@ 700 PROGRAMMING SYSTEMS
MP FLOATING LOAD

QUALITY SOFTWARE

DATE: February 1968

ID CODE: BPV

DRAWING: 391075

LABEL: FLD

AUTHOR: STVL

SOURCE: SYM I Assembly Language
OBJECT: Relocatable

PURPOSE

To load into the software registers MNT1, MNTZ2, MNT3, a mid-
precision floating point number set in three consecutive words of

memory.
USAGE
Calling Sequence
L-1 SMB FLD
L JSX FLD
L+1 D FARG
L+2 return

The routine will return to L.+2 with the contents of MNT2 in the hard-
ware accumulator.

Argument Description

FARG is the first of three consecutive words of memory containing a
floating point number. The first will be an exponent; the remaining
two will be a normalized two-word mantissa.

Storage Requirements

Four words of common storage: RET1, MNT1l, MNT2, MNT3.

METHOD

Indexed loads and direct stores constitute the entire logic.




. RESTRICTIONS

BPV - Continued Page 2

Entries
FLD

Other Routines

None.

External Constants

None.
Space Used
10 words
Timin

19 cycles.
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@ 700 PROGRAMMING SYSTEMS
MP FLOATING STORE

QUALITY SOFTWARE

DATE: February 1968

ID CODE: BPW

DRAWING: 391077 (Rev B)

LABEL: FST

AUTHOR: STVL

SOURCE: SYM I Assembly Language
OBJECT: Relocatable

PURPOSE

To store into three consecutive words of memory a mid precision floating
point number set in the software registers MNT41, MNT2, MNT3.

USAGE

Calling Sequence

L-1 SMB FST
L JSX FST
L+1 D FARG
L+2 return

The routine will return to L+2 with the contents of MNT2 in the hard-
ware accumulator,

Argument description

FARG is the first of three consecutive words of memory. The first
will be an exponent; the remaining two will be a Double Precision
Normalized word.

Storage Requirements

Four words of common storage: RET1, MNT41, MNT2, MNT3.
METHOD

Direct loads and indexed stores constitute the entire logic.
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RESTRICTIONS

Entries
FST

Other Routines

None.

External Constants

None.
Space Used
10 words.
Timin

19 cycles.
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700 PROGRAMMING SYSTEMS
CONVERT FIXED POINT TO MP FLOAT

AR THEON

QUALITY SOFTWAREV

DATE: December 1968

ID CODE: BRF

DRAWING: 391094 (Rev C)

LABEL: FLT, FLTZ2

AUTHOR: JACQ

SOURCE: SYM I Assembly Language
OBJECT: Relocatable in Block "MATH"
PURPOSE

This subroutine converts data given in the single or double precision
fixed point formats to a normalized mid precision floating point number.
The result is stored in the software register MNT41, MNT2, MNT 3,
USAGE

Scale Factor

The binary point in a fixed point number is normally considered to be
between bits 0 and 1, i.e., immediately in front of the first magnitude
bit. The use of an algebraic integer N as a scale factor permits to

shift the point N bit positions from it normal location, either to the right
if the factor is positive, or to the left if it is negative. That is equivalent
to multiplying the fixed point number by 2N prior to conversion, but
without altering the number.

Calling Sequences

FLT refers to a single precision fixed point number. FLT2 refers to a
double precision fixed point number. The calling sequence is as follows:

L-1 SMB FLT (or FLT2)
L JSX FLT (or FLT2)
L+1 DATA ARG

L+2 DATA N + X'8000!
L+3 Return

Where ARG is the address of the fixed point number, and ZN is the scale.

394094C
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To convert from an unscaled integer, the scale factor N = 15 (FLT) or
N = 30 (FLT2) need not be given:

L-1 SMB FLT (or FLT2)
JSX FLT (or FLT2)
DATA ARG + X'8000'

Using the standard subroutine calls available with SYM I and SYM Il is
more convenient:

SYMI SYM II
SMB FLT (or FLT?2) FLT (or FLT2) ARG,N
JSX FLT (or FLTZ2), ARG,N

or: or:
SMB FLT (or FLT2) FLT (or FLT2) ARG
JSX FLT (or FLT2), ARG

METHOD

The argument is normalized, i.e., shifted so that its most significant
bit is brought into bit 1 of the higher word of the mantissa. In the
process the exponent is decremented by 1 for each bit shifted, from an
initial value equal to the scale factor plus the bias of the exponent.
Exponent and mantissa are stored in the software registers MNT1,
MNT2, MNT3,

A zero argument yields three zero words.

