















































































































































































































































































































































































































































































































































Example 2:

Floating point number 3BCO 0000
BINARY = 0011 1101 1100 0000 (0000)

o11 1101 1
EXPONENT = 7B

| 788
-7F

-4

MOVE BINARY POINT LEFT 4 PLACES’

.100 0000 (0000)

.0000100 0000
. oxz-lmn-2+oxz‘3+oxz'4+1x2'5+. ceeen
-5

1
ANSWER = o = 0312559

Example 3:

. Floating point number 44CO 0000
BINARY 0100 0100 1100 0000 (0000)
Exponent 100 0100 1

8 9%

89
=80
+9

MOVE BINARY POINT RIGHT 9 PLACES

.100 0000 (0000)
100 0000 O00.

1x28+0x27+........+0x20 .ox2l+........+Ax2™0

ANSWER = 28 = 25619
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CALLING SEQUENCE

FLOT uses an interpretive calling sequence,

Neither calling sequence saves Q or I, nor uses the

communication cells. In the re-entrant cases, the communication cells must be saved upon entrance
to a program unit and restored upon exit (it is the user's responsibility to save these communication
cells). The interpretation is on a string of four-bit bytes, where the leftmost four-bit byte represents
the first operation. The respective operands, if they exist, are in the same order as the:bytes, with
one operand per byte. As many operations as desired may exist, but the last one must be the

terminator of a four, The floating-point accumulator is retained between calls to FLOT.

Example:

RTJ

address of FLOT

0,10

1{ 2

03

»?Ié'-?w?

The calling sequence was designed to minimize core requirements, including cbre used to set up the

calling sequence.

OPERATIONS

The following operations are used by the floating-point package.

C-4

Operation
SPEC
FLOF

FIXF

4-Bit
Code

0
1

Meaning
Special. This is first byte of a two-byte operation code.

Float to fix, The pseudo accumulator is converted to a 16-bit integer

and stored at the effective operand address.

Fix to float. The contents of the effective operand address are con-
verted from a 16~bit integer number and placed in the pseudo accomu-

lator,
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4-Bit
Operation Cods
STRI 3
FEND 4
CHMD 5
NIDX 6
FCOM 7
FSUB 8
FMPY 9
FDIV Ajg
FLDD Big
ADDI Cie
FLST Dyg
FADD Es6
INDX Fi16
60362000 E

Meaning

Store index, The index register is stored at the effective operand
address.

End of calling sequence. This operation terminates the calling
sequence, No operand needed.

Change mode of operation. All operand addresses following this opera-
tion code in the calling sequence are made relative if the preceding
addresses were absolute, or absolute if the preceding addresses were
relative. Addresses are initially absolute. No operand is needed.

No index. The succeeding operands do not have indexing increments,

NIDX supersedes any preceding INDX and is superseded by any follow-
ing INDX. NIDX is assumed initially, No operand is needed.

Floating complement. The pseudo accumulator is complemented. No
operand is needed.

Floating subtract. The contents of the effective operand address are
subtracted from the pseudo accumulator and the result is left in the
pseudo accumulator,

Floating multiply. The pseudo accumulator is multiplied by the con-
tents of the effective operand address and the result is left in the pseudo
accumulator,

Floating divide. The pseudo accumulator is divided by the contents of
the effective operand address and the result is left in the pseudo
accumulator.

Floating load. The ﬂoéting—point number in the corresponding effecu‘ve.
operand address is transferred to the pseudo accumulator.

Add to index., The contents of the effective operand address are added
to the index register.

Floating store. The floating-point numher is transferred from the
pseudo accumulator to the corresponding effective operand address.

Floating add. The contents of the effective operand address are added to
the pseudo accumulator, and the sum is left in the pseudo accumulator,

Index. The operand corresponding to INDX is used to increment the
operand of the following operations: FLDD, F1ST, FADD, FSUB,
FMPY, and FDIV, Each succeeding INDX supersedes the last. No
index is initially assumed,
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The following operation codes are executed only if the preceding byte is a SPEC(0).

4-Bit
Operation Code ; Meaning
CACS 1 Continue another calling sequence. The next operation to be executed
is the most significant four-bit command code located at the effective
operand address (unconditional branch),
BRAM 2 Branch accumulator minus, If the pseudo accumulator is minus, con-
trol is transferred to the effective operand address.
BRAZ 3 Branch accumulator zero
BRAN 4 Branch accumulator nonzero
BRAP 5 Branch accumulator positive
BRIM 6 Branch index register minus
BRIZ 7 Branch index register zero
BRIN 8 Branch index register nonzero
BRIP 9 Branch index register positive
NOTE
Codes 0 and Ajg minus F3¢, when preceded by a SPEC code,
are executed as FEND,

RELATIVE ADDRESSING

The operand address, bits 15 through 0, is relative to self, The relative address is computed by
subtracting the calling sequence operand address from the actual operand address.

Exambple:

X = -((A(I) + B(I) * C()) + (DWJ) * E (J))

Assume TEMP, X, J, D, and E are absolutely addressed and the other operands relatively addressed.
The call to FLOT would look like the following. '
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L/',
s
. RTJ FLOT
- Fie] Big| 9 6
absolute address J
C ) absolute address D
absgolute address E
)
~ | Dig| 5] Fig] Bys
absoluts address TEMP
W relative address I
relative address A
)
Eig| 9 7 6
P relative address B
t\/ ) relative address C
\ 5 |E16 | Dig 4
C ; absolute address TEMP
sbeolute address X
(
N FAULT CONDITIONS
— At any time during execution, the following fault conditions are flagged: exponent overflow, exponent
& ) underflow, and divide fault (attempted division by zero). These fault conditions may be tested and
reset by use of the IFALT function call.
o
y} FLOATING-POINT ARITHMETIC WITH 23-BIT NUMBERS
(/\‘w‘ A classic and straightforward technique is presented that is not limited to the size or type of the
~ number representation used.
(™ Consider the double-precision floating point number:
\/)

F=f{Xx§p ' (1)

)

where |f| lies in the range

12z |f] s1-27"2 : @

O
7

SN
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Assume that we have a machine with a word length of 16 bits and that the 32 bits in the double-length
word are divided in the following standard way:

7 most significant
9 bits bits of £

binary point

16 least significant bits of f

The leftmost block of nine bits is divided into three parts:

) The first (leftmost) bit represents the sign of {.
° The second bit represents the sign of 8.
° The next seven bits represent the magnitude of 8.
This allows 23 bits for the representation of f. Assume that the binary point lies at the left of the 23

bits representing f so that the seven most significant bits of f are stored in the first word of the pair
and the 16 least significant bits of f are stored in the second word of the pair.

Ifl=c+dxa" @)

where c lies in the range

1/2<e<1-27 “)

and where d lies in the range

1/2<d<1-2718 (6)

then c represents the seven most significant bits of f and d represents the 16 least significant bits
of 1.

Cc-8
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DO O

r

)

)

e

(

FOUR ARITHMETIC OPERATIONS
We wish to consider the four basic arithmetic operations using double-precision floating-point numbers
of the form discussed. Consequently, in ordsr to have notation for two operands, consider a second
double-precision floating-point number

G=gx20 (6)
wkere [gl lies in the range

23

1/2<lgls1-2" ()
i 4
lgl=2 +bx3~" ' (8)

where a lies in the range

1/2<asgl-2"" o )

where b lies in the range

1/2<b<1-2"16 i (10)

then a represents the seven most significant bits of |g| and b repreaents the 16 least significant bits
of lgl.

Assume that the machine represents negative numbers using a one's complement system. Assume
that the procedure for changing the sign of a double-precision floating-point number is to perform a
bit-by-bit complement of the entire 32 bits (including the nine bits representing the sign and exponent).

Multiplication

F X G = (f X 28) (g x 20) .
+ .
= (stgn F X G) I£] x Ig| x 2°*° ' (11)
The computational procedure is primarily concerned with the formatfon of |f| x lgl| x 2P+ gince
(sign F X G) can be recorded in advance and used later to apply the correct sign to the product. In -

addition to recording (sign F X G), we record the exponents 8 and § after the product £l x Igl is formed.
The following algorithm is proposed for multiplying F by G:

1. Determine and record (sign F X G).
2, Form |F| and |Gl.
3. Record the leftmost nine bits of |F| and |G]. This, in effect, records 8 and §. .

