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ABSTRACT

The quantity of data stored and
processed by most companies has
increased dramatically in the last few
years, leading to a demand for more
efficient memory utilization. When
variables are outputted to an external
file using a SAS® format, the system
allocates at least one byte of memory
for each data point. This paper
describes a2 method that can be used
to store Boolean variables in single
bits. SAS already provides an

informat to read the bit-sized
variables.
INTRODUCTION

Review of Bytes and Bits
A byte of memory consists of eight
bits, and can hold a value ranging
from O to 255. Each bit can have a
value of O or 1. The value stored at a
byte is based on its bit settings. For
example, the number "35" would be
stored as "00100011" in memory.
The "35" is derived as follows:
(o*2")
(0*2%)
(1+2%)
(o*2%
(0+2%
(0*2%)
(1%2%)
+{1%2%

Moving from right to left in the binary
number, the value of each bit within a
byte increases twofold. The leftmost

bit is referred to as the highest order
bit; it can sometimes represent the
sign (+ or -) of the stored number. If
larger numbers, or numbers with
decimal points, need to be stored,
more bytes are required. if a
character is being stored, the number
stored at the byte is equivalent to the
ASCIl value of the character (or
EBCDIC for mainframes).

SAS Memory Allocation
SAS provides a variety of formats that
can be used to output variables to an
external file. Unfortunately, none of
these formats will allow vyou to
allocate less than one byte of memory
per variable value. If your variable is
Boolean (i.e., it can only have two
possible values), this is- a waste of
memory, because its information could
be stored in a single bit.

Reading Bit-Sized Variables

SAS does provide an informat,
BITSw.d, that enables the system to
read single bits from a file. The "w"
in the informat is the number of bits.
to read, and the "d" is the offset from
the first bit. For example, in order to.
read the leftmost bit in a byte that
starts at column 4, type:

INPUT @4 VARNAME BITS1.0;

Substituting B/TS7.3, the system
would read the fourth bit from the
left. Remember, the second number
represents the offset from the
leftmost bit.
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BYTES TO BITS ALGORITHM

Concept

As mentioned previously, a bit can
have a value of 1 or Q. Therefore, the
"bytes to bits" algorithm is only useful
for storing Boolean variables. Since
there are eight bits in a byte, up to
eight Boolean variables can be stored
in each byte. in order to store
multiple variables in a single byte, the
algorithm generates a value equal to
the sum of the component bits. This
can best be illustrated through an
example.

Let's say we want to store eight
variables with the following values:

boovari
boovar2
boovar3
boovar4d
boovarb
boovar6
boovar7
boovar8

I
= QO Q= a2 QO0 -

These eight values can be used to
construct  the binary  number
10011001 which translates to the
base 10 number 153. (Refer to
Review of Bytes and Bits, it this is
unclear.) Therefore, by storing the
number 153 at a single byte, we have
effectively stored values for all eight
variables. The variables can be read
bit-by-bit using the B/7Sw.d informat.

Code

In the following illustration of the
code, assume there are 26 Boolean
variables to be stored in bits.

$LET NUMVAR=26;
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Therefore, four byte-sized variables
are required:

NUMBYTE=CEIL { &NUMVAR/8) ;
CALL SYMPUT
{'NUMBYTE' , COMPRESS (PUT (NUMBYTE, BEST.)));

Create arrays for all of the Boolean
variables and the byte-sized variables,
so the bytes to bits processing can be
accomplished in one loop.

ARRRY BOOVAR {*} BOOVAR1-BOCVARENUMVAR ;
ARRAY BYTVAR {*} BYTVAR1-BYTVAR&GNUMBYTE;

If there is a possibility that there will
be more byte variables than are
necessary to store all of the Boolean
variables (e.g., construction of a fixed-
length bit map), it is a good idea to
initialize all byte variables to =zero.
Otherwise, byte variables that are not
processed by the algorithm will have
missing values.

DO I=1 TO DIM(BYTVAR);
BYTVAR{I}=0;
END;

Eight Boolean variables can be
assigned to each byte variable. The
first variable is assigned to the highest
order bit; subsequent variables are
assigned to the next-highest order bit,
until the eighth variable is assigned to
the lowest order bit.

/* T keeps track of the byte variables. */
J=1;

/* I keeps track of the bit variables. */
DO I=1 TO &NUMVAR;

/* First 7 of 8 bits go thru 1st loop. */
IF MOD(ZI,8)" =0 THEN DO;
IF BOOVAR{I} THEN
BYTVAR{.J} m{a}+(2**(s-uon(1 8)));
mr

/* Por Bth bit, above expression resclves to
3:,- lowest order bit should be multiplied by
27,/

ELSE DO;



IF BOOVAR{I} THEN
BYTVAR{J}=BYTVAR{J}+(2*+0) ;

/* After lowest order bit is processed, move
to next byte variable. */
J=J+1;
END;
END;

Each of the byte variables should be
outputted using the P/B7. format
because this format treats the highest
order bit as part of the value and not a
sign.

DO I=l TO DIM(BYTVAR) ;

PUT @I EYTVAR{I} PIBl. &;
END;
PUT;

‘CONCLUSION

If you are faced with limited memory
resources, or if the files you generate
will be read by programs expecting
bit-sized input, the algorithm described
in this paper could be useful.
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