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PREFACE

This report documents work performed during the period January 1976
through Apr1 1 1977 by the University of New Mexico under Contract F2960l-
76-C-0015 with DET 1 (CEEDO) ADTC , A ir Force Systems Command , Tyndall
A ir Force Base, Florida 32403. Captain Robert F. Olfenbuttel managed the
program.

This volume , which documents program PHASE2 , is the second of four
volumes constituting the Air Force refuse-col lectior~-scheduling programdescription . The sectioning algorithm for program PHASE2 was developed
and coded by Edward P. Dunphy . The map-plotting algorithm was developed
and coded by Harold J. luzzolino.

The report has been reviewed by the Information Officer and is re-
leasable to the Nationa l Technical Information Serv i ce (NTIS). At NTIS
it will be available to the general public , including foreign nations .

This technical report has been reviewed and is approved for
publication .
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y~ ftROBERT F. OLF~NBTJI’1$~L , Capt , USAF, BSC Pl~~ R A. CRCAL1~Y , Maj,  ~SC
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SECTION I
INTRODUCTION

1. OBJECTIVES

In designing the Air Force Refuse-Collection Scheduling Program (RCSP) ,
the fundamental objective was to reduce collection costs. The most signifi-
cant cost reduction Ii effected by a reduction in the number of cofl ctf on
trips u sed to service a given region. If a collection crew can be dropped
from the fleet, the cost of manpower will be cut. In addition , fuel and
maintenance costs will be lessened if the total mileage traveled by the col-
lection fleet can be reduced. The first objective , then, Is to generate a
collection schedule that calls for the theoretical minimum number of trips.
This objective is accomplished In program PHASE2 of the RCSP.

A secondary objective, good spatial clustering of all streets serviced
by a vehicle during one trip, is also achieved by PHASE?, except possibly
for the last trip. In addition PHASE2 plots maps that show the section (trip)
to which each street segment is assigned.

2. SCOPE

Th is section (Vo lume II )  of the report describes the workings of the
second program, PHASE2. A program overview Is given, followed by a thorough
description of the logic involved in map processing. A skeleton of the logic
flow Is provided. Input and output files are described. Program require-
ments and restrictions, •rror messa ges and error handling techniques, defi-
nitions of Import variables, and an estimate of running time are also pre-
sented .
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SECTION II

PROGRAM OVERVIEW

Determining the minimum number of collection vehicles needed to service
a base is fairly simple; the task of assigning collection schedules in such
a way that each vehicle is used to capacity , but not overfilled , while travel
time and distance are kept close to the minimum, is more difficult.

Program PHASE2 serves two purposes: it assigns street segments to sec-
tions (a section is a set of streets to be serviced by one collection vehicle),
and it plots the results of the sectioning. The secti oning groups the street
segments into close ly connected, reasonably convex sets. The size of each
section is determined by the capacity of the refuse-collection vehicle that
wi l l  service it. Therefore, choosing the streets in a section so that each
section is compact is the main effort in PHASE2.

Two types of data are used as input to PHASE2. Data describing the nodes
and segments are read from files TAPEI1 and TAPE9. Card input is used to spe-
cify the problem title , the vehicle capacities and numbers, the time limi ts ,
the base segment for the first section, and the map bounds .

The program cons i sts of a main program, PHASE 2, and 11 subroutines .
PHASE2 reads the data cards, the segment data from file TAPE9, and the node
data from file TAPE 11. Refuse-quantity Information included wi th the segment
data and vehicle-capacity data from the data cards are used to determine the
number of vehicles required to col lect all of the refuse.

PHASE2 calls subroutine BUILD to build a near-neighbor table. The table
indicates , for eac h street segment, the 60 other segments closest to It. To
build the table , subrout ine BUILD computes the distances from each segment to
each other segment. The 60 shortest distances and the corresponding segment
numbers are found using an in-core tree-sort algorithm In subroutines SORTK
and SZFTUP .

3
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PHASE2 LàllS subroutine SECTION to assign the segment s to sect ioo~ ~~~~~~~

I .~sponding to collecti on trips). Segments are selected for add iti un to a
sect ion on the basis of the number of near neighbors they share w1~ Ii anoth.~r
segment , called a base segment , already in the section. The f i rst  base s ’ .
uci t is soecif~eo by the user. Subsequent base segments are se leL t i ;d as thc

~~ct ions are built. Segments are added to a section as long as thz’ V Ch1 C IL

capac ity is not exceeded .

,- \ it~ r each section is filled , subroutine SECTION checks to see wht:’je’
al l r e m a i r i i i q  unass ig ned segments w i l l  fit into a single , last sect ion.  If
noc , seleLt~on cont inues on the basis of the shared near-neighbor cr it ci icr .

,\s sec t ions are comp leted , the segment numbers are written to ii h T.~i El ,
and s ta t i s t i cs  on veh i cle t i me and capacity are accumulated .

~\i ter the sectioning has been completed , PHASE2 cal ls subroutine ~~~~
to initialize the plotting package. Subroutine MAPPLT is called to plot i~i.

indi ..ating the section assignment of each segment. MAPPLT uses suN ont~~e
;l-IAPcOM to set shape parameters for the segments and subroutine COO~~ to ger-
erace coord inates of points on each segment. Subroutine NUMBER is cal cd t~’

~t~ , and ~~ction numbers to the segments . Program PHASE2 terminates after a

~r~ p dcc~ surnary is written to file lAPEl .

T he f lo w of con trol from one su bp rogram to another i s shown ir F i~
Within each sub program , onl y the fi rst ca l l  to each other su bp rog ram ~ s . : ~~s

(Three of the subroutines shown in Figure 1--PLOTS , PLOT , and SYMBOL-- arc
subroutines from the basic Calcom p software package and are not itc i u d ru n

LhC descr iption of program PHASE2.)
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P~ASE2 
BUILD ______ SORTK J SIFTUP

1 SECTION f~
..TT1 KOUNT

_______ _______ SHLSRT

_______ PLOTS

______ PLOT

MAPPLI Jui~ ~t 
I F IND

I1~
_1 SHAPCOM 

SYMBOL

_______ PL OT

~1 
COORD]

___________ ___________ 

.1I1~~NUMBER j, ‘j SYMBOL 1

Figure 1 . Control Relationships Among Subprograms
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SECTION III
PROGRAM LOGIC

The logic for program PIIASE2 is described from three viewpoints . The
first description is tdsk oriented . The second is data-storage oriented and
includes discussions of the preparation of data for use by subsequent programs ,
the use of input data , and the data structures used in PHASE2. The third view
describes each subrcutir ’e in terms of its purpose and the manipulation s per-
formed wi thin it.

1. PROGRAM TASKS

Three tasks are accompli shed by program PHASE2: (1) the number of trips
is determined on the basis of one of two options available to the user ; (2)
street segments are assigned (in accordance wi th vehicle-capacity restrictions )
to sections , each section corresponding to a collection -vehicle trip, on the
basis of the number of near neighbors each segment shares with some segment
already in the section; (3) finally, one or more maps are plotted showing the
section assignments of the segments.

Program execution begins in the main program , PHASE2. The problem title
is read from the first data card . The number of vehicles and their capacities ,
the time lim its , and the number of the segment that is to be the first base
segment are read from the next two data cards. The number of vehicles speci-
fied on the data cards determines the method used to generate the number of
trips. rf enough vehicles are specified to collect all the refuse in the col-
lection region , then that number of vehicles is used , even if it is not the
minimum. If fewer vehicles are specified than are needed to service the en-
tire region , the program will assign vehicles in the order given on the data
cards until the minimum number needed to collect all the refuse is obtained .

Segment data are read from file TAPE9 , and refuse-quantity and node
data are read from file TAPE11 . The input data and the number of vehicles
that will be needed are printed . Subroutine BUILD is called to construct

7
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PHASE2 then reads map bounds from the remaining data cards. If no map-
bounds cards are found , defaults are set up for a 30- by 30-inch map .

Subroutine MAPPLT is called once per output map. MAPPLT examines sequen-
tially the original segment data , skipping segments that are outside the map
bounds and drawi ng segments that lie at least partially wi thin bounds . Before
eac h segment i s drawn, subroutine SHAPCOM is called to set up parameters used
to determine the position on the segment of points at a given distance from
the start of that segment. The actual coordinates of the points on the segment
are returned by subroutine COORD .

Four different computations are used by subroutines SHAPCOM and COORD to
produce the coordinates of points on a segment. The simplest computation is
performed for straight segments and involves a linea r interpolation between the
initial and final nodes. Another calculation processes both circular-arc and
S—curve segments ; an S-curve is treated as two consecutive c i rcular arcs. In
calculating the coordinates of a point on a rectangular segment , the .lope corn—
ponents of the first side are determined ; appropriate multiples of these com-
portents are then added to the starti ng or ending node ’ s coordinates. The coor-
dinates of a point on an angle segment are found by linear interpolation be-
tween one end of the angle and the vertex. (A full description of the geometry,
as well as relevant calculations , are given in Section III of Volume I of
this report. The scale ratio SCR is replaced by 1.0 in program PHASE2.)

2. DATA STORAGE

Program PHASE2 obta ins data from three sources : card input, file TAPE9,
and file TAPE11. Two files , lAPEl and TAPE4, are generated by program PHASE2
and are saved on disk for use by program PHASE3. Files TAPE2, TAPE3, TAPE7 ,
and TAPE1O are used as scratch files.

The card data , the data from TAPE9 , and the data from TAPE 1I are read at
the beginning of PHASE2. The segment data read from TAPE9 are stored in arrays
in blank COMMON. The street number and the number of ways of travel on TAPE9
are not retained in core . The node data from TAPE11 are stored in arrays in

I(g~~~, ~~ I
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a. Function KOUNT

The purpose of function KOUNT is to count the 1 bits In a 60-bit word .
The function is written in the COMPASS assembler language for the CDC 6600.

• Function KOUNT has one argument. The argument is a bit pattern
wi th bits set to 1 where two segments share a near neighbor . The value re-
turned is the number of 1 bits in the argument. The sequence of instructions
generated by the compiler where KOUNT is called includes setting register Al
to the address of the argument list. In KOUJNT , the first SAl Instruction
causes the Xl register to receive the address of the first argument. The
second SAl instruction causes the value of the argument to be placed in reg-
ister XI. The CX6 instruction counts the 1 bits in register Xl and places
the result in register X6. Control then returns to the calling program.

b. Subroutine SHLSRT

Subrouti ne SHLSRT sorts one array into decreasing order and carries
a second array along during the sorting . The algorithm used is Shell’ s sort-
ing algorithm.

Subroutine SHLSRT has three arguments . The first argument is the
array to be sorted . The second argument is an array that is pa i red wi th the
array to be sorted and is rearranged as the first array is sorted . The third
argument is the number of words to be sorted.

The statements up to statement 60 arrange array X in increasing
* order. The numbers are sorted by a procedure in which pairs of numbers are

compared and Interchanged If necessary to put the smaller number closer to
the beginning of the array . The separation of the numbers compared Is approx-
Imately one-half the number of entries in the array; this spacing Is halved in

subsequent passes through the array. When two numbers are i nterchanged, the
pointers are moved up so that the smaller number is compared to a number far-
ther up In the array. the spacing (N) is set Initia ll y to one-half the number
of words. The number of comparisons (K) to be performed in the loop through
statement 50 is computed as the total number of words less N.
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At statement 4 the smaller branch Is compared to the root. If the

root Is smaller , contro l transfers to statement 6. OtherwIse , control resumes
at sta tement 5, and the branch value is stored in the root position . The
branch from which the smaller number came now becomes the root in another I ter-
ation. Control transfers back to statement 10.

At statement 6. the value of the root saved in variable COPY Is
stored in the appropriate place in array TREE. Control returns to the call-
ing program.

d . Subroutine SORTK

Subroutine SORTK returns the KN sina i lest numbers In array TREE. A

tree-sort algorithm is used . The array to be sorted Is treated as a binary
tree and is partially ordered , in such a manner that each subroot is smaller
than Its branches , by calls to subroutine SIFTVP .

Subroutine SORTK has four arguments. The first (N) Is the number- of
i tems in the array. The second (KN) gives the number of i tems to be returned .
The third (TREE) Is the array to be sorted . The fourth Is the dimension of
the array.

