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This is a descriptive paper to supplement the research in [OR, 1976].
All of the new algorithms discussed in [OR, 1976] are coded in Fortran IV,
to form the alternate library BTAP. This paper contains the actual codings
and descriptions of the subroutines and functions in the library BTAP.
Section 1 gives some general information on how to use BTAP. Section 2
contains the descriptions of the subroutines and of the important param-
eters and variables. The appendix contains the codings of the subroutines

and functions in BTAP and of the main program BTP,

Section 1.

The library BTAP is designed to be used with the main program BTP.
The input data for the package (BTAP and BTP) is read from two sources:
TAPE5, which is usually a permanent file, and TAPEl, which is the key-
board. This package is built to run on a CDC 6400 computer and needs
75000 octal core memory and 55000 octal extended core storage to execute.
TAPE5 should be composed of two files. The.first file should contain
the coordinates and the parameters Yy of the hospitals involved in the
given problem with the format "FORMAT (3F5.0)" (x-coordinate, y-coordinate,
yi). Let there be N card images in this file. The second file should con-
tain N card images with the format "FORMAT (I4, I6)" (each card image should
contain a hospital and the amount of blood used per year in that hospital)

and then values for SYCOST (1) to SYCOST (120) with the format '"2X, 10I5".

Section 2.
The following is a short summary of all the important variables, param-

eters and other information in the program and how and where they are stored.



ALFA (150): For each hospital I, the expected number of emergency de-
liveries in one period, Vo is stored in ALFA (I). \E i=1,..., N are

read and stored in subroutine READ1. ALFA (150) ‘is in the common block

|E].

CANDID (600, 4): This is the candidate list. CANDID (I, 3), and

CANDID (I, 4) contain the endpoint nodes of an edge. CANDID (I, 2) con-
tain the node (hospital) "closest" to that edge. CANDID (I, 1) contains
the "distance" of the closest node from that edge. CANDID (600, 4) is

in the common block \Dl.

DMT1 (150): This vector is used as temporary storage for information to
be sent to or received from Extended Core Storage (ECS). If the ECS

calling statement is "CALL READEC (DMT1, DAIX (1, 1), N)," DMT1 (J) will
contain the Euclidean distance between nodes I and J. DMT 1 (150) is in

common block \CM\.

DMT2 (150): This vector is used in the same way as DMT1. It is also in

common block \CM\.

EMCOST (5): EMCOST (I) contains the total expected emergency delivery
cost for region I. It is calculated in subroutine ALLOC1, ALLOC2, UPDATE

and DISPACH. EMCOST (5) is in common block lKi.

TADRES (600): IADRES (I) contains the address (row number) of the Ith

best candidate so far (i.e., the distance given by CANDID (IADRES (1),
is the Ith smallest) in the candidate list CANDID. It is computed in sub-
routine ADRES and used in subroutines BOUND1 and ALLOC2. It is in common

block |D|.



IALTER (5, 5, 10): The vector IALTER (I, J, +) is equivalent to the set

EX (I, J), which was defined and discussed in section 4.3 of [OR, 1976].
It is determined in subroutine IMPROVE and used in subroutines ALTER1 and

ALTER2. TALTER (5, 5, 10) is in common block \Fl.

IBANK (5): IBANK (I) contains the identification number of the central
bank in region I. It is read from the keyboard in the main program BTP,

IBANK (5) is in common block \C‘.

IBLAD (150): IBLAD (I) contains the amount of blood used per year in
hospital I. It is read from TAPE5 in subroutine READ1. IBLOOD (150)

is in common block lE\.

IBLADTR (50): This array contains the number of units of blood carried
by each periodic delivery vehicle. It is calculated and stored in sub-

routine DISPACH. IBLADTR (50) is in the common block |F|.

IBTR (5): IBTR (K) contains the number of active periodic delivery ve-
hicles in region K. It is calculated and stored in subroutine DISPACH.

IBTR (5) is in the common block |F|.

THULL (300, 3): This array is used in the construction of tours in

BOUND1 and ALLOC2. Each row contains information about an edge; the
first two columns define the edge (they contain the two end nodes of
the edge) and the third column indicates whether that edge is in the
existing graph (value 0) or has been deleted (value 1). At the end of
the subroutines BOUND1 and REFINE1l, the first two columns of IHULL con-

tain the resulting tours. TIHULL (300, 3) is in common block lC\.



