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Appendix 4 

A Sample of 10 Highway Segments Formed, 
their Length~, and Basic Maintenance Costs 

Length 
of 

Segment Maintenance 
(Miles) Route No. Area 

5.90 9 Estherville 
8.78 15 Estherville 
6.52 15 Estherville 
8.23' 15 Emmetsburg 
7.76 4 Emmetsburg 
5.68' 15 Pocahontas 

18.33 20 Rockwell City 
12. 17 169 Humboldt 
8.50 69' 105 Forest City 

12.78 17 Wi 11 i ams 

*Basic 
Maintenance 

Costs 
( 1981 Do 11 a rs) 

13,814 
16 ,272 
12,083 
.8,635 
10, 770 
6,258 

32,155 
42,359 

' 20,745 
32,708 

* 1981 labor and equipment costs based on the 1980 cost (see Apperidix6), 9djusted 
for i nfl ati on. 
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Appendix 5 

Sample of Estimated One-Way 
Travel Times~-From 10 Segments to 6 Garages 

Average Speed = 35 mph 

One-Way Travel Time (in minutes) 
From Segment to Garage (G) 

Emmetsburg Pocahontas Humboldt Algona Ger led 
(G2) (G3) (G7) (G3) (G9) 

48 92 132 91 70 
74 114 109 68 42 
60 100 95 54 39 
30 56 70 25 73 
27 18 59 70 115 
42 44 58 37 85 

105 59 56 97 143 
78 52 10 35 83 

108 146 . 110 69 21 
160 117 76 117 157 
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Location 
and 

Number of 
Garage 

Estherville 
(2202) 

Emmetsburg 
(3305) 

Pocahontas 
(3306) 

., 

Rockwell City 
(3302) 

Ft. Dodge 
& Gowrie 

(1208) 

Humboldt 
(2204) 

Appendix 6 

Fiscal Year 1980 Labor, Equipment, and 
Overhead Costs for the Routes and Garages 

in the Study Area, 

1980 Routes 
Garage Related Served 1980 
Ove rhea d Cos ts by Labor Cost 

(Dollars) Garage (Dollars) 

20 ,843 , 4 24 '969 
9 28,659 

15 12,236 
615 295 

21,266 4 20,884 
15 4,797 
18 27, 132 

21 ,193 3 22,505 
' . 4 . 14 '748 

7 9,265 
10 12,401 
15 12,159 

607 66 

14,240 4 22,788 
7 7,075 

20 27,675 
124 709 
175 23,299 

54, 728 7· 14,856 
20 25,839 
50 6,257 

169 48,565 
175 69,225 

16,335 3 22,693 
169 35,788 
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1980 
Equipment Cost 

(Dollars) 

21 '117 
22,562 
13,680 

275 

15,683 
3,167 

'19,177 

13,564 
9,744 
7 ,961 
8,886 
9,495 

14 

14,837 
7,414 

19,920 
427 

14,282 

12,532 
21 ,675 
4,883 

33,165 
20,304 

16,495 
22,678 



Appendix 6 (Cont'd.) 

Location 1980 Routes 
and Garage Related Served 1980 

Number of Overhead Costs by Labor Cost 
Garage · (Do 11 ars) Garage (Dollars) 

Alonga & 29,671 9 26,406 
·Gerled 15 21,892 
(2205) 17 5,835 

18 27,693 
169 51 ,922 
226 4,792 
274 3,304 
602 1 ,037 

Forest City 16,847 9 32,865 
(2209) 69 31 ,559 

105 63 
640 79 
646 72 

Garner 28,504 18 26,081 
(2203) 69 22,865 

111 15,741 

Clarion 28 '193 3 23,345 
(2210) 17 21 '688 

69 24,234 
72 12,018 

Webster City 26,094 17 28,223 
(1206) 20 18,846 

175 19,533 
520 35,048 

Williams 31'771 20 27,881 
( 1207) 35 77 '197 

69 21 ,803 
175 19,427 
383 . 428 
520 8,397 

Hanlontown 45,759 9 33 '972 
(2108) 35 61,019 

65 19,907 
105 28 '723 

Source: Office of Maintenance, Highway Division, Iowa DOT. 
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1980 
Equipment Cost 

(Dollars) 

15,759 
15,947 
5,558 

24,462 
43,658 
4,821 
2,886 
1 ,471 

31 ,247 
27,959 

34 
15 
15 

19,434 
19,668 
10,802 

15 ,072 
15,560 
18,029 
7,950 

17,999 
13, 219 
14,249 
21 ,233 

16,815 
57,273 
14 ,551 
12,068 

167 
6,337 

26,288 
50,095 
16 ,572 
24,967 
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Appendix 7 

Computer Program for Computin0 

Travel Time Adjusted Costs 

__ .. __ _ 

* - The number '60' used here is such that any travel time cireater t_han 60 
minutes is an 'unimportant travel time' (see Section V.E.). 

** ~ The number '200' used here is a fictitious travel time as described in 
Section V.E. 

DAT A A I NF ILE A; D!DlJ T NODE $1-6 ( n-n?,!__J_~DJ_C_Q_S.I J~ 7-]2_; __ OCG 1J J 14 
~--rf Tl 6tf*THEN T1=2:rn:"'"" OOJ:''JC::'.O 
! IF Ti:' ! 0/1:-T H ': :~ T 2 = 2::; C ~'I 0 J 0 3: C.::: J 
! _ IF __ TJ;fiO*°TrlEi~ T3=;:'"0 ,;.c,.,_ OJ-4r-J:i:i 
~- IF T 4 > 60~T ri E:~ T 4 = 2 JO~~---_ ---------------- ----- ------------ - C J;J 5~ J~ G -

