


































































































































































































































































































































































































SUBR BASE MAINT BASE ADDRESS INCREMENT END OF
ADDRESS  AVER] ADDRESS LisT7 OFA({EEI FOR LOOP  LOOP
| ! } \ [ / /
GR 0-7 00004050 00004048; GCCOCO00 | hqwqgg_g%; 06600004/ 0000308G (00060004 00003068
GR 8-F 00004142 40004004) 0C002810 4 0CG03698 00003098 ociqg;p;e; 00004000
FP REG 4431F800 B8FSC28F5 4431F800 anczan 4752F1E€8 6828F5CL D2000000 BO00000O
recmnennnne. RE TURMN
004000 {90ECHO0G{G5905851 00004160 00045845 COCC1874 8B700002 1AT55B70 90521822 ADDRESS
004020 | 1B335A35/00048756 901C1D24 5851CCC4 }{ig_ﬁccco 41109042 4106904A 0A0298EC
004040 | DOOCOTFE; 00000000 5B5BC2D7 C4E4D4D7 / C0C04000¥00004100 0000CO01 00000000
oo«oeo§ 00000000/ -~ SAME~~ 4
C040E0 oooooooo§ ocoooooo; 00006C00 oooooooog ccoooooog 00000000 00000000 00000000
SAVE EAUZ 9,0 srAIeroF S73,0(5) START OF PDUMP MACRO
MACRO LITERAL PooL
Figure 8-13. First dump produced by the subroutine in Figure 8-12, SUBR
SUBR BASE MAINT BASE ADDRESS  INCREMENT END OF
ADDKESS Aver2 AD&A’ESS L/srz OF A(/Ekz FO)? LOOP Loop
§
GR 0-7 00004050 00004048)0CCCCOCO (00 3 &QQQ.Q.O&& odan.zg,aﬁmggm%;
GR 8-F 00004142 60004006 C0CC2810 40003002 C€CC03698 C0003098 o@g,pﬁgﬁ 00004000
FP REG 4431F800 8F5C28F5 4431F800 8F5C28F5  4752FLE8 6828F5CL D200D000, aooooogo RETURN
004000 90ECDOOC 05905851 00004160 00045845  CCCOL874 8B700002 1A755870 90521822 PPRESS
004020 1B335A35 00048756 901C1D24 58510C04 50350000 41109042 4100904A 0A0298EC
004040 DOOCOTFE 00000000 5B5BC2D7 C4E4D4D7  CCC04000 00004100 00000001 00000000
004060 00000000 —--SAME—-
0040E0 00000000 00000000 00CCGCO00 00000C00  0COCQO00 0GC0G000 00000000 00000000
Figure 8-14. Second dump produced by the subroutine in Figure 8-12, SUBR
BASE ADDRESS OF RETURN  ADDRESS OF
L0AD MACRO ADD.?ESS SAVE AREA ADDRESS 5‘(/8/?0(/774/6
I
GR 0-7 000030F0 000030E8{CCOCFFFF oooozaoo:) CCCOFF84 FFFFFF7C| 00000085 00002798/
GR 8-F 00004142 0A0407F1{00C02810 400 6C003698 000003098 00003044, 00004000
FP REG 4431F800 BF5C28F5!4431F800 8F5C28F5  4752F1E8 6828FSC1 D200D000 BO0O0000O
~ 18T CALL
003000 05804100 B0964110.8B0DELBOO OAO4S8F0 . BOF641EQ BOIEOS1F _0000305C 0000308C;
003020 5860804E 5A60B0S52 SC60BOS6 41D0OB096 ,CT0058F0 BOF641EQ B042051F 00003070
003040 00003090 (4110BOE6 41C0BOEE 0A0Z0AOE) 4 CCOCCO38 00000040 00000085 00000004
003060 ooooocmgzoooooooc 00C0CO013 ooocccor‘*g 00000006 COOG000B GGOC0002 00000004
003080 FFFFFFFD! C0000005 FFFFFFFF (0000000F | ¢ } 00000000,40C000000 00000000
0030A0 00000000 00003044 00004000 /00000000 || 6G00303C| 000OFFFF| 00002800 0000FF84
0030C0 FFFFFF7C; 00000085 cocozms{ooooanzf% caoqmng 00002810, 46003002 00003698
0030E0 Ezeaczoq?l.o‘,o«oao 5B5BC207, C4E4D4DT] | 0CCC3000] ooooazooﬁ 00004000 00000000
003100 00000000; -~SAME—~ § P \
0031E0 00000000; 0000CC00 000CCO00! ooooocooi \ocoocooo ooooocoo;oooooooo 00000000
j § i 2 W\\% _!
PDUMP AVE,?I EO0J START OF AVERZ STAPT oF
292 CALL SAVE AREA

Figure 8-15. Dump produced by the main program in Figure 8-11, MAIN1
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follow these events fairly clearly in the dumps, remem-
bering that each dump is produced at just one particular
point during processing.

1. The calling program MAIN1 began with execution of
the BALR 11,0 that is at 3000, then LA, then the LOAD
macro.

2. The LOAD caused the subroutine load module to be
entered into core beginning at 4000, and control to be
returned to MAIN1.

3. Next, in MAIN1, execution of the CALL macro (see
Figure 8-5 for the actions included) branched to and turned
control over to the called program SUBR. It also informed
SUBR where to find the parameter list and where to place
the final result. We note that the last two fullwords in the
CALL macro, as shown in the dump in Figure 8-15, are the
addresses of LIST1 and AVER1.

4. SUBR was executed once, beginning with the SAVE
macro at 4000, which stored the existing contents of all the
general registers in the save area beginning at location 3098.
Every instruction in SUBR was executed in turn, including
repetitions of the loop, through the PDUMP macro. The
reader may wish here to go back to the discussion about the
subroutine in Figure 8-5 for a detailed review of the process-
ing included.

5. The dump in Figure 8-13 was produced at this point.
We note that the averaging calculations in SUBR used regis-
ters 2, 3, 4, 5, 6, and 7, and that its base address was in
register 9. All this is reflected in the contents of these regis-
ters in Figure 8-13.

6. The final instruction in SUBR, the RETURN macro,
restored the original contents of the registers from the save
area and returned control to MAIN1 at location 3020
(L 6,A in statement 14).

7. MAIN1 then did its processing in register 6, and
stored the result (85) at C (the fullword at 3058). It again

loaded the save area address in register 13 and executed the
second CALL.

8. Beginning at the same location as before (4000),
SUBR was executed again in its entirety. The contents of
the registers were stored, the registers used, and the con-
tents restored in the same way; and then control was
returned to MAIN1. The dump in Figure 8-14 was produced
before the registers were restored.

9. This time control was returned to MAIN1 at location
3044, where the PDUMP macro was immediately executed,
producing Figure 8-15. Next came the EQOJ at location
304E, and, with the Supervisor Call instruction (OAQE),
control went back to the control program.

The remaining coding in the dump in Figure 8-15 is not
executable, but consists of the constants and storage areas
we set up in the original program and also those generated
by the various macros. We note that the last item (at 30F8)
is a value of 4000 for =V(AVER), the address constant for
AVER. This was assembled as 00000000. The value was
supplied by the linkage editor.

Two observations can be made from this review of the
programs’ execution. The first is that program linkage is
closely related to the specification of base registers for each
program. Throughout execution, the base-plus-displacement
addressing system continues to work efficiently on the basis
of the values originally assigned by the assembler. Second,
communication between programs is easily maintained as
long as the data and addresses needed by each is in a known -
location. When routines are written by different program-
mers and assembled separately, communication is simplified
by use of standard linkage registers for specific functions.
Although details differ in certain respects, the necessary .
linkages can be established similarly in all the operating
systems by use of either regular assembler language
instructions or macro instructions.
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QUESTIONS AND EXERCISES

1a. What functions does BALR 14,15 perform?
b. What functions does BAL 14,SUB perform?
¢. What instruction is used to return to the main program

after either a. or b. above?
2. Match register numbers with their conventional usage.

REGISTER

1 a. return address
13 b. address of subroutine entry
14 c. save area address
15 d. address of parameter list

3. List 5 operations that are performed by the CALL
macro.

4. The CNOP updates the value in the instruction counter
during the first phase of the assembly process. If the
counter is now at a value of 000402, what will it be after
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each of the following:
CNOP 0,8
CNOP 0,4
CNOP 4,8
CNOP 6,8
CNOP 2.8
. CNOP 24
5a. What is generated by a SAVE (14,12)?

b. What is generated by a RETURN (14,12)?
6a. When a program is branching to an instruction not
defined within the confines of that program, what instruc-
tion is needed?

b. When a program is to be branched to from another
program, what may be used to identify the label of the
instruction to be executed first?

oo ow
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With the growing use of mathematical and statistical
methods to solve business and industrial problems, floating-
point arithmetic, long the province of scientists and
engineers, is being used more and more by commercial
programmers. Although FORTRAN and PL/I are far more
efficient for the programmer who wants to solve a complex
mathematical problem, floating-point arithmetic can sim-
plify programming in assembler language when the values
used in a computation cover a very wide range or are
unpredictable. This is so because, in floating-point opera-
tions, the machine automatically keeps track of the decimal
or binary point and the alignment of intermediate arith-
metic results. The programmer need not expend the time
and effort required to do this in involved decimal or binary
calculations.

Floating-point arithmetic may also save considerable
storage space when the values used are either very small or
very large. A value up to approximately 7x 10 can be
expressed in just four bytes. That number is equivalent to 7
followed by 75 zeros. Represented in packed decimal, it
would use up over 30 bytes of storage. Since all floating-
point numbers are exactly either four or eight bytes in
length (at the option of the programmer), he reaps some
additional benefits. He does not need to estimate the maxi-
mum possible sizes of his data, intermediate results, and

Chapter 9: Floating-Point Arithmetic

final results for purposes of reserving sufficient space. Also,
he does not run the risk of losing high-order digits from a

-register. He can, in fact, perform most calculations almost

as directly as he wouid by hand.

The System/360 floating-point feature performs the
same arithmetic calculations as decimal and binary instruc-
tions: addition, subtraction, multiplication, and division.
There are also similar instructions for comparing, loading,
and storing. Just one different kind of instruction is
included: the Halve instruction, which has the effect of
dividing by two. The entire floating-point instruction set,
although it may appear long and complicated (the list is
presented later in this chapter), consists only of variations
of these basic operations. These variations permit the pro-
grammer to choose between (1) long-precision and short-
precision numbers, (2) normalized and unnormalized
addition or subtraction, and (3) register-to-register and
storage-to-register operations.

This brief chapter describes how floating-point numbers
are represented in System/360, shows a few examples of
floating-point instructions, and explains the new terms used
in the preceding paragraph. It is a simplified introduction to
the subject for the non-mathematician who may have some
curiosity about floating-point operations or who may
anticipate using the floating-point feature.
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FLOATING-POINT NUMBERS

Floating-point numbers are expressed in a form similar to
that commonly used for scientific notation, which is a con-
cise means of expressing very large or very small numbers.
For example, the mean distance from the earth to the sun is
roughly 93,000,000 miles. In scientific notation, we would
give this number as 9.3 - 10”. This expression consists of
two factors, the significant digits multiplied by a power of
10. The exponent 7 indicates that the base 10 is to be
multiplied by itself seven times, and this will give the entire
number the proper magnitude. The number base need not
be 10, but it is the most common and the easiest for us to
understand. The base might be 2 or 8 or 9 or 12 or what-
ever. In fact, in System/360 it is 16. Let’s look at a couple
of other examples of scientific notation in base 10. A light
year, which is a common term for expressing large dis-
tances, represents a distance of 5,880,000,000,000 (or

5.88 - 10'®) miles. A unit that may be used for measuring

the wavelength of light is 0.00000001 (or 0.1 -
centimeters.

A number in this form of notation is generally, but not
always, expressed with one integer to the left of the deci-
mal point. Sometimes it is more convenient to place it else-
where, either to make some numerical relationship clearer
or to simplify computation. In such a case, the exponent is
simply increased or decreased by the same number as the
number of places the decimal point is moved. The following
shows equivalent values for our three examples.

