



















































































































































































Appendix 4

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

. Length ' : : : *Basic
‘ Highway of - Maintenance
' Segment Segment Maintenance Costs
No. ~ (Miles) Route No. Area (1981 Dollars)
. _ : . ’ |
g 1 2 5.90 9 Esthervilie 13,814 . .
4 8.78 ’ 15 . Estherville 1 - - 16,272 .
ll : 5 6.52 : 15 . Estherville : 12,083
. 10 8.23. 15 Emmetsburg .8,635
' 12 7.76 .4 Emmetsburg 10,770
- ' 13 5.68 15 Pocahontas : 6,258
' 24 18.33 20 Rockwell City 32,155
) ' 43 12.17 169 Humboldt . 42,359
' 57 8.50 _ 69,105 Forest City ' 20,745
84 12.78 17 Williams S 32,708

1981 labor and equipment costs based on the 1980 cost (see Appendix6), adjusted ‘
for inflation. - '
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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)
g;gggg{ , From Segment to Garage (G)
No. Emmetsburg Pocahontas Humboldt Algona Gerled Forest City
(Gp) (G3) (Gy) (Gg) |- . (Gg) (G1g)
1 _ 48 : 92 132 © 9] _ 70 123
4 .. 74 : 114 109 68 42 95
5 S 60 100 95 54 -39 93 . ﬂ '
10 - - 30 4 - 56 . 70 25 ‘ 73 97
12 27 ‘ 18 59 70 115 139 .
13 42 44 : 58 37 85 109 ' ~
24 105 A 59 56 97 143 162 e
43 78 52 10 35 83 ‘ 107
57 108 146 © 110 69 21 33 m
84 160 117 76 117 157 122
_53_ ' P



-Aggendi&li-

Fiscal Year 1980 Labor, Equipment, and
Overhead Costs for the Routes and Garages
in the Study Area.

Location 1980 Routes : S

and Garage Related Served - 1980 1980
Number of Overhead Costs |- by Labor Cost Equipment Cost

Garage (Dollars) Garage (Dollars) (Dollars)

Estherville 20,843 4 24,969 21,117

(2202) 9 28,659 22,562

15 12,236 13,680

615 295 275

Emmetsburg 21,266 -4 20,884 15,683

(3305) ° ' 15 4,797 3,167

' 18 27,132 19,177

Pocahontas 21,193 3 22,505 13,564

(3306) 4 14,748 9,744

7 9,265 7,961

10 12,401 8,886

15 12,159 9,495

607 66 14

Rockwell City 14,240 4 22,788 14,837

(3302) . ‘ ' 7 7,075 7,414

20 27,675 19,920

124 ‘ 709 427

175 23,299 14,282

Ft. Dodge 54,728 1 14,856 12,532

& Gowrie 20 25,839 21,675

(1208) 50 6,257 4,883

169 : 48,565 33,165

175 69,225 20,304

Humboldt 16,335 ; 3 22,693 16,495

(2204) 169 35,788 22,678
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Appendix 6 (Cont'd.)

Location 1980 Routes _
and Garage Related Served 1980 1980
Number of Overhead Costs by Labor Cost Equipment Cost
Garage “(Dollars) Garage (Dollars) (Dollars)
Alonga & 29,671 9 26,406 15,759
-Gerled" 15 21,892 15,947
(2205) 17 5,835 5,558
18 27,693 24,462
169 51,922 43,658
- 226 4,792 4,821
274 3,304 2,886
602 1,037 1,471
Forest City 16,847 9 32,865 31,247
(2209) 69 31,559 27,959
105 63 34 -
640 79 15
646 72 15
Garner 28,504 18 26,081 19,434
(2203) 69 22,865 19,668
111 15,741 10,802
Clarion 28,193 3 23,345 15,072
(2210) 17 21,688 15,560
69 24,234 18,029
72 12,018 7,950
Webster City 26,094 17 28,223 17,999
(1206) 20 18,846 13,219
175 19,533 14,249
520 35,048 21,233
Williams 31,771 20 27,881 16,815
(1207) 35 77,197 57,273
69 21,803 14,551
175 19,427 12,068
383 - 428 167
520 8,397 6,337
‘HanTlontown 45,759 9 33,972 26,288
(2108) 35 61,019 50,095
' 65 19,907 16,572
105 28,723 24,967

Source: Office of Maintenance, Highway Division, Iowa DOT.
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Appendix 7

Computer Program for Computing

Travel Time Adjusted Costs

NOTES: * - The number '60' used here is such that any travel time areater than 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.

