

























































































































































































































































































































































































































































































































































































































































































7.2.3 Undefined Variables
An undefined variable is any bit pattern with a sign bit of 1 and a biased exponent of 0. The term
undefined variable is used, for historical reasons, to indicate that these bit patterns are not assigned a
corresponding floating-point arithmetic value. Note that the undefined variable is frequently referred to as
—0 elsewhere in this chapter.

A design objective was to ensure that the undefined variable would not be stored as the result of any
floating-point operation in a program run with the overflow and underflow interrupts disabled. This is
achieved by storing an exact 0 on overflow and underflow if the corresponding interrupt is disabled. This
feature, together with an ability to detect reference to the undefined variable (implemented by the FIUV
bit discussed later), is intended to provide the user with a debugging aid: if —0 occurs, it did not result from
a previous floating-point arithmetic instruction.

7.2.4 Floating-Point Data
Floating-point data is stored in words of memory as illustrated in Figures 7-1 and 7-2.

F FORMAT, FLOATING POINT SINGLE PRECISION

15 00
+2 FRACTION <15:0>
] ] 1 1 ] ] ! | ] ! I L ] ] 1
15 14 07 06 00
MEMORY +0} S EXP FRACT <22:16>
L ) ! I 1 I I ! ! L L 1 I

MR-3604

Figure 7-1 Singie-Precision Format

D FORMAT, FLOATING POINT DOUBLE PRECISION

15 00
+6 FRACTION <15:0>
1 i 1 1 1 1 Il 1 1 i 1 1 1 1 1
15 00
+4 FRACTION <31:16>
1 L 1 | 1 1 L 1 i 1 1 1 1 1 1
15 00
+2 FRACTION <47:32>
1 1 1 1 1 i 1 1 1 ! 1 I 1 1 1
15 07 06 00
MEMORY +0 S EXP FRACT <54:48>
1 1 1 1 1 1 1 1 1 1 N 1 1

S =SIGN OF FRACTION

EXP = EXPONENT IN EXCESS 200 NOTATION, RESTRICTED TO 1 TO 377 OCTAL
FOR NON-VANISHING NUMBERS.

FRACTION = 23 BITS IN F FORMAT, 55 BITS IN D FORMAT + ONE HIDDEN
BIT (NORMALIZATION). THE BINARY RADIX POINT IS TO THE LEFT.

MR-3605

Figure 7-2 Double-Precision Format
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The KDJ11-A provides for conversion of floating-point to integer format and vice-versa. The processor
recognizes single-precision integer (I) and double-precision integer long (L) numbers, which are stored in

standard 2’s complement form. (See Figure 7-3.)

| FORMAT, SHORT-INTEGER SINGLE PRECISION

15 14 00
S NUMBER <15:0>

L i 1 1 1 n 1 A 1 1 1 1

15 00
+2 NUMBER <15:0>
| ) 1 L 1 1 1 1 L I 1 1 A
L FORMAT, LONG-INTEGER DOUBLE PRECISION
15 14 00
MEMORY +0 S NUMBER <30:16>
1 1 1 1 1 1 1 1 1 L L 1

S =SIGN OF NUMBER

NUMBER =15 BITS IN | FORMAT, 31 BITS IN L FORMAT.

Figure 7-3 2’s Complement Format

7.3 FLOATING-POINT STATUS REGISTER (FPS)

MR-3606

This register provides mode and interrupt control for the currently executing floating-point instruction and
also reflects conditions resulting from the execution of the previous instruction. (See Figure 7-4.) In this
discussion a set bit = 1 and a reset bit = 0. Three bits of the FPS register control the modes of operation as

follows.

1.  Single/Double - Floating-point numbers can be either single- or double-precision.

2.  Long/Short — Integer numbers can be 16 bits or 32 bits.

3.  Chop/Round - The result of a floating-point operation can be either “chopped” or “rounded.”
The term “chop” is used instead of “truncate” to avoid confusion with truncation of series used

in approximations for function subroutines.

1% 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
p 7

FER | FID / FIUV] FIV| FIV| Fic | FD | FL | FT FN | Fz | FV | FC
b——y—_l
RESERVED RESERVED

Figure 7-4 Floating-Point Status Register
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The FPS register contains an error flag and four condition codes (5 bits): carry, overflow, zero, and
negative, which are analogous to the CPU condition codes.

The KDJ11-A recognizes six floating-point exceptions:

Detection of the presence of the undefined variable in memory

Floating overflow
Floating underflow

Failure of floating-to-integer conversion

Attempt to divide by 0
Illegal floating op code

For the first four of these exceptions, bits in the FPS register are available to individually enable and
disable interrupts. An interrupt on the occurrence of either of the last two exceptions can be disabled only
by setting a bit that disables interrupts on all six of the exceptions, as a group.

Of the 13 FPS bits, 5 are set as part of the output of a floating-point instruction: the error flag and
condition codes. Any of the mode and interrupt control bits may be set by the user; the LDFPS instruction
is available for this purpose. These 13 bits are stored in the FPS register as shown in Figure 7-4. The FPS

register bits are described in Table 7-1.

Table 7-1 FPS Register Bits

Bit

Name

Description

15

14

Floating Error (FER)

Interrupt Disable (FID)

The FER bit is set by the KDJ11-A if:
1.  Division by zero occurs
2. An illegal op code occurs

3. Any one of thie remaining floating-point exceptions occurs and
the corresponding interrupt is enabled

Note that the above action is independent of whether the FID bit is set
or clear.

Note also that the KDJ11-A never resets the FER bit. Once the FER
bit is set by the KDJ11-A, it can be cleared only by an LDFPS
instruction (note the RESET instruction does not clear the FER bit).
This means that the FER bit is up-to-date only if the most recent
floating-point instruction produced a floating-point exception.

If the FID bit is set, all floating-point interrupts are disabled.

NOTES

1.  The FID bit is primarily a maintenance feature. It should nor-
mally be clear. In particular, it must be clear is one wishes to
assure that storage of —0 by the KDJ11-A is always accompa-
nied by an interrupt.

2.  Throughout the rest of the chapter, assume that the FID bit is
clear in all discussions involving overflow, underflow, occurrence
of —0, and integer conversion errors.
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Table 7-1 FPS Register Bits (Cont)

Bit Name Description

13 Reserved for future DIGITAL use.

12 Reserved for future DIGITAL use.

11 Interrupt on Undefined An interrupt occurs if FIUV is set and a —0 is obtained from memory

Variable (FIUV)

10 Interrupt on Underflow (FIU)
09 Interrupt on Overflow (FIV)
08 Interrupt on Integer

Conversion Error (FIC)

07 Floating Double-Precision Mode (FD)
06 Floating Long-Integer Mode (FL)

05 Floating Chop Mode (FT)

04

03 Floating Negative (FN)

as an operand of ADD, SUB, MUL, DIV, CMP, MOD, NEG, ABS,
TST, or any LOAD instruction. The interrupt occurs before execution
on all instructions. When FIUV is reset, —0 can be loaded and used in
any floating-point operation. Note that the interrupt is not activated by
the presence of —0 in an AC operand of an arithmetic instruction; in
particular, trap on —0 never occurs in mode 0.

A result of —0 will not be stored without the simultaneous occurrence
of an interrupt.

When the FIU bit is set, floating underflow will cause an interrupt. The
fractional part of the result of the operation causing the interrupt will
be correct. The biased exponent will be too large by 400, except for the
special case of 0, which is correct. An exception is discussed later in the
detailed description of the LDEXP instruction.

When the FIV bit is set, floating overflow will cause an interrupt. The
fractional part of the result of the operation causing the overflow will
be correct. The biased exponent will be too small by 400.

If the FIV bit is reset and overflow occurs, there is no interrupt. The
KDJ11-A returns exact 0.

Special cases of overflow are discussed in the detailed descriptions of
the MOD and LDEXP instructions.

When the FIC bit is set and a conversion to integer instruction fails, an
interrupt will occur. If the interrupt occurs, the destination is set to 0,
and all other registers are left untouched.

If the FIC bit is reset, the result of the operation will be the same as
detailed above, but no interrupt will occur.

The conversion instruction fails if it generates an integer with more bits
than can fit in the short or long integer word specified by the FL bit.

The FD bit determines the precision that is used for floating-point
calculations. When set, double-precision is assumed; when reset, single-
precision is used.

The FL bit is active in conversion between integer and floating-point
formats. When set, the integer format assumed is double-precision 2’s
complement (i.e., 32 bits). When reset, the integer format is assumed
to be single-precision 2’s complement (i.e., 16 bits).

When the FT bit is set, the result of any arithmetic operation is
chopped (truncated). When reset, the result is rounded.

Reserved for future DIGITAL use.

FN is set if the result of the last floating-point operation was negative;
otherwise it is reset.
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Table 7-1

FPS Register Bits (Cont)

Bit Name Description

02 Floating Zero (FZ) FZ is set if the result of the last floating-point operation was 0; other-
wise it is reset.

01 Floating Overflow (FV) FV is set if the last floating-point operation resulted in an exponent
overflow; otherwise it is reset.

00 Floating Carry (FC) FC is set if the last floating-point operation resulted in a carry of the

most significant bit.

7.4 FLOATING EXCEPTION CODE AND ADDRESS REGISTERS
One interrupt vector is assigned to take care of all floating-point exceptions (location 244). The six possible
errors are coded in the 4-bit floating exception code (FEC) register as follows.

Floating op code error
Floating divide by zero error

Floating overflow error
Floating underflow error
Floating undefined variable error

NOOAABN

1
1

The address of the instruction producing the exception is stored in the floating exception address (FEA)

register.

Floating-to-integer or double-to-integer conversion error

AN

The FEC and FEA registers are updated only when one of the following occurs.

1.  Division by zero
2.  Illegal op code

3. Any of the other four exceptions with the corresponding interrupt enabled

This implies that only when the FER bit is set, the FEC and FEA registers are updated.

NOTES

1. If one of the last four exceptions occurs with

the corresponding interrupt disabled, the FEC
and FEA are not updated.

If an exception occurs, inhibition of interrupts
by the FID bit does not inhibit updating of the
FEC and FEA.

The FEC and FEA are not updated if no excep-
tion occurs. This means that the STST (store
status) instruction will return current informa-
tion only if the most recent floating-point
instruction produced an exception.

Unlike the FPS, no instructions are provided
for storage into the FEC and FEA registers.
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7.5 FLOATING-POINT INSTRUCTION ADDRESSING

Floating-point instructions use the same type of addressing as the central processor instructions. A source
or destination operand is specified by designating one of eight addressing modes and one of eight central
processor general registers to be used in the specified mode. The modes of addressing are the same as those
of the central processor, except in mode 0. In mode O the operand is located in the designated floating-
point processor accumulator rather than in a central processor general register. The modes of addressing
are as follows.

0 = Floating-point accumulator
1 = Deferred

2 = Autoincrement

3 = Autoincrement-deferred

4 = Autodecrement

5 = Autodecrement-deferred

6 = Indexed

7 = Indexed-deferred

Autoincrement and autodecrement operate on increments and decrements of 4 for F format, and 10
(octal) for D format.

In mode O users can make use of all six floating-point accumulators (AC0-ACS) as their source or
destination. Specifying floating-point accumulators AC6 or AC7 will result in an illegal op code trap. In all
other modes, which involve transfer of data to or from memory or the general registers, users are restricted
to the first four floating-point accumulators (AC0-AC3). When reading or writing a floating-point
number from or to memory, the low memory word contains the most significant word of the floating-point
number, and the high memory word the least significant word.

7.6 ACCURACY

General comments on the accuracy of the KDJ11-A floating-point instructions are presented here. The
descriptions of the individual instructions include the accuracy at which they operate. An instruction or
operation is regarded as “exact” if the result is identical to an infinite precision calculation involving the
same operands. The a priori accuracy of the operands is thus ignored. All arithmetic instructions treat an
operand whose biased exponent is 0 as an exact 0 (unless FIUV is enabled and the operand is —0, in which
case an interrupt occurs). For all arithmetic operations, except DIV, a 0 operand implies that the
instruction is exact. The same statement holds for DIV if the 0 operand is the dividend. But if it is the
divisor, division is undefined and an interrupt occurs.

For nonvanishing floating-point operands, the fractional part is binary normalized. It contains 24 bits or 56
bits for floating mode and double mode, respectively. For ADD, SUB, MUL, and DIV, two guard bits are
necessary and sufficient for the general case to guarantee return of a chopped or rounded result identical to
the corresponding infinite precision operation chopped or rounded to the specified word length. Thus, with
two guard bits, a chopped result has an error bound of one least significant bit (LSB); a rounded result has
an error bound of 1/2 LSB. These error bounds are realized by the KDJ11-A for all instructions.
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In the rest of this chapter, an arithmetic result is called exact if no nonvanishing bits would be lost by
chopping. The first bit lost in chopping is referred to as the “rounding” bit. The value of a rounded result is
related to the chopped result as follows.

1.  If the rounding bit is 1, the rounded result is the chopped result incremented by an LSB.
2.  If the rounding bit is 0, the rounded and chopped results are identical.
It follows that:
1. If the result is exact: rounded value = chopped value = exact value.
2.  If the result is not exact, its magnitude is:

e  always decreased by chopping.
®  decreased by rounding if the rounding bit is 0.
® increased by rounding if the rounding bit is 1.

Occurrence of floating-point overflow and underflow is an error condition: the result of the calculation
cannot be correctly stored because the exponent is too large to fit into the eight bits reserved for it.
However, the internal hardware has produced the correct answer. For the case of underflow, replacement
of the correct answer by 0 is a reasonable resolution of the problem for many applications. This is done by
the KDJ11-A if the underflow interrupt is disabled. The error incurred by this action is an absolute rather
than a relative error; it is bounded (in absolute value) by 2 ** —128. There is no such simple resolution for
the case of overflow. The action taken, if the overflow interrupt is disabled, is described under FIV (bit 09)
in Table 7-1.

The FIV and FIU bits (of the floating-point status word) provide users with an opportunity to implement
their own correction of an overflow or underflow condition. If such a condition occurs and the correspond-
ing interrupt is enabled, the microcode stores the fractional part and the low eight bits of the biased
exponent. The interrupt will take place and users can identify the cause by examination of the floating
overflow (FV) bit or the floating exception register (FEC). The reader can readily verify that (for the
standard arithmetic operations ADD, SUB, MUL, and DIV) the biased exponent returned by the instruc-
tion bears the following relation to the correct exponent.

1.  On overflow, it is too small by 400 (octal)

2. On underflow, if the biased exponent is 0, it is correct. If the biased exponent is not 0, it is too
large by 400 (octal).

Thus, with the interrupt enable, enough information is available to determine the correct answer. Users
may, for example, rescale their variables (via STEXP and LDEXP) to continue a calculation. Note that
the accuracy of the fractional part is unaffected by the occurrence of underflow or overflow.

7.7 FLOATING-POINT INSTRUCTIONS

Each instruction that references a floating-point number can operate on either single- or double-precision
numbers, depending on the state of the FD mode bit. Similarly, there is a mode bit FL that determines
whether a 32-bit integer (FL = 1) or a 16-bit integer (FL = 0) is used in conversion between integer and
floating-point representations. FSRC and FDST operands use floating-point addressing modes (see Figure
7-5); SRC and DST operands use CPU addressing modes.
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DOUBLE OPERAND ADDRESSING

15

12 1 08 07 06 05 00

ocC FOC AC FSRC,FDST,SRC,DST
] ) ! ] 1 I 1 1 ) ] ]

SINGLE OPERAND ADDRESSING

15

12 11 06 05 00

Il

ocC FOC FSRC, FDST, SRC, DST
! 1 L I 1 | I ] 1 ] 1 1

OC = OPCODE =17

FOC = FLOATING OPCODE

AC = FLOATING POINT ACCUMULATOR (ACO-AC3)
FSRC AND FDST USE FPP ADDRESSING MODES
SRC AND DST USE CPU ADDRESSING MODES

MR-3608

Figure 7-5 Floating-Point Addressing Modes

Terms Used in Instruction Definitions

oC
FOC
AC
fsrc

fdst

XL

XLL

XUL

JL

op code = 17

floating op code

contents of accumulator, as specified by AC field of instruction
address of floating-point source operand

address of floating-point destination operand

fraction

largest fraction that can be represented:

1 — 2 ** (=24), FD = 0; single-precision
1 — 2 ** (=56), FD = 1; double-precision

smallest number that is not identically zero =
2 *¥* (—128)

largest number that can be represented =

2 *¥* (127) * XL

largest integer that can be represented:

2 ** (15) — 1; FL = 0; short integer
2 **(31) — 1; FL = 1; long integer

ABS (address) = absolute value of (address)

EXP (address) = biased exponent of (address)
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LT =
LE. =
GT. =
GE. =

LSB =

“less than”

“less than or equal to”
‘“greater than”

“greater than or equal to”

least significant bit

Boolean Symbols

A = AND
\Y = inclusive OR
v = exclusive OR
~ = NOT
ABSF/ABSD
MAKE ABSOLUTE FLOATING/DOUBLE 1706 FDST
15 12 1 06 05 00
1 | 1 1 i | T 1 1 1 l T 1
1 1 1 0 0 0 1 1 0 FDST
" 1 1 { 1 L "
Format: ABSF FDST
Operation: If (FDST) < 0, (FDST) «— — (FDST).