Subroutine SORTK begins by comparing the first and last numbers in
the array to be sorted . If the last I tem is smaller than the first , the two

are interchanged to prevent the smaller number from being trapped as the last
entry In the array when the number of entries is event and the last entry Is
the smallest. Variable K is set to one-half the number of I tems in the tree .

The loop through statement 10 calls SIFTIJP ; the first argument starts
at the middle of the tree and works back to the second element In the array .
When this loop is complete , the branches In the tree are smaller than any sub-
roots except the root of the entire tree.

The ioop through statement 11 causes SIFTUP to move the smallest nunt-
ber to the root of the tree. This number Is then exchanged for the last Item
in the tree . The loop through sta tement 11 Is used once for each number to be

1 3



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

returned . When this loop is complete , the KN smallest numbers w i l l  be at the
end at array rREE , and the s mal lest  number w i l l  be last.  Control then i’etu r ’ mic
to t h~’ c r 1 1 1  nil pr’ograni -

e. F u n  tim-. WIND

Functi on (FIND uses a binary search to locate a given number in an
a i n a y ; the subsc t - ipt corresponding to the location of the number is assigned
as the value of IFIND. If the number is riot found , the function sets  the
value of (FINn equal to the negative of the subscript at which the number , to
be i n numerical or der , should be inserted . (The array is assumed to be in in -

r e m  si il(l order.

the coornent cards at the beginning of function (FIND l ist ttìe l a t i c t
c l i n u i g e s  to t h e  func t i on and sta te the fu nct i on ’s purpose.

Argument NUM is the number that is sought in array (ARRAY . The

length of array (ARRAY is given by argunient LEN. Function IFIND begins t~ chec k-
ing that LEN - 0. If LEN ~ 0, the func tion assigns a value of -1 to (FIND . [his
value indicates that the number sought is not in the array and would be stored
as t I iP first entry in the array . The binary search uses variables II , IP , and

IF as pointers . II is the subscript of the front of the region being searched ,
(P is the subscri pt of the item being com pared to the number sought, and IF is
fl u’ ~ut nsc r i p t  of the last Iteni in the region being searched . V ar - ia b le II is
i n n t i a 1 1~ set to 1 at statement 5, and var i able IF is set to the end of the
t i n n y in the nex t sta tement. The pointer , IP , is the subscript abou t m idway
be tween II and IF.

The computation ca (P occurs at statement 10. The statement fol low -
in g  s ta t ement  10 compares the num ber being sou gh t, NUM, to the data a t
IA RRA Y(IP ~ If NUM ‘- IAR RAY( I r ) ,  control transfers to statement 20 , indica-
t ing tha t the number is in the front one-ha lf of the regi on being searched ; at
s~ itemne nt 20 the final pointer is moved to the subscript preceding the point
j u s t  ¶, i’a r-ched . If NUM IARR~AY (J P ) .  control transfers to statement 30, m di-
m a t i n g  tti~ t the number being sought fol lows the subscript just inspected . At
state ,upnt 30 the i n i t i al  p’’ riter , Ii , is set to the present pointer , If’, ;lus 1 .
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If the number sought is found at I A R R A Y ( I P ) ,  control transfers to statement 50,
where IFIND Is set equal to the current point er and control returns to the call-
ing program. Where MUM is unequal to IARRAY( IP) , control resumes at sta tement
40 after the initial or final pointers are moved . At statement 40 the final
pointer is compared to the Initial pointer ; if IF ~ II , control is transferred
to statement 10.

At statement 10 the search is resumed on the appropriate one-half of
the region examined previously. If the final poi nter becomes less than the
initial pointer , the number sought is not in the array. In this case, control
resumes following statement 40, and the value of IFIND is set to the negative
of the current pointer. If the number at the current pointer Is less than the
number being sought , (FIND is set to -((P + 1) so the number can be inserted
in the appropriate place. Control then returns to the calling program.

f. Subroutine NUMBER

Subroutine NUMBER appends numbers to plotted output. Its purpose is
almost identical to that of the standard Calcomp number routine , the primary
difference being that the last argument in subroutine NUMBER gives an alpha-
numeric format rather than an integer format code.

Subroutine NUMBER has six arguments. The first two give the coor-
dinates , in plotter inches , of the lower left corner of the field. The third
gives the height , in inches , of the digits . The fourth is the number to be
plotted . The fifth is the angle at which the number is to be plotted , measured
In degrees counterclockwise from the horizontal. The last argument Is an alpha-
numeric format up to 10 characters long , whi ch descri bes the appearance of the
plotted number.

Array TEXT is used to hold the character representation of the number .
Up to 30 characters are allowed . The first executable FORTRAN statement sets
this array to three words of blanks. The second statement moves the format in-
to the second word of array FORM . The first and third words of this array have
been preset to a left and a right parenthesis by a DATA statement. The ENCODE
statement converts the number from binary form in variable NIIM to character
form i n array TEXT, according to format FORM .

15 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



A character count , variable NC , is set to 30. The loop through state -
went 10 searc hes for the last non-blank character in array TEXT . Each t ime a
bl ank is found , startin g at the end of the TEXT array , the character count ( NC )
Is decremented by 1. When a non -blank character is encountered , contro l trans-

fers to statement 20. Stater ”e’ i t 20 ca l ls  the standard SYMBOL subroutine to
plot the L t i1 i  am. ter representation of the number. Contro l then returns to the
ci 1ling proqram .

m~~. Subr outine S}IAPCOM

Subroutine SHAPCOM sets up parameters in COMMON block COPARM tha t de-
s(ribe the geometrical properties of a segment. These parameters are used t))

subroutine COORD to produce the coord i nates of points on a segment.

Subroutine SHAPCOM has two arguments . Argument TOTLEN gives the
total length of the segment , in miles. Argument AVMD gives the number 01 mi les
per- nap coord i na te unit (MCU) on the first map i nput to program RCINPT . ~h
values of the arguments are sent to subroutine SHAPCOM , and all outpu t values
from SHAPCOM are placed in COMMON bl ock COPARM .

In COMMON block COPARM , var iable SF indicates the shape of the seg-
Te nt. XNI and XNF are the x-coordjnates of the initial and final nodes of the
segment. ThI and YNF are the y-coordinates of these nodes. SX and SY are the
s lope , in n MCU per m i l e , in the x and y directions. RPR is the “eciprocal of
the radius of cur-vature for circular segments and the circular portions of S-

curves . C l i  and C12 are the position differences , in MCU, of the star t ing

point and center of a circular arc or of the first one-half of an S-curve.
XCTR and YCTR are the center coordinates , in MCU , for a circular arc or one-
Lm l f at n S-curve. BR1 is tie distance in mil es from the start of a segment
to some pp I i r ular point on that segniient . it is not used for straight segments.
For ci rc ular segments , BR1 is the tota l perimeter . For an S-curve , BR1 is
the perimeter to the midpoint of the S-curve. For a rectangular segment , l3Rl
is the distance to the f irst bend in the rectang le. For an angle , BR1 is the
distance to the vertex . 6R2 is defined only for rectangular segm ents and

ang les. For a rectangular segment , it is the perimeter in miles front the start
of the segment t m  the cr ond bend . For an angle , BR2 is the length of the ccc-

arid c h’. ~I N is —l  for shipos in v elvin i the L (left) prefi\ , and +1 otherwise.
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Subrouti ne SHAPCOM begins execution by assuming that the shape code
indicates a straight line. Brea k indicators BR1 and BR2 are set to 0. OX and
DY , the x- and y-components of the vec tor from the initial to the fina l node
on the segment , are computed . The x - and y-components of the slope of the vec-
tor, measured in MCU per mile, are computed and stored in SX and SY. The shape
code is tested; if the segment proves to be a straight line or is not to be
plotted , the subroutine returns control to the call i ng program. For any other
shape code, execution continues . The angle of the vector from the starting to
the stopping node is computed as variable THETA . The di stance from the star t-
i ng to the sto ppi ng po i nt , 0, is compu ted in miles. If the shape code indicates
a shape other than circular or S-curve , control transfers to statement 60.

At statement 45 the coordinates of the final node are stored in vari-
ables XE and YE. The first break , BR1 , is set to the total length of the seg-
ment. Variable DO is set to the straight -line distance from the starting to
the stopping node. If the shape code indicates a circular segment, con trol
transfers to statement 50. If not , var iables XE and YE are reset to the coor-
dinates of the mi dpoint of the S-curve. Break indicator BR1 is reset to the
perimeter leng th from the starting point to the center of the S-curve. Variable
OD is set to one-half the distance from the starting to the stopp ing point.

At statement 50, SGN is set to 1. If the shape code indicates a
left circle or left S-curve , SGN is reset to -1. Variable V is set equal to

1-0/TOTLEN . VS is the square of V. The reciprocal of the radius of curva-

ture of the circle or the circular portion of the S-curve is evaluated using
a polynominal approximation to the solution from a transcendental equation

conta ining the reciprocal of the radius of curvature . The approximate radius
of curvature , RPR , is im proved by a series of linear interpolations if the

val ue for RPR causes an error greater than 0.00001 in the transcendenta l
equation

BR1*RPR - DD*RPR
Sl f l  2 

- 
2

When RPR is wi thin the desired accuracy , control resumes at state-
ment 51. The radius of curvature , R , is computed . A temporary variable ,
ARG , is evaluated . The height of the center of the circle from the line
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‘ i m?m t ’m. t t i ;  tn ~ tar ti rig and sto pt i i ny points , H , is set to 0. It va n able ARG
i~ ~irt ’ i t m ’r than ~, H l~~ n- m’cuinp uted . The distance to the tim-s t break , BRI , is
t m ’~~~.~~’ t o  t O ? ’ l j f l t  whe ttiei - the c i r c u l a r -  arc is yr-eater than one — halt a m i n c h .

‘~o , t h e  s I In ot the hei ~ht is changed . The x— and y —coord i nates of th m
cen i o n t t l m  ci rcle are coi :iu ted . The components of the vector f rom the ct . :i—
ton t0 ~~T O s t m r t j i i ~ p o i n t , C i l and CL’ , are computed . A l l  var i ab les needed t

e p a in t ’ on the S— c u r v e  or circle are now available , so cont rol r e t u r n s
‘
~~~ the ~ ii ii ‘iu pro~ ri~1i .

Cr0 OS 51  i1~~ c o n t i n u e s  at  s ta tement  60 for the renra I ni rig shape codes.
A~ St .i t m ~mm ’mi t ~0, the shape code is tested ; if neither a right nor a let mm
- m i le I s  1 ~m dicated , co nt r o l  transfer -s to statem ent 80. Otherwi so , t a r a i m ’c —

I r i ~c l r r  ~t~ i~ t n t , the d is tance  from the start  to the f i r s t  bend , BRI , is a’-

pu t ot t n i ~; di stance s greater - than 0.05 of the total length , control
t r a i i s  ten to  s t  a teineni t 70 . Otherwise , the rectang le is assumed to tie so st i a -

a - t i  riq h t - 1 1  i lC  approximation is adequate , and the shape code s ~ et

to 0 . r00 t m - a l then re l u  r~i s to the ca l l ing  program.

-~~: -~tatenrent 70 the perimeter to the second bend in the r-ec ta nqle.
i s  I i ’pu ted . SX and S’~ , the x— and v—comiiponents of the slope of tl~

V cc ‘
~~~~~

. i a T  t ant i  rig ooi n t to stopping poi nit, are compu ted , and COntra 1 no -
tu ins m the  c r 1 1  i rig program .

Thc o r m h seqniients that reach s ta temu ent 80 are the angles. The s i  an
of  ~ ie sh a pe code is retr ieved in var iable SGN , and the distance from the

s m r I i ia node to the yen- tex of the ang le is retrieved as the mu agi mi tude of t t it ’

ad, and is stored in var iable BR1 . The length of the second leg of the

an g le is cai pu ted and saved in var iab le BR?. If the ang le is incorrectl y s o ’-
C i t  toi l  s O h i t .  it is ac tua l l y  a straight segment, a round—off error may occur-

‘i the m i’ npu i t  ion of A RG, t h e  square of the d istance from the vertex to the

Ii im p’ ~. oniie~ ~. i rig the entdpoi iits . It ARG is zero or negative, contro l t. r-a ns fers
to s t i l e n t i t  100 . Otherwise, the x- and y-coord inates of the vertex ar-c coil-
put . a rid contro l  ‘o  turns to the call i rig program.

