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in te r face ( r tab les ize=20) :#  D isp lay  up  to  20x20  mat r ices
wi th(L inearAlgebra) :
#  Prob lem 1 ,  Lab  2 :  T ra f f i c  F low
# 12  in tersect ions ,  12  equat ions  in  17  unknowns.  
#  E n t e r  e q u a t i o n s .  S h i f t - E n t e r  e x t e n d s  i n p u t .  C t r l - K  o p e n s  a  l i n e
above.
#  RED is  your  input .  BLUE is  formatted output  f rom the maple  
engine.
#
# FIGURE 1 CORRECTIONS: 
#
# UNIVERSITY: 7598 should be 7593. 
#  The or iginal  LAB 2 has been documented,  then replaced onl ine.

eq[1] :=18144+x[4]=10475+x[1] ;eq[2] :=x[1]+16680=x[5]+x[2] ;eq[3] :=x
[2]+x[6]=7593+x[3] ;eq[4] :=x[3]+9462=18820+x[7] ;

eq[5 ] :=x[11]+x[8 ]=19929+x[4 ] ;eq[6 ] :=x[5 ]+x[9 ]=x[8 ]+x[12] ;eq[7 ] :=x
[13]+x[10]=x[6 ]+x[9 ] ;eq[8 ] :=x[7 ]+15089=x[10]+x[14] ;

eq[9]:=4571+6998=x[15]+6433+x[11];eq[10]:=x[15]+x[12]=8080+x[16];
eq[11]:=x[16]+5379=x[13]+x[17];eq[12]:=6049+x[14]+x [ 1 7 ]=
5648+5394;

e q s : = [ s e q ( e q [ i ] , i = 1 . . 1 2 ) ] ; v a r : = [ s e q ( x [ j ] , j = 1 . . 1 7 ) ] ;
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# Def ine augmented matr ix  of  the equat ions
C1:=GenerateMatrix(eqs,var,augmented);

#  Load augmented matr ix  C f rom the lab,  pr inted there  in  RED as 
matr ix  A
#  A l l  l e a d  p o s i t i o n s  a r e  1 ,  b e c a u s e  t h e y  d i d  t h e  c o n v e r s i o n  t o  
matr ices by hand.
#  T h e  o r i g i n a l  l a b  R E D  p r i n t  i s  i n c o r r e c t ,  c h a n g e  - 1  i n  r o w  1 2  t o
1 .
# FIGURE 1 has one error:
#    UNIVERSITY:  7598 should  be  7593.    
#  In  2016 ,  goog le  maps  shows  TH IRD is  b id i rec t iona l  t ra f f i c .  
V a r i a b l e s  x [ 1 5 ] , x [ 1 6 ] , x [ 1 7 ]
#  r e p r e s e n t  p o s i t i v e  o r  n e g a t i v e  n e t  t r a f f i c  c o u n t s .  
C  : =  M a t r i x (  #  C o r r e c t e d  - 1  i n  r o w  1 2
       [  [  1 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,    
 7 6 6 9 ] ,
         [  1 ,  - 1 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  
- 1 6 6 8 0 ] ,
         [  0 ,  1 ,  - 1 ,  0 ,  0 ,  1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,    
  7 5 9 3 ] ,
         [  0 ,  0 ,  1 ,  0 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,    
  9 3 5 8 ] ,
         [  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  
- 1 9 9 2 9 ] ,
         [  0 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  - 1 ,  1 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  0 ,  0 ,   
       0 ] ,
         [  0 ,  0 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  1 ,  - 1 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  0 ,   
       0 ] ,
         [  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  - 1 ,  0 ,  0 ,  0 ,  
- 1 5 0 8 9 ] ,
         [  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,     
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  5 1 3 6 ] ,
         [  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  1 ,  - 1 ,  0 ,    
  8 0 8 0 ] ,
         [  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  - 1 ,  1 ,    
  5 3 7 9 ] ,
         [  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  1 ,  0 ,  0 ,  1 ,     
 4 9 9 3 ]  ]  ) ;

#  The two augmented matr ices di f fer ,  because of  leading elements 
i n  r o w s  1 , 5 , 7 , 9 , 1 1 .  R e - s c a l e .
w i t h ( l a y l i n a l g ) :
C2:=sca le (C1 ,1 , -1 ) :C3:=sca le (C2 ,5 , -1 ) :C4:=sca le (C3 ,7 , -1 ) :C5:=
s c a l e ( C 4 , 9 , - 1 ) : C 6 : = s c a l e ( C 5 , 1 1 , - 1 ) :
C-C6;#  Should  be  zero  i f  C  equals  C6.
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ans:=LinearSolve(C, f ree= ' t ' ) ;  #  Solve  the  augmented system for  x
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Problem 1, Part (d): (i) Do more cars travel northbound or southbound between
Pike St and Union St?
  Variable x[15] is signed net flow, but variables x[1], x[8] are positive directional flow.
The northbound flow is x[8]. The southbound flow is x[1]+x[15]. These two flows 
should be nonnegative.

ans[1 ]+ans[15 ] ;  ans [8 ] ;
#  T h e  f l o w  x [ 8 ]  i s  g r e a t e r ,  s o  n o r t h b o u n d  h a s  t h e  m o s t  t r a f f i c

t

#  I t  i s  p o s s i b l e  t o  f i n d  a  v e c t o r  b a s i s  f o r  t h e  s o l u t i o n  s p a c e  o f
the homogenenous equation.
#  To  do  th is ,  ident i fy  the  f ree  var iab le  symbols  and  then  compute
v e c t o r  p a r t i a l  d e r i v a t i v e s .
#s t rangSolu t ion:= (ans ,n ) ->map(x ->d i f f (x , t [n ] ) ,ans) ;seq
( s t r a n g S o l u t i o n ( a n s , j ) , j  i n  [ 8 , 9 , 1 0 , 1 5 , 1 6 , 1 7 ] ) ;