60362000 E Cc~-9



4.  Shift the 23 bits of |f| and |g| left until each has the bit pattern

+ 15 most significant bits C

0 8 least significant bits 7 zeros D

If this procedure is followed, Ifl is no longer represented by (3) during the computation
in step 5 below, but has the form

ifl =c+Dx22® ' - (12)

where C lies in the range
1/2scg1 -2"° (13)

and D lies in the range

0spg1-27 (14)

Likewise g has the form

|g|==A+Bx2.l5 (15)

where A lies in the range

1/2<A<1-271° (16)

and where B lies in the range

0o<B<1-2° an

5. Use fixed-point operations in forming the product.
If1xIgl =(C+Dx2"15) (A +Bx 2715
=CA+(CB +DA)x2"15 + DB x 2730 = pp x 2~30
=CA+(CB+DA)x2"18 o . (18)
Notice that the term DB x 2-30 may be ignored, because once the product is placed back in
standard form, only 23 bits are retained. Notice also that (18) is written in such a way that it
exhibits the efflcie_ncy of the following choice of computational steps:

a. Forin CA giving a doubie-length product.
b. Form CB and retain the most significant half of the double-length product.

c. Form DA.
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d. Add the most significant half of DA to the most significant half of CB, -

e. Add the least significant half of CA to the sum obtained in (d). This result is the
second half of the double-length product. The first half of the double-length product
is the most significant half of CA which was formed in a.

6. Next, round and normalize the product obtained using (18) in step 5, Any adjusfment in the
exponent B+ 6 which is necessary because of the normalization of |f| X |g] must be
performed.

7. Finally, pack the 23 bits of the normalized product and the nine bits representing the sign
and the adjusted exponent into two 16-bit words (in the standard way). If (sign FX G) is
negative, the two words must then be complemented to give the correct sign to the product.

%=E_"26 (19)

= (sign G X F) |§| x 20%F

And since the following is wanted:

|§| <1 (20)

scale the numerator and write:

g
= (slgn G X F) Tfo 3-8+ \ (21)

Thus, propose the following algorithm for dividing G by F:

" IQ

1, Determine #nd record (sign F X G).

2. Form |F| and |G].

3.  Record the leftmost nine bits of |F| and |G]. This, in effect, records g and §.
4.  Arrange the 23 bits of [f| to give the bit pattern

+ 15 most significant bits of |f | : c

0 8 least significant bits 7 zeros D

and the 23 bits of |g| to give the bit pattern

+ 0 14 most significant bits of |g| A

0 9 least significant bits 6 zeros | B

60362000 E C-11



5.

Thus, f is represented by (12), (13), and (14) as in the case of multiplication. However, in
this case

|§| - A+Bx2 ® (22)
where A lies in the range

1/4s As1/2-2715 | @3)
and where B lies in the range

0sBs<1-2"2 @4)

Use fixed-point operations in forming the quotient:

;4
2] A+Bx215

ItV o220

- (A+Bx2-16 n [ 1
- C D _,-15
e 1+c x2

]
o> q>
+
o|w
]
LB
| W
]
N
o
+
B,
[7-)
' ]
8,
|
Nl
8
+

(25)

Ap® Bp| -30
-3 -~ 2|*?2
C C

may be ignored because only 23 bits of the quotient are retained. Notice also that (25) is
written in such a way that it exhibits the efficiency of the following choice of computational
steps.

a. Form -AD giving a double length product.
b. Divide -AD (as a double length dividend) by C.

60362000 E
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Addition

c. Form B - %D(rounded to a single length),

d. Form the double-length dividend:

AD -15
A+ [ - c]xz

(The sign of the second term requires apecial attention.)
e. Divide this double length dividend by C.

f. To obtain the second half of the double-length quotient, the remainder resulting from
the division in the previous step must now ba divided by C. This procedure is
efficient only on those machines which feature fixed-point multiplication that a
double-length product which can be used as a double-length dividend for fixed-point
division, :

Next, round and normalize the quotient obtained using (25) and the procedure of step 5.
Any adjustment in the exponent which is necessary because of the normalization of

g
2
F

must be performed,

Finally, pack the 23 bits of the normalized quotient and the nine bits representing the sign
and the adjusted exponent into two 16-bit words (in the standard way). If (sign F X G) is

negative, the two words must then be complemented to give the correct sign to the quotient.

F+G=fx2P+gx20 (26)

The basic problem in floating-point addition is to adjust the exponent of F (or G) so that the
binary points are aligned before the addition takes place.

Let L represent a pair of cells which contain the larger of the two numbers F and G, and S
represent a pair of cells which contain the smaller of the two numbers., Assume that F is
larger than G if ’

B=x28

@

and F is smaller than G if

B<é

60362000 E
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Relative magnitudes of f and g, in case the exponents are equal, are of nb cohcem. 'Ustng this
convention, process the following algorithm for forming F + G.

1, Record the leftmost nine bits of F and G. This, in effect, records g and §.

2. Determine the sign of (8-§) and thus determine whether F is smallerfor larger than G
according to (27) and (28).

3. Place f and g in L and S. H F is larger than G, then f goes into L; otherwise { goes into S
and g goes into L. The following bit patterns should be formed (here s means sign bit).

I: lu l 8 | 13 most significant bits ]

binary point L
+ | 10 least significant bits | 5 sign bits
.8 | 8] 8] 13 most significant bits

]

binary point

10 least significant bits 6 sign bits

4,  Shift S right |g-8| places and put a + bit at the beginning of each of the two words, If
|8-6] = 23, then there is no need to continue since all significant bits in S will be lost.

+ |s |8 ||8-3]| filler bits

Mﬁw point 8

Notice that the | 8-8] filler bits between the binary point in S and the most significant

bit of the fraction are sign bits, This is mathematically correct in a one's complement
representation of negative numbers,

5. Add the second halves of L. and S,
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The first bit of this sum is c. If it is a one, there is actually a carry. However, it usually
is easier to add ¢ (refer to step 6) than to test to see whether or not it needs to be added as
a carry bit in forming the sum of the first halves of L and S. ’

Add the first halves of L and S and add the carry bit obtained from step 5.

e 8 v

If e = 1 then an end-around carry must be performed. This means that a one is added at the
right end of the word produced in step 5. Since this might also produce a carry bit, the c

in the diagram (refer to step 5) must be cleared to zero before the end-around carry. If

a carry bit is again produced, then a one must be added at the right end of the word
produced in step 5. It can be shown that this last operation can never produce another
e=1,

If v =8 then v is a sign bit, If v # s then there has been overflow during the addition and
v is the most significant bit of the sum, In the latter case, an adjustment of the exponent
will be necessary to give the correct answer,

~ Shift the second half of the sum left one place to clear out carry bit ¢c. Then shift the

double length sum left (a) one place if v = 8; (b) two places if v = s.
This leaves the sum in the following form:

8 | 15 most signlﬁcant bits of the sum

at least 8 bits of the sum | sign bits

If the double-length sum was shifted one place left in step 7 (v = s) then the exponent must
be adjusted to take care of the overflow. This means adding one to the exponent gor 6,
whichever is larger. (This will be the exponent of the sum.) If the double-length sum was
shifted two places left in step 7, no adjustment of exponent is necessary.

The form of the sum given by step 7 must be checked for normalization since it is possible
that several of the leading bits of the sum may be zero. (Cancellation occurs when two
numbers of opposite sign but nearly equal magnitude are added.) If the sum is not
normalized at this point appropriate adjustments in the exponents should be made.

If 23 left shifts are not sufficient for normalization then the sum should be made zero.

At this point the normalized sum may be rounded, although the extra coding involved may
not be worth the gain. If rounding is desired, then there are two cases to be considered
depending on the sign of the sum. These cases require that care be taken in handling any
carry bit produced by the rounding operations.

Now pack the 23 most significant bits of the sum, along with nine bits representing the sign
and exponent, into~two 16-bit words (in the standard way). I the sign of the sum is
negative, then the first nine bits must be complemented before the packing takes place.
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Subtraction
No special éubroutlne is necessary since
F -G=F +(-G)
and one merely complements G before entering the addition subroutine,

FAULT CONDITIONS

If exponent underflow is encountered, a floating-point zero results. If exponent overflow is
encountered, the largest word of the appropriate sign results. A divide check is treated as overflow,

REFERENCES

_Robert T. Gregory and James L. Raney, "Floating Point Arithmetic with 84-Bit Nﬁmbers",
Communications of the ACM, Volume 1, Number 1, January 1964.
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DOUBLE-PRECISION FLOATING-POINT PACKAGE D

The software double-precision floating-point package used by FORTRAN is described in this appendix.
The package can also be used by an assembly-produced program. For efficiency the package is not
run-anywhere.

