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BACKGROUND 

SECTION I 
INTRODUCTION 

:,. ;'' 

Computer-generated, refuse-collection vehicle scheduling offers possible 
reductions in fuel consumption, maintenance costs, and manpower cost by 
more complete use of truck capacity and more efficient selection of 
collection routes. Although the IBM Vehicle Scheduling Program (VSP) 
was written to generate efficient delivery schedules, it can be modified 
to schedule refuse collection by redefining some of the input data. 

OBJECTIVE 

To evaluate the usefulness of the VSP, two Air Force bases were selected for 
refuse-collection scheduling: scrap paper collection ~t Carswell Air Force Base, 
Texas, and refuse collection in residential areas at Kirtland Air Force Base 
(East), New Mexico. 

SCOPE 

The scheduling processes for Carswell and Kirtland are presented in this re
port. Carswell Air Force Base represented the smallest collection problem 
in terms of trips and refuse locations (1 or 2 trips to service about 70 
refuse locations). Kirtland Air Force Base (East) provided a medi1111-sized 
test case with about 1600 collection points serviced in 8 trips. 
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.. SECTION I I 
PROGRAM DESCRIPTION 

The IBM VSP is supplied as a series of programs in object-code (binary) form 
on magnetic tape. The object programs must be copied to disk for execution on 
an IBM/360 computer. Since the VSP is in object form, it cannot be repro
granwned to extend or modify its abilities. Any functional adaptation must be 
accomplished by redefining the input data. 

The intended function of the program is the scheduling of specified quantities 
of materials to d,~crete points by one or more delivery vehicles of specified 
capacities. All the vehicles must leave from a single depot. The region in
volved in the deliveries can be specified either in a simple, low-precision 
manner by coordinates of barriers and delivery points (coordinate method) or 
in a high-precision manner by street lengths and connections to delivery points 
(true-distance method). The delivery schedule produced by the program lists 
the delivery points serviced by each vehicle and a range of permissible deliv
ery times. Hwever, the VSP does not indicate the path to be taken from one 
delivery point to the next; if such route maps are desired, delivery paths 
must be determined and the maps drawn by hand. 

The VSP is actually a series of programs which perform various phases of the 
scheduling. Two network-analysis programs (DEYlO and DEY20) are provided. The 
first applies the true-distance method and the second applies the coordinate 
method to information from a map of the collection area to produce a savings 
file. The savings file indicates the distance saved by scheduling two deliv
eries consecutively rather than by returning to the depot between the deliv
eries. A program (DEYO) is provided to list a table of input distances. Ano
ther program (DEYSORT) sorts the savings file so that the pair of delivery 
points which produces the greatest savings will be used first. Programs (DEYSP 
and DEYSX) are provided to print all or selected parts of the savings file. 
The scheduler programs (DEY30 and DEY40) input information about the fleet of 
delivery vehicles and the sorted savings file and produce the delivery schedule. 
Another program (DEYSO) prints one or more copies of the schedule. Two addi
tional programs were written by the author. One uses a more compact fonn of 
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street length and speed limit data to generate the proper form of input for the 
network-analysis program; the other expands a compact form of delivery-point 
data into the proper input for the scheduler program. 

A thorough description of the various IBM programs is provided in the IBM man
ual (ref. 1). However, a brief description of some of the primary data re
quired to perform delivery scheduling is given here. A complete description 
of the modifications required to perform refuse-collection scheduling is given 
in section I I I. 

A node is a numbered point on a street at an inters~ction, an end of a dead 
end, or a place where some property (e.g., direction or speed limit) changes 
significantly. A zone is a numbered point representing one or more delivery 
points. A link is the street segment connecting two nodes, two zones, or a 
node and a zone. A link is not nunbered but can be specified by the node or 
zone numbers of its endpoints. 

The network-analysis program, which uses the true-distance method, requires 
the following data cards: a title card, an options card, a links header card, 
and link cards. The only data on the first three cards which might affect the 
final schedule are the speed by individual link option on the options card and 
the average speed on the links header card. Each link card defines one link 
by specifying the node or zone number of each endpoint, the link length, and 
the speed limit on the link. The speed by individual link option indicates 
whether one speed limit is to be used for the entire network or whether speed 
limits will be specified for each link. If a speed limit is omitted from a 
link card, the average speed ~n the links header card is used. The default 
on the links header card is 30 distance units per hour and the maximum is 150. 

The savings-sort program is run after the network-analysis program. It requires 
no data cards; the savings file written on disk by the network-analysis program 
is used as input and the sorted savings file is written on disk. 

1. IBM Vehiale Saheduling Program - E~tended (OS and DOS) f>raog1'<l111 Description 
Manual, IBM form SHl 9-2304. 
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The schedule-production program is run after the savings-sort program. It re
quires as input the sorted savings file and cards describing delivery vehicles, 
delivery points, and time restrictions. There are seven types of data cards: 
a title card, an options card, a parameter card, vehicle cards, trailer cards, 
delivery cards, and an output options card. 

The options selected for refuse-collection scheduling are calling time (limited 
by delivery point), specific stop time at some delivery points, and 111Jl-
tiple trips per truck during a day. Of the 17 parameters which may be speci
fied, the 5 which could affect the scheduling are stop time at the depot, 
working time per day, maxinum route duration, stop time per delivery, and 
a speed adjustment factor. The vehicle cards describe the number and 
capacities of the vehicles available. The trailer cards describe the n•r 
and capacities of trailers available and which vehicles they may be atta@hed 
to. 

The majority of the data cards for the schedule-production program is delivery 
cards. One card is required for each delivery point. The data on the$e cards 
which affect the final schedule are schedule restrictions (i.e., first delivery 
or last delivery), quantity of load delivered, additional time for the delivery, 
earliest calling time, and latest calling time. Other data on each delivery 
card are the zone in which delivery occurs and a customer identification. 

