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This paper describes the coding techniques and machine procedures worked 
out to facilitate a rapid assignment o e3q>ressways in the Detroit area. Us
ing this assignment method 23,50r sone-to-zone movements were assigned 
to a network of e;?>ressways anc -)nnecting arterials totaling 375 miles in 
slightly less than three weeks. 

Features of this assignment procedure are that alternate distances can 
be rapidly and accurately estimated by a machine technique. Second, is a 
method of treating expressway trips in parts and matching parts together 
to form trips thus eliminating the necessity of reviewing and coding each 
zone-to-zone transfer individually. Finally, the adaptability of this pro
cedure to high speed computing and summarizing techniques makes possible 
a tremendous conservation of time and manpower. 

PART I : INTRODUCTION 
# TRAFFIC assignment serves several useful purposes. One of the most important 
of these is in testing new route proposals for their ability to serve the traffic needs of 
an area. Traffic assignment can provide a very reasonable estimate of the demand for 
usage of new route proposals. It can point out locations where impossible overloads 
might develop or where traffic loads are not sufficient to justify expressway or free
way type construction. 

Ideally a plan should be based on the traffic pattern developed from origin and des
tination information. After the plan is carefully worked out then it should be subjected 
to test by traffic assignment. This test might indicate that some rearrangement of 
routes is necessary or that new routes should be added or perhaps others dropped from 
the plan. Based on the test the plan should be revised and then tested again by assign
ment. This process should be continued within the limits of time until a suitable plan 
is devised. The best plan from a traffic service standpoint would be the one which 
served the most trips with more vehicle miles travelled on the routes of the plan (thus 
relieving existing streets) and had the most even or balanced distribution of traffic 
loads throughout the system. 

This system of testing and revision is highly desirable but it had not been possible 
in the past due to the time required to complete an assignment. Measurements of 
distance and time via a proposed and alternate route for each zone-to-zone movement 
and calculation of ratios and allocation of traffic have been done manually. In addition 
to the time involved assignment has been subject to considerable human error. In the 
last decade the summary and tabulation has been mechanized to a certain extent, by 
the use of electronic tabulation and data processing equipment. Even so, the traffic 
assignment was st i l l time consuming, tedious and subject to human error which was 
almost impossible to prevent or detect. In one city even with the aid of electronic 
data processing equipment the assignment took over a year to complete. The analysis 
and assignment took so long that the basic traffic pattern was considered outdated due 
to the rapid suburban growth and increase in vehicle registration. 

The Staff of the Detroit Study was faced with the problem of assigning 23, 500 trans
fers between zones (actually over 47, 000 zone-to-zone transfers) to over 230 miles of 
proposed new routes. The time allotted for this job in the work program was six weeks. 
A manual assignment with an individual inspection of each zone-to-zone movement was 
out of the question. 

To solve the assignment problem a highly mechanized procedure was developed 
which systematized the coding operation and eliminated many repetitive computations. 
This procedure made a complete assignment possible within three weeks with a small 

1 amount of manual work required. This included all necessary coding, keypunching, 

i 



28 

100 

90 

80 

70 

60 

SPEED RATIO CURVES 

50 L 

30 L 

10 1 

07 08 09 10 I I 12 13 14 

DISTANCE RATIO 

17 18 19 

A INDICATES POINTS WHERE SPEED AND DISTANCE RATIO COMBINATIONS ARE E Q U I V A L E N T TO 
A TIME RATIO OF I 0. 

Figure 1. Expressway usage as related to speed and distance rat ios . 

data processing and tabulation of assigned volumes. The tabulation listed the volumes 
of all turning movements through every interchange and also the volumes approaching 
and leaving each leg of all interchanges. The assignment was done for 1953 traffic 
data as well as 1980 traffic data. While this procedure is highly mechanized it s t i l l 
permits the exercise of engineering judgement in selecting and coding travel routes for 
all transfers. 

The purpose of this report is to present the method of assignment as worked out by 
the Detroit Staff. The report is organized as follows: Part I I presents the basis for 
the assignment and describes the mechanical procedure in great detail; Part HI pre
sents the results and analysis of the assignment including a discussion of assignment 
versus flow, and suggestions for further research. 

PART H: ASSIGNMENT PROCEDURES 
Basis for Assignment 

The assignment to expressways in Detroit was based on combinations of compara
tive distance and speed for an expressway and an alternate route. A family of distance 
and speed-ratio curves previously developed and made the subject of a paper presented 
at the Highway Research Board in January 1955 (See Bulletin 119, Highway Research 
Board, Washington, D.C.) was used to allocate trips to expressways. These curves 
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a re shown on F i g u r e 1 . T o u t i l i z e these c u r v e s , dis tance and s p e e d - r a t i o s had to be 
ca lcu la ted f o r the a l t e rna te and e}q}ress rou tes . I t was shown i n the r e p o r t r e f e r e n c e d 
above tha t w i t h an assumpt ion of the r a t i o of speed on expressways t o speed f o r c i t y 
s t r ee t t r a v e l the r a t i o of average speeds cou ld be ca lcu la ted us ing on ly dis tance meas 
u re s . The f o r m u l a f o r obta in ing the o v e r a l l speed- ra t io when a 2:1 r a t i o of exp re s s 
way speed to c i t y s t r e e t speed i s assumed i s as f o l l o w s : 

T o t a l expressway t r i p d is tance 

Speed Rat io = One-ha l f of the dis tance on the expressway 
+ d is tance between expressway and zone 
cen te r s . 

T h e r e f o r e , bo th the speed and dis tance r a t i o s can be ca lcu la ted us ing on ly dis tance 
measurements and an assumpt ion o f the r a t i o o f speed on e ^ r e s s w a y s to speed on c i t y 
s t r ee t s . T h i s assumpt ion of the r a t i o of speed on expressways t o speed on c i t y s t r ee t s 
f o r some f u t u r e date i s j u s t as l o g i c a l as the assumpt ion of ac tua l speeds and m e a s u r e 
ment o f t r a v e l t i m e f o r i n d i v i d u a l s t r ee t s i n the f u t u r e . I n add i t ion t o be ing l o g i c a l t h i s 
technique e l i m i n a t e d the need f o r mak ing speed n m s ove r many s t r ee t s f o r use i n de te r 
m i n i n g t r a v e l t i m e s . 

T h i s method of d e t e r m i n i n g speed and d i s t a n c e - r a t i o s made the basic measurements 
eas ie r bu t the re was s t i l l the p r o b l e m of c o m p a r i n g two rou tes f o r each of the many i n 
d i v i d u a l t r a n s f e r s between zones. I n D e t r o i t t he re w e r e 264 ana lys i s zones i n c l u d i n g 
10 e x t e r n a l s ta t ion groups w i t h p o s s i b i l i t i e s of each having in terchange w i t h a l l o the r s . 
T h e r e ac tua l ly w e r e s l i g h t l y ove r 23 ,500 I n d i v i d u a l t w o - w a y t r a n s f e r s between zones 
out of the 34,800 poss ib le . 

The A p p r o a c h to the P r o b l e m 

The approach to the p r o b l e m of developing a p rocedure f o r m a k i n g a r a p i d a s s ign 
ment of t r a f f i c was one o f b r e a k i n g the p r o b l e m in to i t s s i m p l e s t p a r t s and t r y i n g to 
f i n d an answer to each p r o b l e m i n t u r n . F o r example , the ass ignment p r o b l e m can be 
b roken in to th ree basic p a r t s as f o l l o w s : 

1 , M e a s u r i n g and r e c o r d i n g dis tance f o r the m o s t convenient (shor tes t ) rou te of 
t r a v e l v i a c i t y s t r ee t s f o r a t r a f f i c vo lume t r a n s f e r between two zones. 
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Measures of Trip Distance for the Detroit Area. (Detroit 
Metropolitan Area Tralflc Study. 1955). 

Figure 2. Comparison of distance factor and a i r l i n e distance. 

2. M e a s u r i n g and r e c o r d i n g dis tances f o r the same t r a n s f e r v i a a rou te u t i l i z i n g 
expressways . T h i s second step was d iv ided in to two p a r t s . F i r s t , d is tances w e r e r e 
corded between zone cen te rs and expressway r a m p s and second, dis tances and t u r n i n g 
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movements w e r e coded f o r the expressway rou t e . The dis tance t r a v e l l e d on the e x 
p ressway and the dis tance get t ing to and f r o m expressways w e r e tabula ted separa te ly 
so speed r a t i o s cou ld be de t e rmined . 

3. C o m p a r i n g the route measurements obtained i n step 1 and 2 above and the c a l c u 
l a t i on of speed and d i s t ance - r a t i o s and f r o m these r a t i o s d e t e r m i n i n g the a l l o c a t i o n of 
t r i p s t o expressways . T h e p rocedure used i n w o r k i n g ou t each of these p r o b l e m s i s 
de ta i l ed be low. 