There are two similar floating-point packages. They are called by the same name (HDFLOT), but one

is re-entrant and the other non-re-entrant. Both packages are usable by run-anywhere programs. The

re-entrant package must operate in protected core. The non-re-entrant package may operate anywhere,

The non-re=entrant version, DFLOTN, utilizes temporary storage to perform its computations., The
re-entrant version, DFLOTR, utilizes volatile storage for temporary storage.

If the firmware version of the package is used, the call to HDFLOT is vectored to the firmware where
equivalent functions are performed, :

NOTE

In some cases, the firmware has approximately two digits less
percision than the software package.

Each double-precision floating-point number requires three consecutive words of storage. The first
word, containing the most significant bits, is the one that is addressed. Normalized floating-point
format is as follows:

Word 1 15 14 ' 7 6 0 »
f | Exponent (8 bits) l Normalized
S Sign of number

Word 2 15 0
Coefficient

Word 3 15 0
[ Of 39 bits B

Thus the numbers, X, expressible are of the range -2127(1-2-39) <X= 2127(1—2_39) and are significant

to one part in 549 billion, If the most significant word is zero (16 bits of zero or 1) a floating-point
zero is assumed. ’

COEFFICIENT

The coefficient consists of a 39-bit number n, 1-2-39 >n=21/2, The high-order bit position of the first

word is the coefficient sign bit. A 0 denotes a positive coefficient and 1 denotes a negative coefficient,
When the coefficient is negative, the entire floating-point number, exclusive of the sign bit, is stored
in complement form,
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EXPONENT -

The floating-point exponent is an eight-bit quantity with value ranging from 00 to FF 5. Through
biasing by 8014, this range expresses both positive and negative exponents.

CALLING SEQUENCE

DFLOT uses an interpretive calling sequence. -Both the re-entrant and non-re-entrant ca]ling'
sequences save the Q, A. and I registers in temporary storage. The interpretation is on a string
of four-bit bytes, where the 1eft_most four-bit byte represents the first operation, Their respective
operands. if they exist, follow in the bytes' respective order. one word per byte,

As many bytes may exist as desired, but the last one must be 4,

Example:

15 . 11 g 07 y 03 00
RTJ
address of DFLOT

01 02 03 04
Ay
A2
A4

05 O 4
5
6

User's program resumes

The calling sequence was designed to minimize the amount of core needed, including core used to set up
the calling sequence. '

OPERATIONS

A description of the followjng operations and their four-bit byte codes follows.
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Operation
SPEC
FLOF

FIXF

STRI
FEND

CHMD

NIDX

FCOM
FSUB
FMPY

FDIV

FLDD
ADDI

FLST
FADD

INDX

60362000 E

4~-Bit
Cods

Ale
Bis

C1s

_ Meaning
Special., This is first byte of a two-byte operation code.

Float to fix., The pseudo accumulator is converted to a 16-bit integer
and stored at the effective operand address.

Fix to float. The contents of the effective operand address are con-
verted from a 16~-bit integer number and placed in the pseudo accomu~-
lator.

Store index. The index register is stored at the effective operand
address.

End of calling sequence. This operation terminates the calling
sequence, No operand needed.,

Change mode of operation. All operand addrcsses following this opera-
tion code in the calling sequence are made relative if the preceding
addresses were absolute, or absolute if the preceding addresses were
relative. Addresses are initially absolute. No operand is needed.

No index. The succeeding operands do not have indexing increments,
NIDX supersedes any preceding INDX and is superseded by any follow—
ing INDX, NIDX is assumed initially. No operand is needed.

Floating complement. The pseudo accumulator is complemented. No
operand is needed.

Floating subtract. The contents of the effective operand address are
subtracted from the pseudo accumulator and the result is left in the
pseudo accumulator.

Floating multiply, The pseudo accumulator is multiplied by the con-
tents of the cffective operand address and the result is left in the pseudo
accumulator.

Floating divide. The pseudo accumulator is divided by the contents of
the effective operand address and the result is left in the pseudo
accumulator,

Floating load. The floating-point number in the corresponding effective
operand address is transferred to the pseudo accumulator,

Add to index. The contents of the effective operand address are added
to the index register.

Floating store. The floating-point number is transferred from the
pseudo accumulator to the corresponding effe¢tive operand address.

Floating add. The contents of the effective operand address are added to
the pseudo accumulator, and the sum is left in the pseudo accumulator.

Index. The operand corresponding to INDX is used to increment the
operand of the following operations: FLDD, FLST, FADD, FSUB,
FMPY, and FDIV, Each succeeding INDX supersedes the last. No
index is initially assumed,



The following operation codes are executed only if the preceding byte is a SPEC(0).

4-Bit :
Operation Code Meaning
CACS o1 . Continue another calling sequence, The next operation to be executed

is the most significant four-bit command code located at the effective
operand address (unconditional branch).

BRAM 2 Branch accumulator minus, If the pseudo accumulator 18 minus, con-
trol 18 transferred to the effective operand address.

BRAZ

3 Branch accumulator zero
BRAN 4 Branch accumulator nonzero
BRAP 5 Branch accumulator positive
BRIM 6 Branch index register minus
BRIZ 7 Branch index register zero
BRIN 8 Branch index register nonzero
BRIP 9 Branch index register positive
NOTE

Codes 0 and Ajg minus F, ., when preceded by a SPEC code,
are executed as FEND,

RELATIVE ADDRESSING

The operand address, bits 15 through 0, is relative to self. The relative address i8 computed by sub-
tracting the calling sequence operand address from the actual operand address.

Example:
X = - (A@*B(I))*C(I)+D(J)*E(J)

Assume TEMP, X, J, D, and E are absolutely addressed, and the other operands are relatively
addressed. The call to DFLOT would lock like the following.

20
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RTJ DFLOT|
Fm B16 9 6

Absolute address of J
Absolute address of D
Absolute address of E
D 5 |F B

18 16

Absolute address of
temporary cell TEMP

Relative address of I
Relative address of A
E 9 17 6

16

16
Relative address of B
Relative address of C
5 E D 4

16 16

Absolute address of
temporary cell TEMP

Absolute address of X

FAULT CONDITIONS

At any time during execution, the following fault conditions are flagged: exponent overflow, exponent
underflow, and divide fault (attempted division by zero). These fault conditions may be tested and
reset by use of the IFALT function call,

FLOATING-POINT ARITHMETIC WITH 39-BIT NUMBERS

A classic and straightforward technique is presented which is not limited to the size or type of the
number representation used.

Consider the double-precision floating-point number:
F=fx2P ' (1)
where |f] lies 1n the range

1/25 Jf|<1-273° @)
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Assume that we have a machine with a word length of 16 bits and that the 48 bits in the triple-length
word are divided in the following atandard way:

9 bits 7 most significant
bits of {

binary point |

16 intermediate significant bits of f

16 least significant bits of f

The leftmost block of nine bits is divided into three part§:~

° The first (leftmost) bit represents the sign of f.

e  The second bit represents the sign of 8.

e  The next seven bits represent the magnitude of 8.
This allows 39 bits for the representation of f. We shall assume that the binary point lies at the left
of the 39 bits representing f so that the seven most significant bits of f are stored in the first word of
the three, and the 16 least significant bits of f are stored in the third word.
K we write

|f|=c+clx2'7+dx2'2a- , (3)
where c lies in the range

1/25c<1-2"" ’ 4)
cf lies in the range

0scis1-2718 (5)
and where d lies in the range

0<d<1-2718 ' ' (6)

then ¢ repréaents the seven most significant bits of f, ci represents the 16 intermediate bits of £, and
d represents the 16 least significant bits of {.
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FOUR ARITHMETIC OPERATIONS
We wish to consider the four basic arithmetic operations using double-precision floating-point numbers
of the form discussed. Consequently, in order to have notation for two operands, let us consider a
second double-precision floating-point number.

G=lglx2* (1
where |g| lies in the range

1/2<lgls1-27° | ®

(€] =2 +aix RS Y (%)
where a lies in the range

1/2<as1-2"7 ' : ‘ (10)
ai lies in the range

osatg1-2716 an
and b lies in the range

o_<_1:51--2'16 o (12)

then a represents the seven most significant bits of |g|, al represents the 16 intermediate significant
bits of |g|, and b represents the 16 least significant bits of |g|.