IHOSP (150, 5): IHOSP (I, 3) is a 0, 1 indicator used in subroutines

BOUND1 and PFIND. TIHOSP (I, 3) is zero when hospital "I" is not yet in
the existing graph and one otherwise. TIHOSP (I, 4) indicates the region
hospital I is assigned to under the assignment algorithms ALLOC1, ALTER1
and ALTER2. THOSP (I, 5) indicates the region hospital I is assigned to
under the assignment algorithm ALLOC2., IHOSP (I, 1) and IHOSP (I, 2)
indicate the two hospitals adjacent to hospital I in the latest routing

obtained. TIHOSP (150, 5) is in common block \Al.

IHULLA (150, 2): This array contains routing information in a form that

can be used by the output subroutines, PLOTING and PRINTS. The first
column of IHULLA contains the routing obtained using the assignments of
subroutines ALLOCl or ALTERl1 or ALTER2 (of course, only the latest rbuting
obtained is there, the earlier ones are erased). The second column of
THULLA contains the routings obtained using the assignments of subroutine

ALLOC2. TIHULLA (150, 2) is in common block |B|.

TIHOSP (150, 3): The first two columns of this array are used to store

the original first two columns of IHOSP (150, 5), since the information
contained in those columns of IHOSP is destroyed during the calls to

BOUND1 and REFINEl in subroutine TEST. ITIHOSP (I, 1) and IIHOSP (I, 2)

are used in subroutine ALTER2, in determining the two adjacent nodes to

node I € EX (jl’ jz) (see section 4.3 of OR [1976]). These two columns of
ITHOSP are updated in subroutine UPDATE. The third column of IIHOSP is an
indicator vector, ITHOSP (I, 3) = -1 if hospital I has never been in an ex-
change, ITHOSP (I, 3) = 0 if hospital I has already been permanently assigned

to another region, ITHOSP (I, 3) = J if the pair (I, J) has been in an



exchange before. This convention is helpful in avoiding duplicate tests

in subroutine ALTER2., IIHOSP (150, 3) is in common block ‘F‘.

N: N is the number of hospitals in the whole system. It is determined

in subroutine READ].

NALTER (5, 5): NALTER (I, J) contains the number of elements in the set

EX (I, J) (or equiValently in the vector IALTER (I, J, +)). It is deter-
mined in subroutine IMPROVE and used in subroutines ALTER1 and ALTER2,

NALTER (5, 5) is in common block ‘F‘.

NBANK: This is the number of central blood banks in the whole system. It

is read from the keyboard in the main program, BTP.

NUM (50): This vector contains the number of stops for each vehicle. It

is in common block \C\.

NUMIR (50): NUMTR (I) contains the number of hospitals in region I. It

is in common block |F‘.

SCAL: It gives the scale of the plots., It is read from the keyboard in

the main program BTP.

SYCOST (120): SYCOST (K) gives the systems cost estimate for a region

containing K hospitals. It is read from TAPE5 in subroutine READ1. It

is in common block lK\.

TSCOST (5): TSCOST (I) gives the total periodic delivery costs in region

I. TSCOST (5) is in common block |K|.



X (150): X (I) contains the x-coordinate of hospital I. It is read from

TAPE5 in subroutine READ1. X (150) is in common block ‘El.

Y (150): Y (I) contains the y-coordinate of hospital I. It is read from

TAPE5 in subroutine READ1. Y (150) is in common block lE‘.

There are 19 subroutines and one function in the library BTAP (Blood
Transportation-Allocation Problem). The following is a brief description

of them.

SUBROUTINE READ1 (N)

The function of this subroutine is to read the input data from TAPES.
First X, Y coordinates and the parameter Yy for each hospital are read and
stored in vectors X (150), Y (150) and ALFA (150), respectively. Number
of hospitals in the whole system, N, is determined. The blood usage of
hospitals are read and stored in IBLAD (150). The system costs for all

feasible system sizes are read and stored in SYCOST (120).

SUBROUTINE DISMAT1 (N)

The function of this subroutine is to calculate the distance matrix.
For each pair of hospitals (I, J), the Euclidean distance between them is
computed and stored in ECS (Extended Core Storage) at address DATX (I, J).
Information storage to (and retrieval from) ECS is done one column at a

time.

SUBROUTINE ALLOC1 (N, NBANK)
The function of this subroutine is to determine the hospital assign-

ments that will minimize the expected emergency blood delivery costs (i.e.



the assignments given by yo as defined in section 4.2 of OR [1976]).
Thus, the closest bank J to each hospital I is determined. I is assigned
to bank J by storing the group number of J in IHOSP (I, 4). Then, for
each group K, the number of hospitals in it, the amount of blood used in
it and the total expected emergency delivery costs for it are calculated

and stored in NUM (J), NBLAD (J) and EMCOST (J), respectively.