The final data card, the output options card, specifies the number of copies 
of the route 11st and fleet ut11 i zation SUllllllry to be printed. The information 
on this card is passed to the schedule-output program (DEYSO), which does the 
printing. The route list gives in the order of delivery the zone runber, the 
customer identification, the delivery quantity, the stop time duration, and 
the range of per111issible delivery times. A route summary is printed at the 
end of this listi it gives the vehicle type and maxinam capacity, the actual 
capacity used, the number of stops, mileage, travel time, total time, and 
loading time. The fleet utilization s1111111ry lists the numbers and capacities 
of vehicles available and the route s1.a1111ries for all the routes. 
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SECTION II I 
APPLICATION PROCEDURE FOR AIR FORCE BASES 

The VSP can be used to schedule refuse collection, since collection is equiva
lent to the delivery of space. The primary differences between delivery and 
collection are in the treatments of locations and the depot. Delivery locations 
usually are more appropriately described by spatially distinct points, whereas 
collection locations are more efficiently treated as line segments. The single 
depot in delivery problems corresponds to two locations, the garage and the 
sanitary landfill, in refuse-collection problems. 

The infonnation required for refuse-collection scheduling with the VSP can be 
grouped into two categories: map data and other data. Map data include those 
items which normally occur on a suitable map (e.g., map scale, collection loca
tions, landfill and garage locations, and streets connecting the landfill 
and garage to the collection locations). Other data include the refuse quan
tity at each collection location, speed limits on each street, average vehicle 
speed during collection, stop time at collection locations, unloading time, 
vehicle capacity, nt111ber of vehicles available, and working time per day. 
The map data and speed limits are used in the network-analysis phase of 
the program; the remaining data are used in the scheduling phase. 

The VSP requires that delivP.ry points be grouped into zones, with at least one 
delivery point per zone. The most appropriate procedure for refuse collection 
is to group all collection locations on a street segment between two intersec
tions into one zone. The point representing the zone is placed at the center 
of the street, unless the delivery points are clustered around one point on the 
street or the street is a dead end. The zone is located at the middle of the 
street so that the travel distance is equal to the length of the street when 
the zone is serviced. If the street is a dead end, the point representing the 
zone is placed at the collection location nearest thti dead end so that the 
street is traversed twice, from the intersection to the last collection loca
tion and then back to the inter~ection. 

Most of the zoning for Kirtland Air Force Base was performed as described above. 
"· The zone maps are shown in appendix A. However, there were exceptions: some 
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street segments were broken into two zo~!s, and sometimes a zone included street 
segments spanning one or two intersect,ons. The portions of Perimeter Drive 
spanned by zones 240 and 1360 and zone 320, which cover three street segments, 
are examples of the first and second types of exception, respectively. Both 
introduce U-turns in the VSP route and should be avoided. 

The zoning for Carswell Air Force Base was typical of that for delivery sched
uling. Collection locations were usually separated by several blocks; there
fore, the zones were placed ~t the collection locations rather than at the 
street midpoints. There were one to four scrap paper containers at each col
lection location (72 zones for the 88 containers). Maps of Carswell Air Force 
Base with numbered .~ne locations are given in appendix B. 

Zones must be given numbers less than 10000. Zone nlltlber 1 is reserved for the 
depot. The depot corresponds to both the garage and landfill in refuse
collection scheduling; but only one can be zone 1, if they are not at the 
same location. If the collection vehicles depart from the garage and 
landfill once per day, either can be zone l; if the vehicles unload more 
than once per day, the landfill should be zone 1. This was the case for both 
Kirtland and Carswell. If the landfill is zone 1, the garage can be indi
cated on a delivery card as the first stop of the day. The trip from the 
landfill to the garage can be moved to the end of the day to put the schedule 
in correct time order. If the garage is zone 1, a trip from the last collec
tion point to the landfill and back to the garage must be added by hand to 
the schedule. For one trip, this can be done by the VSP by indicating on 
a delivery card that the landfill is the last stop of the day. 

Once the zones are designated, the nodes are indicated by numbers greater than 
10000. For residential refuse collection, the intersections become the nodes 
and, wherever there are houses, the midpoints of street segments usually become 
the zones . For Carswell, some of the zones occur at the ends of the streets; 
therefore, these intersections received zone numbers rat~er than node nl.lllbers. 

The network-analysis phase of the VSP was performed with the true-distance 
method so that the times and distances in the final schedule would be as accu
rate as possible. The first three data cards to the network-analysis program 
are the title card, the options card, and the link~ header card. For more 
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accurate scheduling, the speed by individual link option should be selected 
on the options card; this allows the speed limit to be specified on every 
street segment. The speed limit which occurs most often may be specified as 
the default value on the links header card so that it will be used whenever 
the speed limit is omitted from a link card. Each link card contains the node 
or zone numbers of the link endpoints, the length of the link, and the speed 
limit on the link. There were 264 links for the initial zoning of Kirtland 
(East) and 309 links for Carswell. Rather than punch these cards individually, 
link information was concatenated so that up to seven links could be punched 
in a card. A Fortran program was written to expand these concatenated cards 
into one card image per link on disk. A listing of the link writing program 
is given in appendix C. 