Assume that the machine represents negative numbers using a one's complement system. Assume that
the procedure for changing the sign of a double-precision floating-point number is to perform a bit-by-
bit complement of the entire 48 bits (including the nine bits representing the sign and exponent).
Addition

F+G=fx2P+gx20 (13)

The basic problem in floating-point addition is to adjust the exponent of F (or G) so that the binary
points are aligned before the addition takes place.

Let L represent three cells which contain the larger of the two numbers F and G, and S represent three
cells which contain the smaller of the two numbers. Assume that F is larger than G if

B=6 (14)
and F is smaller than G if

B<6 (15)
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The relative magnitudes of f and g, in case the exponents are equal, are of no concern. Using this
convention, process the following algorithm for fomhg F +G:

1. Record the leftmost nine bits of F and G. This, in effect, records g and §.
2. Determine the sign of (8-8) and thus determine whether F is smaller or larger than G

according to (14) and (15).

3. PlacefandginL and S. If F is larger than G, then f goes into L; otherwise, f goes into

S and g goes into L. The following bit patterns should be formed (here s means sign bit): -

{+ | s | s 13 most significant bits

binary point

[ + [ 15 intermediate significant bits

+ 11 least significant bits 4 sign bits

Is |s |s *13 most significant bits j

binary point

| 16 intermediate significant bits

| 10 least significant bits | 6 sign bits

3

MSB

ISB

MSBY

ISB

LSB

]

4.  Shift 8 right | 8-&| places and put a + bit at the beginning of each of the three words. I
|8-8| = 89, then there is no need to continue since all significant bits in 8 will be lost,

+ | s8] 8 | B3

"filler" bits

binary point

L]

[+ 1

MSB ]

ISB

> S

Notice that the [g-3| filler bits between the binary point in S and the most significant bit
of the function are sign bits. This is mathematically correct in a one's complement
representation of negative numbers.

60362000 E
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7.
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Add the LSB portions of L and S,

The first bit of this sum is ¢. If it is a one, there is actually a carry. However, it usually
is easier to add ¢ (see step 6) than to test to see whether or not it needs to be added as a
carry bit in forming the sum of the ISB portions of L and 8.

Add the ISB portions of L and S and the carry bit from step 5.

cl

If C1 is set to one, we have a carry and we will add c1 to step 7 in forming the sum of the
most significant bits of L and S.

Add the MSB portions of L. and S and add the carry bit obtained from step 6.

e 8 v

If e = 1 then an end-around carry must be performed. This means that a cne is added at
the right end of the word produced in step 5. Since this might also produce a carry bit,
the c in the diagram (see step 5) must be cleared to zero before the end-around carry. If
a carry bit is again produced, then a one must be added at the right end of the word
produced in step 6. Since this might also produce a carry bit, the c1-in the diagram (see
step 6) must be cleared to zero before the end-around carry. If a carry bit is again
produced, then a one must be added at the right end of the word above. It can be shown
that this last operation can never produce another e = 1, ‘

If v =8 then v is a sign bit. If v # 8 then there has been overflow during the addition and
v is the most significant bit of the sum. In the latter case, an adjustment of the exponent
will be necessary to give the correct answer.

Shift the LSB portion of the sum left one place to clear out carry bit c. Then ghift the ISB
portion of the sum left one place to clear out the carry bit c1. Then shift the LSB portion
of the sum one place and put the bit shifted off into the rightmost bit of the ISB portion of
the sum. Then shift the triple length sum left (a) one place if v = 8; (b) two places if
v=s,

This leaves the sum in the following form:

8 15 most significant bits of the sum

16 intermediate significant bits of the sum

at least 8 bits of the sum sign bits




10.

11,

12,

Subtraction

If the triple-length sum was shifted one place left in step 8 (v = 8) then the exponent must be
adjusted to take care of the overflow, This means adding one to the exponent gor &,
whichever is larger. (This will be the exponent of the sum.) If the double length sum was

shifted two places left in step 8, no adjustment of exponent is necessary.

The form of the sum given by step eight must be checked for normalization since it is
possible that several of the leading bits of the sum may be zero. (Cancellation occurs when
two numbers of opposite sign but nearly equal magnitude are added.) If the sum is not
normalized at this point, appropriate adjustments in the exponents should be made.

If 39 left shifts are not sufficient for normalization, then the sum should be made zero.

At this point the normalized bum may be rounded, although the extra coding involved may
not be worth the gain. If rounding is desired, then there are two cases to be considered
depending on the sign of the sum. These cases require that care be taken in handling any

carry bit produced by the rounding operations.

Now pack the 39 most significant bits of the sum, along with nine bits representing the sign
and exponent, into three 16-bit words (in the standard way). If the sign of the sum is
negative, then the first nine bits must be complemented before the packing takes place.

No special subroutine is necessary since

F-G=F+(-G)

and one merely complements G before entering the addition subroutine.

Multiplication
F X G = (f x 2P) (g x 2%)

= (stgn F X G) [1] x |g] x 2°*°

(16)

The computational procedure is primarily concerned with the formation of Jf| x |g| X 2ﬂ+6 since (sign
F X G) can be recorded in advance and used later to apply the correct sign to the product. In addition
to recording (sign F X G), we record the exponents 8 and § after the product |f| X |g| is formed. The
following algorithm is proposed for multiplying F by G:

D-10

1,
2,
3.

Determine and record (sign F X G)
Form |F| and |GI.

Record the leftmost nine bits of [F| and |G|. This, in effect, records g and 5.

60362000 E
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4.

5.
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Shift the 39 bits of |f| and |g| left until each has the bit pattem:

+ 15 most significant bits Cand A

0 15 intermediate significant bits Ci and Af

0 9 least significant bits | 6 zeros Dand B

If this procedure is followed, |f| is no longer represented by (3) during the computation

in step 5 below, but has the form:

f=C+Cix 2715 +pyx 230

‘where C, Ci, and D He in the following ranges:

2l<c<1-271°

osctsl-z'15

0<D<1 -20

Likewise |g| has the form
lgl=A+Aix2 ¥ +px230

where A, Af, and B lie in the following ranges:

2ls ac1-2718

o<Ai<1-271°

0sB<1-2"?

Use fixed-point operations in forming the product.

Iflx|g| = (C + Ci x 2B ipx23) araix2 P +px2d

= CA +CAI + CiA) X 2715, (DA + CiAf + CB) X 2730

+ (DAL +ciB)x 2 ~*° + DB x 2750

= CA+(CAL + CiA)x 2~ 1> + (DA + CiAl + CB) x 2 3°

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

D-11
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Notice that the terms (DAl + CiB) X 2745 and DB x 2760 may be ignored, because once the
product is placed back in standard form, only 39 bits are retained. The following o
computational steps are performed: _ » _ o

a. Form CA giving a double-length produoct. e
b. Form DA and retain the most significant half of the double-length product.
c. Form CiAi and retain the most significant half of the double-léngth product. I
d. Form CiA giving a double-length product. i
e. Add the most significant half of DA to the most significant half of CiAi.

f. Form CB and retain the most significant half of the double-length product.
g. Add the most significant half of DB to the sum obtained in (e).

h, Add the least significant half of CiA to the sum obtained in (g).

i. Form CAIl giving a double-length productl | ‘

j.  Add the least significant half of CAI to the sum obtained in (h). This result is the
least significant portion of the triple-length product.

k. Add the most significant half of CiA to CAl.

1. Add the least significant half of CA to the sum obtained in (k). This result is the
intermediate significant portion of the triple-length product. The first half of the
double-length product is the most significant half of CA which was formed above in
(a).

6. Next, round and normalize the product obtained using (25) in step 5. Any adjustment in the
exponent 8+5 which is necessary because of the normalization of |f| x |g| must be performed.

7. Finally, pack the 39 bits of the normalized product and the nine bits representing the sign
and the adjusted exponent into three 16-bit words (in the standard way). If the (sign F X G)
is negative, the two words must then be complemented to give the correct sign to the

- product. '

Division

G 1 8 1
—=GX= (g X2 )x(‘ )
F F x 2B
= (sign GXF) X g x%x 257P | _ (26)
As a matter of fact, since we want: ' ‘
|“i|‘ 1, | (27)

scale the numerator and write:

1
% (sign GXF) x |g| xl‘%lx 20 P (28) O
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Thus, propose the following algorithm for dividing G by F:

1,
2.
3.
4.

Determine and record (sign F X G).
Form |F| and |G].