IF T 5>60~HEN T 5=200 ;""""' - 01J:Jt:CG:'O 
IF Tb>~O~rlEN T6=2JG;"''I-_ oc:J7':020 i--·IF- T7>fO"'°THEN -T7=2Jc;:it OO'J:'.C=121J 

i IF H>6~THEN To=2JO;"""\ COJ'lC'J?J 
L_IF T9>60~Tii::N T'i=2JO ;~"'t _ OC1C'JJ?O 

· IF T10>E~THEN T10:2CO;~~-·-·-· ----------·-·-·-·---------; OQl~C:J~O 

If T11>60'tTrlEN T11=200f"-'i: 0012JJ2u 
IF T12>60"1HE:N T12= 200 ;"-~ 00130020 

If Tl4>6~THt:N T14=2JC;"'""' GJ1SOO:?O 
[

-IF T13>6tr°TH ECJ Tl 3=2!JO iM"- - --- 0014C 020 

__ IF T1S>60~THEi~ T1S=2'.JD~"'"' ----------------- ----------- OG1oC'J20 
If T1 >165 THEN COST1 =8*COST; 0017JQJO 
IF T2 >165 THEN COST2 =8~COST; 001~CJQO 

IF T3 >165 THEN COST3 =&~COST; ----------------- 00190fJQO 

[

IF T4>1b5 TH(:N COST.4 =8*COST; oo::cc:JJC 
If TS >16~ THC::N COSTS =8*COST; 0021CO~Q 

IF ib >165 THEN COSTb =!!*COST i ------------------- 00?200QiJ 
-IF T7 >165 TH(:N COST7 ~8xCOST; 002300JO 
IF T8 >165 TH~N COST.a =S*COST; J024COOO 
If T 9 > 1 bS TH EN CO ST9 = c *(OST; ------ 002 5C: OJIJ 

[
-IF TlO>l65 THEr; COST1C=l':*COST; 00:?6C'JCD 

IF T.11>165 THEN (OST11=8fCOST; 0027COOO 
IF Tl2>165 THC:~! COST12=8*COST; -------------------- ___________ -------- --------- OC28CQOO __ 

- lF T.13>165 THC::N COST13=8:wCOST; 00290000 
lf T14>16S THEN COST14=!*COST; 00300000 -
If T15>16S THEN_ COST15=8xCOST; _ ____ _ _ _ _________ 0031C1014 _ 

/ 
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Computer Program for Computing Travel Time Adjusted Costs 

TnE i~ CC.ST1 
THEN C'.>~T2 

Tr1UJ CO ST 3 
THEN COST4 
THC:N CO ST 5 
THEN COST6 
Th E;~ COST? 
BE.\! COSTo 

Appendix 7 contd. 
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Computer rrogram for Computing Travel Time Adjusted Costs 

Lif T8 <15 THEN .COST8 =_·. __ .i:i·.co·sr-; 
If T9 <15 TH~N COST9 =·8*COST; 
If __ T1iJ<15 _T_HEN _ COST10= • 8 *COST;----'----­
IF T11<15 THEN COST11=.8•COST; 
If T12<15 THEN COST12=.8~cosr; 
IF T13<15 THEN COST13=·8•COST; 

[

If -T14<1S THEN-cosr14;--:s-~cos{; 
IF T15<15 THEN COST15=.8¥(0ST; 
DAT A B; SELA.i__ ----~-------
FILE PRINT; 
X= 'X'; 

GOj4:JCJQ1 
00i15JG01 

______ co~~SiJJ1 
00"'.700'.:1 
CCl!'.\C'JG1 

________ O~B9G'.JiJ1 ___ _ 
OC:9C':J'.!1 
00110014 

_______ C092C004 
0093[;]25 
OJ94Cld'.:4 

_ M+l; _________ ------------r- L+l; 
----------- OIJ15%C4 __ _ 

I -P='1·C'; 
~J= •c csr•_; __________________ -·---------- ------··-----·- ·-- ·-·--- ---··---

o= • NoD•; · 
PUT @5 X @6 M @15 J @25 ICOST1> 18·1> @40 0 @43 L @53· P; 

089 cJ ~E4 
CC'i7JJJS 

0099CJOC7 
o::..ooJ.Jl1 
01~1D'JC5 __ 

PUT C:5 X @6 M @15 J @25 (COST2l l8°1l @40 0 @43 L @53 P; 01J::l0Cll1 I
M+l ;_ ____ : ___ . ··---------- ----_ ·-·--------- ·---------·--- -·--c-·'-----· -·-·· 

~~l; . 01iJ3GJJS 
, __ PUT @5 __ x _<>6 _ _11__ Gl15_J ___ @25 __ ((0S.l3L{h1J __ @40 ___ 0_@4.3_ L_@53 p;_______ . 01ouJ]:!.1 :_·_ 

M+l; _ 01'J5TJOS· 
PUT @5 X @6 M @15 J @25 !COST4l 18·1> @40 0 @43 l @53 P; 01J1=.CiJ11 

17 ~~~;_aisxi6n-@i5J--@25-1-cosrs>--1 a-:1T@4a-·c--@43 _L_@s3 p: -- ~i5~~~ii--
! M+l; . IJ1J'l-:TJ5 
L____ PUT @5c..L@6_M iil15 __ J_ __ @25~{(0STbl ___ _(_8~1L@40 __ o__@!-13 L __ @53. P.;·--~---- 0110CiJl,1 __ 

M+l; 0111CO~S 
PLT iil5 X @6 M @15 J @25 ICOST7l !8.1l @40 0 @43 L @53 P; 0112:011 

l~~~;@sx@-6M@1-fJ-@2s-1cosr8-G·a:-1l-@460-@-43_L_@s3 P; g~i~~~~~----
1 · M+1; 01150Cl'J5. 
L__P UT @5:_.x___ @6_1'L!il15_J __ @2 S_I _(QSL9Ll8 ._1L@4Q_O._.iil_43 .. L _ @5 3 __ p_; _______ 0116DJ11 __ _ 

M+1; 81170~15 
PUT C:5 X @6 M @15 J iil25 ICOST10l (8.1l @40 0 @4.3 L @53 P; 011501]11 