Condition Codes:

Description:

Interrupts:

Accuracy:

If EXP(FDST) = 0, (FDST) — exact 0.

For all other cases, (FDST) — (FDST).

FC —0

FV~—0

FZ — 1 if (FDST) =0, else FZ — 0

FN —0

Set the contents of FDST to its absolute value.

If FIUV is enabled, trap on —0 occurs before execution. Overflow and
underflow cannot occur.

These instructions are exact.
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ADDF/ADDD

ADD FLOATING/DOUBLE 172(AC)FSRC
15 12 11 08 07 06 05 00
T T T T T T T T T T
1 1 0 1 0 0 AC FSRC
. — 1 ) : 1 1 A "

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

Special Comment:

MR-11468

ADDF FSRC,AC

Let SUM = (AC) + (FSRC)

If underflow occurs and FIU is not enabled, AC « exact 0.
If overflow occurs and FIV is not enabled, AC «— exact 0.
For all others cases, AC — SUM.

FC —~ 0

FV — 1 if overflow occurs, else FV — 0
FZ — 1 if (AC) =0, else FZ — 0

FN — 1 if (AC) <0, else FN — 0

Add the contents of FSRC to the contents of AC. The addition is carried out
in single- or double-precision and is rounded or chopped in accordance with
the values of the FD and FT bits in the FPS register. The result is stored in
AC except for:

1. Overflow with interrupt disabled.
2. Underflow with interrupt disabled.

For these exceptional cases, an exact 0 is stored in AC.

If FIUV is enabled, trap on —0 in FSRC occurs before execution. If overflow
or underflow occurs, and if the corresponding interrupt is enabled, the trap
occurs with the faulty result in AC. The fractional parts are correctly stored.
The exponent part is too small by 400 for overflow. It is too large by 400 for
underflow, except for the special case of 0, which is correct.

Errors due to overflow and underflow are described above. If neither occurs,
then: for oppositely signed operands with exponent difference of O or 1, the
answer returned is exact if a loss of significance of one or more bits can
occur. Note that these are the only cases for which loss of significance of
more than one bit can occur. For all other cases the result is inexact with
error bounds of:

1. LSB in chopping mode with either single- or double-precision.
2. 1/2 LSB in rounding mode with either single- or double-precision.

The undefined variable —0 can occur only in conjunction with overflow or

underflow. It will be stored in AC only if the corresponding interrupt is
enabled.
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CFCC

COPY FLOATING CONDITION CODES 170000
15 12 11 00
T T T T T I 1 1 I I ! I 1 I
1 1 1 1]lo o o o o0 0o 0 o0 ©0 0 0 ©
L il Il | | L . L ) 1 | L L 1
Format: CFCC
Operation: C — FC
V — FV
Z — FZ
N — FN
Description: Copy the floating-point condition codes into the CPU’s condition codes.
CLRF/CLRD
CLEAR FLOATING/DOUBLE 1704 FDST
15 12 1 06 05 00
T 1 1 1 T T 1 T T T T T T
1 1 1 110 o o 1 0 o0 FDST
. i Il ] A I | 1 L - )
Format: CLRF FDST
Operation: (FDST) « exact 0
Condition Codes: FC —0
FV —0
FZ — 1
FN <0
Description: Set FDST to 0. Set FZ condition code and clear other condition code bits.
Interrupts: No interrupts will occur. Overflow and underflow cannot occur.
Accuracy: These instructions are exact.
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CMPF/CMPD

COMPARE FLOATING/DOUBLE

07 06

173(AC+4)FSRC

00

Format:
Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

Special Comment:

CMPF FSRC,AC
(FSRC) - (AC)

FC —~ 0
FV —0

FZ — 1 if (FSRC) =0, else FZ — 0

FN — 1 if (FSRC) < 0, else FN «— 0

MR-11471

Compare the contents of FSRC with the accumulator. Set the appropriate
floating-point condition codes. FSRC and the accumulator are left unchanged
except as noted below.

If FIUV is enabled, trap on —0 occurs before execution.

These instructions are exact.

An operand that has a biased exponent of 0 is treated as if it were an exact O.
In this case, where both operands are 0, the KDJ11-A will store an exact O in

AC.
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DIVF/DIVD

DIVIDE FLOATING/DOUBLE 174(AC+4)FSRC

1 1 0 0 1 AC FSRC

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

Special Comment:

MR-11472

DIVF FSRC,AC

If EXP(FSRC) = 0, (AC) — (AC) and the instruction is aborted.
If EXP(AC) = 0, (AC) — exact 0.

For all other cases, let QUOT = (AC)/(FSRC).

If underflow occurs and FIU is not enabled, AC « exact 0.

If overflow occurs and FIV is not enabled, AC «— exact 0.

For all others cases, AC — QUOT.

FC—0

FV — 1 if overflow occurs, else FV «— 0
FZ — 1if (AC) =0, else FZ — 0

FN — 1 if (AC) <0, else FN — 0

If either operand has a biased exponent of 0, it is treated as an exact 0. For
FSRC this would imply division by 0; in this case the instruction is aborted,
the FEC register is set to 4, and an interrupt occurs. Otherwise, the quotient
is developed to single- or double-precision with two guard bits for correct
rounding. The quotient is rounded or chopped in accordance with the values
of the FD and FT bits in the FPS register. The result is stored in the AC
except for:

1. Overflow with interrupt disabled.
2. Underflow with interrupt disabled.

For these exceptional cases, an exact 0 is stored in AC.

If FIUV is enabled, trap on —0 in FSRC occurs before execution. If (FSRC)
= 0, interrupt traps on an attempt to divide by 0. If overflow or underflow
occurs, and if the corresponding interrupt is enabled, the trap occurs with the
faulty result in AC. The fractional parts are correctly stored. The exponent
part is too small by 400 for overflow. It is too large by 400 for underflow,
except for the special case of 0, which is correct.

Errors due to overflow ‘and underflow are described above. If none of these
occurs, the error in the quotient will be bounded by 1 LSB in chopping mode
and by 1/2 LSB in rounding mode.

The undefined variable —0 can occur only in conjunction with overflow or
underflow. It will be stored in AC only if the corresponding interrupt is
enabled.
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LDCDF/LDCFD

LOAD AND CONVERT FROM DOUBLE-TO-FLOATING
AND FROM FLOATING-TO-DOUBLE 177(AC+4)FSRC

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

MR-11473

LDCDF FSRC,AC
If EXP(FSRC) = 0, AC — exact 0.
If FD =1, FT = 0, FIV = 0 and rounding causes overflow, AC — exact 0.

In all other cases, AC — Cxy(FSRC), where Cxy specifies conversion from
floating mode x to floating mode y.

x =D, y = Fif FD = 0 (single) LDCDF
y =F, y =D if FD = 1 (double) LDCFD

FC — 0

FV — 1 if conversion produces overflow, else
FV —<0

FZ — 1if (AC) =0, else FZ —0

FN — 1 if (AC) <0, else FN — 0

If the current mode is floating mode (FD = 0), the source is assumed to be a
double-precision number and is converted to single-precision. If the floating
chop bit (FT) is set, the number is chopped; otherwise, the number is
rounded.

If the current mode is double mode (FD = 1), the source is assumed to be a
single-precision number and is loaded left-justified in AC. The lower half of
AC is cleared.

If FIUV is enabled, trap on —0 occurs before execution. Overflow cannot
occur for LDCFD.

A trap occurs if FIV is enabled, and if rounding with LDCDF causes over-
flow. AC — overflowed result. This result must be +0 or —0. Underflow
cannot occur.

LDCFD is an exact instruction. Except for overflow, described above,

LDCDF incurs an error bounded by 1 LSB in chopping mode and by 1/2
LSB in rounding mode.
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LDCIF/LDCID/LDCLF/LDCLD

LOAD AND CONVERT INTEGER OR LONG INTEGER
TO FLOATING OR DOUBLE-PRECISION 177(AC)SRC

1 1 1 1 0 AC SRC

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

MR-11474

LDCIF SRC,AC

AC — Cjx(SRC), where Cjx specifies conversion from integer mode j to
floating mode x.

j=Tif FL=0,j=Lif FL =1
x=Fif FD=0,x =Dif FD = 1
FC — 0
FV — 0

FZ — 1if (AC)=0, else FZ — 0
FN — 1 if (AC) <0, else FN — 0

Conversion is performed on the contents of SRC from a 2’s complement
integer with precision j to a floating-point number of precision x. Note that j
and x are determined by the state of the mode bits FL and FD.

If a 32-bit integer is specified (L mode) and (SRC) has an addressing mode of
0 or immediate addressing mode is specified, the 16 bits of the source register
are left-justified and the remaining 16 bits loaded with Os before conversion.

In the case of LDCLF, the fractional part of the floating-point representation
is chopped or rounded to 24 bits for FT = 1 or 0, respectively.

None; SRC is not floating-point, so trap on —0 cannot occur.
LDCIF, LDCID, and LDCLD are exact instructions. The error incurred by

LDCLF is bounded by 1 LSB in chopping mode and by 1/2 LSB in rounding
mode.
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LDEXP

LOAD EXPONENT
15

176(AC+4)SRC

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

MR-11475

LDEXP SRC,AR
NOTE: 177 and 200, appearing below, are octal numbers.

If =200 < SRC < 200, EXP(AC) «— SRC + 200 and the rest of AC is
unchanged.

If (SRC) > 177 and FIV is enabled, EXP(AC) — [(SRC) + 200]<07:00>.
If (SRC) > 177 and FIV is disabled, AC — exact 0.

If (SRC) < —177 and FIU is enabled, EXP(AC) — [(SRC) + 200]<07:00>.
If (SRC) < —177 and FIU is disabled, AC — exact 0.

FC —0

FV — 1 if (SRC) > 177, else FV — 0
FZ — 1if (AC)=0,else FZ — 0
FN — 1 if (AC) <0, else FN — 0

Change AC so that its unbiased exponent = (SRC). That is, convert (SRC)
from 2’s complement to excess 200 notation and insert it into the EXP field
of AC. This is a meaningful operation only if ABS(SRC) LE 177.

If SRC > 177, the result is treated as overflow. If SRC < —177, the result is
treated as underflow.

No trap on —0 in AC occurs, even if FIUV is enabled. If SRC > 177 and FIV
is enabled, trap on overflow will occur. If SRC < —177 and FIU is enabled,
trap on underflow will occur.

Errors due to overflow and underflow are described above. If EXP(AC) =0
and (SRC) = —200, AC changes from a floating-point number treated as 0
by all floating arithmetic operations to a non-0 number. This happens because
the insertion of the “hidden” bit in the microcode implementation of arithme-
tic instructions is triggered by a nonvanishing value of EXP.

For all other cases, LDEXP implements exactly the transformation of a
floating-point number (2 ** K) * f into (2 ** (SRC)) * f where 1/2 .LE.
ABS(f) .LT. 1.



LDF/LDD

Format:

Operation:

LOAD FLOATING/DOUBLE

172(AC+4)FSRC

Condition Codes:

Description:

Interrupts:

Accuracy:

Special Comment:

LDFPS

Format:

Operation:

MR-11476

LDF FSRC,AC

AC — (FSRCQC)

FC —0

FV—0

FZ — 1if (AC)=0,else FZ — 0
FN — 1 if (AC) <0, else FN — 0

Load single- or double-precision number into AC.

If FIUV is enabled, trap on —0 occurs before AC is loaded. Overflow and
underflow cannot occur.

These instructions are exact.

These instructions permit use of —0 in a subsequent floating-point instruction
if FIUV is not enabled and (FSRC) = —0.

LOAD FLOATING-POINT PROGRAM STATUS 1701 SRC
15 12 11 06 05 00
I ! | Al ! U T I [ l 1 1
1 1 1 0 0 0 0 0 1 SRC
L L | e L L 1 | . i L
MR-11477
LDFPS SRC
FPS — (SRC)

Description:

Special Comment:

Load floating-point status register from SRC.

Users are cautioned not to use bits 13, 12, and 04 for their own purposes,
since these bits are not recoverable by the STFPS instruction.
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MODF/MODD

MULTIPLY AND SEPARATE INTEGER

AND FRACTION FLOATING/DOUBLE 171(AC+4)FSRC
15 12 11 08 07 06 05 00
T T I 1 T 1 T [ T 1 T 1
1 1 1 1 0 0 1 1 AC FSRC
Il | 1 1 L I L 1 b
MR-11478
Format: MODF FSRC,AC
Description This instruction generates the product of its two floating-point operands,
and Operation: separates the product into integer and fractional parts, and then stores one or

both parts as floating-point numbers.
Let PROD = (AC) * (FSRC) so that in
Floating-point: ABS(PROD) = (2 ** K) * f, where
1/2 .LE. f .LT. 1, and EXP(PROD) = (200 + K)
Fixed-point binary: PROD = N + g, where
N = INT(PROD) = integer part of PROD, and

g = PROD — INT(PROD) = fractional part of PROD with 0 .LE. g
.LT. 1.

Both N and g have the same sign as PROD. They are returned as follows:

If AC is an even-numbered accumulator (0 or 2), N is stored in AC+1
(1 or 3), and g is stored in AC.

If AC is an odd-numbered accumulator, N is not stored and g is stored
in AC.

The two statements above can be combined as follows:

N is returned to AC V 1 and g is returned to AC.
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Five special cases occur, as indicated in the following formal description with
L = 24 for floating mode and L = 56 for double mode.

1.

If PROD overflows and FIV is enabled, AC V 1 «— N, chopped to L
bits, AC — exact 0.

Note that EXP(N) is too small by 400 and that —0 can be stored in AC
Vv 1.

If FIV is not enabled, AC V 1 — exact 0, AC — exact 0, and —0 will
never be stored.

If 2 ** L .LE. ABS(PROD) and no overflow, AC V 1 — N, chopped to
L bits, AC «— exact 0.

The sign and EXP of N are correct, but low-order bit information is lost.
If 1 .LE. ABS(PROD) LT.2 ** L, ACV 1 — N, AC — g.

The integer part N is exact. The fractional part g is normalized, and
chopped or rounded in accordance with FT. Rounding may cause a
return of + unity for the fractional part. For L = 24, the error in g is
bounded by 1 LSB in chopping mode and by 1/2 LSB in rounding mode.
For L = 56, the error in g increases from the above limits as ABS(IN)
increases above 8 because only 59 bits of PROD are generated.

If 2 ** p LE. ABS(N) .LT. 2 ** (p + 1), with p > 2, the low order p — 2
bits of g may be in error.

If ABS(PROD) .LT. 1 and no underflow, AC V 1 — exact 0 and AC —
g.

There is no error in the integer part. The error in the fractional part is
bounded by 1 LSB in chopping mode and 1/2 LSB in rounding mode.
Rounding may cause a return of + unity for the fractional part.

If PROD underflows and FIU is enabled, AC V 1 — exact 0 and AC —
g.

Errors are as in case 4, except that EXP(AC) will be too large by 400g
(if EXP = 0, it is correct). Interrupt will occur and —0 can be stored in
AC.

If FIU is not enabled, AC V 1 «— exact 0 and AC — exact 0.

For this case the error in the fractional part is less than 2 ** (—128).
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Condition Codes:

Interrupts:

Accuracy:

Applications:

FC — 0

FV — 1 if PROD overflows, else FV —0
FZ — 1if (AC) =0, else FZ —0

FN — 1 if (AC) <0, else FN — 0

If FIUV is enabled, trap on —0 in FSRC occurs before execution. Overflow
and underflow are discussed above.

Discussed above.

1.

Binary-to-decimal conversion of a proper fraction. The following
algorithm, using MOD, will generate decimal digits D(1), D(2) - - - from
left to right.

Initialize: I —0;
X — number to be converted;
ABS(X) < 1;

While X # 0 do

Begin PROD — X * 10;

l—1+1;

D) — INT(PROD);

X «— PROD — INT(PROD);

End;

This algorithm is exact. It is case 3 in the description because the
number of nonvanishing bits in the fractional part of PROD never
exceeds L, and hence neither chopping nor rounding can introduce error.

To reduce the argument of a trigonometric function.

ARG * 2/PI = N + g. The low two bits of N identify the quadrant, and
g is the argument reduced to the first quadrant. The accuracy of N + g
is limited to L bits because of the factor 2/PI. The accuracy of the
reduced argument thus depends on the size of N.

To evaluate the exponential function e ** x, obtain x * (log ¢ base 2) =
N + g, thene ** x = (2 ** N) * (e ** (g * In 2)).

The reduced argument is g * In2 < 1 and the factor 2 ** N is an exact
power of 2, which may be scaled in at the end via STEXP, ADD N to
EXP and LDEXP. The accuracy of N + g is limited to L bits because of
the factor (log e base 2). The accuracy of the reduced argument thus
depends on the size of N.
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MULF/MULD

MULTIPLY FLOATING/DOUBLE 171(AC)FSRC

15

12 11 08 07 06 05 00

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

Special Comment:

MR-11479

MULF FSRC,AC
Let PROD = (AC) * (FSRC)
If underflow occurs and FIU is not enabled, AC — exact O.