The format used for the link cards differed slightly from that required by the 
program manual. The length of each link was in hundredths of a mile instead 
of tenths; therefore, the lengths appeared to the program to be increased by a 
factor of 10. Thus, 1.5 miles would be punched 15 (tenths) for regular VSP use 
but 150 (hundredths) for refuse-collection scheduling. To give correct time 
measurements, the travP.1 speed on the links should be 111.1ltiplied by 10 to com
pensate for the apparent increase. Compensation cannot be accomplished on the 
link cards, however, because speeds may not exceed 150 mph during the network
analysis phase. Instead the vehicle speed should be adjusted during the sched
uling phase by modifying the fleet speed parameter. A factor of 10 will not 
fit in the space assigned for this item, but 9.99 will; this should not cause 
any significant error. 

The link writing program works in the following way. The program copies the 
first three data cards (title, options, and links header cards) to a disk file 
(&&LINKS) which is used later as input for the network-analysis program. The 
fourth data card gives the number of map length measurement units per hundredth 
of a mile. The remaining cards, the compact form of link cards, each consists 
of eight node or zone numbers with the link length in map length measurement 
units between each pair of node or zone numbers . The speed limit on the seven 
links terminates the card. A listing of the data cards for Kirtland (East) is 
given in appendix D. The four ones on the options card select options which 
allow speed limits to be specified on each link, print links, print zones, and 
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print an ordered link list. The five on the links header card is the default 
speed limit (5 mph), which is used whenever the speed limit is not specified 
on the link cards. The control cards used to execute the network-analysis 
program and the savings-sort program are given in appendix E. 

The delivery data, used in the scheduling phase of the VSP, consist of a title 
card, an options card, two parameters cards, a vehicle card, and delivery cards 
(one per delivery point). The earliest VSP runs treated each of the 1513 houses 
on Kirtland (East) as a delivery point. A Fortran program was written to reduce 
card punching (appendix F). The program used cards, each of which specified 
the zone numbers and numbt-•r of houses per zone for 1 O zones. These cards were 
expanded to one c,1, d imag~ per delivery point on a disk file, which was used 
later as delivery input to the scheduler. The schedule ,roduced by using one 
delivery card per house was inconveniently long (70 pages) and contained time 
errors (about 100 minutes per trip). The time errors resulted from the inabil
ity of the VSP to accept a stop time of 30 seconds per house; the VSP requires 
that stop time be a multiple of 1 minute. In a second approach, one delivery 
card per zone was generated, with refuse quantity and stop time (to the nearest 
minute) based on the number of houses in the zone. This approach produced a 
10-page schedule that was more accurate in time. 

Since routes already in use indicated that one vehicle could service about 210 
houses, 1. 3 cubic feet was chosen for the refuse quantity per house. However, 
the VSP does not allow decimal points in the quantity-of-load entry on the de
livery cards; therefore, the number was expressed as 13 and the vehicle capacity 
was also multiplied by 10. Later scheduling work with other Air Force bases in
dicated that a more convenient approach was to express vehicle capacity as the 
maximum number of houses that could be serviced and use 1 for the quantity-of
load per house. In the schedule produced for Kirtland (appendix G) refuse 
quantity is expressed in 0. 1 cubic-foot units. 
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SECTION IV 

RESULTS 

The schedule produced by the VSP for Kirtland Air Force Base (East) indicated 
that 9 trips by 4 trucks of 10-cubic-yard capacity were sufficient to collect 
refuse; the previous schedule required 10 trips. The prcious route covered 
about 85 mile~; the computer-generated route covers about 77 miles . (These 
distances were measured from maps of the routes.) The distance given in the 
VSP printed output may contain three types of error: (1) the initial trip 
starts from the landfill rather than from the refuse vehicle garage, (2) the 
final trip excludes the return to the garage, and (3) the zones are represent
ed by single points. The first two errors will cancel out if the initial route 
passes the garage before it reaches the first house on the schedule; otherwise, 
the mileage may be increased by up to 2.1 miles. The third type of error 
may cause an additional 0.9 mile per trip. Note that the VSP printed out-
put labels the distances miles, although they are actually tenths of miles. 

The schedule produced by the VSP for Kirtland (East) is given in appendix G; 
the route maps are shown in appendix H. Note that the trips by one truck are 
made to different areas. This balances the total time per truck reasonably 
well (4 hours, 54 minutes; 4 hours, 35 minutes; 4 hours, 13 minutes; and 4 
hours, 37 minutes). These times were obtained by removing the effects of the 
three types of errors mentioned above from the VSP printed output route times. 
The computer-generated schedule can be adjusted by hand so that each truck 
makes two trips. The new times would be 4 hours, 56 minutes; 4 hours, 51 min
utes; 5 hours, 15 minutes; and 4 hours, 59 minutes. The total distance is 
about 68 miles. Maps of these final routes are given in appendix I. 

The VSP was run twice for Carswell Air Force Base. In the first run, a truck 
capacity of 60 conta;ners of paper was assumed. Two trips were generated. The 
total distance was 43.0 miles, and the total route time was 4 hours, 53 minutes. 
The two-trip route presently in use is 45.5 miles long (measured from the map) 
and requires 5 hours, 8 minutes (computed with the speed limits provided with 
the map) to complete. In the ~econd VSP run, it was assumed that the collection 
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vehicle could carry 88 containers. The single-trip computer solution was 28.0 
miles in 4 hours, 12 minutes; the single-trip route presently in use is 30.7 
miles in 4 hours, 28 minutes. 

Since the decision to make one trip instead of two probably is made during the 
actual collection, the two-trip route generatrd by the VSP should always be 
used if the present route is changed. If the two-trip VSP route is used as a 
single trip, the mileage is 28.9 miles, and the time required is 4 hours, 17 
minutes. The improvements in the routes are shown below. 