Arrange the 39 bits of |f| to give the bit pattern:

+ 15 most significant bits of |f]
0 | 15 intermediate significant bits of |f|
0 9 least significant bits | 6 zeros

and the 39 bits which represent the number 1.0 to give the bit pattern:

+ ] 0 | 14 most significant bits of 1/2
0 | 15 intermediate significant bits of 1/2
0 | 10 least significant bits of 1/2 | 5 zeros

$2000

$0000

$0000

‘Record the leftmost eight bits of [F| and |[G|. This, in effect, records g and 8.

5. Use ﬁ:;ed-polnt opetationb in forming the quotient.

1

-30

a+? xz'ls +€ X2

A+Ax2 B ipxad0

where: a = $2000

¥ = $0000
¢ & = $0000

60362000 E

15 -30

A+AIx2 " +Bx2

(29)
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Any terms beginning with 2-45 are ignored because only 39 bits of the quotient are
retained. The following computational steps are performed:

e,

0.

Form -Aiz giving a double-length product.

Divide -At? (as a double-length dividend) by A.

2
Form B-A—A (rounded to a single length).

Form the double length-dividend:

2
mxz P [B-A)x20)

(The sign of the second term requires special attention. )

Divide the double-length dividend by A and multiply the result bya. The multiply
is accomplished by shifting the result of the divide.

To obtain the second half of the double-length quotient the remalnder resulting
from the division in the previoua step must now be divided by A.

Form a (the moet signlﬁcant bits of 1/2) and the result obtained from step e as a
double-length dividend.

Divide the double-length dlvidend by A The result is t.he most significant bits
of the quotient.

Form the remainder of step h and the result of step f as a double-length dividend.

Divide the double-length dividend by A. The result is the intermediate significant
bits of the quotient. ‘ T :

Divide the remainder obtatned n step j by A. The result is the least significant
bits of the quotient,

Next, round and normalize the three-word quotient using (29) and the procedure
of step 5. Any adjustment in the exponent which is necessary because of
normalization of -

N

must be performed,
The three-word quotient is then multiplied by |g|.

Next, round and normalize the product. Any adjustment in the exponent +8 which
is necessary due to the normalization must be performed.

Finally, pack the 39 bits of the normalized quotient and the nine bits representing
the sign and the exponent into three 16-bit words (in the standard way). If
(sign F X G) is negative, the three words must then be complemented to give the
correct sign to the quotient.
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FAULT CONDITIONS

If exponent underflow is encountered, a floating point zero results. If exponent overflow is
encountered, the largest word of the appropriate sign results. A divide check is treated like an
overflow,

REFERENCES

Robert T. Gregory and James L. Raney, "Floating Point Arithmetic with 84-Bit Numbers",
Communications of.the ACM, Volume 1, Number 1, January 1864,
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O
("“"_ The constants {n an arithmetic expression should be collscted. For example,
X=Y+3,1%4,2
C
shkould be written
//\
{ ) =
— Subexpressions, including a byte variable as constant in a DO loop, should be pulled out of the loop.
- For example, the program
SUBROUTINE SUM

C‘ COMMON A(10), IC(10)

DATA B/3.4/
— DO 11=1,10
| A(I)=0.0
1 DO 1J=1,10
1 1 A(I) = (SIN(B) + FLOAT(I)) * FLOAT (IC(J)) + AD)

- RETURN

END
_J should be written
) SUBROUTINE SUM
S COMMON A(10), 1C(10)

DATA B/3.4/
/—\.’ TEMP1 = SIN(B)
o DO 2 I=1, 10

Cc=0.0
N TEMP2 = FLOAT(I) + TEMP1
(_ DO1J=1, 10

1 C = TEMP2*FLOAT(IC(J)) + C
Cu 2 A()=C
/ RETURN

END
{ )
-
S
\\—/’

L 60362000 E E-1



Only one dimensional array should be used. H two or three dimensfons are desired, the programmer
should use the subscript functions given in Appendix G. For example, the program

SUBROUTINE TRANSF
COMMON A(10, 10), B(10, 10) .
po1J=1,10

PO11=1,10
1 A(1,9) = B(1,J) + 1.0
RETURN
END
should be written

SUBROUTINE TRANSF
COMMON A(100), B(100)
DO11I=1,100

1  A®M=B@+1.0
RETURN
END

Common subexpressions beiween two or more arithmetic expressions should be collected. For
example,

Y(I) = A+B + FUNCI{IBYTE)
Z(I) = A*FUNC1(IBYTE) + FUNC2(IBYTE)

where IBYTE is a byte variable, should be written

ITEMP1 = IBYTE

TEMP1 = A + FUNCI(ITEMP1)
Y(I)= B + TEMP1

Z({1) = TEMP1 + FUNC2(ITEMP1)

When a program references a multi-dimensional array, the FORTRAN compiler on occasion generates
a relocatable base address for an indexed variable which is intended to fall in front of data, common,
or the program. Since this relocatable address is expressed in 15 bits, the loader on a 16-bit load
has no way of knowing that this is not a forward relocation. To accommodate this, the loader assumes
that any relocatable address in the range 7F80 to 7FFF is intended as backward relocation. This
range can be changed by reassembly of the MSOS loader module RBDBZ 1.

The user who has the double precision capability may write programs which require only single
precision. To avoid linkage to the double precision library, the external references to DOUT, Q8DXP1,
and Q8DXPY must be satisfied. The user may write his own dummy routine with these references as
entry points or use the routine DBLDMY (deck ID K19) contained in the MS FORTRAN product set, and

load it with his programs. Refer to Section 2,2,6, Double Precision Type Data, and note the evaluation -

for double precision constants to avoid an external reference to DFLOT.
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2.

HARDWARE REQUIREMENTS

The minimum hardware configuration is:

FORTRAN 3.2A

Mass Memory Device
(.5 million words or more)
Card Reader
Teletypewriter
CDC CYBER 18-Class CPU

Core Storage Increments*

Compiler core requirement is less
than 9, 300 words.

Minimum MSOS Operating System
core requirement is 9, 2K

The typical configuration is:

FORTRAN 3. 2A

Mass Memory Device

(1. 0 million words or more)
Teletypewriter
Card Reader/Punch
Magnetic Tape Devices
CDC CYBER 18-Class CPU
Core Storage Increments*

Compiler core requirement is less
than 9, 300 words.

Typical MSOS Operating System
core requirement 19K*¥,

FORTRAN 3.2B

Mass Memory Device

(.5 million words or more)
Card Reader
Teletypewriter
CDC CYBER 18-Class CPU
Core Storage Increments*

Compiler core requirement is less
than 16, 900 words.

Minimum MSOS Operating System
core requirement is 9, 2K.

FORTRAN 3. 2B

Mass Memory Device -

(1. 0 million words or more)
Teletypewriter
Card Reader/Punch
Magnetic Tape Devices
CDC CYBER 18-Class CPU
Core Storage Increments*

Compiler core requirement is less
than 16, 900 words.

Typical MSOS Operating System
core requirement 12, 5K**, -~

*Core requirements are based on the size of the Compiler used and the size of the MSOS operating
system configured. ' '

**Typical operating system core requirements for the A variant versus the B variant are different because
certain nice~-to-have MSOS features are usually not included in the 3.2B system to allow 32K configuration.
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ARRAYS G

A T s S e T I I S S R M PSR

B R T L

An array is a block of sequential memory locations referenced by a single name. The name types the
elements of the array as integer or real (Section 2.4)., Arrays are dimensioned in the mathematical
sense of having rows, columns, and planes. The magnitude of these dimensions is defined by the array
declarator, which is the array name followed by a set of numerical subscnpts giving the maximum
dimensions.

Examples:
IOTA (50) One-dimensional array with 50 integer elements
BETA (4,6) Two-dimensional array with 24 real elements

ALPHA 4,3,5) Three~dimensional array with 60 real elements

Elements of arrays are stored by columns in ascending order of location. The ordering of elements
in an array follows the rule that the first subscript varies most rapidly and the last subscript varies
least rapidly. In the array declared as A(3,3,3)

A 2421 A
Az11 Bz A3
Ag1r Asa1 Pss1 [,
112 2122 A3z
212 A2z Aa3z
312 fe22 fasa [, A
Az1z A3 Az3z
A313 Aszaz Az33

The planes are stored in order, étarting with the first, as follows.

A

AIITL 127 L+3.‘..A13-§'L+24
A2 1—1- L+1 AZZT L+4... A23§. L+25
A311 L+2 A L+5. . A33-:-3' L+26
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Fdr a given dimensionality, subscript declarator, and sub'script, the value of a subscript pointing to
an array element and the maximum value a subscript may attain is indicated in Table G~1. A subscript

. expression must be greater than zero.

