a monthly publication for faculty 
and staff, also presented the service information. All 
quarterly class schedules also discuss the service. 

The University News Service submitted articles to the metro
politan newspapers, and television and radio stations were 
provided with a slide of the car pool poster and a 30-second 
public service announcement. 

In addition, a summary of the car pool service was prepared 
for release and included in a car pool program information 
package prepared and distributed by the American Automobile 
Association in cooperation with the Minnesota Highway Depart
ment. Metropolitan newspapers also presented several articles 
discussing the car pool programs within the Metropolitan Area 
including the University•s service. Since the beginning of 
the project there have been some follow-up news articles and 
television coverage regarding the University's car pool ser
vice. 

Currently, an information brochure has been completed for 
distribution. Posters which include a pad of application 
forms are also utilized for each quarterly promotion. 

9 
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Additional pub] ic relations procedures have been suggested. 
Some of these are: news releases emphasizing the human 
interest angle, advertising which uses the posters and infor
mational brochures, possible news features on local television 
and radio talk shows, continued use of slides, public service 
announcements, and posters located throughout the campus. 

An effort will be made to inform the parents of students as 
well as the students by placement of posters in major acti
vity centers, large metropolitan churches, the central busi
ness districts, junior colleges, and major shopping centers. 
To introduce the service to incoming freshman brochures will 
be sent to metropolitan guidance counselors and suburban youth 
centers. 

However, the Wint~:r Quarter revealed that 95% of the appli
cations received were those issued through registration. 
Less than 5% were applications which had been on posters, 
while less than 1% came from the "Daili' newspaper ad. 

The emphasis of the pub! ic relations campaign is that car
pooling is "in" and service easily available. Besides having 
economic, energy conservation, and environmental advantages, 
carpooling can be enjoyable. The various benefits of car
pooling have been elaborated upon by the many public and 
private agencies across the country concerned with transpor
tation problems. 



Ha t I 

I rt I 
• 

The University of Minnesota Computerized Car Pool Service-- providing car pool 
assistance to students, faculty and staff. U M Transit Services Office, 373-0374. 
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Incentives 

To provide added incentive and accommodate the car poolers 
coming to the most congested area of the campus, the Univer
sity has reserved Parking Lot #35 for car pools of 3 or more 
people from 7:00a.m. to 4:30p.m .. daily. It is located 
directly adjacent to the Minneapolis East Bank Campus where 
the majority of the student population attends classes. It 
is also within two blocks of the free intercampus bus 1 ine 
which services the Minneapolis and St. Paul campus faci 1 ities. 

Counts from the months of October and January shoHs that the 
lot (173 spaces) has been filled to an average 86% capacity. 
Although the minimum 1 imit is 3 passengers per car, observa
tion also reveals 4, 5 and 6-person car pools fiilinq the Jot. 
At a conservative averaqe of 3.5 persons per car, 150 cars 
provide transportation for 525 persons each day. 

If the average car density for this lot was 1.5 persons (this 
is the average density per incoming vehicle at the University), 
space for an additional 200 cars would be needed to accommo
date the same 525 people. That would require another parking 
lot of similar size-- twice the land area and cost to provide 
parking space for 350 cars carrying 525 persons as opposed to 
the one lot which now provides space for 150 vehicles. One 
goal of carpooling is to maximize the use of the existing 
parking lots or facilities. If land was not available, a 
parking ramp would perhaps be considered along with the con
sequent cost increase. 
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of M Car Pool Service Perational Ti e/Task Frame ork 
~ 
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Service Operation 

The diagram on the opposite page shows the general sequence 
of tasks which are required to carried out the car nool pro
gram service for a three-quarter academic year. 
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~ THE CAR POOL SERVICE 

The following out! ines the operation of the car pool service 
beginning with the application card as received by the poten
tial car pooler and concludes wtth the match or output of the 
computer operation. 

The Application Form 

The application form of computer card size serves both as the 
service element and the primary informational item, particu
larly prior to Fal 1 Quarter. During both the Interim and 
current program it has been distributed within the student 
registration packets and the payrol 1 envelopes of faculty 
and staff. 

Applications are collected at five major information and 
activity centers on campus: Coffman Union, West Bank Union, 
St. Paul Student Union, Morril I Hall, and Johnston Hall. The 
completed forms can also be sent via campus mail or U.S. mail 
to the Transit Services Office located in the Northrop Audi
torium on the Minneapolis East Bank Campus. 

The cards are collected periodically throughout the registra
tion period. They are edited by the Transit Services Office. 
When errors are noted, the applicant is contacted if necessary, 
and the errors are corrected. 

The importance of accurate input cannot be overemphasized 
particularly when keypunching is involved and accuracy is 
required to locate residents through the computer program. 

The edited applications are delivered to the Data Processing 
Division to be keypunched and verified as they are collected 
from the various collection centers. Two cards are key
punched for every application, however, it is feasible to 
put the same amount of information on one card. This is 
being reviewed and considered. If feasible (i.e. readability) 
it should contribute to a cost reduction in keypunch time 
and card costs. Once verified, the cards are delivered to 
the Hybrid Computer Laboratory. 



Additional use of the application card may be considered for 
future use at the University. The reverse side may be used 
as a poll to determine how a oerson gets to campus and whv 
or why not he does or doesn't car pool. The information 
gathered could provide further insight to car pooling problems; 
social, economic and programmatic. Below is the car oool appl i
cation card--both the front and back sides being illustrated. 

.t\PPLICf\TION FORM U OF M PERSONALIZED COMPUTER-MATCHED CAR-POOL SERVICE 
It tS essential that the enttre application form be completed etther by typmg or prtnting clroarly ustng INK. 

25 2 7 
Student l.D. No. 

32 I 
Name _____________________________ _ 

(First - !nni<:ll ~ Lnst) 
33 38 S4 56 59 61 62 

A.ddress _________ _ 
House NurT'ber St1 eet Name or Number 

33 44 47 50 52. 56 

City" _______________ State ____ Zip ________ _ 

Rural Rte. No. 
(If Applicable) 

Ave.-St. --Rd 
Blvd.-Pkwy. 
Dr.-etc . 

f\Jo-So 
E-W--SW 
N[ -e~c. 

.. Must be municipality- !.e. Richfield, not Minneapolis or Roseville, not St. Paul 

fclephone Numbers: 

Travel Preferences 
\Cbeck One) 

I prefer to: 

s 7 6 3 64 
Home ______ - __ ~~ Work 

Preferred 
Arrival-Departure Point* • 

(Place an "X" in the 
appropriate box or boxes) 

70 

Time Schedule* • University 
(Fill in 11111e Prefererlces Classification 
indicating a.m. or p.m.) (Check One) 

MWF f-Th Undergraduate 0 1 

I Graduate 0 2 

MWF T-Th Arrival time at "U" __ Civil Service [J 
3 

Ride Only 0 Minneapolis Campus 0 0 I Faculty 0 4 

Share Driving 0 St. Paul Campus 0 0 Departure time from "U" -~-__j_______ Adult Special 0 5 

"4oEXAMPL£: If you des1rr> to ar1 ive at thl' Minneapolis Camp,Js a: 8:00a.m. on rv'londay, Tuesday, Wedn.esday, and Fridny, place ,w "X" aft(;r Minneapolis 
Campus and below both MWF and T-Th under the "Preferred Arrival-Departure Point" heading. Then inaicate 8:00a.m. after Arrival t1_me ~elo,rv both MWF 
and T- Th under the "Time Schedule" head in g. Any slight variations in arrival-departure schedules can be arranged w1th others matched m your car r;ool. 

Uf:po::;!t this form in any special car pool container located near the i-nformation counter in: Coffman Union, Morrill Hail, the St. Paul Student Center, the West 
Bank Union OR send 1t via the U.S. or Campus Mail System to: University Transit Services Office, 224 Northrop Auditorium, Minneapolis, Minnesota 55455. 

Deadlines for Returning Application Forms: Further information is available at: 

For Fall Otr.: September 10 For Winter Otr.: December 12 For Spring Otr.: March 8 University Transit Services Office 

NOTE: By subm1tting this cafd, you authorize the Univers1ty to distnbute your address and telephone number 
to other potent1al car-poolers. 

224 Northrop Auditorium (373-03741 

ANNOUNCING THE UNIVERSITY'S FREE COMPUTERIZED CAR-POOLING SERVICE 
Ride with or drive others to or from the "U" using YOUR time schedule-- even if it varies from day to day I 

ALL NEW for the 1973-74 School Year: A smaller residential matching basis! Unlike the system used during the 1972-73 school 
year, when zip codes were the prime area bases for matches, the 1973-74 Computerized Car-Pool Service will attempt to match you 
with other University commuters who have your time schedule, and who live within a few blocks of your residence! 

HELP PROMOTE LOWER POlLUTION EMISSIONS AND LESS TRAFFIC! 

SAVE ON PARKING, GAS, AND OTHER CAR EXPENSES! 

RELAX, KNOWING YOU NEED NOT WORRY ABOUT A PARKING SPACE! 
("U" parking lot No. 35 is reserved all day for cars with three or more occupants. 

Entrance is on 18th Avenue, S. E., between University Avenue and 4th Street, S. E.) 

TO APPL V for the new Computerized Car-Pool service, simply fill in the blanks on the reverse side of this card and return it at (or 
send it to) any of the locations shown on the bottom of the form. 

You will be sent a list indicating names, with corresponding addresses and telephone numbers, of others near your residence who wish 
to arrive at and leave the University when you do. And get this: at no charge to you! 

NOTE: By submitting this card, you authorize the University to distribute your address and telephone number to other potential 
car-poolers. 

Further information is available at: 
University Transit Services Office HAVE A POOL PARTY- CAR POOL! 
224 Northrop Auditorium (373-0374) 

Fig. 6 
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The Compute~ Program 

There are several computer facilities on the Twin Cities Campus, 
each having a specific function. The "Personalized Computer 
Matched Car Pool Program" was developed by the Hybrid Computer 
Laboratory (HCL) 1 ocated on the Minneapolis Campus. The services 
of two other computer facilities on campus help to complete 
the program. 

The Administrative Services Data Processing Division has 
provided the keypunching services and the University Computer 
Center provides the services of the CDC 6600 computer which 
runs the ADMATCH program. Obviously, if all the functions 
could take place in one facility or computer center, the 
efficiency of the operation would increase. This is a pro
bability within other computer operations having all necessary 
equipment in one location. 

The program operated during Winter Quarter 1974 is outlined 
in the following text. 

Once the Hybrid Laboratory receives the cards, they are taken 
to the University Computer Center location of the CDC 6600. 
This computer runs the ADMATCH operation consisting of two 
basic programs: the Preprocesso~ and Matcher. The prepro
cessor so~ts the cards into a standa~dized street address 
format. The matcher then assigns a Data Collection Zone 
number to each address located within the standardized address 
format. These Data Collection Zones (DCZs) were developed by 
the Minnesota Highway Department and are the basic means 
by which the applicant can be located geographically within 
the Twin Cities Met~opolitan Area. 

Originally, the program proposed to be incorporated as the 
geographic locator was the DIME file as developed by the 
Census Bureau. However, because of the inaccuracy of the DIME 
file, currently being revised by the Met~opol itan Council, it 
was necessary to use another file to geographically locate 
car pool applicants within the Metropolitan Area. 

Once the addresses have been assigned a DCZ, the information 
is transferred by magnetic tape to HCL which then tra~slates 
the DCZs into Traffic Analysis Zone numbers (SORTAZ). There 
are 1,281 DCZs and 1,056 TAZs. The TAZ program file (Skim 
Tree File) contains travel time associations between one TAZ 
to another. 



Next, the HCL matching program (CARPOO) is run. To produce 
an optimum car pool match the HCL computer program algorithm 
incorporates a cost function which establ !shes relative assoc
iations between shared drivers and passengers. Through a 
cost weighting of the appl icant 1 s times, origin, and destin
ation factors, a car pool is formed between applicants within 
each TAZ and adjacent TAZ based on travel times. 

This system attempts to group app1 icants by geographically 
close areas and then matches them by arrival and departure 
times. The applicants who are not matched are grouped accord
ing to zip code and checked against all pools formed in that 
zip code creating pools by zip code rather than by TAZ (DREGZ). 
lSee Part Two for technical explanation.) 

The final aspect of the program (OUTPOO) takes the pools 
formed and prints out suitably formed letters sorted by zip 
code. It can also print out letters to those who for some 
reason were unable to be matched and can also print out a 
statistical analysis of the pools and applicants if required. 