~mt s tatement 100 . the shape code and break indicators are set to

0 , rid Ic a i rig a s tra i qht segment . cmi t rol returns to the cal l  i rig program .

1 t~i
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h. Subrouti ne COORD

• Subrouti ne COORD is given a distance , In mi l es , from the beginning of
a segment and returns the coordi nates In MCU. Parameters descr ibi ng the segment
to be processed have been sorted in COI4ION block COPARM by subroutine SHAPCOM
before COORD is called . Argument CUMLEN Is the cumulativ e l ength along the
string , In miles ; arguments XX and YY are the coordinate s returned for a point
CUMLEN miles from the start of the segment.

The first statement of COORD sets S equal to the cumulative length .
If the shape code Is nonzero , control transfers to statement 10. The coordin-
ates of the point on a straight -line segment are computed and returned In vari-
abl es XX and YY. Contro l returns to the calling program .

At sta tement 10 contro i transfers to sta tement 30 If the shap . code
indicates other than a circular or S-curve segment. For circular and S-curve
segments , the reciprocal of the radius of curvature is stored In RIP. The co-
ordinates of the center of the circular portion are stored In XC and YC . The
components of the vector from the center of the circle to the initial node are
stored in Cl and C2. If the point on the segment is less than or equal to
0.999 of th. first break distance , or If the shape code indicates a circular
segment, control transfers to statement 20. The statements following thi s
test change parameters to generat e coord inates for the second circular portion
of an S-curve. The sign of the reciprocal of the radius of curvature is re-
versed. The cumulative distance , 5, Is set to the distance from the mi dpoint
of the S-curve. The coord i nates of the center of the second circular portion ,
XC and YC, are computed . Variable s Cl and C2 are recomputed for the new center .

At statement 20 the sin , and cosine of the angl , subtended by the
perimeter corresponding to S are computed . The coordinates of the point , XX
and YY , are computed , and control returns to the calling program.

At statement 30, control transfers to statement 60 if the shape cod e
Indicates that the segment Is not a rectangle Otherwise, variabl e SGN i s set
tO 1. If the shape code indic~ates a left rectangle, SGN is reset to -1. If S,
the diita nce along the rectang~e, is greater than 1.05 tImes the first side s
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length , control transfers to statement 40. If S is greater than 0.95 times
the length of the first leg , S is set to the length of the first leg . The x-
and y—coordlnates of the point on the first leg are computed by linear inter-
polation , arid contro l returns to the calling program.

At statement 40, S is tested to see whether It falls on the second
leg of the rectangle. If S Is greater than 1.05 times BR2, the length of the
second leg of the rectangle , control transfers to statement 50. If S is
greater than 0.95 times BR2, S is set equal to BR2. The x- and y-coordinates
of the point on the second leg are computed by linear interpolation and con-
trol returns to the calling program.

At statement 50 the x- and y-coordlnates of a point on the third
- of the rectangle are computed by linear interpolation. Control returns

ie call ing program.

At statement 60 the distance , S, is compared to the length of the
first side of an angle segment. If S is greater than this length , control
t ransfers to statement 70. If not , the x- and y—coordinates are computed by
interpolation for a point on the first leg . Control returns to the calling
program.

At statement 70 the distance along the angle is decreased by the
length of the first leg of the angle. The coordinates of the point on the
second leg are computed by linear interpolation , and control returns to the
calling program.

i. Subroutine MAPPIT

Subroutine MAPPLT draws a map of the street segments , one line per

segment , with the section number appended to each segment. Up to 10 maps

can be drawn .

Subroutine MAPPLT has two arguments. Argument II indicates the
sequence number of the map. Argument KF is the number of segments .

20
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The coordinates of the region bounding the map are con ta i ned In
arrays in C01 40N block MPDATA . In this COMMON block , arrays XMIN and XMA X
are the minimum and maximum x-coordinates for the map. XLEN is the length ,
in inches , of the map in the x-direction . YMIN , YMAX , and YLEN are the corre-
sponding arrays in the y-direction. Array YHCUT contains the height , in plot-
ter inches , at which the map must be sliced into strips. Variable AVMD con-
tains the mile s per MCU conversion factor for each map.

MAPPLT begins by retrieving or computing the map bounds , the height
of a strip of the map (PHGT), the maximum length , the number of map strips (MX),
the map scale factors , and the intervals in MCU at which the strips are to be
cut. These parameters are printed according to format 90.

The loop through statement 200 w i l l  test each segment to see whether
it falls within the frame of the map; if it does, the segment will be p lotted .
Variables NI and NF are set equal to the numbers of the nodes bounding the
segment. The midpoint coordinates of the segment are saved in variables XMD
and YMD . The lines in the node-number array at which the initial and fina l
nodes occur are saved in varia bles NS1 and NS2. The initial and final coor-
dinates of each node are retrieved .

Init iall y the segment is assumed to be entirely within the bounds ,
and indicators 1MB! , INBM , and INBF are set to 1. If the coordina tes of the
In itial node lie outside the frame of the map, INBI is set to 0. Sim i lar
tests are made on the coordinates of the mid point of the segment and the coor-
dina tes of the final node of the segment. If all three points are outside the
frame of the map, control transfers to statement 200 and the segment is not
plotted . For segments that are at least partially wi thin the frame of the map ,
the section number and total length of the segment, in miles , are saved in
variables NUMS and TOTLEN. The number of points to be used in plotting one-
half of the segment (NPMID) is computed . The number will be restricted to
a max imum of 10 points . The total number of points per segment, NPPSEG , is
set to twice (NPMID).

Subroutine SHAPCOM is called to set up the parameters needed to gen-

erate coordinates of points on the segment . The cumulative l ength along the
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segment is initiall y set to 0. A step size , DS , is computed as the tota l
length divided by the number of points to be plotted on the segment. The coor-
dinates of the initial node are stored in variables XX and YY. The number of
the strip of the map into which the node falls is computed . Both a current
value of the str ip number , NMAP, and a value for the previou s point , NMAPO ,
will be used . The pen position , up or down , is determined by whether the ini-
tial point was in bounds. Variable IPEN will be 3 if the point is out of bounds
and 2 if the point is in bounds. If the point is out of bounds , control trans-
fers to statement 130. If not , the coord inates of the point are converted to
plotter inches and stored in variables XP and YP. If the current node has al-
ready been plotted as the last node on the previous segment , con trol transfers
to sta tement 120 . If not , a small square marking its position is appended to
the map. At statement 120 the pen is moved to the position of the current
point on the segment.

Statement 130 starts a loop through statement 170 that will advance
the pen through the remaining points on the segment. The cumulative length is
incremented by DS. Subroutine COORD is called to obtain the coordinates of

• the point in MCU .

At statement 140 the coordinates are converted to plotter inches .
The point is assumed to be in bounds , and varia ble INB is set to 1. If the
coordina tes of the point are out of bounds , INS is reset to 0. If the pen
has been up and the current point is out of bounds , or if the strip number

i s greater than the number of the final strip , control transfers to state-

ment 60. Otherwise , the pen is moved to the posit ion of the current point.

If the pen is up, it is lowered. Varia ble IPEN is recomputed to reflect
whether the point is in bounds .

At statement 150, if the loop index is not equal to the number of

the midpoint of the segment, control transfers to statement 160. Otherwise ,

the section number is appended to the map near the segment midpoint , and the
pen is repositioned at the mid point .

At statement 160 the number of the current stri p is computed . If

the current strip number is equal to the previous strip number , control trans-

fers to statement 170. If not, the old strip number (NMAPO) is set equal to
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the current strip number; IPEN is set to 3, indicating that the pen is up; and
control transfers to statement 140. In this case , the pen is positioned at
the current point on the new strip.

Statement 170 is the end of the loop that causes the segment to be
drawn. If the last point drawn is out of bounds , control transfers to state-
ment 200. Otherwise, a small square marking the node ’s position is appended
to the map. The pen is repositioned at the last node. The number of the node
is saved in variable LASTNN . Statement 200 is the end of the loop that draws
the various segments . At statement 300 the plot ter pen is positi oned 2
inches beyond the end of the last strip. Control returns to the calling pro-

• gram.

j. Subroutine BU ILD

Subroutine BUILD creates a near-neighbor table for the street seg-
ments in the map description . This subroutine has 13 arguments. The first, N,
is the total number of segments in the map description. The second, KN, Is the
number of near neighbors that will be found for each segment. KN is set to 60
in the main program. The next two arguments, X and Y, are arrays containing
the x- and y-coordinates of the segment midpoints. The fifth argument, MINFR ,
is an array containing refuse quantity, servicing time , and number 0f houses
for each segment. The sixth argument, TREE , Is an array used in the construc-

• tion of the near-neighbor table. The seventh argument, ISTP-~, is an array of
segment numbers . The eighth and ninth arguments, NNT a~id NNTEMP, are tempor-
ary storage arrays. The next two arguments, XT and VT, are arrays of the x-
and y-coordinates of the segment midpoints . The twelfth argument, KP, is the
number of words used to store near-neighbor information for each segment. The
last argument, IUNX , gives the number of the unit on which the near-neighbor

• table will be written. If IUNX Is zero, the near-neighbor table will be
written on file TAPE7.

Subroutine BUILD begins by setting variable IUNIT equal to UNIT(5).
If argument IUNX is positive , IUNIT is reset to IUNX. The loop on statement 5
creates sixty 1-bit masks In array BDATA. The next statement begins a loop
through statement 1111 that will examine each segment. The segment number Is
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stored In NNT (1). The loo p through statement 1000 transfers the segment numbers

to array NNTEMP and the segment midpoint coordinates to arrays XI and VI. Th~
next nine statements interchange the segment stored in the first location of
arrays XI, VT , and NNTEMP with the segment stored at location II. Variable MM
is set to one less than the number of segments . The l oop through statement 20
compu tes the distances from the segment whose midpoint coordinates are in the
first location of arrays XI and VT to each other segment. The distances are
stored In array TREE wi th the low-order 12 bits replaced by the segment number.

Subroutine SORTK Is called to return the smallest KN distances of the MM dis-
tances In array TREE . The loop through statement 30 retrieves the segment num-
bers from the low-order 12 bits of the KN smallest distances . These segment
numbers are stored In array NNT . The loop on statement 94 sets the COMP array
equal to 0. This array will be used to store in turfl each segnient’s near -

neighbor list. The loop through statement 95 generates the near-neighbor l i s t
for the segment currently in location 1 of array NNTEMP . A unique word pointer ,
IWl , and a unique b t  pointer . IP1 , are generated from the neighboring segment
number in array NNT. The appropriate bit in the appropriate word of array COMP
is set to 1 by means of the appropriate mask in array BDATA . The segment ntiin-
ber is stored in STRING(l). The load, time , and number of houses on the seg-

• nient are transferred to array MINFO , which is equivalent to STRING(2). Array
STRING is written to file IUNIT. Note that the COMP array is equivalenced to
the STRING array starting at STRING(5). When all near-neighbor table informa-
tion has been written to file IUNIT , the file Is rewound . Cont: o1 returns to

the calling program .

k. Subroutine SECTION

Subroutine SECTION assigns each segment in the map description to a
section (a section corresponds to ~~• collection trip or vehicle load). Sub-
routine SECTION has 15 arguments . The first , NN , is the number of segments .
The second , K, is the number of near neighbors found for each segment. The
next two arguments , MODE and IFLA G , are prov ided to facilitate modifications
that will allow for user-specified base segments . The fifth argument , KCUTOF ,
gives the minimum number of segments to be considered for inclusion in the same
section as a given base segment. The sixth and seventh arguments, X and V , are
the coord i nates of the segment midpoints . The eighth , NNTS , is an array of
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segment numbers. The next four arguments , ISTO, IST1 , IST2 , and IST4, are tem-
porary storage arrays of 30 words each. The thirteenth, KP, is the number of
words used for near-neighbor table data for euui ~egment. The fourteenth, KPB,
is the number of words in use per segment in array STRING. The fifteenth argu-
ment, MA , is the dimension of arrays ISTO, IST1 , IST2, and IST4.

