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A traffic engineer is able to handle single intersections with a reasonable assurance of success. 
However, if he is concerned with the relationship among two or more intersections he is without an 
adequate tool for the solution of the problem. This paper concerns the development of such a computa- 
tional tool. 

Refe rence  1 d e s c r i b e d  the deve lopme n t  of a " r e a s o n a b l e "  m a t h e m a t i c a l  model  of a s ing le  i n t e r -  
sec t ion ,  p r o g r a m m i n g  of the model  for  a d ig i ta l  c o m p u t e r ,  and s u b s e q u e n t  r u n s  on a c o m p u t e r  to t e s t  
it  for  c o n s i s t e n c y .  

This paper extends this one intersection model to a model containing four intersections. In the 
cross block there are four incoming lanes. Each lane consists of 35 possible car positions. With 
each lane is associated four paths within the intersection and one "exit" position. One of the four 
paths lying within the intersection is followed by right-turning cars,  one by cars going straight ahead, 
and two by cars turning left. 

T h e r e  is  an exit  box in each " s t r a i g h t  ahead" path  out of the c r o s s  block.  T h i s  exit  box c o n s i s t s  
of the f i r s t  two poin ts  that a r e  a t ta ined  by a c a r  l eav ing  the i n t e r s e c t i o n  on the s t r a i g h t  ahead path.  
Right and lef t  t u r n e r s  into the exit  box a re  a l so  depos i ted  in  it  as  they leave  the i n t e r s e c t i o n .  These  
exit  boxes  al low the p r o g r a m m i n g  of the c o m p u t e r  to a r r a n g e  fo r  the connec t ion  of any given c r o s s  
b lock with any o ther  c r o s s  b locks .  

For  each  c r o s s  b lock  the re  now c o r r e s p o n d s  a s to rage  r e g i s t e r  to each l ane ,  to each i n t e r s e c -  
t ion path ,  and to each exit  box-  24 in al l ,  s ince  t he r e  a r e  four  l a n e s ,  s i x t een  pa ths ,  and four  exit  boxes .  
Four  c r o s s  b locks ,  i n t e r c o n n e c t e d ,  make up the model .  

When a c a r  r e a c h e s  po in t  one of any lane ,  the l ight  is  checked.  If it i s  r e a  o r  in  the l a s t  t en  
q u a r t e r s e c o n d s  of the a m b e r  pe r iod ,  the c a r  r e m a i n s  at point  one .  If i t  is  g r e e n  or  in  the f i r s t  15 
q u a r t e r s e c o n d s  of the a m b e r  pe r iod ,  the c o m p u t e r  e x a m i n e s  the t u r n  r e g i s t e r .  If a r igh t  t u r n  is  i n -  
d ica ted ,  the r igh t  t u r n  path i s  cons ide r ed .  If it i s  empty ,  the c a r  p r o c e e d s ;  o the rwi se  the c a r  r e m a i n s  
at point  one. If a lef t  t u rn  i s  ind ica ted ,  the left  t u r n  path is  examined .  If it i s  empty ,  the c a r  p r o c e e d s ;  
o the rw i se  it r e m a i n s  at po in t  one.  The s a m e  p r o c e d u r e  i s  fol lowed if a s t r a i g h t  path is  ind ica ted .  

The r u l e s  of th is  mode l  a re  appl ied  in the fol lowing o r d e r .  F i r s t  the four  i n t e r s e c t i o n s  a re  
worked on, then  the l anes  a r e  worked  on s t a r t i n g  a t  point  35 and p r o g r e s s i n g  up the l ane  to po in t  one .  
Then  the app rop r i a t e  exit  boxes  a re  connec ted  to the i r  l a n e s .  Having done th i s ,  the unconnec t ed  exi t  
boxes  a re  a t tended to. Next ,  the l ights  a r e  e x a m i n e d  and changed if n e c e s s a r y .  T h i s  b r i n g s  up the 
next  q u a r t e r  of a second  which r e p e a t s  the rou t ine .  

The c o m p u t e r  used  in  connec t ion  with the one i n t e r s e c t i o n  model  was the MIDAC. F o r  the four  
i n t e r s e c t i o n  case  an IBM 704 was  used.  