If overflow occurs and FIV is not enabled, AC — exact 0.

For all others cases, AC — PROD.

FC~0

FV — 1 if overflow occurs, else FV — 0
FZ — 1if (AC)=0,else FZ— 0

FN — 1if (AC) <0, else FN — 0

If the biased exponent of either operand is 0, (AC) «— exact 0. For all other
cases PROD is generated to 48 bits for floating mode and 59 bits for double
mode. The product is rounded or chopped for FT = 0 or 1, respectively, and
is stored in AC except for:

1. Overflow with interrupt disabled
2.  Underflow with interrupt disabled

For these exceptional cases, an exact 0 is stored in AC.

If FIUV is enabled, trap on —0 in FSRC occurs before execution. If overflow
or underflow occurs, and if the corresponding interrupt is enabled, the trap
occurs with the faulty result in AC. The fractional parts are correctly stored.
The exponent part is too small by 400 for overflow. It is too large by 400 for
underflow, except for the special case of 0, which is correct.

Errors due to overflow and underflow are described above. If neither occurs,
the error incurred is bounded by 1 LSB in chopping mode and 1/2 LSB in
rounding mode.

The undefined variable —0 can occur only in conjunction with overflow or

underflow. It will be stored in AC only if the corresponding interrupt is
enabled.
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NEGF/NEGD

Format:

Operation:

NEGATE FLOATING/DOUBLE 1707 FOST
15 12 1 06 05 00
1 ! | ! 1 ! T I l l 1
1 1o o o 1 1 1 FOST
Jn i I\ . it 1 1 i 3 )
MR-11480
NEGF FDST

Condition Codes:

(FDST) — — (FDST) if (FDST) = 0, else (FDST) «— exact 0

FC 0
FV—0
FZ — 1 if (FDST) = 0, else FZ — 0
FN « 1 if (FDST) < 0, else FN «— 0

Description: Negate the single- or double-precision number; store result in same location
(FDST).
Interrupts: If FIUV is enabled, trap on —0 occurs before execution. Overflow and
underflow cannot occur.
Accuracy: These instructions are exact.
SETD
SET FLOATING DOUBLE MODE 170011
15 12 11 00
1 1 | | I T I ! ! ! 1 I
1 1 1 0 0 0 0 0 0 0 0 1 [} 0 1
I ) 1 & I n I | ) [ | n
Format: SETD
Operation: FD — 1
Description: Set the KDJ11-A in double-precision mode.
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SETF

Format:
Operation:
Description:

SETI

SET FLOATING MODE

170001
00

0

|
1

SET INTEGER MODE

15

SETF
FD —0

Set the KDJ11-A in single-precision mode.

MR-11482

170002
00

1
0

4

Format:
Operation:
Description:

SETL

SETI

FL—0

Set the KDJ11-A for short-integer data.

SET LONG-INTEGER MODE

15

MR-11483

170012
00

[
0

Format:
Operation:

Description:

SETL

FL — 1

Set the KDJ11-A for long-integer data.

MR-11484



STCFD/STCDF

STORE AND CONVERT FROM FLOATING-TO-DOUBLE
AND FROM DOUBLE-TO-FLOATING 176 (AC) FOST

15

12 11 08 07 06 05 00

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

MR-11485

STCFD AC,FDST
If (AC) = 0, (FDST) — exact 0.

If FD = 1, FT = 0, FIV = 0 and rounding causes overflow, (FDST) — exact
0.

In all other cases, (FDST) — Cxy(AC), where Cxy specifies conversion from
floating mode x to floating mode y.

x = F, y = D if FD = 0 (single) STCFD

x =D, y =F if FD = 1 (double) STCDF
FC—0

FV «— 1 if conversion produces overflow, else
FV —0

FZ — 1if (AC) =0, else FZ — 0
FN — 1 if (AC) <0, else FN — 0

If the current mode is single-precision, the accumulator is stored left-justified
in FDST and the lower half is cleared.

If the current mode is double-precision, the contents of the accumulator are
converted to single-precision, chopped or rounded depending on the state of
FT, and stored in FDST.

Trap on —0 will not occur even if FIUV is enabled because FSRC is an
accumulator. Underflow cannot occur. Overflow cannot occur for STCFD.

A trap occurs if FIV is enabled, and if rounding with STCDF causes over-
flow. (FDST) — overflowed result. This must be +0 or —0.

STCFD is an exact instruction. Except for overflow, described above,

STCDF incurs an error bounded by 1 LSB in chopping mode and by 1/2 LSB
in rounding mode.
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STCFI/STCFL/STCDI/STCDL

STORE AND CONVERT FROM FLOATING OR DOUBLE
TO INTEGER OR LONG INTEGER

175(AC+4)DST

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

MR-11486

STCFI AC,DST

(DST) — Cxj(AC) if —=JL — 1 < Cxj(AC) < JL + 1, else (DST) «— 0, where
Cjx specifies conversion from floating mode j to integer mode x.

j=1if FL=0,j=Lif FL =1
x=Fif FD=0,x=Dif FD = 1

JL is the largest integer.

2**15—1forFL=0
2**32—~1for FL=1

C,FC —0if -JL — 1 < Cxj(AC) < JL + 1, else
C,FC — 1

V,FV <0

Z,FZ — 1if (DST)=0, else Z, FZ — 0

N, FN — 1 if (DST) < 0, else N, FN — 0

Conversion is performed from a floating-point representation of the data in
the accumulator to an integer representation.

If the conversion is to a 32-bit word (L mode), and an addressing mode of 0
or immediate addressing mode is specified, only the most significant 16 bits
are stored in the destination register.

If the operation is out of the integer range selected by FL, FC is set to 1 and
the contents of the DST are set to O.

Numbers to be converted are always chopped (rather than rounded) before
they are converted. This is true even when the chop mode bit FT is cleared in
the FPS register.

These instructions do not interrupt if FIUV is enabled, because the —0, if
present, is in AC, not in memory. If FIC is enabled, trap on conversion failure
will occur.

These instructions store the integer part of the floating-point operand, which

may not be the integer most closely approximating the operand. They are
exact if the integer part is within the range implied by FL.
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STEXP

STORE EXPONENT

175(AC)DST
00

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

STF/STD

Format:

Operation:

STORE FLOATING/DOUBLE

15

MR-11487

STEXP AC,DST
(DST) — EXP(AC) — 200

C,FC—0
V,FV—0
Z,FZ — 1if (DST)=0, else Z, FZ — 0
N, FN — 1 if (DST) < 0, else N, FN — 0

Convert AC’s exponent from excess 200 notation to 2’s complement and
store the result in DST.

This instruction will not trap on —0. Overflow and underflow cannot occur.

This instruction is exact.

174(AC)FDST

12 11 07 06 00

T T T T T T T T T
AC FDST

Condition Codes:

Description:

Interrupts:

MR-11488

STF AC,FDST
(FDST) — AC
FC — FC
FV — FV
FZ — FZ
FN — FN

Store single- or double-precision number from AC.

These instructions do not interrupt if FIUV is enabled, because the -0, if
present, is in AC, not in memory. Overflow and underflow cannot occur.

7-27



Accuracy:

Special Comment:

These instructions are exact.

These instructions permit storage of a —0 in memory from AC. There are two
conditions in which —0 can be stored in an AC of the KDJ11-A. One occurs
when underflow or overflow is present and the corresponding interrupt is
enabled. A second occurs when an LDF or LDD instruction is executed and
the FIUV bit is disabled.

STFPS
STORE FLOATING-POINT PROGRAM STATUS 1702 DST
15 12 11 06 05 00
1 1 [ o T ki I I 1 1 1 T
1 1o o o o 1 o0 DST
3 1 | L I I 1 I [ I

Format: STFPS DST
Operation: (DST) — FPS
Description: Store the floating-point status register in DST.

Special Comment:

Bits 13, 12, and 04 are loaded with 0. All other bits are the corresponding bits
in the FPS.

STST
STORE FPP'S STATUS . 1703 DST
15 12 11 06 05 00
1 i U I 1 i 1 1 I ! T I
1 1 0 0 0 0 1 1 DST
b 1 1 | A A 1 1 b :

Format: STST DST
Operation: (DST) — FEC (DST + 2) — FEA
Description: Store the FEC and FEA in DST and DST+2. Note the following.

1. If the destination mode specifies a general register or immediate address-
ing, only the FEC is saved.

2. The information in these registers is current only if the most recently
executed floating-point instruction caused a floating-point exception.
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SUBF/SUBD

SUBTRACT FLOATING/DOUBLE 173(AC)FSRC

12 1" 08 07 06 05 00

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

Special Comment:

MR-11491

SUBF FSRC,AC

Let DIFF = (AC) — (FSRC)

If underflow occurs and FIU is not enabled, AC — exact 0.
If overflow occurs and FIV is not enabled, AC — exact 0.
For all others cases, AC — DIFF.

FC —0

FV — 1 if overflow occurs, else FV «— 0
FZ — 1if (AC) =0, else FZ — 0

FN — 1 if (AC) <0, else FN «— 0

Subtract the contents of FSRC from the contents of AC. The subtraction is
carried out in single- or double-precision and is rounded or chopped in accor-
dance with the values of the FD and FT bits in the FPS register. The result is
stored in AC except for:

1. Overflow with interrupt disabled
2. Underflow with interrupt disabled

For these exceptional cases, an exact 0 is stored in AC.

If FIUV is enabled, trap on —0 in FSRC occurs before execution. If overflow
or underflow occurs, and if the corresponding interrupt is enabled, the trap
occurs with the faulty result in AC. The fractional parts are correctly stored.
The exponent part is too small by 400 for overflow. It is too large by 400 for
underflow, except for the special case of 0, which is correct.

Errors due to overflow and underflow are described above. If neither occurs:
for like-signed operands with exponent difference of 0 or I, the answer
returned is exact if a loss of significance of one or more bits can occur. Note
that these are the only cases for which loss of significance of more than one
bit can occur. For all other cases the result is inexact with error bounds of:

1. LSB in chopping mode with either single- or double-precision
2. 1/2 LSB in rounding mode with either single- or double-precision

The undefined variable —0 can occur only in conjunction with overflow or

underflow. It will be stored in AC only if the corresponding interrupt is
enabled.
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TSTF/TSTD

TEST FLOATING/DOUBLE 1705 FDST
15 12 1 06 05 00
I T 1 T I 1 1 1 T T T I |
1 1 1 1 0 0 0 1 0 1 FDST
) I I ] ] L I L 1 | ju 1
MR-11492
Format: TSTF FDST
Operation: (FDST)
Condition Codes: FC—0
FV —0

FZ — 1 if (FDST) = 0, else FZ — 0
FN — 1 if (FDST) < 0, else FN — 0

Description: Set the floating-point condition codes according to the contents of FDST.

Interrupts: If FIUV is set, trap on —0 occurs before execution. Overflow and underflow
cannot occur.

Accuracy: These instructions are exact.
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CHAPTER 8
PROGRAMMING TECHNIQUES

8.1 INTRODUCTION

The KDJ11-A offers a great deal of programming flexibility and power. Utilizing the combination of the
instruction set, the addressing modes, and the programming techniques, it is possible to develop new
software or to utilize old programs effectively. The programming techniques in this chapter show the
capabilities of the KDJ11-A. The techniques discussed involve position-independent coding (PIC), stacks,
subroutines, interrupts, reentrancy, coroutines, recursion, processor traps, programming peripherals, and
conversion.

8.2 POSITION-INDEPENDENT CODE

The output of a MACRO-11 assembly is a relocatable object module. The task builder or linker binds one
or more modules together to create an executable task image. Once built, a task can only be loaded and
executed at the virtual address specified at link time. This is so because the linker has had to modify some
instructions to reflect the memory locations in which the program is to run. Such a body of code is
considered position-dependent (i.c., dependent on the virtual addresses to which it was bound).

The KDJ11-A processor offers addressing modes that make it possible to write instructions that do not
depend on the virtual addresses to which they are bound. This type of code is termed position-independent
and can be loaded and executed at any virtual address. Position-independent code can improve system
efficiency, both in use of virtual address space and in conservation of physical memory.

In multiprogramming systems like RSX-11M, it is important that many tasks be able to share a single
physical copy of common code (a library routine, for example). To make the optimum use of a task’s
virtual address space, shared code should be position-independent. Code that is not position-independent
can also be shared, but it must appear in the same virtual locations in every task using it. This restricts the
placement of such code by the task builder and can result in the loss of virtual addressing space.

8.2.1 Use of Addressing Modes in the Construction of Position-Independent Code
The construction of position-independent code is closely linked to the proper use of addressing modes. The
remainder of this explanation assumes you are familiar with the addressing modes described in Chapter 6.

The following addressing modes, which involve only register references, are position-independent.

R Register mode

(R) Register-deferred mode

R+ Autoincrement mode

@(R)+ Autoincrement-deferred mode
—(R) Autodecrement mode

@—R) Autodecrement-deferred mode

When employing these addressing modes, the user is guaranteed position independence, providing the
contents of the registers have been supplied independently of a particular virtual memory location.
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The following two relative addressing modes are position-independent when a relocatable address is
referenced from a relocatable instruction.

A Relative mode
@A Relative-deferred mode

Relative modes are not position-independent when an absolute address (that is, a nonrelocatable address) is
referenced from a relocatable instruction. In such case, absolute addressing (i.e., @#A) may be employed
to make the reference position-independent.

Index modes can be either position-independent or position-dependent, according to their use in the
program:

X(R) Index mode
@X(R) Index-deferred mode

If the base, X, is an absolute value (e.g., a control block offset), the reference is position-independent. The
following is an example.

MOV 2(SP),R0 ;POSITION-INDEPENDENT

MOV N(SP),R0 ;POSITION-INDEPENDENT

If, however, X is a relocatable address, the reference is position-dependent, as the following example
shows.

CLR ADDR(R1) ;POSITION-DEPENDENT

Immediate mode can be either position-independent or not, according to its use. Immediate mode refer-
ences are formatted as follows.

#N Immediate mode
When an absolute expression defines the value of N, the code is position-independent. When a relocatable
expression defines N, the code is position-dependent. That is, immediate mode references are position-

independent only when N is an absolute value.

Absolute mode addressing is position-independent only in those cases where an absolute virtual location is
being referenced. Absolute mode addressing references are formatted as follows.

@#A Absolute mode

An example of a position-independent absolute reference is a reference to the processor status word (PS)
from a relocatable instruction, as in this example.

MOV @#PSW,RO ;RETRIEVE STATUS AND PLACE IN REGISTER
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8.2.2 Comparison of Position-Dependent and Position-Independent Code

The RSX-11 library routine, PWRUP, is a FORTRAN-callable subroutine for establishing or removing a
user power failure asynchronous system trap (AST) entry point address. Imbedded within the routine is the
actual AST entry point that saves all registers, effects a call to the user-specified entry point, restores all
registers on return, and executes an AST exit directive. The following examples are excerpts from this
routine. The first example has been modified to illustrate position-dependent references. The second
example is the position-independent version.

Position-Dependent Code

PWRUP::
CLR —(SP) ;:ASSUME SUCCESS
CALL X.PAA ;PUSH (SAVE)
;ARGUMENT ADDRESSES
;ONTO STACK
.WORD 1.,$PSW ;CLEAR PSW, AND
;SET R1=R2SP
MOV $OTSV,R4 ;GET OTS IMPURE
;AREA POINTER
MOV (SP)+,R2 ;GET AST ENTRY
;POINT ADDRESS
BNE 10$ ;IF NONE SPECIFIED,
;SPECIFY NO POWER
CLR —(SP) ;RECOVERY AST SERVICE
BR 20% ;
108: ;
MOV R2,F.PF(R4) ;SET AST ENTRY POINT
MOV #BA,—(SP) ;PUSH AST SERVICE
;ADDRESS
208: ;
CALL X.EXT :ISSUE DIRECTIVE, EXIT.
.BYTE 109.,2. ;
BA: MOV RO,—(SP) ;PUSH (SAVE) RO
MOV R1,—(SP) ;PUSH (SAVE) R1
MOV R2,—(SP) ;PUSH (SAVE) R2



Position-Independent Code

PWRUP::
CLR
CALL

.WORD
MOV
MOV
BNE

CLR

BR
10$:

MOV

MOV

ADD

20%:
CALL
.BYTE

BA: MOV
MOV
MOV

—(SP)
X.PAA
1.,.$PSW
@#$OTSV,R4
(SP)+,R2

10$

—(SP)
20$

R2,F.PF(R4)
PC,—(SP)
#BA—.,(SP)

X.EXT
109.,2.

R0O,—(SP)
R1,—(SP)
R2,—(SP)

;ASSUME SUCCESS
;PUSH ARGUMENT
;ADDRESSES ONTO
;STACK

;CLEAR PSW, AND
;SET R1=R2-SP.