An analysis of the Fall Quarter 1973-74 results has deter
mined the elimination of one category of car pooler-- the 
11drive only 11 classification. Twenty percent of the people 
driving cars had preferred the 11 drive only 11 classification. 
The 20% represents 5% of the total applicants. In order to 
make the computer program algorithm operate more efficiently, 
it was determined that only two categories should be used 
for the Winter Quarter. Therefore, the decision to 11 drive 
on1y 11 will be left up to the driver after he receives his 
combination of 11 shared drivers 11 and 11 passengers 11

• 
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The Car Pool Match 

The double page printouts (see next page) provided by the 
program are transferred by Transit Services Office from HCL 
to the Central Duplicating Office where they are separated 
and folded. The Addressing and Mailing Department stuffs 
the matches into No. 10 window well envelopes and sorts them 
by zip code for mailing. No addressing is necessary since 
the applicant's name and address appear in the window well 
of the envelope. 

The car pool matches are mailed to the applicants 6 to 7 days 
prior to the opening of each academic quarter, allowing a 
sufficient amount of time for telephone contact on the part 
of the people receiving the matches. Those people not re
ceiving matches are also notified. 
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1~10 42ND AV NE 
COLUMBIA HTS MN 55421 

.HWr 07:45 TO o4:4MPLS 
TTH 01:45 TO 04:4MPLS 

THANK YOU rOR PARTICIPATING IN THE UNIVERSITY COMPUTERIZED CAR POOl
I~G SYSTEM. YOUH COOPERATION IS ESS~NTIAL TO MAKE THIS WORK, AS THE 
rlCRE PEOPLE WE HAVE, TH~ ~ETTER THE HATG~ES WILL BE. LISTED BELOW ARE 
thE NAMES AND SCHEDULES OF THOSE IN YOUH AREA WHO MOST CLOS~LY MATCH 
'OUR SCH~DULE. TH~SE SC~~UULES ARE TENTATIVE, SO BE SURE TO CONTACT 
~~ERYONt ON THE l!ST. 

)ARKING LOT NO, 35 AT 1~TH AVE SE ANO 4TH STREET SE IS RESERVED All 
JAY FOR CARS WITH THREE OR MORE OCCUPANTS, PlEASE BE SURE YOUR VEHICLE 
IS IN WORKING OROtR, ANu YOUR INSuRANCE POLICY IS CURRtNT, 

lf YOU HAVE ANY OUESTlO~S PLEASE CALL 373-0374, OR COME TO THE UNI• 
~ERSIJV THANSXT SERVICE~ OFFICE IN ROOM 224 NORTHROP AUDITORIUM, 
~hERE ADDITIONAL NAMES ARE AVAILA~Lt •Ro~ THE CENTRAL CAR POOL 
.!STINGS. 

CIF YOU HAVE SPLIT .uESTINATIONS, YOU WILL RECEIVE A SECOND LETTER FOR 
'HE DAYS YOU GO TO THE CTHER CAMPUS.) 

lHANK YOU. 

EO eC.ONOM.'>/ DR IV 
10J6 PETERS Pl NE 
COLUMBiA HTS MN 55421 
,r;Of"lE: 780"'2368 WORK: 
MWF o7:Jo TO 04I30 MPLS 
TTH o7:3o TO 04!30 MPLS 

1i IJA aN \ner:wMeNT 
5376 MATTERHOHN DR 
FRIDLEY MN 55421 
HOME: 788-3504 ~ORK: 

MWF OB:oo TO Q4:oo 
TTH Q8tQO TO o4:oo 

MPLS 
MPLS 

PASS 
NE 

TAZu 514 

1370 PIERCE 
MPLS MN 
,HOME: 781""6326 WORK: 
MWF 07E30 TO 04!30 
TTH 07lJO TO 04%30 

PASS 
TER NE 

EU.I!li.N EN:IO"f MI!!.NT 
4557 MADISON ST 
COLUMBIA HGT MN 5~421 
HOME: 781-1146 WORK: 
MWf 09~00 TO Q4:QO 
TTH o9:oo ro o4:oo 

MPLS 
MPLS 

PASS 
NE 

TAZ= 519 

Fig. 7 



21 

RESULTS 

To determine the effect of the program, statistics from two 
sources were analyzed: (l) information derived from the 
application cards received, and; (2) information compiled 
from questionnaires sent to applicants applying for the ser
vice. The information was collected over a two-year period 
or six academic quarters. A manual matching procedure was 
used during the 1972-73 year, and the computer matching pro
gram was used during the 1973-74 year being continually test
ed and improved over each quarter period. 

The results are discussed in five categories: 

1. Applications Analysis, compares the car pool applica
tions to the total University population by classifi
cation. 

2. Applications Processed, input relative to output. 

3. Questionnaire Analysis, provides information about the 
travel characteristics of the person applying to the 
car pool system. 

4. Car Pool Analysis, describes the characteristics of the 
car pools formed by the system. 

5. Impact of the Car Pool Service, summarizes and develops 
the results relating them to the objectives established 
at the outset of the project. 

Applications Analysis 

Presumably, a result of increased publicity and greater 
emphasis on energy conservation, 51% more applications were 
received during the 1973-74 academic year. Table 3 compares 
the classification of car pool applications to the classifi
cation of the total University population by percentile. 
Generally, the applications reflect University classifications. 
The most notable change occurred within the faculty and staff 
categories; these individuals increased the total percentage 
of applications by 9%. Undergraduates represented a 9% 
decrease while the graduate percentage exhibited no change. 



TABLE 3 

Car Pool Application Percentages Compared 
to Total University Po~ulation Percenta9es 

72-73 73-74 + or -
Classification UM % Car Poo 1 % Car Pool % % Change 

Undergraduate 63% 69% 60% 9% 

Adult Special N/A 3% 3% 0 

Graduate 13% 9% 9% 0 

Faculty 8% 3% 6% + 3% 

Staff 16% 16% 22% + 6% 

100% 100% 100% 

Winter Quarter statistics for two years were compared to 
determine what percentage of the University classification 
groups applied. Once again, the percent increase from year 
to year is most evident in faculty and staff. 

TABLE 4 

Car Pool Applications Percent of University Classifications 

Winter Quarter Applications 
Classification Number 1972-73 1973-74 % Increase 

Undergraduates 34,000 3. 2% 4.0% 16% 

Adult Special NA 1. 7% ]. 7% 

Graduate 7,000 1. 9% 2.8% 47% 

Facu 1 ty 4,160 ]. 7% 4.3% 153% 

Staff 8,840 3.3% 6.4% 94% 
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The number of applications received for the Winter Quarter 
1973-74 was 2,373. This represents 4% of the University 
population, a seemingly smaller percentage than originally 
anticipated. However, the applications received necessarily 
should be viewed in relationship to the travel characteristics 
of the University population. As presented in the first sec
tion of this report, 58% or 31,320 of the University popula
tion came by automobile, 19% of these people already carpool
ing. Since an objective of the program was to encourage 
shared driving, then 2,373 represents 11% of those oeople 
driving alone. However, the previous means of travel on the 
part of the applicant was spread between the car and the bus. 

Applications Processed 

The greater number of applications were received during Winter 
Quarter. The colder climate induced those walking or bicycling 
and who 1 ive in proximity to campus, to revert to the car or 
bus. 

Table 5 illustrates the change in applications received from 
quarter to quarter, and also portrays the relationships between 
the applications received and how many people are represented 
by the applications. The chart also shows how many appl ica~ 
tions were processed by the car pool service. The figures are 
based upon two different systems. During the 1972-73 year, 
the manual matching program processed almost all the ap;Jlications 
received. For the 1973-74 year, the circumstances were some
what different because the computer matching program was in the 
testing stage. Technical limitations prohibited some appl ica
tions from being processed in that the geographic locator could 
not find people within the metropolitan area because of input 
errors or new addresses not yet in the ADMATCH program. 

As the computer program was improved, 
the total applications was processed. 
program, as finally submitted, is now 
applications. 

a greater percentage of 
The completed computer 

capable of processing all 



TABLE 5 
Aeel ications Processed 

Fa 11 % + Winter % - ~~ Total Average 

Applications Key-
465 1 'i 26 ~ punched 1 ,260 31 1 '652 72 3,377 

~People (-22%) 955 1 '337 341 2,633 878 
r-.. 
m 
~ Formed Pools (33%) 315 441 113 869 290 

App 1 i cations 2,082 15 2,398 59 967 5,447 l ,816 
942 5,081 1 ,694 ;:_ Keypunched 1 '766 34 2,373 59 

~People (- 5%) 1 '688 33 2,254 59 914 4,836 'I ,612 

~ Processed 1 '556 16 1 '799 48 942 4,277 1 , lt26 
~ People ( -5%) 1 '478 16 1 '709 48 895 4,082 1 ,361 

Matched 825 107 l '709 45 942 3,566 'i, 189 

Formed Pools (40%) 330 (36%) 615 (53%) l;99 1 ,364 455 

The decrease from Winter to Spring is much more pronounced 
than the increase from Fall to Winter, the assumption being 
that by Spring more people have established car pools and 
their travel patterns. There is also a decline in University 
enrollment. 

Fall Quarter 1973-74 showed that a large number of applications 
were received after the dead] ine, and consequently were not 
keypunched. This illustrates the need for the emphasis neces
sary on pub] icity, particularly relative to the incoming fresh
men or new stdents not yet familiar with the transportation 
services available. 

The applications received during the 1972-73 were 22% above 
the actual people applying, while the 1973-74 system showed a 
5% duplication factor. The difference is attributed to the 
two systems utilized. The irregular schedules of students and 
faculty often necessitate the completion of two applications. 

As the table indicates, an average of 1,126 applications were 
keypunched per quarter during the 1972-73 year as compared to 
an average of 1,694 per quarter for the 1973-74 year in which 
the computer matching program was developed and demonstrated, 
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The actual number of people involved does not correspond with 
the number of applications keypunched or matched because 
approximately 65% of the applicants for each quarter had 
applied the previous quarter. This information was revealed 
through the questionnaire analysis. 

Questionnaire Analysis 

During the Fall and Winter Quarters of both years, approxi
mately one month after applicants received their matches, 
questionnaires were mailed to everyone who had completed an 
application. The questionnaires for both Spring Quarters 
were mailed with the applicants' car pool listings. An average 
12% response was received for the 1972-73 year. During the 
Winter 1973-74 Quarter, two mailings were sent to a random 
sampling of 500 applicants. A 36% return was received. Even 
Though the response has varied from quarter to quarter, the 
statistics reflect similar travel behavior patterns from year 
to year. Major changes occurring were a result of additional 
information requested which allowed a more thorough scrutiny 
of the program. 

For the purposes of this report, the Winter Quarter 1973-74 
questionnaire wi 11 be discussed with comparisons made with 
other quarters when information was available and change was 
significant. Further insight may be gained by a closer exam
ination of the questionnaire summary (Appendix 8) which com
pares the car pooler and non-car pooler statistics of Winter 
Quarter 1973-74 as well as the total percentages of the Fall 
and Spring Quarters of the same year. 

In summary, 36% of the people responding to the questionnaire 
were able to form car pools. The 1972-73 percentage was 35%. 

Staff and faculty responded to the questionnaire to a greater 
extent than their actual application percentages indicate. 
The majority of car poolers were male (57%) while the majority 
of non-car poolers were female (63%). 



Sixty eight percent had applied the previous quarter, and 17~ 

had carpooled the previous quarter. The 1972-73 figures also 
indicated that two-thirds of the applicants had applied the 
previous quarter which means that the program basically ser
vices the same core of people each quarter: those unable to 
form a pool. The figures indicate that over one-third are able 
to pool. In addition, 67% indicated they would apply the next 
quarter. 

Approximately 22% were satisfied with the service while 52% 
were not sure or dissatisfied; those dissatisfied were able 
to form a pool. Over three-fourths wanted more names. Forty
one percent received 2 or 3 names, 15% receiving 6 to 10 names, 
the latter being those people who received the names of people 
within their zip code opposed to people within their traffic 
analysis zone. 

Two major reasons why people did not form pools were (l) the 
difference in arrival and departure times (26%) and (2) the 
fact that, once the list was received, 37% did not call any
one on their list, or no one called them. Distance was the 
third factor, although, it was evident that a strong need and 
desire to car pool on the part of the applicant is necessary 
to assure follow through of the program service. 