Measurement of A l t e r n a t e Route Dis tance 

T h i s p r o b l e m was approached w i t h the idea that t he r e i s a p r ed i c t ab l e r e l a t i onsh ip 
between " s t r a i g h t l i n e " o r " a i r l i n e " dis tance between t w o poin ts and the ac tua l " o v e r -
t h e - r o a d " d i s tance . I f the s t r e e t s y s t e m w e r e a p u r e g r i d then the " o v e r - t h e - r o a d " 
dis tance would be the same o r v e r y near the same as the " r i g h t - a n g l e " d is tance . H o w 
ever , s t ree t s i n the D e t r o i t a rea were not l a i d out i n a s i m p l e g r i d p a t t e r n , and the re 
w e r e many diagonal and r a d i a l s t r ee t s . T h e r e f o r e , to d e t e r m i n e the r e l a t i o n s h i p b e 
tween " a i r l i n e " and " o v e r - t h e - r o a d " d is tance a r andom sample of over 200 i n d i v i d u a l 
zone- to-zone movements was selected f o r t e s t ing . The " a i r l i n e " d is tance was c a l 
cula ted between each p a i r of zones, and the d is tance v i a the best a r t e r i a l rou te was 
measured . F r o m a c o m p a r i s o n of " a i r l i n e " ve r sus " o v e r - t h e - r o a d " d is tance the cu rve 
shown i n F i g u r e 2 was cons t ruc ted and a m a t h e m a t i c a l r e l a t i onsh ip was d e t e r m i n e d . ' 
The r e l a t i onsh ip had a 0.993 c o r r e l a t i o n r a t i o . F o r the sample used, a v e r y accura te 
a p p r o x i m a t i o n of c i t y s t r ee t dis tance was obtained f r o m c o n v e r t i n g " a i r l i n e " dis tance 
b y a f a c t o r dependent on the t r i p l eng th . T h e r e f o r e , i f the " a i r l i n e " d is tance between 
two zones i s known, a c lose a p p r o x i m a t i o n of average a l t e rna te c i t y s t r ee t dis tance 
can be de t e rmined by us ing t h i s c u r v e . 

The quest ion then i s how can the " a i r l i n e " dis tance be ca lcu la ted f o r the v a r i o u s 
p a i r s of zones exchanging t r i p s . T h i s p r o b l e m was so lved b y o v e r l a y i n g and key ing a 
h a l f - m i l e g r i d pa t t e rn to the Study A r e a . Then the coord ina tes of the geographic center 
of each zone w e r e de t e rmined . " A i r l i n e " dis tance between two zones was ca lcu la ted 
by an e l ec t ron ic c a l c u l a t o r ( IBM604) . T h i s d is tance was s i m p l y the hypotenuse of 
r i g h t t r i a n g l e . Given the coordinates of the zone cen te r s i t was a s i m p l e ca l cu l a t i on 
f o r the 604. I n the same opera t ion the 604 appl ied an app rop r i a t e f a c t o r as d e t e r m i n e d 
f r o m F i g u r e 2 to the " a i r l i n e " dis tance to approx ima te the " o v e r - t h e - r o a d " d is tance . 
These dis tances w e r e punched in to the zone to zone t r a n s f e r c a r d s . ( C a r d 089—see 
appendix f o r c a r d layout ) . T h i s measurement technique made poss ib le a t remendous 
t i m e saving i n ca l cu l a t i ng c i t y s t r ee t d is tance . The 604 does ca lcu la t ions at the r a t e 
of 6 ,000 an hour ; so a l l the distances w e r e d e t e r m i n e d i n less than f i v e hours a f t e r 
the ca rds w e r e p r e p a r e d and i n s t ruc t i ons w i r e d in to the 604. The whole p rocess of 
coding , punching and tabula t ion takes one pe r son about two days . T h i s again i s to c o m 
pute a l te rna te rou te dis tance f o r a l l 23 ,500 t r a n s f e r s . 

The second p r o b l e m was one of t r a c i n g and r e c o r d i n g a rou te us ing expressways 
f o r a movement between two zones. The D e t r o i t so lu t ion to t h i s p r o b l e m i s de sc r ibed 
be low. 

T r a c i n g the E3q)ressway Rout ing 

The e}q)ressway r o u t i n g was an e n t i r e l y d i f f e r e n t p r o b l e m f r o m the a l t e rna te r o u t i n g 
and i t s so lu t ion was not as s i m p l e . Since t u r n i n g movements and es^ressway mi leage 
were r e q u i r e d f o r the expressway route i t appeared that some manua l coding would be 
necessary . T h e r e f o r e , e f f o r t s we re d i r e c t e d t o w a r d de . s ing a s i m p l e and sys temat ic 
method of manua l ly coding routes so that a m i n i m u m amount wou ld be s u f f i c i e n t . Many 
zonal p a i r s have s i m i l a r rou t ings f o r a p o r t i o n of the t r i p between t h e m . F o r example , 
i n F i g u r e 3 the rou te f r o m Zone A to the e ^ r e s s w a y r a m p m i g h t be the same when 
Zone C , D o r X i s the des t ina t ion zone. L i k e w i s e , the r o u t i n g ove r the expressway 
ne twork m i g h t be the same f o r many p a i r s of zones. I n F i g u r e 2 the route f r o m B to 
C, D , o r X i s the same ove r the expressways as the rou te f r o m A to these zones. Thus 

^ F o r comple te d i scuss ion see "The Rela t ionship Between O v e r - T h e - R o a d an J Geome t r i c 
Measures o f T r i p Dis tance f o r the D e t r o i t A r e a , " 8pp. m i m e o . , September , 1955 
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much of the r o u t i n g f o r these s i x t r a n s f e r s i n the example i s dupl ica ted . I t i s pos 
s ib le that a r o u t i n g between an expressway r a m p and a p a r t i c u l a r zone center cou ld 
have been used 263 t i m e s s ince the re a r e 263 o the r zones w i t h w h i c h t h i s zone cou ld 
exchange t r i p s . I f sect ions of routes cou ld be coded once and then used over and ove r 
again whenever they appear as p a r t of an expressway t r i p , the coding would then be 
much s i m p l e r . The f o r e g o i n g hypothesis 
p r o v i d e d the bas i s of the expressway route 
t r a c i n g p rocedure developed by the s t a f f . 

T h e r e a re th ree th ings w h i c h should be 
pointed out f o r an vmderstanding of the c o d -
m g sys t em. F i r s t , a l l zone- to-zone 
t r a n s f e r s used i n the ass ignment a r e t w o -
way, a l l - v e h i c l e t o t a l s , r ep re sen t ing i n 
terchange between zones. Second, even 
though the t r a n s f e r s a re two-way to ta l s 
a l l t r a f f i c was cons ide red to move f r o m 
west to east. T h e r e f o r e , f o r a p a r t i c u l a r 
zone- to-zone movement the zone havingthe 
sma l l e s t X coord ina te f o r i t s geographic 
center was a lways cons idered as the o r i g i n 
zone. T h i r d , e x i s t i n g i n d i v i d u a l zone- to -
zone t r a n s f e r s w e r e not cons idered i n t h i s 
coding method. Whole expressway t r i p s Figure 3. 
f r o m o r i g i n to des t ina t ion w e r e never zone to a 

coded as such . Ins tead these t r i p s w e r e 
coded i n p a r t s and by a sys t em of mas t e r 
c a r d i n g and machme match ing fashioned together to make a comple te t r i p v i a the e x 
p ressway n e t w o r k . 

The f i r s t p a r t i nvo lved coding a rou te and measu r ing dis tance between zone cen te r s 
and the f i r s t o r l as t in terchange used i n ge t t ing to o r f r o m the zone. The second step 
was to d e t e r m i n e rou t ings between a l l poss ib le combina t ions of f i r s t and las t i n t e r 
changes. Routings obtamed f r o m these two steps a re then combined as va r i ous zones 
ma tch together as o r i g i n s and des t inat ions of t r i p s and the e}q>ressway t r i p i s de t e r 
m i n e d . 

T o i l l u s t r a t e , cons ide r a p a r t i c u l a r zone and see how the expressway t r i p wou ld be 
coded. I f t h i s zone i s an o r i g i n then the des t ina t ion mus t be east of i t . F o r a t r a n s f e r 
between th i s zone and zones i n a p a r t i c u l a r sec tor east of i t t he r e w i l l be a p a r t i c u l a r 
expressway r a m p w h i c h wou ld p r o v i d e the best r o u t i n g v i a expressways . These t r i p s , 
a l l mov ing i n the same d i r e c t i o n w i l l pass th rough the same f i r s t in terchange of the 
expressway n e t w o r k and approach i t on the same l e g . I f t h i s zone i s a des tmat ion zone 
the best e x i t - r a m p and the las t in terchange the t r i p s could pass th rough could be de 
t e r m i n e d f o r a group of t r a n s f e r s between i t and o r i g i n s i n a s p e c i f i e d d i r e c t i o n . T h i s 
rou t i ng i s done f o r a l l zones as o r i g i n s and again f o r a l l zones as des t ina t ions and 
punched in to I B M mas t e r ca rds . The second coding opera t ion i s to code r o u t i n g between 
each in terchange and e v e r y o ther interchange so that rou t ings a r e known between a l l 
poss ib le combina t ions of one in terchange used as a f i r s t and another used as a las t i n 
terchange. A s p a r t of t h i s coding opera t ion t u r n i n g movements a r e r e c o r d e d f o r each 
interchange w h i c h l i e s on the expressway route between the f i r s t and las t in te rchange . 

T o i l l u s t r a t e how the expressway r o u t i n g i s obtained cons ider a t r a n s f e r between 
Zones A and B . Rout ing f r o m Zone A to the expressway and to the f i r s t in terchange i s 
g iven on the mas t e r c a r d coded i n step one above f o r A as an o r i g i n zone. L i k e w i s e 
the r o u t i n g f r o m the l a s t in terchange to Zone B w i l l be shown on the mas t e r c a r d coded 
f o r B as a des t ina t ion i n step one. The route on the expressways between the f i r s t and 
las t in terchanges i s de t e rmined f r o m the coding i n the second step w h i c h gives the 
r o u t i n g between a l l in terchanges . C o n t r o l l i n g on f i r s t and l a s t in terchange the r o u t i n g 
c a r d f r o m step two i s matched w i t h the ca rds f r o m step one to f o r m a comple te r o u t i n g 
b y e j ^ r e s s w a y . 