_DATA ASINFILE A3INPUT NODE $l-b (T1-TLS) (4.0) COST p?-72; CCTGLIILY
TUIF TLI60TTHEN  Ti=eaG Pov 00330029

IF  TEOEO™THEN T2=2001 " , - 03035523

1

-9G-.

T2:E0%THEN

T3=2304%7

03740222

IF 7 T4 60 THEN  Ty=220:F% o B T Tpass3an
IF TS>BOTTHEN T&=z2308% 003:C520
IF_ TE>EO'THIN  Th=225;7% 000704020
T IF TYCEONTHEN  TP=z308%
‘ IF T&>EO0FTHEN  T5=33377v% £3290023
| IF  TS>60%ThIN TH=200:%% 00300020
© IF TL0>ED%THEN T1O0=cgCOpx . B s1ad BRI EXs|
IF TLL>60%THEN T1l=200;%% : 08123323
IF TL2>6OTHEN T12=g00;™Y 00130020
[ TIF T13>6O0FTHEN T13=200:%% 0a14coz0
IF TLU>6OCTHEN TIy=za0 63150020
| IF TLS>ED THIN TiS=2andyx I o1 A o -1 R
If Tl >lb5 THEN COSTL =4%COST; £0Mv73039 -«
IF T2 >165 THEIN (OST2 =8x(0ST; . 00130300
__IF T3 >LLS THEN-COST3I =8x(COST; . oovaoneo o
TIF T4 >LLS5 THIN COSTY =A*COST; 00205000
IF TS >1bS THIN COSTS =8xC0ST; 00215553
| IF Tk >LbS THEIN COSTo =8xCOST; R REEL
IF T? >1b5 THIN .COST? =3x(C0ST; 00233023
IF T8 >LbL5 THIN COSTA =8%xCOST; 73345000
 If T9 >Lb5 THEN COSTY =axCOST; EEG R
IF ' T1C>LE5 THEN COSTLC=8¥%COST; oess0aco A _
IF T11>LLS THEN COSTL1=4%COST; §0276000 _
| IF TL2>LbS THIM COSTL2=8xCOSTs _ ' . .oozaceae
IF T13>165 THEN COSTL3=8~(0ST; 00210c00
IF TLUDLbS THEN COSTLY=83%COST; go303000 - o
_IF T15>L65 THEN COST15=8xCO0STs - go3u0gLy .
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_ IF 135> T15>=75
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e
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Computer Program for Computing Travel Time Adjusted Costs

If 165>=T71%
IF 1bk5>=T72

IF 168>=T3
CIF LLS>=TY

IF 165>=75§

IF 1LS>=Th

IF LeS5o=T7?
IF 1b5>=T4
IF X65>=T9

IF 1ES>=TLC
IF 1bL5>=T1l
IF 155) TLE>

—
-
-
-
tn
V
ﬁ
-
U
v
1]

>
>
>
>
>
>
>
>
>
>
>

L1 T R T S I T N TN | N TR L R 1)
UL LU Ly W W U W e W W
LN LV e W

P R R ol i

IF le) 'Lk>'L35
L IF 1LS5>=TL5>=135

IF 135> Tl
IF 138> T2

IF 135> 73

IF 135> Ty
IF L3&8> 7¢
IF 135> T%
IF 135> 717
IF 135> T8

F_135> 79

>=73
>=75
>=75
>=7?5
>=75
>=78
>=75
>=75
>=75

IF 135> T1C>=75

IF 135> T1ll>=7%
IF_125> Tlec>=75
IF 135> T13>=758
IF L35> TL4>=75

THEZN COSTIN

THEN CCSTL { T
THEN CO3T2 { T2
THEN C0ST3 (73
THEN COSTY { Ty
THEN COSTS { - TS
THEN COSTh {_ ' Tk
TREN COST? { T?
THEN COSTS { Ta
THEN (0379 {19
THEN COSTIO=((
THEN COSTLL={{
THEN COSTY2=((.
THEN £0STL3=({

{

i

{

{

- -

- T

Ml

=<

m

S

[%]

—

w

'l .
A.~F~A.~_.A-a~—.a.~||n FT I L TS (T T O A | Y TSN | B TS 1R 1)