,-----M + i; ________ ___ c 11=11:1c:i5 _. __ 
PUT @5 x @6 M @15 J @25 ( COST11> ( 8-1) @40 0 @43 L @53 P; c1-:ooa11 . 
~+1; 01?1'J'JJ5 

~u r.:_@s__x_@b__MJ) 1.LJ_@.2.5-lCOSU2.l_l8._1L@_Y0_..0_@!:13..__L._@53_._p_;_ _____ _____:.012=D011 __ 
n+1; 01-:3c;ao5 
PUT Gi5 X @6 M @15 J @25 ICOST13l C 8· 1 l @40 0 @43 L @53 P; 0124C011 

-1'1+.J.· ::.2.sao1y __ 
: PUT @S X @6 M @15 J @25 <COST1'll l8·1l @40 0 @43 L @53 Pi 01::i60014 

n+1; 01210005 
PUT iil,5.:_X~..@15 J @25 <COSU.il-1.8...tJ.I iil40 0. @43 L @53 P: 01.28001!. 

/ 
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Appendix 8 

Sample Computer Output of Travel Time 
Adjusted Costs. Average ~peed = 35 mph 

a. Complete Data Set 

* t·csTn-1IO!:l~20000 -- ,NDLJI ---l•OOCOO • 

COST - l970R.ooooo NOl)l loOuOOO 
COST . 140'10.30000 ,r-.uDI I 000000 _J 

--t:o::.r -3Jt..79_.20000---iN0D1 t.00000·--
1 t" :'" X6 

~ J_L __ 

CCST ~ 2"1628. OO'JOO .NU0l 1.00000 

COST llO~l2.0000 i~OOI 1.cooo 
COST _ 27075.40000 NOOI 1.0000 
cost 19~23.~0000 ~001 1.0000 

--c:Jsr}--16llt-.3;Jooo-·,.;-o01 1.oo::io 

0 
0 
0 

X9 
XlO 
x l l 

CCS T Z'S'1 I '•':•0JOO 'l'<UiJl 1.0000 
--11----C.ui T - ---- 31 11.!. • 2U J 0 0 -- NlJUl - I• UiHO 

0 
.). 

----0 
Xl2 
XIJ 
Xl4 

--·x15-
X16 

C05 10~12.0000 ~~01 1.oouo 
CUS lo:; 12 .l•OOO tiOOI l oOOl.lu 
cn5 1os12.oooo- tllh)I 1.ouoo 
COS 26~3.JCOOO ~OJI loOJOJ 
COS ~~d6~400~0 Nui.)2 loOOOJ 

J 
i) 

0 
0 
0 

Xl7 
Xl8 
Xl'>-
X20 
X2l 
X22 
X23 
X24 
X25 
X26 
X27 
)( 2 9 
X29 
XJO 
X3i 

cos 064'1.ioooo r.rno2 +1.cooo 
C.GS ~04;~.00JJO ___ NUi.)2_ - ____ l.UJ-00 
l.o.;; 12c;o.;.~uooo rm...>2 - 1.uovo 
CCS 72d4.60000 . ~Oi.)2 loOOOO 
Ci.JS :5'.dc4.IJ('OQ NOD2 1.uooo 
cos ;6~9.60000 ~002 1.0000 

---cos e 11 :;. ::.u o u o --- l'.on2 -- 1. o ooo 
cos J57~.soooo ~uu2 1.cuoo 
COS 7301.bOOOO N002 l~OJOO 
cos 12~J.ioooo Nu,)2 _____ L__1.oooo 

--1----e:os s<>sc-1.0000 NUJ~ 1.0000 
C05 S<;B64.0000 ~UU2 loOOOO 
CGS S<;eci+.0000 NUC>2 1.0000 
cos 1s5c;.2oouo Nou2 1.0000 

--1-----cos J510o40000 ·NUDJ 1.0000 

0 
0 -0 
0 
0 
J 
0 
0 
0 
0 
a 
0 
0 
0 
0 

X32 COS 551Uo30GOO NLJJ loOOOO 0 
X~J 
XJ.\ 
x 35--

cos 5903.60000 NllD3 1.0000 
co:, 9t.H.9vooo NCD3 1.uooo 
~OS 91J4.<;UOOO NODJ 1.0000 

0 
0 
;j 

X36 COS JSI04.JOOO ~003 loOOOOO 
X3"/ 
X30 
X3<F 

COS Jlt4.~0000 NUD3 1.0,)JJJ ~ 
C05 0265.uGOUO NOu3 1.ooooJ 

-+~--co~ 32d.:..JOOOO NUDJ 1.0GOOO -- ... 
X40 
X4l 

COS 5903.00~00 ~UD3 1.~00000 
COS 1073.<;GOOO ~003 t.00000 

X42 
°)(4 3 
X44 

ccs 15<Ho.1000 l\OD3 1.00000 ____ -; 
--1----(03 JSI 04 .OOUO -- NUUJ l. 00:.>00 

COS 35104.00UO ~Ci.)3 loOOOOO 
X45 cos a1~q.40000 NuD3 1.ooouo 
X46 
X47 

COS 5512.60000 NGJ4 loOOOOO 
--1----cos :1.:.17.c;oooo·-Ncu4- 1.0.)000 

X43 C05 7957.00JOO ~004 1.00000 
X49 
X50 
XS f 
xe2 
X!:3 
X54 
XS 
X56 
X57 
X58 

cos g5ss.20000 NOD4 1.00000 
co~. 417l.20000 r..uu4 t .ouooo :3 -·cos .:su17a~uouo ___ ~uo4 1.oJouo 
CGS &903.00000 NOD4 1.00000 
cbs d767.000IJO N004 lovOQOO . 
COS ~946.6GOOO NUJ4 t.00000 · 

~-+---c.:is 2:ials.c.oooo-Noo4 1.00000 
~OS 28421.80000 Nu~4 lovOOOO 
cos 406tio.ooooo_ ~on• / 1.co_ooo - _ 
C:OS 3017<>~000Q __ /'IOD~----- l 000000 . , 

Notes: 

The relevant columns are marked 
with asterisk (*). 