D e t e r m i n i n g T u r n s i n F i r s t and L a s t In terchanges . Thus f a r the coding and m a t c h -
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i n g of ca rds r e s u l t s i n obta in ing a l l the i n f o r m a t i o n needed f o r the expresaway rou te 
except the t u r n s i n the f i r s t and last in terchanges . I t should be obvious that these t u r n s 
cannot be r e c o r d e d i n the o r i g i n a l cod ing of the rou t ings between zones and in terchanges , 
because i t i s no t known w h i c h zones w i l l m a t c h up to make t r i p s . F o r a p a r t i c u l a r zone 
a l l t r a n s f e r s w i l l approach the f i r s t in terchange o r leave the las t i n the same d i r e c t i o n , 
but some may t u r n r i g h t , l e f t , o r go s t r a igh t t h rough depending on what the des t ina t ion 
zone i s and where the las t interchange i s . T o get a round th i s p r o b l e m a sys t em of i n 
terchange leg codes (ca l led approach and leave codes) and t u r n i n g movement codes w e r e 
devised . These codes a re d i f f e r e n t f r o m the usual codings i n that the t u r n s can be o b 
ta ined by adding the approach o r leave codes. F o r example , i n F i g u r e 4 a veh ic le ap
p roach ing on leg 1 and leav ing on leg 3 mus t make a 4 t u r n ( 1 + 3 = 4 ) . I n the same m a n 
n e r any t u r n i n g movement can be obtained by adding appropr ia t e approach and leave 
codes. I nc iden t a l l y , the number 2 was l e f t out of the l eg n u m b e r i n g because i t would 
r e s u l t i n two number 5 t u r n i n g movements ( i . e . , 1 -t- 4 and 2 -f 3 . ) 

How then does t h i s help i n so lv ing the p r o b l e m of t u r n s i n the f i r s t and l a s t i n t e r 
change ? I n coding the route f r o m o r i g i n to f i r s t in terchange the approach l eg number 
i s coded, and i n coding the route between l a s t in terchange and des t ina t ion zone the 
l eav ing leg of the las t in terchange i s coded. Then i n r o u t i n g t r i p s between f i r s t and 
las t in terchanges the l eav ing l eg of the f i r s t in terchange and approach l eg of the las t 
in terchange a r e coded. B y adding the approach and l eav ing codes f o r the f i r s t and 
las t in terchange , the appropr ia t e t u r n s a r e ob ta ined . 

Use of T r a v e l D i r e c t i o n Code. T h e r e i s s t i l l one o ther basic step w h i c h m u s t be 
expla ined . I t i s t r u e tha t f o r zones l y i n g i n a p a r t i c u l a r known d i r e c t i o n f r o m an o r i g i n 
o r des t ina t ion one p a r t i c u l a r route to an expressway r a m p and interchange can be p i cked . 
Cons ider again an o r i g i n zone. A l l des t inat ions mus t be east of i t . However , there i s 
a sec tor of a l m o s t 180" f r o m ju s t east of n o r t h to j u s t east of south w i t h i n w h i c h these 
des t ina t ion zones can f a l l . I t i s not l i k e l y t h e r e f o r e that the re w o u l d be only one best 
rou te between a zone and an expressway f o r a l l t r i p s l eav ing that zone. T o n a r r o w the 
range of choice of expressway r a m p s f o r any zone, a l l t r i p s w e r e c l a s s i f i e d in to one 
of e ight d i r e c t i o n groups depending upon t h e i r s lope. A l t h o u g h not a lways necessary 
th i s a l lowed eight choices of route between a zone and the expressway. I n coding i t 
was found that f o r some zones one route se rved a l l eight t r a v e l d i r e c t i o n s . T h u s , the 

number of routes and r a m p choices needed 
® v a r i e d f r o m one to e ight w i t h f e w zones 

r e q u i r i n g a l l e ight . 
T o s u m m a r i z e , rou te cod ing was done 

a b s t r a c t l y i n p a r t s and matched together 
as v a r i o u s combina t ions of o r i g i n s and 
des t ina t ions o c c u r r e d , to f o r m a comple te 
t r i p . Rout ing f o r a l l zones between zone 

_ _ center and f i r s t expressway in terchange 
© •* 1 » ® i s coded f o r e igh t poss ib le d i r e c t i o n s of 

leav ing when the zone i s an o r i g i n . Each 
zone i s coded i n the same manner f o r 
p o s s i b i l i t i e s as a des t ina t ion . Rout ing be 
tween each expressway interchange and 
e v e r y one having a h igher number i s a l so 
coded. A l l codings a r e t r a n s f e r r e d to 
punched cards and t r i p s a re cons t ruc ted 
by machine ma tch ing of mas t e r ca rds to 

® produce expressway rou t ings f o r a l l zone-
Figure 4. to-zone combina t ions . The coding ope r 

a t ion f o r the 264 ana lys i s zones i n the 
D e t r o i t a rea took about a week and a ha l f , w i t h s i x people coding . T h i s inc luded a 
comple te r ecod ing as a check. The success of t h i s k i n d of ass ignment depends a g rea t 
dea l on the accuracy of coding , since one m a s t e r c a r d m a y be used many t i m e s and any 
e r r o r s a re dupl ica ted each t i m e i t i s used. 

T h i s paper so f a r has d iscussed i n genera l the technique of coding and c a r d match ing 
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used i n ass ignment . A de ta i led explanat ion of the p rocedure i s presented next so that 
i t w i l l be thoroughly unders tood. 

Map P r e p a r a t i o n and E:q)ressway N u m b e r i n g . A necessary f i r s t step b e f o r e the 
coding can be s t a r t ed i s the p r e p a r a t i o n of maps and coding i n s t r u m e n t s . Severa l map 

450 0 8 

ONE INCH = ONE MILE 

TURN CODES 
3 33) INTERCHANGE 

RAMP 

453 ZONE CENTER 8 
NUMBER. 

EXPRESSWAY 

0 I DISTANCE ARTERIAL 

Figure 5. Section of expressway assignment coding map. 

prepa ra t i ons a r e r e q u i r e d b e f o r e one can begin cod ing . F i r s t the proposed expressway 
n e t w o r k mus t be p lo t t ed and a l l r a m p s , in terchanges and expressway sect ions located 
and designated i n a sys temat ic manner f o r easy r e f e r e n c e . Since the s t r ee t sy s t em i s 
not essen t ia l to th i s coding opera t ion , the expressway n e t w o r k can be p lo t t ed on a b lank 
ove r l ay , keyed to the s t ree t map. When the n e t w o r k has been p lo t ted and interchanges 
numbered , copies of the map should be reproduced f o r use i n coding the r o u t i n g between 

1 the f i r s t and las t in terchanges . A l l that i s needed f o r t h i s i s the in terchange number 
k and the d is tance between the in terchanges . D e t a i l r e q u i r e d f o r coding the r o u t i n g b e -
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tween expressways and zone cen te r s , can then be p lo t t ed on the o r i g i n a l t r a c i n g . F o r 
t h i s map , r a m p s must be located and numbered and a l l geographic zone cen te rs p lo t t ed 
and numbered . I t would be des i rab le to show a l l zone boundar ies on th i s map a lso . 
Dis tances between a l l r a m p s and between r a m p s and interchanges mus t a lso be meas 
u r e d and posted. Distances were measured and checked w i t h a map m e t e r . 

F i g u r e 5 i s an inset f r o m the coding map wh ich was used f o r ass ignment i n D e t r o i t . 
The map scale i s 1 i nch equals 1 m i l e . T h i s map i s i d e n t i c a l to the map the D e t r o i t 
coders used except f o r two de t a i l s . F i r s t , the zone boundar ies w e r e shown on the 
coders map i n l i g h t c o l o r e d p e n c i l . Second, to in su re that a l l coders r e co rded c o r r e c t 
approach and l eav ing codes f o r in terchanges , the l eg numbers of a l l in terchanges were 
designated w i t h a c o l o r e d p e n c i l . 

The expressway interchanges w e r e numbered f r o m n o r t h to south and west to east 
i n sequent ia l number as n e a r l y as poss ib le . Sections between interchanges w e r e d e s i g 
nated b y the number s of the in terchanges i t l a y between, a lways l i s t i n g the l o w i n t e r 
change number f i r s t . F o r example , the 
sec t ion between in terchanges 33 and 38 on 
F i g u r e 5 i s designated 3338. Ramps a re 
i d e n t i f i e d b y the sec t ion number p lus 
the number of the r a m p on the sec t ion . 
On sect ion 3338 the re a re two r a m p s 
designated 33381 an 3338!?. 

One o the r f e a t u r e of the map should 
be expla ined. The sys t em as shown i n 
cludes expressways and connect ing h i g h 
type a r t e r i a l s . Expressways a re d e s i g 
nated b y a s o l i d l i ne and the a r t e r i a l s 
by a dashed l i n e . These connect ing 
a r t e r i a l s we re conceived as not qui te 
as good as expressways i n t e r m s of 
s e r v i c e and capaci ty , but much be t te r 
than o r d i n a r y su r face a r t e r i a l s . B y 
t r a f f i c engineer ing techniques and some 
cons t ruc t ion these a r e t e r i a l s could be 
i m p r o v e d to a f f o r d much be t te r s e r v i c e 
than o ther a r t e r i a l s . T o account f o r the 
d i f f e r e n t i a l s e r v i c e p r o v i d e d , a 10 p e r 
cent add i t iona l i n c r e m e n t was added to 
the a r t e r i a l dis tance measures . T h i s 
added dis tance increased the distance 
r a t i o thus decreas ing ass ignment to a r 
t e r i a l s as c o m p a r e d to expressways . 