Subroutine SECTION begins by initiali zing parameters. The cumulative
time and load are set to 0. The maximum number of base segments to be saved,
NSTO , is set to 30. A count of the number of passes through near-neighbor
histogram generation (LPASS) and a count of the number of completed sections
(KPASS) are set to 0. The number of segments is stored in variable NP. Vari-
able SMLD, the smallest cumulative load required to complete the current sec-
tion , is set to 0. The number of trucks , NTRUCK , is set to 0. The number of
nodes is saved in variable N. Symbolic names for disk files are assigned

• values. Variable OLDUNT is set to 1 , IUNIT to 2, 103 to 3, 104 to 4 , 105 to
7, and 1010 to 10.

The loop on statement 5 clears array TRUCK, while the loop through
statement 6 sets the cumulative time to the unloading time, TDUMP. After

• statement 6, the pointer to the first segment in section 1 is set to 1. The
ioop through statement 15 selects vehicles of differing capacities , while the
loop thorugh statement 10 generates an entry in the TRUCK array for each vehi-
cle requested. Fol lowing statement 15, the total number of vehicles is stored
in variable NTO.

Since MODE is set to 0 in the calli ng program, control continues to
• the loop through sta tement 17. (If user-specified base segments were to be

added to the program , SECTION would be called wi th a nonzero MODE.) The loop
through statement 17 scans the near-neighbor data on unit 7 (symbolIcally 105)
searching for the first base segment. When the segment Is found , the segment
data and the neighbor list for the segment are transferred to array BASE in
the loop on statement 172. The refuse quantity , servicing time , and number
of houses for the segment are also transferred to variables INF1 , INF2, and
INF3. Segments other than the base segment are written to file OLDUNT at
statement 171 . After the loop through statement 17 has been completed , files
OLDUNT and 105 are rewound . Control transfers to statement 1301 , bypassing

25

~~~~~~~~



the coding that selects a base segment on the basis of its distance from the
previous base segment.

At statement 100 the coordina tes of the current base segmen t a re

transferred to variabl es XR and YR. A distance variable , ODI S, is set to
1000000. The loop through statement 1101 scans the segments on fi le OLDUNT ,
computing the distance from each segment to the current base segment. As dis-
tances shorter than ODIS are encountered , the new d i s tance  and segmen t numbers
are saved . The neighbor data are saved in array BASE. When the loop through
sta tement 1 101 is complete , the segment closest to the old base segment w i l l

be saved as the new base segment. Files OLDUNT and IUNIT are rewou nd.

The loop through statement 1401 scans file IUNIT for the current
base segment. All other segments are rewritten to file OLDUNT . When the

• 
~oop through statement 1401 is complete , both files are rewound .

Following statement 1301 , the smallest cumulative load necessary to
complete the section is computed . The loop on statement 90 transfers base seg-
ment information to array NNTS. Array BASE contains the segment number , refuse
quantity , servicing time, number of houses , and near-neighbor list. This infor-
mation is written to file 103. The count of the number of base segments stored
in the NNTS array (NSTD) is set to 1 . The base segment refuse quantity , servic-
ing time , and number of houses are transferred to the TRUCK array . Variable
TRUCK(6, SECTN) is set to 1 , indicating that one segment is serv i ced by the ve-
hicle in this section. A count of segments is also kept in variable PC , which
is also set to 1.

At statement 1021 the count of segments left to be assigned (KL) is
computed . At statement 440, counters JON and ION are set to 0. The loop
through statement 1020 sets array IST2 equal to consecutive integers and
clears arrays ISTO , I STI , and IST4. The loop on statement 1019 sets to 0 the
60 words in array HISTO .

The segment number of the current base segment is stored in variable
Li. The ioop through statement 2929 scans all segments on file OLDUNT . The
segment and its neighbor data are read , and the segment number is stored in
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variable L2. Word pointer 1W] and bit pointer IP1 , which indicate the position
of segment L2 In the near-neighbor data for the base segment, are computed. This
bit is examined in the neighbor table of the segment read from OLDUNT; If it Is
nonzero, control transfers to statement 1022, Indicating that the base segment
is a near neighbor of the segment from file OLDUNT . Otherwise , control trans-
fers to statement 3030.

At statement 1022 , word and bit pointers are computed for the segment
read from file OLDUNT . The near-neighbor table for the base segment is exam-
ined. If the segment from file OLDUNT is a near neighbor of the base segment,
contro l transfers to statement 1023. Otherwise , control transfers to statement
3030.

At sta tement 1023, the shared-neighbor count , IC , is set to 0. The
loop on statement 1024 counts the number of neighbors shared by the base seg-
ment and the segment read from file OLDUNT . The count is used as a subscript
on array HISTO , and the appropriate location is incremented by 1. If the
count is negative , which shoul d be impossible , or i f variable JON , the number
of segments sharing neighbors wi th the base segment, is greater than or equal
to 30, control transfers to statement 3030. Otherwise , JON is incremented by
1 , and the segment number and shared-neighbor count are saved in arrays ISTO ,
IST 1, and IST4. The STRING array for this segment is written to file 1010,
and control transfers to the end of the loop .

At statement 3030, the STRING array for segments that are not near
neighbors of the base segment is wrItten to file IUNIT. The number of segments
on f i le IUNIT is computed and stored in variable NUT . File IUNIT is rewound .

The loop through statement 4040 forms a running count of the entries
in the HISTO array, beginning with the end of the array. When the count
passes KCUTOF, control transfers to statement 4450. KCUTOF Is set to 5 in the
main program. At least five segments sharing the greatest number of near
neighbors with the base segment will be exam i ned for inclusion in the current
section. Variable KI is set equal to the smallest number of near neighbors
that any of these five segments shares with the base segment.
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Following statement 4450, file OLDUNT is rewound. If JON , the num-
ber of segments sharing neighbors wi th the base segment , is 0, control trans-
fers to statement 4990. Otherwise , the shared-nei ghbor counts in array IST1
are sorted Into decreasing order; the segment line numbers in IST2 are carried
along during the sort. File 1010 Is rewound .

A segment counter , variable ION , is set to 1. At statement 1001 , if
ICODE is equal to 1 , indicating that the section is complete , control transfers
to statement 700. Otherwise , at statement 101 variable IP is set equal to the
line number of the unassigned segment sharing the most neighbors with the base

segment. Unit 1010 is rewound . The segment number is stored in variable LNX,
and the count of shared neighbors is stored in LNY. If the segment counter
(ION) is greater than the total number of segments (JON), control trans fers to
statement 4991 . Otherwise, the loop on statement 102 reads segments from unit
1010 until a segment is found wi th a segment number equal to LNX and a shared-
neighbor count greater than or equal to variable KI . If the segment is found ,
control transfers to statement 500. II not, following the l oop through state-
ment 102, if the current load plus the l oad from all previous sections exceeds

the smallest l oad necessary to complete the current section , control transfers

to statement 600. Otherwise , files 1010 and OLDUNT are rewound .

At statement 4991, counter LPASS is i ncremented by 1. The loop
through statement 3436 reads the segment and neighbor data from file 1010. If
segments have not been assigned to the current section , they are written to
f lie OLDUNT. The loop through statement 3437 transfers the remaining segments

from file IUNIT to file OLDUNT. Files JUN IT , OLDL.. , and 1010 are rewound .

At statement 4990, if more base segments are needed than have been
saved in array NNTS , control transfers to statement 800. Otherwise, the loo p

on statement 475 transfers segment and neighbor data from array NNTS to array
BASE . Variable NEXTN is incremented by 1 , and control transfers to statem en t
1021 .

At statement 500 the refuse quantity for the segment is stored in
variable CURL. The servicing time on the segment is stored in variable CURT .
The segment counter , ION , is incremented by 1. If add i ng the segment to the
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current section keeps the section within the vehicle capacity and time limit ,
control transfers to statement 550. If ION is greater than the number of seg-
ments sharing neighbors with the base seqment (JON), control transfers to state-
ment 600. Otherwise , file 1010 is rewound . Variable IP is set to the line num-
ber of the next segment sharing neighbors with the base segment. The segment
number Is stored in variable LNX , and the Count of shared neighbors is stored
in variable LNY.

The loop through statement 510 reads the segment and neighbor data
from file 1010 into array STRING . When the segment being sought is found , con-
trol transfers to statement 500. If the segment is not l ocated before the loop
is completed , control transfers to stateme nt 600.

At statement 550 the count of shared neighbors in array 1511 is made
negative , indicating that the segment has been assigned to a section. The next
three statements add the refuse quantity , the servicing time , and the number of
houses on the segmen t to the corresponding quantities for the section in prog-
ress. If the number of segments saved for use as base segments, NSTD, is
greater than or equal to the maximum number allowable , NSTO, control transfers
to statement 598. Otherwise , NSTD i s i ncremented by 1.

The loop on statement 599 moves the current segment information in
array STRING to the base segment array NSTS. Following statement 598, the
STRING array for the current segment is written to file 103. A segment count ,
PC, is incremented by 1. The number of segments in the section is i ncremented
by 1. Control transfers to statement 1001 .

Statement 600 is reached when a section is full or when no other
segments can be added to the section. When the section is complete , var i-
able ICODE is set to 1. File 1010 is rewound .

The loop through statement 698 reads the segment and neighbor data
from fIle 1010 into array STRING. If any segment has not been ass igned to
a section, IST1 will be positive for tha t segment and array STRING will be
written to fIle OLDUNT. After the loop has been completed , file 1010 is re-
wound.
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The loop through statement 699 transfers the remaining segments and
neighb or 1i st~ from file IUNIT to fil e OLDUNT . Both files are rewound when
the b e  • has been c omp leted .

~ t ‘~tateinent 700 , t i le  103 Is rewound. The count of total unassigned
segment , N , Is de~~remented by PC , the Count of segments in the section just

~~~~~ i. ~~riahlt’ NP is set to the number of currentl y unassigned segments .
Variabl .~ LC i~~ t~~ equa l to PC. The 1oop through statement 705 reads from file
I*~ the segments ts’~iqned to the section just completed and adds the refuse
quantit ; and • erv iHng time to the cumulative totals. The segment numbers are
written to file 104 .

Af ter the loop through statement 705 has been completed , the refuse
quant~~v , [~ !L , ~nd the servicing time , TESTT , for all remaining unassigned
sey eii~~ are t omputt’d. The number of the next section , 1ST , is computed . if
I~ 1 is •jreater tha n the total number of vehicles , NTRUCK , control transfers
to sta t ement ~O1 .

At statement 818, if the unassiqned refuse quantity exceeds the ca-
pacity t the next vehic le , control transfers to statement 710. If not , and
it the serv iLing t i ’~e for all remaining unassigned segments exceeds the time
limit for the next vehicle, control transt•ers to statement 710. Otherwise,
the count of tota l segments assigned , PK , is incremented by PC. The sequence
number i t the next segment to be assigned is stored in the TRUCK array . File
IUNIT i~ rewound . Varia bl e LN is set to the number of segments yet to be
assigned . The loop through statement 706 reads the remaining unassi gned seg-
ments f r om file OLOUNT and writes the segment numbers on file 104. When the
loop is complete , the section count, SECTN , is incremented. Pointers to the
f i rst  and las t segment on file 104 in the current section are stored in array
TRUCK. Fi le 104 is rewound , and control returns to the calling progrdm .

Statement 801 is reach~ when addItional trucks must be defined t.o
complete the sectioning . At statement 801 the number of vehicles , NTRUCK , is
incremented . A message is printed indicating that the vehicle configuration
has been extended . Cyclical counter TPR is reset to 1 if it exceeds the orig-

ina l number of vehicles . A new vehicle is defined In the TRUCK array according
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to the current value of TPR. The loop on statement 811 clears all except ca-
pacity and time -limit items in the TRUCK array on the line for the new vehicle.
TPR is incremented by 1. Variable 1ST is set equa l to the number of the new
vehicle. Control transfers to statement 818.