Location 

Figure 8 on page~ graphically shows the zip code location of 
the University population within the Twin Cities Metropolitan 
Area. Figure 9 on page 28shows the origin of the car poolers, 
the majority coming from the northeast, south, southeast and 
southwest with respect to the location of the campus popula
tion. Another correlation is an alternate means of travel. 
As can be seen on Figure 8, the University Express Bus Sys
tem serves those corridors having a large campus population. 
Two additional corridors (northeast and northwest) are being 
considered for express bus service. To what extent the number 
of car poolers would decrease, particularly within the proposed 
northeast corridor, would be interesting to determine once the 
service was in operation. 
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Further, it is significant that the greatest percentage of car 
poolers came from a distance of 11 to 15 miles while non-car 
poolers 1 ived 2 to 5 miles from the University. Therefore, one 
can deduce the following: where an alternate form of transpor
tation is convenient and efficient, the der~nd for car pool 
service is weakened. To further support this deduction is the 
fact that 30% of the non-car poolers drove alone Fall Quarter, 
and 35% rode the bus while only 6% of the the car poolers used 
the bus the previous quarter. 

Car Pool Characteristics 

Of those people carpooling Winter Quarter 73~74 51% had formed 
a car pool through the service. Many car poolers rode with 
friends in their neighborhood (26%) and 11% met a pooler in 
class or via a fri~nd. (See Appendix B, Question 16). 

The following describes the general characteristics of a car 
pool. The average size was 2.8 people per car. Question 18 
revealed that 36% were passengers, 26% drove all the time, and 
37% shared driving. Shared driving was more prevalent this 
year than last with 39% having two people sharing driving, 
while 16% had three people share driving. Over three-fourths 
pooled with the same people in the rrorning as in the afternoon. 
Only 9% parked in the car pool lot, with 44% parking on other 
campus lots. 

The majority of costs were shared by the rider who paid a set 
fee. Where there were shared drivers, each driver paid the 
costs of the day. 

It is interesting to note that 32% of the car poolers indicated 
that their travel time was not adversely affected by pooling. 
About 16% said their time was decreased by 30 minutes or more. 
These people obviously had ridden the bus prior to pooling. 
Nineteen percent said their time was increased by 10-15 min
utes. Similar patterns were revealed during the 1972-73 
program. 

To determine the compatabil ity of the Car Pool Service to a 
bus service and particularly the University Express Bus Service, 
the following statistics were compared. (See Appendices c & c). 



The Winter Quarter 1973-74 car pool statistics were examined 
in terms of the 11 drive only 11 classification, the ''shared 
driver 11 classification, and the 11 ride onll' classification in 
terms of four specific categories: number of persons per car, 
miles traveled from each car pooler's destination, and the 
means by which each car pooler had previously come to campus. 
The final results are as follows: of the car poolers, 37% had 
originally driven alone to campus during Fall Quarter; 36% had 
been car poo 1 i ng and; 26% had ridden the bus. 

A University Express Bus survey was taken during the same 
Winter Quarter. A oortion of these statistics were examined 
to determine the impact of the bus system on the car pool sys
tem, and also the impact of the car pool system on the local 
or University Express Bus System. The 11 U11 Express Bus survey 
showed that of all express bus riders, 44% had actually come 
from the local bus system; 10% were originally car poolers; 
and 37% had originally driven alone. The 9% category was a 
combination of bicycle riders, motorcycle riders, and possibly 
people who walked. What is most significant about the compari
son of the bus and car pool system statistics is that 10% of 
the bus riders were originally car poolers, while 26% of the 
car poolers were originally bus riders. Therefore, it can be 
said that the car pool system would probably take a few more 
people off the bus system than the bus system would attract 
car poolers; however, this must be qualified. What must be 
considered, relative to the car pool system, is the type of 
bus service and the distance of the car pooler to his destina
tion. 

As has been indicated earlier in the report, the majority or 
the larger percentage of car poolers came from an area 11 to 
15 miles from campus. One original objective or goal of the 
car pool system was to complement the bus system since a bus 
is a more economical means of transportation than is the car. 
Within the metropolitan area, the Metropolitan Transit Commis
sion provides a more thorough service within a 10-mile radius 
of the University campus. Remember also that the majority of 
the car poolers were those people outside of that 10-mile 
radius. To iilustrate the point, the most outstanding com-
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parison is the ''drive alone" category. When comparing the bus 
analysis with the car pool analysis both show that 37% of their 
passengers had originally driven alone to campus. This is 
significant because the people originally driving alone are now 
using the express bus system where available or car pooling 
with another person who may have been driving alone to the 
University. Again, this illustrates the extent to which the 
single car occupant can benefit from the car pool system or the 
bus system by reducing his expenses 50% or more. 

Number of People Per Car 

Still examining the car pool statistics relative to three 
major categories, drive only, share driving, and ride only, 
the following was revealed. Twenty eight percent of the car 
pools had three people per car with one person always doing 
the driving. They were within the 11 to 15-mile category with 
some additional people in the 16 to 25-mile range. When exam
ining the category of people who were passengers, the largest 
percentage was those people who 1 ived 11 to 15 miles from the 
University. Also, the size of the car pool was greater with 
3 to 4 people per car; the largest category had 4 people per 
car. The shared driving category revealed that the majority 
of those car poolers had two people per car and came from a 
distance of 2 to 5 miles and 6 to 10 miles. This can be sum
marized as follows: the larger car pools came from a greater 
distance; the majority of shared drivers came from a shorter 
distance, and; those within a drive only category had an 
average of two to three people per car and came from an ave
rage distance of 11 to 15 miles. In other words, the shared 
driver 1 ives closer to campus, has a smaller car pool; while 
the single driver car has a greater number of riders or a 
larger car pool which reduces the cost of transportation, 
particularly when a greater distance is involved. Further, 
passengers 1 iving the greatest distance find a long bus ride 
inconvenient, and therefore resort to a car pool. 

Another fact revealed by the statistics Table 9 of Appendix 
C is that the drive only category has a greater number of 
staff people than students as more staff appear to 1 ive in the 
suburbs. It is interesting to note, also, that a large number 



of staff are in the ride only category. Thus, the shared 
drivers who seem to have benefited the most from the car 
pool service we1·e the undergraduate students. 

The Express Bus survey also revealed that undergraduates 
represented 39% now riding the bus who had originally driven 
alone. Staff represented 28%, graduates 21%, and faculty 12%. 
Undergraduates also represented the greatest percentage (68%) 
of those riding the bus who had originally ridden in a car 
pool. It is obvious that the Express Bus System presented a 
better alternative than car pooling. Staff represented 28% 
of those who had originally car pooled prior to riding the 
bus. 

Reasons for car pooling were rated as follows: 

Helps to conserve fuel 
Helps to relieve automobile congestion 
Takes less time than the bus 
Helps to reduce pollutant emissions 
More convenient than the bus 
Saves money on gas 
Do not live near good bus service 
Saves wear and tear on the car 
Saves money on parking 
Do not like to drive all the time 
Share the family car 

Interestingly enough, faculty and staff rated 
fuel and reduction of congestion as primary. 
were more conscious of daily expenses, rating 
on parking and gas as highest incentives. 

conservation of 
The students 
saving of money 

The majority rated car pooling "oka/' and "interesting". 
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Impact of the Program 

To determine how effective the car pool program was during the 
1973-74 academic year is somewhat difficult. However, a sum
mary has been developed by using the number of applications 
processed, the percent of car pools formed each quarter, and 
the number of people per car (driver, passenger, shared driver). 
Of the people matched, an average of 35% formed car pools. The 
average car pool had 2.8 people per car. Results of the three 
quarters indicated that 516 car pools were formed; 54% of these 
pools had shared drivers. This means that approximately 280 
individuals shared driving or about 280 fewer cars came to the 
University as a result of the service. The shared drivers 
reduced their costs by fifty percent. It is obvious that the 
rema1n1ng cars having one driver and an average of 1.8 passen
gers also were able to reduce their costs. The shared drivers 
(assuming they had originally driven alone) have contributed 
most significantly to reduction of congestion, saving of gas, 
etc. 

The following Table illustrates the benefits or savings received 
by the 280 shared drivers. Not included are wear and tear on 
the car, insurance, etc. The computations are based upon a 
20-mile round trip at 15 miles per gallon of gas. 

TABLE 6 
Ca q~oo I Benefits to Shared Drivers 

3 Quarters 
1 Da:t 180 Days 

20 Miles Round Trip 5,600 1 , 008,000 

Gas - 15 miles/gal. 364 65,520 

Cost of Gas @ 55¢/Ga 1. $ 200 $ 36,036 

Parking @ 45¢/Day $ 126 $ 22,680 

The benefits per year to each shared driver (assuming the 
average shared driver shares driving with one other person, 
and has a third car pooler who is always a passenger) could 
be charted as follows wtth out-of-pocket expenses once 
again the primary consideration. 



TABLE 7 
Comparison of Driving Costs 

Day 3 Quarters 
Drive Shared Drive Shared 
Alone Driver Alone Driver 

20 Miles Round Trip 20 10 3,600 1 ,800 

Gals. of Gas 1.3 .65 234 117 

Cost of Gas @ 55¢/Ga 1. $ .]2 $ .36 $129.60 $65.00 

Parking $ .45 $ 81 .oo 

By car pooling, the shared driver can reduce the mileage on 
his car by 1,800 miles; conserve 117 gallons of gas; and save 
$146 on gas and parking. 

To the student, $146 is the approximate cost of 10 credit 
hours or the major portion of one academic quarter fee. 

The program operational cost was approximately $5,000 for 
the 3 quarters. The program provide~ car pools for some 
1,500 people and reduced the number of cars coming to campus 
by 280 over the 3-quarter period. 

Therefore, resultant benefits of the program surpass the 
operational cost. As greater participation is encouraged, 
the cost to process an application will be reduced and the 
benefits to many will be increased. The system as completed 
can process all applications. Therefore, the future efficiency 
of the program is projected to be greater particularly when 
compared to this past 1973-74 academic year during which 
the program was developed. 

The primary concern for further success of the program relates 
to public relations since a greater number of people aoplying 
increases the number of car pools to be formed. Economic 
trends may also encourage greater participation. 
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In summary, as a low capital transportation alternative, the 
challenge of the program service is to encourage greater 
participation. The inhibiting factors at this point appear 
to be more social than economic. As a viable system of special 
service to the long distance driver, the car pooling program 
can be a major complement to a bus or mass transit system. 

CONCLUSIONS 

Now that the computer program has been completed and the car
pooling market more thoroughly studied, the future of the 
program is dependent upon demand. The demand is prompted by 
current social/economic changes. The following conclusions 
are a result of the study. 

1. The majority of carpoolers come from a distance of ll-15 
miles from the campus, outside of the area having the 
more concentrated service of the Metropolitan Transit 
Commission. Thus, carpooling does not detract from an 
alternative, efficient means of transportation. 

2. The University Civil Service staff have shown a greater 
demand for carpooling and their regularly scheduled hours 
make them more amenable to greater participation. Incen
tives should be studied to promote increased participation 
because a greater number drive alone. 

3. There are a greater number of shared drivers coming to 
campus as a result of the system; therefore, the system 
has helped to reduce congestion and increase access to the 
campus. 

4. The benefits of carpooling should be more strongly promoted 
and directed toward the undergraduate who is more conscious 
of immediate and direct costs of transportation,as well as 
representing the largest percentage of the potential car 
pool market. 



5. The operational cost of the system is minimal ($5,000) 
relative to the possible out-of-pocket savings incurred, 
particularly on the part of the shared drivers. Based 
upon a 20-mile round trip and 2.8 people per car, the 
savings per year could purchase each shared driver 
approximately one academic quarter of credit hours. The 
spinoffs relative to the additional number of students 
able to attend school, the increased demand for classes, 
etc., could be calculated accordingly to further illus
trate the extended benefits of carpooling. 

* * * * * * * 
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Appendix A 

CAR POOL COSTS 

Winter Quarter 1974 Processing 

The actual cost of processing the applications for the Winter Quarter 
demonstration program was $1,613.21 as itemized below. 

l. Print appl !cation forms (Central Duplicating) 
2. Keypunch app 1 I cation forms 
3. Separate and fold computer print-outs 
4. Window-well envelopes (2,500) 
5. Stuff print-outs in envelopes 
6. Pas tage and ma i 1 i ng 
7. Minnesota Daily ads 
8. Survey letter mailing costs 
9. Central Duplicating (copies) 

10. Computer time 

Total Expenses 

$ 252.85 
642.01 

11.15 
28.50 
78.19 

186.08 
123.90 
32-78 

7.75 
250.00 

$ 1 ,613. 21 

These services were provided by five departments within the University; 
Central Duplicating, Data Processing, Address and Mailing, and the Hybrid 
Computer Laboratory which developed the program. The Transit Services 
Office coordinated the operation. 

One-Time Costs 

Promotion 

A one-time cost for the development of a public relations program was 
$999. The 300 posters (including application pads) 8,000 informational 
handouts, and a public service announcement with slides were provided in
cluding recommended promotional procedures. The material has already 
proved helpful and wil 1 be used in many ways as the service continues. 