10°7)

93,000,000=9.3 - 107 =93.0- 10 = 93 -10% = .093 - 10°

5880.0 - 10°
=.00588 . 10*°

5,880,000,000,000 = 5.88 - 1012
= 588.10%8

0.00000001=.1-10"7=1.0.10%=.01.10°
=.000001 - 1072

In System/360 a floating-point number, written as a
decimal number by the programmer, is converted internally
by the machine to a form very much like the underscored
examples. In these, the part of each value to the left of the
multiplication sign is a fractional quantity, without any
whole numbers before the decimal point. Note that the first
digit after the decimal point is a nonzero digit. A number in
this form is known as a normalized number. The final
example in each group of examples shows the form of an
unnormalized number, in which the fraction has one or
more high-order zeros.

Floating-point numbers are fixed in length, either a full-
word (32 bits) for short precision or a doubleword (64 bits)
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for long precision. The format of a short floating-point
number is as follows:

Characteristic (or
S| Exponent + 64)

0 1 78 31

This format allows 24 bits for the fraction. A long floating-
point number has the same arrangement, except that the
fraction is 56 bits in length:

Characteristic {(or
S| Exponent + 64) .

o 1 78 63

Fraction

Fraction

A value may be expressed in either short or long form; the
short form will give greater speed and use less space, the
long will give greater precision.

In either format, the first bit is the sign of the fraction, 0
for plus, 1 for minus, and indicates whether the entire num-
ber is positive or negative. The next seven bits are used for
the exponent, which in System/360 is called the character-
istic by analogy with logarithms. The characteristic also
includes a sign (but in an indirect way that will be
explained shortly), giving us a plus exponent for large
values (over 1) and a minus for small values (below 1). For
example, 161 = 16 and 167! = 1/16. Similarly, -16" = -16
and -16"1 = -1/16. The characteristic is a power of 16, of
course, not 10, and is a 7-bit binary number with a range of
values from 0 to 127;,. The fraction is expressed in hexa-
decimal digits, 6 digits for short precision and 14 for long,
and in a normalized number its value is between 1/16 and
1. The fraction 1/16 is 0.1 in hexadecimal, with a bit
pattern of 0001. Note that normalization applies to hexa-
decimal digits, not bits, and that the three high-order bits
may be zero. The decimal point does not appear in storage,
but is understood.

The method devised for indicating the sign of the charac-
teristic in System/360 floating-point numbers is to use what
is called excess-64 notation. This avoids the complications
of a second sign. As we mentioned, seven bits can represent
a range of values from O to 127. If 64, is always added to
the actual exponent, a range from -64 through +63 can be
represented without further indication of a sign. In this
scheme, a characteristic of 65 is equivalent to an exponent
of +1, 66 to +2, and so on up to 127, which is equivalent to
+63. In the low range, a characteristic of 63 is equivalent to
an exponent of -1, 62 to -2, and zero to ~64. Table 9-1 is
given to help in understanding the actual value of some
frequently used characteristics.



Table 9-1. Equivalent Values of the Characteristics of Some

Floating-Point Numnibers

Actual
Characteristic power  Decimal value
Dec. Hex of16 of characteristic
68 44 +4 65,536.0
67 43 +3 4,096.0
66 42 +2 256.0
65 41 +1 16.0
64 40 0 1.0
63 3F -1 0.0625 (or 1/16)
62 3E -2 0.00390625 (or 1/256)
61 3D -3 0.000244140625
60 3C -4 0.0000152587890625

Although the programmer does need to understand the
internal form of floating-point numbers, he will never have
to do the calculations to break down a value into its hexa-
decimal exponent and fraction. The machine does that with
the greatest of ease. To enter a value into storage in an
instruction, the programmer need only define a constant,
giving the value in decimal (with or without a decimal
point) and specifying its type as E for a short floating-point
number or D for a long number. Here are some examples:

Each constant is specified by a decimal number, which we
see may be an integer, a fraction, or a mixed number. A
decimal point may be placed before, within, or after the
number, or it may be omitted. A number without a decimal
point is assumed by the machine to be an integer. The
number may be signed or unsigned, and a number without a
sign is assumed to be positive.

The assembled object code for the floating-point num-
bers appears at the left in the listings (see Figure 9-1). This
is a hexadecimal representation of the actual storage
contents. The first two digits represent the sign plus the
characteristic. The remaining digits represent the fraction.
The decimal point is understood and does not appear in
storage. The same numbers are shown in the comments
column in Figure 9-2 in a form that is easy to read. A plus
or minus sign is printed, depending upon whether the first
bit is a zero or a one. The two digits following the sign give
the characteristic, the first digit representing the value of
the first three bits of the seven-bit characteristic. A decimal
point (actually a hexadecimal point) is printed preceding
the fraction. - o

In these figures some of the decimal values specified are
integers between 1 and 15. We see that they are represented
in floating-point numbers by the corresponding hexa-
decimal digit in the fraction, with a characteristic of 41. To
take the 9 as an example, +41.900000 should be considered
as

DC E'138.25' 6. 2
DC E'138 16"
’ r
DC E,-OOI 38, Decimal 16 becomes +42.100000, which we consider as
DC E9.3E+7
DC D'9.3E+7 162 .%,
The last two show how the expression 9.3 - 107 is specified )
as a constant. The E inside the quotation marks simply Decimal 32 becomes +42.200000, or
indicates an exponent. 162 2
Figures 9-1 through 9-6, which follow, show various 16°
assembly listings of DC entries of floating-point numbers.
000148 41100000 IC E'1
00014C 41200000 DC E'2!
000150 41300000 DC E'3"
000154 41900000 DC E'9"
000158 41A00000 DC E'10"
00015C 41B00000 IC Er11!
000160 41F00000 DC E'15°'
006164 42100000 C E'16°
000168 42110000 DC E'17"
00016C 421F0000 DC E'31"
000170 42200000 DC E'32!
000174 42210000 DC E133!
000178 42FF0000 IC E1255"
00017C 43100000 DC E'256"
000180 43101000 DC E'257!
000184 43FFF0O00 DC E'4095!
000188 44100000 oC E'4096"
00018C 44100100 C E'4097"

Figure 9-1. Assembly listing of decimal integers specified as short floating-point constants
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The same constants are specified in Figure 9-3 as nega-
tive values. Looking at the actual storage values in the
object code column, we see that the first digit in these cases
is C. This represents the total of the first four bits of our
floating-point numbers. In other words, the value of the
sign bit (decimal 8) is added to the value of the first three
bits of the characteristic. This is of no consequence when
the sign is plus and is a zero bit. When it is negative, how-
ever, we get binary 1100 0001 (or hexadecimal C1, equal to
decimal 12 and 1) for a sign and characteristic of -41.
There is still another interesting fact to observe in these
representations of negative floatingpoint numbers. Note
that the values are all in true notation, and not in two’s
complement form as in other types of System/360
arithmetic.

In Figure 9-4 we have some decimal numbers that are
fractional and mixed numbers, not integers. Decimal 0.5,
for instance, becomes hexadecimal +40.800000, which we
consider as

The decimal number 1.5 becomes +41.180000, or

24
16*

It is interesting to note that the simple decimal number 0.1
is transformed into a nonterminating hexadecimal fraction;
there is no exact hexadecimal representation for decimal
0.1. On the other hand, complex-looking decimal fractions
that happen to be negative powers of 16 are transformed
into particularly simple hexadecimal numbers, as
0.00390625 = +3F.100000.

Figure 9-5 shows a few long floating-point numbers. The
scheme is the same, the only difference being the presence
of eight additional hexadecimal digits, which make the frac-
tion a total of 14 digits. This permits more accurate
representation of numbers that do not have an exact hexa-
decimal representation and naturally permits much greater
precision when arithmetic is performed.

Figure 9-6 shows some examples of short and long
floating-point numbers specified by decimal numbers with

16!

16° - 8 . exponents. The decimal numbers are all in the form of our
16 examples of scientific notation at the beginning of this
000190 41100000 C E'1* +41.100000
000194 41200000 C E'2! +41.200000
000198 41300000 C E'3! +41.300000
00019C 41900000 IC. E'9!  +41.900000
0001A0 41A00000 IC Et10" +41.A00000
0001A4 41B00000O C E'11' +41.B00000
0001A8 41F00000 DC E'15¢ +41.F00000
0001AC 42100000 C E'16° +42.100000
0001BO 42110000 C E*17" +42.110000
0001B4 421F0000 DC E*31' +42.1F0000
0001B8 42200000 C E*32° +42 4200000
0001BC 42210000 C E'33! +42.210000
0001CO 42FF0000 DC E1255" +42 .FF0000
0001C4 43100000 DC E'256' +43.100000
0001C8 43101000 nC E'257" +43,101000
0001CC 43FFFO00 DC E'4095' +43 .FFF000
0001D0 44100000 ‘DC E'4096" +44,100000
0001D4 44100100 IC E'4097" +44,100100

Figure 9-2. A listing of the same examples as in Figure 9-1, showing them in the comments field in a form that is easy to read

000220 C1100000
000224 C1200000
000228 C1300000
00022C C1900000
000230 C1A00000
000234 C1B000OO
000238 C1F00000
00023C C2100000
000240 C2110000
000244 C21F0000
000248 C2200000
00024C C2210000
000250 C2FF0000
000254 C3100000
000258 C3101000
00025C C3FFF000
000260 C4100000
000264 C4100100

DC E'-1" -41.,100000
DC E1-2¢ -41.200000
DC E'-3" -41.300000
C E'-9! -41.900000
DC E'-10" -41.A00000
DC E'-11' -41.B00000
DC E'-15" -41.F00000
DC E'-16" -42.100000
DC E'-17" -42.110000
DC E'-31! -42.1F0000
DC E'-32" -42,200000
DC E'-331 =42.210000
DC E'-255" -42.FF0000
DC E'-256" -43.,100000
DC E'-257" -43.101000
DC E'-4095" -43 ,FFF000
DC E'-4096" -44,100000
DC E'-4097" -44,100100

Figure 9-3. The same values shown as negative numbers
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section. In E'12.78E+8’ the decimal value is 12.78 - 10%,
which we see becomes +48.4C2CBC in hexadecimal. In
D'-0.00057E-5" the decimal value is -0.00057 - 107°. This
like all the examples we have seen, is converted to a
floating-point number in normalized form, that is, with no
high-order zeros in the fraction. The fraction is always
normalized unless the programmer specifies a decimal num-
ber with a scale factor. (Since scaling has not been discussed
in this book and is not needed for our elementary compu-

tations, it is suggested that a student interested in the
subject refer to his assembler specification manual.)

In reviewing the hexadecimal values given by the
assembler, we notice that in all the illustrations there are
some fractions in which the first digit is 1. Hexadecimal 1,
of course, is equivalent to binary 0001. It is important to
realize that normalization refers to hexadecimal digits
rather than to bits, and a normalized fraction may have as
many as three leading zero bits.