Statement 710 is reached when a section is completed . At statement
710 , f i les OLDUNT , IUNIT , and 103 are rewound . The count of assigned segments,
PK , Is incremented by PC. The section number is incremented by 1. A pointer
to the next segment to be written to file 104 is computed and stored In the
TRUCK array . Various parameters are reset, and control transfers to statement
100.

Statement 800 is reached when base segments can no longer be obtained
from the NNTS array. The coordinates of the last base segment midpoin t are
stored in variables XR and YR. A distance variable , ODIS, is initiall y set to
1000000. The number of remaining unassigned segments is computed and stored
in variable NLK . The count of base segments is reset to 0.

The loop through statement 2101 searches for a new base segment.
Segments are read from file OLDUNT and are written to file IUNIT. The segment
number is saved In variabl e NS. The segment midpoint coordinates are stored
in variables XS and YS. The distance between the current segment and the pre-
vious base segment is computed and stored in variable DIS. If DIS is greater
than or equal to ODIS , control transfers to the end of the loop. If the refuse
quantity for the current segment causes the vehicle capacity to be exceeded,
control transfers to statement 2101. If not , and if the servicing time for
the current segment causes the vehicle capacity to be exceeded, control trans-

• fers to statement 2101 . Otherwise , the current d is tance  is saved in ODIS , and

the current segment number is saved in variable NBASE.

The loop on statement 2101 transfers the STRING array for the seg-

ment to the BASE array . Statement 2101 ends the loop that seeks a new base
segment. Files OLD and IUNIT are rewound . If no base segment was found ,

NBASE will be equal to 0, and control will transfer to statement 600.
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The loop through statement 2401 reads segments and their nei ghbor
lists from file LUN IT into array STRING. If the segment number is not equal
to the base segment number , contro l transfers to statement 2400. Otherwise ,
the segment refuse quantity , servicing time , and number of houses are trans-
ferred to variables INF 1 , INF2 , and INF3. Control transfers to statement 2401 .

At statement 2400 the STRING array Is written to file OLOUNT . Fo l-
lowing the loop, files OLDUNT and IUNIT are rewound . The base segment and its
nei ghbor data are written to file 103. The count of segments assigned to the
current section , PC , is incremented by 1. Section data in array TRUCK are up-
dated for the refuse quantity , servicing time , number of segments , and number
of houses. The number of base segments , NSTD , is reset to 1 and variable NEXIN
is set to 2. If the total amount of refuse assigned so far is less than the
smallest l oad requ i red to complete the current section , control transfers to
statement 1021. Otherwise , control transfers to statement 600.

1 . Program PHASE2

Main program PHASE2 drives the sectioning and the plotting of sect ion

assignment maps. It uses 11 files : INPUT , OUTPUT , TAPE1 , TAPE2 , TAPE3 , TA PE4 ,
TAPE7 , TAP E8 , TA PE9 , TAPE 1O , and TAPE 11. File TAPE5 is equivalenced to INPUT
in order to test for end-of-record cards in the card i npu t data . File lAPEl
is used for section-description information. Files TAPE2 and IAPE3 are used
for temporary storage of segment and near-neighbor information. File TAP E4 is
used for a list of segment numbers in the order they are assigned to sections.
File TAPE7 is used for temporary storage of segment and neighbor data . File
TAPE8 is the Calcomp plot tape. File TAPE9 holds inpu t segment data from pro-
gram RCINPT . File TAPE1O is used for temporary storage of segment and nei ghbor
data . File TAPE11 holds node data from program RCINPT .

Blank COMMON holds arrays for the problem ti tle and the segment data .
Array ISEG contains the section numbers assigned to segments by subroutine
SECTION . Arrays NN1 and NN2 are the starting and ending node numbers for the

segments . Array FLEN holds the lengths of the segments . Array NH is the num-

her of houses on the segments. Array FMPH is the speed limi ts on the segments .

Array RQF gives the refuse quantity adjustment factor for the segments . Arrays
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X and Y are the midp oint coord i nates of the segments. Array SF holds the shape
codes for the segments.

COMMON block MPDATA holds arrays describing the ‘na p bounds and si zes
for up to ten maps. Array YHCUT contains the height of a strip of the map, and
variable AVMD is the number of miles per MCU.

COMMON b lock NOD1~TA holds the node data . I(NODES is the number of
nodes. Array NBS holds the segment numbers of up to six segments bounding
each node. Array NODNUM contains the node numbers . Arrays XNOD and YNOD are
the coordinates of the nodes .

COMMON block DISKIO holds array UNOT , which is used for symbolic
references to disk and tape fi le numbers .

COMMON block ROUTE holds vehicle and section-description data . Array
TRUCK has seven words of data for each of up to 50 vehIcles . Array TRUCKS holds
descriptiv e information for the vehic le fleet available in the program . Vari-
able NTRUCK is the total number of vehicles or sections. Variable NBASE is the
segment number for the segment to be used as the first base segment.

COMMON block STATS holds additional information about the sections.
Variable FRACT is the ratio of total refuse to total vehicle capacity . Van-
ables TOTL and TOTT are the total refuse quantity and total servicing time for
al l  segments in the m ap description. Variables CUML and CUMT are the cumula-
tive load and servicing time . Variable ISECTN Is set to the total number of
sections by subroutine SECTION . Variable TDIJMP is the unload i ng time at the
landfill.

Program PHASE2 begins execution by reading three data cards: the
title card , the vehicle -description card , and the time -limits card . Segment
data are read from file TAPE9. Node data are read from file TAPE11.

The loop on statement 15 retrieves the absolute value of the number
of houses on each segment. A negative number for variable NH indicates that
collection is from the right side of the street only. The number of segments
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is stored in variable NA. If the number of the first base segemnt, NBASE , was
left blank on the third data card or was improperly specified , it is set to 1 .
Variable KN , the number of near neighbor s to be found for each segment , is set
to 60. Variables MODE , OPTION , and NSEEO , which are provided to fac i l i ta te  im-
plementation of user-specified base segments , are set to 0. The total time and
load are set to 0.

The l oop through statement 20 calculates and save s the total refuse
quantity , servicing time , and number of houses for each segment. On each seg-
ment with houses , the servicing time is recomputed to include travel at 5 m Iles
per hour and stopping time at the houses . The total time and load in the net-
work is accumulated in variables TOTT and TOIL . Following statement 20 , if the

maximum trip time Is unspecified or negative , it is reset to 24 hours . The fol-
low ing sta tement converts the maximum trip time to minutes. For a vehicle with
a nonzero capacity , the loop on statement 25 sets the number of vehicles in the

NT array to 1 if no vehicle s were specified . Variable REF is initiall y set to
0. It will be used to accumulate the total capacity available.

The loop through statement 50 moves to the TRUCKS array the num ber
of vehicles , the capacity , and the maximum trip time for each of the four types
of vehicles allowed . The total vehicle capacity available, REF , is also accumu-
lated in this loop . The integer part of the ratio of total refuse to tota l ve-
hicle capacity is computed and stored in variable NTEA. If NTEA is 0, which
indicates that enough vehicles were specified in the card input to completel y
service the region , control transfers to statement 80. Otherwise , REF is re-
set to 0.

The loop through statement 60 multiplies the number of vehicles spe-
cif led on input cards by NTEA and stores the result in the TRUCKS array . The
vehicle capacity now available is accumulated at statement 60. The l oop
through statement 70 adds additional vehicles where necessary to bring the
total fleet capacity above the total amount of refuse to be collected . An in-
crement, N INC , is preset to 0. For each vehicle capacity specified , NINC is •

set to the smaller of the number of vehicles specified on the data card or

the number of vehicles required to provide enough capacity to completely ser-

vice the region. The vehicle capacity available , REF , is increased by NINC
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times the vehicle capacity . The number of vehicl es is increased by NINC in
the TRUCKS array. If enough capacity is availab le to service the region , con-
trol transfers to statement 80.

At statement 80 the ratio of total refuse to total vehicle capacity
is computed and stored in variable FRACT. The input card data are printed ,
along wi th FRACT , the m i nimum fraction that each vehicle must be filled . The
starting base segment, NBASE , is also printed . Variable IUNX is set to 0.

The loop on statement 96 generates an array of segment numbers
(ISTPR). The segments are numbered sequentially starting at 1. Variable MA ,
the maximum number of base segments to be saved while building a section , is
set to 30. Variable KP , the number of words needed to store the near-neighbor
data , is computed . Variable KPB , the number of words used in array STRING , is
set to KP plus 4. Subroutine BUILD is called to generate the near-neighbor
table. Variable IFLAG is set to 0. Variable KCUTOF is set to 5, causing at
least five segments sharing the most neighbors with a base segment to be ex-
amined for addition to a section.

Subroutine SECTION is called to assign the segments to sections . If
IFLAG is set to 1. control transfers to statement 333. Otherwise , a sumary is
printed for the various tri ps. The suninary includes trip number , vehicle ca-
pacity , vehicle time limit , vehicle load , servicing time for the section , num-
ber of segments in the section , and number of houses in the section. The l oop
through statement 40 prints the data in this tabulation. If OPTION is equal to
1 , the number of segments is incremented by the number of user-specified base

segments. (Note that user-specified base segments are not imp l emented at this
time.) Variable IUNIT is set to UNOT(4), which has value 4. Variable J Is set
to 1.

The loop through statement 33 reads the segments from file IUNIT and
groups and prints them according to their section. When the loop Index Is not
equal to the sequence number of a segment starting a section , control transfers
to statement 88. Otherwise, a heading for the section is printed . The section
number J Is Incremented by 1. A carriage control , variable CC, is set to a
blank . The number of segments on the current line of printed output , NN , is
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set to 0. At statement 88, NN is Incremented by 1. The next statement prints
the segment number preceded by the number of blanks required to put the segment
number In its appropriate position on the line . The carriage control is set to
a plus sign. If fewer than 30 segment numbers have been writ ten , contro l traris-
fers to statement 33. Otherwise , the carriage control is reset to a blank , and
the count of segment numbers on the line is reset to 0. Statement 33 ends the
loop that prints the segments in each section. File JUN11 is rewound .

The plot package is ini t ial ized by a call to PLOTS . Subroutine PLOT
is cal led twice , mov ing the pen down and then up 3 inches in order to create

a 3-Inch border on the plot.

The loop through sta tement 1000 controls the reading of segments by
section. Variable IL is set to the sequence number of the last segment in the
Ith section. The loop through statement 2000 reads each segment from f i le
JUN11 and assigns its section number to the appropriate location in array ISEG.
The number of maps , MAPS , is initial ly set to 0. The loop through statement
1030 controls the reading of up to 10 output-map -bounds cards. The minimum and
maximum coordina tes and lengths in the x and y direction are read from a card .
Also read is the height at which the map should be cut into strips. If an end-
of -f i le card is encountered during the read , control transfers to statement
1040. Otherwise , execution continues at statement 1 020. At statement 1020,
if the map-strip height is less than or equal to zero , or is unspecified on the
card , the strip height will be set to 30 inc hes. At statement 1030 the number

of maps is set equal to the loop i ndex , I. At statement 1040, if the number of
maps is greater than zero--that is , if any map-bo~inds cards have been found--
control transfers to 1070. OtherwIse , default values are set.

The default values are set in the following manner . MAPS is se t to
1, and the lengths in the x and y directions are set to 30 inches . The height
of a map strip is set to 30 inches. Bounds on the coordinates are set ini-

t ially so that the minimums are large positive numbers and the maximums are
large negative numbers. The loop through statement 1050 scans the midpoint
coordinates of the segments and resets the minimum and maximum coord i nates
appropriately. The loop through statement 1060 scans the node coord i nates
and resets the minimum and maximum coord i nates appropriately.
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The loop on statement 1080 calls subroutine MAPPLT to plot each out-
put map. Subroutine PLOT is called to terminate the plot file. Following
statement 333, file TAPE1 is rewound . The number of segments and the number

• of sections are written to lAPEl , followed by the sequence numbers of the first

• and last segments in each section and the vehicle capacity . Files lAPEl and
TAPE4 are end-filed, and program execution stops.
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SECTION IV
INPUT AND OUTPUT

1. INPUT

Input to program PHASE2 consists of card input , segment data from file
TAPE9 , and node data from file TAPE 11.

a. Card Input

Table 1 presents the form and contents of the four types of data
cards. The firs t card contains a title , which is printed on the first line of
the output. The second card contains the number and capacity of up to four
kinds of vehicles. The third card contains time restrictions and the number of
the segment to be used as a base segment for the first section. The fourth card

• specifies coordinate bounds and sizes for the output map. If the output map is
to be plotted in strips less than 30 inches high , the height of the strip must
be indicated on the fourth card . The fourth card may be omi tted, or it may be
repeated up to 10 times. If it is omi tted , one 30- by 30-Inch map of the en-

• tire collection region will be plotted . If it Is repeated, any map-bounds cards
after the tenth card will be ignored .