In o r d e r  to allow the t raf f ic  e n g i n e e r  to e x a m i n e  the t ra f f i c  flow without f o r c i ng  h im to c o n s i d e r  
the r educed  amoun t  of i n fo rma t ion  p rov ided  by the use  of s ing le  m e a s u r e s  of e f f e c t i ve ne s s  such  as 
ave rage  ae i ay ,  e t c . ,  it is  d e s i r a b l e  to have the c o m p u t e r  s i tua t ion  at e ve r y  m o m e n t  fed out to an o s c i l -  
loscope which would r e p r e s e n t  the pos i t i ons  of c a r s  in t h e i r  p r o p e r  geograph ica l  loca t ion .  The  four  
i n t e r s e c t i o n  model  was  so a r r a n g e d  that e v e ~  q u a r t e r  of a second  of p r o b l e m  t ime  the con ten t s  of the 
c o m p u t e r  w e r e  s canned  and poin ts  on an osc~yoscope i n t ens i f i ed  at  l oca t ions  c o r r e s p o n d i n g  to those of 
c a r s  wi thin  the compute r  model .  In  addi t ion,  the scope was  made to pa in t  the bounding  l i ne s  of the 
four i n t e r s e c t i o n s ,  r e s u l t i n g  in f r a m e s  of f i lm .  The  r e s u l t i n g  f i lm  p rov ided  an a n i m a t e d  c a r t o o n - l i k e  
v e r s i o n  of the flow of t ra f f ic  within the com pu t e r .  
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The ac tua l  r e s u l t s  on the IBM 704 used half of the ava i lab le  computer  speed to do four i n t e r -  
s ec t i ons  of p r o b l e m  t ime .  P robab ly  the computer  could do about eight to ten i n t e r s e c t i o n s  at a r ea l  
t ime  ra te .  However ,  s ince  a f i lm can be made,  and s ince sca l ing  t ime  is  no obs tac le ,  even if the 
c o m p u t e r  t akes  ten or  twenty t i m e s  r ea l  t ime ,  no di f f icul t ies  a re  envis ioned  in p roduc ing  for  the 
t ra f f ic  e n g i n e e r  a v e r s i o n  of what r e a l  t raff ic  flow would look l ike.  Moreover ,  ten i n t e r s e c t i o n s  in 
any c i ty ,  with a t ten t ion  be ing  paid to the impor t an t  i n t e r s e c t i o n s ,  is  a f a i r  r e p r e s e n t a t i o n  of the flow 
of t ra f f ic  du r ing  the busy pe r iods  at e s s e n t i a l  points .  The model  thus fa r  ind ica tes  that at this  level  
of soph is t i ca t ion ,  a r ea sonab ly  adequate r ea l  t ime ve r s i on  of t raf f ic  flow can be produced.  

To date the mos t  impor t an t  point  in the development  of a computa t ional  tool ,  that is ,  an expe r i -  
men t  to ver i fy  the comparab i l i t y  of the computer  model  and rea l  t raff ic  flow, has not been for thcoming.  
No suppor t  has thus fa r  been  avai lable  for such a compar i son .  

The au thors  have now under t aken  the deve lopment  of an expanded model  with c h a r a c t e r i s t i c s  
d i f fe ren t  f rom the one desc r ibed  above at the following points :  

1. They wil l  r e p r e s e n t  two lanes  of t raf f ic  flowing in the s ame  d i r ec t ion ,  in which a c a r  in one 
lane  may  a t tempt  the pa s s ing  of the ca r  in f ront  by going over  into the next  l ane ,  speeding up, and 
then pul l ing  back into the o r ig ina l  l ane .  

2. Each  ca r  wil l  be given a c h a r a c t e r  (bus,  p a s s e n g e r ,  t ruck ,  etc.  ) on a r andom n u m b e r  (but 
f ixed average)  b a s i s .  

3. The d e s i r e d  speed wil l  be ass igned  on a d i s t r ibu ted  b a s i s  (average a m i l e s  pe r  hour ,  r ang -  
ing f r o m  a - k to a + h with known probab i l i t i e s )  and subsequent ly  c a r r i e d  with the car .  

4. By i n c r e a s i n g  the n u m b e r  car  spaces  in a lane car  m o v e m e n t  wil l  be smoo the r  (although it 
is  not  ob jec t ionably  j e rky  at p resen t ) .  
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