Computer Program Development 

The Hybrid Computer Laboratory was in agreement to complete the 12-month 
computer research and demonstration program for $7,765. 

Together the one time costs total $8,764, which amortized over a period of 
years and multiple usage is nominal when related to possible benefits. 

Summary 

The computer service operation direct costs for processing each quarter should 
not exceed $1500-1600 depending upon the number of applications received. 

At an average of 1700 appi ications processed per quarter with the cost per 
quarter being $1600, the average cost per application processed is $.94. 
As the number of applicants decrease, the cost per applicant increases; 
as the number of applicants increase, the cost per applicant decreases. 



Appendix B 
CAR POOL SERVICE QUESTIONNAIRE 

Winter Quarter 1973-74 breakdown and totals are compared to the Fall and Spring Totals 
of the same academic year. NA Indicates information not available or no answer.,; 

l. What is your designation within the University? 

Freshman 
Sophmore 
Junior 
Senior 

Total Undergraduate 
Graduate 
Staff 
Faculty 
Adult Special 

Non
Participant % 

1.7 
8.7 
9·9 
7.6 

4. I 
24.4 
5.8 
2.9 

Winter 
Participant % Total% 

3.5 
6.9 
4.1 
4.1 

1.7 
9.3 
4.6 

• 6 

5 
16 
14 
12 
47 

6 
34 
10 
4 

2. What is your most frequent destination on the Twin Cities Campus? 

Mpls., East Bank 
Mpls., West Bank 
Health Sciences Complex 
St. Paul 
Midway 
Other 

30.7 
J3. 4 
10.6 
6.1 
1.1 
2.8 

21.8 
3.9 
1.7 
5.0 
1.1 
1.7 

3. How far do you 1 lve from your usual destination on campus? 

Under 1 0 blocks 
2 - 5 m i 1 es 
6 - I 0 m i 1 es 
11- 15 miles 
16- 20 miles 
21- 25 miles 
over 26 miles 

0 
24.8 
19.6 
8.7 
2.3 
2.9 
4.0 

.6 
9.2 
6.4 

12.1 
4.6 
1.7 
1.1 

53 
17 
12 
11 

2 
5 

i 
34 
26 
21 

7 
5 
5 

Fa 11 
Tot a 1% 

54 
8 

29 
10 
NA 

21 
42 
25 
8 
1 
3 

4. In relationship to your usual destination on campus, in which direction do you live 
within the Metropolitan Area? 

North 
Northwest 
Northeast 
East 
South 
Southeast 
Southwest 
West 

2.3 
2.9 

11.0 
5.2 

12.7 
8.7 

12.1 
6.9 

5. Means of travel to the "U" previous quarter. 

a. Drive alone 
b. Car pool 
c . R i de the Bus 
d. Ride the U Express Bus 
e. Bicycle 
f. Motor bike 
g. Walk 
h. Hitchhike 
i. Combination of above 
j. No answer 

27.7 
2.7 

10.0 
. 5 

1.7 
0 
l.l 
0 

13.3 
6.1 

1.1 
2.9 
4.6 
4.6 
4.0 
7.5 
6.9 
3.5 

!6.1 
8.8 
1.1 
0 
0 
0 
0 
0 
0 

6. Did you apply for the Car Pool Service Fall Quarter 19737 

Yes 
No 

Non
Participant 

43.1 
21.3 

Participant 

24.7 
11.5 

7. Did you participate In a Car Pool Fall Quarter 1973? 

Yes 
No 

11.6 
24.3 

3 
6 

16 
10 
17 
16 
19 
10 

44 
12 
11 

I 
2 
0 
1 
0 

23 
7 

Total 

68 
33 

17 
83 

3 
12 
17 
5 

15 
8 

IS 
16 

41 
18 
21 

3 
0 
0 
0 
0 

15 
3 

28 
47 

5 
65 

Spring 
Tota 1 % 

59 
4 

25 
iO 
2 

65 
22 
8 
0 
2 
2 

0 
22 
33 
i8 
20 
4 
2 

8 
8 

16 
10 
12 
10 
28 
6 

20 
37 
22 

2 
0 
0 
0 
0 

16 
2 

69 
31 

35 
65 



Non
Participant % Participant % 

Winter fall 
Total% :rotal% 

8. Do you intend to reapply to the Car Pool Service Spring Quarter 19747 

Yes 
No 
No answer 

37.9 
24.7 

1.7 

28.7 
5.2 
1.7 

67 
30 
3 

63 
34 
4 

9. What kind of printout did you receive for the Winter Quarter Car Pool Service? 

a. Printout had names and time 30.7 
schedules on it 

b. Printout was a list of people 31.2 
in Zip Code 

c. No answer 2.3 
d. Neither (Other) 

21.6 

12.5 

.6 

.6 

52 

44 

3 
J 

iO. How many names were you provided through the Winter Quarter service? 

One 
Two 
Three 
Four 
Five 
6 - 10 
11 - 15 
16 - 20 
Over 20 

16.1 
19.3 
7-5 
4.6 
4.0 
8.6 
3.4 
3.4 
1.1 

6.9 
4.6 
6.9 
2.9 
3.4 
6.3 
1.1 
1.1 
1.1 

23 
24 
14 
8 
7 

15 

5 
2 

il. To what degree were you satisfied with your Winter Quarter Car Pool list? 

a. Very satisfied 
b, Satisfied 
c. Not sure 
d. D i s sat I sf i ed 
e. Very Dissatisfied 
f. No answer 

• 6 
3.4 

15.5 
23.6 
16.7 
4.6 

12. How many matches would you have preferred? 

More 
less 
Same 
No answer 

48.3 
1.1 
7.0 
6.3 

6.3 
11.5 
7.4 
6.9 
2.9 

.6 

24.7 
0 
8.6 
2.3 

13. How far were the majority of the names on your list from your home? 

a. Under 5 blocks 
b. 6 - 10 blocks 
c. 11-15 blocks 
d. 2 - 5 miles 
e. 6 - l 0 m i l es 
f. 11 - 15 m i 1 es 
g. No answer 

4.6 
15.5 
12.1 
16.1 
5.7 
4.0 
6.3 

14. Are you currently traveling to the U in a car pool? 

Yes 
No 
No answer 

64.4 

5-7 
12.1 
7.5 

17.6 
.6 

1.1 
1.1 

35.6 

15. If you are~ carpooling, please check reason(s) below. 

a. 
b. 
c. 
d. 

e. 
f. 

g. 

h. 

Received no 1 l s t 
Didn't call anyone. 
No one called me. 
Arrival and departure 
times were different. 
People 1 ived too far away. 
The people had already formed 
a car poo I. 
i would have had to change 
my travel route to the U. 
I am a passenger and live In 
the opposite direction of the 
driver 

i. No answer 
j. Other 

1.9 
! 7.1 
20.0 

26.3 
18.0 

1.5 

5.8 

1.9 
2.9 
4.4 

7 
15 
23 
31 
20 
5 

73 
l 

16 
9 

10 
28 
20 
34 

6 
5 
7 

36 
64 

NA 

54 
22 
12 

0 
l 
1 

8 

25 
7 

12 
38 
15 
4 

83 
0 

15 
3 

29 
26 
18 
16 

11 

40 
54 
7 

NA 

Spring 
Total% 

67 
30 

2 

57 

39 

2 

41 
27 

i3 
8 
6 
4 

0 
0 

]lj 

i6 
14 
39 
12 
4 

82 
0 
6 

12 

22 
16 
6 

27 
8 
6 
8 

53 
47 

NA 



Non
Participant% 

Winter Fall Spring 
Participant~ Total% Total % Tot a 1% 

16. How was your Car Pool establ ished7 

a. By calling the people provided on the 
car pool I 1st I received Winter Quarter 43 

b. With friends In my neighborhood 26 
c. Met some people In my classes. 4 
d. Someone told me about a possible ride or rider 8 
e. Advertised In the Minnesota Daily. 1 
f. Used the Transit Services Office car pool list 4 
g. Combination or other 14 

17. How many people, including yourself, are participating 
in your car pool on a regular basis? 

Arrival 

2 
3 
4 
5 
6 
Other 
No answer 

Departure 

2 
3 
4 
5 
6 
Other 
No answer 

18. Do you 

Ride only 
Drive only 
Share driving 
No answer 

34 
39 
19 

2 
3 

3 

39 
23 

5 
5 
2 

27 

36 
26 
37 

2 

43 
26 
4 
8 
1 
4 

14 

34 
39 
19 

2 
3 

3 

39 
23 

5 
5 
2 

27 

36 
26 
37 

2 

NA 

56 
21 
12 
3 

8 

50 
20 

3 
3 
0 
0 
15 

27 
41 
32 

19. How many people, including yourself (if you drive), share driving in your car 
pool? 

2 
3 
4 
5 
Other (l) 
No answer 

39 
16 

2 
2 

21 
21 

39 
16 

2 
2 

21 
21 

20. Do you car pool with the same people In the afternoon as In the morning? 

Yes 
No 
No answer 

21. Where does your car pool most frequently park? 

a. University Lot #35 
b. Another University Lot (#_, or street 

location) 
c. Free Como Lot (bus to both campuses) 
d. Private lot 
e. Other 

22. How are Car Pool costs shared? 

77 
21 

2 

10 

44 
3 
5 

38 

a. The riders pay for both gas and parking 2 
b. The driver pays for both gas and parking 9 
c. The riders pay for parking, the driver for gas JO 
d. The driver pays for parking, the riders pay 

for gas 3 
e. The riders pay a set fee 40 
f. The driver for the day pays all expenses, and 

all pool members take turns driving 25 

77 
21 

2 

44 
3 
5 

38 

2 
9 

10 

3 
40 

25 

1 
41 

1 
59 

79 
18 
3 

9 

59 
3 

18 

3 
12 
15 

38 

18 

12 
35 

0 
8 
0 
8 

38 

26 
35 
15 
12 
8 
4 

28 
18 
32 
ll 

0 
11 
0 

31 
23 
35 
12 

19 
19 
4 
4 

50 
4 

77 
21 

2 

19 

54 
4 
8 

15 

8 
12 
4 

46 

19 



23. 

24. 

25. 

flon- Winter fa 11 Spring 
Participant% Participant% Tota 1 % Total% Total% 

g. Other 7 7 14 12 
h. No answer 4 4 

By carpooling how has your travel time changed? 

Not affected 32 32 29 38 

Decreased 
5 min. 2 2 3 
10 min. 2 2 6 
15 min. 1 3 3 4 
20 min. 5 5 3 4 
25 min. 2 2 6 
30 min. or over 16 16 6 19 

Increased 
5 min. 11 11 12 8 
10 min. 10 10 18 8 
15 min. 10 10 6 8 
20 min. 6 6 
25 min. 4 
30 min. or over 8 
No answer 2 9 

What are the main reasons you do (or would) carpool? =200% =100% 

a. Save money on parking 6.6 8.4 15 NA 9 
b. Save money on gas 8.5 12.0 21 11 
c. Saves wear and tear on the car 8.0 7.3 15 9 
d. Share the fami 1y car 3.9 3.3 7 3 
e. More convenient than the bus 11.0 10.5 22 '10 
f. Don't 1 ike to drive a 11 the 

time 5.6 5.3 11 6 
g. Takes less tIme than the bus 12.7 10.0 23 9 
h. Don't 1 ive near good bus 

service 7.7 8.4 16 6 
i. Helps to conserve fuel ]3.8 12.3 26 i 1 
j. Helps to relieve automobile 

congestion 11.6 11.5 23 11 
k. Helps to reduce pollutant 

emissions 10.6 ll.O 22 11 

To what extent do you enjoy carpooling? 

a. Have a lot of fun 5 5 NA 8 
b. Enjoyable 32 32 23 
c. Interesting 18 18 8 
d. It's okay 36 36 46 
e. No alternative 4 
f. It's boring 8 
g. it's a hassle 5 5 4 
h. Other 3 3 
i. No answer 2 2 

*Columns do not always total 100% due to rounding of percentages and lack of correspon
ding information requested from one academic quarter to the next. 



TABLE 8 Apeendix c 

WINTER QUARTER CAR POOL CHARACTERISTICS BY TWO TYPES: 
Computer Matched (c) 
Other (b) i.e. friends, etc. 