Original Route VSP Two-Tri~ Route Savings 
Total Distance, Time, Distance, Time, Distance, Time, 
Trips miles hours:minutes miles hours :minutes miles min 

l 30.7 4:28 28.9 4: 17 1.8 11 
2 45.5 5:08 43.0 4:53 2.5 15 

The percentage of savings in mileage, 5.5 to 5.9 percent, and the actual mile
age saved, 1.8 to 2.5 miles, are both small. Part of the reason for this is 
that round trips to the landfill account for 14 miles of the 28.9-mile, single
trip route or 27 miles of the 43-mile, two-trip route. These round trips to 
the landfill cannot be shortened. Maps of the final single-trip route are 
given in appendix B. The single-trip route is changed to the two-trip route 
by inserting a trip to the landfill after zone 360. 
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SECTION V 
CONCLUSIONS ANO REC0""1ENOATIONS 

,, 

The VSP is useful in refus~-collection vehicle scheduling. It removed one 
trip from Kirtland (East) refuse collection and reduced the mileage in the 
Carswell paper-colle~tion route. On larg~ problems, the main difficulty 
with the VSP is that it does not necessarily produce tt-e minimum number of 
trips nor '!xplicitly gi ·ie the path for each tri;,. On small problems, like 
Carswell, the savings may not be worth the effort. Other lesser inadequacies 
will be present with any-size problem (e.g., there is no provision for one
way streets, and the same speed limit is used for travel both with and with
out refuse in the collection area). Once the traversal path has been 
detennined, refuse-collection vehicle drivers can easily produce the route 
maps by inking the route on a street map, but considerable effort is re
quired to produce report-quality maps for publication. The most important 
need is for a program which always produces the minim1111 nll'Rber of trips and 
also indicates the path for traversing the route. It would also be desir
able that the program draw the maps. 

There are organizations which perfonn refuse-collection scheduling. The U.S. 
Army's Civil Engineering Research Laboratories in Champaign, Illinois, perfonn 
this service for $15,000 per base; c0111Y1ercial organizations may charge more. 
If more than about six bases are to be scheduled, it would be more cost effec
tive to write a computer program specifically to perfonn Air Force base refuse
collection scheduling and run the program at an Air Force facility. This pro
gram should achieve the minimum number of trips and should utilize some 
distance-minimizing criteria in producing the actual path to be used; also, 
ft should take one-way streets into account and produce maps. 
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APPENDIX A 

ZO~E MAPS FO~ KIRTLAND AIR FORCE BASE (EAST) 

II 
Kirtland Air Force Base (East) - Map 1 
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APPENDIX B 
i ADJUSTED SINGLE-TRIP ROUTE FOR 1 • r CARSWELL AIR FORCE BASE i ~ r, 
~ ~ 

I , 

f: t 
Base Civil Engineering Yard (Start) 

10 470 310 
20 480 320 . 
30 490 330 
40 500 160 
50 510 170 
60 540 220 
70 590 200 

* 80 580 240 
* 110 570 230 

* 90 560 180 
* 100 550 190 ., 

120 520 660 
130 530 650 

* 140 450 670 
* 250 460 690 

260 430 700 
265 390 680 
150 380 640 
270 350 610 
370 340 600 

** 375 360 620 
400 280 630 
410 290 Unload 
420 300 Base Civil Engineering Yard {Stop) 
440 

* 

** 
Order differs from computer-generated route. 
First trip ends at zone 360 for the two-trip route. 
ZONE NUMBERS IN ORDER OF COLLECTION 
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Street 
Co 11 ect 1 on Route 
DrivrMay 

Paper Container 
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Collection Route 
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Paper Container 
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APPENDIX C 

LINK WRITING PROGRAt1 

,,JOBLID 00 DSN~CEYeLOAO,DISPaS~R,VCL=SCR•CRFVSP,UNIT•2ll• 
✓ ,COM LX~C LFCkiGCu 
,,FJRT,SYSIN OD • 

C L:~~ •R!TlNG ~~CG~AM 

lJ' Mu .. ., ION C ·~ i: ( ~ ·, • • Lf N( n. N-JOE (ti) 

C COPY FIRST 1 CAMOS 
lhJ 4 : I=l,J 
S..E.AU (!.>,4! ... ) CA1tG 

21 ruNMAT(~.A4) 
4..; •f<ITE. C~,2,) CAF<1) 

C R~AO C•h"~RS:CN FACT~R TO CHA~GE M-F UNITS TO CeCl ~lLESe 
C ilc;.F4uLT VAL~! J·., le:.- MAP Ul'.IT l'=,Ge, !/16 INCH. PER ';erl MILEe 

C 

H~AC (5,6"1 CCI\V 
o<. FrJt,.MAT(i::l ,. ,JI 

IF (CCNIJ eLEe ••• CUNV=:• 
J = .· 
NN= ,, 

1 ~ •. 11.N:N"',! • J 
RE.AO (j,l2 1 · ,!:.1titD:.J1., ·.,) (NuCt:( I),Lc.:llil I), I•l,7 ),NOCE(8), ISPO 

l 2• F JF.1-tAT ( dil •:,t 
Ou 14:. I=&,7 
Lilli( I ):_EN(;) •Clf',.\I+ ·· •~ 
IF (Lc.N(ll eEO, , ) LcNfl)•l 
~ F ( L1Jc (l • 1 J el~• ) GU T J 1 M 

1• : J=I 
l ~ -.. lF (1::i.PJ el.Ee ) <.:U TO ,4 : 

w R I T:: ( ! , .-: , , I C t. uL E ( I» , t-.1 JOt.. (1 • l ) , LE: Pd I) d SP O, I • 1 , J • 
.!le. FORMAT( :~,217,15) 

GO TO 1', 1;, 

24 ·.\ C1.,NTI UV': 
,rodTt:. l,, .!t> ) (f\.JDt.( 11,NOtJ~(l+t l,LE·N( I I ,I=1 ,J) 

2o•J f"I.HHitA T ( I 5 , l I 7 ) 
GO T J h 1) 

Jc'.. COIIIT :~UE 
C.ALL C.: CT 
t:.NU ,,. 