I n add i t ion to the map p r e p a r a t i o n , 
i t i s necessary to p r epa re a templa te 

DIRECTION 
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INTERCHAMGE APPROACH 
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T R I P ROUTE 

I l l u s t r a t i o n used to demonstrate 
t r i p routing v ia an expressway. 

showing the eight t r i p d i r e c t i o n sec to rs f o r o r i g i n s and des t ina t ions . (See F i g u r e 6 and 
r e f e r to t r i p d i r e c t i o n code). T h i s templa te i s used as a guide by the pe r son coding the 
r o u t i n g between zones and expressways . The center of the t empla te i s p laced ove r the 
zone center and the coder can then d e t e r m i n e wh ich zones have the p o s s i b i l i t y of ex 
changing t r i p s w i t h the zone being coded f o r any d i r e c t i o n of t r a v e l . The coder can 
then select the best rou te to get to o r f r o m the expressway i n s e r v i n g t r i p s between the 
zone be ing coded and a l l o the r zones f a l l i n g i n the d i r e c t i o n sec to r , f o r e ight d i r e c t i o n 
p o s s i b i l i t i e s . 

These p r e l i m i n a r y steps a r e f o l l o w e d by the p r e p a r a t i o n o f Tables 1 and 2. 
P r e p a r a t i o n of Coding Tab le 1 . The i t ems r e c o r d e d i n the ass ignment Tab le 1 a re 

shown be low i n heading f o r m . 
TABLE 1 

Zone No. Zone IS 0 or D Direction Code Ramp of Entrance 
or Exit 

Number of First or 
Last Interchange 

Approach or 
Lea vmg Code 

Airlme Distance 
Zone to Ramp 

Dist. Ramp to 
Interchange 
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I t e m s a re r eco rded i n th i s table f o r eve ry zone as an o r i g i n and des t ina t ion p o s s i 
b i l i t y and f o r eight t r a v e l d i r e c t i o n s . T h i s amounts to coding routes between zones 
and expressways s ix teen t i m e s f o r eve ry zone. However , about 70 percent of the c o d 
i n g i s dupl ica ted , s ince rou t i ng i s o f t en the same f o r 2 o r m o r e t r a v e l d i r e c t i o n s at a 
p a r t i c u l a r zone. Coding f o r o r i g i n s i s done separa te ly and independent of coding f o r 
zones as des t ina t ions . I t i s best to have one person code a l l o r i g i n p o s s i b i l i t i e s and 
another code a l l des t ina t ion p o s s i b i l i t i e s . A f t e r coding i s comple ted and checked the 
data should be punched in to I B M cards (card 087) and kept as two separate decks , one 
of o r i g i n s , the o ther of des t ina t ions . 

The f i r s t c o l u m n i n Tab le 1 i s zone number . T h i s , of cour se , i s the number of the 
zone f o r w h i c h the r o u t i n g i s be ing coded. Zones a r e taken i n r o t a t i o n b y n u m e r i c a l 
o r d e r . A l i s t of zones ranked n u m e r i c a l l y i s a handy c h e c k l i s t to i n s u r e a l l zones a r e 
coded. I n the second c o l u m n (1) o r (2) i s en te red to indica te that the zone i s being 
cons idered as an o r i g i n (1) o r a des t ina t ion (2). The t h i r d c o l u m n i s used to show the 
t r a v e l d i r e c t i o n be ing coded, of the eight poss ib le . I t i s t h i s step i n coding where the 
t empla te desc r ibed e a r l i e r , i s used. The r a m p of entrance i f the zone i s an o r i g i n , 
o r r a m p of e x i t i f the zone i s be ing cons idered as a des t ina t ion i s r e co rded i n c o l u m n 
f o u r . C o l u m n f i v e i s used to show the number of the f i r s t in terchange f o r o r i g i n zones 
o r the las t interchange f o r des t ina t ion zones. The number of the l eg used i n approach
i n g the f i r s t in terchange o r i n l eav ing the las t in terchange i s en tered i n c o l u m n s i x . 
Next the a i r l i n e dis tance f r o m the zone to the ind ica ted r a m p i s en tered . T h i s d is tance 
i n mos t cases w i l l not be the dis tance f r o m zone cen te r t o r a m p , bu t w i l l be an e s t i 
mated average dis tance to the r a m p f r o m any place i n the zone. Zone boundar ies a re 
necessary to obtain an accura te judgment of t h i s d is tance , and that i s why the bounda
r i e s a re shown on the coding map . The las t e n t r y i n t h i s table i s the dis tance between 
the ind ica ted r a m p and in te rchange . T h i s d is tance i s r e a d f r o m the map s ince d is tance 
was p r e v i o u s l y posted f o r the expressway s y s t e m . 

The " a i r l i n e " dis tance between the zone and r a m p (now i n c a r d 087) i s m u l t i p l i e d 
b y a constant 1.25 f a c t o r to conve r t i t to equivalent a r t e r i a l m i l eage . T h i s ca l cu l a t i on 
i s made by the I B M 604. I n addi t ion the 604 adds a constant 0 . 1 m i l e to each zone t o 
r a m p dis tance to account f o r t r a v e l on the r a m p s i n ge t t ing f r o m su r face s t ree t s to e x 
pressways . T h i s f i n a l s t r ee t d is tance i s punched in to the 087 c a r d s . 

T h i s comple tes the coding r e q u i r e d to f i l l i n Tab le 1 . The o ther cod ing opera t ion 
i s the designat ion of r o u t i n g between the f i r s t and l a s t in te rchanges . T h i s r o u t i n g i s 
r eco rded i n Tab le 2 . 

P r e p a r a t i o n of Coding Table 2. Table 2 was set up to r e c o r d the e :^ res sway r o u t i n g 
and t u r n i n g movements between the f i r s t and l a s t in te rchanges . T h e layout of Tab le 2 
i s shown be low. 

TABLE 2 
ROUTING OF EXPRESSWAY TRIPS BETWEEN INTERCHANGES 

First 
Interchange 

Leaving 
Code 

Last 
Interchange 

Approach 
Code 

mTERCHANGE TURNING MOVEMENTS Distance Between 
Interchanges 

First 
Interchange 

Leaving 
Code 

Last 
Interchange 

Approach 
Code Interchange Numbers 

Distance Between 
Interchanges 

First 
Interchange 

Leaving 
Code 

Last 
Interchange 

Approach 
Code 

1 2 3 4 5 6 7<^^30 31 32 33 

Distance Between 
Interchanges 

r i 

Since the f i r s t and l a s t in terchanges a re dependent upon the o r i g i n and des t ina t ion of a 
t r i p , any combina t ion of one f i r s t in terchange w i t h another las t in terchange may be i n 
vo lved . T h e r e f o r e , i t was necessary to code the route between each interchange and 
a l l o the r s . T h i s r e q u i r e s a t o t a l of n (n-1) codes where n i s the number of in terchanges 
i n the sys t em. The ac tual coding can be cut i n half by coding each in terchange to a l l i n 
terchanges w i t h h igher numbers . The route between any in terchange and a l l o ther i n t e r 
changes w i t h lower numbers i s obtained by r e v e r s i n g the f i r s t and las t in terchange n u m 
be r s and approach and leaving codes and dup l i ca t i ng these c a r d s . The routes and t u r n s 
between interchange 32 and 51 i s the same as the route and t u r n s between 51 and 32. 

I n f i l l i n g out th i s table the coder s t a r t ed w i t h the lowest numbered in terchange as 
the f i r s t , and coded routes between i t and eve ry in terchange w i t h a h ighe r number i n 
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TABLE 3 
Zone No. Zone IS 0 or D Direction Code Ramp of Entrance 

or Exit 
Number of First or 

Last Interchange 
Approach or 

Leave 
Airline Distance 

Zone to Ramp 
Dist. Ramp to 

Interchange 441 
441 
421 
221 

1 
1 
2 
2 

5 
3 
5 
3 

23,251 
23,251 
43,631 
41,611 

23 
23 
43 
41 

3 
3 
4 
4 

0.4 
0 4 
0.4 
0.4 

1.0 
1.0 
1.0 
1.0 

n u m e r i c a l o r d e r . Then the in terchange w i t h the second highest number was taken as 
the f i r s t in terchange and routes between i t and e v e r y h ighe r numbered in terchange 
coded. T h i s p rocedure was f o l l o w e d u n t i l a l l in terchanges had been cons idered as a 
f i r s t in terchange and rou tes designated between t h e m and e v e r y in terchange w i t h a 
h igher number . 

The comple t ion of Tab le 2 was the mos t d i f f i c u l t of the coding j o b s . Never the less , 
t h ree people w e r e able to comple te the coding and c o m p l e t e l y check e v e r y code t w i c e 
i n about 7 days . O n l y two coding e r r o r s were uncovered by the second check, and 
when they w e r e c o r r e c t e d the coding was l e t t e r p e r f e c t . 

C o l u m n one i n Tab le 2 i s used to r e c o r d the number of the f i r s t in terchange. The 
l eg w h i c h wou ld be used i n leav ing the f i r s t in terchange was coded i n c o l u m n t w o . C o l u m n 
th ree was used f o r r e c o r d i n g the number o f the las t in terchange and c o l u m n f o u r f o r 
r e c o r d i n g the leg number w h i c h wou ld be used i n approaching the las t in te rchange . 
The nex t group of co lumns under the heading " In terchange T u r n i n g M o v e m e n t s " w e r e 
used to indica te the movement th rough any in terchange w h i c h m i g h t be on the express
way rou te between the f i r s t and las t in terchanges . T h i s i s done b y en t e r ing the ap
p r o p r i a t e movement number i n the c o l u m n having the same number as the in te rchange . 
The las t c o l u m n i n the table i s used to r e c o r d the d is tance on expressways between i n 
terchanges . 