Xl is. theoretically defined as 
the fraction of segment No. 1 
allocated to garage No. 1 
(see Appendix 9, Section b(l)). 

'11051 .2' is the travel time 
adjusted cost from garage No. l 
to segment No. 1. 
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b. Partial Data Set 

r ·--. 
o, 

Xl 
X2 

CCST 
COST 

X~ CCST 
~ X4 CCST r., XS COST 

X6 CCS T 

~ L_-_-,~: ----- ~~H 
XlO CCST 
Xl J CCST 0 
Xl2 CCST 

~ [~-- -- ~~ ~ -- --- ~H~ 
Xl6 COST 
Xl7 COST 
x1e CCST 

L XlS CCST 
. X20 CGST 

______ X2 I CCS T 
X22 CCST 
X2~ CCST 
X24 COST 

,----- X 2 5 C C ST 

LC-.-~_ ~~~ ~~~i 
X28 CCST 
X2S CCST 
X30 CCST 
X31 CCST 
x=2 CCST 
XJ3 CCST 
X34 CCS T 
X35 CCST 
X36 COST 
X37 CCST 
X38 CCST 
X3S CCS T 

,---- ·-· 

L __ 
X4C CCST 
X41 CCST 
X42 CCST 

[

--·. X43 CCST 

X44 . CCST 
--· X45 CCST 

XH CCST 
·x47 COST 

X4e CCST 

,----- ~~~- ~~g 
L __ --- XSl .COST 

- -
ll'.J51.2 
14090.3 

110512.0 
11051£.0 
110512.0 
110512.0 
110512.0 
110512.0 
110'512.0 
110512.0 
110512.0 
110512.0 
110512.0 
110512.0 
11C512.0 

1'598t.4 
2C64S.l 

15S8t4.0 
l5'1R64.0 
l'3'l'H4.0 
159864.0 
15S8f:4.0 
1598f:4.0 
15S8t't.O 
l~SEf:4.0 
15t;tl64.0 
l5S8t4.0 
1'598f:ti.O 
15Sl3t4.0 
15S864.0 

=3510.4 
3:: 510". 0 
3;5104.0 
335104.0 
3?5104.0 
33510' •• 0 
3:?5104.0 
3?5104.0 

'432114.3 
3;5104.0 
335104.0 
3?5104.0 
3?5104.0 
335104.0, 
3?5104.0 

15512.6 
l?OlH.O 
i=o1 u.o 
1!01 H.O 
l?Ol7f.O 
l?Ol7f.O 

- .. -
f\OCl l.O 
f\O!:l 1.0 
f\OCl l.O 
t\CCl 1.0 
f\OCl 1.0 
f\UCJ 1.0 

--·-·-·· - ---
f\O Cl · l .o 
f\GCl 1.0 
NOCl 1.0 
f\G Cl l .O 
f\OCJ 1.0 
f\OCl 1.0 
f\OCl 1.0 
~;Q[l 1.0 
f\OCl 1.0 
f\iOC2 1.0 
f\OC2 1.0 
f\OC2 1 .• 0 
l\CC2 1.0 
f\OC2 1 .o 
t\UC2 1.0 
f\0[2 1.0 
f\002 l.O 
l\OC2 1.0 
f\OC2 1.0 
l\OC2 l.O 
f\OC2 1 .O 
t\002 1.0 
f\0[2 1.0 
f\OC2 1.0 
f\OC? 1.0 
f\0[3 1 .o 
~DC? 1.0 
f\0[3 1.0 
f\OC! 1.0 
~OC! 1.0 
f\OC3 l .O 
~OC3 1.0 
f\OC3 1 .o 
N003 1.0 
f\CC3 1.0 
f\OC3 1.0 
f\OC3 1.0 
MJC3 1 .O 

.NOC3 1.0 
f\CC4 1.0 
NOC4 1.0 
NOC4 1.0 
f\OC~ l .O 
f\OC4 l.O 
ll.OC4 1.0 

- - - .. -
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Appendix 9 
The Optimum Allocation Model and the 

MPSX Computer Program 

a. The Optimum Allocation Model 

Let 
Xij =fraction of highway segment 'i 1 allocated to maintenance garage 'j'; 

Ci j = 

z 
cost of servicing highway segment 'i 1 from maintenance garage 'j'; and 

= total maintenance cost for study area. 

Suppose there are 'n' highway segments and'm' maintenance garages in the study area. 

, Then the classical linear programming Ul) formulation is 

n 
Minimize Z = L 

i=l 

m 

m 
~ Cij Xij 
j=l 

Subject to ~ Xi j = 1 , i = 1, 2, n 
j=l 

Xij~O 

In this study, the above formulation has been called the Optimum Allocation model. 

In the Optimum Allocation model (as f~rmulated above), it is possible to obtain 

fractional values of the Xij's. To avoid this problem one could reformulate it 

as an integer programming model (20) by changing the constraints Xij~O to 

· (1, if highway 
. garage 1 j 1 

Xij = . 

0, otherwise 

segment 'i' is allocated to maintenance 

·In· the ihteger programming formulation, the Xij's are either zero or one. There 

is, however, a disadvantage in that efficient computerized algorithms for solving 

large-scale integer programming problems (like the MPSX computer program for 

linear programming problems) are not readily available. In view of this, the 

Optimum Allocation model was not formulated as an integer programming model. 

-61-
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b. 

Even though it is possible to obtain fractional values for the Xij's in the 

Optimum Allocation model, they rarely occur. In fact, both in this study and the 

project prepared for the Alabama DOT by Bell (l), fractional values never occurred. 

If one of the maintenance garages in the Optimum Allocation model is to be 

closed, then an additional constraint is needed. Suppose garage j* is to be closed. 