;GET OTS IMPURE
;AREA POINTER
;GET AST ENTRY
;POINT ADDRESS

;JF NONE SPECIFIED,
;SPECIFY NO POWER
;RECOVERY AST SERVICE

;SSET AST ENTRY POINT

;PUSH CURRENT LOCATION
;COMPUTE ACTUAL LOCATION
;OF AST

;JSSUE DIRECTIVE, EXIT.

;ACTUAL AST SERVICE ROUTINE:

; 1) SAVE REGISTERS

;5 2) EFFECT A CALL TO SPECIFIED
; SUBROUTINE

; 3) RESTORE REGISTERS

; 4) ISSUE AST EXIT DIRECTIVE

‘PUSH (SAVE) RO
‘PUSH (SAVE) RI
‘PUSH (SAVE) R2

The position-dependent version of the subroutine contains a relative reference to an absolute symbol
($OTSV) and a literal reference to a relocatable symbol (BA). Both references are bound by the task
builder to fixed memory locations. Therefore, the routine will not execute properly as part of a resident
library if its location in virtual memory is not the same as the location specified at link time.

In the position-independent version, the reference to SOTSV has been changed to an absolute reference. In
addition, the necessary code has been added to compute the virtual location of BA based upon the value of
the program counter. In this case, the value is obtained by adding the value of the program counter to the
fixed displacement between the current location and the specified symbol. Thus, execution of the modified
routine is not affected by its location in the image’s virtual address space.



8.3 STACKS

The stack is part of the basic design architecture of the KDJ11-A. It is an area of memory set aside by the
programmer or the operating system for temporary storage and linkage. It is handled on a LIFO (last-
in/first-out) basis, where items are retrieved in the reverse of the order in which they were stored. A stack

starts at the highest location reserved for it and expands linearly downward to lower addresses as items are
added.

It is not necessary to keep track of the actual locations into which data is being stacked. This is done
automatically through a stack pointer. To keep track of the last item added to the stack, a general register
is used to store the memory address of the last item in the stack. Any register except register 7 (the PC)
may be used as a stack pointer under program control; however, instructions associated with subroutine
linkage and interrupt service automatically use register 6 as a hardware stack pointer. For this reason, R6
is frequently referred to as the system SP. Stacks may be maintained in either full-word or byte units. This
is true for a stack pointed to by any register except R6, which must be organized in full-word units only.
Byte stacks (see Figure 8-1) require instructions capable of operating on bytes rather than full words.

WORD STACK
007100 ITEM #1
007076 ITEM #2
007074 ITEM#3
007072 ITEM # 4 <« spP | 007072 ]
007070
007066
007064
BYTE STACK
007100 ITEM # 1
007077 ITEM # 2
007076 ITEM #3
007075 ITEM # 4 «—sp | 007075 ]
NOTE:
BYTES ARE
ARRANGED IN

WORDS AS FOLLOWING:
BYTE3 | BYTE2
BYTE1 | BYTEO

WORD

MR-3662

Figure 8-1 Word and Byte Stacks
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8.3.1 Pushing onto a Stack
Items are added to a stack using the autodecrement addressing mode. Adding items to the stack is called
pushing, and is accomplished by the following instructions.

MOV Source,—(SP) ; MOV contents of source word
;onto the stack
or
MOVB Source,—(SP) ;MOVB source byte onto
;the stack

Data is thus pushed onto the stack.

8.3.2 Popping from a Stack
Removing data from the stack is called popping. This operation is accomplished using the autoincrement
mode.

MOV (SP)+,Destination ; MOV destination word
;off the stack
or
MOVB (SP)+,Destination ;MOVB destination byte

;off the stack

After an item has been popped, its stack location is considered free and available for other use. The stack
pointer points to the last-used location, implying that the next lower location is free. Thus, a stack may
represent a pool of sharable temporary storage locations. (See Figure 8-2.)

HIGH MEMORY
«+— SP
stack ¥ EO0 «—spP EO
AREA v E1 <—SP
LOW MEMORY
1 AN EMPTY STACK AREA 2 PUSHING A DATUM 3 PUSHING ANOTHER
ONTO THE STACK DATUM ONTO THE
STACKS
EO EO A E2 EO
E1 E1 <SP E1
4 E2 5P ) E3 -—sP
4 ANOTHER PUSH 5 POP 6 PUSH
E3
EO
E1 <SP
7 POP

MR-3663

Figure 8-2 Push and Pop Operations



8.3.3 Deleting Items from a Stack

The following techniques may be used to delete items from a stack. To delete one item use:
INC SP or TSTB(SP)+ for a byte stack

To delete two items use:

ADD#2,SP or TST(SP)+ for word stack

To delete 50 items from a word stack use:

ADD#100.,SP

8.3.4 Stack Uses
A stack is used in the following ways.

1.

Often one of the general-purpose registers must be used in a subroutine or interrupt service
routine and then returned to its original value. The stack can be used to store the contents of the
registers involved.

The stack is used in storing linkage information between a subroutine and its calling program.
The JSR instruction, used in calling a subroutine, requires the specification of a linkage register
along with the entry address of the subroutine. The content of this linkage register is stored on
the stack, so as not to be lost, and the return address is moved from the PC to the linkage
register. This provides a pointer back to the calling program so that successive arguments may
be transmitted easily to the subroutine.

If no arguments need be passed by stacking them after the JSR instruction, the PC may be used
as the linkage register. In this case, the result of the JSR is to move the return address in the
calling program from the PC onto the stack and replace it with the entry address of the called
subroutine.

In many cases, the operations performed by the subroutine can be applied directly to the data
located on or pointed to by a stack without the need to move the data into the subroutine area.

Example:
;CALLING PROGRAM
MOV SP,R1 ;R1 IS USED AS THE STACK
JSR PC,SUBR ;POINTER HERE.
;SUBROUTINE
ADD (R1)+,(R1) ;ADD ITEM #1 TO #2, PLACE

;RESULT IN ITEM #2,
;R1 POINTS TO
;ITEM #2 NOW

Because the hardware already uses general-purpose register R6 to point to a stack for saving
and restoring PC and processor status word (PS) information, it is convenient to use the same
stack to save and restore immediate results and to transmit arguments to and from subroutines.
Using R6 in this manner permits extreme flexibility in nesting subroutines and interrupt service
routines.
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Since arguments may be obtained from the stack by using some form of register-indexed
addressing, it is sometimes useful to save a temporary copy of R6 in some other register which
has been saved at the beginning of a subroutine. If R6 is saved in RS at the beginning of the
subroutine, RS may be used to index the arguments. During this time, R6 is free to be
incremented and decremented while being used as a stack pointer. If R6 had been used directly
as the base for indexing and not “copied,” it might be difficult to keep track of the position in
the argument list, since the base of the stack would change with every autoincre-
ment/decrement that occurred.

However, if the contents of R6 (SP) are saved in R5 before any arguments are pushed onto the
stack, the position relative to RS would remain constant.

Return from a subroutine also involves the stack, as the return instruction, RTS, must retrieve
information stored there by the JSR.

When a subroutine returns, it is necessary to “‘clean up” the stack by eliminating or skipping
over the subroutine arguments. One way this can be done is by insisting that the subroutine keep
the number of arguments as its first stack item. Returns from subroutines then involve calculat-
ing the amount by which to reset the stack pointer, resetting the stack pointer, then storing the
original contents of the register that were used as the copy of the stack pointer.

Stack storage is used in trap and interrupt linkage. The program counter and the processor
status word of the executing program are pushed on the stack.

When the system stack is being used, nesting of subroutines, interrupts, and traps to any level
can occur until the stack overflows its legal limits.

The stack method is also available for temporary storage of any kind of data. It may be used as
a LIFO list for storing inputs, intermediate results, etc.

8.3.5 Stack Use Examples

As an example of stack use, consider this situation. A subroutine (SUBR) wants to use registers 1 and 2,
but these registers must be returned to the calling program with their contents unchanged. The subroutine

could be written as follows.

Not Using the Stack

Assembler
Address Octal Code Syntax Comments
076322 010167 SUBR: MOV R1,TEMP1 ;save R1
076324 000074 *
076326 010267 MOV R2,TEMP2 ;save R2
076330 000072 *
076410 016701 MOV TEMP1,R1 ;restore R1
076412 000006 *
076414 016702 MOV TEMP2,R2 ;restore R2
076416 000004 *
076420 000207 RTS PC
076422 000000 TEMP1:0
076424 000000 TEMP2:0

*Index constants
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Using the Stack
R3 has been previously set to point to the end of an unused block of memory.

Assembler
Address Octal Code Syntax Comments
010020 010143 SUBR: MOV R1,—(R3) ;push R1
010022 010243 MOV R2,—(R3) ;push R2
010130 012302 MOV (R3)+,R2 .pop R2
010132 012301 MOV (R3)+,R1 ;pop R1
010134 000207 RTS PC

Note: In this case R3 was used as a stack pointer.

The second routine uses four fewer words of instruction code and two words of temporary “stack” storage.
Another routine could use the same stack space at some later point. Thus, the ability to share temporary
storage in the form of a stack is a way to save on memory usage.

As another example of stack use, consider the task of managing an input buffer from a terminal. As
characters come in, the user may wish to delete characters from the line; this is accomplished very easily
by maintaining a byte stack containing the input characters. Whenever a backspace is received, a
character is popped off the stack and eliminated from consideration. In this example, popping characters
to be eliminated can be done by using either the MOVB (MOVE BYTE) or INC (INCREMENT)
instructions.

Note that in this case the increment instruction (INC) is preferable to MOVB, since it accomplishes the
task of eliminating the unwanted character from the stack by readjusting the stack pointer without the
need for a destination location. Also, the stack pointer (SP) used in this example cannot be the system
stack pointer because R6 may point only to word (even) locations. (See Figure 8-3.)

001011
001010
001007

001006
001005
001004
001003
001002
001001

INC R3

DIMIZIOoIH|»nicCclo

<«R3[ 001002 |

Nlzm|z|o|d|w|c|o

<«R3| 001001 |

MR-3664

Figure 8-3 Byte Stack Used as a Character Buffer

8-9



8.3.6 Subroutine Linkage

The contents of the linkage register are saved on the system stack when a JSR is executed. The effect is
the same as if a MOV reg,—(R6) had been performed. Following the JSR instruction, the same register is
loaded with the memory address (the contents of the current PC), and a jump is made to the entry location
specified.

Figure 8-4 shows the conditions before and after the subroutine instruction JSR RS, 1064 is executed.

Because hardware already uses general-purpose register R6 to point to a stack for saving and restoring PC
and PS (processor status word) information, it is convenient to use that stack to save and restore
intermediate results and to transmit arguments to and from subroutines. Using R6 this way permits
nesting subroutines and interrupt service routines.

BEFORE AFTER
(R5) = 000132 (R5) = 001004
(R6) = 001776 (R6) = 001774
(PC) = (R7) = 001000 (PC) = (R7) = 001064
002000 nnnnnn 002000 nnnnnn
001776 mmmmmm |e~SP| 001776 | 001776 | mmmmmm
001774 001774 000132 <«sp| 001774 |
001772 001772

MR-3666

Figure 8-4 JSR Stack Condition Example

8.3.6.1 Return from a Subroutine — An RTS instruction provides for a return from the subroutine to the
calling program. The RTS instruction must specify the same register as the one the JSR instruction used in
the subroutine call. When the RTS is executed, the register specified is moved to the PC, and the top of
the stack is placed in the register specified. Thus, an RTS PC has the effect of returning to the address
specified on the top of the stack.

8.3.6.2 Subroutine Advantages — There are several advantages to the subroutine calling procedure
affected by the JSR instruction.

1.  Arguments can be passed quickly between the calling program and the subroutine.

2. If there are no arguments, or the arguments are in a general register or on the stack, the JSR
PC,DST mode can be used so that none of the general-purpose registers are used for linkage.

3.  Many JSRs can be executed without the need to provide any saving procedure for the linkage
information, since all linkage information is automatically pushed onto the stack in sequential
order. Returns can be made by automatically popping this information from the stack in the
order opposite to the JSRs.

Such linkage address bookkeeping is called automatic nesting of subroutine calls. This feature enables
construction of fast, efficient linkages in a simple, flexible manner. It also permits a routine to call itself.
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8.3.7 Interrupts
An interrupt is similar to a subroutine call, except that it is initiated by the hardware rather than by the
software. An interrupt can occur after the execution of an instruction.

Interrupt-driven techniques are used to reduce CPU waiting time. In direct program data transfer, the
CPU loops to check the state of the DONE/READY flag (bit 7) in the peripheral interface. Using
interrupts, the CPU can handle other functions until the peripheral initiates service by setting the DONE
bit in its control/status register. The CPU completes the instruction being executed, then acknowledges
the interrupt, and vectors to an interrupt service routine. The service routine will transfer the data and may
perform calculations with it. After the interrupt service routine has been completed, the computer resumes
the program that was interrupted by the peripheral’s high-priority request.

8.3.7.1 Interrupt Service Routines — With interrupt service routines, linkage information is passed so
that a return to the main program can be made. More information is necessary for an interrupt sequence
than for a subroutine call because of the random nature of interrupts. The complete machine state of the
program immediately prior to the occurrence of the interrupt must be preserved in order to return to the
program without any noticeable effects. This information is stored in the processor status word (PS). Upon
interrupt, the contents of the program counter (PC) (address of next instruction) and the PS are automati-
cally pushed onto the R6 system stack. The effect is the same as if:

MOV PS,—(SP) ;Push PS
MOV PC,—(SP) ;Push PC

had been executed. The new contents of the PC and PS are loaded from two preassigned consecutive
memory locations which are called vector addresses.

The first word contains the interrupt service routine entry address (the address of the service routine
program sequence). The second word contains the new PS that will determine the machine status,
including the operational mode and register set to be used by the interrupt service routine. The contents of
the vector address are set under program control.

After the interrupt service routine has been completed, an RTI (return from interrupt) is performed. The
top two words of the stack are automatically popped and placed in the PC and PS, respectively, thus
resuming the interrupted program. Interrupt service programming is intimately involved with the concept
of CPU and device priority levels.

8.3.7.2 Nesting — Interrupts can be nested in much the same manner that subroutines are nested. It is
possible to nest any arbitrary mixture of subroutines and interrupts without any confusion. When the
respective RTI and RTS instructions are used, the proper returns are automatic. (See Figure 8-5.)
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POINTING TO LOCATION PO. PORARY STORAGE HOLDING TA1 AND PSO
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TE1
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SP —» TA2
0
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Figure 8-5 Nested Interrupt Service Routines and Subroutines

8.3.8 Reentrancy

Other advantages of the KDJ11-A stack organization occur in programming systems that handle several
tasks. Multitask program environments range from simple single-user applications that manage a mixture
of 1/0 interrupt service and background data processing (as in RT-11), to large, complex, multiprogram-
ming systems that manage an intricate mixture of executive and multiuser programming situations (as in
RSX-11). In all these situations, using the stack as a programming technique provides flexibility and
time/memory economy by allowing many tasks to use a single copy of the same routine with a simple
straightforward way of keeping track of complex program linkages.

The ability to share a single copy of a program among users or among tasks is called reentrancy. Reentrant
program routines differ from ordinary subroutines in that it is not necessary for reentrant routines to finish
processing a given task before they can be used by another task. Multiple tasks can exist at any time in
varying stages of completion in the same routine. Thus, the situation as shown in Figure 8-6 may occur.



MEMORY MEMORY

P 777
PROGRAM 1 PROGRAM 1 SUBROUTINE A
PROGRAM 2 SUBROUTINE A 77

PROGRAM 3

PROGRAM 2 SUBROUTINE A

1/,
PROGRAM 3 f?}UBROUﬂNEA

KDJ11-A APPROACH CONVENTIONAL APPROACH
PROGRAMS 1, 2, AND 3 CAN A SEPARATE COPY OF SUBROUTINE AMUST
SHARE SUBROUTINE A. BE PROVIDED FOR EACH PROGRAM.

MR-3667

Figure 8-6 Reentrant Routines

8.3.8.1 Reentrant Code - Reentrant routines must be written in pure code (that is, any code that consists
exclusively of instructions and constants). The value of using pure code whenever possible is that the
resulting code has the following characteristics.

1. It is generally considered easier to debug than standard code.
2. It can be kept in read-only memory (is read-only protected).

Using reentrant code, control of a routine can be shared as follows. (See Figure 8-7.)

Task A requests processing by reentrant routine Q.

Task A temporarily gives up control of reentrant routine Q before it completes processing.
Task B starts processing the same copy of reentrant routine Q.

Task B completes processing by reentrant routine Q.

Task A regains use of reentrant routine Q and resumes where it stopped.

LR —

TASK A

REENTRANT

ROUTINE Q
TASK B

MR-3668

Figure 8-7 Sharing Control of a Routine
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8.3.8.2 Writing Reentrant Code - In an operating system environment, when one task is executing and is
interrupted to allow another task to run, a context switch occurs in which the processor status word and
current contents of the general-purpose registers (GPRs) are saved and replaced by the appropriate values
for the task being entered. Therefore, reentrant code should use the GPRs and the stack for any counters,
pointers, or data that must be modified or manipulated in the routine.