Percentage of 
Drive Only Share Driving Ride Only Category Types 

Category Tot. %c%' o% Tot.% c% o% Tot.% c% o% % 

Classification 
Undergraduate 15 10 5 19 I 3 6 I 8 8 10 52 
Graduate 0 0 0 4 I 3 0 0 0 4 
Staff 10 8 2 5 2 3 14 11 3 29 
Faculty 5 2 3 7 5 2 2 2 0 14 
Adult SEecial 0 0 0 0 0 0 1 1 0 1 
Subtotal by type of 

match 20 10 21 I 4 22 13 

Total Car Pools 30 35 35 100 % 

Trans Eo rta t ions Prior Qtr 
Bus 10 10 0 3 0 3 13 9 4 26 
Car Pool 14 7 7 8 I 7 14 6 8 36 
Drove Alone 4 0 4 23 I 7 6 10 6 4 37 
Percent Total by Type 

of match I 7 11 18 16 21 16 

Total Car Pools 28 34 37 99 % 

Persons Per Car 

2 13 8 5 18 8 10 5 2 3 36 
3 J 5 10 5 13 I 0 3 11 5 6 39 
4 2 2 0 2 1 1 14 11 3 18 
5 0 0 0 2 2 0 5 5 0 7 
Subtotal by type 

of match 20 10 21 14 23 12 

Total Car Pools 30 35 35 100 % 

Miles from Destination 
2 and under 0 0 0 2 2 0 0 0 0 2 
2-5 6 6 0 11 5 6 5 3 2 22 
6-10 5 2 3 8 2 6 6 2 4 19 
Il-lS 1.1 8 3 5 5 0 18 13 5 34 
16-20 4 2 2 5 5 0 5 3 2 14 
21-25 2 2 0 2 0 2 2 2 0 6 
26 and over 0 0 0 3 3 0 0 0 0 3 
% total by type of 

match 20 8 22 14 23 13 

Total Car Pools 28 36 36 100 % 



WINTER QUARTER i973-74 UNIVERSITY EXPRESS BUS STATISTICS 

TABLE 9 

TABLE 10 

Classification 

Undergraduate 
Graduate 
Staff 
Faculty 

TABLE 11 

Bus 
Car Pool 
Drove Alone 

Winter Quarter Bus Riders 
by Classification 

Undergraduates 
Graduates 
Staff 
Faculty 

Total 

39 % 
21 
28 
12 

100 % 

f r_e._~i<2__~ ? __ f!JE!Eil..? _o_t ___ t_r_a_y_~l ___ p r_i_o r 
to Un i ve r_~i t_y_Exp_r~.?2 ~Y? 

by _Tr_ansportat ion TYP.~ 

Bus CarPool 
% ~ 

50 16 
34 3 
60 8 
28 0 

r:er_<;_en_t o_f_U!li_yers_ity ~l<?_ssificatipn 
Pre._'{i_Qt_,J_?_ly__Tc.aye_) ing by Bus 
Car .. f>oq_L _ _g_r_ __ .Q.n€!_ pe r?_Orl Car 

Under- Graduate Staff 
ijraduate % % % 

47 9 41 
68 4 29 
39 21 28 

Appendix D 

Drove Alone Total 
~ 

34 
63 
32 
72 

Faculty 
% 

4 
0 

12 

~ 

100 
100 
100 
100 

Total 
% 

lOl% 
101% 
100% 
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RESULTS 

Hybrid Computer Laboratory (HCL) 
To aetermine the effect of the p~ogram, statistics from two 
sources Wg~Ea:fi§~d~f ~.}.ni.":H:fS>Il'~ ion derived from the 
app l i cat#J9.'b~a~~ff§~ i 'ffl'nn'IDfcit~2) i nforma~ ion cornp i led 
from questionnaires sent to appl 1cants apply1ng for the ser-
vice. The information was collected over a two-year period 
or six academic quarters. A manual matching procedure was 
used during the 1972-73 year, and the computer matching pro
gram was used during the 1973-74 year being continually test
ed and improved over each quarter period. 

The results are discussed in five categories: 

I. Appl icatlons Analysis, compares the car pool applica
tions to the total University population by classifi
cation. 

A Computerized Car Pooling Program 
2. Applications Processed, input relative to output. 

Part Two of Two Parts 
3. Questionnaire Analysis, provides information about the 

travel characteristics of the person applying to the 
car pool system. 

4. Car Pool Analysis, describes the characteristics of the 
car pools formed by the system. 

5. Impact of the Car Pool Service, summarizes and develops 
the results relating them to the objectives established 
at the outset of the project. 

Applications Analysis 

Presu~~r@drel5Uql~JOfC~,.eg.s;Ja $Oirl i city and greater 
T~~!:P.P%1f'IO~~'f'P&li1¥>~M-h i@~, :fSt~~::esapp l i cations were 
receiveJ.~u'P~(t!'l@.tJ:9f13·-Jlii-tit!aMMlc year. Table 3 compares 
the claMn.:fyg~:·t9~~YoiO~a~lpY&'i!S~ications to the classifi
cat i o<rlfJ:tict~e C>ttd~:P.:itfttiivells iitfa~rp.§t ion by percent i 1 e. 
Generally, the applications reflect University classifications. 
The most notable change occurred within the faculty and staff 
categories; these individuals increased the total percentage 
of applications by 9%. Undergraduates represented a 9% 
decrease while the graduate percentage e~k~~&r1P 1§1~e. 
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I. Introduction 

Development of this program was begun in March, 1973. At the 

outset, it was recognized that an innovative design approach was 

needed to successfully develop and implement a program that would 

provide efficient total matching and account for schedule re

quirements of the individual in the underlying population. Prior 

to this work, most computerized car pooling programs used rather 

large geographic references such as zip codes to identify pro

spective candidates for car pools and took little more than par

ticipant destination into account. In this program, a much smaller 

and computer accessible geographic reference is employed. The 

smaller data units are especially useful in that the actual travel 

time between each data unit pair is tabulated and available as program 

input. This allows for the expansion of a local geographic data 

base to increase matching efficiency if participant density is low 

for that area. Coupled with this "expanding'' reference feature, the 

HCL program uses a heuristic cost functional ·to evaluate the 

relative desirability among prospective match pairs within a given 

geographic unit. It is here that the location and schedule 

individuality of the participants (within a small and well defined 

geographic regions) are taken into account. In concept and design, 

the program is technically sophisticated. However, in a very 

significant sense, this program was developed for widespread 

application. In fact it is immediately applicable to anyone ln 

the Twin Cities metropolitan area and, on a less refined basis, to 

anyone in the State. Moreover, the larger the participant population, 

the more effective is the program. Furthermore, without much mod

ification, the program can be applied to metropolitan areas through

out the United States. 
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II. Program Performance and Operational Goals 

The design philosophy of the program is based on a set of 

overall performance objectives which were the result of initial 

research into car pool programming methodology. This objective 

set forms the overall "algorithmic intent structure" for the 

computerized system. While no single objective will character

ize the algorithm, all will form a significant basis for the 

present design. 

Set of Performance Objectives 

1. To minimize the total number of vehicles used for trans

portation or transit of the required people pool. 

2. To maximize the occupancy per vehicle or density of pass

engers per vehicle within the people pool. 

3. To minimize the transit time for vehicles within the car 

pooling system. 

4. To minimize the transit distance for vehicles within the 

system. 

5. To utilize to the best degree the drivers who wish to drive 

only by matching them with passengers who cannot drive. 

6. To enhance the number of shared drivers who share the driving 

in the car pool system. 

7. To maximize the total number of applicants matched within 

the system and minimize the number of rejects. 

8. To enhance the matching of participants most distant from 

the destination as highest priority cases. 

9. To encompass the dynamics capability of the car pool system 

so that incremental adjustments can be performed. 
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10. 7o enhance the heuristic acceptability of the pool matching 

algori·trun. 

11. To provide sufficient generality and flexibility in the 

algoritrnn so that the heuristics can be "fine tuned" to 

the specific demands of the user. 

12. To encompass the capability of the assignment of any number 

of participants per pool. 

13. To minimize the number of necessary major data file mod

ifications to standard files used by the algorithm. 

14. To minimize the machine dependency of the algorithmic 

structure. 

15. To incorporate the maximum flexibility of origin-destination 

possibilities. 

16. To minimize the geographic dependency of the algorithm so that 

the system can operate in any metropolitan setting. 

In addition to satisfying the above, the car pool program 

should be parameterized for maximum generality in order to allow 

for a good adjustment capability in different car pool settings. 

It is clear that all of these design objectives cannot be 

satisfied simultaneously. In other words, some limitations or 

constraints must be placed on the algorithmic structure. So that 

implementation of a functional and realizable program is possible, 

the following set of operational constraints is defined for the 

present design. 

Set of Design Constraints 

1. No vehicle changes at points within the system. 

2. No passenger designations can drive. 

3. Shared drivers cannot prespecify driving days. 
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4. Vehicle size cannot vary within a car pool (in the sense 

that it may affect the number of car poolers who ride with 

a particular group). 

5. Multiple destinations are not allowed. 

6. Arrival and departure points will not be distinguished. 

7. Split pools are to be avoided (for example, persons in 

the "passenger" category will be in exactly one car pool). 

Heuristic Cost Functional 

At the heart of the present car pool program is an object 

called the Heuristic Cost Functional (HCF). It is a mathematical 

entity which assigns a cost in units of time to each distinct 

pair of participants within some specified geographical area in 

which a car pool will be formed. Its purpose is to define subsets 

of the whole set of individuals in that area which will form 

appropriate car pools. The defining relations for the HCF are 

presented in the next section. 

III. Program Design and Implementation 

Fundamental to the operation and efficiency of the program 

package is the use of two travel preference categories instead 

of three. The "DRIVE ONLY" category, experimented with in earlier 

work, has been eliminated leaving "SHARE DRIVER" and "PASSENGER" 

as choices of travel preference. (Henceforth, these shall be 

referred to as DRIVER and PASSENGER respectively.) This com

pacting of the "DRIVE ONLY" and "SHARE DRIVER" categories into 

one DRIVER category reduces the dimensionality of the heuristic 

cost functional and facilitates the design and implementation of 

an efficient matching algorithm. The defining properties for the 
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heuristic cost functional are presented below. 

Heuristic Cost Functional 

,.,zk 
.J., 

l 

H is the total cost between applicant 1 and applicant 
j, where X must beD (for driver) andY may beD, 
or P (for passenger) 

T is the time for applicant i for arrival (z=a) or 
departure (z=d) on day group k. 

where the components of the cost functional are now defined as: 

1) Driver-Driver 

ak ak 
HD·n·=l:(T. -T. 

l J K l J 
dk dk ) + (T. -T. ), (where (x) 
l J 

is the. absoJ.u te 
value or x) 

The cost between drivers is the sum of the absolute 
values of the arrival time differences and departure 
time differences. 

2) Driver-Passenger 

=~ 
K 

The cost between driver and passenger is the sum 
of the absolute values of the time differences as 
above, but with a penalty added. If the pass
enger arrives later than, or leaves earlier than, 
the driver, the penalty factor is 1. If the 
situation is reversed, the penalty factor is 2. 
{This implies that a passenger is more willing to 
be flexible than a driver as constituents in a 
car pool.) 

In any case, if a passenger is not traveling on a specific day, 

the cost contribution from that day is set to zero. Furthermore, 

if a driver is not traveling on a specific day, he is treated as 

a passenger, as a pool with "half" is considered incomplete. 

With the heuristic cost functional defined, a brief overview 

of program performance is given to supplement the more detailed 

description given in the subprogram design specifications. 

The program was designed to serve applicant's needs in a 

wide variety of geographic areas. To do this in an optimal way, 
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several levels of program control are employed. The process 

consists of first grouping applicants who are spatially or geo

graphically close (for example, those who live within the same 

Traffic Analysis Zone (TAZ) or Data Collection Unit (DCU)) 

and then matching people from one of these groups having appropriate 

destination and arrival and departure time requirements. It is 

possible to control the size of the area which is to be considered 

"spatially close", and also to control the degree of time mis-

match which is allowed in pool formation. For example, a matching 

of business employees might require close time matching on the 

basis that people would not want to lengthen their work day any 

more than necessary, but a larger area from which to choose people 

would be acceptable. In a university environment, time mismatch 

is more acceptable since the spare hours may be used for study 

and especially since schedules vary considerably. Here, however, 

spatial mismatching might not be as acceptable. To a great extent, 

the tuning process is done by defining appropriate variables 

prior to running the program. 

