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ABSTRACT

SCL Lists, a new data structure implemented in SAS, version
6.07, provide many new programming techniques to SCL
programmers. Through examination of a classic problem, the
following list technigues and flexibility will be discussed:

e  Array Alternative - SCL. lists can effectively replace single
and multi-dimensional arrays

¢  Dynamic Structure - List items can be dynamically added,
deleted, and rearranged

s Direct Access - List items can be accessed by an index
value or by a name

+ Argument Passing - Lists can greatly simplify the passing of
a large number of arguments

e Data Set Altemative - Lists make convenient tables and can
be accessed faster than data sets

+  Data Sharing - List items can be stored in an environment list
and made common to other routines

&  Storage Option - Lists can be saved to disk for later retrieval

INTRODUCTION

SCL Lists, a new data structure implemented in SAS, version
6.07, provide many new programming techniques to SCL
programmers. While lists are ordered collections of data similar in
many ways to armrays, lists provide virttually unlimited run-time
functionality. Through the classic Traveling Salesperson problem,
the techniques and advantages of lists over traditional data types
will be explored.

THE TRAVELING SALESPERSON PROBLEM

Suppose a salesperson has been assigned a region covering an
arbitrary number of cities. The salesperson needs to travel to
each of these cities for business meetings. Each city has roads
connecting it 1o every other city. The salesperson would ideally
travel the shortest route to make the most efficient use of his
resources (he is working off commission). Therefore, what is the
shortest route that visits each city once, and only once, and ends
at the originating city ?

For example, assume the salesparson needs to visit Seattle,
Dallas, Chicago, New York, and Los Angeles and wants to travel
the shortest possible route and return to the originating city
{Figure 1).
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Graphical Representation

Figure 1

The Traveling Salesperson problem is related to many common
computer science problems. In general, the Traveling

‘Salesperson problem contains objects and interconnections

beiween these objects. Electronic circuits, telecommunications
linking, network flow, scheduling, inventory, and many other
problems have these similar properties. Our salesperson is
concemned with distance, but the object interconnections couild
easily ba weighed by factors such as time, money, and capacity.
Furthermore, the interconnections can be directional: a path from
object A to object B does not imply a corresponding path from
Object B to Object A.

The first step in writing a program to solve this problem
determining how we are going to represent this data in a
computer. Three possibilities come to mind:

¢ Table Data Set
*  Two-Dimensional Array
e SCL Lists



1. Table Data Set

Each interconnection, or road, could be represented as
observations in a SAS data set as described in Table 1.

Table1 Data Set Representation

O O &
Seattle Dallas 213
Seattle Chicago _ 2052
Seattle New York 2841
Seattle Los Angeies 1134

| Dallag Seattle 2131

| Dallas Chicago o
Dallag New York 1559
Dallas Los Angeles 1399
Chicago Seattle 2052
Chicago Dallas 921
Chicago New York 809
Chicago Los Angeles 2048
New York Seattle 2841
New York Dallas 1559
New Yori Chicago 809
New York Los Angeles 2794
Los Angeles | Seattle 1134
Los Angeles | Dallas 1399
Los Angeles Chicago 2048
Los Angﬂes New York 2794

‘However, determining the shortest route will require accessing
this data set many times. Because disk agcess is much slower
than internal memory access, the solution will undoubtedly require’
accessing the observations in this data set randomly, which is
even slower than saquential access.

2. Two-Dimensional Array

A two-dimensional array is a convenient storage mechanism and
can be stored in memory, thereby avoiding costly disk access.
The aray would have the “From" city in the first dimension index
and the "To” city in the second dimension index, with the element
vaiue being the distance. )

Table 2 illustrates how this array might look in memory.