000268 40800000 nC E'0.5"' +40.800000
00026C 41180000 C E'1.5° +41.180000
000270 41140000 DC E'1.25" +41.140000
000274 41120000 DC E'1.125! +41.120000
000278 41110000 DC E'1.0625" +41,110000
00027C 411C0000 DC E'1.75! +41.1C0000
000280 411E0000 DC E'1.875! +41.1E0000
000284 411F0000 DC E'1.9375"' +41,1F0000
000288 4019999A DC E'0.1"' +40.19999A
00028C 3F28F5C3 DC E'0.01! +3F.28F5C3
000290 3E418937 DC E'0.001! +3E.418937
000294 3D68DBSC DC E'0.0001" +3D.68DB8C
000298 3CATC5AC DC E'0.00001" +3C.ATC5AC
00029C 4111999A e E'1.1' +41.11999A
0002A0 40400000 DC £'0.25" +40.400000
0002A4 40100000 DC E'0.0625"' +40.,100000
0002A8 3F100000 nC E'0.00390625" +3F.100000
Figure 9-4. Some fractional and mixed decimal numbers expressed as short floating-point constants
000288 4110000000000000 DC D1 +41.,10000000000000
0002C0 4120000000000000 DC D12t +41.,20000000000000
0002C8 4210000000000000 DC D16 +42,10000000000000
0002D0 4980000000000000 DC D134359738368" +49,80000000000000
0002D8 4BB3AT3CESB59000 DC D'12345678912345 " +4B.B3AT3CE5B59000
0002E0 4080000000000000 DC D'0.5°' +40.80000000000000
0002E8 401999999999999A DC D'0.1" +40.1999999999999A
0002F0 411199999999999A DC Dt1.1" +41.1199999999999A
0002F8 C11A86BD134658D5 DC D'-1.65789516" ~-41.,1A86BD134658D5
000300 3E10000000000000 DC D'0.000244140625" +3E.10000000000000
Figure 9-5. Some long floating-point constants
000308 484C2CBC nC E'12.78E+8" +48.4C2CBC
00030C 5156BC76 DC E'1E+20! +51.56BC76
000310 B819256E DC E'-22.87035E-12" -38.19256E
000314 EABF9572 DC E'-2.8E+50" —-6A.BF9572
000318 TA25179157C93ECT DC D'0.1E+70! +7TA.25179157C93ECT
000320 173BDCF495A9703E DC D'0.1E-49! +17.3BDCF495A9703E
000328 D089108TBIF3A6EC DC D'-9.87654321555E+18"' -50.891087BIF3A6EC
000330 BA187B375E0424FA DC D'-0.00057E-5" -3A.187B375E0424FA
000338 401F9ADD3739635F DC D'12345.6789E-5" +40.1F9ADD3739635F

Figure 9-6. Some decimal values with exponents expressed as floating-point constants
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FLOATING-POINT INSTRUCTIONS

Four special registers, used only by the floating-point
instructions, are part of the System/360 floating-point
feature. They are 64 bits in length and are numbered 0, 2,
4, and 6. All 64 bits are used for long-precision operands
and results, and only 32 bits for short-precision (except for
the product in Multiply). Use of registers for floating-point
arithmetic avoids the many operations that would other-
wise be necessary for storing and loading results and
operands. All floating-point operations are register-to-
register (RR) or storage-to-register (RX), and most of the
instructions are available with a choice of either format.

All floating-point instructions are also available with a
choice between the use of long or short numbers. In
addition, the programmer may select an Add or Subtract
instruction in the execution of which the intermediate and
final results are normalized or are not normalized. All these
choices mean a long list of instructions in the floating-point
instruction set (as we see in Table 9-2, there are eight separ-
ate Add instructions), but the basic functions are simply to
Add, Subtract, Multiply, Divide, Halve, Compare, Store,
and Load. The Load instructions also provide the program-
mer with the ability to control the signs of operands. Note
that the mnemonics of instructions for long precision are
distinguished by the letter D, and for short precision by the
letter E. In Add Unnormalized and Subtract Unnormalized,
these change to W and U.

Perhaps the best way to get an idea of how the instruc-
tions actually operate is to study an example. Figure 9-7 is
an assembly listing of a program to evaluate the following
formula, using short precision throughout.

2
A+B'C
Y = ___2_
3.17-2D

The first processing instruction is Load Short (LE),
which places the value of D in floating-point register 2. The
fact that the 2 in this instruction refers to a floating-point
register, rather than to a general purpose register, is implied
in the operation code; floating-point is understood by the
assembler when it encounters the code LE. This short oper-
ation will load the left half of the double-length register,
leaving the low-order half unchanged. Any previous value in
the low-order 32 bits, will ordinarily have no significant
effect on later operations.

The second instruction multiplies the contents of
floating-point register 2, which we just loaded, by the con-
stant 2 in floating-point form. The result is left in the same
register, destroying the previous contents. No other register
is involved, in contrast to fixed-point multiplication. The
lower half of the floating-point register is involved,
however, because the entire register is used for the result of
a Multiply operation. In short precision, the fraction of the
product has 14 hexadecimal digits, of which at least two are
always zero.
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Table 9-2. Instruction Set for the System/360 Floating-Point Feature

Name Mnemonic  Format
Load (Long) LDR RR
Load (Long) LD RX
Load (Short) LER RR
Load (Short) LE RX
*Load and Test (Long) LTDR RR
*Load and Test (Short) LTER RR
*Load Complement (Long) LCDR RR
*Load Complement (Short) LCER RR
*Load Positive (Long) LPDR RR
*Load Positive (Short) LPER RR
*Load Negative (Long) LNDR RR
*Load Negative (Short) LNER RR
*Add Normalized (Long) ADR RR
*Add Normalized (Long) AD RX
*Add Normalized (Short) AER RR
*Add Normalized (Short) AE RX
*Add Unnormalized (Long) AWR RR
* Add Unnormalized (Long) AW RX
*Add Unnormalized (Short) AUR RR
*Add Unnormalized (Short) AU RX
*Subtract Normalized (Long) SDR RR
*Subtract Normalized (Long) SD RX
*Subtract Normalized (Short) SER RR
*Subtract Normalized (Short) SE RX
*Subtract Unnormalized (Long) SWR RR
*Subtract Unnormalized (Long) Sw RX
*Subtract Unnormalized (Short)  SUR RR
*Subtract Unnormalized (Short) SU RX
*Compare (Long) CDR RR
*Compare (Long) CD RX
*Compare (Short) CER RR
*Compare (Short) CE RX
Halve (Long) HDR RR
Halve (Short) HER RR
Multiply (Long) MDR RR
Multiply (Long) MD RX
Mutltiply (Short) MER RR
Multiply (Short) ME RX
Divide (Long) DDR RR
Divide (Long) DD RX
Divide (Short) DER RR
Divide (Short) DE RX
Store (Long) STD RX
Store (Short) STE RX
*Qperation sets condition code.




LOC OBJECT CODE ADDR1 ADDR2 STMT  SOURCE STATEMENT
1 PRINT NOGEN
000000 2 SHORTFP START 0
000000 0580 3 BEGIN BALR 11,0
000002 4 USING *,11
000002 7820 B032 00034 5 LE 2,0 LOAD FLOATING POINT REGISTER 2 WITH D
000006 7C20 BO36 00038 6 ME 2,FTWO MULTIPLY D IN REGISTER 2 BY 2
00000A 3322 7 LCER 2,2 REVERSE SIGN OF PRODUCT
00000C 7420 BO3A 0003C 8 AE 2,CON1 ADD CONSTANT 3,17
000010 7840 BO2A 0002C 9 LE 4,8 LOAD FLOATING POINT REGISTER 4 WITH B
000014 7B40 BOZE 00030 10 SE 4,C SUBTRACT €
000018 3444 11 HER 4,4 USE HALVE INSTRUCTION YO DIVIDE BY 2
00001A 7A40 B026 00028 12 AE 49 A ADD A
00001E 3042 13 DER 4,2 DIVIDE NUMERATOR BY DENOMINATOR
000020 3C44 14 MER 4,4 SQUARE THE QUOTIENT
000022 7040 BO3E 00040 15 STE  4,Y STORE THE FINAL RESULT
16 £0J
000028 19 DS OF
000028 41123456 20 A DC E'1.1377772805"
00002C 43356800 21 8 DC E1854.50¢
000020 43252600 22 ¢ oC £'594.3750"
000034 3E2D3EFD 23 D DC E'6.904E-4"
000038 41200000 24 FTWO DC E* 2"
00003C 41328852 25 CON1 DC E*'3.17"
000040 26 Y DS F
000000 27 END  BEGIN
Figure 9-7. Assembly listing of a program to perform simple computations in short floating-point arithmetic

In the execution of a Multiply instruction, the machine
normalizes both operands, if the fractions have leading
zeros, before any arithmetic is performed. This is done by
shifting the fraction left until the leftmost hexadecimal
digit is a nonzero digit and reducing the characteristic by
the number of shifts required. When this is done before the
arithmetic process (as it is in both Multiply and Divide), the
action is called prenormalization. With both operands
prenormalized, the product will either be normalized
already or have at most one leading zero. In the latter case,
the product fraction is shifted left one hexadecimal posi-
tion to postnormalize it, and the product characteristic is
reduced by one.

In floating-point multiplication, the arithmetic process is
very simple and follows the familiar rules for exponents.
It consists of adding the characteristics and multiplying the
fractions. To illustrate the procedure, let’s consider a simple
problem in base 10: to multiply 12,300 by 60. Expressed
with decimal exponents, this is (.123-10%)-(.6 -10%).
Multiplying the fractions, we get .123 - .6 = .0738. Adding
the exponents, we get 105*2 = 107. Together, they give
0738 -107 = 738,000. In System/360, of course, the
machine also has to subtract 64 from the characteristic of
an intermediate product because, with both operands in the
excess-64 notation, adding the characteristics gets the extra
64 into the product twice instead of once.

For those who wish to follow the arithmetic in the pro-
gram example, the details are given in Figure 9-8. Each line
shows the contents of the two registers used for computa-
tion after the execution of each of the floating-point
instructions. The operation codes are given in the left-hand
column. The program used for this output specified the
addition of a point in printing the hexadecimal register con-
tents, The decimal equivalents are in the usual form for
floating-point numbers and show the true value of the

exponents. The decimal numbers are not all exact equiva-
lents, because exact equivalents of fractional quantities
often do not exist in base 10 and base 16. Inspection will
show that these discrepancies are small for most practical
purposes; they can be made much smaller by the use of
long precision, as will be seen later.

We noted before that the product fraction of a short-
precision Multiply is 14 hexadecimal digits in length,
including some trailing zeros. Normally, after the ME opera-
tion in Figure 9-8, we would expect to find at least some
nonzero digits in the low-order half of register 2. In this
case, however, the two fractions that are multiplied yield
only six significant digits (.2D3EFD x .200000 =
.SA7DFA 000000), so the low-order half of the register
contains eight zeros. The more usual situation can be seen
in register 4 after execution of the MER instruction.

The next instruction in our program, the Load Comple-
ment (RR), reverses the sign of the product as written here.
(The instruction can also be used with two different register
numbers.) It would of course be acceptable programming
practice to have stored the constant 2 as a negative number.

Now we add the constant 3.17, using an Add Nor-
malized instruction. Floating-point addition starts with a
comparison of the two operand characteristics; if they are
the same, addition of the fractions takes place immediately.
Otherwise, the fractional part of the number with the
smaller characteristic is shifted right, as many places as the
difference in characteristics, until they agree. When this is
done, the decimal points (hexadecimal points, really) are
“lined up”, as addition requires. The fractions are then
added. The larger of the two characteristics becomes the
““provisional” characteristic of the sum; we say provisional
because it may have to be adjusted for a possible overflow
carry in the fraction or for postnormalization.

If the addition caused overflow of the fraction, the
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result fraction is now shifted right one place and the charac-
teristic accordingly increased by 1. On the other hand, the
addition might have resulted in a sum with leading zeros,
which would happen if the operands were of about the
same size but of opposite sign, and the characteristic would
be decreased in the process of normalization.

If these actions cause the characteristic to go below or
above the range of zero to 127, exponent underflow or
overflow is signaled, and normally a program interruption
occurs. If addition or subtraction results in an all-zero frac-
tion, the loss of significance is complete, which may in
some cases destroy the validity of all results of the compu-
tation. If this happens without the problem originator’s
knowledge, he may place confidence in results that are in
fact meaningless. For this reason, System/360 provides a
warning in the form of a significance exception, and a pro-
gram interruption occurs, enabling the programmer to cope
with the situation in a subroutine. For certain types of
data, the programmer may wish to prevent an interruption,
and he can do so in case of an exponent underflow or a
significance exception. In case of exponent overflow, how-
ever, the interrupt action cannot be overridden.

With the values that have been entered in our sample
program, there will be no loss of significance or other
exceptions. To review what has been covered in the pro-
gram so far, we have evaluated the denominator within the
parentheses. We leave the result in floating-point register 2
and turn now to an evaluation of the numerator.

In loading B and subtracting C, instructions are used that
are now familiar. Floating-point subtraction is just like
addition, with the sign of the second operand reversed
before adding the fractions. Since both addition and sub-
traction are completely algebraic, and since either one can
involve any of the four combinations of signs of the
operands, they are truly very similar.

The division by 2 is handled in a rather different way
from what one might expect and illustrates an interesting
member of the floating-point instruction set. The Halve
instruction (HER) divides the second operand by 2 and
places the result in the first operand; both registers are the

same here, as they so often are in using the RR-format
instructions. What actually happens is that the fraction part
is shifted right by one binary place, which is equivalent to
dividing by 2. If the consequence of this is an intermediate
result with all zeros in the first four bits of the fraction, the
final result is postnormalized.