Then the new Optimum Allocation model is 

n m 
Minimize Z = ~ ~ Cij Xij 

i=l j=l 

m 
Subject to L Xij 

j=l 

n 

1, i=l, 2, 

")' , Xij = 0, j=j* 
i=l 

Xij~O 

The MPSX Computer Code 

n 

The MPSX computer code of IBM (11) is a highly efficient computer program 

capable of solving large-scale linear programming problems. This computer 

program was used in this study to solve the optimum allocation problem. 

The input format, control program, and data format have been combined in a 

logical sequence to form one continuous program. 

The computer program as used to evaluate the cost impact of closing the 

garages at Humboldt and Forest City is shown in Section b(7}, Page 69. 

(1) The Xij Variables 

.The Xij's defined in Section 'a' were defin~d differently in the MPSX computer 

program used. The relationships between the two definitions are given on the 

following page. 
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MPSX 
Allocation Computer Variable 

Model Program Description 

X1 '1 X1 Fraction of segment 1 allocated to garage 1 

X1 '2 X2 
II II II 1 II II II 2 

xl '15 xl5 
II II II II II II 15 

x2, 1 x16 
II II II 2 II II II 1 

x2,15 x3o 
II II II 2 II II II 15 

X3, 1 x31 
II II II 3 II II II 1 

x95,15 X1425 
II II II 95 II II II 15 

x x II II II 96 II II II 1 
96' 1 1426 

X95,15 X1440 
II II II 96 ii II II 15 

(2) Comments on the MPSX Computer Program 

The following explanation pertains to the MPSX computer program given in Section 

b( 7). 

(i) The program steps have been numbered for reference purposes only. 

(ii) Each program step indicates the required information to be punched on a 

card. 

(iii) Only those variables supplied by the user are explained below: 

Step No. l:- 11 xxxx' is a 'box number' to be provided by Iowa State 

University (ISU) 

- 'yyyyy' is an account number to be given by ISU 

- 'NKANSA' is a user supplied name* for the job 

Step No. 2: - 'yy' is an account protection number to be given by ISU 

Step No. 7: - 'PAUL' is a user supplied name* for the data 

Step No. 8: - 'GARSTUDY' is a user supplied name* for the program, 
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Step No. 12: 

Step No. 13: 

Step No. 20: 

Step No. 22: 

: ·. -.,. ~ . . . 

'COST' is a user supplied name* for the Cij 1 s (defined in 

Section 1 a 1 above). 

1 MCOST 1 is a user supplied name* for the total maintenance 

cost 1 Z' (defined in Section. 'a 1 above). 

'PAUL' is as explained in Step No. 7. 

'COST' is as explained in Step No. 12. 

Step No. 23: 'NODl' is a user supplied name* for highway segment no. 1. 

Step No. 118: - 'NOD96' is a user supplied name* for highway segment no. 96. 

is the last segment formed in the study area. 

Step No. 119: - 'CLOS?' is a user supplied name* for the first garage to be 

closed. In this case it is Humboldt garage (garage no. 7). 

Step No. 120: - 'CLOSlO' is a user supplied name* for the second garage to 

be closed. In this case it is Forest City garage (garage 

no. 10). 

Step No. 122: - 'Xl' is as defined in Section b(l). 

- 'COST' is as explained in Step No. 12. 

'11051.2' is the travel time adjusted cost associated with 

Xl, using average speed of 35 mph and the partial data 

·set technique (see Section V.E.). 

Step No. 129: - 'X7' is theoretically defined as the fraction of segment 

no. 1 allocated to garage no. 7 (Humboldt garage). Since 

garage no. 7 is to be closed, this step ensures that no part 

of segment no. 1 is allocated to garage no. 7. That is, 

X7=0. Similarly, X22, X37, X52, ---- (occurring at intervals 

of 15 because there are 15 garages) must be zero. To ensure 

this, steps similar to Step No. 129 are 'repeated' whenever 

a step containing any of the 'X' va ri ab Tes X22, X37, X52, 

----, Xl432 is encountered. 
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Step No. 133: - Explanation of this step is the same as that of Step No. 129 

except that X7 should be replaced with XlO and the set {x22, 

X37, ----, Xl432} should be replaced with the set {X25, X40, 

----, Xl 435} . 

Step No. 1567: 1 Xl440 1 is the last 1 X1 variable, 

Step No. 1569: 1 MCOST 1 is as defined in Step No. 13. 

*Any name used should not be more than eight letters or characters. 

(3) Optimum Allocation 

To optimally allocate highway segments to a given number of maintenance 

garages in a study area, the steps in the computer program associated with 

closing a garage should be deleted. Thus steps similar to Step No. 119 and 

Steps 129, 146, 163, ----, 1558 associated with garage no. 7 (or Step No. 

120 and Steps No. 133, 150, 167, ----, 1562 associated with garage no. 10) 

should not be included. 

The number of highway segments and maintenance garages in the study area 

will' determine the number of steps. It should be noted that the computer 

program ~iven is for 96 highway segments and 15 maintenance garages. 

(4) Closing of Maintenance Garages 

To close a maintenance garage, steps similar to ~tep No. 119 and Steps 

No. 129, 146, 163, ----, 1558 associated with garage no. l (or Step No. 119 

and Steps No. 133, 150, 167, ----, 1562 associated with garage no.'10} should 

be included in the computer program. The actual step numbers will depend 

on the size of the problem. If two or more maintenance garages are to be 

closed, appropriate changes in the computer program will have to be made. 

(5) Relocation of Maintenance Garages 

Relocation of maintenance garages can be handled in two ways. These 

are described on the following page. 
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Approach 1 

In the MPSX computer program, simply regard the 'old' maintenance garage 

(maintenance garage at old location) as the 'new' maintenance garage (maintenance 

garage at new location). But the 'old' travel time adjusted costs in the 

computer program should be replaced by the 'new' travel time adjusted costs 

(as detennined from the new location). In this approach, the computer program 

should not contain any of those steps associated with closing a maintenance 

garage (i.e., steps such as 119 or 120, 129 or 133, 146 or .150, etc. should 

not be included). This approach was used in the study. 