Table2 Two Dimensional Array Representation

Seattle  Dallas Chicago New York LosAngela'

Seattle 2131 2052 2847 1134
Dallas 1399
Chicago 2052 921 2048
New York 2841 1559 2704
Los Angeles | 1134 | 1599 2048

Array referencing is immensely faster than disk access and
random access is straight forward: simply supply the two indices.
However, arrays impose some inherent disadvantages: array
sizes must be declared at program compilation and cannot be re-
sized during program execution. The dynamic programmer is
confronted with a dilemma: either right-size the array and restrict
the programs functionality in favor of memory conservation, or
oversize the aray and waste memory in favor of program
fiexibility. Additionally, arrays commonly have unused cells yet
are another waste of memory.
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In the Traveling Salesperson problem, diagonal cells are not
used. This problern becomes more pronounced if every city is not
reachable from every other city; fewer interconnections means
more unused cells.

3. SCL Lists

Lists can be thought of as a dynamic array although you can
define lists with a fixed number of elements. These elements can
be directly refarenced much in the same way an array is directly
referenced. However, lists have many capabilities not available
with arrays. The most notable advantage is dynamic sizing, the
capability to control the number of data elements to be stored.
New items can be inserted into the list at any point in a program,
and the list will automatically re-size itself. Likewise, old items
can be deleted. Consider using a list if you ever ask yourself:
*How large should | define this array?"

Why introduce a limit to the number of elements when you could
use a list, which is capable of expanding itself as needed?

When defining an array, the element data type must be declared
as either numeric or character. Lists do not have these
rastrictions, and list items act independently of one another. Lists
can contain any combination of numbers, characters, or even
other lists, which makes them a useful storage mechanism for
disparate data types,

While array elements can only be referenced by the index number
in the array, list #ems can be referenced a variety of ways. ltems
can be referenced by supplying the index number in the list, as
with armays. Additionally, list items can be named and then
directly accessed by these names.

Lists can be written to disk and loaded in future sessions, a
significant advantage over arrays and macro variables, which are
not written to disk. This capability, coupled with the dynamic
flexibility of lists, virtually eliminates the need for parameter data
seis. Extended tables driven from lists are faster than those
driven from data sets for the same reasons memory addressing is
faster than disk access.

Figure 2 demonstrates how we could use a list to store the data
required for the Traveling Salesperson.

Figure 2 List Representation
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The basae list contains a sublist for each city. These sublists are
conveniently named for the city they represent. Each city's sublist
contains a number of named numeric items. Each sublist item



represents the distance between the base list city and the city
indicated by the item's name. For instance, the first item in
Seattle’s sublist is named Dallas and has a value of 2,131.
Therefore, this item indicates that the distance between Seattle
and Dallas is 2,131 miles. '

The following method could be used fo create such a list
structure:

LENGTH FROM TO $11
DISTANCE 8;
LOADLIST: METHOD INDSN 517
. SAVEDSN $25
CITYLIST 9;

DSID = OPEN(DSN,'I');
CITYLIST = MAKELIST();
IF DSID AND CITYLIST THEN DO;
CALL SET(DSID);
DO WHILE (“FETCH{DSID)):
IF “NAMEDITEM{CITYLIST, FROM} THEN DO;
ROADLIST = MAKELIST(};
CITYLIST = INSERTL(CITYLIST,
ROADLIST, -1, FROM} ;
END;
ELSE ROADLIST = GETNITEML (CITYLIST,
FROM) ;

ROADLIST = INSERTN (ROADLIST,DISTANCE,
-1,T0);
END;
RC = CLOSE(DSID);
END;
ELSE PUT 'ERROR: FILE COULD KOT BE OPENED';
RC = SAVELIST('CATALOG',SAVEDSN,CITYLIST) ;
IF RC THEN PUT 'ERROR: LIST NOT SAVED';
ENDMETHOD ;

This method creates a new, empty list and then builds the list
from a parameter data set (as defined earfier). Notice that the
number of cities is not predetermined. As a new city is
encountered in the data set, a new sublist is created.
Furthermore, each city's sublist only contains items for the
interconnections found in the data set. Memory is more
effectively utilized as compared with unused aray elements.
Because we might need this list more than once, the list is saved,
allowing us to avoid rebuilding the list more than once.