,,~~.FTt2F~C.1 cc cs~:L&L:NKS,DlSP=(,PASS),L~lT•SVS_, 
,, SP4C&:a( 16·:. ,t2 · ,5)) ,OCti•(ULl(~llf•tc,1!1,, ,LHECL•tn,PECFMaFB, 
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APPENDIX E 
CONTROL CARDS FOR NETWORK-ANALYSIS 

AND SAVINGS-SORT PROGRAMS 

/.INATl> c=)l.t;( P~M=nEYlO, ~ fGION=bOK 
/ l'O E Yl PT S crn UNI T=~YSW,SPACt =(CYL, ( l, 1)) 

UNlT=sv ·;11,SPACf=(CYL,(l, U) 

IJtH T =SY S w , s P Ac E = ( CY L , C 1 , 1 ) ) 
IJNI T=SYS .. ,S~ACE =(CYL,(4, 1)) 

I .lvEYl UL!< DO 
I' l'OEYl SLK DO 
/l'OEYlTDl DD 
ll'OEY1Tfl2 
/l'DEYDIST 
I l'D EYSAVCi 
// 

~n UNIT=SYSW,SPACE=(CYL,(4,1)) 
DO UNIT=SYSW,SPACE=(CYL,(41lt),DIS?=(,PASS),OSN=&&DIST 
DO VuL=SFn=CRFVSP,UNlT=2314,SPACE=CCYL,(l0,1)),DISPs(,PASS), 
OSN=54V~O 

I I' SY SPQI NT 00 SYSOUT-=4, OC 11=13LK ~. T 7E = 1 ?.1 
ll'SVSIN 00 OSN=£&LINKS,OISP=(OLU,D~LETE) 

/l'SSORT 
l'/OEVSAVG 
,✓OEYSOJ.11"4 

1/SYSPRINT 

f.XcC PGM=D~YSO~T,RtCiluN=JuK 
OD OSN=SAV80,DISD:(OLD,PASS) 
DD UNIT=SYSW,SPACE=(CYL,(10,l)) 
0~ SYSOUT=A 

21 

!t ., 



C 
C 

C 

I < ,, ·-11 1 '' , • ' 'f , ~ 

. -·- . --- -- , ,. _____ -- --------

APPENDIX F 
DELIVERY CARD WRITING PROGRAM 

DIMENSION CARDC20Je lN(lOlt IZ(lO> 
DATA QUlTl•DELC•I 

C READ TIME PEA STOP (MINUTES) 

C 

READ (StlO) TPS 
10 FORMAT(F1016) 

o ... 40 l•ltlO 
PEADC5t20) CARO 

20 FOFIMAT(20A4) 
IF (CAAD(l) eEOe QUIT)GO TO 100 
WRITE(t,20) CARO 

40 CONTINUE 
PRINT 60 

60 FOAMAT(•lNO *DELCARDS* ON FIRST 10 CARDS') 
CALL EXtT 

l 00 CONTINUE 
120 READ CS,140,END•240) (IZ(l)1IN(l)•l•l110) 
140 FORMAT(lO(IS,13)) 

DO 200 I •l ,1 O 
NN• INCi) 
IF CNN eLEe 0) GO TO 240 
JTt M•NN•TPs+0,5 
WRITE (l1l80J tZ(l)tNNtlTIM 

180 FOAMATC1HO,l5,,5,5X,2Hl3,42Xtl3) 
200 CONTINUE 

GO TO 120 
240 ENOFILE l 

REWIND l 
CALL EX1T 
ENO 

22 
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APPENDIX G ,I 
SCHEDULE FOR KIRTLAND AIR FORCE BASE (EAST) .$ 

I 
• I 
~ 
,; 

············~--~·-······~ " • 'Ill j\' 

• P C UTF. r-;ur,,11:::1- • 
• "' 
······~······-·····"-~•·· 

ZCNF CUSTrJ.-.ER IJIJ ~"Jl ITV STiJP 1 lt'~l Ai--J~ I VAL Tl"4E kANCiE 
NUMHFA Nur,,a,::R Hµc; "1 INS DAY H~UR DAY HnUP ) 

i 
' 4€:0C 12 I ,Ii ~ Oo A.Oq 1 1:1. 0,, 

';b80 ?3 ?99 () 12 l • .19 l ~.19 
' ~ 
< 

5'5, 0 l '> 20~ 0 OP, l ~.34 l Ae34 

5600 l 3 1 ()') ., 07 1 ~-·· 1 8.44 

~•~o l 1 3 0 01 l 13.52 1 8.52 

57t, I) 22 2~6 0 11 1 8.56 1 13.~(; 

seo o 23 ?9'el 0 12 l 9.09 l q • oc; 

5920 14 l ~2 0 07 I 9.25 l q.zs 

6000 lA 234 0 C9 l 9.34 l q.34 

60~0 5 ....,, 
0 03 1 ~.46 9e4u 

54'6 0 8 104 0 04 l q.52 l 9.52 

5200 16 208 0 08 l 9. 5 c; I <;,.;; q 

4720 17 221 0 0? 1 10.10 l 10.t il 

4640 14 182 0 01 1 10.20 l 10.20 

ROUTE SUflllMAPV _____________ ,_, 

ASSIENED VEHICLE TVPE - 10 I NUMBER OF CALLS - 14 
I 

DAV HOUR I 
EARLIEST STAPT • 1 a.oo I MILEAGE • l l 8e8 MILES 
LATEST STAR1" • l e.oo I 

I 
I HRS MINS 

.,, 
' '="' 