The context switch occurs whenever a new task is allowed to execute. It causes all of the GPRs, the PS,
and often other task-related information to be saved in an impure area. It then reloads these registers and
locations with the appropriate data for the task being entered. Notice that one consequence of this is that a
new stack pointer value is loaded into R6, thereby causing a new area to be used as the stack when the
second task is entered.

The following should be observed when writing reentrant code.
1. All data should be in or pointed to by one of the general-purpose registers.

2. A stack can be used for temporary storage of data or pointers to impure areas within the task
space. The pointer to such a stack would be stored in a GPR.

3. Parameter addresses should be used by indexing and indirect reference rather than by putting
them into instructions within the code.

4.  When temporary storage is accessed within the program, it should be by indexed addresses,
which can be set by the calling task in order to handle any possible recursion.

8.3.9 Coroutines
In some programming situations it happens that several program segments or routines are highly interac-
tive. Control is passed back and forth between the routines, each going through a period of suspension
before being resumed. Since the routines maintain a symmetric relationship with each other, they are
called coroutines.

Coroutines are two program sections, either subordinate to the call of the other. The nature of the call is,
“I have processed all I can for now, so you can execute until you are ready to stop, then I will continue.”
The coroutine call and return are identical, each being a jump to subroutine instruction with the destina-
tion address being on top of the stack and the PC serving as the linkage register, as follows.

JSR PC,@(R6)+
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8.3.9.1 Coroutine Calls - The coding of coroutine calls is made simple by the stack feature. Initially, the
entry address of the coroutine is placed on the stack, and from that point the

JSR PC,@(R6)+

instruction is used for both the call and the return statements. This JSR instruction results in an exchange
of the contents of the PC and the top element of the stack; this permits the two routines to swap control
and resume operation where each was terminated by the previous swap. An example is shown in Figure
8-8. Notice that the coroutine linkage cleans up the stack with each control transfer.

ROUTINE A STACK ROUTINE B COMMENTS

LOC IS PUSHED
ONTO THE STACK
TO PREPARE FOR

MOV #LOC,-(SP) LOC <SP THE COROUTINE
. CALL.
LOC:
JSR PC,@(SP)+ PCO <SP . WHEN THE CALL
(PCO) . ISEXECUTED,
THE PC FROM
ROUTINE A IS

PUSHED ON THE
STACK AND EXE-
CUTION CONTIN-

UES AT LOC.
JSR PC,@(SP)+ ROUTINE B CAN
PC1 SP (PC1) RETURN CONTROL
. TO ROUTINE A
BY ANOTHER

COROUTINE CALL.
PCO IS POPPED
FROM THE STACK
AND EXECUTION
RESUMES IN
ROUTINE A JUST
AFTER THE CALL
TO ROUTINE B,
I.E., AT PCO.
PC11S SAVED

ON THE STACK
FOR A LATER
RETURN TO
ROUTINE B.

MR-3669

Figure 8-8 Coroutine Example
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8.3.9.2 Coroutines Versus Subroutines — Coroutines can be compared to subroutines in the following

ways.

1.

A subroutine can be considered to be subordinate to the main or calling routine, but a coroutine
is considered to be on the same level, as each coroutine calls the other when it has completed
current processing.

When called, a subroutine executes to the end of its code. When called again, the same code will
execute before returning. A coroutine executes from the point after the last call of the other
coroutine. Therefore, the same code will not be executed each time the coroutine is called. An
example is shown in Figure 8-9.

The call and return instructions for coroutines are the same:

JSR PC,@(SP)+
This one instruction also cleans up the stack with each call. The last coroutine call will leave an
address on the stack that must be popped if no further calls are to be made. Refer to Paragraph

8.3.6.1 for information on the return from subroutine instruction.

Each coroutine call returns to the coroutine code at the point after the last exit with no need for
a specific entry point label, as would be required with subroutines.

COROUTINES MAIN PROGRAMS SUBROUTINES
A B 1ST LOC:
v
ISR PC,@ (SP)}+ —————pr JSR Rn, LOC
v
JSR PC,@ (SP)+ I
RTS
v
JSR PC,@ (SP)+ ’
\
JSR Rn, LOC
v
JSR PC,@ (SP)+
1‘ v

MR-3670

Figure 8-9 Coroutines Versus Subroutines
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8.3.9.3 Using Coroutines — Coroutines should be used in the following situations.

1.  Whenever two tasks must be coordinated in their execution without obscuring the basic struc-
ture of the program. For example, in decoding a line of assembly language code, the results at
any one position might indicate the next process to be entered. A detected label must be

processed. If no label is present, the operator must be located, etc.

2. To add clarity to the process being performed, to ease-in the debugging phase, etc.

An assembler must perform a lexicographic scan of each assembly language statement during pass 1 of the
assembly process. The various steps in such a scan should be separated from the main program flow to add
to the program’s clarity and to aid in debugging by isolating many details. Subroutines would not be
satisfactory here, as too much information would have to be passed to the subroutine each time it was
called. Such a subroutine would be too isolated. Coroutines could be effectively used here with one routine
being the assembly pass 1 routine and the other extracting one item at a time from the current input line.

Figure 8-10 illustrates this example.

ROUTINE A

START AND SKIP
BLANKS

NONBLANK
A

ROUTINE B

READ NAME

)

PROCESS MNEMONICS

PROCESS NAME

A

SKIP BLANKS

)

READ ADDRESSES

SEMICOLON

SKIP COMMENT

READ MNEMONICS

LINE
TERMINATOR

Figure 8-10 Coroutine Path

END
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Coroutines can be utilized in 1/O processing. The example above shows coroutines used in double-buffered
I/0 using IOX. The flow of events might be described as:

Write 01
Read I1 concurrently,
Process 12
then
Write 02
Read 12 concurrently,
Process 11
Figure 8-11 illustrates a coroutine swapping interaction.

When routine 1 is operating; it executes:

MOV #PC2,—(R6)
JSR PC,@(R6)+

with the following results.
1.  PC2 is popped from the stack and the SP autoincremented.
2. SP is autodecremented and the old PC (i.e., PC1) is pushed.
3. Control is tranferred to the location PC2 (i.e., routine 2).
When routine 2 is operating; it executes:
JSR PC,@(R6)+

with the result that PC2 is exchanged for PC1 on the stack and control is transferred back to routine 1.

ROUTINE #1 IS OPERATING, IT THEN
EXECUTES:
MOV #PC2,-(R6)
JSR PC,@(R6)+
WITH THE FOLLOWING RESULTS:

1. PC2 IS POPPED FROM THE STACK
AND THE SP AUTOINCREMENTED. SP—» PC2

2. SPIS AUTODECREMENTED AND
THE OLD PC (I.E., PC1) IS PUSHED.

3. CONTROL IS TRANSFERRED TO THE SP—»
LOCATION PC2 (I.E., ROUTINE #2).

ROUTINE #2 IS OPERATING, IT THEN

EXECUTES: l
JSR PC,@(R6)+

WITH THE RESULT THAT PC2 IS o o '

EXCHANGED FOR PC1 ON THE

STACK AND CONTROL IS

TRANSFERRED BACK TO ROUTINE #1.

MR-3672
Figure 8-11 Coroutine Interaction
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8.3.10 Recursion

An interesting aspect of a stack facility, other than its providing for automatic handling of nested
subroutines and interrupts, is that a program may call on itself as a subroutine just as it can call on any
other routine. Each new call causes the return linkage to be placed on the stack, which, as it is a last-
in/first-out queue, sets up a natural unraveling to each routine just after the point of departure. Typical
flow for a recursive routine might resemble that shown in Figure 8-12.

MAIN PROGRAM

SUB 1

SUB 2

SUB 2

MR-3673

Figure 8-12 Recursive Routine Flow

The main program calls function 1, SUB 1, which calls function 2, SUB 2, which recurses once before
returning.

Example:
DNCF: ,
BEQ 1$ .TO EXIT RECURSIVE LOOP
JSR RS5,DNCF 'RECURSE
s ,
RTS RS .RETURN TO 1$ FOR

;EACH CALL, THEN TO
;MAIN PROGRAM

The routine DNCEF calls itself until the variable tested becomes equal to 0, then it exits to 1$ where the
RTS instruction is executed, returning to the 1$ once for each recursive call and a final time to return to
the main program.

In general, recursion techniques will lead to slower programs than the corresponding interactive tech-

niques, but recursion will produce shorter programs, and thus save memory space. Both the brevity and
clarity produced by recursion are important in assembly language programs.
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Uses of Recursion — Recursion can be used in any routine in which the same process is required several
times. For example, a function to be integrated may contain another function to be integrated, as in
solving for XM, where

SM =1 + F(X)

and
F(X) = G(X)

Another use for a recursive function could be in calculating a factorial function, because
FACT(N) = FACT(N - 1) * N

Recursion should terminate when N = 1.

The macroprocessor within MACRO-11, for example, is itself recursive since it can process nested
macrodefinitions and calls. For example, within a macrodefinition, other macros can be called. When a
macro call is encountered within definition, the processor must work recursively; that is, it must process
one macro before it is finished with another, then continue with the previous one. The stack is used for a
separate storage area for the variables associated with each call to the procedure.

As long as nested definitions of macros are available, it is possible for a macro to call itself. However,
unless conditionals are used to terminate this expansion, an infinite loop could be generated.

8.3.11 Processor Traps

Certain errors and programming conditions cause the KDJ11-A processor to enter the service state and
trap to a fixed location. A trap is an interrupt generated by hardware. Pending conditions are arbitrated
according to a priority. The following list describes the priority from highest to lowest.

Condition Description

Memory Management Violation* A memory management violation causes an abort and
(MMUERR) traps to location 250g.

Timeout Error* (BUSERR) No response from a bus device during a bus transaction

causes an abort and traps to location 4g.

Parity Error* (PARERR) A parity error signal received by the processor during a
bus transaction causes an abort and traps to location 114g.

Trace (T) Bit* If PS bit 4 is set at the end of instruction execution, the
processor traps to location 14g.

Stack Overflow* (STKOVF) If the kernel stack pointer was pushed below 400g during
an instruction execution, the processor traps to location 4g
at the end of the instruction.

Power Fail* (PFAIL) If bus signal power OK (BPOKH) became negated during
instruction execution, the processor traps to location 24g
at the end of the instruction.

* Nonmaskable software cannot inhibit the condition. MMUERR, BUSERR, PARERR are mutually exclusive when the
processor is executing a program.
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Condition Description

Interrupt Level 7 (BIRQ7) If device interrupt requests are asserted and PS<07:05>
Interrupt Level 6 (BIRQ6) are properly set, the processor at the end of the present
Interrupt Level 5 (BIRQS) instruction execution will initiate an interrupt vector
Interrupt Level 4 (BIRQ4) sequenced on the bus. These inputs are maskable by

PS<07:05>.

PS<07:05> Levels Inhibited

7 All

6 6,5, 4

5 5 4

4 4

0-3 None
Halt Line If the BHALT L bus signal is asserted during the service

state, the processor will enter ODT mode.

8.3.11.1 Trap Instructions — Trap instructions provide for calls to emulators, I/O monitors, debugging
packages, and user-defined interpreters. When a trap occurs, the contents of the current program counter
(PC) and program status word (PS) are pushed onto the processor stack and replaced by the contents of a
2-word trap vector containing a new PC and new PS. The return sequence from a trap involves executing
an RTI or RTT instruction, which restores the old PC and old PS by popping them from the stack. Trap
vectors are located at permanently assigned fixed addresses.

The EMT (trap emulator) and TRAP instructions do not use the low-order byte of the word in their
machine language representation. This allows user information to be transferred in the low-order byte. The
new value of the PC loaded from the vector address of the TRAP or EMT instructions is typically the
starting address of a routine to access and interpret this information. Such a routine is called a trap
handler.

A trap handler must accomplish several tasks. It must save and restore all necessary GPRs, interpret the
low byte of the trap instruction and call the indicated routine, serve as an interface between the calling
program and this routine by handling any data that needs to be passed between them, and, finally, cause
the return to the main routine.

A trap handler can be useful as a patching technique. Jumping out to a patch area is often difficult
because a 2-word jump must be performed. However, the 1-word TRAP instruction may be used to
dispatch to patch areas. A sufficient number of slots for patching should first be reserved in the dispatch
table of the trap handler. The jump can then be accomplished by placing the address of the patch area into
the table and inserting the proper TRAP instruction where the patch is to be made.
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8.3.11.2 Use of Macro Calls - The trap handler can be used in a program to dispatch execution to any
one of several routines. Macros may be defined to cause the proper expansion of a call to one of these
routines, as in the example below.

.MACRO SUB2 ARG
MOV ARG, RO
TRAP +1

.ENDM

When expanded, this macro sets up the one argument required by the routine in RO and then causes the
trap instruction with the number 1 in the lower byte. The trap handler should be written so that it
recognizes a 1 as a call to SUB2. Notice that ARG here is being transmitted to SUB2 from the calling
program. It may be data required by the routine or it may be a pointer to a longer list of arguments.

In an operating system environment like RT-11, the EMT instruction is used to call system or monitor
routines from a user program. The monitor of an operating system necessarily contains coding for many
functions, such as I/O, file manipulation, etc. This coding is made accessible to the program through a
series of macro calls that expand into EMT instructions with low bytes, indicating the desired routine or
group of routines to which the desired routine belongs. Often a GPR is designated to be used to pass an
identification code to further indicate to the trap handler which routine is desired. For example, the macro
expansion for a resume execution command in RT-11 is as follows.

.MACRO .RSUM
CM3, 2.
.ENDM

CM3 is defined:

.MACRO CM3 CHAN, CODE
MOV #CODE *400,R0
JIF NB CHAN,BISB CHAN,R0
EMT 374
.ENDM

Note that the EMT low byte is 374. This is interpreted by the EMT handler to indicate a group of
routines. Then the contents of RO (high byte) are tested by the handler to identify exactly which routine
within the group is being requested - in this case routine number 2. (The CM3 call of the .RSUM is set up
to pass the identification code.)

8.3.12 Conversion Routines

Almost all assembly language programs require the translation of data or results from one form to another.
Code that performs such a transformation is called a conversion routine in this guide. Several commonly
used conversion routines follow.

Almost all assembly language programs involve some type of conversion routine. Octal-to-ASCII, octal-to-
decimal, and decimal-to-ASCII are a few of the most widely used.
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Arithmetic multiply and divide routines are fundamental to many conversion routines. Division is typically
approached in one of two ways.

1.  The division can be accomplished through a combination of rotates and subtractions.
Example:

Assume the following code and register data; to make the example easier, also assume a 3-bit

word.

DIV: MOV #3,—(SP) ;SET UP DIGIT COUNTER
CLR —(SP) ;CLEAR RESULT

1$ ASL (SP)
ASL R1
ROL RO
CMP RO,R3
BLT 2%
SUB R3,R0 ;RO CONTAINS REMAINDER
INC (SP) ; INCREMENT RESULT

2% DEC 2 (SP) ;DECREMENT COUNTER

- BNE $1

Therefore, to divide 7 by 2:

RO = 000 remainder

R1 =111 7 (multiplicand)
R3 =010 2 (multiplier)
Chbhit=0

STACK

011 counter

000 quotient

Following through the coding, the quotient, remainder, and dividend all shift left, manipulating
the most significant digit first, etc.

At the conclusion of the routine:

RO = 001 remainder
R1 = 000

R3 =010

STACK

000 counter
011 quotient
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The second method of division works by repeated subtraction of the powers of the divisor,
keeping a count of the number of subtractions at each level.

Example:

To divide 2219 by 10, first try to subtract powers of 10 until a nonnegative value is obtained,
counting the number of subtractions of each power.

221
—1000

Negative, so go to the next lower power, and count for 103 = 0.

221
—-100
121 count for 102 =1
—100
21 count = 2
—-100

Negative, so reduce power, and count for 102 = 2.

21
-10
11 count for 10! = 1.
11
-10
1 count = 2
-10

Negative, so count for 10! = 2.
No lower power, so remainder is 1.

Answer = 022, remainder 1.
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Multiplication can be done with a combination of rotates and additions or with repetitive additions.

Example:

Assume the following code and a 3-bit word.

ADD

CLR RO
MOV #3,CNT
MOV R1,MULT;

MORE:

NOW;

MULT:
CNT:

The following conditions exist for 6 times 3:

RO = 000
R1 =110
R3 =011

high-order half of result
multiplicand
multiplier

After the routine is executed:

RO =010
R1 =010
R2 =100
CNT =0

MULT =110

Example:

high-order half of result
low-order half of result

Multiplication of RO by 50g(101000).

MULS0:

If RO contains 7:
RO=111

After execution:

MOV RO,—(SP)
ASL RO

ASL RO

ADD (SP)+,R0
ASL RO

ASL RO

ASL RO
RETURN

RO = 100011000
(g * 50g = 4303).
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;HIGH HALF OF ANSWER
;SET UP COUNTER
;MULTIPLICAND

ROR R2
BCC NOW
ADD MULT,RO ;IF INDICATED,

sMULTIPLICAND
ROR RO

R04 R1

DEC CNT

BNE MORE

0

0



ASCII Conversions — The conversion of ASCII characters to the internal representation of a number, as
well as the conversion of an internal number to ASCII in I/O operations, presents a challenge. The
following routine takes the 16-bit word in R1 and stores the corresponding six ASCII characters in the
buffer addressed by R2.