Approach 2 

In this alternative approach, the maintenance garage to be relocated is. 

first closed as described in section b(4) above. At the same time, a new 

maintenance garage is created at the new location. The travel time adjusted 

c6sts associated with this new location are calculated. An implication of 

this approach is that the number of maintenance garages in the computer, 

program is increased by one for any maintenance garage. relocated. This 

will increase the sfze of the problem and may lead to an increase in computer 

time. 
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Appendix 9 contd. 

b(6) Sample Output of the MPSX Computer Program 
Notes: (i) The relevant columns are those marked with asterisk (*) 

(ii) The optimum solution is: 
Xl .. ~ x1J = 1.0 with service cost of $11,051 .2 · 

x2 = 0 = x3 = x4 = .... = x15 
This means segment No. 1 is allocated to garag~·No. 1. 

Total maintenance cost = $1 ,969,392.4 (see next page) 

0 *, 2 * 3 4 * 5 6 7 8 9 10 , , , 
~~:!_4 5_~ ~_!~l~ !._~~ !i 6 7 8 ~··i:_~-?~~-tlo-~~~~-~~~!.__2_ ~i-~1.1if~~~1_~3 4 5 6 7 8 9~0 1 2 3 4 5 6 7 8 9j~~_!__ < 5 G 7 B gl~-~ 2_ i_:_r.~~r-1 ~~~- '> ~-; .:'__·;J 11_2 3 4 S ~ 7 _!!J~'1_~~7-~!0~-2 3' 

oMPSX-?Tl9oo EXE UTOko MPSX RELEAS~ l MOO u:;vEL 6 I I I tACiE ~~ - 81/,~0 

SE~-~ - CCLUMh I ------ ----1--- . __ _[__ .. l ! [_ 
NUMBER .CGLUMNo ••• ActflVITY··· •• INPUT c9sr.. ··L4WER LlMlTo •• UPPER LlMlT. ·+Ei)UCED co~f,. ! 

.'JIL_ 1<1 - .... .a. 11os1.20000 ___ -n .l~liNE ___ -- --· -- -- '. ----~· 
9q X2 • 14090.JOOOO • NUNE 303q.1Jooo 

lOO 1x3 • 110512.oqoou • NUNE 199460.60000 
101 X4 • 110512.00000 • NONE 99460.8JJOO I 

102._.iX5.____ .110512. 00000 .NGNE ___ ,99460.8JJOO- -~ 
103 1x6 LL 110512.00iJOO NONE •99460.80000 ' 
104 t.7 LL 11os12.ooooo NONE 199460.00000 ' 
105 iXl:l LL 11os12.coooo l'<ONE l9'J460.8JOJO : 
.l 06._!X9 ______ .l... ._ ______ l l 0512• OOOOQ.___ .. NUNE ..... ---'99~6J. 8JJOO t-·-

107 :x10 ;LL llu512.ooooo NUNE i99460.'IOOJO 
l 1J9 'Xll 'LL 11os12.ooooo NONE !\N460.130000 
109 lx12 ILL 110512.ouooo • NuNE !994o0.8uooo 

__ I lO __ ;x I J _____ l..I..___ .l 10512· ooono ____ --·· .NUNE ____ :99460.AuO•JQ ____ -+-----++--
l 11 ·

1
·xt4 LL 11C512.00000 I NONC 199460.80000 

112 .XIS lC11 l..L 110512.lJOOOO NUNE «N460.801)0.:) 

I 
~ 1 lu :;·~;-;rr,;-4uooa NUNIO i • : • 

1 U ___ ~LL ' (1-l.. .. 20b49.10.00Q. .NONE ____ I_ 4662. 70000 
115 1x16 L 159tlb4.00000 NONE 1'43377.60000 : 
116 

1
x 19 ILL 1598b4. 00000 NONE i,43011. 60000 ; 

117 X20 (L 159864.00000 NuNE t43877.60000 1 ua __ lx21. 't!- 15981':4.ooooo • .. NONE _____ l4.3977.60JOO f--: 

119 . :lx22 LL lo9tlt.4. 00.00() NUNE 1_43il77.60i).l0 
120 X23 L 1591364.0UOOO NONE 143877.6JJJO . 1 

121_ •X24 \LL 159864.0lJOOO NONE 1438l7.60000 j' · 
__ 12,2 ___ 111(25 \l.!- ..._ ___ 159l:lool.OOOOO .. __ NUNE ____ .. 1;431377.6JJuO ---·--- ----- -~.--

123 X26 ~L 159864 .• COQOI) . NUNE 143877.60()00 
124 X27 L 1 • 159Elb4o00.000 I NONE 1:43877.60000 i 
125 1x28 L .15.C,864.00000 NONE 1,43877.60000 . : 
l ;!6 -1X29 J,. .._ l59864o 00000 1· .NONE. _ _14.J677o600.}0 -------1-------'H--
127- 1x3·0 i<2 •; ILL 159864.ooooo· NONE 1"43677.6oooq· 