• b. Segment Data

Disk file TAPE9 contains segment data and the map distance conversion
factor (miles per MCU) for the overall map. All of the data are read by one
binary READ statement. The first word is the count of the segments. The seg-
ment data follow , 11 words per segment for eac h segment. After the segment
data comes the overall distance conversion factor.

The list used in the READ statement is NSEG ,(DUMMY ,NN1(I) ,NN2(I),
FLEN(I) ,NII(I) ,FMPH(I),DUMMY ,RQF(I),x(I),Y ( I ) ,SF(I) ,I~l ,NSEG ) ,AVMD . In the
list , variable NSEG is the count of segments. Since the Street numbers of the
segments are not needed , they are read into variable DU*W . Arrays NN1 and NN2
hold the starting and ending node numbers for the segments. Array FLEN holds
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V TABLE 1. PHASE2 DATA CARDS

Card Lcolumns Format Contents

1 1-80 8AlO Title

2 1-10 110 Number of vehicles of the first kind

11-20 FlO .O Capacity of vehicles of the first kind

21-30 110 Number of vehicles of the second kind

31-40 FlO.O Capacity of vehicles of the second kind

41-50 110 Number of vehicles of the third kind

51-60 FlO.0 Capacity of vehicles of the third kind

61-70 110 Number of vehicles of the fourth kind

71-80 FlO.O Capacity of vehicles of the fourth kind

3 1-10 FlO.O Stop time per household , in minu tes

11-20 F1O.O Stop time per unit refuse, in minutes

2l-30 FlO.0 Unloading time , in minutes

31-40 FlO.O Maximum trip time , in  hours

• 41-50 110 First section starting segment number

The followi ng card is optional and may be repeated up
to 10 times.

4 1-10 FlO .O MInimum x-coordlnate of map

11-20 FlO.O Maximum x-coordinate of map

21-30 F1O.O Leng th of map in x (horizontal) direc-
tion, in  inches

31-40 F10.0 Minimum y-coordinate of map

41-50 FlO.0 Maximum y-coord inate of map

51-60 FlO.0 Length of map in y (vertical) direc-
tion , in inches

_____• 61-70 F1O.0 Hei9ht of map strips , in Inches
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the length of the segment, in miles. Array NH holds the number of houses.
Array FMPH holds the speed limits for the segments. The one-way-street
indicators are not needed and are read into variable DUt4IY. The refuse quan-
tity adjustment factors are read into array RQF. The midpoint coordinates of
the segments are read into arrays X and V . The shape codes for the segments
are read Into array SF. Variable AVMD is the map-distance conversion factor .

c. Node data

Disk file TAPE11 contains refuse-quantity Information and node data .
All of the data are read by one binary READ statement. The list used in the
READ statement is NHTOT ,TOTREF ,KNQDES ,(NODNUM(I), NBS(I) , XNO D(J) , YNOD (J) ,J=1 ,

• KNODES). The f irst three words , NHTOT, TOTREF, and I(NOOES, are the total num-
ber of houses , the total refuse quantity , and a count of the nodes. Array

• NODNUM holds the node numbers. Array NBS holds up to six segment numbers of
segments bounding the node. Arrays XNOD and YNOD are the coordinates of the
nodes . t

2. SCRATCH FILES

Disk files TAPE1 , TAPE2 , TAPE3, TAPE7 , and TAPE1O are used by subroutine
SECTION as scratch files , and all contain the same type of data. The data con-
sist of 40 words of segment and near-neighbor information for each segment. The
first word is the segment number. The second word is the refuse quantity . The
third word is the servicing time for the segment. The fourth word is the number

• of houses on the segment. The next 25 words are the near-neighbor list for the
segment. The last 11 words are not used at present. The first word of the
near-neighbor list indicates which of the first 60 segments are near neighbors

• 
. to the segment. The low-order bit corresponds to segment number 1. The bits

are set to 1 If the corresponding segment is one of the 60 nearest segments;
otherwise, they remain 0. The second word of the neighbor list contains the
bits corresponding to segments 61 through 120, and so forth.

The segment data and the neighbor list are written Initiall y to TAPE7 by
subroutine BUILD . TAPE7 Is read in subroutine SECTION , and all segment data
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except those for the f i r st base segment are rewritten to file lAPEl , symbol-
Ically referred to as OLDUNT . The first base segment is written to file TAPE3.

V 

TAPE7 Is not used again. The data on OLDUNT are read , and segments sharing
near neighbors with the base segment are written to file TAPE1O , symbol icall y
1010. Those segments not sharing neighbors wi th the base segment are written
to file TAPE2, symbolically IUNIT. The data on TAPE1O are examined , and those
which can be added to the current section are written on TAPE3. Those which
cannot be added are written to OLDUNT. The segments on JUNIT are copied to
OLDUNT , and the process repeats until a section is completed . When a section

is completed , the segment numbers are transferred from TAPE3 to TAPE4. When
onl y one section remains to be completed . all segment numbers from OLDUNT are
copied directl y to TAPE4.

In sumary, lAPEl holds the segment and neighbor data for segments not yet
assigned to a section. TAPE2 holds segment and neighbor data for all segments
not sharing enough neighbors with the base segment. TAPE3 holds segment and
neighbor data for segments added to the current section. TAPE7 holds segment
and neighbor data for al l of the segments. TAPE1O holds segment and nei ghbor
data for those segments sharing enough neighbors with the base segment to be
considered for addition to the section .

II

3. OUTPUT

a. Disk and Plot Files

File TAPE1 is reused for output in main program PHASE2 after the m ap
plotting Is completed. The list used In the binary WRITE statement Is NA ,
ISECTN ,(TRUCK(5,I),TRUCK( 6,I)+TRUCK(5,1)-l., TRUC K (1 ,I),1=1 ,ISECTN). Variable
NA is the number of segments ; ISECTN Is the number of sections. The next three
items written for each section are the sequence number on TAPE4 of the first
segment in the section , the sequence number of the last segment in the section ,
and the vehicle capacity . The file should be cataloged for later use by pro-
gram PHASE3.
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Disk file TAPE4 is used to hold the segment numbers in the order in
which they are assigned to sections. The segment numbers are written wi th a

• formatted WRIT E statement , one segment number at a time . The format used is
1X ,15. The file should be cataloged for later use by program PHASE3.

File TAPE8, the plot file , will be disk or tape depending on the pro-
cedure used by the local installation to produce plots. Each output map re-
quested occupies one file. PHASE2 generates an empty file before terminating
TAPE8. The structure of the file depends on the local installation . Fi gure 2
shows a section map for Kirtland Air Force Base.

b. Printed Output

There are four parts to the printed output: a list of the Input card
data , a table of trip Information , a list of segments in each section , and a
list of the parameters used in each output map.

Appendix 0 contains sample printed output. The first page sunii~ar i zes
the vehicle input data . The title is printed followi ng the heading INPUT
VEHICLE DATA . The capacity and number of vehicles available for four kinds of
vehicles are listed . Zeros are printed where no vehicle was specified . If
the number of vehicles on the input data was inadequate to service the region,
the number of trips required will be listed in the column headed TRIPS. The

• ratio of total refuse to total vehicle capacity is printed as MINIMUM FILL
FRACTION . The sectioning algorithm endeavors to fill each vehicle to the In-
dicated fraction before completing a section. The next four lines give the
times specified on the third data card . The segment to be used as the first

V base segment is also printed . If this ite~ has been left blank on the third
data card, the printed message indicates that sectioning starts with segment 1.

The second page of printed output starts with a table of information
about each section. The capacity , time limit , and load for the vehicle is
given, followed by the collection-time estimate , the number of segments , and
the number of houses in the section. At this stage, the collection time Is
approximate because some streets not requiring collection may be dropped from
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FIgure 2. Section Ass ig r~ent Map for Kirtland Air Force Base
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the section and others may be added. Break times and lunch time are not
Included in the collection -time estimate .

The printed output continues with a list of the segments In each
section. The segment numbers are listed in the order in which they were se-
lected for inclusion in the section and will not usually be In numerical
order. UP to 30 segment numbers are printed on each line .

Fourteen parameters are prInted for each output map, followIng the
heading “MAPPLT PARAMETERS FOR MAP n ,’ where n Is the sequence number of the
map. AVMO is the map distance conversion factor in miles per MCU. Each of
the next two lines gives the minimum and maximum x- and y-coordlnates In MCU.
On the final line , XSC and YSC identify the x and y map scales in Inches per
MCU. The plot strip height , PHGT, and the overall plot length , PLEN, are
printed in inches. YCUT is the height of a map strip in MCU .

V
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SECTIO N V
PR OGRAM REQUI REMENTS

1. SYSTEM

Except for function KOUNT , program PHASE2 is written entirely in FORTRAN
IV . Function KOUNT is written in the COMPASS assembler language. The program
runs on a CDC 6600 using a SCOPE 3.4.4 operating system .

Eleven obv ious types of compu ter-dependent coding are used in program
PHASE2 and its subroutines . A 60-bit word is assumed in the main program and
in subroutines BUILD, SECTION , and NUMBER . System function SHIFT is used In
subroutine BUILD . An R format is used in subroutines SHAPCOM and COORD . Six-
bit characters are assumed in subroutine NUMBER. An ENCODE statement is used
in subroutine NUMBER . In-line function MINO Is used in PHASE2. Asterisk-
bounded character strings are used in formats in PHASE2 and in subroutine
SECTION. A computation is used as an item in an output list in PHASE2. The
AND operation is used for masking in subroutine SECTION. Function KOUNT is
wri tten in COMPASS. A dollar sign is used between FORTRAN statements in pro-
gram PHASE2 and subroutines SORTK, SECTION , MAPPLT , SHAPCOM, and COORD . More
subtle types of machine dependencies may exist , according to the machine used .

2. STORAGE

The core requIrement is slightly less than 114’°°°e words , but may vary
slightly depending on the plotting system used by the local installation . The
peripheral storage for output disk files should not exceed 28,000 words for
lAPEl , TAPE2, TAPE3, TAPE7, and TAPE1O. When file lAPEl is cataloged , It should
not contain more than 152 words. Disk file TAPE4 should not exceed 700 words.
The plot file , TAPE8, should not exceed 1.5 million words, although more typ-
Ically the file will contain roughly 20,000 words per output map.
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3. TIME