The spatial grouping area size is determined by subroutine 

GROUPR and the Table of Nearness (in our case, a revised SKIM 

TREE File), in conjunction with the constant MINGRP. GROUPR operates 

by taking all acceptable people from the TAZ under consideration 

and comparing this group size with MINGRP. If it is not large 

enough, GROUPR accesses the Table of Nearness for the closest 

TAZ and extracts acceptable applicants from it. If the group is 

still not large enough, GROUPR obtains the next closest TAZ and 

so on until the group is large enough or until the Table of Near

ness is exhausted. To tune this section, MINGRP should be made 
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as large as possible to enhance the possibility of good time 

matches. To minimize the size of the area to be considered, the 

Table of Nearness should be constructed~th a cutoff such that 

TAZ's which are "too far'' in this context should be a function of 

the distance of the TAZ under consideration from the desired 

destination. This attempts to take into account the rational-

ization that someone who is one mile away would resent having 

to drive two miles to pick up his or her passengers, while to 

someone twenty miles away, a five mile excursion would be accept-

able. One possibility for future program compatible modifications, 

especially for cases where the total number of applicants is 

small, would be the consideration of path analysis (i.e., where 

a driver can pick up passengers enroute to the destination 

The car pooling software package is run on two data pro-

cessing systems. 

1) Control Data 6600 Computer 

2) Control Data 1700 Computer 

The Control Data 6600 (CDC 6600) is used to run the program 

ADMATCH. The ADMATCH program represents the initial phase of the 

car pool program,and output from it is then input to the 1700 

for the actual car pool matching process. The description of the 

car pooling program software begins with ADMATCH. Presently ADMATCH 

appends a DCU (Data Collection Unit) to a standardized form of the 

applicant's address. Prior to inputting this information into 

the 1700 programs, a conversion is made from DCU's to TAZ's 

* (Traffic Analysis Zones). This conversion process is not con-

sidered to be an integral part of the program and was used only to 

demonstrate the "domain expansion" capability of the program 

* Information on TAZ's and DCU's may be obtained from the 
Minnesota Highway Department 
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HYBRID CCMPUTER LABORA'IORY 

~\ 
\File for ( 
\Table of 
~earn.e · 

j SORTAZ ~Tius systau takes data fran the ~TCH tape, sorts the appli-
1. I cants by TAZ, and stores the resulting sortEd file on 
l disk 1. This program also sets up the constant file, which is used. by the 
!following programs. ~nis also reads L~ the file of TAZ nearness relation
lships, a~ creates the Table of Nearness and stores it also on disk 1. 
! 

j 
j ----------~--------------------------~----------------------------------
1 CARPOO !This system takes ti'l.e data fran the disk and attempts to g-roup 
~--------~'applicants by geographically close areas then match then1 by ar-
rival and departure times. The constant file is u¢ate:1 with the number of 
pools. The applicants who were not matched. are grouped according to zip 

I
! cede and checked. against all f.(X)ls formed in that zip code. Tl:'1ose W:'10 are 
successfully matched in this way are also stored as disk records and 

1 their bits in the bit table are set. * 
i 

I 

! .OUTPOO I This system takes the pools formed an the disk and prii"lts out 
! 1 suitably fonna.tted letters sorted by zip code. This prograi1l 
I can also print out letters to those who for sane reason VJere unable to be 
irnatched. - T:rris Cru'1 also print out a statistical analysis of the pools and 
! applicants if needeii. 
! 
! 
j 

~ 

* In CARPCO, the pools which are fonTied are stored on disk 0. Those applicants 
who were matched have a bit set in the bit table to indicate this. 
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* when used in conjunction with a Table of Nearness the basis 

for which was a SKIM TREE FILE which used TAZ's. A similar SKIM 

TREE FILE may be developed for DCU's and thus used directly with 

this program. 

CDC 6600 Software 
Program: ADY~TCH 

Three programs are run on the 6600 for the computerized car 

pooling system. They are named PREPARE, SORT/MERGE and MATCHER, 

and a short description of each is presented below. 

PREPARE 

Prepare takes its input from the car pool application cards 

(see "Format for keypunching car pooling application cards" for 

a description of the format) , using control cards for information 

as to how to process them. For each application card, PREPARE 

looks for a match key consisting of the various address information 

on the card and outputs the input record along with the decoded 

address information onto a temporary magnetic tape. Any input 

record which PREPARE cannot decode is printed in the rejection 

report along with a code indicating why it was rejected. 

SORT/MERGE 

After the application cards are run through PREPARE, they 

must be sorted by address in order to allow matcher to run through 

the DATA tape and the sorted REFERENCE tape in one pass. To do 

this, we use the following 6600 SORT/MERGE control cards: 

SORT(l,2,235,,3) 

This card informs the SORT/MERGE package that there is l input file 

with 2 key fields (street name and street address) with a maximum 

record length of 235 characters. It also requests a sequence 

*See subroutine NEARGN, in Section III of this report, for details 
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check after the sort anddoes not stop on parity errors but prints 

the bad record. 

FILE(TAPEl,S,D,0,N,,4950) 

FILE(TAPE2,0,D,0,N,,4950) 

These cards define the input tape to be TAPEl and the output 

tape to be TAPE2. 

RECORD (I,F ,21) 

This card describes the input file (TAPEl) to have fixed length 

records consisting of 235 characters. 

KEY(A,C,36,35,1) 

This describes the first key field as starting in column 36 and 

being 35 characters long. 

KEY(A,C,21,5,2) 

This describes the street number field to start in column 21 and 

to be 5 characters long. 

END. 

This tells SORT/MERGE to go ahead and do the sort. 

MATCHER 

This is the final phase of the 6600 part of the car pool 

system. This program takes the sorted data tape from the SORT/MERGE 

package and matches each record from the data file to a sorted 

reference file producing an output tape with the Data Collection 

Unit (DCU) of each address appended to the record. This tape is 

transported to the 1700 site atfue Hybrid Computer Laboratory foY 

the second half of the car pooling system. 

'l'he approximate running times for these programs with 1500 

applicants are: 
PREPARE- 60 CP seconds 

SORT/MERGE- 4 CP seconds 

MATCHER- :oo CP seconds 
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COMPUTERIZED CAR POOLING 

6600 ADMATCH SYSTEM 

~Application ,~----·----

! 

· 7 ) Cards 

/ 

I 
I 

PREPARE 

\V 

l 
!SORT/MERGE 
I _, 

l 

~ l NON MATCH 
I REPORT 

i PREPARE 
I INPUT DECK 
I 

iSORT/MERGE 
i 

~/ /1 CONTROL 
~ , CARDS 

MATCHER 
CONTROL 
CARDS 

iYiATCHER 

~--~ 
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CDC 1700 Software Constant Table and Glossary 

There are a number of constants which must be used by some or 

all of the car pooling programs. To minimize a proliferation of 

DATA statements which would have to be changed during debugging, 

a 96 word record was set aside in sector 0 on disk 1. The constants 

in here are initialized by program SORTAZ, and modified by the 

others as needed. A description of those constants now used is 

given below. Note that considerable space was left for expansion 

and some of the constants were included at the beginning but later 

not used. Also, occasionally different names were used by the 

different programs. 

CONSTANT 
NUMBER 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

NAMES 

NWRDSC 

ISTSEC 

NUMWRD 

NUMSEC 

MXTAZl 

MAXTAZ 
MXTAZ 

ISTAZ 

MXSECO 

MXSECl 

ISTBIT 

NUMB IT 

ISTBNR 

ITBNRS 

MINGRP 

MAXGRP 

If so, the different names are listed also. 

USE 

Number of words per disk sector. 

Sector of the first applicant. 

Number of words per applicant record. 

Number of sectors per applicant record. 

Maximum number of TAZ's+l (includes the 
reject TAZ). 

Maximum number of TAZ's 

First sector of the TAZ index 

Maximum allowable sector on disk 0. 

Maximum allowable sector on disk 1. 

First sector of bit table. 

Number of bits in bit table. 

First sector of Nearness Table 

Number of entries in Table of Nearness 

Minimum group size (used by GROUPR) . 

Maximum group size - determined by ITIMES size. 
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16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

ISCPOO 
ISTPOO 

NPOOLS 
INDX 

ISCDRG 

NUP".tAPP 
NAPP 

IMP MAX 

I SEC PO 

NDEST 

J:v"J.AXDDC 

MAXDPC 

MAXDRC 

IPOOTS 

IDSPOO 

MINPOO 

MAXPOO 

NBTWRD 

Sector of first pool formed on first pass. 

The number of first-pass pools stored in 
the sorted pool table (with one entry per 
zip per pool, this is larger than the 
actual number of pools). 

Not used. 

Number of applicants in the applicant file. 

Maximum impedance allowed in forming the 
Table of Nearness. 

Last sector containing a first-pass pool. 

Number of destinations. 

Maximum allowable driver-driver cost. 

Maximum allowable driver-passenger cost. 

Maximum allowable DREGS pool cost. 

First sector of the sorted pool table. 

Last sector containing a dregs pool. 
(They start at ISECPO+l). 

Minimum pool size - used by TIMACH. 

Maximum pool size - used by TIMACH. 

Number of bits per word (16 on CDC 1700) 
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CDC 1700 Software 

Subprogram SORTAZ 

Function: 

1) Create a sorted random access file of car pool applications 

and an index to this file on the disk. 

2) Define a block of constant data on the disk for inter-

program communication. 

3) Initialize other tables on the disk. 

Input Description: 

The output tape from the ADMATCH program is used as input to 

SORTAZ. This tape must be BCD mode, and terminated by an end-of-

file. The blocking factor used on this tape is 21 applicants 

(logical records) per physical tape record. Each logical record is 

245 characters long, and thus each physical record is 5145 characters. 

Each logical record consists of the following information: 

2 chars of reject code 

75 chars of match key 

160 chars of personal data (card image of application form) 

4 chars of TAZ code for odd numbered~dresses 

4 chars of TAZ code for even numbered addresses 

Output Description: 

All applicants are written out onto the disk file grouped 

by their TAZ. Each applicant is written out as a 96 

word block and occupies one sector on the disk. The first sector 

of this file is defined by the constant ISTSEC. The first TAZ 

is number 1 and the last is defined by MXTAZl. Thus, for example, 

if there are 4 people in TAZl and 7 people in TAZ 2, the people 

in TAZ l will occupy sectors ISTSEC through ISTSEC+3, and those 

in TAZ 2 will occupy sectors ISTSEC+4 through ETSEC+lO. They 
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will appear for each TAZ in the reverse oraer they occurred on 

the tape. The index points to these TAZ groups. It is MXTAZl 

words long and starts at sector ISTAZ. Each applicant is refer

enced by a person number, which is assigned sequentially as the 

records are written onto the disk. Thus, person number one is at 

sector ISTSEC, number 2 at ISTSEC+l, etc. The index thus points 

to the applicants through the person numbers. Each element of 

the index refers to a TAZ, e.g. INDEX(34) refers to TAZ 34. The 

contents of each element is negative if the TAZ is empty. If 

the TAZ is not empty, the contents equals the person number of the 

last applicant written out. The negative elements are the negative 

of the person number last written out. The constant data block 

starts at sector 0 and is 96 words long. See appendix A (page 38) 

for a description of this block. The bit table starts at sector 

ISTBIT and is zeroed out. The Table of Nearness is defined by sub-

routine NEARGN and beqins at sector ISTBNR. The format of the 

apolicant records as written out on the disk is: 

words contents 

1-80 

81-82 

83 

84 

85 

86 

87 

88 

89 

90-96 

card image of application form 

TAZ character data 

TAZ integer 

last 4 digits of zipcode 

MWF arrival time (minutes of 24 hour time) 

MWF departure time same units 

T-TH arrival time same units 

T-TH departure time same units 

MWF destination + lO*T-TH destination +lOO*preference 

unused 
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Description of Alqorithm: 

The program reads in the data and produces a buffer as des

cribed above. The TAZ index is initially set to zero. As the 

records are written out, a link is stored in the 96th word. This 

link is set equal to the value of the index for that TAZ the applicant 

belongs to. The value of the index is then set to the sector 

address the record is written at. In this first pass over the 

data, the records are written out onto disk unit 0. This process 

is continued until all of the applicants have been exhausted. 

Note that a special case occurs when an applicant has differing 

MWF and T-TH destinations. In this case, two separate records 

are written out, each with a different person number attached. 

One record has a zero MWF destination and treother a zero T-TH 

destination. The second pass actually sorts the records. Since 

each non-zero entry in the index points to the last record for 

that TAZ, and each record is chained to the previous one, the 

program need only read through this list and write each record out 

onto unit 1. A zero link indicates the end of a chain. When all 

TAZ's have been sorted, the index is completed by setting each 

zero element to the negative of the absolute value of the previous 

one. The program then allocates space on the disk for the index, 

the bit table, and the Table of Nearness and dumps them to the disk. 