THEN COSTLS .
THEN COSTL = «BxTL
THEN COST2 = «8xT2

{.8%T3
THEN COSTY =(((.8%TY

THEN COST3 ={{{.6«T§
THIN, COSTL =({{.5xTy
THZN COST? = {«86xT7?
THEN COSTS ={{(.8xT4a
THEN COSTI =(((+8xTT.
THEN C0STL0=
THIN COSTLLl=
THEN COSTLZ2=({{.56xTLZ)+]

=?75)/33)xCOST;
=?51/3C)=C0ST;
=?5)1/732)«C0ST

-?531/30)%COST;;
=75)/30) xCOST;
=75)/39)xC0ST ;5

033563510

-?5)/30)*(03T:'
-75)/33)%CHST;
-75)/37)%(0ST;

0033C30
03330357
COsLZ0L]

TL0-?75)/30)=COST;
TLL-75}/30)*CO0ST;
. T12-?5)/30) <xCOST;

0041CZ10
0oue3010
go43201e

TL2-?5)/33) «COSTS
TLY-25)/32) «(0ST;
T TL5-78)/30)CO5T; L
J+12)/50)>COST;
1+12) /LB xCOST;
A+12)/600¥C0ST;;

V+12)/6C)1>COST;;
1+12)/5C)¥COST

#1123 /52001%0S T

J+L2) /00 )xC0STS
J+#12)/6C1+COST;;
YJ+12)/LC)I*COST

DC44C310
CousoaLa

GC4oCRol

335001 9_

ce3?co10

J04C3%Y

: Appendix‘7 contd.

C0448C23)

00437001

0C500070%

G353000%

G053C033)
3540301
nNzsnnny

(.8%xTL0)+1c)/60)xCOST;
{«8xTLL)+12)/601%COST;

2)/50)%COST;

THEN COSTL3={{{.8xT)13)+12)/b0IxCOST;
THEN COSTLY=({(.8%xTLY)+12)/601%COST;

THEN_COSTLS={((.8xTL5)+12)/60)xCOST;

035C6%3%)
DCS?“JPI

J_J-‘_. -JJJ

. 00530c&0)
05L0CCOL

CCG82C 201,

OCELE2Yy

IF 75> TL >=15 THEN COSTL =({(.u4¥T1 )+42)/60)*COST; 00L2000)
IF 75> T2 >=15 THEIN COST2 =(((.4xT2 )+4Z)/50)*COST; . 00530G01
L TF 25> T3 >=15 THEN.COST3_={{{-4%xT3 )1+42) /50)*COST; COL4E0aY.
IF 75> Ty >=15 THEN COSTH =1((.4*T4 )+44Z)/0)*CO0ST; 07650201
TF 725> T5 >=15 THEN COSTS ={((«0¥T5 1442)/60)2C0ST; 00LLN05)
IF 75> Te >=15 THEN COSTh ={({.4xTh )+42)/LN)*COST; 05670631
1 TF _ 25> T? >=15 THIN COST? ={{(.4*T? )+42)/LC)*L0ST; 07583301
IF 255 Té >=15 THIN 'COSTS =( ({.4xT8 )+42)/L0) xCOST; Eosiacuz
IF 75> T9 >=15 THEN COSTY =(((.4xT9 )+42)/60)%L0ST; 00?0909
IF___75> T10>=15 THEN COSTLO=(({.4*¥TLO)}+42)/60)xCO5T5 GU?‘”“ul
IF 75> T11>=15 THIH COSTLL={ ({.4xT11)+42)/C)I*COST; 07723301
IF 75> T12>=15 THIN COSTL2={{(.4xT12)+42)/C)*COST; 00730331
| IF__ 75> T13>= Lc THEN COSTL3=(((.4*TL3)+42)/60)*COST;__ Q0740021
T IFT 25> T1Lu>=15 THEN COSTLY=(((.4xTL4)+42)/50)xCOST; 00?5000
IF 75> T1S>= wc THIN COSTLS=({(. H*TLS)+HE)/EO)*COST. 0075391y
LE_ T1 <15 THEN COSTL =.8xCOST; 00723001 _
IF T2 <15 ThEN COST2 =.8%(0ST £0?735301
IF T3 <15 THEN COST3 =.5xC0ST; 00730001
IF T4 <15 THEN COSTY =.5<COST; 0030C351,
IFT TS5 <15 THIN COSTS =.8xC0ST; £0310991
IF  Thb <15 THEN COSTh =.8xC0ST; 00323301
=.8xC0ST; 00420001

mgnmﬁ“ﬁ e!_---

JIF 12 <lﬂ THEN COST? =.8%(¢
o S = e - R -
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Computer Program. for Computing TraVe] Time Adjusted Costs