The execution CP time for program PHASE2 is approximately 0.005 S.OT +

0.004 
~~~~~~ 

S1 second s , where S101 Is the total number of segments and S.~ is the

number of segments on the 1th output map. The maximum possible CP time using
10 full maps of a 700-segment network would be 273 seconds . Rough estimates of
the 10 and PP tImes are 0.2 S.~.01 seconds for 10 tIme and 0.5 STOT seconds for
PP time.
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SECTION V I
PROGRAM LIMITATION S

1. PLOTTER

The plotter used by PHASE2 can be a drum plotter wi th at least a 10-inch
drum or a flatbed plotter wi th a 30-i nch-square or larger bed. If the user
does not indicate a plot-strip height on the fourth data card , the program as-
sumes that a 30-inch height is available . Maps may not be drawn in strips on
a flatbed plotter; therefore, the height and width of the output map must not
be specified larger than the plot-strip height. Some systems limi t plot
lengths , for example , Calcomp plots may not exceed 120 inches in length at the
Air Force Weapons Laboratory at Ki rtland Air Force Base. Each strip of an out-
put map has a 1-Inch space after it , with an additional Inch after the last
strip. Thus a 30- by 30-i nch map plotted as three 30- by 10-inch strips gen-
erates a plot 94 inches long . Any limi tations on plot l engths imposed by the
local system must be considered when the output-map description cards are
punched.

2. NODE AND SEGMENT

Array dimensions in program PHASE2 limi t the number of nodes to 500 and
the number of segments to 700. Since these data are passed to PHASE2 by pro-
gram RCINPT as di sk fIles TAPE9 and TAPE 1 1, the limi ts should not be exceeded.

3. VEHICLE FLEET

The vehicle fleet is limited to vehicles of at most four different capa-
cities. The total number of trips is limi ted to 50. If more than 50 trips
are requi red , data will be overwritten and improper and unpredictable function-
Ing w ill resul t, but no error message is given .
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4. OUTPUT MAP

From 0 through 10 outpu t maps may be specified on map-bounds cards. If

no map-bounds cards are present, one 30- by 30-inch map of the entire region
Is plotted . If more than 10 map-bounds cards are included in the data deck ,

the cards after the tenth card wIll be Ignored . No message is printed , and

the program functioning is not otherwise affected .
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SECTION V I I

WARNING MESSAGE AND CORRECTIVE ACTION •

One warning message is printed by subroutine SECTION . The message TRUCK
CONFIGURATION HAS BEEN EXTENDED is printed as the last line of the first page
of printed outpu t when more trips are needed than either the minimum number
computed by PHASE2 or the number specified by the user . The problem has two
possible causes. First , the time limi t on a trip may have caused a section
to be completed before the vehicle was filled . In this case , the user must
decide whether the time limi t is important enough to necessitate an.. extension
of the number of trips . Second , the number of vehicles needed may have been
extended because all segments considered for addition to a section contaIned
enough refuse to cause the vehicle capacity to be exceeded .

The problem can be solved in one of two ways. The simplest requires re-
running PHASE2 with a different choice of starting base segment. It may be
necessary to do this several times before the program runs without extending
the number of trips. An alternative approach is to cause the segments that
could not be added to the section to be collected one side at a time. The
section i nvolved can be found by looking at the sumary of vehicle loads; the
section (other than the last) which has a vehicle load considerably below the
vehicl e capacity will be the section in which the problem has occurred . Seg-
ments near the last segment added to this section are those which should be
modified . The modification will cause one or more of the segments to be ser-
viced by two collection vehicles , one on each side of the street.

• Note: program malfunction was observed on one run. Three segments
were as sig ned tw ice , and three segments were not assigned to any section. The
cause of this problem is still unknown , but the problem can be bypassed by
choosing a different starting base segment.
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SECTION V I I I

RECO*~ENDED CHANGES

Three changes in program PHASE2 are reconinended. The problem title could
be appended to the section maps. If the house count in array NH is made

floating-point instead of integer in program RCINPT, the array should be de-

d ared type REAL in the main program. It will be necessary to change the ab-

solute value function name from lABS to ABS in statement 15 of the main program.
An error message should be added to warn the user if more than 50 trips will be
required.
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Count 1 bits in word .

RETURN

END

Funct i on KOUNT
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Coiiipu te pointer separa ti On .

Compute pointer end value.

Set init ial and final pointers .

I
Save values at inspection point.

Move initial value s to final location.

I
Set fina l pointer equal to
in i t ia l  pointer.

Ilove in i t ia l  pointer up
by spacing va lue.

I
L~)Sub~’out i nt’ S~I I ~‘~T



in i t ial  ~~~nter run NO 20
of f fron t of array?

YES

40

Store saved values at location
des ignated by fina l pointer.

Has
NO

value yet?

YES

Has
YES pointer spacing been

reduced to 1 yet?

Halve pointer spacing . 
1

_ _ _  

‘0
Reverse order of array .

I
RETURN

END

Subroutine SHISRI
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Save tree sub-root desi g na ted

L by argument L.

~e t pointer J to 1 ~f t bran h .

Does 
NOsub -root have two 6

branches?

YES

Is
right branch element NO

smaller than left branch
element?

YES

I Set pointer J to right branch. 1
ct~

4

• 

• 1
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1 1cr

Rep lace subroot elemen t
by branch element.

I
Set subroot pointer I
equal to branch pointer J.

p
Store subroot value at
location indicated by
pointer I.

RETURN

Q END

Subroutine SIFTUP
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Set counter to half the
number of elements.

Call SIFTUP repeatedly, start ing at midpoint
of tree and working back to second elemen t,
to put root in order with respect to branches .

~~~~~~~~~~~~~~~~

Remove smallest item from tree .

Decrease s i ze of tree .

Subrout ine SORTK
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ES

• Set IFIND = -1.

RETURN

E74
Binary search array
for number .

YES

Set IFIND to neqative of pointer .

RETURN

Set IFIND to pointer .

El RETURN I)
END

Function h IND
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Build forma t array.

Convert number from binary
form to character form .

Coun t the characters .

Call SYMBOL to p lot the
character representation
of the number .

RETURN

• (J END

Subroutine NUMBER
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Set straight segment parameters .

~ 1R E  TURN_D

Compute slope and distance
L between segment endpoints.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
NO

Compute parameters .

RETURN

60

Is
segment NO 

80rectangu lar?

YES

Subroutine SHAPCOM
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Compute parameters.

RETURN

Set some parameters. 1
~~~~~~~~~~~~~~~~~~~~~~~ b 1~~u p r s~~~ ? 

YES

Compute remaining parameter s.

RETURN

Set shape code to indicate
a straight segment.

Cl RETURN

END

Subroutine SH 4PC O M
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Compute coordinates . I
C RETURN

NO

Compute coordinates .

C RETURN

Compute coordinates.

C RETURN

Compute coordinates on an angle segment .

C RETURN

~ND

Subroutine COORE)
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Set parameters.

Print parameters.

NO
~~~~~~~~~~~~~~~~~~~~~~~~~ e~~~~ment

~~~~~~~ Call SHAPCO M to set
shape parameters.

< Call COORD and PLOT to
draw the segment.

1

< Call NUMBER to append the
section number.

RETURN _ID
C END

Suhr n~iti n~ MA PP LT
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Create s i x ty  1-bit masks.

V 

r~ompute the distances from a’ segment midpoint to the
I mi dpoints of each other segment . Save the segment number LOOP[ in the low-order 12 bi ts of each distance.

Call SORTK to sort distances .

Retrieve segment numbers
from sorted distances .

Set bits corresponding
to segment numbers.

near-

(
\~~~~APE7 . 

~~~I

Subroutine BUILD
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Movr 1oop index to next segment.

~~~~~~~~~~~~~~~~~~~~~~~ e~~~~nents YES

Rewind TAPE7.

I
E1 RETURN

END II1I::~

Subroutine BUILD
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Initial ize parameters .

Set up storage for each vehicle.

file TAPE7 for\
near- neighbor

data for
segment .

Is
this segment the NO

first base segment?

YES
Move neighbor data to
base segment array .

171

Write
near-ne ighbor
data to file

TAPE 1.

17

Subrout i ne SECTION
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Rewind f i les TAPE 1 and TAPE7 .

• Save base segment m idpoint coordinates.

Find the segment on the input scratch file closest to the
• last base segment , and save segment as a new base segment.

Rewi nd input and output scratch fi les .

Compute smallest cumulati ve load necessary
to balance load on remaining vehicles.

Save segment data in
base segment array .
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2

Write
base segment
number to
f i le TAPE3.

Add segment data to

L vehicle load data .

Clear histogram array.

1
Set word and bit poi nters corresponding
to base segment in near-nei ghbor list.

~~~~~~L4
\29291

Read \
next segnient \

and its neighbors
data from

f i le OLDIJNT .

Is
base segment a near

neighbor of the segment read
from OLDUN T ?

NO YES

102 2

Subroutine SECTION
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V _ V

I Set near-neighbor list word and
bit pointers corresponding to segment.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Set shared -neighbor count to zero .

K~ 
Use function KOUNT to count
shared near nei ghbors.

Increment appropriate histogram ce ll.

Are

nei ghbors or more than YE S 

‘0

Save segment number and shared-
F neighbor count.

Li)

Su brout ine SECTION
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_ V

• Write
segment and
its neigh bor

• list to
TAPE 1 0.

3030 
V

Wr i te
segment and

its neighbor
list to f i le

IUNIT.

2929

more segmen~s on fi le YES Loop
OLDUNT? 2929 J

NO

Rew ind f i le IUNIT.

I
Count back from end of histogram until
KCUTOF shared neighbors are counted .

1
Rewind file OLDUNT .

1

Subrout ine  SECT ION
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V V V V V ~ V V_ ~~ V V V - ~?V . V~~~~~~~~ V V  
~~~~~~~~~~~ V V~ 

- V

Cal l  SFILSRT to sort segments
by shared near -neighbor count.

Rewind TA P E 1O . 1

ready Y E5

’0 
V

Rewind TAPE 1O .

Have
all se gments on TA PE 1U _________

been processed?

NO

Read
TA PE 1O to
get next
segment.

Sn hrou inn SI CT I 0~l

/ 6

-~~ - —V  ~~ ~~~~~~~~~~ 
:.~

_
~::=~t~

V 

~~~~~~~~ V ~~~~



V ~,VV.•VV _~V V ~~~~~~~~~~~~~~~~~~~~~~~ •-VV._,~~ _.~~VV V •  V •~• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-V V.- - --- -V.

5

Is
number of shared YES

near neighbors large 500 
V

enough? V

NO

Does
vehicle load exceed YES 600
minimum requ i red?

NO

• Rewind files TAPE1O and OLDtJNT .

4991 -

Increment pass count .

7~c~~~/ a segment
I and its near-
I~ neighbor list

from TAP E1O.

Has -
segment been added

to section? NO

Write
segment

and Its near-
neighbor list
to OLOUNT.

H
Subroutine SECTION 

V
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~~~~~~~~~~~~~~~~~~~~~~ eg~~~ts left _

I segment and \
~ 

near-neighbor

~ 
list from J -

file IUNIT.

Write
segment and

near-neighbor

YES

Rewind files IUNIT , OLDUNT , and TAPE1O.

base segment _

L~
)

Subroutine SECTION
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V ~~~~~~~~~~~~~~~~~~~~~~~~~ V.~~~~~ V.V.*V~ V V V V  
~~~~~~ VV ~~~~ V.V.V.VV. VV ~~~~~~~~~~ ,V~~ 

V VV.V ~~~~~~~~~~~~ V. V~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V.’

V Get next base segment.

* Increment base counter.

_ _ _  

‘0

Save load and traversal-time
data for segment.

Y

Rewind TA PE1O .

Search TAPE1O for the segment with the next
largest number of shared near neighbors .

~~~~~~~~~~~~~~~~~~~~~~~~ d segmen~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Make the shared-neighbor coun t negative to indicate
that the segment will be added to the section .

c)
~~~~~~~

Subroutine SECTION
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~~~~~~~~~~~~~~~~~~~~~~~ V V.VVV V -VV.V.V.~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~V~~V.V. ~ ~~~~~~~~~~~ V V

•~~~~~~~~~ ,~~ ~~~~~~~~~~~~

Add time , load , and number of
houses for segment to section.

YES

Save current segment as a
future base segment.

598

Wri te
segment and

near-neighbor
list to f i le

TAPE 3.

[ Increment count of
assi gned segments .

V 
__________________________  1001

Set section comp lete indicator .

Copy
unused segments

from TAPE 1O
to f i le OLDUNT .

Sub routine S E CT IO ~I

80
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c~
)

Rew i nd TAP E1O .

Copy
the remaining
segments from
file IUNIT to
fi le OLDUNT.

700

[ Rewind TA PE3.

Decrement the count of

L unassigned segments .

Read 

V

segment and
near -neighbor

from 4
Add segment data to cumu lative
t ime and cumulat i ve loa d.

Wr i te
segment

L~
)

Subroutine SECTION 
V
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V~~~~~V VV ~~ V V~ V.V. - V’~~~ V.
~~ V V~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~ -~~~~ VV. VV~ V~~~~~~~~~~~~

10

Are
any g on YES

Compute total unassigned V

time and load .

I
Increment section count.

Have
all vehicles been YES 

801f i lled?

NO

818

W i l l
the remaining refuse NO 710f i t in the nex t

vehicle?

YES

Is
the r ema in ing  NOtraversal time withi n the 710

vehicle ’ s time
l imit?

YES

11

Subrout. i n~ 
r ,I CT IOU
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~~~~~~~~ V V V V V V V

cy
Assign all remaining segments
to the next section .

ElI R ETURN

L
~~~ 

Pr int a message ind icat ing Ivehicle extension.