OUT: MOV #5,R0 :LOOP COUNT
LOOP: MOV R1,—(SP) :COPY WORD INTO STACK
BIC #177770,@SP ;ONE OCTAL VALUE
ADD #0,@SP :CONVERT TO ASCII
MOVB (SPH+,—(R2) :STORE IN BUFFER
ASR R1 ;SHIFT
ASR R1 :RIGHT
ASR R1 _ ;THREE
DEC RO | ;TEST IF DONE
BNE LOOP :NO, DO IT AGAIN
BIC #177776,R1 :GET LAST BIT
ADD #0,R1 ;:CONVERT TO ASCII
MOVB R5,—(R2) ;STORE IN BUFFER
RTS PC :DONE,RETURN

8.4 PROGRAMMING THE PROCESSOR STATUS WORD

The current processor status can be read and written using several programming techniques on the PS. The
PS has an I/0 address of 17777776. The KDJ11-A and other PDP-11 processors implement this address,
whereas LSI-11 and LSI-11/2 processors do not. One technique is to use the I/O address as a source or
destination address with any instruction.

CLR @#17777776
MOV @#17777776, RO

The first instruction clears the PS and the second instruction moves the contents of the PS to general
register RO.

The PS explicit address (17777776) can be accessed on a word or byte basis. The KDJ11-A will recognize
the PS odd address (17777777) and the access result will be identical to an odd memory address reference.

Another technique is to use the two dedicated PS instructions, MTPS and MFPS. These instructions only
reference the even byte. If memory management is enabled certain PS bits are protected.
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8.5 PROGRAMMING PERIPHERALS

Programming LSI-11 bus-compatible modules (devices) is simple. A special class of instructions that deals
with input/output operations is unnecessary. The bus structure permits a unified addressing structure in
which control, status, and data registers for devices are directly addressed as memory locations. Therefore,
all operations on these registers, such as tranferring information into or out of them or manipulating data
within them, are performed by normal memory reference instructions.

The use of all memory reference instructions on device registers greatly increases the flexibility of
input/output programming. For example, information in a device register can be compared directly with a
value and a branch made on the result.

CMP RBUF, #101
BEQ SERVICE

In this case, the program looks for 101 in the DLV11 receiver data buffer register (RBUF) and branches if
it finds it. There is no need to transfer the information into an intermediate register for comparison.

When the character is of interest, a memory reference instruction can transfer the character into a user
buffer in memory or to another peripheral device. The instruction:

MOV DRINBUF LOC
transfers a character from the DRV11 data input buffer (DRINBUF) into a user-defined location.

All arithmetic operations can be performed on a peripheral device register. For example, the instruction
ADD #10, DROUT BUF will add 10 to the DRV11’s output buffer. All read/write device registers can be
treated as accumulators. There is no need to funnel all data transfers, arithmetic operations, and compari-
sons through one or a small number of accumulator registers.

8.6 PDP-11 PROGRAMMING EXAMPLES
The programming examples on the following pages show how the instruction set, the addressing modes,

and the programming techniques can be used to solve some simple problems. The format used is
MACRO-11.
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Program
Address

000500
000504
000510
000514
000520

000524
000526
000430
000532
000534
000536
000540
000542

000544
000546

000700
000702
000704
000706
000710

001000
001002
001004

Program
Contents

000000
000001
000002
000003
000004
000005
000006
000007

000500
012706
000500
012701
000700
012702
000712
012703
001000
012704
001012
005000
005005
062105
020102
001375
062300
020304
001375

160500
000000

000700
000001
000002
000003
000004
000005

001000
000004
000005
000006
000007
000010

000500

Label

START:

SUMI:

SUM2:

DIFF:

Op Code Operand
R0=%0

R1=%1

R2=%2

R3=%3

R4=%4

R5=%5

SP=%6

PC=%7

=500

MOV #.,.SP
MOV #700,R1
MOV #712,R2
MOV #1000,R3
MOV #1012,R4
CLR RO

CLR R5

ADD (RID+,RS
CMP R1,R2
BNE SUM1
ADD (R3)+,R0O
CMP R3,R4
BNE SUM2
SUB RS5,RO
HALT

=700

WORD 1,2,3,4,5
=1000

WORD 4,5,6,7,8

END
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Comments

;PROGRAMMING EXAMPLE
;SUBTRACT CONTENTS OF LOCS 700-710
;FROM CONTENTS OF LOCS 1000-1010

;INIT STACK POINTER

;START ADDING
;FINISHED ADDING?

;JF NOT BRANCH BACK
;START ADDING
;FINISHED ADDING?

;IF NOT BRANCH BACK

;SUBTRACT RESULTS
;THAT’S ALL FOLKS



Program
Address

Program
Contents

Label Op Code Operand

R0O=%0
R1=%1
R2=%2
SP=%6
PC=%7

=500
START: MOV#.,SP

MOV #VALUE,R1
MOV #VALUES+40.,R2

CLR RO
CHECK: TST (R1)+
BPL NEXT
INC RO
NEXT: CMP R1,R2
BNE CHECK
HALT
VALUES: 0
.END
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;PROGRAM TO COUNT NEGATIVE
NUMBERS

;IN' A TABLE

;20. SIGNED WORDS

;BEGINNING AT LOC VALUES

;COUNT HOW MANY ARE NEGATIVE IN RO

;SET UP STACK
;SET UP POINTER
;SET UP COUNTER

;TEST NUMBER
;POSITIVE?

;NO, INCREMENT
;COUNTER

;YES, FINISHED?
;NO, GO BACK
;YES, STOP



Program Program
Address Contents Label

START:

CHECK:

NO:

AVERAGE:

SCORES*

Op Code Operand Comments

;PROGRAM TO COUNT ABOVE AVERAGE
QUIZ SCORES

;LIST OF 16. QUIZ SCORES

;BEGINNING AT LOC SCORES

;KNOWN AVERAGE IN LOC AVERAGE
;COUNT IN RO SCORES ABOVE AVERAGE

R0=%0
R1=%1
R2=%2
R3=%3
SP=%6
PC=%1
=500
MOV #.,SP ;SET UP STACK
MOV #16.,R1 ;SET UP COUNTER
MOV #SCORES,R2 ;SET UP POINTER
MOV #AVERAGE,R3
CLR RO
CMP (R2)+,(R3) ;COMPARE SCORE AND AVERAGE
BLE NO ;LESS THAN OR EQUAL
;TO AVERAGE?
INC RO ;NO, COUNT
DEC R1 ;YES, DECREMENT COUNTER
BNE CHECK ;FINISHED? NO, CHECK
HALT ;YES, STOP

65.

25.,70.,100.,60.,80.,80.,40.
55.,75.,100.,65.,90.,70.,65.,70.

.END
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Program
Address

Program
Contents

OUT:

SAVE:

Label

START:

MOV
MOV

IN:

ECHO:

BPL
MOVB
MOVB
DEC
BNE

MOV
MOV

TSTB

BPL
MOVB
DEC
BNE
HALT

.BYTE

'END

Op Code Operand

R0=%0
R1=%1
SP=%6
CR=15
LF=12
TKS=177560
TKB=TKS+2
TPS=TKB+2
TPB=TPS+2

.TITLE ECHO
.=1000

MOV #.,.SP
#SAVE+2,R0
#20.,R1

TSTB @#TKS
BPL IN

TSTB @#TPS
ECHO
@#TKB,@#TPB
@#TKB,(R0)+

Rl

IN

#SAVE,RO

#22.,R1

@#TPS
ouT
(RO)+,@#TPB

R1
OuT

CR,LF
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Comments

;PROGRAMMING EXAMPLE

;ACCEPT (IMMEDIATE ECHO) AND
;STORE 20. CHARS

;FROM THE KEYBOARD, OUTPUT CR & LF
;ECHO ENTIRE STRING FROM STORAGE

;INITIALIZE STACK POINTER
;SA OF BUFFER

;BEYOND CR & LF
:CHARACTER COUNT

;CHAR IN BUFFER?

;IF NOT BRANCH BACK
;AND WAIT

;CHECK TELEPRINTER
;READY STATUS

;ECHO CHARACTER
;STORE CHARACTER AWAY

;FINISHED INPUTTING?

;SA OF BUFFER INCLUDING
;CR & LF

;COUNTER OF BUFFER
JINCLUDING CR & LF

;CHECK TELEPRINTER
;READY STATUS

;OUTPUT CHARACTER

;FINISHED OUTPUTTING?



Program
Address

Program
Contents

Label

INPUT:

IN:
OUT:

SORT:
NEXT:

LOOP:
LT:

GT:
INSERT:

COUNT:
LINEI:

LINE2:

BUFFER:

Op Code Operand

MOV #BUFFER,R0

MOV #-10.,R1

TSTB @#TKS

BPL IN

TSTB @#TPS

BPL OUT

MOVB @#TKB,@#TPB
MOVB @#TKB,(R0)+
INC R1

BNE IN

RTS PC

MOV #-10.,R4
MOV COUNT,R3
MOV #BUFFER+9.,R0
ADD R3,R0
MOVB (RO)+,R1
CMPB (R0)+,R1
BGE GT

MOVB —(R0),R2
MOVB RI,(R0)+
MOV R2,R1

INC R3

BNE LOOP

MOVB R1,BUFFER+10.(R4)

INC R4

INC COUNT

BNE NEXT

MOV #-9.,COUNT
RTS PC

.WORD -9.

Comments

;PROGRAMMING EXAMPLE
;SUBROUTINE TO INPUT TEN VALUES
;SET UP SA OF

;STORAGE BUFFER

;SET UP COUNTER

;TEST KYBD READY STATUS

;TEST TTO READY STATU'S
;ECHO CHARACTER
;STORE CHARACTER

;INC COUNTER

;EXIT

;PROGRAMMING EXAMPLE
;SUBROUTINE TO SORT TEN VALUES

;RESTORE LOCATION COUNT
;EXIT

.ASCII/INPUT ANY TEN SINGLE-DIGIT VALUES (0-9); I'LL/
.ASCII/SORT AND OUTPUT THEM IN/
.ASCII/SMALLEST TO LARGEST ORDER./

=.+10.
.END INITSP
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Program
Address

Program
Contents

Label

INITSP:

Op Code

R0O=%0
R1=%1
R2=%2
R3=%3
R4=%4
R5=%5
SP=%6
PC=%1
TKS=177560

Operand

Comments

;PROGRAMMING EXAMPLE

;SUBROUTINE EXAMPLE

;INPUT TEN VALUES, SORT, AND

;OUTPUT THEM IN SMALLEST TO LARGEST
ORDER

(address of terminal control status register)
TKB=TKS+2 - (terminal data buffer register)

TPS=TKB+2

(terminal output control and status registers)
TPB=TPS+2 - (terminal output data buffer)

.=3000

MOV #.,SP
JSR PC,CRLF

JSR RS, OUTPUT

LINE1

69.

JSR PC,CRLF
JSR RS5,O0UTPUT
LINE2

26.

JSR PC,CRLF
JSR PC,INPUT
JSR PC,SORT
JSR PC,CRLF
JSR R5,0OUTPUT
BUFFER

10.

JSR PC,CRLF
HALT
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;INITIALIZE STACK POINTER
;GO TO CRLF SUBROUTINE
;GO TO OUTPUT SUBROUTINE
;SA OF LINE 1 BUFFER
;NUMBER OF OUTPUTS

;GO TO CRLF SUBROUTINE
;GO TO OUTPUT SUBROUTINE
;SA OF LINE 2 BUFFER
;NUMBER OF OUTPUTS

;GO TO CRLF SUBROUTINE
;GO TO INPUT SUBROUTINE
;GO TO SORT SUBROUTINE
;GO TO CRLF SUBROUTINE
;GO TO OUTPUT SUBROUTINE
;INPUT BUFFER AREA
;NUMBER OF OUTPUTS

;THE END!!!



Program

Program

Address Contents Label Op Code Operand Comments
;PROGRAMMING EXAMPLE
; SUBROUTINE TO OUTPUT A CR & LF
CRLEF: TSTB @#TPS ;TEST TTO READY STATUS
BPL CRLF
MOVB #15,@#TPB ;OUTPUT CARRIAGE RETURN
LNFD: TSTB @#TPS ;TEST TTO READY STATUS
BPL LNFD
MOVB #12,@#TPB ;OUTPUT LINE FEED
RTS PC ;EXIT
; SUBROUTINE TO OUTPUT A
;VARIABLE LENGTH MESSAGE
OUTPUT: MOV (R5)+,R0 ;PICK UP SA OF DATA BLOCK
MOV (R5)+,R1 ;PICK UP NUMBER OF OUTPUTS
NEG R1 ;NEGATE IT
AGAIN: TSTB @#TPS ;TEST TTO READY STATUS
BPL AGAIN
MOVB (R0)+,@#TPB ;OUTPUT CHARACTER
INC R1 ;BUMP COUNTER
BNE AGAIN
RTS R5

8.7 LOOPING TECHNIQUES

Looping techniques are illustrated in the program segments below. The segments are used to clear a 50-
word table.

1.  Autoincrement (pointer address in GPR)

RO = %0

MOV #TBL,RO
CLR (RO)+

CMP RO_#TBL+100.
BNE LOOP

LOOP:

2. Autodecrement (pointer and limit values in GPR)

R0=%0

R1=%1

MOV #TBL,R0
MOV #TBL+100.,R1
CLR - (R1)

CMP R1,R0

BNE LOOP

LOOP:
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Counter (decrementing a GPR containing count)

RO=%0
R1=%1
MOV #TBL,RO
MOV #50.,R1
LOOP: CLR (RO)+
DEC R1
BNE LOOP

Index Register Modification (indexed mode; modifying index value)

R0=%0

CLR RO
LOOP: CLR TBL (RO)

ADD #2,R0

CMP RO,#100.

BNE LOOP

Faster Index Register Modification (storing values in GPR)

R0=%0
R1=%1
R2=%2
MOV #2,R1
MOV #100.,R2
CLR RO
LOOP: CLR TBL (RO)
ADD R1,R0
CMP RO,R2
BNE LOOP

Address Modification (indexed mode; modifying base address)

R0=%0

MOV #TBL,RO
LOOP: CLR 0(RO)

ADD #2,LOOP+2

CMP LOOP+2,#100.

BNE LOOP
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CHAPTER 9
BOOT ROMS AND DIAGNOSTICS

9.1 INTRODUCTION

The KDJ11-A module may be incorporated into some type of LSI-11 based system using a mass storage
device and a system console. The system should contain a multifunction option such as the MXV11-B with
a system device bootstrap program that is included in the MXV11-B2 ROM option. These ROMs are
required for on-site Field Service support.

The operation of the XXDP+ diagnostics for the KDJ11-A module are described in this section.

9.2 MXV11-B2 ROM SET

The MXV11-B2 ROM set is a bootstrap/diagnostic option for the MXV11-B multifunction module and
the MRV11-D universal PROM module. The option performs bootstrap programs for mass storage
devices and diagnostic programs on the CPU, memory, and I/O devices during power-up or when
manually invoked.

The bootstrap function is automatic at power-up if the CPU is configured for this feature. The system
console can be used to boot devices at nonstandard I/O page addresses, select a secondary system device,
or run a diagnostic program.

CAUTION
In the event of a power failure, if a system uses
battery backup, the user should not power-up using
the automatic mode. During the power-up sequence,
this mode executes a memory diagnostic and could
destroy the data stored. An alternative power-up
mode should be selected.

The MXV11-B2 supports turnkey operation so that the user does not have to initiate the bootstrap
function. It supports all the system devices currently available for the LSI-11 bus. These include the
RLOI1, RLO2, TVS0S5, TUS8, RX50/RD51.

9.2.1 Power-Up

The MXV11-B2 performs a memory diagnostic at power-up. On completion of the memory test, a search
is conducted for a bootable device. During the power-up sequence, the console port is monitored for a
CTRL C command and, if it occurs, the sequence is aborted and the BOOT?> prompt appears on the
console.
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9.2.2 Automatic Booting
The KDJ11-A will power-up at 17 773 000 when power-up option 2 is selected. The MXV11-B2 option
will automatically perform the power-up diagnostics and then search for a bootable device as follows.

RLO1/RLO2 (units 0 through 3)
RX50/RD51* (units O through 7)
RXO02 (units 0 and 1)

RXOI1 (units 0 and 1)

TSVOS (unit 0 only)

TUSS8

The MXV11-B2 boots a volume from unit O of the first mass storage device found. If unit 0 cannot be
booted, it searches through RX and RD units 1-7 in sequence of the same device for a bootable volume.
When a bootable volume cannot be located, it proceeds to the next device in sequence and exercises the
same routine. A message appears on the console approximately every 30 seconds until a volume is
bootstrap loaded. If no devices exist or respond to the booting sequence, then it will try to boot a TUSS.