IF T8 <15 THE
IF- T3 <15 THEN COSTY =.8%C0ST:
IF__TL3<15 THZ

N COSTS =.8xC0OST;

N_ COSTLO=4.82C05T;

0034533
00a5350)
CO0350831

IF  TL1<1S THEN COSTLL=.8%COST; 00270351
CIF  T12<15 THEN COST12=.8«C0ST;- CC83CI0l
IF T13<15 THEN_COST13=.8%COST; _.0089033Y
IF  TLU<L5 THEN COST1l4=.5xCOST; (s Yslssa)!
IF T15<15 THEN COSTL5=.8xCOST; 0O7LE0LY
DATA B;SET Aj . £093CO0Y
FILE PRINT; §2930225
X=tXx"*; 029499%y
L 0035030y
L+l : 30955024
p"l gr; 0Cs7?2233
L g=vcosTY; ‘ e 00330077
0=*NOD*; L : } < 29793057
PUT @5 X @k M @L5 J @25 (COSTL) (8.1) 340 0 @43 L as3 P; 01002311
Mels o e gv*waﬂ*'____
PUT 25 X @b M 815 J 225 (COST2) (4.1) a40 0 a43 L as3 P; 13352%)
Ml . - 0 336205
i _PUT 25.%_8b_M.9L5. 4225 (COST3L (8.1)_a40.0 843 L_253.P; L0VOu03LL L
Tonel: _ , L 019592305
PUT @S X ab M aLs 4 @25 (COSTY) {8B.1) @40 0 a43 L 253 P; 01503k
_ H+ls , o o , e 01570025
"PUT @5 X &b M alS J @25 (COSTS) (&. 1) 240 ¢ 243 L 253 P; 10303101
M+l o 013322305
| PUT 35.X_@k_M @15 4 @25 {COSTa) (&.1)_a40_0 @43 L @53 P; 0110003
n+1; . 0L11C30725
PUT @5 X @b M @15 J @25 (COST?) (8.1) @40 0 243 L 353.P; 031122311
ﬂ+l.,___, U DLJJJ?D:
PUT @5 X @b M a5 4 @25 1CosT38) (8-1) &40 0 a43 L as3 P; 0114C0)
M+ds : ULLSDOGS.
L ___PUT @5-X_ab_M.a815_J 825 _(COSTI)_(B8.2)_a43 0 a43.L_d53_P3 DLLB?DlL.____
M+l ' p . o : 137077
PUT @5 X @b f1 315 J @25 (COSTLO) (8-1) 340 O 243 L @53 P; ULL: 311
M+ls_ - - . C113n6as.
PUT @5 X @b M alS J 3235 (COST’L) (8.1) &40 0 au3 L as3 P; C12500b1
M+l; 01232733
L PUT.@5.X_ak_M_315 J_225 (COST12) (A. LL_aHﬂnQ_mH3_L_353JP. BDLEZ000L
M+1s 01230005
PUT &5 X @k M al5 J a=5 (COST13) (8. 1) 340 0 @43 'L as3 P; 01240031
' M+lz - pL23500L4__
; PUT @5 X @b M @15 4 aas (COSTLW) [8.1) au0 o0 243 L as3 ?; 01260014
! nel; 01275005
L____P_Ulj.‘i x_ah_mms_.l_aas._u.mmmuan_o ENB L asi Pz