A negative argument with a magnitude equal to an integer power of two
is given the unnormalized mantissa: X'C000',0.

ACCURACY

Not applicable.

RESTRICTIONS

Scale Factor N

-129 << N <128

391094C
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Entries
FLT, FLT2

Loading

This subroutine locally references storage words and constants located
in the "MATH POOL' module, and must therefore be loaded in the same
2k block as the pool.

Other Routines

FNRM

Space Used

29 words

Timing (in machine cycles)

FLT FLT2
Minimum 41 42
Maximum 161 180
Average 116 127

391094C
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700 PROGRAMMING SYSTEMS
CONVERT MP FLOAT TO DP FIX

\RAITHEON

QUALITY SOFTWARE

DATE: December 1968

ID CODE: BYY

DRAWING: 392338

LABEL: FIX2 -

AUTHOR: JACQ

SOURCE: SYM I Assembly Language
OBJECT: Relocatable in Block "MATH"
PURPOSE

This subroutine converts data from the mid precision floating point format
to the double precision fixed point format. The latter consists in two
consecutive words in two's complement form, where in the first word bit 0
is reserved to the sign and bits 1 - 15 are the most significant half, while
in the second word bit 0 is always zero and bits 1 - 15 are the least
significant half,

The binary point is normally located between bits 0 and 1 of the most
significant word. However, the use of a binary scale, extrinsic to the

format, permits to consider the point to the left or right of its normal
location.

A fixed point number can be considered as an integer by shifting the binary
point to the right of the least significant bit.

USAGE

Scale Factor

The use of an algebraic integer N as a scale factor permits to shift the
binary point, in the fixed point number, N bit positions from its normal
location,either to the right if the factor is positive, or to the left if it is
negative. That is equivalent to scaling the floating point number up

or down by 27 prior to the conversion, but without upsetting the given
number,




BYY - Continued Page 2

Calling Sequences

The floating point number to convert is set in the software registers
MNT1, MNT2, MNT3, before calling the subroutine FIX2 as follows:

L-1 SMB FIX2

L JSX FIX2

L+1 DATA STORE
L+2 DATA N + X'8000°
L+3 Return

Where STORE is the address of the converted number and ZN is the
scale.

To convert to an unscaled integer, N = 30 need not be given:

L-1 SMB FIX2

L JSX FI1X2

L+1 DATA STORE + X'8000!
L+2 Return

Those sequences are coded more conveniently with the standard subroutine
calls available in SYM I and SYM 1II:

SYM I SYMII
SMB FIX2 F‘IX2 STORE, N
JSX FIX2,STORE,N

or: or:
SMB FIiX2 FIX2 STORE
JSX FIX2,STORE

The floating point number set in MNT4, MNT2, MNT3, is not upset by
the subroutine FIX2,

METHOD

The mantissa Xm of the floating point number, X = Xm . er’ is shifted
to the right by a number of bit positions S, if S is positive. The shift
count S is the lesser of N-Xe or 30. A negative mantissa is converted

to one's complement prior to the shift. The shifted mantissa is restored
to two's complement and stored as the result.
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A negative shift count S shows an overflow condition. The result is in
this case replaced with % (1-2'30). '

ERROR CONDITIONS

" . -3
An overflow conditions occurs, and the result is then set to = (1-2 O),
when the exponent of the floating point number is greater than the scale
factor.

ACCURACY

Not applicable.

RESTRICTIONS

Scale Factor N

-129< N <128

Entrz

FIX2

- Loading

This subroutine locally references storage words and constants located
in the "MATH POOL'" module, and must therefore be loaded in the same
2k block as the pool.

Other Routines

FAD

Space Used

38 words
Timing (in machine cycles)
Minimum 33

Maximum 105
Average 98
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700 PROGRAMMING SYSTEMS

CONVERT MP FLOAT TO SP FIX

CUED

QUALITY SOFTWARE

DATE: December 1968

ID CODE: BYZ

DRAWING: 392339

LABEL: FIX

AUTHOR: JACQ

SOURCE: SYM I Assembly Language
OBJECT: Relocatable in Block "MATH"
PURPOSE

This subroutine converts data from the mid precision floating point format
to the single precision fixed point format. A single precision fixed point
number consists in one word in two's complement form, where bit 0 and
bits 1 - 15 are reserved respectively to sign and magnitude.