The next instruction is another Add Normalized, the
details of which we discussed before. So far, however, we
have not mentioned a feature of System/360 floating-point
operations that is designed to increase the significance of
final results. It is called the guard digit. As we know, the
fractions in final results have six hexadecimal digits in short
precision, and 14 in long precision. Intermediate results
may have one additional significant low-order digit in the
Add, Subtract, Compare, Halve, and Multiply operations,
which participates in postnormalization of final results.
This extra digit materializes when right-shifting into the
guard digit position occurs during the operations named, as
in Adding, for example, when the two operands are lined
up with each other. When final results are subsequently
shifted left in the process of postnormalization, the guard
digit is simply included in the move.

At this point in our problem, we have the numerator in
floating-point register 4 and the denominator in register 2.
A Divide (RR, Short) places the quotient in register 4.
Floating-point division works as follows. Both operands are
prenormalized. Division of the fractions yields the quotient

- fraction. The characteristic of the denominator (or divisor)

is subtracted from that of the numerator (or dividend), and
then 640 is added to get the characteristic back into
excess-64 form. The arithmetic process here is similar, but
opposite, to the Multiply instruction. In short-precision
Divide, the low-order half of the registers is ignored, and
the fraction of the result is six digits in length. Division of
two normalized six-digit fractions will always yield either
six or seven digits, never more or less. Postnormalization is
never necessary, but the quotient fraction may need to be
shifted right by one position and the characteristic
increased correspondingly by 1.

Our program now requires us to square the result of the

FLOATING POINT REGISTER 2
op CONTENTS IN HEX DEC EQUIVALENT
LE 3E.2D3EFD 00000000 +.6903999€E-03
ME 3E.5A7TDFA 00000000 +.1380800E-02
LCER BE.S5ATDFA 00000000 -.1380800E-02
AE 41.32B2AA 00000000 +.3168619E+01
LE 41.3282AA 00000000 +.3168619E+01
SE 41.32B2AA 00000000 +.3168619E+01
HER 41.32B82AA 00000000 +.3168619E+01
AE 41.32B2AA 00000000 +.3168619E+C1
DER 41,.3282AA 00000000 +.3168619E+01
MER 41.32B2AA 00000000 +.3168619E+C1
STE 41.3282AA 00000000 +.3168619E+01

FLOATING POINT REGISTER &
CONTENTS IN HEX DEC EQUIVALENT

00.00000C 0000000C +.0000000E+00
00.000000 00000000 +.0000000E+0C0
00.000000 00000000 +.0000000E+C0Q
00.000000 00000000 +.0000000E+00
43,356800 00000C00 +.8545000E+03
43.104200 C000C000 +.2601250E+03

42,821000 00000000
42.833345 00000000

+.1300625E+03
+.1312003E+03

42.2967F8 00000000
43.6B277A 98040000
43.68277A 98040000

+.4140613E+02
+.1714467430123645E+04
+.1714467430129646E+04

Figure 9-8. The contents of floating-point registers 2 and 4 after execution of each of the short-precision instructions in the program in

Figure 9-7
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division, which is stan register 4. A Multinly (RR,
Short), in which the quantity in register 4 is specified for
both operands, does the job. Finally, a Store puts the result
in the fullword storage location Y.

Figure 9-9 shows a listing of the same program, with
identical decimal values, rewritten to do all processing in

long precision. Step-by-step changes in the contents of the

registers may be seen in Figure 9-10, Here the full capacity
of the registers is used in each operation, and the increase in
precision of the arithmetic results can readily be seen.
Except for the length of operands and results and the fact
that in short precision the low-order halves of the registers
are generally ignored, there is no difference in the execu-
tion of the instructions for long and short precision.

LOC OBJECT CODE ADDR1 ADDR2 STMT  SOURCE STATEMENT
1 PRINT NOGEN
000000 2 LONGFP  START 0
000000 05B0 3 BEGIN BALR 11,0
000002 4 USING *,11
000002 6820 BO3E 00040 s LD 2,D LOAD FLOATING POINT REGISTER 2 WITH D
000006 6C20 BO46 00048 6 MD 2,FTNOD MULTIPLY D IN REGISTER 2 BY 2
00000A 2322 7 LCDR 2,2 REVERSE SIGN OF PRODUCT
00000C 6A20 BO4E 00050 8 AD 2,CON1 ADD CONSTANT 3.17
000010 6840 BO2E 00030 9 LD 448 LOAD FLOATING POINT REGISTER & WITH B
000014 6B40 B036 00038 10 SD .  4,C SUBTRACT C
000018 2444 11 HDR 4,4 USE HALVE INSTRUCTION TO DIVIDE BY 2
00001A 6A40 B026 00028 12 AD 44A ADD A
00001E 2042 13 DOR 442 DIVIDE NUMERATOR BY DENOMINATOR
000020 2C44 14 MDR 4,4 SQUARE THE QUOTIENT
000022 6040 BOS6 00058 15 STD  4,Y STORE THE FINAL RESULT
16 EOJ
000028 19 DS oD
000028 41123455F31E11B0 20 A DC D'1.1377772805°*
000030 4335680000000000 21 B DC D*'854.50"
000038 4325260000000000 22 C DC D'594.3750°"
000040 3E2D3EFD6BD10972 23 D hle D*6.904E-4"
000048 4120000000000000 24 FTWO DC D12
000050 41328851EB8S1EBS 25 CON1 oc D'3.17*
000058 26 Y DS D
000000 27 END  BEGIN
Figure 9-9. Assembly listing of the same program as in Figure 9-7, modified to perform all computations in long floating-point arithmetic
FLOATING POINT REGISTER 2 FLOATING POINT REGISTER 4
op CONTENTS IN HEX DEC EQUIVALENT CONTENTS IN HEX DEC EQUIVALENT
Lo 3E.2D3EFD 6BD10972 +.6903999999999997E-03 00.000000 00000000 +.000000000000C000E+00
MD 3E.SATOFA DTA212E4 +.,1380799999999998E-032 00.000000 00000000 +,0000000000000000E+00
LCDR BE.SATDFA DTA212E4 -.1380799999999998E-02 00.000C00 00000000 +.0000000000000000E+00
AD 41.32B2AA 0BD7A496 +.3168619199999997E+01 00.000000 00000000 +.0000000000000000E+00
LD 41.32B2AA OBDTA496 +.3168619199999997E+01 43.356800 00000000 +,8545000G0C000000E+03
SO 41.32B2AA O0BD7A496 +.3168619199999997E+01 43,104200 00000000 +.2601250000000000E+03
HDR 41,32B2AA 0BDTA496 +.3168619199999997E+01 42.821000 00000000 +.1300625000000000E+03
AD 41.3282AA OBD7A496 +.3168619199999997E+01 42.833345 S5F31F118B +.1312002772804998E+03
DOR 41.32B2AA OBDTA496 +.3168619199999997E+01 42.2967F8 861T0C3C +.4140613592207608E+03
MDR 41.32B2AA OBD7A496 +.3168619199999997E+01 43.6B277D 4E08C861 +.1714468091997438E+06
STD 41.32B2AA OBDTA496 +.3168619199999997E+01 43.68277D 4E08C861 +.1714468091997438E+04

Figure 9-10. The contents of floating-point registers 2 and 4 after execution of each of the long-precision instructions in the program in
Figure 9-9
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QUESTIONS AND EXERCISES

1. Write the DC instructions for the following short
floating-point numbers:
3.14159265
-2.78
38754 x 10°
.00000278
-.000236 x 1077
2. Write the DC instructions for the following long floating-
point numbers:
3.141592653589793
-2.78
-0.003x 1073
3.8x10%
0.000000008
3. Show the hexadecimal form that the following DC
entries will generate in storage. (Note that 16777216 equals
16° and that .59604644 x 10”7 equals 1677,
E'32’
D'32
E'16777216
E'59604644E—7'
E'—.59604644E—7'
E'-16777216

BEEERE
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4. After execution of each of the following sets of instruc-
tions, what will be in the registers used?
a. LE 2,A
AE 2B
HER 4,2
given A=41789ABC and B=41876544 in hexadecimal
short floating-point.
b. What would be the results of the same instructions if
A = 41200000 and B = 44600044?

c. LE 6,A
SR 6,6
A DC E'15'
d. L 3A
A 3B
A DC E'1.0
B DC X'01000000’

5. Write a program segment to calculate the value of X in
short floating-point arithmetic and put it into storage:

X = A-(BxC)
A+(Bx0C)



Chapter 3: Fixed-Point Arithmetic

1. Fullword

2. Receives

3. Sends
Exception

4. No. The first operand must specify an even-numbered.
register for an even-odd pair.

5. An even-numbered register of an even-odd pair that

contains the dividend
Divisor

The quotient is in the odd-numbered register.
The remainder is in the even-numbered register.

6. START 256 .
BEGIN BALR 11,0
USING  *,11
L 2,XANDY
SRDL 2,12
SRL 3,20
ST 2,X
STH 3Y

(Continued in next column)

Answers to Questions and Exercises

EOJ
XANDY DS F
X DS F
Y DS H
END BEGIN
7. (c) Conditioncodeis1 or 3,
8. BC 15,NEWONE -

The extended mnemonic equivalent is B NEWONE.
9. LM 2,5X1
10. SR 55
11. Tt will be the sum of the contents of register 3 (the
base register), register 11 (the index register), and the
displacement.
12. BXLE 5,6,NEWONE

Chapter 4: Programming with Base Registers and the
USING Instruction

la. USING *,11

b. BALR 11,0
2,3, and 4. See illustration below.
5. See illustration on next page.

During execution with
During assembly program loaded at 32001 ¢
/ — AN - A
LOCATION STORAGE OPERAND LOCATION ADDRESS
OF OF OF
STATEMENT Base  Displace- STATEMENT  STORAGE
Reg.  ment Address OPERAND* VALUE LOADED IN
PROGG  START 512 BASE REGISTER 11
BEGIN BALR 11,9 000200
USING *,11 . 3
L oo0202 8 _[0Z 000304 “oo3zoz 003304
A 2@ 000206 L /122 000324 003206 0033%
S 2 000234 i 106 000308 003234 003308
ST 2 000238 L /26 (000328 003238 003328
L D oozss B M2 000344 00325 003344
DATA  DC F1250 000304 003304
DC Fris 000308 0_03308
TEN oC Feig®* 000324 0____0'3324
RESULT DS F 000328 0_03328
. : SYMBOL LENGTH VALUE
BINL  DC Frize 000344 00334 BEGIN 0z 000200
. BINL 04 000344
° DATA 04 000304
END BEGIN RESULT 04 000328
*Base and displacement remain the same as during assembly. TEN 0% 000324

Answers to questions 2, 3, and 4
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During execution with
During assembly program loaded at 100016
d LOCATION STORAGE OPERAND g LOCATION ADDRESS N
. OF OF OF
STATEMENT Base  Displace- STATEMENT STORAGE VALUE LOADED INTO
i ) Reg.  ment Address OPERAND* o BASE REGISTERS
PROGH START B & | During | During
BEGIN 32!1.26 tt;:r . 000000 0o0l000 2 | oty o
FIRST BC 15.sn<;p 000002 0_0./_00_2 u_|00000Z |90/00%
DATA _ DC F13472 000008 00/(908 0 |00/002 002 002
: : s |002002|0030072
BASEL  DC A(FIRST+4096) 000024 vo/02¢ '
BASEZ  DC A(FIRST+8192) 000028 00/028
skip L 10GBASELD 000104 g 072 000024 00104 00/024
USING FIRST+4096,
L s oo B 026 000028 00//08 001028
USING FIRST+8192,9
Lo sos 9 %07 002904 002504 003904
oo A ST 00;593 i 006 000008 002898 00008 SYMBOL  VALUE
LD : BASEL 000024
‘ : 00320 BASE? 000028
LOOPB ? S5+DATA 00?20‘0 ‘ _—.4 gEGW aaoom
. . 0
> vossos A 896 00/698 003508 007898 e g
: : FIRST 000002
cK8 BC 8¢CaoPED 002904 ._9._ 202 00210F 003904 003704 L00P 001898
END  BEGIN LogrB 007204
—_ SKIP  000/04
*Base and displacement remain the same as during assembly.
Answers to questions 5
Chapter 5: Decimal Arithmetic b. SOURCE 66 55 44 33 22 11
ot * DEST 11 22 33 48 55 6S
la. CON3 DC PLS53 c. SOURCE 66 55 44 33 22 11 °
b. 000000003C DEST 00 00 00 04 43 3S
2. Assembler 9. No. The ZAP instruction, as all the decimal arithmetic
Data definitions instructions and the decimal compare instructions, requires
Programmer a legitimate sign in the low-order byte of the “sending”
3. Equalto field.
4. Oneless than 10a. MVN RESULT+5(1),FACTOR+4
5a. The multiplicand in the low-order positions and zeros MVO RESULT,FACTOR(4)
in the high-order positions b. MVN  FACTOR+3(1),FACTOR+4
b. In the storage area specified by the first operand ZAP  RESULT,FACTOR(4)
6a. 00 02 48 9C 10 3C 11a. SI
158 159 15A 15B 15C 15D b. NI HOLD,X'00'
b. 15A ~ c. NI HOLD+3,X0F'
7. Storage area containing the dividend 12. In both cases, each bit position of the referenced
Divisor storage operand is analyzed against the corresponding bit

The quotient will be in the left portion of the divi-

dend area, and the remainder in the right portion.