01230044
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‘Appendix 8

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

a. Comp1ete Data Set

* o *

' X1 sy 110515,20000 7~ NoL1 1771606000 Notes:
PO X2 CcOsT 14090,30000  NGD1 1.00000 —_—
X3 casr 19708.00000 NOD1 100000 ) .
X4 CCsS 27628400900 NUO » 03000 ) ;
| X5 coar 33679120000 NODI — 1 .00009————— The relevant columns are marked
i X6 casT 110£12.0000  INOD1 - 1.C0000 : + *
DI X7 cust 27075040000  NODI 1.00009 . with asterisk (*).
: 3 xa CosT 19£23.80000  NOOL - 1.00000 ,
v X9 cosr 1611€.300060 NODY - . 1.00000 . . .
X190 CCor | 2sair.ica00  Naoi. T X; is theoretically def1ned.?s
X11 CusT 3177242090077 NOD T leuid
X12 €usT 11051240000  NIOI 1.00000 | the fract]o.n of segment No.
e ® Xi3 cusT 110512.6000 ;mm 1.00009 allocated to garage MNo. 1
- X14 cnsT 110512.0000° _ HuUdY 4 reG0000 . | o L
n 3 X158 Co5T 22653416000 7 NODIL 1.00000 T (see Appendix @, Section b(1)).
O N X16 CUST 156065440000  Nod2 - - 100000 : )
] . X17 Cos1 20649.10000  Nad2 1.60500 , , . .
-4 X194 G377 29042,060030 NUD2 | _1.00000 _ I 11051.2" is the travel time
" X109 €osT 412584200007 NOV2 T L 00G00
N X20 €CsT . 572d4.60000 . NOD2 1.00000 adjusted cost from garage No. 1
@ X2 1 CasT 15536440000  NOD2 1.00000 to segment No. 1
|'E - X22 cost 366%9.60000 _ NOD2 . 1.00000 { egme o. I.
¥ x23 tasT 28775450000 7 AOD2 T 1.000007 |
I tam X24 cosT 2357%.50000 NGDL2 1.60000
i 1@ X25 CasT 37301.60000  KNUO2 100000
| 2 X26 COST 47293.40000 __ Nuo2 1.000060
g x27 cusTy 15586440000 NOD 2 1.00000 )
s A28 COST 155386440000 Go2 1400000
: 59 xX29 CCST 1558£4,0000 NUD2 1.00000
: X30 casrt 475355420000 NGD2 1.,00000
: X34 cosv 33510440000 NUD3I T . 1le00C00 |
i . x32 CcosT 45518430600  NUO3 1.00000
P& X23 CcosT €5503.60000 Euos : 1400000
: X33 COsT S 99134,90000 . NGD3 1.00009
: X 33 COST $9134650000 NOD 3 1.05000
| _ X36 cosT 33510449000  NOD3 100000
. X37 cosT 73164.40000  NOD3 - 1403022
: x38 , casT | S0265.6G300 __ NOU3 160003 _
X39 COuT T 4323430000 NOD3 103000
X40 COST 65903,80000 NGO3 . 1..00000
® Xa1 ' cosT 77073,50000  NGOD3 . 1.,00000
Xa42 cCcs 11583041000 - NOD3 1400003
. X43 CO3T 335106440000 7 HODI T T1.00000
. xa4 CCsT 335134.0000 KO3 1.00000
. @ Xa5 cosrt 787535.40000 NUD3 1.00000
X46 - - CO5T 15512.60000 _ NGO04 100000 _
X47 casT 19617460000 7 KODA ™I T1,00002
o X438 COST 27987.80300 NCO4 1.00000
® X49 cosT 395865,20000 NOD4 1.00000
XS0 05T 34171.26G000 __ NOD4. - 1.00000
XSi TTCOST 130176.0000 77 NQDSG T 1.00000
1 x€2 . CCsST’ 26903400000 NOD& T . 1400000
® v X€3 ScasT 13767.,00000  NOD4 1777 1.00000
XS4 - €Osv 15946.66000  NUD4 1,03000 |
, . XS5 CoST 238€5.600007NGD& T [TTTT1,00000 T . - .
i _ X56 €asT | 26421.80000  NOD4 : 1.60000 A v d
L@ © X577 " COST 40630.00000 04 100000 - o :
Xx58 . .€OST_ ] 13017040000 _ NOO4__ . 1000000 \




!
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. MOORE BUSINESS FORMY,

b.

Partia1 Data Set

X1

cecsry

cost.

CCST
ccsrT
cosT
CCST

cesT

ccsy
cosT
CCsST
CCST

CCST
CCST
CCST
cesT
COST
CCST
CCST
CGs?