I "''' I 3 1 .40000· NONE J . :: 
~~~ ~~~ . ~~ ~~!~!~·~~~~2 ~~~! ~~2~!·?~q~! 

fm: ·-C : ... , ... ·- .... 
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'Appendix 9 contd. 

b(6) Sample Output of the M~SX Computer Program 

I 

: :,· 

t-:--:-----r-------+---~~--l--~---t-------+---------1---- : ~~-rl~~~--:-~~--:-~~-f~~_:_~-++:~~~----1-~~~--+.i-;_:_-
: 

r------r-------r---'----1-------ir---~----t--:----:--'-f-:-------b--,----.~_J~_;_:__-,---i--------.tl;-----J_ _____ l~-:---
i I 

I i. 

I 
! :-

123•587.8901234567890123 . l ! 0 1 . 425 a 7 8 9 iO 1 2 3 435 s 7 B 9 o 1 2 3 ~s s 7 8 9 c ·1 2 3 ~s a , a o o 1 2 3 • s 6 7 a s;o ' 2 3 • s G 7 a 9 o 1 2 3 4 5 s 7 8 9 o 1 2 ; • s s 7 B 9 o: 1 2 3 • 5 a 7 a • o 1 2 3 4 s 6 7 a 9 o'.1 2 3 • 

6 7 Q " --
• I 

_____ .J 



b(7) .MPSX Computer Program 
Appenix 9 contd. 

for Closing Humboldt and Forest City Garages 

Jl 02 05 04 OS 06 07 08 09 10 II 12 15 14 JS 16 17 18 19 20 21 22 23 24 ZS 26 27 28 29 30 31 32 33 34 3S 36 37 38 39 40 41 42 45 44 4S 46 47 48 49 SO SI 52 53 54 SS 55 57 : 

'NKA!i 

'+· 
S· , . 

I 
..,. 

CJ) ' 

\.0 : 
I ' 

,. 
1· 

lO· 

II· 

·~· l'~. 

''t· 
is. ,,. 
1;. 

I I 

PA u L 

~----~-------~-----· ' ! I, ' ' .• ,• . ' ' · . . . I I t 
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Appendix 9.contd. 

b(7) MPSX ComRuter Ptogram .• 

for Closing Humboldt and Forest City Garages 

.. 

Steps " ?t ~5 06 07 08 09 JO 11 l2 l 5 14 IS 15 17 18 19 20 21 22 25 H 2S 25 27 28 29 lO 31 32 35 34 35 35 57.38 39 40 41 42 ~5 4~ 45 46 47 48 49 so s l 52 5 3 s 4 s s ' ... n 03 

21 R ~w s I I I , I I I I I I I I I I I I I I I I I ' I I I I I I I I I I I ' I 1 1 I I I I l I 

2-'< ~. C,c:h~.T. I I l I l I I I I I I I I ' 
. I l ' 

, I ' I ' 1 _L._ l j I I ' I I I ' I I ' 
., 

I -
~3 E, N14>1'D1 I I 1 I ,__ J l l I I I I I I I I I I I I I I I I I I I I I I I I I I l I I I I I ' I 

~t ,__ ~ H,~~.'2. I I I I ·1 I I I I l I I I I I. I I I I I I I I I I I I I I l I l I I I I I I l ... - - - -.._ I I I I I I I I I I I I I I I I I I I I I I I I , 1 •"1' I I I I I I I I l I ' I I I I I I I 

11r . , 

~. H, ., "]),,I"'· I I I ' l I I I I I l I I I I I I I I I I I I I I I I J . I I I I I I l I I I .._ 

I 1.l q .._ E, C1L..& S. ?, I I _! .l l I I I l I I I I I I I I I I ' I I I I I I I I I I l I I I I I 1' 1 
-.....J 
0 l ~() I E, 

-
C.1 J..,..+i. r. 1.0. I I I I f I I I I I l 1 I I I I l 1 1 l I I l 1 l · 1 l I I I I I 1 I I I ' 

l 2..' 
,.. 

cf>,L u M,H,S, I I I I I I I I I I I I I I I I I I I I I I I I = I I I I I _! I I I I I I 1 I I ' 
I '2.'2. 

I X1 I. I ·, I I I I C.J~S"1T1 I l l 1 I l. I 101S I I 1 • I., I I I I I IN, ch1), I 1 I I I I I I " •• 101 .. . . . . . . . . . . . . . . - --. .. - - .. 
I I l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ,. I I I I -L.. . I ' I ' I I 

I Xt1. I I I I I I C,6,,r,T, I I I I I I ( I 0 I s •• l I '1 • ,o, I ·, I I I M. d>. "J>, f , I I I _j_ I I I I I. 101 

I X,7, I I I I I Cit ,~s.'1, I I I I I I I IL. 0. I I I I l ' I I I I I l I I l I I l 1 

I X1t, I I I I I IC,d.,r,T, I 1 I I ' ' ' '0, s l I I~ l • I ~ I l I I I Ii,~])." I I I ._L. I I ii 1•10 . . . . . . . . . . . . . . .. . .. .. , 
I 1 I ' I -1 I I I _l I I I I I I I I I I I I I I I I I I I I ! I 1 I 1 I 1 I I I I I I ,. 

- I )(ii ,O I I I I I c~.r.-.: I I I I I , \ ,o, ~. I ,2._, • , n I I I l I N,cf>,"Z>, 1. I 1 I I ., I , t ·1 •, O, 

,. 1x,1.o I . I 1 I· c.. L4>.S I ',0. I I I I I I I I.. 0. I I I I . J I I I I I I l I I I l I I l 

I ~, 1 ·1 I, I I I I I c..•.s,T, I I I I L I. o. s I l 1 2 •. Io. I . I ·J I I ri,~,1),f I I I I I I I. I 1·, a '10t 

. . .. . . . . .. . . .. .. . - - .. - .. .. .. , 
I I I I I I I I I I 1· l" I I I 1·· ··t I I I I I ,. l I I· I I. . I l I I I I I I I I I I l I ~ 

I X, 1,s; I I I I . r: IC14> • .s I j, I I ·I . I I 1 I ,0 1 ~1 J 1'2. •rel. I l •I I I N,(f), "]). I I 1 I I I I I I l 1 1 I01·· 
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b( 7) MPSX Computer 

Appendix 9 -contd. 
Program 