Now that we have selected the use of SCL lists as our method of
accessing the data, possible solutions can be considered.

BRUTE FORCE SOLUTION

Those with access to a mighty mainframe, no chargeback, and
limitless CPU resources might answer the salesperson’s problem
with the following: for every possible combination, determine the
distance and take the shortest path. Deiermining the possible
permutations when every city is reachable from any city is fairdy
simple: do nested for loops, checking every possible combination,
and retain the shortest path encountered (care must be taken,
however, to ensure each city is visited only once). This methed is
called brute force because each possibie scenario is checked.

With oniy a few cities, brute force is acceptable because a
manageable number of combinations exist. However, the number
of combinations quickly increases as more cities are considered.
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Table 3 shows the number of possible routes available to our
salesperson.

Table 3 ~ Factorial Growth Function

Number of Permutations
1_20
720
5,040

40,320

362,880
3,628,200
39,916,800

Number of cities

e 1 1 G RN - T

The number of combinations is X factorial {(where X is the number
of cities). Brute force quickly becomes unfeasible; however, it is
the only way to absolutely know the shortest path.

APPROXIMATION

Is the absolute shortest path necessary ? What about finding “one
of the shortest” paths? For this example and many others, an
approximation is satisfactory. Therefore, let's just find a
reasonably short path. To do this, the salesperson might just start
in a city and travsl to the closest city not yet visited. If this were
done at each city visited, then a reasonably short path can be
found without determining all the possible paths.

Figure 3 shows the flow of such an algorithm.
Figure 3  Approximation Program Flow
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Determining the next closest city is simple if we take advantage of
SCl's SORTLIST feature. Each city's list of distances to
neighboring cities can be sorted in ascending order.so that the
closest city appears first in the list. Adding the following code to
our LOADLIST method prior to saving the list would achieve this
effect.

DO I = 1 TO LISTLEN(CITYLIST};
CITYLIST = GETITEML{CITYLIST,I);
CITYLIST = SORTLIST{CITYLIST,

' ASCENDING VALUE') ;



The new list structure would then appear as in Figure 4;

Figure 4 Sorted List Represémation
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At this point, we have assumed that each city is reachable by
every other city. What happens if we assume an airline analogy
where you are at the mercy of the airlines and from a given city,
you can only reach certain other cities? Finding possible routes
becomes more difficult when dead ends occur from a given city
from which no other unvisited cities are directly accessible,
Therefore, we have to backirack when a dead end is
encountered.

Figure 5 demonstrates how a path starting in Seattle reaches a
dead end by the time we reach Los Angeles. Without a
connection between Los Angeles and Seattle, the salesperson
wouid not be able ta return home by air.

Figure § Dead End

Angeles

We can see what affect this has on the list structure in Figurs 6.
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Figura 6 Sorted List Representation with Dead Ends
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Backtracking will require tracking the cities already visited in such
a way that the path can be undone for one or more cities and then
started back up. In Figure 4, the salesperson would need to back
up to Chicago, visit Los Angeles, Dallas, New York, and then
retum 1o Seattle. A Depth First Search algorithm, widely used is
solving many problems as the Traveling Salesperson, can be
employed to provide this functionality,

DFS:METHOD CITYLIST B;
PATH = MAKELIST():
DONE = 'N*;
DO I = 1 TO LISTLEN(CITYLIST);
IF “SEARCHC {PATH,NAMEITEM (CITYLIST,I))
THEN CALL
METHOD (' TRAVSALE . TRAVSALE .METHODS . SCL' ,
'VISIT',CITYLIST, PATH,
NAMEITEM (CITYLIST, I),DONE) ;
IF DONE = 'Y' THEN LEAVE;
END;
RC = DELLIST(PATH,'Y');
ENDMETHOD ;

VISIT:METHOD CITYLIST PATH B VISIT %11 DONE 851;

PATH = INSERTC(PATH,VISIT,-1);

ROADLIST = GBETNITEML (CITYLIST,VISIT);

IF LISTLEN(PATH) = LISTLEN(CITYLIST)