8a.
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SOURCE 66 55 44 33 22 11
DEST 11 22 66 55 44 6S

position- of the immediate portion of the instruction. The
storage byte referenced by the first operand, after execution
will be:

a.

For the And Immediate instruction, a 1 in each bit
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position in which both operands had 1s, and zeros else-
where.

b. For the Or Immediate instruction a 1 in the bit posi-
tions in which either or both operands had a 1, and a zero
where both operands had zeros. .

13. Packed decimal

14. PACK

15. UNPK (Unpack)

16a. DC F'578 or DCH'578'

b. DC ZL3'578'

c. DC PL2'578'

17. There are at least four ways to write the DC state-
ment. Keep in mind that 4B is the hexadecimal equivalent
of 7510 .

a. DC F'75' would generate the 4-byte constant:
00 00 00 4B.

b. DC H'75" would generate the 2 byte constant:
00 4B.

¢. DC X'4B’ would generate the l-byte constant: 4B.

The advantage of methods a and b over method c is that
the programmer does not have to convert from decimal to
hexadecimal. A disadvantage is that more space is used than
is perhaps necessary.

d. The statement DC FL1'75' would remove this
disadvantage since the characters L1 specify that the length
(L) of the constant is to be 1 byte. Thus a 1-byte field of
4B would be generated. A point to remember is that when
a length is stated for an F-type constant no boundary align-
ment is performed by the assembler.

18. IC 6,0LD

19. STC 6,0LD

20a. No. MASK is not located on a fullword boundary.
The N instruction requires the operand in storage to be on a
fullword boundary.

b. The statement DS OF could be inserted immediately
before the DC defining MASK.

c. DC F15

Chapter 6: Logical Operations on Characters and Bits

1. XI KEY,15 (immediate data in decimal)
©  XI KEY,X,OF (immediate data in hexadecimal)
XI KEY,B'00001111" (immediate data in binary)

2. TM ADDR,X'30'
BC 5,ANIMAL

3. TM ADDR,X06'
BC 4,LIST2

There are many acceptable ways of performing tests such as
2 and 3. The TM instruction, where it can be used, has the
advantages of leaving storage unchanged and obviating the
need for registers or work areas.

4a. 05
b. 2C (the final C is the code f
c. 43 )

5. 8bits, 1 byte

6. 2048 bits, 256 bytes

7. " (b) Alphameric characters. Despite their plau51bﬂ1ty,
a and c are not correct in the general case because of
possible difficulty with sign codes.

8. (c) Aninequality. All codes are valid.

9. (a) 5, (b) 2, (¢) 3 plus the contents of general regis-
ter 1, (d) the computed effective address for FIELD, not
the word stored at that address
10. Among the many ways to solve this are the following:

rap omgn)

CLC  FIELD(1),FIVE
BC 6,NOT5
FIVE DC X'05'
or:
CLI  FIELD,X05'
BC 6,NOT5
or:

T  FIELD,X'05'

BC 12,NOT5

TM  FIELD,X'FA’

BC 5,NOT5
11. The second byte of the BC instruction, containing the
mask M1 and index X2 fields.
12. (d) The OI instruction changes the BC 0 instruction,
which never branches, to a BC 15 instruction, which
branches unconditionally. Hence, after the first time
around, the sequence between the BC and symbolic address
ADDR is always skipped.
13. The instruction sequence between the BC instruction
and the address ADDR will be alternately executed and

~ skipped.

14. N 5,MASK

MASK DC X'FF000000"

Chapter 7: Edit, Translate, and Execute Instructions

BBBB1540

BBBB5721BB

BBBBBBB.01BCR

BBBBBBBBB

BB0,000.10BB

BBBB101. 43CRBBBBBB1 07BCR

a, PATRN DC X40206B2020206B2020214B202040C3D9
b. BBBB92,500.01BCR

c. BBBB92,500.01BCR

8. (c) PATRN+2

9. No

10. (e) ACBD

11. (d) Address of AREA+2 and x'o1’ respectively

FONPERN -
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12. 12345678991000000000

Area is first set to zeros by the MVI and MVC instructions.
The EX instruction first causes the low-order 8 bits of
register 2 (OA) to be Or’d with the 8-bit length code portion
(00) of the Move instruction. The result of the Or’ing is a
length code of OA (10 in decimal). Since the object instruc-
tion length code is always one less than the number of bytes
to be affected, the Move instruction will cause 11 bytes to be

moved.
13. 10000000000000000000

Chaﬁter 8: Subroutine Linkages and Program Relocation

la. The return address is entered in Register 14, and an
unconditional branch is made to the address in Register 15.

b. The return address is entered in Register 14, and an
unconditional branch is made to the location designated by
SUB.

c. BR 14
2. 1 d
13 ¢
14 a
15 b

3a. Assures alignment of address constants by use of a
CNOP.
b. Places the address of subroutine in Register 15
c. Places the address of return in Register 14
d. Sets up parameter list address by use of a BALR 1,15
e. Defines as many address constants as there are in
parameter list.
4a. 000 408
000 404
000 404
000 406
000 402
000 402
STM 14,12,12(13)
IM 14,12,12(13)
BR 14
6a. EXTRN assembler instruction
ENTRY assembler instruction

oRpMhe an o

o
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Chapter 9: Floating-Point Arithmetic

1.

4a,

(DC E'3.8754E+10' is another possibility)

42100000 XXXXXXXX
41800000 XXXXXXXX
44600244 XXXXXXXX
44300122 XXXXXXXX
41F00000 XXXXXXXX
00000000

42100000

B in Reg. 2
BxCinReg. 2

—(B xC) in Reg. 4
A+(B xC)inReg. 2
A-(BxC)inReg. 4
A-BxC) ~A+(Bx ()
Store final result

DC E'3.14159265'

DC E'-2.7¢8

DC E'38754E+6'

DC E'0.278E-5'

DC E'-2.36E-11'

DC D'3.141592653589793'

DC D'-2.78

DC D'-3E-¢'

DC D'3.8E+30'

DC D'SE-9’

42200000

4220000000000000

47100000

3A100000

BA100000

C7100000

Floating-point register 2:

Floating-point register 4:

Floating-point register 2:

Floating-point register 4:

Floating-point register 6:

General register 6:

General register 3:
LE 2,B
ME 2C
LCER 4,2
AE 2,A
AE 4.A
DER 4,2
STE 4.X

A DS F

B DS F

C DS F

X DS F



SYSTEM/360 MACHINE INSTRUCTIONS

STANDARD INSTRUCTION SET

NAME MNEMONIC
* Add AR
* Add A
* Add Halfword AH
* Add Logical ALR
* Add Logical AL
* AND NR
* AND N
* AND NI
* AND NC
Branch and Link BALR
Branch and Link BAL

Branch on Condition BCR
Branch on Condition BC

Branch on Count BCTR
Branch on Count BCT
Branch on Index High BXH
Branch on Index
Low or Equal BXLE
* Compare CR
* Compare C
* Compare Halfword CH
* Compare Logical CLR
* Compare Logical CL
* Compare Logical CLC
* Compare Logical CLI
Convert to Binary CVB
Convert to Decimal CVD
Diagnose
Divide DR
Divide D
* Exclusive OR XR
* Exclusive OR X
* Exclusive OR X1
* Exclusive OR XC
Execute EX
*Halt1/O HIO
Insert Character IC
Load LR
Load L
Load Address LA
* Load and Test LTR
* Load Complement LCR
Load Halfword LH
Load Maltiple M
* Load Negative LNR
* Load Positive LPR
T Load PSW LPSW
Move MVI
Move MVC
Move Numerics MVN
Move with Offset MVO
Move Zones MVZ
Multiply MR
Multiply M
Multiply Halfword MH
*OR OR
* OR o
*OR Ol
*OR ocC
Pack PACK
T Set Program Mask SPM
Set Systern Mask SSM
* Shift Left Double SLDA
* Shift Left Single SLA
Shift Left Double
Logical SLDL
Shift Left Single
Logical SLL
* Shift Right Double SRDA
* Shift Right Single SRA
Shift Right Double
Logical SRDL
Shift Right Single
Logical SRL
* Start1/0 Sio
Store ST
Store Character STC
Store Halfword STH
Store Multiple ST™M
* Subtract SR

* Subtract S

* Condition code is set
1 New condition code is loaded

TYPE CODE
RR 1A
RX SA
RX 4A
RR 1E
RX SE
RR 14
RX 54
SI 94
Ss D4
RR 05
RX 45
RR 07
RX 47
RR 06
RX 46
RS 86
RS 87
RR 19
RX 59
RX 49
RR 15
RX 55
SS DS
St 95
RX 4F
RX 4E
SI 83
RR 1D
RX 5D
RR 17
RX 57
S1 97
SS D7
RX 44
St 9E
RX 43
RR 18
RX 58
RX 41
RR 12
RR 13
RX ‘48
RS 98
RR 1
RR 10
SI 82
SI 92
Ss D2
sS D1
SS F1
Ss D3
RR 1c
RX sC
RX 4C
RR 16
RX 56
SI 96
Ss D6
Ss F2
RR 04
S1 80
RS 8F
RS 8B
RS 8D
RS 89
RS 8E
RS 8A
RS 8C
RS 88
St 9C
RX 50
RX 42
RX 40
RS 92
RR 1B
RX 5B

OPERANDS

(Assembler Format)

R1,R2
R1,D2(X2,B2)
R1,D2 (X2, B2)
R1,R2

R1, D2 (X2, B2)
R1,R2

R1,D2 (X2,B2)

D1 (B1), 12

D1 (L, B1), D2 (B2)
R1,R2

R1,D2 (X2, B2y
Mi,R2

M1, D2 (X2, B2)
R1,R2

R1,D2 (X2, B2)
R1,R3, D2 (B2)

R1, R3,D2 (B2)
R1,R2

R1,D2 (X2, B2)
R1,D2 (X2, B2)
R1,R2

R1,D2 (X2, B2)

D1 (L, B1), D2 (B2)
D1 (B), 12

R1, D2 (X2, B2)
R1,D2 (X2, B2)

R1,R2

R1,D2 (X2, B2)
R1,R2

R1,D2 (X2, B2)

D1 (B1), I2

D1 (L, B), D2 (B2)
R1,D2 (X2,B2)

D1 (B1)

R1,D2 (X2, B2)
RLR2

R1,D2 (X2, B2)
R1,D2 (X2, B2)
R1,R2

R1,R2

R1,D2 (X2, B2)
R1,R3,D2 (B2)
R1,R2

R1,R2

D1 (B1)

D1 B, 12

D1 (L, B1), D2 (B2)
D1 (L, B1), D2 (B2)

D1 (L1, B1), D2 (L2, B2)

DI (L, B1), D2 (B2)
R1,R2

R1,D2 (X2, B2)
R1,D2 (X2, B2)
R1,R2

R1,D2 (X2, B2)

D1 B1),I2

D1 (L, B1), D2 (B2)

D1(L1,B1),D2 (L2,B2)

R1

D1 (B1)
R1,D2 (B2)
R1,D2 (B2

R1,D2(B2)

R1,D2 (B2)
R1,D2 (B2)
R1,D2 (B2)

R1,D2 (B2)