The bas i s f o r d e t e r m i n i n g r o u t i n g w i t h i n the expressway s y s t e m was that a l l t r i p s 
were rou ted o v e r the shor tes t dis tance between in terchanges . When two routes had 
the same dis tance the one having f e w e r t u r n s was se lected. 

When a l l the poss ib le rou t ings have been coded and r e c o r d e d i n Table 2 and c o m 
p l e t e l y checked, the i n f o r m a t i o n i s t r a n s f e r r e d t o I B M c a r d s (No. 088) . 

W i t h comple t i on of basic cod ing , one can ma tch any o r i g i n zone w i t h any des t ina t ion , 
and t r ace a t r i p v i a the expressway, a t the same t i m e r e c o r d i n g the necessary distances 
and t u r n s . T h i s p rocedure i s best i l l u s t r a t e d w i t h an example . 

Example s o f P r o c e d u r e f o r T r a c i n g an Expres sway T r i p 

F i g u r e 6 represen ts p a r t of a hypothe t ica l expressway s y s t e m . Zone 441 i n th i s 
i l l u s t r a t i o n i s an o r i g i n and zones 421 and 221 a r e des t ina t ions . A t r i p f r o m 441 t o 
421 would f a l l i n t r a v e l d i r e c t i o n 5 of the e ight poss ib le , whereas a t r i p f r o m 441 to 221 
would be i n the 3 d i r e c t i o n . These zones would have been coded and rou t ings d e t e r 
m i n e d f o r o r i g i n and des t ina t ion p o s s i b i l i t i e s i n e ight t r a v e l d i r e c t i o n s . F o r t h i s i l 
l u s t r a t i o n only the rou t ings f o r the 5 and 3 t r a v e l d i r e c t i o n s f o r the respec t ive t r a n s f e r s 
a r e needed. H a v i n g the zone t o zone movements i nd ica t ed above, the p r o b l e m i s to 
ma tch the f i r s t , m i d d l e and las t p a r t s of the route together to f o r m a comple te t r i p v i a 
expressways . The coding f o r the t h r ee zones as i t wou ld have been done i n Tab le 1 i s 
shown i n Tab le 3. 

The f i r s t and las t p a r t s of the expressway t r i p can be d e t e r m i n e d f r o m the Tab le 
1 e n t r i e s . The m i d d l e p a r t of the t r i p m u s t be obta ined f r o m T a b l e 2 . F o r t h i s ex 
ample Tab le 2 wou ld have been coded as shown i n Tab le 4 . 

F o r the t r a n s f e r s between 441 and 421 the f o l l o w i n g p rocedure i s used i n d e t e r m i n i n g 
the expressway r o u t i n g . The f i r s t e n t r y f r o m Tab le 1 shown above i s matched w i t h the 
t h i r d e n t r y i n Tab le 1. T h i s gives the entrance r a m p as 23251 and the e x i t r a m p as 
43631 . The f i r s t in terchange the v e h i c l e w o u l d pass t h r o u g h w o u l d be 23 and the l a s t 

TABLE 4 
First 

Interchange 
Direction 
Leaving 

Last 
Interchange 

Direction 
Approach 

TURNS THBOUGR INTERCHANGE 
21 23 41 42 

Distance Between 
interchange 

23 
23 

4 
5 

43 
41 

1 
1 ; : 4 : : 3.0 

5.0 
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wou ld be 43. B y c o m p a r i n g en t r i e s f r o m Tables 1 and 2 one can see that the veh ic les 
approach 23 f r o m d i r e c t i o n 3 and leave i n d i r e c t i o n 4 . A d d i n g the approach and leave 
codes r e s u l t s i n a 7 t u r n th rough interchange 23. T h i s wou ld be a t u r n f r o m the n o r t h 
leg to the east leg w h i c h i s c o r r e c t . The veh ic les then approach in terchange 43 f r o m 
the 1 d i r e c t i o n and leave i n the 4 d i r e c t i o n . The approach and leaving r e s u l t i n a 5 
movement w h i c h i s a s t r a igh t th rough movement f r o m west to east and i s the c o r r e c t 
movement f o r t h i s t r a n s f e r . 

F o r the t r i p between 441 and 221 the second and f o u r t h en t r i e s f r o m Tab le 1 a r e 
matched w i t h the second en t ry i n Tab le 2. Resul t s of t h i s ma tch ing show the f i r s t r a m p 
as 23251 and the las t as 41611. The f i r s t in terchange i s 23 and the las t i s 41 and the 
veh ic le passes th rough 21 w i t h a 7 movement i n m a k i n g the t r i p . B y adding the i n t e r 
change approach and l eav ing codes an 8 movement i s obtained f o r in terchange 23 and a 
5 movement f o r in terchange 41 w h i c h a r e the c o r r e c t t u r n s . 

Dis tances f o r both t r a n s f e r s , v i a expressways , can be obtained by adding the d i s 
tance f r o m o r i g i n zone to entrance r a m p , entrance r a m p to f i r s t in te rchange , f i r s t i n 
terchange to las t in te rchange , l as t in terchange to e x i t r a m p and ex i t r a m p to des t ina t ion 
zone. The " a i r l i n e " dis tance between zones and r a m p s mus t be inc reased by a f a c t o r 
of 1.25 to conve r t i t to a r t e r i a l mi l eage and i n add i t ion a ten th of a m i l e added f o r each 
r a m p . 

Now that the p rocedure f o r r o u t i n g and m e a s u r i n g expressway and c i t y s t r ee t t r i p s 
has been desc r ibed , the r e m a i n i n g basic p r o b l e m i s to compare the two routes and 
a l locate a pe rcen t of t r i p s to expressways . The so lu t ion to t h i s p r o b l e m i s desc r ibed 
next . 

Method f o r C o m p a r i s o n of Routes and A l l o c a t i o n of T r i p s 

A s s tated at the beginning of t h i s chapter , the a l loca t ion of t r i p s to expressways was 
based on combina t ions of distance and speed r a t i o s . T h e r e f o r e , these r a t i o s had to be 
ca lcu la ted f o r each group of zone- to-zone t r i p s . The easiest way to make th i s c a l c u 
l a t i o n , u t i l i z i n g e l ec t ron ic equipment , was to s u m m a r i z e the pe r t inen t route i n f o r m a t i o n 
f o r the expressway and a l te rna te rou te onto one punched c a r d . C a r d number 089 i s the 
c a r d wh ich i s used to s u m m a r i z e the route i n f o r m a t i o n and to ca lcu la te the speed and 
dis tance r a t i o s and percen t and number of veh ic les assigned to expressways . The l a y 
out of t h i s c a r d may be seen i n the appendix. 

The f i r s t t h ree co lumns of c a r d 089 contain the c a r d number . Co lumns 4 th rough 
19 conta in the number of the o r i g i n and des t ina t ion zone and the number of t r i p s between 
t hem f o r 1953 and 1980. Co lumns 4 th rough 19 a r e obtained f r o m the ca rds used i n 
m a k i n g the C and D t r i p t r a n s f e r tables . The a l te rna te dis tance co lumns 20, 2 1 , and 
22 a re ca lcu la ted as desc r ibed e a r l i e r i n t h i s paper . The " a i r l i n e " dis tance and d i 
r e c t i o n code (co lumn 23) w e r e ava i lab le f r o m a deck of zone- to-zone ca rds used i n 
m a k i n g " T r i p D e s i r e C h a r t s . " ' 

Co lumns 24 th rough 36 a re obtained by ma tch ing the o r i g i n co lumns and t r i p d i r e c t i o n 
co lumns on c a r d 089 w i t h the o r i g i n and d i r e c t i o n code f o r the 087 o r i g i n deck of c a r d s , 
and t r a n s f e r - p u n c h i n g the i n f o r m a t i o n f r o m c a r d 087 onto c a r d 089. 

Columns 37 th rough 49 a re obtained i n the same manner by ma tch ing the des t ina t ion 
and d i r e c t i o n codes f o r the two ca rds and again t r a n s f e r - p u n c h i n g the 087 i n f o r m a t i o n 
in to the 089 c a r d . 

Columns 50 th rough 54 a re obtained as a r e s u l t of ma tch ing the 088 c a r d w i t h the 
089 c a r d and t r a n s f e r r i n g i n f o r m a t i o n . The c o n t r o l f o r th i s ma tch ing opera t ion i s the 
f i r s t and las t in terchange number , wh ich appears i n both sets of c a r d s . F r o m the 088 
ca rds the dis tance between the f i r s t and las t in terchange i s t r a n s f e r r e d in to co lumns 
50, 51 and 52. The f i r s t and las t t u r n s r e c o r d e d i n co lumns 53 and 54 a re obtained by 
adding approach and leave codes f o r the f i r s t and l a s t in terchange. The 604 does th i s 
au toma t i ca l l y a f t e r read ing one code f r o m one c a r d and the o ther code f r o m the second 
c a r d . 

A t t h i s poin t a l l the bas ic i n f o r m a t i o n necessary f o r ca l cu l a t i ng speed and dis tance 

*See paper , " C o n s t r u c t i o n of T r i p D e s i r e C h a r t s " , D e t r o i t M e t r o p o l i t a n A r e a T r a f f i c 
Study, June 28, 1955. 
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r a t i o s has been t r a n s f e r r e d to the 089 c a r d . I n f o r m a t i o n f o r the r e m a i n i n g co lunms 
on C a r d 089 i s obtained b y man ipu la t ing data a l r eady punched i n the c a r d . The next 
i t e m , dis tance on the expressway, was obtained by adding dis tance r a m p to in terchange 
(co ls . 32, 33, 34), d is tance interchange to r a m p (45, 46, 47) , and dis tance in terchange 
to in terchange (50, 5 1 , 52). The t o t a l expressway t r i p i s ca lcu la ted b y adding the e n t r y 
i n co lumns 35, 36 and 48 and 49 w h i c h a r e the dis tances between zones and r a m p s , to 
the dis tance on the e;q)ressway. D i s t a n c e - r a t i o i s obtained b y d i v i d i n g the t o t a l express 
way t r i p d is tance (cols . 58, 59, 60) by the dis tance on the a l t e rna te (co ls . 20, 2 1 , 22). 
Speed-ra t io i s d e t e r m i n e d by d i v i d i n g the t o t a l e ^ r e s s w a y t r i p dis tance by hal f the 
distance on the expressway p lus the z o n e - t o - r a m p dis tances . 