SUBROUTINE ALLOC2 (N, NBANK)

This subroutine corresponds to the assignment algorithm described
in section 3.5 of OR [1976]. The group number of each hospital I is de-
termined (as described in section 3.5) and stored in IHOSP (I, 5). Then
for each group, J, the number of hospitals in it, the amount of blood
used in it, and the total expected emergency delivery costs for it are

calculated and stored in NUM (J), NBLAD (J) and EMCOST (J), respectively.

SUBROUTINE TRAVEL (N, NBANK, KX)

Once the assignments of the hospitals (either yo given by ALLOCl or
y* given by ALLOC2) are completed, this subroutine determines the routings
for the MTSP (by calling the subroutines related to the convex hull algo-
rithm) and stores them in column KX of IHULLA (150, 2) (column 1 if the
given allocation is y0 and column 2 if the given allocation is y*) in the

form that is required by subroutines PRINTS and PLOTING.

SUBROUTINE DISPACH (N, NBANK, KX, STOPS, UNITS, SCAL)

Once the assignments of the hospitals are completed (either yo given
by ALLOC1l or y* given by ALLOC2 or'§ given by ALTER1 or ALTER2 or ; supplied
externally), this subroutine determines the routings for the MVDP (using

the sweep algorithm discussed in section 2.3.4.3 of OR [1976]) and stores



them in column KK of IHULLA (150, 2) in the form that is required by sub-
routines PRINTS and PLOTING (KK is 1 if the assignments are given by yo,

; or ; and KK is 2 if the assignments are given by y*). Number of vehicles
serving each region, IBTR (1) to IBTR (NBANK); the total number of vehicles,
JSTAR; the number of stops for each vehicle, NUMTR (1) to NUMTIR (JSTAR);

the amount of blood carried by each vehicle, IBLADTR (1) to IBLADTR (JSTAR);
the total expected emergency cost for each region, EMCOST (1) to

EMCOST (NBANK); the total periodic delivery cost for each region, TSCOST (1)
to TSCOST (NBANK); the total amount of blood used per year in each regiom,
NBLAD (1) to NBLAD (NBANK) are also determined in the subroutine. (Note
that the calls to subroutines CHULL1, BOUND1 and REFINEl from this subrou-

tine determine just single vehicle routes.)

SUBROUTINE CHULL1 (N, IC, KX, IX)

The function of this subroutine is to determine the graph, G, which
is the boundary of the convex hull of the nodes in region IX. The edges
in G are stored in IHULL (300, 3). Throughout the subroutine (in fact,
throughout the whole program), "IHOSP (I, 4+KX)" is compared with.;IX",
to screen away the nodes that are not in region IX; in case of an in-
equality hospital I is disregarded. KX is a 0, 1 variable allowing the
user to select either the fourth or the fifth column of IHOSP for screen-
ing. IC gives the number of edges in the existing graph, it is updated
in subroutine PFIND.

The procedure used to determine G is as follows:

First the nodes with the smallest and the largest x-coordinates are

determined (let them be Hi and Hip’ respectively). Then, starting with

1



Hil’ the following step is applied until Hip is reached: "Given Hi’ find

H, such that the slope of the line passing from Hi’ Hj is the maximum over

h|
all nodes that have a larger x-coordinate than Hi' Store Hj’ let Hi =H

.II
A
When Hip is reached, the following step is applied until Hil is reached:

"Given Hi find Hj such that the slope of the line passing from Hi’ Hj is

the maximum over all nodes that have a smaller x-coordinate than Hi' Store

H., let H, = H,." Once H,
J i h| i

termined.

1 is reached, the graph G will be completely de-

SUBROUTINE PFIND (N, NSIZE, K1, K2, KPOINT, KX, IX)

The function of this subroutine is to determine the 'closest" node,
IBEST, out of all the nodes in region IX that are not in the graph yet,
to the edge defined by the end nodes K1 and K2. Then the '"distance" from
IBEST to edge (K1, K2), IBEST, K1 and K2 are stored in row NSIZE of the
candidate list CANDID (600, 4). NSIZE which contains the total number of
candidates (rows) in CANDID (600, 4) is updated in this subroutine. KPOINT
is a pointer passed on to subroutine ADRES.