- CCST

CCsT
CCST
CGCSsT
CCsST
CCST
cesT
CCSY
cesT
CCST

" cesT

ccst
CCsST
CCsST
CCsT
cecsTy
CCSTY
cCsT
CCsT
CCsT
CGsTy

L CesT

CCsSTY

.CCST
CcCST

CCST
cosT

- cesT

CCsT
CCsY

~CcosT

~eosT

11051.2
14090.3
11€¢512.0
110651¢.0
110512.0
110512.0

110512.0
110¢12.0

110512.0 =

110512.0
110512.0
110512.0
110512.0
11¢512.0

1598¢.4

20645.1
1£68¢€4,.0

T 110512.0 0

156R64.0

1£99€4,0
156864.0
1568¢4.0
1598¢4.0

1558¢4.0

12S8€4.0
155864.0
1258¢€4.0
1£62¢€4.0
1563¢€4.0
1£6264.0

23510.4
328104.0
325104.0
325104.0
335104.0

325104.0

325104.0
325104.0
43284.3

1.325104.0

335104.0
325104.0

© 325104.0

326104.0
315104.0

15512.6
12017€.0
12017¢,0

©12017€.0

12017¢.0
13017¢.0

NGLC1
NOC1
ACC1L

NG

NOC1
NOLC

NOCL -

NGCL
NOC1
NCGC1
NOC)
hOC1
AOC1
NOC1
NCC1
NOC2
NOC2
NOEC2
NCC2
ANCC2
NUC2Z
nOC2
NQCe2
NOE2
NOC2
NOC2
NOC2
NOC2
NCC2
NOLC2
nOC2

NOC3

NOC2
AOC3
NOC2
NOC2
NOC3
NCEC3
NOC3
NOC3
NCC3

" NOC3

NOC3
NCC3

.NDC2

NCC4
NOC4
NCGC4
NOC4
NOC4
NOC4

P et et gut s PP et Pt et s Pead et Pt pdt o s (ot gt e P et e s P P et P et Gt Pt et Pt et Pt Pt par P pit Pt s et et Pt Pt P et d Pt b ot et
. ¢ % o 8 8 ® B 4 0 & & 4 ¢ 6 o 6 8 & 6 & 0 s & @
(=-JejeoloRoNooNoNoNeRaleo e JojloNoNoRoNaolleNoRoRe oo NooNo oo NoNoNoeReRoNaoleNelolieNoleNoNolleNeNeloNuloNel

@ O @ a2 8 6 & & 8 8 ® 0 6 4 ¢ ¢ & & & @ 0 o ¢ o
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Appendix 9

" The Optimum Allocation Model and the
MPSX Computer Program

The Optimum Allocation Model

Let : v _ _ .
Xij = fraction of highway segment 'i' allocated -to maintenance garage 'j';
Cij = cost of servicing highway segment 'i' from maintenance garage 'j'; and
Z = 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 (l_)‘formu]ation is

M-

> Cij Xij

Minimize Z =
. i=1  j=1
Subject to > Xij=1,i=1, 2, --=, n

Xij=0

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

. In the Optimum Allocation model (as formulated above), it is poséib1e to obtain
fractional values of the Xij's. To avoid this problem one could reformuiate_it

és‘an_integer programming model  (20) by changing the constraints Xij=0 to

: - 1, if highway segment 'i' is allocated to maintenance
L .. garage 'j’
Xij = ' _ o ‘
0, otherwise

. In- the integer programming formulation, the Xij's are either zero or one. 'There
is, however, a disadvantage in that efficient computerized algorithms for solving
1arge—scaje integer prdgramming 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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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 (1), 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

o n m _
Minimize Z = >_ >_ Cij Xij
| | i=1 j=1

o m
 Subject to > _ Xij =1, i=1, 2, -=-, n
, : j=1 .

n .
2 Xij =0, j=j*

J=1

Xij=o

The MPSX Computer Code

The MPSX.computér code of IBM (17) is a highly efficient computer program

_capabie 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 ,

- Togical 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 defined differently in the MPSX computer
program used. The.re]étionships between the two definitions are given on the

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

(iid)

card..
Only those variables supplied by the user are explained below:
‘Step No. 1:- "xxxx' is a 'box number' to be provided by Iowa State
University (ISU)
- 'yyyyy' 1is an account number to be given by 1SU
- '"NKANSA' is a user stp]ied name* for the job
Step No. 2:-'yy' is an acbount protection nﬁmbér to be given byAISU
Step No. 7: - 'PAQL' is a user supplied name* for the data

'GARSTUDY' is a user supplied name* for the program,

00}
]

Step No.
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MPSX _ '
Allocation - Computer Variable
Model Program Description
S X | Fraction of segment 1 allocated to garage 1
X] ,2 X2 n n n ] i [H] n 2
X]’]5 _ X]5 . : | ‘1 : 15
X2,] X16 ! 2 1
2,15 30 15
3.0 | X31 1
. X95’-|5 X-I425 . vl 11 L H ) 95 | n n ‘]5
X ] X i it n 96 n n n ‘l
96,1 1426
X.96“, 15 X’]440 " n n 96 0 1] "o 5
(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.

' :
! W
N

- N .
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Step
Step
Step
Step
Step
Step

Step

Step

Step

Step .

No.
No.
No.
No.
No.
No.

No.

No.

No.

No.