VEHICLE CAPACITY • 2700 I TRAVEL TIME • 0 55 ,, 

I .t 

ASSIGNED TOTAL LOAD • 2626 I ROUTE TU4F • 2 39 
1 

·~. ONE V!HICLE COVERS ROUTES l • 2 I LOADING TINE • C f) 5 

23 



l·, 

••••••••••••••••••••••••• 
• • • 1-i!lUTE Nl.MBF.I.' 2 • 
• • 
••••••••••••••••••••••••• 

. 
7CNF CUSTC'MFJ; OUAl..;T I TY ST'1P TIML ARRIVAL Tl~E MANGE 

NUa,tflt:.R NUfl'OfM HR~ ~INS DAY HOUR DAY HOUR 

9l-O 21 t!.7 i ·O l 1 I 10. 50 I 10.51 

1760 17 221 0 09 I 11.03 I 11.0• 

lfPC t ··, ~o~ 0 Of; I II• 1• I 11.15 

A80 20 260 0 10 l 11.2• I lte25 

800 21 c:71 C l l I 11.36 I 11.37 

721) 23 ?.99 () 12 I 11. •9 I 11.50 

.320 17 2.? l 0 C9 l 12.02 I 12.03 

~o 23 299 0 1? I 12.!3 I 12.14 

560 ~o 260 0 10 I 12.26 I 12.2? 

80 27 -~~I 0 14 I l2e38 I 12.39 

' 

I~ ROllTE ~UMMAJ;Y 
i 
; --------------" 

ASSIGNED VEHICLE TY'1E llli 10 I NUMBEP !lF CALLS - 10 
I 

DAY HOUR I r· 

EAAL IEST START • I 10 ••• I MILEAGE - 60.5 MILl!S 
LATEST START - I 10 e45 I 

I 
I HRS MINS 

VEH I CLI! CAPAC I TY • 2700 I TIUVEL TIME - 0 29 
I 

ASSIGNED TOTAL LOAD • 2665 I ROUTE TIME - 2 15 
I 

ONE VEHICLE COVERS ROUTfS I • 2 I LOADING TIM! - 0 05 

24 
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QIU IJlt . ; ?M.J. ;.; . #Z($J4).4ll.i ] -; . -,...'1""1~ ...... 'IT""'.~ ·· 'n'l,r .... ~"'I ' -~ ~~~,--~~ • .,.,.,,.,:-- ~- "if""1'7'\"''t"•~" ~ .r .. ,., .. J].!. ·~~ -.. lll!~S . _,,.. , , ,,,_, ....,-:",;, lr ~,,,...,rr•-r .,,......_..,..,.- ,• > >.• -• • • "' T, ,.,r.,, ,1• ~~-·.., #_11111111111-.1111J1111111!111111!111"'1111•.-11!!!"",._. •u1111,""1. :."!!', ., , w~, ;111111 111114111!1. WIIPJ!WMPl!t 'll!Jl&: '1.111. 011111_ •""'· , ~ , • 

····••~······*•••~-·-···· • • 
• n('.I\JT r. NU~t-ifM .-~ r 

• ... 

·····················~•-· 
lONF. CUS T U'-1t;~: QUANTITY srr,r-

NUMAEP NUfllBE"W HP~ 

40A0 2. c! 286 0 

4000 27 351 0 

4320 ?. 0 2b0 0 

-2•0 25 ~2'> \) 

4880 26 :n~ 0 

4960 lA 234 0 

5080 7 QI 0 

~o•o 26 338 0 

••oo 21 273 0 

QOUTf SU~MAf.'Y 

-------------
ASS I GNEO YEH t CLE TYPE • 10 I 

I 
DAY HOUR I EARLIEST START • l 8 .oo I LATEST START • A• 10 I 

I 
I VEHICLE CAPACITY • 2700 I 
I 

ASSIGNED TOTAL LOAD - 2•96 I 
I 

ONR V!HICL! COVERS ROUTES 3, • I 

25 

TI MF.: Af-LI I VI\L TI a.,J. PANGE 
MINS DAY t-iJlJR DAY HOUR 

11 l a.oe l 8el8 

14 1 a.21 I 8e33 

1 0 l a •• , I 8e51 

1~ l 8e5!S I 9e0!S 

13 l 9el2 I 9e22 

CQ l 9.29 I 9. 39 

04 1 9e41 I 9e5I 

l .1 I 9e48 I 9e58 

11 l 10.05 I 10.15 

NUMB!R OF CALLS - 9 

MILEAGE • Q6.7 MILES 

HRS MINS 
TRAVEL TIME • 0 4'6 

ACUTE TIME • 2 24 

LOADING TIME • 0 05 

' ,,. ~: I 
. ' 

;t 
·! :, 

!
1, 

I 

. 