If this subroutine is entered through the calling statement CALL PFIND
(which is the case in subroutines CHULL and BOUND1), the distance criterion
used is "Rx D" (Ratio x Difference - see section 3.4.2 of OR [1976] for
detailed explanations). On the other hand, if this subroutine is entered
through the calling statement CALL AFIND (which is the case in subroutine
ALLOC2), the distance criterion used is "ANG X SH (see section 3.5 of OR

[1976] for explanations).

SUBROUTINE ADRES (NSIZE, KPOINT)
The function of this subroutine is to order the candidates (rows) in

the array CANDID according to their first attribute (the first attribute



-10-

contains the "distance" of the candidate node, which is the second attri-
bute, from the edge defined by the third and fourth attributes). The
ordering is done by rearranging the entries of the adres vector to the
candidate list, IADRES (600).

In theory, the best candidate (the row with the smallest value in
column 1) is taken out of the candidate list and considered for insertion
into the graph. In practice, however, it is much faster and easier not
to delete anything from CANDID and IADRES, but instead to increase KPOINT,
the pointer to the starting point in IADRES, by one unit. So at any in-
stant in the algorithm, IADRES (1) to IADRES (KPOINT) contains the row
numbers, in CANDID (600, 4), of candidates that have already been con-
sidered (i.e., the candidates that should have been deleted). Hence,
TIADRES (1) to IADRES (KPOINT) is disregarded and the rest of the vector
IADRES is rearranged such that IADRES (KPOINT+ I) contains the row number

of the candidate node that is Ith closest to the existing graph.

SUBROUTINE BOUND1 (N, IC, COST, KX, IX)

The function of this subroutine is to modify G, the boundary of the
convex hull of all nodes in group IX, into a circuit passing from all of
the nodes in group IX. In other words, this subroutine executes step 3,
4, 5 and 6 of the convex hull algorithm (see section 3.4.2 of OR [1976]).
Subroutine PFIND is called to find new candidates and to store and order
them. The modified graph is stored in IHULL (300, 3). 1IC keeps track of
the number of edges stored in IHULL. 1In theory, every time the existing
graph is modified one edge is deleted and two new edges are added. 1In
practice, however, no physical deletion from IHULL occurs. The third

column of THULL is considered to be a vector of flags, and every time
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the algorithm calls for a deletion the flag of the edge that is to be de-
leted is changed from O to 1.

Once the traveling salesman route for group IX is determined, the
cost is computed and stored in COST (IX). Also the two adjacent nodes
to each node I are stored in IHOSP (I, 1) and IHOSP (I, 2) and IHULL is
rearranged so that columns 1 and 2 in the first NUM (IX) rows contain

the resulting traveling salesman route.

SUBROUTINE REFINE1l (N, COST, KX, IX)

The function of this subroutine is to implement extension 2 of the
convex hull algorithm (see section 3.4.4 of OR [1976]). If an improve-
ment is found, subroutine CHANGE is called to make the change permanent.
At the end of all the tests and changes, the resulting traveling salesman

tour is stored in the first NUM (IX) rows of columns 1 and 2 of THULL.

SUBROUTINE CHANGE (Il, I2, J1, J2, K1, K2, N)
The function of this subroutine is to modify the first two columns
of IHOSP so that the path from Il to I2 lying between nodes J1 and J2 in

the existing graph would be placed between nodes K2 and Kl.

SUBROUTINE IMPROVE (N, NBANK, SCAL, EXINDP)

The function of this subroutine is to determine and order the sets
EX (jl, j2), 3pp Jp = Lieess NBANK (see section 4.3 of OR [1976] for the
description of EX (jl’ jz)). NALTER (jl’ j2, *) correspond to set
EX (jl’ j2), and can have at most 10 elements. The routings given by
x* are saved in the first two columns of IIHOSP (150, 3). EXINDP is a

logical parameter provided by the user from the keyboard that is used in
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deciding between algorithm 1 and algorithm 2 (see section 4.3 of OR [1976]
for the descriptions of these algorithms). If EXINDP = .T., subroutine
ALTER] is called and algorithm 1 is applied; if EXINDP = .F., subroutine

ALTER2 is called and algorithm 2 is applied.

SUBROUTINE ALTER1 (N, NBANK, SCAL)

This subroutine corresponds to step 9 of algorithm 1 for the MTSP.
The node that is to be temporarily placed in a different region is stored
in LIST (1) and subroutine TEST is called for the computation of (X, V)
and the comparison of zmin with z(X, ¥) (see section 4.3 of OR [1976] for
the definitions of these terms). If the test is positive (INDIC = .T.),
then subroutine UPDATE is called to make the temporary change permanent.