12:

:13:

20:
22:
23:

118:
- 119:

]20:

122:

129:

'COST' is a user supplied name* for the Cij's (defined in
Section 'a' above).

'MCOST' is a user supplied name* for the total mainfenance
cost 'Z' (defined in Section. 'a' above). |
'PAUL' 1is as éxp]ained in Step No. 7.

"COST' is as explained ié Step No. 12.

_'NOD1‘ is a user supplied name* for highway segment no. 1.

*NOD96' is a user supplied name* for highway segment no. 96. It
is the last segment formed in the stddy area.

'CLOS7' is a user supplied name* for the first garage to be
closed. In this case it is Humbo1ldt garage (garage no. 7).
'CLOS]O' is a user supplied name* for the second garage to.

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

no. 10). |

'X1' is as defined in Section b(1).

'COST' is as éxp1ained 1n‘Step No. 12.

'11051.2"' is the travel time adjusted éost ASSociated with

X1, using average speed of 35 mph and the partial data

‘set technique (see Section V.E.).

'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 thatkno 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' variables X22, X37, X52,

----, X1432 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 X10 and the set {XZZ,
X37, ----, X1432} should be replaced with the set {X25, x40,
——--, X1435} . | -

Step No. 1567: - 'X1440' is the last 'X' variable.

Step No. 1569: - 'MCOST' is as defined in Step No. 13.

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

o

Optimum A]]ocatioh

To optimally allocate highWay segments to a given number of méintenance
garages in a study area, the steps in the computer prdgram associated‘with'
closing a garage should be deleted. Thus steps similar to Step No. 119'aﬁd

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

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

shou]d-ﬁg;_be included.
The humber of highway segments and maintenance garages in the sfudy area
will determine the number of steps. It should be noted that the computer

program given is for 96 highway segments and 15 maintenance garages.

C]osinngf Maintenance Gérages

To é]ose'a maintenance garage, steps similar to Step No. 119 and Stepé
Nd. 129, 146, 163, ----, 1558 associated with garageAnOQ 7 {or Step No. 119
and Steps No. 133, 150, 167, ----, 1562 .associated with garage no;'10)vshou1d

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.

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 determ1ned from the new 1ocat1on) In this approach, the computer program
shou]d not conta1n any of those steps assoc1ated with closing a ma1ntenance
garage (i.e., steps such as 119 or 120, 129 or 133 146 or . 150 etc. shou]d
vgg;!be 1nc10déd).' This approach was used in the study. |
Agéroach 2 |

In this alternative approach, the maintenance garage to be ré]dcated {s.'
first closed as described in section b(4) above. At the same time, a new
maintenance garage is created at the newilocation.‘ The trqve] time adjustéd
costs associated with this new 1ocatiqn are calculated. An implicatiqn_df
this apbroéchAis that the number of maintenance garagés in the computerj;
program is-jncreased by one for any'maintenance garage relocated. This

will increase the size of the prob1emfand may lead to an increase in computer

time.
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Apnendix 9 contd.

) Sample Output of the MPSX Computer Program

(6 ‘
i) The relevant columns are those marked with asterisk (*)
i) The opt1mum solution is:

-XT”:’X]1 1.0 with service cost of 1 ,051. 2

X2 0 ='X3 X4 = ..., 15 _ :
, - This means seament No. 1 is allocated to garage No. 1. T
: - . X16 = XZ1 = 1.0 with service cost of $15,986.4

L | g T Ky = g = = Ky
Th1s ‘means segment No. 2 js allocated to garage No. 1
Total maintenance cost = $1,969,392.4 (see next page) - ‘ R

. .
v . .