When a bootable volume is found, the MXV11-B2 reads the boot code from the selected mass storage
device and unit (logical block 0) into successive memory locations, starting at address 0. It loads the unit
number and the device CSR address into registers 0 and 1, respectively.

9.2.3 Manual Booting
Pressing a CTRL C before a device is booted will abort the program and enter the manual mode by issuing

the BOOT?> program or ODT prompt “@”. A list of the MXV11-B2 boot commands is given in
Table 9-1.

Table 9-1 MXV11-B2 Boot Commands

Command* Group Function

CLn Utility Clock on/off

mDDn Boot Boot TUS8

mDLn Boot Boot RLO1/RLO02

mDUn Boot Boot MSCP devices (RX50/RD51)t
mDXn Boot Boot RX01

mDYn Boot Boot RX02

HE Utility Help

IN Utility Initialize bus

LD Utility Load boot block

MP Utility Show memory map

mMSn Boot Boot TSVO05

n/ Utility Examine/deposit memory
mNEn Boot Boot DECnet via DLV11-E
mNFn Boot Boot DECnet via DLV11-F
mNPn Boot Boot DECnet via DPV11
mNUn Boot Boot DECnet via DUV11
OD Utility Enter console ODT

mTCn Utility Clock test

TF Utility Floating-point test

mTMn Utility Test memory

mTSn Utility Serial line test

*  For devices, m = octal device address and n = device number. For utilities, m = repetition count or

device address and n = option number.
+ The boot searches for removable (RX50) disk and then fixed disk (RD51).

* Sequences through MSCP (mass storage control protocol) removable units 0 through 7, then MSCP fixed units O through 7.
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9.2.4 Error and Help Messages
The MXV11-B2 ROMs will printout on the system console a variety of error and help messages when the
system fails to be booted. In the automatic mode, a message is displayed every 30 seconds while it searches
for a bootable device, this does not represent a failure. The messages can occur for either the automatic or
manual mode. A fatal message is always preceded by BOOTROM-F-; other messages will provide helpful
information to the user. The messages are listed in Table 9-2 with suggestions to help the user.

Table 9-2 MXV11-B2 Error Messages

Message

Cause

Suggested User Action

Automatic Boot Soft Error Message

No device ready after x tries.

Automatic Boot Fatal Error Messages

7BOOTROM-F Memory parity
error at XXxxxx.

7BOOTROM-F Memory error at
XXXXXX.

BOOTROM-F Unknown error -
call for help.

XXXXXX

@

Any partially printed message.

General Command Error Messages

7BOOTROM-F Syntax error in
command.

7BOOTROM-F No such com-
mand - type HE for help.

?BOOTROM-F Too many
characters.

7BOOTROM-F Number not
octal.

No bootable device or volume available
to load. This message repeats at 30-
second intervals until 10th message,
then repeats at 15-minute intervals
(approximately).

Defective memory unit or MMU
detected.

Fatal hardware failure detected.

Fatal hardware failure or bad system
volume detected.

Fatal hardware failure detected, possi-
bly the console.

Illegal character or other general input
error occurred.

Invalid or misspelled command
entered.

More than 8 octal digits typed before
the 2-letter command, or more than 1
digit following command, or more than
17 letters in command.

An 8 or 9 was typed.

Close doors on floppy if system is on
RXO01 or RX02 media. Make sure that
RLO1/RL02 READY (white) indicator
is on, etc. If problem is not obvious and
the message repeats, press CTRL C and
try to boot desired device with a key-
board command. More specific messages
will appear.

Record the message and number. Turn
power off, then on. If problem remains,
service is required. If you wish to bypass
the memory test, use manual mode by
rebooting system, pressing CTRL C, and
then using the LOAD command.

Record all relevant information about
the system, including the LED indicators
on MXV11-B module (if installed). Ser-
vice is required.

Try a different system volume, if availa-
ble (one you know works, if possible). If
the problem remains, record information
as above. Service is required.

If possible, try a different console. If the

problem remains, record information.
Service is required.

Retype command correctly.

Refer to manual, or type HE to get a
list of all valid commands.

Retype command correctly.

Determine correct number and retype
command.
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Table 9-2 MXV11-B2 Error Messages (Cont)

Message

Cause

Suggested User Action

Manual Boot Messages

You can produce these messages by using one of the commands in the boot group (Table 9-1). Some device-specific messages
are listed in the next section of this table.

Enter a device and unit

XX x boot block read.

No boot block on volume.

Unknown boot block on volume
boot anyway?

7BOOTROM-F No XX device
at x.

7BOOTROM-F XX x read error.

7BOOTROM-F XX x error.

?BOOTROM-F XX x not ready.

Previous command was LD.

Normal termination for a boot group
command when the previous command
was LD.

The volume has a format that corre-
sponds to a Digital data-only volume.

The volume has a format that does not
correspond to any Digital standard.

If a CSR was explicitly typed in, it
may be incorrect. If none was typed,
the device is missing, defective, or con-
figured for a nonstandard I/O page
address.

Error detected in the device or volume.

Device error detected.

Volume not ready to be read by device
(for example, not loaded).

If you wish to load a device boot block
into memory without executing it, enter
a valid command from the boot group.
Normal load-and-go operation is restored
after the command executes.

Examine or alter the boot block in loca-
tions 000000 to 000776 by using console
ODT.

Remove the volume and replace with
correct one, or (if it is not a Digital sys-
tem volume) boot it with the LD com-
mand. (Refer to LD command section.)

Type N and retry with a different vol-
ume. If it is not a Digital system vol-
ume, type Y; this transfers control to
secondary boot at location zero.

If CSR was incorrect, retype with cor-
rect CSR. If not, service is required.
(Hardware must be supported by Digital,
and device must be part of your system.)

Try another volume you know is good.
If the problem remains, service is
required.

Service may be required, unless there is
an obvious solution.

The solution depends on the device, and
is usually obvious after inspection (for
example, volume not inserted into
device, floppy drive door open, or RL02
disk cover left out). If the device has a
panel of status indicators, they may give
a clue. If there is no obvious solution,
service may be required.
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Table 9-2 MXV11-B2 Error Messages (Cont)

Message

Cause

Suggested User Action

BOOTROM-F Bad CSR
number.

7BOOTROM-F Bad Unit
number.

BOOTROM-F Unknown error -
call for help.

7BOOTROM-F Fatal ROM
error.

XXXXXX

@

Any partially printed message.

BOOTROM-F Memory cache
parity error.

CSR number typed in is greater than
177560, less than 160000, or odd, or
specified CSR is that of the console.

Specified unit does not exist in system,
or the number is greater than maxi-
mum number of units supported by
single controller for specified device

type.

Fatal hardware failure detected.

Fatal hardware failure or a bad system
volume detected.

Fatal hardware failure detected, possi-
bly the console.

Cache memory parity error or failure
detected.

Device-Specific Manual Boot Messages

RXO02 unit with RX01 volume.
Boot anyway? (Occurs with
RX02 floppy disk systems.)

BOOTROM-F Comm error.
(Occurs only while booting
DECnet via a serial line from a
keyboard command, such as
NE.)

RXO02 drive loaded with single-density
volume.

DECnet boot could not be executed
due to hardware or software problem
in host system, target system, or com-
munication link.

Retype the command, using correct
CSR address.

If device uses unit- number plugs, such
as RL disks, they may have been
changed or removed without operator
knowledge. Check device for plugs and
retype command. If not, there may be a
hardware fault.

Record all relevant information about
the system, including LED indicators on
the MXV11-B module (if installed). Ser-
vice is required.

Try a different system volume, if availa-
ble (one you know works, if possible). If
the problem remains, record all relevant
information, including the LED indica-
tors on the MXV11-B module (if
installed). Service may be required.

If possible, try a different console. If
problem remains, record all information.
Service may be required.

Replace processor module or continue to
use system without cache (cache turned
off). System simply runs slower.

If you know the volume contains a valid
RX02 boot-only block, type Y. If vol-
ume is unknown, it may be an RX01
disk.

Check the communication line. Service
may be required.
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If the option is installed in the MXV11-B module, the LEDs on the module can indicate errors.

The LEDs read as follows. The single red LED to one side of the green LED is bit 3; the three red LEDs to
the other side of the green LED are bits 2 to 0, with bit 2 being the red LED closest to the green LED.
3 2 1 0

Red Green Red Red Red (As seen looking at the edge of the board, with the
components up.)

In the following chart, a 1 indicates the LED is on, and O indicates the LED is off. The green LED
indicates +5 Vdc is applied to RAM memory.

The chart shows which part of the ROM program was executing when the system hung up.

LEDs
3 2 1 0
0 0 0 0 Successful boot
0 0 0 1 Comprehensive memory test
0 0 1 0 Waiting for console input
0 0 1 1 Low memory test (below 2000 octal)
0 1 0 0 MSCP device (RX50/RD51)
0 1 0 1 Not assigned
0 1 1 0 Not assigned
0 1 1 1 RLO1/RL02 boot
1 0 0 0 RX01/RX02 boot
1 0 0 1 TSVO0S5 boot
1 0 1 0 Not assigned
1 0 1 1 DPV11 DECnet boot
1 1 0 0 DUV11 DECnet boot
1 1 0 1 DLV11 DECnet boot
1 1 1 0 TUS58 boot
1 1 1 1 Power-up initialization

LED indicator codes that are not assigned should never appear when using the MXV11-B2.

NOTE
A 1111 indicator code appears after a successful
DECnet boot.

9.3 DIAGNOSTICS

The XXDP+ diagnostic programs help to verify the system is functioning correctly or to isolate a faulty
component. These are used for maintenance purposes and not as part of the normal system operation. The
XXDP+ diagnostic software consists of a library of diagnostic programs designed to test individual system
components. These can be chained together, dependent on the system configuration, to provide an overall
system diagnostic. The diagnostics specifically used for the KDJ11-A module are listed in Table 9-3 and
are described below.
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Table 9-3 KDJ11-A Diagnostics

Name Function

CZKDJBO CPU tests

CZKDKBO Memory management tests
CZKDLBO Floating-point tests
CZKDMBO Cache memory tests

The HALT trap option must be disabled by installing the W5 jumper when running these diagnostics. The
diagnostic program can be halted by asserting the HALT line. This is done by pressing the BREAK key on
the system console for systems configured to assert HALT when BREAK is keyed. They can be restarted
by addressing location 152 010 and pressing the G key on the system console. The system monitor “.” will
prompt and the diagnostic program can be selected by the run command R followed by the diagnostic
name. The name will be echoed and the program started. The name of the diagnostic is printed on the first
pass and completed tests are identified by the system console printing END PASS. When an error is
detected, the diagnostic will halt and print out the error condition as follows.

Error = Specific Function Being Tested
Error = (Unique Error Number)
Error PC = (PC at Time of Error)

9.4 DIAGNOSTIC EXAMPLE

An example of running the diagnostics is described below. The response of the user is underlined and the
system response is typed. The W5 jumper must be installed. Comments are listed on the right hand side to
further explain the example.

Diagnostic Comments

28

START? DL<CR> Booted DL device

CHMDLCI1 XXDP+ DL MONITOR XXDP+ monitor

BOOTED VIA UNIT 0

28K UNIBUS SYSTEM May be LSIBUS or UNIBUS
28K=MEMORY SIZE OR STANDARD

ENTER DATE (DD-MMM-YY): 1-NOV-83 User enters date

RESTART ADDRESS: 152010 Identifies restart address

THIS IS XXDP+. TYPE “H” OR
“H/L” FOR HELP

R ZKDJBO<CR> . = System monitor
R = RUN command
ZKDJBO.BIC ZKDJBO = Diagnostic

<CR> = RETURN key



CZKDJ-B-O KDJ11 CPU Diagnostic

CZKDJB END PASS # 1
CZKDJB END PASS # 2
CZKDJB END PASS # 3
027622

@152010G
.R ZKDKBO<CR>
ZKDKBO.BIC

SET BIT 8 = 1 FOR 18 BIT SYSTEM
SWR = 000000 NEW = <CR>

CZKDK-B-O KDJ11 Memory Management

CZKDKB END PASS # 1
CZKDKB END PASS # 2
CZKDKB END PASS # 3
CZKDKB END PASS # 4
012404

@152010G

.R ZKDLBO<CR>
ZKDLBO.BIC

CZKDL-B-O KDJ11 Floating Point

CZKDLB END PASS # 1
CZKDLB END PASS # 2
CZKDLB END PASS # 3
CZKDLB END PASS # 4
CZKDLB END PASS # 5
022242

@152010G

.R ZKDMBO<CR>

ZKDMBO.BIC

SET BIT 8 = 1 FOR 18 BIT SYSTEM

SET BIT 9 = 1 FOR CACHE RAM AND TAG
RELIABILITY TESTS

SWR = 000000 NEW = <CR>

Halt test by pressing break
Address at HALT

Key restart address and
G for GO
Run diagnostic and return

Set bit 8 by 000400
Press return

Halt test by pressing break
address at halt

Key restart address and
G for GO
Run diagnostic and return

Halt by pressing BREAK
address at HALT

Key restart address and
G for GO
Run diagnostic and return

Set bit 8 by 000400
Set bit 9 by 001000
Set bits 8 and 9 by 001400

Press RETURN



CZKDM-B-0 KDJ11 Cache Memory System

CZKDMB END PASS # 1
CZKDMB END PASS # 2
CZKDMB END PASS # 3
CZKDMB END PASS # 4
CZKDMB END PASS i 5

6

CZKDMB END PASS Halt test by pressing BREAK

010152 address at HALT

@152010G Key restart address and
G for GO

.R System monitor and run
command
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APPENDIX A
INSTRUCTION TIMING

A.1 GENERAL

The execution time required for the base instruction set and the floating-point instruction set used by the
KDJ11-A is described in this appendix. The execution time for an instruction is dependent upon the type
of instruction, the addressing mode used, and the type of memory accessed. In general, the total execution
time is the sum of the base instruction fetch/execute time and the operand(s) address calculation/fetch
time.

The execution time provided for all read instructions assumes that the data is accessed from the module
cache memory. When the data is accessed from the main memory, the execution time provided must be
degraded. Memory write instructions, indicated by the “+” notation, must have the memory write time
added to the listed time in order to determine the total time.

The floating-point instruction execution timing is provided as a range. The actual performance is data
dependent and will fall within the described range.

A.2 BASE INSTRUCTION SET TIMING
The execution times for the base instruction set are provided in Tables A-1 through A-6 and are subject to
the general notes listed at the end of Table A-6.