A deck of m a s t e r ca rds showing the percent assigned f o r the va r i ous combina t ions 
of dis tance and speed r a t i o s was made up f o r use i n d e t e r m i n i n g the percent assigned 
f o r c a r d 089. These ca rds were m a t c h - m e r g e d w i t h the 089 cards and the percent a s 
s igned, punched in to the 089 ca rds . The 1953 and 1980 veh ic les assigned were de 
t e r m i n e d b y m u l t i p l y i n g the 1953 t o t a l t r a n s f e r ( c o l . 10-14) and the 1980 t r a n s f e r 
( co l . 15-19) by the percent assigned. T h i s whole p rocedure except f o r the i n i t i a l c o d 
i n g can be done by h igh speed e l ec t ron i c ca l cu l a to r s and t abu la to r s . 

A f t e r the number of veh ic les assigned i s ca lcu la ted and punched in to the ca rds the 
interchange t u r n s and sec t ion vo lumes can be s u m m a r i z e d and p lo t t ed on maps . D e 
t a i l s of the s u m m a r i z i n g p rocedure can be seen f r o m the step by step machine p r o 
cedure i n the appendix. 

Chapter S u m m a r y 

I n t h i s paper the coding techniques and machine p rocedures w o r k e d out b y the D e t r o i t 
Staff to f a c i l i t a t e a r a p i d machine ass ignment w e r e presented . The reasoning and ap
p roach to the p r o b l e m s were shown and the coding technique and machine p rocedures 
w e r e expla ined i n grea t d e t a i l . 

Severa l f ea tu res con t r ibu te to the speed and w o r k a b i l i t y of t h i s s y s t e m . F i r s t , i s 
that a l te rna te dis tances can be r a p i d l y and accu ra t e ly es t ima ted by a machine technique. 
Second, i s that the concept of t r e a t i n g an e}q)ressway t r i p i n p a r t s and ma tch ing p a r t s 
together to f o r m t r i p s e l imina t e s the necess i ty of r e v i e w i n g each zone to zone t r a n s f e r 
and makes coding v a s t l y s i m p l e r . F i n a l l y , the adap tab i l i t y of t h i s p rocedure to high 
speed comput ing and s u m m a r i z i n g makes poss ible a t remendous conse rva t ion of t i m e . 

One hundred zone- to-zone t r a n s f e r s w e r e p u l l e d at r andom to check the e:q)ress-
way r o u t i n g , r e s u l t i n g f r o m the coding and ma tch ing technique. The 100 t r a n s f e r s 
w e r e coded f o r the best expressway route and compared to the r o u t i n g w h i c h r e su l t ed 
f r o m th i s ass ignment p rocedure . Less than f i v e pe rcen t of the rou t ings w e r e d i f f e r e n t . 
Even f o r the ones w h i c h d i f f e r e d , the percent assigned was on ly s l i g h t l y d i f f e r e n t . 
T h e r e f o r e , i t appears that th i s p rocedure i s not on ly f a s t but accura te as w e l l . 

Us ing th i s ass ignment method 23,500 zone to zone t r a n s f e r s w e r e assigned to a 
ne twork of expressways and connect ing a r t e r i a l s i n the D e t r o i t M e t r o p o l i t a n A r e a t o t a l 
i n g 370 m i l e s i n s l i g h t l y less than th ree weeks . 

P A R T ni: RESULTS A N D A N A L Y S I S O F ASSIGNMENT 

Need f o r T w o - V a r i a b l e Ass ignmen t Curves 

A f t e r the ass ignment i n D e t r o i t was comple ted , i t was poss ib le to s u m m a r i z e the 
distance and speed- ra t ios w h i c h o c c u r r e d . F i g u r e 7 i l l u s t r a t e s the range of speed and 
d i s t ance - r a t i o s w h i c h w e r e obtained. The unshaded areas a re ones where speed and 
d i s t ance - r a t i o s d i d not occur . Values of speed and d i s t ance - r a t i o s w e r e obtained 
throughout the shaded a rea . T h i s p r e t t y c l e a r l y shows the range of poss ib le dis tance 
and speed- ra t io combinat ions and demons t ra ted the need f o r a t w o - v a r i a b l e so lu t ion to 
the ass ignment p r o b l e m . 

Table 5 gives a compar i son of the ass ignment us ing the speed and d i s t a n c e - r a t i o -
cu rves to the ass ignment us ing curves developed f o r the Sh i r l ey Highway. * T h i s c o m -

' T r u e b l o o d , D a r e l L . , " E f f e c t of T r a v e l T i m e and Distance on F reeway Usage" . B u l l e t i n 
6 1 , Highway Research B o a r d , Washington, D . C. 
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p a r i s o n was made poss ib le by conve r t i ng a l l the v a r i o u s combinat ions of d is tance and 
speed- ra t io to equivalent t i m e - r a t i o s . Equiva len t t i m e - r a t i o i s de t e rmined by d i v i d i n g 
d i s t a n c e - r a t i o by speed- ra t io . T r i p s w e r e then s u m m a r i z e d by equivalent t i m e - r a t i o s 
showing t o t a l assigned and t o t a l t r i p s f o r 1953 and 1980. Knowing the t o t a l t r i p s f o r 
each t i m e - r a t i o i t was poss ib le to apply ass ignment percentages based on the S h i r l e y 
t i m e - r a t i o c u r v e , and thus de t e rmine the amount of t r i p s w h i c h would have been as 
signed b y the S h i r l e y t i m e - r a t i o c u r v e . 

F r o m Tab le 5 i t can be seen that the t o t a l t r i p s ass igned by the d is tance-speed-
r a t i o curves was 1 ,534,914. The S h i r l e y c u r v e assigned 96 ,774 m o r e to make a t o t a l 
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Figure 7. Expressway usage as related to speed and distance rat ios . 

of 1,631,688 t r i p s . The d i f f e r e n c e i n t o t a l ass ignment i s not c r i t i c a l . However, the 
d i f f e r e n c e i n the number assigned f o r c e r t a i n i n d i v i d u a l t i m e - r a t i o s i s c r i t i c a l . A s 
s ignment b y the two cu rves was v e r y c lose f o r t i m e - r a t i o s up th rough 0.8. However , 
f o r t i m e - r a t i o s h igher than 0 .9 the Sh i r l ey cu rve assigned m u c h h igher percentage
w i s e . A t a t i m e - r a t i o o f 0 .9 the S h i r l e y c u r v e ass igned 13 .9 percent h i g h e r ; f o r 
t i m e r a t i o s of 1.0 i t assigned 40. 5 pe rcen t m o r e and at 1.1 i t assigned 98 percent m o r e . 
F r o m r a t i o s of 1.2 and above the ass ignment was m o r e than doubled by us ing the s i n g l e -
v a r i a b l e t i m e - r a t i o c u r v e . I t i s t r u e that m o r e than ha l f of the t r a n s f e r s had t i m e -
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r a t i o s less than 0 . 9 . However , there i s s t i l l a subs tant ia l d i f f e r e n c e In the number 
assigned f o r t i m e r a t i o s of 1.0 and 1 . 1 . 

The apparent reason f o r th is d i f f e r e n t i a l In ass ignment Is that equivalent t i m e - r a t i o s | 
of 1.0, 1 . 1 , e tc . a r e the r e s u l t of combina t ions o f h i g h d is tance and speed- ra t ios as 
w e l l as low ones. A low assignment wou ld be exqpected f o r these combina t ions I n v o l v 
ing h igh d i s t a n c e - r a t i o s . The S h i r l e y t i m e - r a t i o cu rve o r any t i m e - r a t i o c u r v e can 
not take these v a r i a t i o n s Into account s ince i t can on ly ass ign one value f o r eve ry t l m e -
r a t l o and t h i s va lue represen t s a mean based on the c h a r a c t e r i s t i c s of t r i p s found In 
the Sh i r l ey Study. The S h i r l e y t r i p s Invo lved s l o w e r speeds and s m a l l e r dis tance d i s 
advantages f o r t i m e - r a t i o s of 1.0 and h igher ; t h e r e f o r e . I t s p r o p o r t l n a t e use should be 
h igher . 