The value of the array element successor function is obtained by adding one to the the entry in the
subscript value column. Any array element whose subscript has this value is the successor to the
original element. The last element of the array is the one whose subscript value is the maximum

subscript value and which has ne successor element.

The sequential location of a particular element of a stored array is determined according to the

following:

Given the array defined by the declarator
AZ(A,B,C)

The ordinal location of element AZ(a,b,c) 18 given by the formula
a+A=(-1)+AxBsx(c-l)

Derivation of the formula is illustrated in Figure G-1.

Example:

To find the ordinal location of element B(2,3,4) in the array B(5,6,7)
2+5#%(3-1) +5 =6 x (4-1) =102

A subscript never may be less than 1 or greater than the maximum dimension declared for it. The
elements of one~dimension array BETA (I) may not be referred to as BETA (I,J) or BETA (I,J,K).

A diagnostic 1s issued if this is attempted,

The array name without subscripts references the entire array when it is used in an I/0 list, as an
argument of a function or subroutine (Sections 7.4.1 and 7.4.2), or in a specification statement other
than DIMENSION (Section 6.1.1) or DATA (Section 6,2)., The array name without subscripts references

the first element when it is used in an expression,

"~ Table G-1. Value of a Subscript

MAXIMUM
~ | SUBSCRIPT SUBSCRIPT | SUBSCRIPT SUBSCRIPT
DIMENSIONALITY | DECLARATOR REFERENCE VALUE . VALUE
A) (a) a A
2 (A,B) (@a,b) a+A*(b-1) A*B
-3 (A,B,C) (a,b,c) a+A*(b-1) A*B*C
+A*B*(c-1)
Notes: (1) a, b, and c are subscript expressions.
(2) A, B, and C are dimensions.
G-2 60362000 E
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Before an array can be used in a program, its name and dimensionality must be declared in a

DIMENSION, COMMON, or type statement (Sections 6.1.1, 6.1.2, and 6.1.4), '
P
Example: -
Given the array ALPHA(3,4, 4) - ‘ . -
It will be declared for program use by any of the following: ‘
/“\
' DIMENSION ALPHA (3,4,4) e
COMMON // ALPHA (3,4,4) o
INTEGER ALPHA (3,4,4) -
4
.
("
o

G-4 , A
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ASCIl CODES

s

The 1968 American Standard Code for Information Interchange (ASCII) is used by Msos for com~
munication between the CYBER 18/1700 and external I/0 devices. In addition to the code for the
FORTRAN character set, it includes code for control of the paper tape punch and the teletypewriter,

ASCII code uses eight bits, the first of whfch is always 0; it is omitted in the following table. Bits
1 through 4 contain the low-order four bits of code for the character in that row. Bits 5, 6, and 7
contain the high-order three bits of the code for the character in that column,

BITS b1, - 0°o' 011 _1°o 1o1 1, 111
':4 ':3 ':2 ':1 Row QLUMN | 1 |2 3 4 5 6 7
olo]o |o 0 NUL | DLE| sp | o© @ P i p
ololo |1 1 soi [pci| 1] 1 | a | ql| a a
o o1 1]o 2 STX (pc2| " | 2 B R b r
o lo}]1 |1 3 ETX | Dc3 | # 3 C s c 8
o|l1]o0o Jo 4 EOT { DC4| $ 4 D T d t
0 r]|o 1 5 ENQ | NAK| % 5 E hij e u
o {1]1 ]o 6 ACK | syYN | & 6 F v f v
o |1 {1 |1 7 BEL | ETB| - 7 G w g w
1 (i} 0 0 8 BS CAN | ¢ 8 H X h x
1] o0 0 1 9" HT EM ) 9 | 1 Y i y
1 /0] 1 }o 10 LF suB | = : J Z j z
1 0 1 1 11 VT ESC + ; K [ k {
1 1 {0 }]o 12 FF FS , < L \ M
1 |10 |1 13 CR GS - = M | ] m }
1 1)1 }o 14 SO RS . > N -~ n ~
1 1 1 1 15 SI Us / ? o — 1 o DEL

. -
FORTRAN Crharacter Set
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LOAD MAP COMMENT FEATURE | |

The user may insert comments in the binary name block by using the name card comment feature.
This comment will appear on the load map to the right of the program name and load address.

The name card feature reserves up to 46 columns for comments by inserting a slash in any column after
ths name followed by the comments through column 72, An alternate method of using this feature is to
make a continuation card for the program name card with the slash in column 7 or after and the comment

immediately following the glash,

The comment fleld may follow any of the following statements: PROGRAM, SUBROUTINE, FUNCTION,
DOUBLE PRECISION FUNCTION, REAL FUNCTION, INTEGER FUNCTION, or BLOCK DATA,

If the slash is used, the 46 characters following the slash appear on the NAM block of the binary output,
If neither the slash nor the comment appears on the source card, the binary NAM card is blank,

If there 1s no slash, but comments appear on the card, a diagnostic is issued and the binary NAM card
containg blanks, '

Examples:

X

PROGRAM NAME /SAMPLE NAME WITH ID (With comments)

z : |

SUBROUTINE NAMEA,B,C,D,E,F) (Without comments)
[: N

1 /A CONTINUATION CARD MAY ALSO BE USED

60362000 E . . o | I-1/1-2






,-
~—-

OPTIMIZATIONS S

]

MS FORTRAN optimizations are listed as follows:

60362000 F

Index registers are optimally assigned.
Relative addressing is used where possible.

Storage is allocated to maximize relative addressing. For example, some arrays are put
into the middle of code and constants may be duplicated. :

All simple FORTRAN-provided functions are inserted in-line (for example, IABS or AND).

A comprehensive analysis of IF statements is made. Code generated takes cognizance of
a transfer from the IF to the label of the next statement; and also if the statement is a GO
TO. In a logical IF, the computations are structured to produce the least amount of
computation for a determination of the expression's truth value. :

Arithmetic expressions are analyzed and computed in an order which minimizes both the
amount of code generated and its execution time.

" The compiler may reference the values in A, Q, and I (FFyg) and make use of them. It

may even reference each of these values by two different names. For example, ifI=0,
the compiler can reference both I and 0 as representing a value in the accumulator.

’
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FORTRAN CHARACTER SET

FORTRAN uses alphanumeric and special characters.

Alphanumeric characters are the letters A through Z and digits 0 through 9.

The decimal system is used unless indicated otherwise; however, octal and hexadecimal numbers may
be used in certain instances.

Following is a list of characters.

ASCIK ASCnt Hollerith

Character Code Punch (026)
(] 30 (] Digit
1 31 1 Digit
2 32 2 Digit
3 33 3 Digit
4 34 4 Digit
5 35 5 Digit
6 36 6 Digit

o T_ _ _.3L _ 1 _ _ _ _ Digt _
8 38 8 Digit

9 _ _ 8% __ 9 _ ___._ Dt
A 41 12-1 Letter
B 42 12-2 Letter
C 43 12-3 Letter
D 44 12-4 Letter
E 45 12-5 Letter

_ F _ _ _46_ _ _12-6 Letter
G 47 12-7 Letter
H 48 12-8 Letter
I 49 12-9 Letter
J 4A 11-1 Letter
K 4B 11-2 Letter
L 4C 11-3 Letter
M 4D 114 Letter
N 4E 11-5 Letter
o 4F 11-6 Letter
P 50 11-7 Letter
Q 51 11-8 Letter
‘R 52 11-9 Letter
S 53 0-2 Letter

60362000 C
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FOctal
P Decimal
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Hollerith

ASCII ASCH
Character Code Punch (026)

T 54 0-3

U 55 0-4

Vv 56 0-5

w 57 0-6

X 58 0-7

Y 59 0-8

A 5A 0-9

{space) 20 No punch

! 21 11-8-2

" 22 8-7

# 23 12-8-7

$ 24 11-8-3

% 25 0-8-5

& 26 8-2

! 27 8-4

( 28 0-8-4

) 29 12-8-4

* 2A 11-8-4

+ 2B 12

.. 2C 0-8-3

- 2D 11

. 2E 12-8-3

/ 2F 0-1

: 3A 8-5

y 3B 11-8-6

< 3C 12-8-6

= 3D 8-3

> 3E 8-6

? 3F 12-8-2

@ 40 0-8-7

[ 5B 12-8-5

\ 5C 0-8-2

1 5D 11-8-5

A SE 11-8-7
SF 0-8-6

Description

Letter
L.etter
Letter
Letter
Letter
Letter
Letter
Blank

Exclamation point

Quotes

Number

Dollar

Percent
Ampersand
Apostrophe

Left parenthesis
Right parenthesis
Asterisk

Plus

Comma

Minus

Period

Slash

Colon
Semicolon

Less than

Equal

Greater than

. Question

At

Left bracket
Reverse slash
Right bracket
Circumflex
Underline
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P



O C

C.