THEN DO;
IF NAMEDITEM (ROADLIST, GETITEMC (PATH, 1))
THEN DO;
DONE A
CALL PUTLIST (PATH, 'PATH FOUND
END;

END;

ELSE DO I = 1 TO LISTLEN (ROADLIST);
IF “SEARCHC (PATH, NAMEITEM (ROADLIST,I))
THEN CALL

METHOD (' TRAVSALE . TRAVSALE .METHODS . 5CL ! ,
'VISIT',CITYLIST, PATH,
NAMEITEM (ROADLIST, I),DONE) ;
IF DONE = 'Y' THEN LEAVE;
END;
RC = DELITEM(PATH, SEARCHC (PATH, VISIT)};
ENDMETHOD ; :

HA

The DFS method first creates an empty list call PATH, which will
be used to store the cities visited. The DONE flag is initialized
and then a loop through each city is entered. VISIT is called on
the first city in the city list. VISIT immediataly marks the city as



visited. A check is made to see if all cities have been visited, and
if the original city is reachable, the path is printed and the DONE
flag is set. Otherwise, a recursive cail to VISIT is made to each
unvigited city. if the loop terminates normally and not every city
has been visited, then we have reached a dead end and the city is
remaved from the path.

In Figure 4, this program originates in Seattle. The closest
unvisited city o Seattle is Dallas and so our salesperson traveis
to Dallas. From Dallas he traveis to Chicago, and then to New
York. Once he reaches New York, he hits a dead end. The only
unvisited city is Los Angeles, which is not reachable from New
York. Therefore, the algorithm backiracks to Chicago and tries
Los Angeles. This is just as much a dead end as before: he
cannot reach New York, the last unvisited city. The algorithm
continues in this fashion until the first complete path is found:
Seattle, Dallas, Los Angeles, Chicago, New York.

Ancther advantage of lisis over arrays are ctearly visiple from this
example. The recursively called VISIT method is passed the city
list. While arrays can be passed as parameters in SCL, the
behind.the-scenes actions often result in undesirable effects.
When SCL passes an array, a reference to each element is
passed to the program being called. When a list is passed, only
the base list identifier is passed. All other slement references are
accessed via the based list pointer. Thus, passing large amays
significantly increases the processing time for function calls.

Another consideration for parameter passing is recursion. This
example will have muitipie nested calls to itself. If arrays were
used, each nested call wolld requires its own set of references.
As the number of active nested calls increases, memory for all the
array references soon bacomes scarce. Determining a route with
even 50 cities becomes problematic.

An improvement in our algorithm would be to store the path and
city lists in the environment list. SCL provides for a global and
local environment list. The global list can be accessed by all
SAS/AF® applications within the current SAS session while the
local list can be accessed by any SCL program within tha SAS/AF
application. Thess environment lists make convenient storage
spaces for commonly used variables and tables, such as our city
list. Parameter passing for these items can be completely
avoided.

CONCLUSION

" The problem of the traveling salesman, as well as any problam
involving a dynamic data complex, is greatly simplified by the
dynamic nature of list structures. Lists offer many advantages
over arrays and disk storage for rapid access and iregular data
pattems. Because lists are available to all child processes by
passing a single 8-byle pointer saves considerable framing
overhead when a significant amount of data has to be passed
between routines.

Lists, when combined with other recent deveiopments in SCL, can
revolutionize the way you solve problems in all of your SCL
programming efforts. Many of the techniques that are facilitated
by lists also facilitate more flexible, reusable program modules.
Probably the worst drawback to lists is getting accustomed to
using this data structure in your SCL programming, when you find
yourself trying to code something in a data step without a
comparable structure.

One note of caution: - lists are stored in memory, creating the
chance that you will make inappropriate use of memory when
your lists get very large. Most operating systems will swap
memory storage out to disk when you ovemun your “chip”
memory, which is a costly imposition. Therefore, lists are ideal
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only if the expected amount of data will be handled without
swapping memory out to disk.
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