The expressway ne twork designed f o r the D e t r o i t A r e a a f f o r d e d a d e f i n i t e t i m e a d 
vantage f o r the average t r i p ass igned. T h e mean t i m e - r a t i o was 0 . 7 6 . M o s t of the 

T A B L E 5 

COMPARISON O F ASSIGNMENT B Y SPEED A N D D I S T A N C E - R A T I O 
CURVES T O ASSIGNMENT B Y S H I R L E Y T I M E - R A T I O C U R V E 

1953 Number Ass igned 
T i m e T o t a l Number Ass igned by S h i r l e y Pe rcen t of 
Rat io T r i p s by Speed-Distance C u r v e D i f f e r e n c e D i f f e r e n c e 
0 .4 159 157 159 + 2 1.3 
0 .5 51,912 51,377 50,874 503 1.0 
0 .6 422,047 409,297 400,945 - 8,352 2 . 0 
0 .7 443 ,671 402,715 385,994 - 16 ,721 4 . 2 
0 .8 455,059 350,114 350,395 + 281 0 .8 
0 .9 316,352 172,130 196,138 + 24,008 13.9 
1.0 283 ,651 96,933 136,152 + 39,219 40 .5 
1.1 185,042 30 ,841 61 ,064 + 30,223 9 8 . 0 
1.2 143,156 14,762 30,063 + 15 ,301 103.7 
1.3 112,487 5,120 13,498 + 8,378 163.6 
1.4 47 ,235 1,334 3,779 + 2,445 183.3 
1.5 62 ,451 134 2 ,498 + 2,364 1 ,764.2 
1.6 5,544 0 111 + 111 _ _ 
1.7 1,842 0 18 + 18 - -
T O T A L 1,534,914 1,631,688 96,774 

t r i p s f e l l i n the range where they had h igh ass ignment by both the speed-d i s t ance- ra t lo 
cu rves and the t i m e - r a t i o c u r v e . The f a c t that mos t of the t r i p s f e l l i n t h i s range was 
due to the high speed- ra t ios obtained. The h igh speed- ra t ios w e r e due to the layout 
of the expressway n e t w o r k , w h i c h made I t poss ib le f o r a l a rge p o r t i o n of the average 
t r i p v i a expressways to be on the expressway I t s e l f . The assumpt ion of a 2:1 r a t i o be 
tween expressway and c i t y s t ree t speeds was a lso a f a c t o r . 

Ass ignmen t to an expressway ne twork , having m o r e t r i p s In the h igh d i s t ance -h igh 
speed- ra t io ranges , wou ld be qui te a b i t h igher us ing the t i m e - r a t i o cu rve as opposed 
t o the d l s t ance - speed- ra t lo cu rves . These k inds of speed and d i s t a n c e - r a t i o s w o u l d be 
poss ib le In a n e t w o r k w h i c h , due to I t s h igh speed po ten t i a l , caused t r i p s to d i v e r t 
f r o m grea te r d is tances , thus causing h igh dis tance and speed- ra t ios . Since I t Is a l 
mos t Imposs ib l e to de t e rmine the k ind and range of t r i p s w h i c h w i l l occur I n a g iven 
expressway ne twork , i t seems l o g i c a l to use a s e r i e s of cu rves wh ich a r e f l e x i b l e and 
can take a g r e a t e r range of a c t i v i t i e s In to account . Such a r e the d l s t ance - speed- ra t lo 
c u rve s . 

Ass ignmen t v s . F l o w 

T r a f f i c ass ignment does not a lways p rov ide the p lanner w i t h an accura te d e s c r i p t i o n 
of f l o w s on expressways . A c t u a l f l o w s a re dependent upon capac i ty . I t Is poss ib le that 
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vo lumes could be assigned to an expressway w h i c h cou ld not poss ib ly be handled, due 
to capac i ty l i m i t a t i o n s . T h e r e f o r e , ass ignment and f l o w a r e not n e c e s s a r i l y synonomous. 

Even though f l o w s a r e not a lways accu ra t e ly p r e d i c t e d , t r a f f i c ass ignment p r o v i d e s 
the p lanner w i t h the k i n d of i n f o r m a t i o n he i s seeking. F o r example , a good a p p r o x 
i m a t i o n of expressway demand, i f each t r i p cou ld be made on mos t convenient rou te , 
i s obtained. The demand based on any c r i t e r i a can be es t ima ted w i t h reasonable a c c u 
r a c y . I n genera l the t r a f f i c ass ignment p rov ides the p lanner w i t h a t o o l w h i c h can be 
used to tes t the e f fec t iveness of a p lan f r o m the standpoint of t r a f f i c s e r v i c e . F o r e x 
ample an ass ignment of v e r y h igh loads m i g h t ind ica te a defec t i n the p lan w h i c h cou ld 
be be t t e r c o r r e c t e d by adding another e ^ r e s s w a y o r a s h i f t i n loca t ion r a t h e r than the 
addi t ion of m o r e lanes. A n ass ignment of s m a l l v o l u m e ra i ses a doubt as to the ne 
cess i ty of p r o v i d i n g the amount of capac i ty i n the p l an . 

T r a f f i c ass ignment was a v e r y u s e f u l t o o l i n a r r i v i n g a t a f i n a l expressway p l a n f o r 
the D e t r o i t A r e a . One p lan was devised and tes ted by ass ignment . The assigned 
t r a f f i c r e su l t ed i n some imposs ib l e ove r - l oads and a genera l uneven d i s t r i b u t i o n of the 
t r a f f i c l oad . Based on the ass ignment a new p lan was devised and tes ted. The second 
p l an p roved much be t t e r than the f i r s t . The assigned loads w e r e m o r e evenly d i s t r i 
buted and 200,000 m o r e t r i p s (9 .2 percent m o r e ) w e r e c a r r i e d . The t o t a l veh ic le 
mi leage t r a v e l l e d by a l l t r i p s i n the a rea was a l m o s t i d e n t i c a l f o r bo th p lans . T h e r e 
f o r e , based on the i n f o r m a t i o n gained f r o m the t r a f f i c ass ignment a p l an was devised 
w h i c h c a r r i e d m o r e t r i p s , d i s t r i b u t e d the load m o r e evenly and kept the t o t a l veh i c l e 
m i l e s the same and w i t h on ly a s l i g h t add i t ion i n the expressway mi leage of the s y s 
t e m . Based on the second ass ignment a f ew m i n o r changes w e r e made and a f i n a l 
p lan was l a i d out . The process of ass ignment , p lan r e v i s i o n , reass ignment and f i n a l 
r e v i s i o n r e q u i r e d about f o u r months . 

Suggestions f o r A d d i t i o n a l Research and Development 

Some add i t iona l w o r k i s necessary to de t e rmine whether o r not the speed and d i s 
t a n c e - r a t i o cu rves have u n i v e r s a l app l i ca t ion . E x p l o r a t i o n m i g h t r e v e a l o ther va r i ab l e s 
w h i c h cou ld s e rve as a be t t e r p r e d i c t o r o f expressway use. Re f inemen t of the a s s ign 
ment p rocedure th rough i m p r o v e d coding and machine techniques wou ld be d e s i r a b l e . 

A r e a l c o n t r i b u t i o n cou ld be made w i t h the development of basic f l o w t heo r i e s , so 
that t r a f f i c f l o w could be s i m u l a t e d . A f i e l d b a r e l y touched awai t s the r e sea r che r i n 
t r a f f i c s i m u l a t i o n w i t h h igh speed c o m p u t o r s . A t r a f f i c s i m u l a t i o n m o d e l wou ld be 
v e r y u s e f u l i n e s t i m a t i n g f l o w s on a r t e r i a l s t r e e t s , under d i f f e r e n t and changing c o n 
d i t i o n s . I t seems e n t i r e l y poss ible that a m o d e l cou ld be developed whereby f l o w s 
cou ld be e s t ima ted on an expressway and s t r ee t sy s t em at the same t i m e . B y changing 
the loca t ions o r capaci t ies of proposed f a c i l i t i e s the whole t r a f f i c load wou ld be au to
m a t i c a l l y and instantaneously r e a r r a n g e d . W i t h t h i s k ind of a m o d e l and a g iven set 
of t r a f f i c r e q u i r e m e n t s the e f fec t s of a l te rna te k inds of so lu t ions can be d e t e r m i n e d 
and weighed. Solutions to p r o b l e m s of t h i s o r d e r have a l r eady been w o r k e d out f o r h y 
d r a u l i c sys tems and e l e c t r i c a l ne tworks . Some expe r imen ta t ion and r e s e a r c h along 
these l ines m i g h t p rove p r o f i t a b l e i n developing a f l o w theo ry f o r u rban t r a f f i c vo lumes . 

I t i s t r u e tha t t h i s k i n d of approach to u rban t r a f f i c i s f o r the f u t u r e but how long 
i n the f u t u r e depends upon the c u r i o s i t y and ingenui ty of the r e sea rche r . 
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Appendix 
Step by Step Machine Procedures 

Rober t E . V a n d e r f o r d 

F r o m p rev ious p rocedures there should be ava i lab le a set of ca rds w i t h the i n t e r 
zonal t r a f f i c at p resen t vo lumes and expected vo lumes at some f u t u r e date - i n t h i s 
case, 1953 and 1980. The s t r ee t dis tance f r o m zone center to zone center mus t be 
punched i n the ca rds along w i t h the code f o r d i r e c t i o n t r a v e l . F o l l o w i n g i s a step by 
step out l ine of the machine p rocedure : 

1 . Sor t the i n t e r - z o n e ca rds (089) to d i r e c t i o n w i t h i n zone of o r i g i n and se lec t ive 
m e r g e behind zone to r a m p mas t e r ca rds (087). 

2. I n t e r spe r se gang punch r a m p number , f i r s t in te rchange , approach code, dis tance 
r a m p to in te rchange , and dis tance zone to r a m p . 

3. Sor t the i n t e r - zone cards (089) to d i r e c t i o n w i t h i n zone o f des t ina t ion and se lec t ive 
m e r g e behind r a m p to zone mas te r ca rds (087). 

4 . I n t e r spe r se gang punch r a m p number , l as t in te rchange , leave code, d i s t ance -
interchange to r a m p , and dis tance r a m p to zone. 

5. Run i n t e r - zone ca rds (089) th rough c o l l a t o r p u l l i n g a l l ca rds where sec t ion ( f i r s t 
f o u r d i g i t s of r amp) of o r i g i n equals sec t ion of des t ina t ion . Run equal sec t ion ca rds 
t h r o u g h again p u l l i n g equa l r a m p s . D i s c a r d equal r a m p s as non-expressway t r i p s . 
H o l d equal sec t ion ca rds f o r step No . 13. 