) ()

)

()

.,

L

®)

FORTRAN COMPILATION ERRORS - . L

Compilation errors are listed at the end of the source listing and indicated within the source listing in

the following format:

Message

*{g}, code, no., part

variable

*{g }, code

60362000 E

Significance

A compilation free of diagnostics is syntactically correct. The
compilation 18 aiso free of common semantic errors, such as
undefined variables in context requiring definition. If the detected
error prevents code from being generated in a reasonably accurate
manner, the error is considered fatal and compilation terminates.
When an assumption is made as to the intended meaning of a statement,
the diagnostic indicates the assumption. When possible, errors which
may not be fatal (e.g., an A in column 3) are flagged. A reference

to such a label (or the intended nonexistent label) would cause the

fatal error.

N Trivial error; only flagged. Example: not separating array
declarators in a dimension statement

F Fatal error

code Diagnostic number; see the following message for listing
of codes

no, Number of statements in error; appears only when
applicable

part Part of statement in error; appears only when applicable

Compilation error. When errors cannot be detected until all the
specification statements have been read and initially processed, the
error appears in this format. As the specification statements are
processed further, a few diagnostics can be printed. In these cases,
the variable causing the difficulty is printed. The diagnostic is
printed on the next line without a statement number reference since
it is no longer available.

N Trivial error; only flagged. Example: not separating array
declarators in a dimension statement

F Fatal error

code Number of statements in error; appears only when applicable

L-1
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Message

~ & & B S

15
16
17
18
19
20
21
22
23
24
25
26

27

Significance

Field is not recognizable (illegal characters in field, such as 8 in
octal fleld).

Minimum range limit of a constant is exceeded.

More than six characters in a name

Maximum range limit of a constaht is exceeded,

Exponent is missing in a cohstaxit.

Subscripted variable was not previously dimensioned,

Expression in an IF statement does not have initial parentheaia
Incorrect FORMAT statement

Ilegal use of the . NOT. operator

lllegal operator or operand

Subprogram referqnce is illegal,

Labeled END card is illegal.

Number of arguments differs in references to the same subprogram,

Implied DO in DATA statement either contains wrong number of
subscripts or subscript is out of range.

Expression has an illegal iermlnation.
Unmatched parentheses in an expression
Relational operator is missing.
Relational operator used illegally.
Asterisk is assumed.

‘Only one ** is allowed per parentheses level.

A variable and a subprogram name are interchanged,
Subprogram name does not appear in an EXTERNAL statement,
One or more DO loops terminate on an undefined statement label,
Dlegal subscript

Statement is syntactically tncorrect;

This’array was previously dimensioned in DIMENSION, COMMON,
or TYPE statement or previously defined in an EXTERNAL statement.
The previous dimensioning or defining is retained and the new ignored.

The field must be a variable or array name if processing a COMMON,
DATA, EQUIVALENCE,; BYTE, or SIGNED BYTE statement; an
array name if processing a DIMENSION statement; or an array,
variable, or FUNCTION name if processing a type statement.
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Message

28

29 .
30
32

35

‘36

317

38
39

40

41
42

43
44
45
46
47

48
50
51
52

55

Stgnificance

Logical IF statement contains another logical IF, DO, DATA, or
FORMAT statement, -

Name must be the name of an array.

" Must be first statement of program unit.

A missing comma in this statement is assumed.
Illegal character in this statement is changed to a blank.

This line, which begins a statement, has other than zero or blank
in column 6; blank is assumed,

Too many labeled common blocks declared, continuation of the last
declared block is assumed.

The name in this COMMON statement is either a formal argument
or defined in a previous COMMON statement. The name is ignored.

Name specified as two different types. This specification is ignored.

This byte typed as other than an integer, or it is a formal argument.
The byte specification is ignored,

This byte previously specified as a different byte. The previous
specification is retained and this specification is ignored. :

The bit specified is not within bounds of the word size.

Least significant bit in this specification is greater than the most
significant bit.

Name must be an external function or subroutine name,

Field must be a nonzero positive infeger constant,

Array has more than three dimensions, |

DATA statement contains too many constants for the space provided,

Statement has more than five continuation cards; excess cards are
ignored,

An insufficient number of constants is provided in this data statement,
Constant is not same type as corresponding data cell,
Statement redefines DO loop parameter,

Statement type is unrecognizable; or it follows an executable
statement,

Not defined
Statement label is meaningless; label is ignored.
Statement label previously defined; current label is ignored.
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Message
56
57
58
59
60
61

' 62

63
64
65

66
67

68
69
70
71

73

74
7%
77

78
79

80

81

82
83

Program name expected in this field.
Too many dimensions caused table overflow.

Symbol table overflowed; compilation terminates.

‘Statement label may not be zero.

No apparent exit from this program

Unclosed DO-implied list

Unformatted WRITE must have a list.

Name must be an integer variable or integer constant.
Name not implicitly an integer variable

A RETURN statement may appear only in a subroutine or function
definition. A STOP statement is assumed.

Superflous information in this statement is ignored.

This field on STOP card must have an octal number not greater than

77777. STOP is assumed.

Field must be a positive integer.
Field must be an integer variable,
Field must be a statement label,

This form of ASSEM argument cannot reference elements in
COMMON, EXTERNAL names, or subprogram arguments,

This type of statement may not terminate a DO loop,

This statement terminates a DO loop which is not the last DO
encountered, '

This GO TO jumps to itself,
A program consisting of only an END card is illegal,

Too many unique dummy parameter references caused a
compiler table overflow,

Label in a DO statement must reference a statement following it,

Maximum allowable number of nestéd DOs exceeded, The DO loop
may be implied in a DO list,

Subroutine argument table overflow; caused by large number of
declared parameters and unique references to these parameters,

This formal argument was previously specified as anot;her formal
argument or the subprogram name,

Too many formal arguments caused a compiler table overflow,

The above name is not a variable or an array element,

60362000 E
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85

87

88

89
90

91

92

. 100

101

103

110

111

113

114
115
116
152

Significance

Two elements of the same array or common block are assigned
to the same storage unit.

Blank common and formal arguments may not be initialized with
DATA statements.

An array element in a BYTE, SIGNED BYTE, DATA, or
EQUIVALENCE statement either has wrong number of subscripts
or subscript is out of range.

Too many EQUIVALENCE names caused a compiler table overflow,
At least two elements must appear in an EQUIVALENCE statement.

Ths preceding equivalenced symbols have overflowed the origin
of common,

DATA statement field is not an integer, real, double precision, or
literal constant.

Missing terminating asterisk or quote in a literal string as
appropriate

Catastrophic table overflow; compilation is abandoned. If the
offending statement is arithmetic or a logical IF, the statement
should be broken into two or more statements and the program
recompiled.

Two PROGRAM, FUNCTION, SUBROUTINE, or BLOCK DATA
statements in one program unit; the second is ignored.

Relative address argument in ASSEM statement requires an asterisk
at the end of the preceding instruction,

Overflow of the table used for symbol references; subssquent
references are not listed by option 8 processor,

The index used in this subscripted variable is in conflict with the
dimension declaration.

Maximum number of macros overflowed; this macro definition is
ignored,

This macro was previously defined; the new definition is ignored.
Call to an undefined macro,

‘Embedded macros are {llegal,

Arithmetic table overflow

1~5/1~6
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Message

1

1/0 RQST
statement no.
ffff

2
I/0 RQST
statement no.
f£ff

£888

3
I/0 RQST
statement no.
fEfE

[24:4:4:4

4

I/0 RQST
statement no.
XX

5

I/0 RQST
statement no.
XX

60362000 F

FORTRAN EXECUTION ERRORS

The following error messages apply to the FORTRAN I/0 run-time only.