' 

·~· 

'· 
;, 

j 
l 

!~ 

j 
l 
1 
J 

;J 

J 

~ 
1 



, ; "~ ' .. ,.., .. ·. •" . ·-· ' ' "' ...... .. ,•, ,' T-f" - - •• •w •• - • • • • • 

~ 

f: 

f, 
r 
' ······~·················· • • • Kf'UTt:: NvMHtk 4 • • * ,, ••••••••••••••••••••••••• 
I, 

ZC'NE C: US T(JMfR C)UAf\'TI TY Cff'l,J [ Nu-..ni=r IIIU _,l!l::w H~5 I 
i 
I 

21?0 1 ?. l 5t, I) 

1 
{ 2b40 23 29~ 0 

l84C 3. 416 0 

1920 3.? 416 0 

1040 21 ~73 0 

400 16 208 0 ~ 

480 17 ZZl 0 

lt,0 22 286 0 

24C 27 351 0 

ROvTE SU°'4MAPY 

--------------
ASSIGNeo V~HICLE TYPE • 10 I 

I 
DAY HOUR I 

!A~L I EST START - l 10.39 I 
LATEST START • l 10 e49 I 

I 
I 

VEHICLe CAPACITY • 2700 I 
I 

ASSIGNED TOTAL LOAD • 2626 I 
I 

( ONE VEHICLE COVENS ROUTES le 4 I 

~ 

26 

_,, . ' , - • • •· 'I' ~ - -~-

TIME APRIVAL Tl "4F RANGE 
M 11'11S OAY HOUR r>AY HOUR 

l)t, I 10.45 I 10.55 

12 I 10.53 I 11 eOJ 

16 I 11.07 I II• 17 

16 I II •26 I 11.36 

1 I I 11 ••• I I I e54 

0~ I 11.57 I 12.01 

09 I 12.07 I 12.11 

1 l I 12el8 I 12.28 

14 I 12.JO l 12.40 

NUM9~R OF CALLS - 9 

MILEAGE - 59.9 

HRS 
TRAVEL TIME • 0 

ROUTE TINE - 2 

LOADING Tr-.e - 0 

\-•·/ "• ... , ', ' · .. ,,, .... 

MILES 

MINS 
28 

11 

05 

,, ""'II 

. 

·, 

' 

' 

I ,. 

. 
' 

! 

', 



. . ..,,_ 

·················•"•····· • • • ~PUTr' NLM~E~ 5 • • , . 
1 ••••••••••••••••••••••••• 
i 
) 

ZONE CUS H~c.;:R OUANT ITV STl,P T 1 r,,it- A~RIVAL TIMF. fcANGE 

J 
NUWBEP NU,.BEA Hn~ ~JNS DAY HUUR DAY HOUR 

1120 20 2t,O 0 10 l 8e06 I e.21 j 
l 3ti0 2~ lb4 0 •• I e. 19 I 8e40 j 
2160 31 40 .J C 16 l 8el6 I file 57 

20~0 JI 40! 0 16 I 8e54 I 9. I !S ~ 

1280 21 273 0 1l I 9el2 I 9e33 

1200 ?'l 260 0 10 I 9e25 I 9e46 

2000 31 403 0 16 I 9el7 I 9e58 

2•eo 18 234 C :)9 I 9e54 I 10.15 

ROUTE SU~MAJ;Y 

-----------------
ASSIGNED VEHICLE JYPE • ao I NUM8ER OF CALLS• 8 .t 

I 
DAY HOUR I 

EARLIEST STAAT - I e.oo I MILEAGE • 59e5 MIL!S 
LATEST START - I A e21 I 

I 
I HAS MINS 

VEHICLE CAPACITY • 2700 .I TRAVEL TIME • 0 27 
I 

ASSIGNED TOTAL LOAD • 2600 I ROUTE TIM! • 2 09 
I 

ONI! VEHICLE COVERS ROUTES Se 6 I LOADING TINE • 0 05 

27 
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~ 

i 
! ••••••••••••••••••••••••• 

• • 
• ROUTc NU-..~ER 6 * • • 

! I ••••••••••••••••••••••••• 
~ 
1 ZONF CUS TCMFr, OU IINT I TY STnP TIM!: AMRIVAL Tl flllE RANGE r 

t NU,..HEP NU,,_eER h1<S 1,Ul'IIS L>AV HOUR DAV HOUR 
~ 1, ,, 

33b0 10 I J".: I 10 •• 2 i 0 05 I 11.03 r 
f 3tOC In ?. 013 0 oe I 10.52 I 11.13 1 

I: 
E 
1: 3280 2(, 31 ., 0 ·~ I 11.0• I 11.2s 

J••o 25 325 ,, 13 l 11 .20 l ••••• 
~520 l 7 221 0 09 I llel7 I 11,58 

3760 15 195 C OA I 11.50 I 12.11 

3680 J 3 lf>9 0 07 I 12.01 l 12.22 
I 

,..: 

38eO ii 104 C, 04 l 12.10 I 12e ll 

3920 9 II 7 0 05 1 12 • 17 l 12.]8 

3841) 1 3 169 (1 07 l 12.2• I 12 •• ·; 
.-. ,~ 

ACUTE SUMMAF.Y 

-------------

ASSIGNED VEHICLE TYPe .. 10 I NUMBER OF CALLS • 10 
I 

DAV HOUR I 
EARLIEST START - I 10 .35 I MILEAGE - 92e5 MILES 

LATEST START - I 10 .56 I 
I 
I HRS MINS 

YEH I CLE CAPAC I TV - 2700 I TRAVEL TIME - 0 45 
I 

ASSIGNED TOTAL LO~O - 1976 I ROUTE TIME - 2 o• 
I 

ONE VEHICLE COVF.RS ROUT!S St 6 1 LOADING TIMI! - 0 05 

28 
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' . ~ ~ ,· . 