The binary point is normally located between bits 0 and 1. However,
the use of a binary scale, extrinsic to the format, permits to consider

the point at any position to the left or right of its normal location.

A fixed point number can be considered as an integer by shifting the
binary point to the right of the least magnitude bit.

USAGE

Scale Factor

The use of an algebraic integer N as a scale factor permits to shift the
binary point, in the fixed point number, N bit positions from its normal
location, either to the right if the factor is positive, or to the left if it is
negative. That is equivalent to scaling the floating point number up or
down by 2° prior to the conversion, but without upsetting the given
number.

Calling Sequences

The floating point number to convert is set in the software registers,
MNT1, MNT2, MNT3, before calling the subroutine FIX as follows:
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L-1 SMB FIX

L JSX FIX

L+1 DATA STORE
L+2 DATA N + X'8000!
L+3 Return

Where STORE is the address of the converted number and 2N is the
scale,

To convert to an unscaled integer, N = 15 need not be given:

L-1 SMB FIX

L JSX FIX

L+ DATA STORE + X'8000!
L+2 Return’

Those sequences are coded more conveniently with the standard subroutine
calls available in SYM I and SYM 1I:

SYM I SYM II
SMB FIX FIX STORE, N
JSX FIX,STORE, N

or: or
SMB FIX FIX STORE
JSX FIX,STORE

The floating point number set in MNT4, MNT2, MNT3, is not upset by
the subroutine FIX,

METHOD

The mantissa Xm of the floating point number, X = Xm . er, is shifted
to the right by a number of bit positions S, if S is positive. The shift
count S is the lesser of N-Xe or 15. A negative mantissa is converted to
one's complement prior to the shift. The most significant half of the
shifted mantissa is restored to two's complement and stored as the result.

A negative shift count S shows an overflow condition. The result is in
this case replaced with (1 - 2 =15), |




BYZ - Continued Page 3

ERROR CONDITIONS

-15
An overflow condition occurs, and the result is then set to (1 - 2 ),
when the exponent of the floating point number is greater than the scale
factor. ‘

ACCURACY

Not applicable.

RESTRICTIONS

Scale Factor N

-129< N128

Entrz
FIX

Loading

This subroutine locally references storage words and constants located
in the "MATH POOL'" module, and must therefore be loaded in the same
2k block as the pool.

Other Routines

None

Space Used

39 words

Timing (in machine cycles)
Minimum 29

Maximum 51
Average 45
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@ 700 PROGRAMMING SYSTEMS
MP FLOATING ADD, SUBTRACT, NORM.

QUALITY SOFTWARE

DATE: March 1968

ID CODE: BRD

DRAWING: 391090 (Rev D)

LABEL: FAD, FSB, FNRM
AUTHOR: FACQ

SOURCE: SYM I Assembly Language
OBJECT: Relocatable

PURPOSE

FAD, FSB: To add or subtract two mid-precision floating point
numbers and leave the normalized mid-precision sum or difference
in the software registers MNT1, MNT2, MNT3.

FNRM: To normalize a floating point number set in the software
registers MNT41, MNTZ2, MNT3.

USAGE

Calling Sequence

FAD, FSB:

L-1 SMB FAD (FSB)
L JSX FAD (FSB)
L+1 DATA FARG

L+2 Return

FNRM

L.-1 SMB FNRM
L JSX FNRM
IL.+1 Return

Argument Description

All three routines use the Floating Point Register as one argument,
FAD and FSB need a search argument, FARG.

Storage Requirements

External storage in RET3, TMP2, TMP3, TMP4, OVFL, and the
Floating Register MNT41, MNT2, MNT3.




BRD - Continued Page 2

METHOD

The mantissa of the lesser argument is shifted to the right, by a number
of bits equal to the difference of the two exponents, before algebraic
summation or subtraction with the mantissa of the other argument.

The exponent of the greater argument is given to the sum or difference.
It is incremented or decremented upon normalization of the resulting
mantissa on bit 1 as the first significant bit.

ERROR CONDITIONS

An overflow or an underflow gives an exponent off by +256 and causes
the flag word "OVFL'" to be set to non-zero. No error message
is given.

ACCURACY

30 bits
The shifted arguments is not rounded off before summation.

RESTRICTIONS

Entries
FAD, FSB, FNRM

Other Routines

DAD, DSUB,

External Constants

BO, B1, DO, D1, D255, M8R

Space Used

149 words

Timing (in cycles) Average Minimum Maximum
FAD 120 107 208
FSB 120 107 208
FNRM 50 18 119

391090D
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