for Closing Humbo 1 dt .and Forest City_ Garages .• 

40 41 ~2 43 ~~ 45 46 47 48 49 SO SI 51 53 S< SS ! .. n 03 '< ~S C6 07 08 09 10 ll 12 15 14 IS 16 17 18 19 20 21. 22 23 24 25 26 27 28 29 30 51 32 53 .54 35 36 57 38 39 .. 
f iX.1 ,&... I ' ' I ' ~.d>. i'.T. I I t I 1 1,5,q,~1~1 •tl.J, 1 1 I I I NI d>, p,2., I t I I . I I, I I I 01 

.. ... - - - . . . . - . - -- ~ "1' . 
. - - - - - . 

I I 1 1 I I I I I l I I I f I I I I I I I I I 1 ' I I >-I I . I I . t t t I I 1 I I I ._ 

14S 
' X.2.'2., ' ' '. I - I c. d>. S'tr; I I I I I , '),q .~. 614-1. ,n. I I 1 I I M,¢,J>,~1. I I / / ' I I 11• 10t 

1-'tC::t . ,__ -.I_ X1~.2. I I I I I C,L,~s.?, I 1 I I I I I 
I " • rOr I I I I I I I I l I I 1 I I I I I I I 

tt, 4>, ']) .2, X.2..~. c.~. S,T. 1.~.'f.t.6.'1-,• ,o, I I 1 I I I I I I I I I I 1. 10. I I· I . t I . I I I I ...... l't-7 
. . . . . . . . . - D . . . . . . . . -. .. 

I . ...... I I I . , .L I ' i I I I I I ,. I I I I t I I I t 1 I I I I I I I I I I I I I 1 I I I I 

I I .. , l"), x.1.;-. C1<b f,Tr \I ~,q ,f',614"1 1 In• I I I I I N ,· ~ :», 'l, I I I I I I I • I . I I I I ,. • f .._ 

't11s, c. J.., d>if, 1.0. I 1 I 1. IQ 1 I I I I I I I I I I ' I ' I I I I I f , I I f ' , I I . I I ._ 

•I.let 
I 

ISO -....J _, 
I I 

l,. ,a )(,2,,6, c.&.r,T. , , a;, q,t, (, ,..,., • ,o, 
I , f I I ti, cf),~/ 2. . I I I I I I , I . ' ' I I I I -IS I 

- ..... - -. . - - .. . . . . .. - - . . . ... . . - . 
I t I -·· I I I I . I I - I I 1 I I I I ' I I I I I I I I I I I I I I I ' I I I I I I I I I 

I x. t.4-.~ 11.1 I I I c, o, s. ,.., I I I I S-16 I &'191Cf l~I I 101 I I I I . ' M,t°f',»,!161 I I I I I I I,• 101 

I IX.1 ,u.. g,2,, t I I C.L.~S.7, I I t I . I I , \,,in t ·, t I . I t I I . I I . , . I ' I I I 

I IX.1.&.1-.~.~. .. I c 1cb. s,T', 1 t I t 5'16 ,, t ct ,q 1'2 I I I ri t I I t ·t M.cb.1>.tr, "· I I I I I I I I. 101 . . . . . . . . . . . .. . . - . . . . . . . . . . . . . . -
I I I I I • I I I I , , I .. • t I I I , I I I I I I I I I I I I I I I I _i__ I I I I I I 

I x. I .'f1!.li. t i I c.d>. s.T. I I . I 161CJ12121?1• I~ I I I I I N1¢1l>1'f 161 . l I I I I 1I1 •1C 

._ I )(.I 141'31 .;', I I I le I J..;,tb. s I I Io. I I I ' I I 1I.•1 a t I I 1 . I 1 I I . I I , ' I I I , I 

I [XI l 14-1~1~• ·I I I ~.t+i. ~.T: I I I I ,5,q,?14-1&.J.1•12.1 I I I I I N1f1'P19161 I I I I I 1I1 1 10 . . .. . . . . - . . . ; 
. . . . . .. . . . . .. . . . . . 1' . . 

I I I I I ' I. I ., I 

. 
. I I ,. r I . I I I I . I I I I I I t I I I I I I I I I I I 1 . I I I 

I 
Ix. 1 ,.,., ~ l·q, I I. I c.,,s11. I I I ., c;,·{,. !?',qlCf.2,. ,o, . , 

I I I I f't141.,1914 I I I I I I I I 1 e .£2.J. 
I )\, I ,«f-t tf, 0, I I I r-~.1c'b1 SI Tr ' 

, . , ·. 1- .. ,Sj,,2,7101 .,o, I I I I I ti,.,l>1'f1'· I , I I t 1 I 1. 'o. 
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b( 7) MPSX Comp1:1ter Program. .. 

for Closing Humboldt and.Forest City' Garages 

.. 

~l n O! '~ os 06 01·oa:os 10 11 12 15 l4 IS l6 17 18 19 20 2J 2'2 23 2-i 2S 26 27 28 29 30 31 3'2 35 .54 35 36 37 38 39 

I( H,S I ' I I I I t I 1 I I I I I 1 I I I f I I I I I I I I I I 

.__ -' M.c.d>.~.T. t t t N ,cf>,J>, 1. I . I I 'It ,n. I I I I I I ' I I I 

I M,c.o. s ,T. I t I tt .cb,'D. 3. I I I I I 1. 101 I I I I I I I I I I 

. . . . , . - . . ~ . .. .. .. .. ... .. 
I w I I I I I - I I I I I I I . I I I I I I I I I I I I I I I 

1--
. M.c::..flh (' ·T· . I I . N,4:),']),q,c;-, I 1 I ) , • ,Q I I I l I I I 1 I I 

~ N.ll .f+ IT.A. I . I I .J. I I I I I 1 I I 1 I I I ' I I I I ' I ' I I 

l '*· I . I I I I .. I ' I I I I . I I I I I t I I I • I ' I I I 

j_ L. I I I I I ' I I. I I I I I I I I I I I I I I 1 I I I ' I I 

I I . I . • . . 1 I I. I 

' I I I I I I I I I 1 I I I • I ' ' -
-· I . I . I . .__ I I I I I I I I I I I I I ·, I I I I I I I I I 

I ' . I . I . I I I ' 1 I I . I I I I I I I I I I I . ·, I I 

I I I ' I ' I ' I ' I I I I . I I I I I .. ' I I ' I .. ' I I 

·, I I I I I • I I I ' I I I . I I I I I I I I I I I . I I I 
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