······*••················ • • 
l • RUUT': "UMf.' F"'r. 7 "' • • 

····················-···· I 
J ZC'Nf CUS TOM€F OlJANTITY STnr- TJMt. ,\RQJVAL TI '1111:. AANGF. 
i 

NUMFH:P NU ritAl:t-1 t1f~<; M l~S DAY H1UR DAY ~OUR 
2~(,0 14 1q2 0 07 I 8e04 I e.12 
2240 24 :!t?. 0 J2 I 8elJ I e. 21 .1 
1440 19 241 C JO l e.21 I 8eJ5 1 
1520 23 29,, ,, 1 ;> I 8e40 I 8e48 
1600 3;> 416 0 16 I a. !54 I 9.02 
2320 14 1~?. 0 07 I 9el2 I 9e20 
240C 18 234 0 OQ I 9e20 I 9e28 t~ 

MOUTE SUMMAJ.IY ---~--.------ ---
ASSIGNED VEHICLt= TYPE • 10 I NUMBER OF CALLS• 7 

I 
DAY HOUR I EARLIEST START • I e.oo I MILEAGE • 48e7 MILF.1 LAfEST START • I e.oe I 

I 
I 
I HRS MINS VEHICLE C.APACITY • 2700 I TRAVEL TIME - 0 21 i I 

ASalGN!O TOTAL LOAD - 1872 I ROUTE TIME • I 34 
I 

ONI Y!HICL! COV!AS ROUTES 7, ft, 91 LOADING TINE - 0 05 

29 
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--------- --- ----------- -·· · . - ---. --

.~ 
f ••••••••••••••••••••••••• • • • 1-cOUTE NUMB~P e • • • ••••••••••••••••••••••••• f 

[. 
~ lCNF. CUS TOMf:~ <}UANT ITY <;TOP TIME ARRIVAL TIME RANG! 

:1 
l NUMBr:R NU tJIJt::J.1 HMS MINS DAV HOUR DAY HOUR I 
j:. 

l 
I ~ 

J0~0 ' i 14 182 0 07 1 9.53 1 10.00 ! I 

I I· ,, 
3120 18 23• 0 OQ I 10.01 I 10.oa .1 

f: j 
3200 l "7 221 0 09 I 10.12 1 10.19 ., 

,J 
29bC 29 377 0 15 I 10. 24 I 10• ll 

2eso 22 286 0 11 I 10.42 I 10.•9 

2800 2ts 36• 0 ,_ 
I 10.se I 11.05 

HOUTE SU-.MMcY -------------
ASS I GNl!O YEH I CLI! TVPe - 10 I NUM81!P Otr CALLS • 6 

I 
DAV HOUR I 

l!AAL IEST START - I 9.-7 I MIL~AGE • 1 •• 1 MILES 
LATEST START - I 9 e54 I 

I 
I HRS MINS 

VEHICLE CAPACITY - 2700 I TRAVEL TIME • 0 27 
I 

ASSlGNl!O TOTAL LOAD • 1664 I ROUT! TIME • I 32 
I 

ONE VEHICLE COVERS ROUTES ?e 8e 91 LOADING Tl-.1! • 0 05 

30 



••••••••••••••••••••••••• • ... • Rl'.lUTF N\Ja4fi i:J. ,~ 
* • • 

··················-······ 
ZONF. CUS TO~cP QUANTITY STf1P TP4f AR~IVAL Tl'4F RANGE NUWBER NU~AER 

H~S ~INS OAY HOUR OAV HOUR 
4!560 l r, 20~ 0 OR l 11.39 I lle47 
•160 28 364 0 •• I lle52 I 12.00 
4480 24 ~le> I) 12 I 12. 10 I 12. 18 
!5280 7 Ql 0 04 I l2e28 I 12e36 
!5360 13 16-:} 0 07 I 12 • 34 I 12e42 

ROUTE su-.MARV 

-------------
ASSIGNED VEHICLE TYPE • 10 I NUM81!A OF CALLS• 5 

I 
DAY HOUA I EAAL IEST START • I l l e31 I MILEAGE • 92e8 MILES LAT!ST START • I 11 e39 I 

I 
i~-I HAS MINS V!HI CLE CAPAC I TY • 2100 I TRAVEL TIIIIIE • 0 36 I 

ASSIG~l!O TOTAL LOAD • 1144 I ROUTE TIMI! • I 21 I 
0 ... V!HICLI! CO~AS AOUTl!S 1. 8, 91 LOADING TIMI! • 0 01 

31 
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FLEET UTILIZATION SUMMARY • • • ••••••••••••••••••••••••••••••••• 

VEt-41CLE 
TYPE CAPe 

10 2700 

TOTAL iirLEET 
CAPAC ITV 

10800 

MAXeVEHe TI _,E 
HRS Nll'IIS 

J 00 

NOe OF 
YEH ICLES 

4 

) INDICATES MULTIPLE TRIPS FOR ONE VEHICLE 

qouTe INOe ASSIGNED MILEAGE T~AVB. 
NUMBER TOTeLOAD · NILES HqS 

I ) 2626 llA.A 0 
) 

2 ) 2665 60e5 0 

3 ) 2496 9«». 7 0 
) . ·) 2626 59.9 0 

5 ) 2600 59e5 0 ) 
6 ) 1976 92.5 0 ., ) 1872 48.7 0 ) 

8 ) 1664 74. 7 0 ) 
9 ) 11•• 92.8 0 

TIME AOUTE TIME NO.OF 
MINS HAS MINS CALLS 

55 2 39 14 

29 2 15 10 

46 2 24 9 

28 2 II 9 

27 2 9 a 
45 2 4 10 

21 l 34 ., 
27 l 32 6 

36 l 31 5 

TOTALS ---------------------------------~~---------------------19669 704. I 5 14 18 9 78 
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APPENDIX H 

MAPS OF PROGRAM-GENERATED ROUTES FOR 

KIRTLAND AIR FORCE BASE (EAST) 
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APPENDIX I 

HAND-ADJUSTED ROUTE MAPS FOR 
KIRTLAND AIR FORCE BASE (EAST) 
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Nav Ship R&D Cntr (Code 3021) 1 
Tech Transfer Staff (E~A) 1 
Ofc of R&D (EPA) 1 
Nat'l Science Foundation, Wash D.C. 1 
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