Initiali ze parameters for
one more vehicle .

‘0 
V

Rewi nd files OLDUNT , IUNIT ,
and TAPE3.

Increment section count.

Set pointer to first segment
number for next section.

Reset parameters. 1

Subroutine SECTION

83



Search for the segment closest to the last base segment
which has load and time small enough not to exceed the
current vehicle l im its .

I
Save the segment and near -
neighbor l ist  as the next
base segment.

~~~~~~~~~~~~~~~~ nd fi1es OLDUNT a~~~IUNIT .

Remove new base segment from OLDVNT.

Rewind fi les OLOU(’41 and IUNIT.

I
Add new base segment time ,
load , and number of houses
to current vehi cle data .

Reset base segment pointer .

IL~
)

Suhrou~ the SECTION

4

V 
~~~~~~~~~~~~~~ V~~~~~~~~~~~~ - 

~~~~~~~~~ V Vj  
~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::
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12

Is
the prese nt

vehicl e load smaller than
the minimum necessary for

this section?YES 
NO

V 

1021 
END 

600

Subroutine SECTION
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•_ _ V .V VV V V. VV V. V V.~~~~~~~_
V.V

Read t i t le  card , vehicle capaci t ies , time
limi ts , and s tar t ing segment number.

Rea d
segment

data from

Make al l house counts non-negative.

Val id i ty  check starting segment
number.

Ini t ial ize variables .

Convert all times to minutes.

L)
~~~~~~

Program PHASE?
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r.

.

~~~~~~~~~

V. V V V V , V V. V V V . V V V

~~~~~~~~~~~

V V.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV

I Print vehicle and time 1L
~~~ 

i nformation . ____________________

K~ 
Call BUILD to construct a
near-neighbor table.

~~~~~~ Call SECTION to allocate
segments to vehicles .

[

~~~~~~~~~~~~~~~~~~~~~~ Print load and time results. 
VV ~J

L
~~~ 

Print segments assigned to
each section. ______________________

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~~~~~~~~

Read map-bounds cards.

c~
)

Program PHASE2
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~~~~~~~~~~~~~~~~~~~~~~~~~ p-~~~~~s card-~~~~~~~~~~~~~~~~~~~~ 
YES

Set bounds for one 30- by 30-inch map. 1
Call MAPPLT to plot maps.

<~ Call PLOT to termi nate
p lotting .

Write
vehicl e data

for each
trip to
lAPEl.

Endfile
files lAPEl

and TAPE4 .

STOP

END

Program PHASE2
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Function KOUNT 90
Subroutine SHLSRT 91
Subroutine SIFTUP 92
Subrouti ne SORTK 93

V

. Function WIND 94 V

Subrouti ne NUMBER 95
Subrouti ne SHAPCOM 96
Subroutine COORD 98
Subroutine MA PP LT 100
Subroutine BUILD 103
Subrouti ne SECTION 105
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APPE NDIX C

DEFIN ITIONS OF IMPORTANT VARI AB LES
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‘~ote: A s i ngle variable symbo l may have different meanings in relation to

the va ri ous sub rou ti nes . For th i s reason , variables are defined be l ow
for each subroutine and for progratit PHASE2.

SUBROUTINE SHLSRT

~4rray reordered as array X is sorted

~JW Number of words to be sorted

Array sorte d into decreasin g order

SUBROUTINE SIFTUP

L Number of words in tree

N Pointer to root at which ordering of root wi th respect to branches
beg ins

TREE Array of distances to be sorted

SUBROUTINE SORTK

KJs-1 Number of sorted i tems to be returned

N Number of words in array TREE

MN Pointer to root at which subroutine SIFTUP begins ordering root
wi th respect to branches

TREE Array conta ining packed distances between segments and segment
numbers

FUNCTION IFIND

JARRAY Array being searched

LEN Length of IARRAY

NUM Number being sought

SUBROUTINE NUMBER

FORM Output format for number

MUM Number to be plotted
TEXT Character representation of number
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SUBROUTINE SHAPCOM

AVMD Map distance conversion factor , in miles per map coord i nate unit
BR 1 Distance to first break in segment shape , in miles

BR? Distance to second break in segment shape , in miles

1SF Shape code when in cha racter form

R Radius of curvature of circular segments , in mi les
RPR Rec iprocal of radius of curvature

SF Shape code when in bi nary form
THETA Slo pe of li ne from s ta rting to endi ng node, in radians
TOTLEN To tal length of segmen t, in miles
XNF X-coordinate of end i ng node

XML X-coordinate of starting node

YNF Y-coordinate of ending node

YNI V-coordinate of starting node

SUBROUTINE COORD

BR 1 Distance to first break in segment shape , in miles
BR2 Distance to second break in segment shape , in miles

CUMLEN Cumulative len gth along segment , in miles
RPR Rec ip rocal of radius of curvature of a circular segmen t
S Dis tance along segment since prev i ous break
SF Shape code
XNF X-coordinate of ending node

XN I X-coord i nate of starting node

YNF V-coordina te of ending node

YNI V-coordina te of starting node

SUBROUTINE MAPPLT

AVMD Map-distance conversion , in miles per map coordinate unit

CUMLEN Cumulative street length , in miles
FLEN Array of segment lengths , in mi les
INB Point wi thin map-bounds indicator

ISEG Array of section assignments
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SUBROUTINE MAPPLT (Concl ’d.)

1SF Shape co.de when in character form
KNODES Count of nodes
NMAP Map strip number of current point
NMAPO Map strip number of previous point
NN1 Array of starting node numbers
NN2 Array of ending node numbers
NODNUM Array of node numbers
NPPSEG Number of points plotted per segment
PHGT Height of map strip, in inches
PLEN Total length of all plot strips , in inches
SF Shape code when in binary form
SVAV Array of map distance conversion factors
TOTLEN Total segment length , in miles
X Array of node x-coordinates
V Array of node y-coordinates
YCUT Height of map output strips , ~n map coordinate units

SUBROUTINE BUILD

BOATA Array of single 1-bit masks
COMP Array of near-neighbor data
0 Distance in miles between street midpoints
ISTPR Array of segment numbers
KN Number of near neighbors to be found for each segment
KP Number of words required to save near-neighbor indicators for each

segment
MINFR Array of refuse quanti ty, total traversal time, and number of houses

on segments
N Number of segments
NNT Array of near-neighbor segment numbers
NNTEMP Array of segment numbers
STRING Array of segment number, refuse quantity, total traversal time , num-

ber of houses, and near-neighbor indicators for a segment
TREE Array of packed distances between segments and segment numbers
UNOT Array of uni t (file) numbers
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SUBROUTINE BUILD (Concl’d.)

X Array of segment mid point x-coordinates
XI Array of segment midpoint x-coordinates
V Array of segment midpoint y-coordinates
VT Array of segment midpoint y-coordinates

SUBROUTINE SECTION

BASE Array of segment number , refuse quantity , traversal time , number of
of houses , and near-neighbor indicators for the current base segment

BCOMP Array of base segment near-neighbor indicator!
BDATA Array of single 1-bit masks
BMINF Array of base segment refuse quantity , traversal time , and number of

houses
COMP Array of segment near-neighbor indicators
CUML Refuse quantitj of all unassigned segments
CUMT Traversal time of all unassigned segments
CURL Refuse quantity on current segment
CURT Traversal time of current segment
FRACT Ratio of total refuse quantity to total vehicle capacity
111510 Array of number of occurrences of number of shared near neighbors

equal to HISTO subscript
ICODE New section indicator: ICODE = 0 if a section is incomplete or

ICODE = 1 if a section is complete
ION Pointer to unassigned segment sharing most near neighbors with base

segment
ISTO Array of segment numbers
IST1 Array of counts of shared near neighbors
1ST? Array of pointers to segment number
IST4 Array of counts of shared near neighbors
h R  Number of vehicles of a particular capacity
JON Count of segments which share near neighbors with the base segment
K Maximum number of near neighbors found for any segment
KCUTOF Limit on number of segments sharing the most near neighbors with a

base segment to be examined for inclusion in a section with the base
segment

1(1. Number of unassigned segments
KP Number of words required for near-neighbor indicators
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SUBROUTINE SECTION (Concl ’d.)

KPB Count of words in use in array STRING

MA Max imum number of segments in first section to be saved for use dS
base segments

MINFO Array of refuse quantity , traversal time , and number of houses on a
segment

N Coun t of se gments
NBASE Segment number of first base segment for first section
NEXTN Pointer to next base segment from NNTS array

MN Coun t of unass ig ned segmen ts
NNTS Array of data for base segments
NP Count of unassi gned segments
NSTD Coun t of base segments curren tly saved in NNTS array

NSTO Maximum number of base segments which can be saved in the NNTS array
NTO Original number of sections required
NTRUCK Or i ginal number of vehicles required

NUT Count of unass ig ned segments on f i le IUNIT
PC Count of segments assigned to current section

PK Count of segments assigned to all completed sections

SECTN Number of current section

SMLD Minimum total refuse which must be assigned before current section
is completed

STRING Array of segment number followed by MINFO and COMP arrays

TDUMP Unloading time at the landfill , in minutes
TOIL Total refuse quantity for all segments
TOTT Tota l traversal time for all segments
TRUCK Array of vehicle capacity , maximum tri p time , load , actual tri p time ,

pointer to first segment in section , count of segments sect ion , and
count of houses in section , for each section

TRUCKS Array of quantity , capacity , and maximum trip time for vehicles of
each capacity

UNOT Array of unit (file) numbers

X Array of segment midpoint x-coordinates
V Array of segment midpoint y-coord-i na tes
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PROGRAM PHAS E 2

ILEN Array of street segment lengths , i n miles
FMPH Arra y of speed l imits , in mph

ISECTN Count of sections

KCUTOU Limi t on nwuber of segments sharing the most near neighbors with a
base segment to be examined for inclusion in a section with the base
segment

KN Count of near neighbors to be found for each segment
- KNODES Count of nodes

KP Coun t of wor ds requ i red to save rear-neighbor indicators
MA Maximum number of segments in fir’; t section to be saved for use as

base segments
MAPS Coun t of sec ti on maps to be plotted
MINFR Array of refuse quantities , tota l traversal times , and number of

houses on segments
NA Count of segments

NBASE Segment number of first base segment for first section

NH Array of coun t of houses on a segment

NSEG Count of segments

NT Array of count of vehicles of each capacity

REF Refuse quantity
RQF Refuse quantity adjustment factor
TC Array of vehicle capacities

TMXTR Maximum trip time
TOTL Total refuse quantity
TRUCK Array of vehicle capacity , maximum trip time , load , actual trip time ,

pointer to first segment in section , count of segments in section ,
and count of houses in section, for each section

TRUCKS Array of quantity , capacity , and maximum trip time for vehicles of
- each capacity

UNOT Array of unit (f i le) numbers
X Array of x-coord inates of segment midpoints
XNOD Array of node x-coordinates
V Array of y-coo rdinates of segment midpoints
YNOD Array of node y-coordinates
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APPENDIX 0

SAMPLE PRiNTED OUTPUT
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GLOSSARY

Air Force Refuse-Col lection Scheduling Program: a set of four computer programs
that perform residential refuse-collection scheduling and produce
printed schedules and maps of the routes .

base segment: a segment used to limi t the addition of other segments to its
section on the basis of the number of neighboring segments comon
to both.

binary search: a procedure for finding one item in an ordered group by re-
peatedly halving the portion of the group that contains the item.

map coordinate unit (MCU): the length , in inches , between integral divisions
on the coordinate system appended to a map.

node: a numbered point on a street at which some characteristic of the
street changes .

pointer : a variable that gives the location of some other variable.

segment: a portion of a street between two nodes .

shape code: characters--either two letters or a letter followed by a number--
that indicate the shape of a street segment.

spatial clustering of streets : selection of streets traversed by a vehicle on
one trip so that the streets are connected by other streets that
must be traversed .
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