R1, D2 (B2)

D1 (B)
R1,D2(X2,B2)
R1, D2 (X2, B2)
R1, D2 (X2, B2)
R1,R3,D2(B2)
R1,R2

R1, D2 (X2, B2)

NAME MNEMONIC TYPE

* Subtract Halfword SH RX
* Subtract Logical SLR RR
* Subtract Logical SL RX

Supervisor Call svC RR
*Test and Set TS SI
* Test Channel TCH SI
*Test IfO TIO SI
* Test Under Mask ™ SI

Translate TR Ss
* Translate and Test TRT SS

Unpack UNPK Ss

DECIMAL FEATURE INSTRUCTIONS

* Add Decimal AP Ss
* Compare Decimal cp SS

bivide Decimal DpP Ss
* Edit ED sS
* Edit and Mark EDMK SS

Multiply Decimal MP SS
* Subtract Decimal SP sSs
* Zero and Add ZAP SS

CODE

4B
1F
SF
0A
93
SF
9D
91
DC
DD
F3

FA
F9
FD
DE
DF
FC
FB
F8

DIRECT CONTROL FEATURE INSTRUCTIONS

Appendix

OPERANDS
(Assembler Format)

R1,D2 (X2, B2)
R1,R2

R1,D2 (X2, B2)

1

D1 (BI)

D1 (BD

D1 (B1)

D1 B1), 12

D1 (L, B1), D2 (B2)
DI (L, B1), D2 (82)
D1(L1, B1), D2 (L2, B2)

D1 (L1, B1), D2 (L2, B2)
D1 (L1, B1),D2 (L2, B2)
D1 (L1, B1), D2 (L2, B2)
D1 (L, B1), D2 (B2)

D1 (L, B1), D2 (B2)

D1 (L1, B1), D2 (L2, B2)
D1 (L1, B1), D2 (L2, B2)
D1 (L1, B1), D2 (L2, B2)

Read Direct RDD SI 85 D1 (B1), 12
Write Direct WRD SI 84 D1 (BD), 12
PROTECTION FEATURE INSTRUCTIONS
Insert Storage Key ISK RR 09 R1,R2
Set Storage Key SSK RR 08 R1,R2
Floating-point f instr are listed in Chapter 9.

MACHINE FORMAT

First Halfword

Second Halfword J Third Halfword J

Byte1 | Byte2
1
1

Register Regisier
Operand 1 Operand 2

]
t
'
il
'
1

RR Op Code Ry l R2
0 78 1112 15
' ' I
i Register ! Addressof
: N Operand 2
! H

Operand 1

78 1112 1516 1920
l

| Immediate |
+ Operand
A

Operand 1

RX Op Code TRLI XzLBz ] Do
0
1

Address of

] Op CodeT 12 Bq ] D4

0 78 1516 19 20
' '

Register  Registér

Operand 1 Operand 3

Address of
Operand 2

— e -

Y evat e
RS Op Code R1 1 Rz BQI Da J
lo 78 1112 1516 1920 31!
| 1 ' 1
( | Length | Address of ! Address of
1 Operand 110perand 2 Operand 1 ' Operand 2
Op Code ] L1 l L2 | B4 I Dq ] By l D3 |
° 78 1112 1516 1920 3132 3536 47!
85<, ' ' ] !
1 ! I Address of ! Address of !
: 1 Length : Operand 1 ' Operand 2 |
' Ly ! |
I Op Code | L | B4 | D1 l 32[ D2 I
° 78 1112 1516 1920 3132 3536 47
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CONDITION CODE SETTINGS EXTENDED MNEMONIC CODES FOR THE BRANCH
ON CONDITION INSTRUCTION

Code State 0 1 2 3 Machine Instruction
Mask Bit Position 38 4 2 1 Assembler Code Meaning Generated
Fixed-Point Arithmetic B D2(X2,B2) Branch Unconditional BC  15,D2(X2,B2)
BR R2 Branch Unconditional BCR 15,R2
Add H/F zero <zero >zero overflow (RR format)
Add Logical zZero notzero  zero not zero NOP  D2(X2,B2) No Operation BC  0,D2(X2,B2)
nocarry  nocarry  carry carry NOPR R2 No Operation (RR format) BCR 0,R2
Compare H/F (A:B) equal A low A high -
Load and Test zero <zero > Ze10 carry
Load Complement zero <zero > zero overflow Used after compare instructions (A :B)
Load Negative zero <zero - -
Load Positive zero - > Zero overflow BH D2(X2,B2) Branch on High BC 2,D2(X2B2)
Shift Left Double zero <zero > zero overflow BL D2(X2,B2) Branch on Low BC 4D2(X2,B2)
Shift Left Single zero <zero > Zero overflow BE D2(X2,B2) Branch on Equal BC  8,D2(X2,B2)
Shift Right Double zero <zero > zero - BNH D2(X2,B2) Branch on Not High BC  13,D2(X2,B2)
Shift Right Single zero <zero > zero -- BNL  D2(X2,B2) Branch on Not Low BC  11,D2(X2,B2)
Subtract H/F zero <zero > zero overflow BNE  D2(X2,B2) Branch on Not Equal BC 7.D2(X2,B2)
Subtract Logical - not zero zero not zero
no carry carry carry
Used after arithmetic instructions
Decimal Arithmetic
. BO D2(X2,B2) Branch on Overflow BC 1D2(X2,82)
2;’:15;2‘31 md AB) el PSS overflow BP  D2(X2B2  Branch onPlus BC  2,D2(X2,B2)
Subtract Decimal zero < zero > Zero overflow BM D2(X2,B2) Branch on Minus BC  4,D2(X2,B2)
Zero and Add zero <zero > zero overflow Bz D2(X2,B2) Branch on Zero BC  8D2(X2B2)
BNP D2(X2,B2) Branch on Not Plus BC  13,D2(X2,B2)
. . BNM  D2(X2,B2) Branch on Not Minus BC 11,D2(X2,B2)
Logical Operations BNZ D2(X2B2)  Branch on Not Zero BC  7,D2(X2,82)
And zero not zero - -
Compare Logical (A:B) equal A low A high -
Edit zero <zero > zero - Used after Test under Mask instructions
Edit and Mark zero <zero > zero -
Exclusive Or zero not zere - - BO D2(X2,B2) Branch if Ones BC 1,D2(X2,B2)
Or zero not zero - - BM D2(X2,B2) Branch if Mixed BC 4,D2(X2,B2)
Test Under Mask zero mixed - one(s) BZ D2(X2,B2) Branch if Zeros BC 8,D2(X2,B2)
Translate and Test zero incomplete complete - BNO D2(X2,B2) Branch if Not Ones BC 14,D2(X2,B2)

EBCDIC CHART

The 256-position chart at the right, outlined by the heavy  Fifteen positions, indicated by circled numbers, are excep-
black lines, shows the graphic characters and control char-  tjons to the above arrangement. The card hole patterns for
acter representations for the Extended Binary-Coded these positions are given below the chart.

Decimal Interchange Code (EBCDIC). The bit-position Following are some examples of the use of the EBCDIC
numbers, bit patterns, hexadecimal representations and  chart:

card hole patterns for these and other possible EBCDIC
characters are also shown.

A Choracter Type 8it Pottern Hex Hole Pattern
To find the card hole patterns for most characters, parti- e Tor o
. . ne Puncl igit
tion the chart into four blocks as follows: e e
. PE__| Control Choracter | 00000100 | 04 12-9-4
Block 1: Zone punches at top of table; digit ;4, Speciulco(ir:phic cln 101100 | 6C 0-8-4
7011601 | D9 -9
punches at left T 10600007 | 81 707
1 3 Block 2: Zone punches at bottom of table; Control Character, | 00 110000 | 30 1Z-11-0-9-8-1
digit punches at left :;:;:: ot yet !
Block 3: Zone punches at top of table; digit —_—— —
2 4 punches at right o
Block 4: Zone punches at bottom of table;
digit punches at right
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EBCDIC CHART

l Bit Positions 0, 1

} Bit Positions 2,3

! First Hexadecimal Digit

Zone Punches

Digit Punches

Card Hole Patterns (exceptions to punches shown in chart)

8 12-0-9-8-1 @ No Punches @
12-11-9-8-1 ® » (i0)
@ 11-0-9-8-1 @ n 5
@ 12-11-0-9-8-1 12-11-0 @

Control Character Representations

ACK Acknow ledge EOT End of Transmission

BEL Bell £SC Escape

BS Backspace ETB End of Transmission Block
BYP Bypass ETX End of Text

CAN  Concel FF Form Feed

cC Cursor Control FS Field Separator

CR Carriage Return HT Horizontal Tab

cul Customer Use 1 IFS Interchange File Separator
cu2 Customer Use 2 1GS Interchange Group Separator
cus Customer Use 3 IL Idle

DCi Device Control 1 IRS Interchange Record Separator
DC2 Device Control 2 1Us Interchange Unit Separator
DC4 Device Control 4 Lc Lower Case

DEL Delete LF Line Feed

DLE Data Link Escape NAK Negative Acknowledge

Ds Digit Select NL New Line

EM End of Medium NUL Null

ENQ  Enquiry

12-0
11-0
0-8-2
0
PF Punch Off
PN Punch On
RES  Restore
RS Reader Stop
SI Shift In
SM Set Mode
SMM  Start of Manual Message
SO shift Out
SOH  Start of Heading
SOS  Start of Significance
SP Space
STX  Start of Text
SUB  Substitute
SYN  Synchronous Idle
T™  Tape Mark
uc Upper Case
VT Vertical Tab

11-0-9-1
12-11

. Special Graphic Characters

¢ Cent Sign

. Period, Decimal Point
< Less-than Sign

{ Left Parenthesis

+ Plus Sign

1 Logical OR

& Ampersand

! Exclamation Point

$ Doliar Sign

* Asterisk

) Right Parenthesis

; Semicolon
-/ Logical NOT

Zone Punches

00 01 10 n
= o0 o1 10 1 00 o1 10 n 00 01 10 1 00 01 10 1
[ -
.~ 2
< 2 9 c
o
. £
P
~ o
~ -
P
.2 £ i
3 2
- o
= %
o wn it
—— a— N
0000
0001 } 1
et
0010
0011 | 3
B
i é;;,ix o
0100 | 4
010115
e
0110 | 614
o 7
o e
1000 | 8 jii B e
s
o]
5z
1001 7 gl
o
1010 | A}B=2:
1011 | B
1100 | 824
e
1101 [ D
1110 | E {8267
ux::“,,\
M| F 3
bR
s y A
ﬁu‘::&xx::x,‘;xt::\zu lé’f;:’,m»; iy o] 3 6”{‘«%‘”‘&»,
o e e ; o g
e ¢l e

- Minus Sign, Hyphen
h

/ Slasl

’ Comma

%  Percent

__ Underscore

>  Greater-than Sign
? Question Mark

: Colon

# Number Sign

@ At Sign

' Prime, Apostrophe
= Equal Sign

" Quotation Mark
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SYSTEM/360 ASSEMBLER INSTRUCTIONS

Following is a representative list of assembler instructions,
grouped according to use. The mnemonics used for condi-
tional assembly and macro definition are included simply to
clarify classification of assembler instructions as a whole.
Information on these two subjects is given in the System/
360 Assembler Language manuals (see Preface). The
meaning of the extended mnemonics for the Branch on
Condition machine instructions, and the machine code

generated by each, appear elsewhere in this Appendix.