Operation: 

The applicant input tape is mounted on tape unit 0. The 

SKIM TREE tape for NEARGN is mounted on unit 1. Both disk units 

should be ready. The program is loaded as an overlay file from 

the library. On normal termination the program will respond with 

INITIALIZATION COMPLETE on the operator's console. If either disk 
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unit fills before completion or an out of sequence record appears 

on the SKIM TREE tape, an appropriate message is issued to the 

operator and the program terminates. 
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CDC 1700 Software 

Subroutine NEARGN 

Function: 

To create the Table of Nearness out on the disk file. 

Input Description: 

The program uses as input one magnetic tape consisting of 

n binary records terminated by an end-of-file. Each record is 

n+l words long, where the first word identifies the TAZ of that 

record, used as an error check and the next n words contain 

impedances (travel times) for all zones to this TAZ. The records 

must be in sequential order, from TAZ 1 to n. This tape will be 

called the SKIM TREE File. 

Output Description: 

The Table of Nearness contains pointers to up to 23 of the 

nearest TAZ's for each TAZ. It starts at sector ISTBNR and con

sists of f (MXTAZl/4) 1 consecutive sectors of data. Each sector 

contains four 24 word subtables. The first word indicates the 

number of entries in that subtable, and the next 23 words are re

served for the pointers. This first subtable refers to TAZ number 

1, and so on. 

Algorithm: 

Each record which is read from the input tape is sorted by 

the impedances and the 23 nearest TAZ's are inserted into the 

subtable. TAZ's with impedances greater than IMPMAX (Maximum 

Impedance) v.ill not be entered into the table. 
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CDC 1700 Software 

Pool Creation subprogram CARPOO 

Function: 

1) For each destination, run through all of the Traffic 

Analysis Zones (TAZ's), calling the program GROUPR and 

passing the resulting group to TIMACH for time matching. 

2) Call program DREGS to match the unmatched applicants with 

the already formed pools. 

3) Write on tape the formed pools. 

Input Description: 

All applicants are to be put on the disk (unit 1), and all 

appropriate constants are to be set by program SORTAZ. See doc

umentation of SORTAZ for a description of the file and a list of 

the constants. 

Output Description: 

Pools are formed in two stages. The first set of pools are 

formed from people who are physically close - those in the same 

TAZ or in nearby TAZ's. The second set of pools consist of a 

match between those not matched in the first pass and already 

formed pools. This reduces the number of unmatched people to an 

acceptably low number, principally consisting of those who have 

an incorrectly filled out address and those who are sufficiently 

far away to have few or no formed pools in their zip code area. 

Pools in the first set are constructed as a record of 96 

words. They are stored in locations ISCPOO to ISECPO, inclusive, 

on disk 0. The record includes the matched applicants (listed 

by person number), the weighted average arrival andreparture 

times, destination, source TAZ, and all zip codes of the applicants 
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included. The form t is: 

words 

1-73 

74 

75 

76 

77 

78 

79 

80 

81-95 

96 

contents 

applicants 

MWF arrival time 

MWF departure time 

TTH arrival time 

TTh departure time 

destination code 

principal TAZ from which applicants were taken 

number of applicants in record 

zip codes of applicants 

number of zip codes in record 

The second set of pools are those created by program DREGS 

and are stored between locations ISECPO+l and IDSPOO, inclusive. 

The format for these consists of the person number in word 1, and 

the disk sectors of the successful pool matches in words 2 and 3. 

If one of these was not a successful match, the number is set to 

0. If both matches were to the same pool, the second number 

will be 0. 

Program DREGS generates a table of pools and sorts them by 

destination and zip code. Since this will be useful later for 

printing the match letters, the sorted table is stored on the 

disk starting at location IPOOTS. The table consists of 2500 

locations for zip codes, (ITZIP) and 2500 locations for pool 

numbers (ITPOO). The actual number of elements stored in these 

tables is the number of formed pools (excluding the DREGS pools), 

which is NPOOLS. The zip codes are sorted in ascending 

order and the pool numbers are carried along so that ITZIP(l) has 

the lowest zip code and ITPOO(l) has the number of that pool. 
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The program CARPOO will prepare a tape of the formed pools 

and the sorted table of pools. The format of the tape includes 

a header record of 10 words in binary mode, the first of which 1s 

the nmaber of pools (not including DREGS pools), and the others 

of which are not used. This is followed by the pool records in 

the format described above with one 96 word tape record per pool. 

Next, the :UREGS pools are similarly handled with a 10 word header 

record with the number of pools and the DREGS pools following. 

Again, 96 word records are used, although only the first three 

words are relevant. Flnally, the ITZIP and ITPOO tables are written 

in ten large binary record of 500 words each. 

Description of Algoritrw: 

The program reads lD the co~~~oN constants set up by SORTAZ, 

then sets up two loops, one runningfurough each destination and with-

in that another runnlng through each TAZ. CARPOO is responsible 

for keeping the TAZ index ~cable in core, and reads it in from 

disk, if necessary. It then calls GROUPR and checks GROUPR 1 s 

output flag, IGFLG. If -1, there were no people in that TAZ. 

If zero, some people were in that TAZ, and array ITIMES is 

set up with them. If +1, there were people in the TAZ, but more 

than ITIMES could handle. A second call with the same TAZ number 

is required. 

If IGFLG is -~, CARPOO proceeds to the next TAZ. If it is 

zero, CARPOO checks the number of drivers in the group (NDRIV). 

If there are some drivers, it calls program TIVillCH to create pools 

and set bits to indlca~e which people were matched. It then 

proceeds to the next TAZ. If IGFLG is +1, it again checks for 

drivers as above, but when TI~iliCH is finished, it goes back to 

GR00PR to get the rest of the people in that TAZ. In either case, 
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if no drivers are found, it goes on to the next TAZ without calling 

TIMACH. 

When finished with all destinations and all TAZ's within 

each destination, CARPOO calls in the DREGS program which attempts 

to match all unmatched prople with existing pools. It writes 

the formed DREGS pools on the disk. 

The final step in CARPOO is the saving of the formed pools 

on magnetic tape. (If for some reason this is not necessary, 

the 1700 console switch may be set to skip this step.) The program 

writes the header record and pool records for the regular pools 

and then for the DREGS pools and finishes with the table of sorted 

pools. CARPOO then updates the COMMON constants on the disk and 

stops. 

Operation: 

The disk data are prepared with program SORTAZ and a tape is 

mounted on unit 2 for the pools (if desired). The program CARPOO 

is then called in as an overlay file. It runs without operator 

intervention. 
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CDC 1700 Software 

§patial Grouping: Subroutine GROUPR 

Function: 

l) Extract from the g~ven TAZ all applicants who have the destination 

under consideration. 

2) If insufficient applicants are available, find the nearest 

TAZ 1 s which have already been considered and add applicants 

from them to the group being formed. 

3) Sort the applicants so that the drivers head the list followed 

by the passengers. 

Input Description: 

The input is the disk file of applicants, the TAZ index in 

array MATCH, the parameters NEXTAZ, MINGRP, MAXGRP, IDEST, which 

are respectively the TAZ to be considered, the minimum and 

maximum group sizes and the destination. 

Output Description: 

The output consists of the Table ITIMES with the applicants' 

times, the applicant numbers and zip codes, the parameters NDRIV 

and NPASS, the number of drivers and passengers, and IGFLG, the 

flag to indicate an empty TAZ, a normal TAZ which GROUPR has 

emptied and an overfull TAZ with more people to be handled later. 

Description of Algoritr~: 

The routine gets all people from the indicated TAZ and saves 

those with the correct destination. If the TAZ was used previously, 

it checks for already matched applicants and discards them. If 

insufficient people were found in the given TAZ, the Table of 

Nearness is referenced to get the nearest TAZ's. Those TAZ's 

which were already considered are re-examined for unmatched 
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people who can fill out this group. When the minimum group is 

exceeded (MINGRP) or there are no more useable TAZ's, the routine 

sorts the entries so that drivers occupy the front of ITIMES and 

the passengers occupy the rear. The flag IGFLG is set as needed 

(-1 is empty TAZ, 0 is TAZ with people, all of whom are in this 

group, and +1 for TAZ with so many people that all would not fit 

in this group.) The parameters NDRIV and NPASS are also set. 

The ITIMES table contains the MWF arrival time, MWF departure 

time, TTh arrival, TTh departure in the first four elements, the 

applicant number in the fifth, and the zip in the sixth element. 

If the applicant is only going to this destination on one of the 

day combinations, the arrival and departure times for the other 

day combination are set to 5000. If there is no one in this TAZ, 

no attempt is made to expand on the other near ones. 
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CDC 1700 Software 

Time Matching: Subroutine TIMACH 

Function: 

l) Given a group of people with spatial closeness, it set up a 

table with drivers across the top and drivers then passengers 

down the side. It then calculates the relative cost between 

each driver-passenger pair. 

2) Determine a relative cost of match between each driver and each 

passenger, and between drivers, then determine a best match 

between passengers and drivers. 

3) Create pools formed with drivers and their best-matched 

passengers and store the formed pool on the disk. 

3) Set flags to indicate which applicants were matched. 

Input Description: 

The input is provided by subroutine GROUPR. It consists of 

a table, ITIMES, with MWF arrival, MWF departure, TTh arrival, 

TTh departure times in the first four elements, the person number 

in the fifth element, and the zip code in the sixth. Also returned 

are NDRIV and NPASS, with the first NDRIV entries in ITIMES being 

the drivers and the next NPASS entries being the passengers. 

Output Description: 

The output consists of disk files containing the formed 

pool, in the format described in the documentation for CARPOO. 

Also, bits are set in the bit table to indicate which applicants 

were successfully matched. The variable ISECPO is incremented 

to point to the last pool formed. 
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Description of Algoritlli~: 

The parameters NDRIV and NPASS are used to set up an array 

in MATCH dimensioned at (NDRIV+l,NDRIV+NPASS), and costs are 

figured for each driver-driver pair and each driver-passenger palr. 

The cost algorithm is more fully described elsewhere, but 

briefly it is the sum of the absolute values of the differences 

in arrival and departure times. If a passenger must arrive 

before a driver, or depart after a driver, a penalty is added 

to the cost. The driver-driver costs are figured as the sum without 

penalties butarekept separate to discourage driver-driver matches. 

Each passenger is then examined to determine the best match for 

that person (this is the driver to which he/she has the lowest 

cost). If the cost is excessive (as determined by MAXDPC), no 

best-match is made. 

When all such times have been determined, each driver and the 

associated best-match passengers is treated as a pool. If the 

pool is smaller than MINPOO, the driver-driver costs are examined 

to find the best match with some other driver,(and that driver's 

pool of passenger~ and these are added to the pool. When enough 

have been added to make a large enough pool, the result is stored 

on the disk with all zip codes of the people in the pool and 

with an average set of times. This average is used by DREGS 

to match up the leftovers. 

Finally, the bit flag is set for those who were matched. 

General comments: 

The quality of the time matching is determined by the 

constants MAXDDC, MAXDPC and MAXDRC, the maximum allowable costs for 

driver-driver matches, driver-passenger matches, and DREGS matches, 
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expressed in mi~~tes. Recall that TI~ffiCH matches up each passenger 

to the driver with which he or she has the smallest cost or time 

difference. If ~hat smallest cost is greater than MAXDPC, no 

match is made. The~ ~he driver with accompanying best-matched 

passengers forms the nucleus of a pool. If the number of people 

in this pool is less 'chan MINPOO, the minimum acceptable pool size/' 

the driver-driver costs are exa•·nined for the closest match. 

this cost is less 'char" iY"iAXDDC, the second driver with any 

attached passengers is attached to the pool. The process is 

repeated until MINPOO is met or exceeded or until no further 

drivers are ava1lable wi~h a low enough cost. To tune this 

section, the first consideration is the maximum acceptable 

driver-passenger match. Again, this is highly dependent on the 

group being matched. For business considerations, a total mismatch 

of 30 minutes (each day) might be just barely tolerable, while 

in a university setting, three or four hours might be quite accept-

able. The second consideration is the driver-driver cost. Here, 

it is necessary to realize that each driver is accompanied by a 

group of passengers each of which was matched with the above 

criterion. Thus, it is possible that in the worst case, two 

passengers might mismatch by as much as twice the MAXDPC plus the 

MAXDDC. It would seem then that the driver-driver cost should be 

made srna ll . The other consideration is that if there is a large 

number of drivers in ~he group, each driver will~ve few or no 

passengers at.t.ached and Yi.AXDDC can be made larger to enhance the 

chance of drivers beil-"g <c.atched. The maximum costs thus depend 

on ~he time desires of the people being matched and the ratio of 

drivers to passengers. 