After each permanent change the solution obtained is plotted.

SUBROUTINE ALTER2 (N, NBANK, SCAL)

This subroutine corresponds to step 9 of algorithm 1 for the MTSP.
The nodes that are to be temporarily placed in a different region are
stored in LIST (1) to LIST (3) and subroutine TEST is called for the
computation of (X, ¥) and the comparison of Z in with z(X, y). If the
test is positive (INDIC = .T.), then subroutine UPDATE is called to make
the temporary change permanent. After each permanent change, the solu-
tion obtained is plotted. The third column of ITHOSP is used in this
subroutine to determine whether the temporary exchange under considera-

tion has been tested before or not. If it is, a duplicate test is avoided.

SUBROUTINE TEST (I, J, N, COST, LIST, NBR, KX, INDIC)
In this subroutine the NBR hospitals given by LIST (1) to LIST (NBR)

are deleted from region J and added to region I. The change in systems
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costs and expected emergency delivery costs are determined. New traveling
salesman routes for the regions I and J are found (by calling subroutines
CHULL1, BOUND1 and REFINE1l) and their costs COST (I) and COST (J) are com-
puted. The change in periodic delivery costs is determined by comparing
COST (I)+COST (J) with TSCOST (I)+ TSCOST (J). Then the total change in
costs is determined. If there is a decrease in total costs, the test is
successful (INDIC = .T.). If the test is not successful, the NBR hospi-

tals given by LIST (1) to LIST (NBR) are reassigned to region J.

SUBROUTINE UPDATE (I, J, N, NBANK, COST, LIST, NBR, KX)
The function of this subroutine is to make the temporary change that
led to a successful test (caused a decrease in total costs) permanent.
The vector NUM and column 4+ KX of IHOSP have already been updated in sub-
routine TEST. In this subroutine IHULLA, TSCOST (I), TSCOST (J), EMCOST (I),

EMCOST (J), NBLAD (I), NBLAD (J) and ITHOSP are updated.

SUBROUTINE PRINTS (N, NBANK, KX, NX, ISTOP, IUNIT)

The function of this subroutine is to provide an output in the format
of the tables presented in section 4.4 of OR [1976]. 1ISTOP and IUNIT con-
tain the constraints on the vehicles (maximum number of stops per vehicle
and maximum number of units per vehicle) if a MVDP solution is being pro-
vided. KX selects the column of THULLA that is to be printed and the ap-
propriate title for the hospital assignments. '"NX" is a 0, 1 variable
showing whether the solution obtained is a MTISP solution or a MVDP solu-
tion. At the time this subroutine is entered the information contained
in NUM (50), IBLADTR (50) and IBTR (5) should correspond to the routing

that is to be printed (i.e., IBTR (1) contains the number of vehicles in
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region 1; NUM (1) to NUM (IBTR (1)) contain the number of stops for the
vehicles in region 1; IBLADTR (1) to IBLADTR (IBTR (1)) contain the number
of units carried by vehicles in region 1; IHULLA (1, 1+4+KX) to

THULLA (NUM (IBTR (1)), KX+ 1) contain the circuit corresponding to the

first vehicle in region 1; and so on).

SUBROUTINE PLOTING (SCAL, KX, NBANK, NTRUCK)

The function of this subroutine is to plot (using the CALCOMP plotting
package) the solution obtained. Subroutine PLOTING uses the information
contained in either column of IHULL (150, 2) for plotting. "KX" is a
variable allowing the user to plot either the first or the second column
of IHULLA, and to select the appropriate title for the graph. "SCAL" con-
tains scaling information; it should be 70 for the wide plotter and 220
for the small plotter. Arrays w, z contain the coordinates for the Chicago
shoreline. The number of active vehicles in the routing to be plotted is
stored in NTRUCK. At the time subroutine PLOTING is entered, the informa-
tion contained in NUM (1) to NUM (NTRUCK) should correspond to the routing
that is to be plotted (i.e., IHULLA (1, 1+KX) to IHULLA (NUM (1), 2+KX)
contains the circuit corresponding to the first vehicle; IHULLA (NUM (1) +1,
1+KX) to THULLA (NUM (1) +NUM (2), 1+KX) contains the circuit corresponding

to the second vehicle; and so on).

INTEGER FUNCTION DATX (I, J)
This function computes the address of the entry (I, J) of the distance

matrix in the extended core storage.
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Appendix

The following pages contain the actual Fortran codings of the sub-

routines in the library BTAP and of the main program BTP.
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