MNEMONIC  MEANING

For symbol definition

EQU Equate Symbol
For data definition
DC Define Constant
DS Define Storage
cCw Define Channel Command Word
For program sectioning and linking
START Start Assembly
CSECT Identify Control Section
DSECT Identify Dummy Section
ENTRY Identify Entry-point Symbol
EXTRN Identify External Symbol
COM Identify Blank Common Control

Section

For base register assignment

USING Use Base Address Register
DROP Drop Base Address Register

For control of printed listings

TITLE Identify Assembly Output
EJECT Start New Page
SPACE Space Listing
PRINT Print Optional Data
For program control
ICTL Input Format Control
ISEQ Input Sequence Checking
ORG Set Location Counter
LTORG Begin Literal Pool
CNOP Conditional No Operation
COPY Copy Predefined Source Coding
END End Assembly
PUNCH Punch a Card
REPRO Reproduce Following Card
For macro definition
MACRO
MNOTE
MEXIT
MEND

142

MNEMONIC

For conditional assembly

GBLA
GBLB
GBLC
LCLA
LCLB
LCLC
SETA
SETB
SETC
AIF
AGO

Extended mnemonics for the BC and BCR machine
instructions

B
BR
NOP
NOPR
BH
BL
BE
BNH
BNL
BNE
BO
BP
BM
BZ
BNP
BNM
BNZ
BNO

TYPES OF ASSEMBLER LANGUAGE CONSTANTS

Code Type Machine Format

C Character 8-bit code for each character

X Hexadecimal  4-bit code for each hexadecimal digit

B Binary Binary

F Fixed-point Signed, fixed-point binary; normally a
fullword

H Fixed-point Signed, fixed-point binary; normally a
halfword

E Floating-point Short floating-point; normally a fullword

D Floating-point Long floating-point; normally a
doubleword

P Decimal Packed decimal

Z Decimal Zoned decimal

A Address Value of address; normally a fullword

Y Address Value of address; normally a halfword

S Address Base register and displacement value;
a halfword

\" Address Space reserved for external symbol

addresses; each address normally a fullword



In this index, assembler and macro instructions are identified
as such. Machine instructions are listed by name in capital
letters.

Adcon (see address constant)
ADD (A) 9,11,30,42-44,113
Incrementing an indexed address 45,47
ADD DECIMAL (AP) 57,62,71,73,81
ADD HALFWORD (AH) 48
ADD NORMALIZED (AD) 133
ADD NORMALIZED (AE) 131
Address arithmetic
Use of binary for 18,20
Address calculations by assembler 6,10,11,55,57
Address changes in program modification 15
Address constant
A-type 108,111,113,119
in examples 76,94,101,103,108,112,116
to load base register 54,56
Modification by linkage editor
for subroutine linkage 108
to test completion of loop 57
V-type 109,115,117,119
Address, effective 30,52
Addressing byte locations 18
Addressing main storage 9,18,19,24,30,51
Addressing registers 19
Address specification
Use of zeroin 10,11,24,30
Alignment, boundary (see boundary alignment)
AND (N) 69,70,79,83
AND (immediate) (NI) 67,68,78,79,83
Argument 92,9397
- Arithmetic and logical unit 19
Arithmetic instructions, effect on condition code 140
Assembler coding form 7
Assembler instruction
In assembler language 2,4
List of 142
Assembler instructions mentioned in text
CNOP (conditional no operation) 113,114
CSECT (identify control section) 115
DC (define constant) 2,10,11,31,127
DROP (drop base address register) 57
DS (define storage) 2,10,11,31,56,61,70
ENTRY (identify entry-point symbol) 121
EJECT (start new page) 3
END (end assembly) 10,11,31
EXTRN (identify external symbol) 120
ICTL (input format control) 7

57,115,119,123

ISEQ (input sequence checking) 7

ORG (set-location counter) 54,55

PRINT (print optional data) 29,94

START (start assembly) 9,61,115

TITLE (identify assembly output) 2,9,120

USING (use base address register) 3,9,10,51-57
Assembler language

Basic concepts 9,10

Comparison with high-level languages 4

Description 1-4

Types of instructions 3.4
Assembler program 1,5,6,52,53 ,
“Assembler” program example 100,101
Asterisk in a comment, use of 8
Asterisk in an instruction, use of 11
Averaging problem 48,49,68

Base address 24,51,118,123
Base register 9,11,24,51-57,123
Use of zero 30
Base register range restriction 109
Base registers, use of multiple 54-57
Base address chosen by assembler 56
Baudot teletypewriter code 92
Binary arithmetic (see fixed-point operations)
Binary-coded decimal (BCD) data format 20
Binary-decimal number conversion 28
Binary fractions 35
Bit 17
Bit manipulation 82,83
Bits, setting on and off 79
Blanking storage area 100,102
Boundary alignment 10,15,18,102
Of DC’sand DS’s 10
Of machine instructions . 23
Use of CNOP instruction 113,114
Use of DS zero duplication factor 70
Branch if Zeros (BZ) extended mnemonic 99
BRANCH AND LINK (BAL) 109
BRANCH AND LINK (BALR) 9,10,24,51,52,108,109,111
Branching 23,39
BRANCH ON CONDITION (BC) 40,42-44,71,78,79,81
102
After COMPARE 45,76
BRANCH ON CONDITION (BC, BCR)
with EDIT 89
Extended mnemonic code 44,78,79,83,140
No-Operation (NOP, NOPR) 39,140
Test of condition code 39
Uses 23,24
Index 143



BRANCH ON COUNT (BCT) 23,73,80,83,99

BRANCH ON COUNT (BCTR) 23,91

Branch on Equal (BE) extended mnemonic 49

BRANCH ON INDEX HIGH (BXH) 23,47

BRANCH ON INDEX LOW OR EQUAL (BXLE) 23,
46-49,113

Branch on Low (BL) extended mnemonic 44

Branch on Minus (BM) extended mnemonic 99,102

Branch on Not Equal (BNE) extended mnemonic 99

Branch on Not High (BNH) extended mnemonic 94

Branch on Overflow (BO) extended mnemonic . 110

Branch Unconditional (B) extended mnemonic 98,101
110,113

Branch Unconditional (BR) extended mnemonic 108

Branch, unconditional 39,42

Branching alternate times through loop 81

Branching by use of Execute instruction 99

Byte 17,18

CALL macro instruction 116,117,120,123
Calling program 108
Capacity of main storage 17
Capacity of registers 19
Central processing unit (CPU) 19
Character codes 21
Characteristic in floating-point number 126,127
Character testing and manipulation 80,82,83
Check bit 17
Check digit, use of 80
Clearing storage area to blanks 100,102
CNOP assembler instruction 113,114
Code conversion by use of TR 92,93
Coding form, use of 7
Collating sequence, EBCDIC 21,76
Collating sequence, changing normal 93,94
Comma and decimal point insertion 86-88
Comments, use of 8
COMPARE (C) 42-44,45,83
COMPARE (CR) 40
COMPARE DECIMAL (CP) 71
COMPARE HALFWORD (CH) 49
Compare instructions, logical contrasted to arithmetic
76
COMPARE LOGICAL (character) (CLC) 76,77,81,93,94
COMPARE LOGICAL (immediate) (CLI) 93
Comparison of alphanumeric characters 76,77
Complementing bits 79
Composite number problem 82,83
Condition code 23,39
after COMPARE 40
in EDIT 89
List of instructions that affect 130,139
Masks for testing 39
Summary of result settings 140
after TEST UNDER MASK 78
in TRT 97

144

Constant, address (see address constant)
Constants, assembling of
Effect of PRINT DATA on 94
Constants, types of 9,127,142
Control characters in EDIT 86-90
Control program 5,30,115,123
Control section 115
Conversion
Binary-hexadecimal-decimal numbers 26-28
Character codes 92,93
Zoned-packed formats 69,70,81
CONVERT TO BINARY (CVB) 73,100
CONVERT TO DECIMAL (CVD) 9,70,102
Core storage (see main storage)
Counter, location 6,9,10,54,115
CPU (central processing unit) operations 19
Cross-reference table 6,8,52
CSECT assembler instruction 115
Currency symbols, floating 91

Data constants (see DC assembler instruction)
Data exception 25
Data format 17,20-22,60,75,126
(See also individual types of data)
Data introduced in instructions 75,113
DC assembler instruction 2,10,11,31,127
Types of constants 142
Decimal-binary number conversion 28
Decimal data format 20,21,60
Decimal data manipulation 82,83
Decimal digits, clearing excess 63,71
Decimal feature instruction set 60,139
Decimal-hexadecimal number conversion 27,28
Decimal operations 20,21,60-73
Addition and subtraction 61-62
Comparison 71,72
Division 64,68
Effect on condition code 140
Format conversions 69,70
Multiplication 63
Providing storage locations for data 62
Requirement for packed format 21,60
“Shifting” 66-68
Decimal places, rule for number of 64,68
Decimal point and comma insertion 86-88
Decimal point in binary numbers 34,35

Decimal point in floating-point arithmetic 125,127

Decimal signs, clearing excess 67
Decision-making 23,39,42-44
Delimiters, scan of data fields for 97,100
Diagnostic messages 6,12-14
Dictionaries 6,115 (see also ESD and RLD)
Digit selector 86-90
Disk Operating System (DOS) macros 111
Displacement 11,24,51-57

Assignment of smallest 56



Restrictions in size and sign 54,55
DIVIDE (D) 34,42-44
DIVIDE (DDR) 133
DIVIDE DECIMAL (DP) 64,68
Before and after results of operation 64
DIVIDE (DER) 132
DIVIDE (DR) 49,113
Dollar amounts, editing of 87-91
Dollar sign, insertion of floating 91
DOS (Disk Operating System) macros 111
Doubleword 10,17,18
Doubling a binary number by shifting 49
DROP assembler instruction 57
DS assembler instruction 2,10,11,31
Length modifier in 61
Zero duplication factorin 56,70
Dumps, “reading” 117-119,121-123

EBCDIC character set 21,11
Collating sequence 21
Complete 256-position chart 140,141
EDIT AND MARK (EDMK) 85,86,91
Use of register 1 91
EDIT (ED) 85-90
Editing
Conditions and results, summary of 88
Dollar amounts 87-91
Multiple fields 90
Pattern, rule for length 87
EJECT assembler instruction 3
END assembler instruction 10,11,31
Entries on coding form, rules for 7,8
ENTRY assembler instruction 121
Entry point 121
Entry point register 111
EOQJ (End of Job) macro instruction 3,9,30
Error analysis by assembler 12-14
Error code 13
Error detection by CPU 23
Error detection by use of TRT 97
Error messages 12-14
Error return 110
ESD (external symbol dictionary) 6,109,115,119,121
Even, odd registers
in BXLE 46,47
in fixed-point multiplication 32
Exception 25,32,114,132
Excess-64 notation 126
EXCLUSIVE OR (immediate) (XI) 79
EXCLUSIVEOR (XR) 78
EXCLUSIVE OR (XR, X, XI,XC) 78
Executable instructions 1,3
EXECUTE (EX) 85,99,100,102
Explicit length specification 60,61,77
Exponent 126,127,131
Exponent overflow and underflow 132

Extended binary coded decimal interchange code
(See EBCDIC character set)
Extended mnemonic code 44,78,79,83,140,142
Externai interruption 25
External references 115
External symbo! 120,121
External symbol dictionary (ESD) 6,109,115,119,121
EXTRN assembler instruction 120

F (fullword) 31
Field length 17
Characters 21
Fixed-length (fixed-point numbers) 20
Variable length (decimal numbers) 20
Field separator 90
Fill character 86-90
Fixed-length data, alignment of 10,18
Fixed-point operations 19,20,29-50
Addition 30
Decimal point in 34,35
Division 34,35
Effect on condition code 140
Multiplication 32,33,34,35
Number format 20,82
Subtraction 30
Floating currency symbols 91
Floating-point operations 21,125-133
Advantages of using 125
Constants 127-129
Instruction set 130
Number format 126~129
Registers 19,21,130
Flowchart, program 40,42,82
Format
Machine instruction 10,11,23,24,139 (see also RR,
RX, SI, RS, SS)
Data 17,20-22,60,75,126 (see also specific data
formats)
Fraction in floating-point number 126,127,130
Fullword 10,17,18,20,31
Function bytes 93,97
Function table 92-94,97,100

General registers (see registers, general)
Graphic characters 21,22,141
Guard digit 132

Halfword 10,17,18,20
Halfword operands, machine instructions using 48
HALVE (HDR) 133
HALVE (HER) 132
Hexadecimal code 10,11,21
For EBCDIC characters 22,86-93,141
Four-bit binary code 26
Interpreting in storage printout 26,117-119,121-123
Uses of 26,27
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Hexadecimal-decimal number conversion 27,28
Hexadecimal dump of storage area 117
Hexadecimal numbers 26-28,33

ICTL assembler instruction 7
Immediate operand 23,24,75,78,79
Implicit length 60,61,77

Indexed addressing 45,46

Index, limit value of 46,47,49
Index register 24,45,46,49,80,33
Index register zero 11