6. Sor t the i n t e r - zone (089) ca rds to l a s t in terchange w i t h i n f i r s t in terchange and 
se lec t ive m e r g e behind interchange to in terchange m a s t e r ca rds (088). The unmatched 
a r e set as ide . 

7. In t e r spe r se gang punch dis tance in terchange to in terchange in to i n t e r - z o n e ca rds 
(089) us ing the 604 E l e c t r o n i c C a l c u l a t o r . On the same pass, add f i r s t in terchange leav i 
code f r o m the mas t e r c a r d (088) to f i r s t in terchange approach code f r o m the i n t e r - zone 
c a r d (089). Punch as f i r s t in terchange t u r n code in to the i n t e r - zone ca rds . A d d las t 
in terchange approach code f r o m the mas t e r c a r d (088) to las t in terchange leave code 
f r o m the i n t e r - zone c a r d (089). Punch as las t in terchange t u r n code in to the i n t e r -
zone cards (089). 

8. Check unmatched f r o m Step No . 6 to make sure that f i r s t and las t in terchanges a r e 
the same. Pu t t h r o u g h 604 and add f i r s t in te rchange approach t o l a s t in terchange leave. 
Punch as f i r s t in terchange t u r n . A s the t r i p passes th rough only one in te rchange , d i s 
tance- in terchange to in terchange , the l a s t in terchange t u r n a r e l e f t b lank . 

9. Because the expressway sys t em i s qui te complex there a re t r i p s that double back 
at the f i r s t o r las t in te rchange , as a r e 
su l t to the coding and ma tch ing p r o 
cedure . One example of these i s shown 
i n F i g u r e A . 

- - 0 „ / I n coding O as an o r i g i n f o r the t r a v e l 
d i r e c t i o n of a t r i p between O and D , r a m p 
19223 would be se lected and 22 wou ld be 
coded as the f i r s t in te rchange . The c o d - * 
i n g f o r D as a des t ina t ion i n t h i s t r a v e l 
d i r e c t i o n would show r a m p 19203 as the 
las t r a m p and 19 the las t in te rchange . 
M a t c h i n g w i t h an in terchange r o u t i n g c a r d 

Figure A. wou ld r e s u l t i n the sec t ion between r a m p 
19223 and in terchange 22 be ing dupl ica ted 

i n the t r i p . These double-back t r i p s can eas i ly be detected because the approach and 
leave codes f o r in terchange 22 a r e the same, o r t o say i t another way , the t u r n i n i n 
terchange 22 i s double the approach o r leave code. T h e r e f o r e , s o r t a l l i n t e r - zone 
c a r d s , except equa l - sec t ion , on f i r s t t u r n . The t w o ' s and ten ' s a r e obv ious ly doubled 
back. The f i v e ' s , seven's and n ine ' s cannot be doubled. Since there i s no approach 
code two , the re w i l l not be any doubled back t r i p s i n the f o u r ' s . 
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T h e r e a r e o the r k inds of doubled back t r i p s but they a re a l l detected by s o r t i n g on 
the t u r n s and checking to see i f the t u r n i s t w i c e the approach o r l eav ing code. 

10. A l l doubled back at o r i g i n t r i p s should be r ep roduced us ing the opposite f i r s t 
in terchange and approach f r o m the one punched i n the c a r d . F i r s t t u r n code and d i s 
tance in terchange to in terchange mus t be dropped and repunched as i n step No. 6, us ing 
the new f i r s t and las t in terchange. 

1 1 . A l l i n t e r - z o n e ca rds mus t be put t h rough steps 9 and 10 again f o r l a s t in terchange 
t u r n and leave code and doubled at des t ina t ion t r i p s c o r r e c t e d . Less than 2 percent of 
the t r i p s w i l l have po r t i ons doubled back. 

12. A f t e r a l l doubled back t r i p s have been c o r r e c t e d , a l l i n t e r - z o n e ca rds except 
equal sec t ion t r i p s a re put th rough the 604. Dis tance r a m p to in te rchange , dis tance 
interchange to in te rchange , and dis tance in terchange to r a m p a r e to ta led and punched 
as dis tance on expressway. On the same pass dis tance zone to r a m p , and dis tance r a m p 
to zone a r e added to distance on expressway and punched as t o t a l expressway t r i p . 

13. Sor t the equal sec t ion cards f r o m step No . 5 the las t in terchange w i t h i n f i r s t i n 
terchange. Select ive m e r g e behind interchange to in terchange m a s t e r c a r d s . Set u n 
matched as ide . 

14. Put merged ca rds f r o m above th rough 604. A d d dis tance r a m p to in terchange 
to d is tance- in te rchange to r a m p f r o m the equal sec t ion c a r d . Subtract d i s t a n c e - i n t e r 
change to in terchange and change s ign to plus i f answer i s negat ive . Punch as exp re s s 
way dis tance . A d d dis tance-zone to r a m p and d i s t a n c e - r a m p to zone to expressway 
dis tance and punch as t o t a l expressway t r i p . 

15. Put unmatched f r o m step No . 13 th rough 604. Subtrac t d i s t a n c e - r a m p to i n t e r 
change f r o m dis tance- in terchange to r a m p . Change s ign to p lus i f negative and punch 
as expressway dis tance . A d d dis tance-zone to r a m p and d i s t a n c e - r a m p to zone to ex 
pressway dis tance and punch as t o t a l expressway t r i p . 

16. Put a l l i n t e r - zone ca rds f r o m steps 12, 14 and 15 th rough 604. D i v i d e t o t a l 
expressway t r i p by dis tance on a l te rna te rou te . C a r r y r e s u l t to two d e c i m a l pos i t ions 
and punch as d i s t a n c e - r a t i o . D i v i d e t o t a l expressway t r i p by one hal f the expressway 
dis tance p lus the zone to r a m p and r a m p to zone d is tances . C a r r y r e s u l t to one d e c i m a l 
p o s i t i o n . Punch as speed- ra t io . 

17. Sor t above ca rds to speed- ra t io w i t h i n d i s t a n c e - r a t i o and merge behind percent 
ass ignment mas t e r c a r d s . 

18. Make a 604 pass in t e r spe r se gang punching pe rcen t ass ignment and extending 
1953 and 1980 t r a f f i c vo lumes i n each c a r d by percen t ass ignment . Punch as 1953 and 
1980 veh ic les assigned. 

19. S u m m a r i z e in terchange t u r n s and sect ion and r a m p v o l u m e s . Sor t f i r s t t u r n 
w i t h i n f i r s t in terchange. Blanks i n f i r s t t u r n a re he ld f o r r a m p s u m m a r y . 

20. Cut a s u m m a r y c a r d f o r each t u r n at each interchange w i t h 1953 and 1980 vo lumes 
assigned. 

2 1 . Sort i n t e r - zone cards f r o m above to l a s t t u r n w i t h i n l as t in te rchange . Blanks i n 
las t t u r n a re set aside f o r r a m p s u m m a r y . 

22. Cut a s u m m a r y c a r d f o r each t u r n at each interchange w i t h 1953 and 1980 vo lumes 
assigned. 

23. Sor t i n t e r - zone ca rds f r o m above to las t in terchange w i t h i n f i r s t in te rchange . 
24. Cut a s u m m a r y c a r d f o r each p a i r of in terchanges . Set i n t e r - zone ca rds aside 

f o r r a m p s u m m a r y . 
25. Sor t interchange to interchange mas te r ca rds to l a s t in terchange w i t h i n f i r s t i n 

terchange. M a t c h against interchange p a i r s u m m a r y cards f r o m step No. 24. 
26. Reproduce 1953 and 1980 assigned vo lumes f r o m interchange p a i r s u m m a r y cards 

in to ma tch ing interchange to interchange mas t e r c a r d s . 
27. Sor t in terchange to interchange mas te r ca rds on the c o l u m n r e s e r v e d f o r t u r n s 

th rough the lowest numbered in terchange , i n t h i s case, c o l u m n 20. Cut a s u m m a r y c a r d 
f o r each t u r n code showing interchange number , t u r n code, 1953 and 1980 veh i c l e s . Use 
604 o r 402-519. 

28. Sor t on next in terchange , co lumn 2 1 . Cu t s u m m a r y ca rds as above. 
29. Continue above u n t i l l as t c o l u m n i n in terchange to in terchange c a r d has been 

so r t ed and s u m m a r i z e d . 
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30. Combine s u m m a r y cards f r o m above w i t h s u m m a r y ca rds f r o m steps 20 and 22. 
Sor t to t u r n code w i t h i n Interchange number . 

3 1 . Run a tabula t ion showing Interchange number , t u r n code, and t o t a l veh ic les a s 
s igned 1953 and 1980. Post f i g u r e s to map of expressway s y s t e m . 

32. Sort a l l In t e r - zone ca rds to in terchange approach code w i t h i n r a m p of o r i g i n . 
33. Cut a s u m m a r y c a r d f o r each approach code at each r a m p . Show 1953 and 1980 

assigned veh i c l e s . 
34. Sort a l l In te r -zone ca rds f r o m above to Interchange leave code w i t h i n r a m p of 

des t ina t ion . 
35. Cut s u m m a r y cards as In step 33. 
36. Combine s u m m a r y cards f r o m steps 33 and 35. Sor t the approach- leave code 

w i t h i n r a m p number . 
37. Run a t abu la t ion showing r a m p number , approach- leave code, 1953 and 1980 

vehic les assigned. Post f i g u r e s to map of expressway s y s t e m . 
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Flow Diagram for Machine Traffic Assignment 
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