Significance

Error in a format statement; illegal character
in format statement

ffff The current decimal value of the for-
mat statement pointer

Illegal character in the input field.

ffff Current decimal value of format
statement pointer

gggg Current decimal value of input field
pointer

Input data exceeds limits of 16-bit word:

Exponent >|-‘391 0|

ffff Current decimal value of format
" statement pointer

geggg Current decimal value of the input
field pointer

Attempt to read on a write unit or write on
a read unit

XX Decimal unit number of a device
used improperly

Read or write request after an end-of-file
has been read without first doing an EOF
check

XX Decimal unit number of a device
used improperly

Action/Result

Program terminates

Program terminates

Program terminates

Program terminates

Program terminates




Message

7

1/0 RQST
statement no.
xx

8

1/0 RQST
statement no.
xx

9

I/0 RQST
statement no.
XX

10

1/0 RQST
statement no.
Xx

12

1/0 RQST
statement no.
biiid

13

1/0 RQST
statement no.
£Eff

14

1/0 RQST
statement no.
xx

15

1/0 RQST
statement no.
xx

M-2

Significance

Write attempted on magnetic tape with no
write enable

xx The decimal unit number of a device
used improperly

Attempt to use logical unit number greater

than 99

XX The decimal unit number of a device
used improperly

Backspace at loadpoint

xx The decimal unit number of a device
used improperly

End of magnetic tape sensed

Xx The decimal unit number of a device
used improperly

Illegal formatted input; more elements
are given than are contained in an input
record

biii Current decimal value of format
statement pointer

Illegal list; a list is given but there aré no
conversion codes in the format statement

i Current decimal value of format
statement pointer

File defined twice; more than one OPEN
request given for the same file

xx Decimal file number for a mass
storage device

Parameter negative or zero; one of the
parameters in an OPEN statement is
negative or zero

XX Decimal file number for a mass
storage device

Action/Result

To continue press
RETURN

Program terminates

Program terminates

To continue, press
RETURN

Program terminates

Program terminates

Program terminates

Program terminates
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Message

16 -

I/0 RQST
statement no.
Xx

17

1/0 RQST
statement no.
XX

18

I/0 RQST
statement no.
XX

19

1/0 RQST
statement no,
XX

60362000 C

Significance
Sector address too large; the starting

. sector address or ending address exceeds

215,
XX Decimal file number for a mass
storage device

File not defined; a READ or WRITE request
was given for a file which was not defined
by an OPEN statement

XX Decimal file number for a mass
storage device

Logical unit not a mass storage device

XX Decimal file number for a mass
storage device

Record number in READ or WRITE request
incorrect. Resulting sector address is out
of the range of the file or it is zero

XX Decimal file number for a mass
storage device

Action/Result

Program terminates

Program terminates

Program terminates

Program terminates

M-3/M-4-
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Message

CORE OVFL
*UD

UNDEFINED SYMS
name name name

*SO
INPUT ERROR

50362000 H

FORTRAN MiSCEl.I.ANEOUS ERRORS

Significance

More than 32, 767 cells of object code have been produced
Undefined symbol in address field

Undefined statement labels and variable names

Scratch mass memory overflow

Request from comment device for input has returned on error.

“will exit the job processor.

FORTRAN

N-1/N-2
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The following symbols may not be redefined in user programs.

60362000 E

MS FORTRAN RESERVED WORD LIST

R 2 e S R s R R N O R B 1 IR R PR R

DABS
DATAN
DBLE
DCOs
DEXP
DFIX
DFLOT
DFLT
DLOG
DSIGN
DSIN
DSQRT
DSTOR1
DSTOR2

FLOAT
FLOT
HFLOT
HDFLOT

QS8DFLT
QSDFNF
Q8PKUP
QSPREP
QSPSE
QBPSEN
Q8QBCK
Q8QD2D
Q8QD2F
Q8QD2I
QSQEND
Q8QF2I
Q8QF2I
QOQFLE
Q8QFIX
QSQFLT
QQ2F
QBQINI
Q8QWND

R B 2]
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FORTRAN OPERATION IN ITOS USER AREA P

At this time, FORTRAN does not fully support operation in the ITOS user area. Users who wish to
use FORTRAN in this manner should be aware of the following restrictions: ‘

L Blank common may not be used.

® Labeled common may be used only if the first program loaded does not declare labeled
common. One method of accomplishing this is to make the main program a subroutine
and to precede it with a program such as the following:

PROGRAM XYZ
CALL MAIN
CALL PGMOUT
END

L The OPEN statement and the following forms of the READ/WRITE statement described
in section 5 are not supported:

READ (k(n), f) list
WRITE (k(n), f) list
READ (k(n)) list
WRITE (k(n)) list

60362000 G | P-1






Absolute addresses A-1
Addresses
Absolute A-1
Relative A-1
AFORM 9-22
Allocated core, release of 9-30
Alphanumeric conversion 6-20
Aw input/output 6-21
Rw input/output 6-21
Arguments
Actual 7-3
Dummy 7-3 .
Arithmetic assignment statements
Arithmetic expressions 3-1
Mixed mode 3-3
Order of evaluation 3-2
Rules for forming 3-1
Arithmetic IF - 5-7
Arrays G-1
Format specification in 6-27
ASCII 9-21
Codes H-1
ASSEM 5-34
Assigned GO TO 5-4
Assignment statements  5-1
Arithmetic 5-1
Label 5-2 .
Asterisk or quote I/0 9-11
Auxiliary I/0 statements 5-28
BACKSPACE 5-29
ENDFILE 5-29
REWIND 5-28
Aw input/output 6-20; 9-9

BACKSPACE 5-29
Basic external function 7-7
Blank field specification 6-24
nX input 6-24
nX output 6-25
BLOCK DATA 7-17
Block data subprogram 7-17
Blocks, tape 5-30

60362000 G

5-1

Buffered input/output 9-31
Byte statements 6-7
Byte type data 2-5

CALL 5-8; 7-16
Calling sequences 9-13, 28, 29; A-1
Character set K-1
Character specifications, special 9-11
Coding hints -E-1
Commands via the A/Q channel 9-30
Comment line 4-1
COMMON 6-2; P-1
Common block 6-3
Compilation 8-1
Errors L~1
Examples 8-3
Options 8-1
8-1
8=2
8-2
8=1
8=-1
8-2
8=-1
8-1
8-2
8=2 _
Computed GO TO 5-6
Constant
Double precision 2-7
Integer 2-3
Real 2-6
CONTINUE 5-8
Control statements 5-3
Conversion
Alphanumeric 6-20
Double-precision 6-19
Format 9-5
Integer  6-13
Numeric 6-13
Real 6-15

X<mwoORPRQ»

Index-1



Specifications 9-5
Dw.d input 6-19
Dw.d output 9-5
Ew.d input 9-7
Ew.d output 9-6
Iw input 9-8
Iw, Iw.d output 9-7
Rw input/output 9-10
Zw input 9-9
Zw output 9-8
$w input 9-9
$w output 9-8.
* Communication between FORTRAN
and assembly language programs A-1
Completion location” 9-26
Core clock 9-30

DATA 6-9
Literals in 6-10
Data elements 2-1
Data format types
Byte 2-5
Double precision 2-7
Integer 2-3
Real 2-6
Signed byte 2-5
Single 2~5
Data types 2-4
DECHEX 9-21
Decimal character set K-1
DECODE 9-3, 17
Decremented DO loop 5-12
Descriptors, field 6-12
DFLOT D-1
DIMENSION 6-1
Dispatcher 9-30
DO 5-9
Extended range 5-16
Parameters 5-11°
DO loop 5-9
Decremented 5-12
Nested 5-13
Structure 5-10
Transfer 5-15
Double precision
Constant 2-7
Conversion 6-19

Index-2

Dw.d input 6-19
Dw.d output 6-20; 9-5
Floating point package D-1
Subscripted variable 2-8
Type data 2-7
Variable 2-8
Dw.d input 6-19 i
Dw.d output 6-20; 9-5

Editing specifications 6-21; 9~10
Literal free-field input/output 6-23
New line 9-11
nH input 6-21
nH output 6-22
Quote or asterisk /0 9-11
wH, wX input/output 9-10

ENCODE/DECODE 9-3, 15
Error detection 9-19
Macros 9-17, 19

END 5-9

ENDFILE 5-29

. EOF 7-8

EQUIVALENCE 6-4
Errors 9-15
Compilation . L-1
Execution M-1
Format 9-15
Input/output = 9-15
Miscellaneous N-1
Ew.d input 6-16
Ew.d output 6-18; 9-6
Executable statements 4-1; 5-1
ASSEM 5-34
Assignment 5-1
Arithmetic 5-1
Label 5-2
Control 5-3
Input/output 5-18
Execution 8-12
Errors M-1
Expressions 3-1
Arithmetic 3-1
Logical 3-4
Relational 3-3
Extended range of a DO 5-16
EXTERNAL 7-13
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