. ) b
: : NMotes:  (
3 _ (i

1
m ! 1Y N
~
I . * * .
0 *q 2 3 4 5 6 7 8 10 11 1
2"45':789!"12345675‘LI23l56789012345678501“34“679(:'5|234 6789'3123656789012345078910-i2.‘456739 \2345 789]’1!2345575110»23'
. L MPSX-PTR19ee ExEQuron. MPSX RELEASE 1 MOD qusL 6 ; ‘PAGE 4 - el/qqo
;D SECTICN 3 — CCLUMNSY | ;
S . R A
v i !
NUMBER |eCOLUMNe JAT  o0esACTIVITYsoe |esiINPUT cqsr.. esLOWER LIMITs oeUPPER [LIMIT, oREDUCED Coir' i
2 i '
& 98 _x1 X, ___lss 1.00000 11051.26000 . WONE e Ll I
- $9 X2 L . 14090+ 20000 . NCNE 3039.10000 %
Z 100 X3 L . 110512.00000 - NUNE 994603.,80000 '
I~ 10t xXa (N . 110512.00000 . NONE $9460.82300 '
3 | 102._iXS L . 110512.000600 o NGNE 99460480000 !
, 103 X6 (. . 110512.00900 ° NUNE 93460.80039 a4
8 104 ix7 L . 110512400000 . “NONE 99460.80000 ‘
d 105 X8 4 . 110512460000 . NONE 99460.83000 . i
' £ 106._iX9 L o 110512.00000 a NUNE: 99462.83200 -
3 107 X110 L . 110512. 00000 . NGNE 994608300030 :
< 193 ix11 L . 110512400000 . NONE 99460.,80000 ;
€ 109 xt2 LL . 110512.00000 . NUNE 99460.83000
3 | 119._iX13. o . 110512.00000 . NONE 99460.80000
Q it ixna L . 11¢512.00000 . NONE 199460483000
. s 112 'x15 Xeuf ~ LL . 110512.00000 < NUNE 199460.8000Q
3 TT3 X186 %t 55 T+ 00000 15336+ 40000 o NONE . o i
B Y S S A L . 20649410009, . NUNE _] 4562.70000 :
115 7 jx18 Ll o 159854, 00600 . NGNE 14337760000
116 [X19 e . 159864400000 . NONE 143877.60000
117 ix20 ' . 159864, 00000 o NGNE 143877.60000
118 Ix21. L . 159864, 00000 . NONE 143877.60000 :
119 iX22 Li . 1598644 CUO00 . NUNE 143877.60030 '
120 x23 L . 1568364400000 . NONE 143877.60330 H
121 X24 L . 1598€4.0006G0 . NONE | 14387750030
L 122_.x2S% L N 1598643 .00000 . NUNE 1:43877.62030.
123 X260 L . 159864, G0000 ° NUNE 143877.60000
124 xX27 L . 1598644, C0000 - NONE 143877.63000
125 (x28 L N 159864, 00000 . NONE 14387760000 }
126__1X29 i . 1598644 00000 N NONE 143877,60000 S
1277 130 Aa,i8 L . 159864, 00000 . NONE 143877 .6oooq :
- 128 X313, 85 T- 00000 33510.400060° ° NONE :
129 |x32 " L . 45518030000 - . NONE 12007+ oooo ¢
» AN " B § [ RTIAE 1N A - I AT N -~ e - - .
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'"Appendix 9 contd.

- , b(6)-:Samp1e Output of the MPSX Computer Program | - B

1] 1 2 *3

®

N 4 5 6 7 ] 9 10 11
'i |23456789"!13‘56109101244_5_0;1_5_91"12]4567590\23_13_6_ EE’%-L345678910123l56’8901234567890‘2345673901234567390;123‘557590»1ZSGSG78’.4I‘J"VZS
T e MPSX—PTF19¢, ExthTUR-‘ MPSX ~RELEASH 1 MOD LEVEL 6 : k PAGE 41 - 81/070
- - . - ) i
i_ng SOLUTION (oPTINALD ' !
H . . t I
i TIME = [0.05 MINS. ITERATICN NUMBER = € \ N
1o @ ) ;
a o0 sNAME e o 4 oo ACTIUVITY e oo DEF INED AS :
- . 1
e FUNCTIGNAY 1969392,39999 casT '
2 RESTRAINTS MCOST - '
12 ; :
L i ;
.:"‘g H
. i g ! ;
2O ! :
! i3 : J
N i a 4 —
Y = =
.S" ! ':
: i
S ' .
i L
| z
o , ' i
i :
‘é I
A 2 ;
, 4 @ : ;
: ' !
| K |
| @ P !
. i / ! :
@ ' .}
H H [
: + }
. |
. |
3 . '
P |
) ¢ :
i 4 )
! : : -+
. ,
P ® @ ;
L i
| : 1 ;
’ G & z H ;
d o 1 !
B Y : . : : !
} 123456789{01234567806{0123458789 l2345878901234567396'1234557090123456189012345673901234537890123455789||2365978901134567590:1234
h ) 0 i T2 3 4 5 . 6 7 e - '
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5




Appeni
b(7) .MPSX Computer Program Ppemix 3 con?d.

for Closing Humboldt and Forest City Garages
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- _ APPENDIX 10 :
Study Area Showing Reallocated Segments and the New Maintenance Boundaries
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