“Indian” problem 73

Initialization of program 48

INSERT CHARACTER (IC) 69,80,83
Instruction address 23

Next sequential in PSW 25

Length code in PSW 25
Instruction execution out of sequence 99
Instruction format 10,11,23,24,139

(See also RR, RX, SI, RS, and SS)
Instruction sets, System/360

Decimal feature 60,139

Floating-point feature 130

Standard 29,139
Integral boundaries 18
Interchanging addresses instead of records 77
Interchanging contents of registers 40,76,94
Interest problem

In decimal arithmetic 63

In fixed-point arithmetic 34,35

Using both decimal and binary 73
Interruption, program 25
Interruptions, types of 25
Interruption system 23,25
Invalid delimiter 13
Invalid symbol 13
Inventory problem

In decimal arithmetic 61

In fixed-point arithmetic 29
I/0 devices, requirement for zoned decimal format 21,60
I/0 interruption 25
I/O operations

Use of DC’s and DS’s as substitute 31
ISEQ assembler instruction 7

Keys, sorting on  76,77,93-96

Leading zeros, suppression of 86-88

Left “shifting” in decimal operations 67
Length code in machine instructions 60,61
Length modifier in DC 61

Limit value of index 46,47,49

Linkage editor 6,53,109,115-118,121,123
Linkage registers 111

Linkage subroutine 107-124

146

Listings produced by assembler 6
Literal 113,117
LOAD ADDRESS (LA) 46,47,48,80,91,97,100,111
LOAD AND TEST (LTR) 49
LOAD COMPLEMENT (LCDR) 133
LOAD COMPLEMENT (LCER) 131
LOAD HALFWORD (LH) 48
LOAD (L) 9,11,29,30,42-44,70,113
LOAD (LD) 133
LOAD (LE) 130
Load location, program 53,117
LOAD (LR) 40,42,4348
LOAD macro instruction 121,123
Load module 115,116
LOAD MULTIPLE (LM) 40,77
LOAD POSITIVE (LPR) 40
Location counter 6,9,10,54,115
Logical instructions, using RX forms of 79
Logical operations 21
Logical operations 75-104
Effect on condition code 140
Summary of 75
Long precision 130,133
Loop control 23
Looping with an index 45-49,80,83,113
Loop, parts of 45
Loop reiteration by loading of base address 57
Loops, counting in 73,80,81

Machine check interruption 25
Machine instruction format 10,11,23,24,139
(See also RR, RX, SI, RS, SS)
Machine instructions
In assembler language 1,4
(See name of individual instruction)
Machine instructions, list of 130,139
Machine language 1
Machine operations, basic concepts of 9,10
Macro instructions 3,4
Effect of PRINT instruction on listing 29,94
(See individual mnemonics)
Macros for subroutine linkage, DOS 111
Main storage 17,18
Addressing 24
Use of in decimal arithmetic 20
Main storage area, contents of, printed out 117,118,122
Mask
Use of hexadecimal code 26,69
Use in testing 24
Mask field in machine instructions 24
Message characters 87-90
Mnemonics 1,2,3
Machine instructions, list of 139
Assembler instructions, list of 142
Mnemonic code, extended 44,78,79,83,140,142
MOVE (characters) (MVC) 57,61,66,68,73,77,86,90,94



Propagating character through field, use for 89,97,102
MOVE (immediate) (MVI) 100
Move instructions, use for “shifting” decimal fields 66,67
MOVE NUMERICS (MVN) 63,66,71,73,75
MOVE WITH OFFSET (MVO) 60,66,67,71
MULTIPLY DECIMAL (MP) 63,73
MULTIPLY (M) 32-3542-44
MULTIPLY (MD) 133
MULTIPLY (MDR) 133
MULTIPLY (ME) 130,131
MULTIPLY (MER) 133

Name of program

In CSECT statement 115

In START statement 9,115
Naming fields in a storage area 57
Negative fixed-point numbers 20,31,38
Negative floating-point numbers 128
No-Operation (NOP) extended mnemonic 113,114
No-Operation (NOPR) extended mnemonic 39,99,140
Normalization 131
Normalized number 126,129
Notation, scientific 126
Number base 27,126
Number of places in decimal division 64,68
Numerical place values in base 2, 10, and 16 27

Object code 1,5,10,115

Object deck 120

Object module 115

Object program 5,10

Operand 1,8,20,21,23

Operating system 5

Operation code 1,23,24

ORG assembler instruction 54,55

OR (immediate) (OI) 79,83

OR (0) 69,81

Overflow in floating-point fraction 131,132
Overlapping fields in decimal operations 66,67,73
Overtime pay problem 71

PACK (PACK) 60,70,73,83,100

Packed decimal numbers 20,60,61,69,70,81

Parameter list 111,117

Parity bit 17

Pattern field in EDIT 86,87

PDUMP macro instruction 117,121

Pool, literal 113

Postnormalization - 131,132

Prenormalization 131,132

PRINT assembler instructicn 29,94

Printout of storage area contents 117,118,122

Program checkout, use of dump for 117

Program execution 6,23-25,118-119,121-123
Use of main storage in 17

Program interruption 25

Program listing 6

Programming errors 12-i4

Programming support system 5

Program phase 115

Program status word (PSW) 23-25

Propagating character through field 89,97,102
PSW (program status word) 23-25

Punch card patterns for EBCDIC code 22,140,141

Recomplement 33
Records, processing fixed-length 45
Records, processing fixed-length blocked 56,57
Register contents shown in printout 117-119,121-123
Registers, floating-point 19,130
Registers, general 19,20

Available to programmer 51

Clearing to zero 42,45

Functions in a program summarized 48

Saving contents of 111,112

Specification 24

Standard assignments 111
Registers, general, use of

with BXLE instruction 46,47

in fixed-point multiplication 46,47

by operating system 51

in shifting operations 37

for subroutine linkages 108,111
Registers 1 and 2, use of, by TRT 97
Register zero 10,11
Register 1, use of, by EDMK 91
Relative addressing 9
Relocatability 115
Relocation dictionary (RLD) 6,115,119
Relocation factor 53,115
Relocation, program 24,53,115-119
RETURN macro instruction 113,123
Return point, subroutine 108,110,111
Return register 111
Right “shifting” in decimal operations 66
RLD (relocation dictionary) 6,115,119
Rounding errors, accumulated 43
Rounding off 34,35,42,43,49

In decimal arithmetic 63,68,71
RR instruction format 11,23,24
RS instruction format 11,23,24
RX instruction format 11,23,24,29

Save area 111,112,123
SAVE macro instruction 112,113
Scale factor
For binary constant 35
Scanning data fields for delimiters 97,100
Scientific notation 126
Sequential instruction execution 23
Setting bits on and off 79
Shifting, fixed-point 34,37,38,113
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Shifting, logical contrasted to algebraic 37,38 SUBTRACT NORMALIZED (SE) 132

“Shifting” of decimal fields 66,67 SUBTRACT (S) 9,30
SHIFT LEFT SINGLE (algebraic) (SLA) 9,11,49,52,83, Decrementing an indexed address 46
110 SUBTRACT (SR) 42,43,45,48,80,113
SHIFT LEFT SINGLE LOGICAL (SLL) 80 Supervisor 5
SHIFT RIGHT DOUBLE (algebraic) (SRDA) 38 SUPERVISOR CALL (SVC) 30,123
SHIFT RIGHT DOUBLE LOGICAL (SRDL) 37,38 Interruption 25
SHIFT RIGHT SINGLE (algebraic) (SRA) 35,38 Suppression of leading zeros 86-88
SHIFT RIGHT SINGLE LOGICAL (SRL) 37,38 Symbol (cross-reference) table 6,8,52
Short precision 130 Symbolic address 9,24,30
Sign bits Syntax error 13
In algebraic shifting 35
In fixed-point numbers 20,32 Table, function 92-94,97,100
In logical shifting 37 Table of decimal-hexadecimal values 28
Propagation in halfword instructions 49 Table requirements for Translate instruction 92,94
Sign control in EDIT 88 Table requirements for TRT instruction 97,100
* Significance exception 132 Table, use of MVI to insert values in 100,102
Significance indicator 87-90 Teletypewriter code, Baudot 92
Significance starter 87-91 Testing bit combinations 78,79
Sign of numbers Testing characters 82,83
EBCDIC 20 Testing, terminating loop by 45
Fixed-point 20 Testing the condition code 23,32
Floating-point 126,128 Tests
SI instruction format 23,24,139 Of address arithmetic 23
Social security tax problem Of counting 24
In decimal arithmetic 72,73 With masks 24
In fixed-point arithemtic 42-44 TEST UNDER MASK (TM) 78,79
Sorting problem 39-41,76,77,93-96 TITLE assembler instruction 2,9,120
Source deck 5 TRANSLATE AND TEST (TR) 85,97-104
Source of program interruption, locating 25 Starting address for 100
Source program - 5 » Use to determine data length 102
Specification exception 32,114 Translate table 92-94
SS instruction format 23,24,56,60-73,139 TRANSLATE (TR) 85,92-94
Standard instruction set 29,139 TRT table 97,100
Standard linkage registers 111 Two’s-complement notation 31,33
START assembler instruction 9,52,53,115 Type specification of constants 10,86,127,142

Use of zeroin 61
Status, program (in PSW) 25
Storage addressing 18,24
Storage, main 17,18,20
STORE CHARACTER (STC) 69,80,83
STORE HALFWORD (STH) 37
STORE MULTIPLE (STM) 40,112

Undefined symbol 12,13

Unnormalized number 126

UNPACK (UNPK) 60,70,73,102

USASCII code 20,76

USING assembler instruction 3,9,10,51-57

STORE (ST) 9,30,43,44,113 Valid data, checking for 44,93
STORE (STD) 133 Variable-length data, use by SS-format instructions 60
STORE (STE) 133 Variable length of decimal data 20-
Subroutine 107-123 Wallpaper problem 78,79
Assembled separately 120-122 Work areas in storage

Entry point 111

Setting up in decimal operations 63,71
Program design 107

Register availability for 113 ZERO AND ADD (ZAP) 63,66,73

Relocatable 115 Zeros, suppression of leading 86-88
SUBTRACT DECIMAL (SP) 62 Zone and sign tests 82,83
SUBTRACT HALFWORD (SH) 49 Zoned decimal numbers 21,60
SUBTRACT NORMALIZED (SD) 133 Conversion to packed 69,70,81

148



seecsvesccse

X3

READER’'S COMMENT FORM
A Programmer’s Introduction SC20-1646-6

to IBM System/360 Assembler Language

Please comment on the usefulness and readability of this publication, suggest additions and
deletions, and list specific errors and omissions (give page numbers). All comments and sugges-
tions become the property of M. If you wish a reply, be sure to include your name and address.

sescssesesssesensen

eescsssrsnccence

ecteccsecersssrscseen

Y R R Y

s@s000000ss006 00000

COMMENTS

fold fold

fold fold

o Thank you for your cooperation. No postage necessary if mailed in the U.S.A.
FOLD ON TWO LINES, STAPLE AND MAIL.



SC20-1646-6

FOLD FOLD
FIRST CLASS
PERMIT NO. 142
POUGHKEEPSIE, NEW YORK

——

———

BUSINESS REPLY MAIL m—

—

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES I

——

——

POSTAGE WILL BE PAID BY: ———

' —

; —

IBM Cc?rporatlon —

Education Center, Bidg. 005 —

South Road —

. ——

Poughkeepsie, New York 12602 r—

—

ATTENTION: Education Development - Publications Services, Dept. 78L
FOLD FOLD

YOUR COMMENTS PLEASE

Your comments on the other side of this form will help us improve future editions of this
publication. Each reply will be carefully reviewed by the persons responsible for writing
and publishing this material.

Please note that requests for copies of publications and for assistance in utilizing your
IBM system should be directed to your IBM representative or the IBM branch office
serving your locality.

9-9%91-0TDS VS W pajutld



International Business Machines Corporation
Data Processing Division

112 East Post Road, White Plains, New York 10601
(USA dnly)

IBM Warld Trade Corporation

821 United Nations Plaza, New York, N.Y. 10017
(International) '

SC20-1646-6

o
<
@
@
S
3
<
(5]
[+]
(=]
>
2
3
3
(=
)
g
-
o
3
@
c
5
@
@

9-9v91-020S VSN Ul parutiy