The DREGS match lS hand~ed in a similar manner but with new 
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considerations. First, the spatial size is much larger here,en

compassing entire zip code areas. Second, this algorithm takes 

advantage of the fact that university schedules are substantially 

divided into Monday-Wednesday-Friday times (MWF) and Tuesday

Thursday times (TTh). The DREGS program conducts two matching 

runs: the first compares MWF times with the average times of each 

pool in the zip code, the second compares TTh times with the average 

TTh pool times. This generates two pool matches - one for each 

day combination. To tune this part, the MAXDRC can be set lower, 

both because of the larger area (it is doubly disappointing to be 

matched with someone who is both very far away and who has a widely 

differing schedule, and the larger area (hopefully) gives a large 

number of pools to be matched with), and the finer degree of 

matching. Because this is the last resort for these people and 

the philosophy is that any match no matter how bad is better 

than no match, the MAXDRC may be set artificially high. 

It is assumed that with a sufficiently large number of 

applicants, very small differences can be specified for the matches, 

and the resulting pools should be composed of extremely close matches. 

In such a case, the group size will typically exceed MINGRP just 

with the people in a ffingle TAZ and the Nearness Table need not 

be accessed. Further, with the large group size, smaller time 

differences can be specified with some hope of meeting them. It 

is suggested that several runs on the data be made (without printing 

the pool letters) and the resulting matches analyzed statistically 

for closeness and time differences. (On our machine, a run with 

about 3000 applicants takes about 15 minutes and larger groups 

would take less time per applicant.) 
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CDC l7CO Softwa=2 

Matching of JmT.a tched Applicants: Subroutine DREGS 

Functlon: 

l) Sort the created pools by destination and, within each 

destination, by zip code. 

2) For each applicant who was not matched in the previous pass, 

attempt to match him or her with some already formed pools 

within the same zip code area. 

Input Description: 

The input consists of the applicant file on the disk l, as 

set up by SORTAZ, the bit table also maintained on disk l, and the 

pool file formed on disk 0. Also used are common constants specifying· 

the location and length of these files, and cost factors governing 

the formation of dregs pools. 

Outout Description: 

The output consists of disk records stored on disk 0 

containing a pointer to the~plicant (the applicant number) and 

one or two poin-cer:s to already formed pools (the sector on which 

the pool is stored - with zero indicating no match). 

Description of Algorithm: 

The first step is the sorting of the existing pools, first 

by destination, then within each destination, by zip code. Each 

pool is read ln and an en·c:.::y made to two tables: the first containing 

the zip code (on this machine, the last four digits of the zip 

code), and the second containing the pool pointer (sector number 

of the pool) . If a pool has applicants from more than one zip 

code area, one entry is made for each. Since the pools on the disk 

are arranged by destination, the table is also arranged by destination 
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A check is made to determine where one destination 1 s poo~end 

and the next start. The table of pools is then used to find 

matches for the unmatched applicants. 

Each unmatached applicant is then read in and compared with 

the pool table. The applicant's destination and zip code are 

extracted from the record. The appropriate section of the table 

is then examined to see if there are any pools with the correct 

zip. If not, the program goes on to the next applicant. If so, 

all pools with the same zip are read in and their average times 

are entered in the table ITIMES with the pool pointer in the fifth 

word. Then the applicant's MWF times are compared with the MWF 

times of these pools (a penalty system is used similar to the 

one in TIMACH). The best match is retained and checked against 

MAXDRC. If acceptable, the pool pointer is retained for the 

best pool. The process is repeated for the TTh times. This gives 

two matches (which may be zero to indicate an unsatisfactory match). 

If the two matches are to the same pool, the second match is 

converted to zero, to avoid duplication. If both matches are 

zero, the program goes on to the next applicant. 

If at least one satisfactory match is made, the resulting 

record with the applicant number first followed by both matches 

(including the zero, if necessary) is stored on the disk 0, above 

the first pass pools. The applicant's bit in the bit table set to 

flag a match. 

-31-



CDC 1700 Software 

Letter ?rir.tins: Subprogra.."Tt OUT?OO 

FLJ.nction: 

l) Read the pool data and restore it on the disk if needed. 

2) Call the three subroutines which print the letters. 

innut Description: 

Mag. tape prepared by CARPOO, mounted on tape unit 2, and 

applicant data on disk. 

Output Description: 

Letters to applicants in three groups, plus statistics. The 

first group, prepared by subroutine WINNRS, contains the zip-

sorted letters to successful first-pass matches. The second, 

prepared by DREGRS, contain the DREGS match pools, in order of TAZ. 

The third, prepared by LOSERS, contains the unmatched people, 

sorted by TAZ. 

Operation: 

Tape is mounted on tape unit 2, program is called in and 

letters are printed on standard binary output device, and statistics 

on standard list device, then stops. Tape reading may be skipped 

(if data is already on disk) by leaving skip switch up. 

-32-



CDC 1700 Software 

Letter Printing: Subroutine WINNRS 

Function: 

l) To print out the letters to those matched on the first pass 

of the program, sorted by zip code within each destination. 

2) To print out a statistical summary of the pool makeup. 

Input Description: 

The records of formed pools stored on the disk with the 

applicant records form the input to this routine. 

Output Description: 

The correctly formatted records are printed on the standard 

system binary punch device, which is usually a magnetic tape to 

form a semipermanent record of the letters. A system transfer 

may be used to print the information. Statistics are printed on 

the standard system list device. 

Description of Algorithm: 

The program reads in a pool number from the sorted table of 

pools and reads in the pool record. Each applicant in that 

pool is read in, and, if that applicant has the correct zip, a 

letter is prepared to that individual listing all of the other 

members of the pool. (Each pool is entered in the sorted pool 

table once for each zip code represented in the applicants, so 

those applicants with different zip codes will get their letters 

printed in zip code order. 
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CDC l700 Software 

Letter Printing: Subroutine DREGRS 

Function: 

1) To print out tne letters to those matched on the DREGS pass 

of the program. No attempt is made to sort these. 

2) To print out statistics on the number and types of pools 

.c ., 

.~..ormea. 

Input Description: 

The records of DREGS pools, the records of formed pools, and 

the applicant records stored on the disks form the input records 

for this. 

Output Description: 

The correctly formatted records are printed on the standard 

system binary punch device. Statistics are printed on the 

standard system list device. 

Description of Algori·thm: 

Each DREGS pool is rea d in and the corresponding applicant 

record and pool record(s) are read in. A letter is prepared 

to the DREGS matched applicant, listing the other people in the 

formed pool(s). 
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CDC 1700 Software 

Letter Printing: Subroutine LOSERS 

Function: 

1) To print letters to those who were not matched by the program 

with some attempt to explain why that might have happened. 

2) To print statistics on the makeup of the rejects. 

Input Description: 

Same as input for OUTPOO 

Output Description: 

Letters to applicants on standard system binary output device. 

Statistics on standard system list device. 

A1goritmn: 

The program runs through the bit table, finding applicants 

who were not matched. Each unmatched applicant is analyzed for 

incorrect zip code (less than 54000 or greater than 56400), ADMATCH 

reject (TAZ in MXTAZl), and St. Paul as a destination. Paragraphs 

are added to the letter as needed to suggest bad zip, bad address 

or the possibility of pooling to the Minneapolis campus next time. 

Statistics keep track of the number with one, two or three of the 

above problems. 
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IV. Prog-rarn Operation 

The program requires very little operator intervention. It 

is assumed that the operator is familiar with the operation of the 

CDC 1700 computer and can handle such conditions as a tape error 

or missing program on the disk. 

The tape units are loaded with the appropriate tapes. Unit 0 

is loaded with the output from the ADMATCH program, unit 1 with 

the SKIM TREE File and unit 2 with a blank tape which will receive the 

pool records and sorted pool file. The last step is optional -

it is also possible to run the printing directly from the disk. 

The disk drives are loaded with the appropriate system disk -

the one on which the programs are loaded - and a scratch disk. The 

system is autoloaded and the overlay processor is used to get the 

programs. The first program called is SORTAZ. This program reads 

in the applicant data from AD~illTCH, sorts it on the disk, reads in 

the SKIM TREE File, creates the Table of Nearness on the disk, sets 

up the appropriate disk constants and exits with the message 

"FILE INITIALIZATION COMPLETE". Error messages will appear if 

too much data is entered for the disk file system to handle, or if 

the input data is defective. These are fatal errors and correction 

of the problem is necessary before the program can be run. 

The next program called is CARPOO. This uses the disk files 

to create the pools. No progrruu-generated error messages will 

appear. This is the program which writes on the tape on unit 2. 

When finished writing, the tape is endfiled and rewound and the 

program exits. 

The last program is OUTPOO, which prints the letters on the 

standard binary punch device (FORTRAN logical unit 2) and the stat

istics of operation on the standard list device. These can be set 
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from the typer console as desired. It is suggested that a magnetic 

tape be used for the letters in the event a printer failure occurs. 

This would eliminate the necessity of rerunning the pooling 

program. 

The letters can then be printed with standard system trans

fer programs. 
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V. Appendix A 

CDC 1700 Software 

Miscellaneous Routines: 

The program maintains a bit table - one bit for each applicant -

which is ex&~ined by GROUPR and DREGS to determine which applicants 

are already matched. The routines which access this are: 

FUNCTION IBIT{IAPP) Returns 1 or 0 if the applicant lAPP is 
matched or not. 

SUBROUTINE SETBIT{IAPP) Sets the bit for applicant IAPP. 

SUBROUTINE CLRBIT(IAPP) Clears the bit for applicant IAPP. 

SUBROUTINE ENDBIT This is called to ensure that the disk bit 
file is modified to reflect the last changes 
(which, to minimize disk operations, are stored 
in core). 

Input output routines are written in a generalized fashion to allo~N 

modification for any of the machines on which this is to be run 

by simply rewriting the machine-dependent I/0 routines: 

SUBROUTINESDISKWR/DISKRD(IDISK,ISECTR,IBUFFR,NWORDS) Writes 
or reads to/from disk unit IDISK on sector 
ISECTR NWORDS words from/to the buffer IBUFFR. 
References are made to two units, 0 and 1, but a 
physical disk can be divided into as many units as 
desired in the routine. 

SUBROUTINESTAPEWR/ TPERD(ITAPE,IBUFFR,NWORDS,IPARIT) Writes/reads 
to/from tape unit ITAPE NWORDS words from/to the 
buffer IBUFFR, with parity (even or odd) determined 
by IPARIT (0 is even, 1 is odd). Tapes 0 to 3 
are used here. 

SUBROUTINES REWIND/ENDFIL/UNLOAD(ITAPE) Rewinds, endfiles, or 
unloads {rewinds and leaves not ready) the tape 
unit ITAPE. 

FUNCTION IEOF(ITAPE) Returns a 1 if an end of file was detected 
on the last read from tape unit ITAPE. Returns 0 if not. 

Comments to the operator are handled by a single subroutine, which 

can be modified to put the comments on a comment device, or 

include them on the standard list device or ignore them. The 
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subroutine is; 

SUBROUTINE KOMENT(IFRMAT) Prints the comment in the format 
statement assigned to IFRMAT. If -IFRMAT is used, 
the message is printed and the program waits for 
a carriage return (CR) before continuing. 

The applicants are returned from the TAZ index as needed by the 

calling program, inthiscase GROUPR. One routine returns all 

applicants with the same TAZ by using repeated calls. The routine 

is used as follows: 

FUNCTION IGETAZ(NEXTAZ,N) This returns as a function value 
the number of the next applicant, or -1 as a 
flag indicating no more people. N must be init
ialized once to zero for each TAZ. 

It is quite often necessary to manipulate characters, or strings 

of characters from the various applicant records. This is facilitated 

by several routines which must be tailored to each machine 1 s 

particular method of handling characters: 

FUNCTION IGETCH(IBUFFR,N) Returns as function value the N'th 
character in the buffer IBUFFR. 

SUBROUTINE IPUTCH(NCHAR,IBUFFR,N) Puts the character NCHAR 
into the buffer IBUFFR at location N. 

SUBROUTINE STRMOV(IBUFFR,NIBUFR,NCHAR,JBUFFR,NJBUFR) Moves the 
string of characters NCHAR long starting at the 
NIBUFR character in IBUFFR, into the buffer JBUFFR 
starting at character NJBUFR. 

FUNCTION IGETNUM(IBUFFR, ISTCHR,LSTCHR,IFLAG) Converts the 
characters in the buffer IBUFFR from character nt~bers 
ISTCHR to LSTCHR into a number, and returns it 
as a functional value. IFLAG is returned -1 if 
no digits were found in those characters, 0 if the 
number was found right-justified in the field, and 
>0 if a delimiter (non-digit character) was found in 
the field within the digits. The returned number 
represents those digits before the delimiter, 
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