Table A-1 Source Address Time: All Double Operand

Read
Source Source Microcode Time Memeory
Instruction Mode Register Cycles (ns) Cycles
ADD, SUB, 0 0-7 0 0 0
CMP, BIT, 1 0-7 2 534 1
BIC, BIS, 2 0-6 2 534 1
MOV 2 7 1 267 1
3 0-6 4 1068 2
3 7 3 801 2
4 0-6 3 801 1
4 7 6 1602 2 (Note 1)
5 0-6 5 1335 2
5 7 8 2136 3 (Note 1)
6 0-7 4 1068 2
7 0-7 6 1602 3
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Table A-2 Destination Address Time: Read-Only Single Operand

Read
Destination Destination Microcode Time Memory
Instruction Mode Register Cycles (ns) Cycles
TST, MUL, DIV, 0 0-7 0 0 0
ASH, ASHC, MTPS, 1 0-7 2 534 1
MFPI, MFPD, CSM 2 0-6 2 534 1
2 7 1 267 1
3 0-6 4 1068 2
3 7 3 801 2
4 0-6 3 801 1
4 7 7 1869 2 (Note 2)
5 0-6 5 1335 2
5 7 9 2403 3 (Note 3)
6 0-7 4 1068 2
7 0-7 6 1602 3
Table A-3 Destination Address Time: Read-Only Double Operand
Read
Destination Destination Microcode Time Memory
Instruction Mode Register Cycles (ns) Cycles
CMP, BIT 0 0-7 0 0 0
1 0-7 3 801 1
2 0-6 3 801 1
2 7 2 534 1
3 0-6 5 1335 2
3 7 4 1068 2
4 0-6 4 1068 1
4 7 8 1236 2 (Note 2)
5 0-6 6 1602 2
5 7 10 2670 3 (Note 3)
6 0-7 5 1335 2
7 0-7 7 1869 3
Table A-4 Destination Address Time: Write-Only
Memory Cycles
Destination Destination Microcode Time
Instruction Mode Register Cycles (ns) Read Write
MOV, CLR, SXT, 0 0-6 0 0 0 0
MFPS, MTPI, MTPD 0 7 5 1335 1 0
1 0-6 2 534+ 0 1
1 7 6 1602+ 1 1
2 0-6 2 534+ 0 1
2 7 6 1602+ 1 1
3 0-6 4 1068+ 1 1
3 7 3 801+ 1 1
4 0-6 3 801+ 0 1
4 7 7 1869+ 1 1
5 0-6 5 1335+ 1 1
5 7 9 2403+ 2 1
6 0-7 4 1068+ 1 1
7 0-7 6 1602+ 2 1




Table A-5 Destination Address Time: Read-Modify-Write

Memory Cycles

Destination Destination Microcode Time
Instruction Mode Register Cycles (ns) Read Write
ADD, SUB, ADC, 0 0-6 0 0 0 0
SBC, BIC, BIS, 0 7 5 1335 1 0
SWAB, NEG, INC, 1 0-6 3 801+ 1 1
DEC, COM, XOR, 1 7 7 1869+ 2 1
ROR, ROL, ASR, 2 0-6 3 801+ 1 1
ASL 2 7 7 1869+ 2 1
3 0-6 5 1335+ 2 1
3 7 4 1068+ 2 1
4 0-6 4 1068+ 1 1
4 7 8 2136+ 2 1 (Note 2)
5 0-6 6 1602+ 2 1
5 7 10 2670+ 3 1 (Note 3)
6 0-7 5 1335+ 2 1
7 0-7 7 1869+ 3 1

Table A-6 Execution, Fetch Time

Memory Cycles

Microcode Time
Instruction Cycles (ns) Read Write
Double Operand
ADD, SUB, CMP, 1 267 1 0
BIT, BIC, XOR,
MOV, BIS
Single Operand
SWAB, CLR, COM, 1 267 1 0
INC, DEC, NEG,
ADC, SBC, TST,
ROL, ROR, ASL,
ASR, SXT, MFPS,
XOR
MFPI, MFPD 5 1335+ 1 1
MTPS 8 2136 1 0
MTPI, MTPD 3 801 2 0
CSM 28 7476+ 3 3
Extended Instruction Set
MUL 22 5874 1 0 (Notes 5, 11)
DIV
By zero 5 1335 1 0 (Note 6)
Other 34 9078 1 0 (Notes 6, 7)
ASH 4 1068 1 0 (Notes 8, 11)
ASHC
No shift 5 1335 1 0
Left 6 1602 1 0 (Notes 8, 9, 11)
Right 7 1869 1 0 (Notes 8, 10, 11)




Table A-6 Execution, Fetch Time (Cont)

Memory Cycles

Microcode Time
Instruction Cycles (ns) Read Write
Program Control
BRANCH
Not Taken 2 534 1 0
Taken 4 1068 2 0
SOB
Not Taken 3 801 1 0
Taken S 1335 2 0
10T, TRAP, 20 5340+ 4 2
EMT, BPT
MARK 10 2670 3 0
Memory Cycles
Destination Destination Microcode Time
Instruction Mode Register Cycles (ns) Read Write
JMP 1 0-7 4 1068 2 0
2 0-7 6 1602 2 0
3 0-7 5 1335 3 0
4 0-7 5 1335 2 0
5 0-7 6 1602 3 0
6 0-6 6 1602 3 0
6 7 5 1335 3 0
7 0-7 7 1869 4 0
JSR (Note 4) 1 0-7 9 2403+ 2 1
2 0-7 10 2670+ 2 1
3 0-6 10 2670+ 3 1
3 7 9 2403+ 3 1
4 0-7 10 2670+ 2 1
5 0-7 11 2937+ 3 1
6 0-6 10 2670+ 3 1
6 7 9 2403+ 3 1
7 0-7 12 3204+ 4 1
Memory Cycles
Microcode Time
Instruction Cycles (ns) Read Write
RTS 0-6 6 1602 3 0
RTS 7 5 1335 3 0
RTT, RTI 9 2403 4 0




Table A-6 Execution, Fetch Time (Cont)

Memory Cycles

Microcode Time
Instruction Cycles (ns) Read Write
Miscellaneous Instructions
MFPT 2 534 1 0
NOP, 3 801 1 0
SET or CLEAR
C,V,N, Z
SPL 7 1869 1 0
HALT TBD
RESET TBD
WAIT TBD

General Notes to Tables A-1 through A-6

1.

Subtract 534 ns and one read if both source and destination modes autodecrement PC, or if WRITE-ONLY or READ-
MODIFY-WRITE mode 07 or 17 is used.

READ-ONLY and READ-MODIFY-WRITE destination mode 47 references actually perform 3 read operations. For
bookkeeping purposes, one of the reads is accounted for in the EXECUTE, FETCH TIMING.

READ-ONLY and READ-MODIFY-WRITE destination mode 57 references actually perform 4 read operations. For
bookkeeping purposes one of the reads is accounted for in the EXECUTE, FETCH TIMING.

Subtract 267 ns if link register is PC.

Add 267 ns if the source operand is negative.

Subtract 267 ns if the source mode is not zero.

Add 267 ns if the quotient is even.

Add 534 ns if overflow occurs.

Add 1335 ns and 1 read if the PC is used as a destination register, but only if source mode 47 or 57 is not used.
Add 267 ns per shift.

Add 267 ns if source operand<15:6> is not zero.

Subtract 267 ns if one shift only.

Add 1068 ns and 1 read if the PC is used as a destination register, but only if source mode 47 or 57 is not used.



A.3 FLOATING-POINT INSTRUCTION SET TIMING
The execution time range for the floating-point instruction set is described in Tables A-7 through A-13.

Table A-7 Instruction Execution Times (In Microseconds)

Non-mode 0

Instruction Minimum Typical Maximum Section
ABSD 6.1 6.4 v
ABSF 5.1 5.3 v
ADDD 10.9 12.8 31.7 I
ADDF 8.3 93 31.7 II
CFCC 1.3 1.3 -
CLRD 3.7 3.7 1
CLRF 3.2 3.2 I
CMPD 6.4 6.7 I
CMPF 4.8 5.1 I
DIVD 42.7 44.5 I
DIVF 15.7 16.8 II
LDCDF 6.4 6.9 II
LDCFD 53 5.6 II
LDCID 8.3 11.2 A%
LDCIF 6.9 9.6 \%
LDCLD 8.3 13.9 \%
LDCLF 6.9 11.7 \%
LDD 4.3 4.5 I
LDEXP 4.5 4.8 \%
LDF 3.2 3.5 II
LDFPS 1.6 1.6 v
MODD 53.9 51.9 71.5 I
MODF 21.9 25.1 30.1 I
MULD 44.0 46.1 II
MULF 14.9 16.3 I
NEGD 5.9 6.1 v
NEGF 4.8 5.1 v
SETD 1.6 1.6 -
SETF 1.6 1.6 -
SETI 1.6 1.6 -
SETL 1.6 . 1.6 -
STCDF 4.5 5.3 I
STCDI 6.9 10.1 VI
STCDL 6.9 14.4 VI
STCFD 5.1 53 I
STCFI 6.1 9.3 VI
STCFL 6.1 13.6 VI
STD 3.2 3.2 I
STEXP 43 43 VI
STF 2.1 2.1 111
STFPS 2.4 2.4 VI
STST 1.9 1.9 VI
SUBD 12.5 14.7 32.5 11
SUBF 9.9 10.9 27.7 II
TSTD 29 3.2 11
TSTF 2.4 2.7 II
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Table A-8 Floating Source Modes 1-7

Microcode Time Memory Memory
Instruction Mode Register Cycles (ns) Read Write
Single Precision
ADDF, CMPF, 1 0-7 3 801 2 0
DIVF, LDCDF, 2 0-6 3 801 2 0
LDF, MODF, 2 7 1 267 1 0
MULF, SUBF, 3 0-6 4 1068 3 0
TSTF 3 7 3 801 3 0
4 0-7 4 1068 2 0
5 0-7 5 1335 3 0
6 0-7 4 1068 3 0
7 0-7 6 1602 4 0
Double Precision
ADDD, CMPD, 1 0-7 5 1335 4 0
DIVD, LDCFD, 2 0-6 5 1335 4 0
LDD, MODD, 2 7 0 0 1 0*
MULD, SUBD, 3 0-6 6 1602 5 0
TSTD 3 7 5 1335 5 0
4 0-7 6 1602 4 0
5 0-7 7 1869 5 0
6 0-7 6 1602 5 0
7 0-7 8 2136 6 0

*  Mode 27 references only access single word operands. The execution time listed has been compensated in order to accurately
compute the total execution time.

Table A-9 Floating Destination Modes 1-7

Microcode Time Memory Memory

Instruction Mode Register Cycles (ns) Read Write

Single Precision

CLRF, STCDF, STF 1 0-7 3 801+ 0 2
2 0-6 3 801+ 0 2
2 7 1 267+ 0 1
3 0-6 4 1068+ 1 2
3 7 3 801+ 1 2
4 0-7 4 1068+ 0 2
5 0-7 5 1335+ 1 2
6 0-7 4 1068+ 1 2
7 0-7 6 1602+ 2 2

Double Precision

CLRD, STCFD, STD 1 0-7 5 1335+ 0 4
2 0-6 5 1335+ 0 4
2 7 0 0 0 1*
3 0-6 6 1602+ 1 4
3 7 5 1335+ 1 4
4 0-7 6 1602+ 0 4
5 0-7 7 1869+ 1 4
6 0-7 6 1602+ 1 4
7 0-7 8 2136+ 2 4

*  Mode 27 references only access single word operands. The execution time listed has been compensated in order to accurately
compute the total execution time.



Table A-10 Floating Read-Modify-Write Modes 1-7

Microcode Time Memory Memory

Instruction Mode Register Cycles (ns) Read Write

Single Precision

ABSF, NEGF 1 0-7 5 1335+ 2 2
2 0-6 5 1335+ 2 2
2 7 1 267+ 1 1*
3 0-6 6 1602+ 3 2
3 7 5 1335+ 3 2
4 0-7 6 1602+ 2 2
5 0-7 7 1869+ 3 2
6 0-7 6 1602+ 3 2
7 0-7 8 2136+ 4 2

Double Precision

ABSD, NEGD 1 0-7 9 2403+ 4 4
2 0-6 9 2403+ 4 4
2 7 0 0 1 1*
3 0-6 10 2670+ S 4
3 7 9 2403+ N 4
4 0-7 10 2670+ 4 4
5 0-7 11 2937+ 5 4
6 0-7 10 2670+ 5 4
7 0-7 12 3204+ 6 4

* Mode 27 references only access single word operands. The execution time listed has been compensated in order to accurately
compute the total execution time.

Table A-11 Integer Source Modes 1-7

Microcode Time Memory Memory

Instruction Mode Register Cycles (ns) Read Write

Integer

LDCID, LCDIF, 1 0-7 2 534 1 0

LDEXP, LDFPS 2 0-6 2 534 1 0
2 7 0 0 1 0*
3 0-6 3 801 2 0
3 7 2 534 2 0
4 0-7 3 801 1 0
5 0-7 4 1068 2 0
6 0-7 3 801 2 0
7 0-7 5 1335 3 0

Long Integer

LDCLD, LCDLF 1 0-7 4 1068 2 0
2 0-6 4 1068 2 0
2 7 0 0 1 o*
3 0-6 5 1335 3 0
3 7 4 1068 3 0
4 0-7 5 1335 2 0
5 0-7 6 1602 3 0
6 0-7 5 1335 3 0
7 0-7 7 1869 4 0

* Mode 27 references only access single word operands. The execution time listed has been compensated in order to accurately
compute the total execution time.



Table A-12 Integer Destination Modes 1-7

Microcode Time Memory Memory

Instruction Mode Register Cycles (ns) Read Write

Integer

STCDI, STCFI, 1 0-7 2 534+ 0 1

STEXP, STFPS 2 0-6 2 534+ 0 1
2 7 2 534+ 0 1
3 0-6 3 801+ 1 1
3 7 2 534+ 1 1
4 0-7 3 801+ 0 |
S 0-7 4 1068+ 1 1
6 0-7 3 801+ 1 1
7 0-7 5 1335+ 2 1

Long Integer

STCDL, STCFL, STST 1 0-7 4 1068+ 0 2
2 0-6 4 1068+ 0 2
2 7 2 534+ 0 1
3 0-6 5 1335+ 1 2
3 7 4 1068+ 1 2
4 0-7 S 1335+ 0 2
5 0-7 6 1602+ 1 2
6 0-7 5 1335+ 1 2
7 0-7 7 1869+ 2 2

Table A-13 FPJ11-AA Instruction Execution Times

Minimum Typical Typical
Instruction Cycles Cycles (15 MHz)
ADDD/SUBD 7 9 1.2 us
ADDF/SUBF 7 9 1.2 us
DIVD 35 45 6.0 us
DIVF 19 26 3.5 us
MULD 26 26 3.5 us
MULF 15 15 2.0 ps







APPENDIX B
PROGRAMMING DIFFERENCES

The programming differences between the KDJ11-A processor and the other processors of the PDP-11
family are summarized in Table B-1.



Table B-1 KDJ11-A Programming Differences

Processors

Feature 23/24 44 04 34 LSI/11 05/10 15/20 35/40 45 70 60 KDJ11-A

¢

1. OPR %R, (R) +; OPR %R, — (R) using X X X X X
the same register as both source and
destination: contents of R are incre-
mented (decremented) by 2 before being
used as the source operand.

OPR %R, (R) +; OPR %R, — (R) using the X X X X X X X
same register as both register and

destination: initial contents of R are

used as the source operand.

2. OPR %R, @ (R) +; OPR %R, @ — (R) X X X X X
using the same register as both
source and destination: contents of R
are incremented (decremented) by 2
before being used as the source
operand.

OPR %R, @ (R) +; OPR %R, @ — (R) X X X X X X X
using the same register as both

source and destination: initial

contents of R are used as the source

operand.

3. OPR PC, X (R); OPR PC, @ X (R); OPR X X X X X
PC, @ A; OPR PC, A: location A will
contain the PC of OPR +4.

OPR PC, X (R); OPR PC, @ X (R), OPR X X X X X X X
PC, A; OPR PC, @ A: location A will
contain the PC of OPR +2.

4. JMP (R) + or JSR reg, (R) +: contents X X
of R are incremented by 2, then used
as the new PC address.

JMP (R) + or JSR reg, (R) +: initial X X X X X X X X X X
contents of R are used as the new PC.




Table B-1

KDJ11-A Programming Differences (Cont)

Processors
Feature 23/24 44 04 34 LSI/11 05/10 15/20 35/40 45 70 60 KDJ11-A
5. JMP %R or JSR reg, %R traps to 10 X X X X X X X X
(illegal instruction).
JMP %R or JSR reg, %R traps to 4 X X X X
illegal instruction).
6. SWAB does not change V. X
SWAB clears V. X X X X X X X X X X X
7. Register addresses (177700-177717)
are valid program addresses when
used by CPU.
Register addresses (177700-177717) X X X X X X X X
time out when used as a program
address by the CPU. Can be addressed
under console operation.
Register addresses (177700-177717) X X X
time out when used as an address by
CPU or console.
8. Basic instructions noted in PDP-]] X X X X X X X X X X X X
Processor Handbook.
SOB, MARK, RTT, SXT instructions* X X X X X X X X X
ASH, ASHC, DIV, MUL, XOR X X X X X X X X X
Floating-point instructions in base
machine.
MFPT instruction. X X X
The external option KE11-A provides X X

MUL, DIV, SHIFT operation in the
same data format.

*RTT instruction is available in 11/04 but is different than other implementations.



Table B-1 KDJ11-A Programming Differences (Cont)

Processors

Feature 23/24 44 04 34 LSI/11 05/10 15/20 35/40 45 70 60 KDJ11-A

The KE11-E (expansion instruction set) X
provides the instructions MUL, DIV,

ASH, and ASHC. These new instructions

are 11/45 compatible.

The KE11-F (floating instruction set) X
adds unique stack ordered oriented

point instructions: FADD, FSUB, FMUL,

FDIB.

The KEV-11 adds EIS/FIS instructions X
MFP, MTP instructions X X X X X X X

SPL instruction X X X X
CSM instruction X X

9. Power fail during RESET instruction X X X
is not recognized until after the
instruction is finished (70 milli-
seconds). RESET instruction consists
of 70 millisecond pause with INIT
occurring during first 20 milliseconds.

Power fail immediately ends the RESET X X X ' X X
instruction and traps if an INIT is

in progress. A minimum INIT of micro-

second occurs if instruction aborted.

PDP11-04/34/44 are similar with no

minimum INIT time.

Power fail acts the same as 11/45 X
(22 milliseconds with about 300

nanoseconds minimum). Power fail

during RESET fetch is fatal with no

power down sequence.
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RESET instruction consists of 10 X X X
microseconds of INIT followed by a

90 microsecond pause. Reset instruc-

tion consists of a minimum 8.4

microseconds followed by a minimum

100 nanosecond pause. Power fail not

recognized until the instruction

completes.

10. No RTT instruction. X X
If RTT sets the T-bit, the T-bit X X XX X X X X X X
trap occurs after the instruction
following RTT.

11. If RTI sets T-bit, T-bit trap X X
is acknowledged after instruction
following RTL

If RTI sets T-bit, T-bit trap is X X X X X X X X X X
acknowledged immediately following
RTL

12. If an interrupt occurs during an X X X X X X X X X X
instruction that has the T-bit set,
the T-bit trap is acknowledged
before the interrupt.

If an interrupt occuurs during an X X
instruction and the T-bit is set,

the interrupt is acknowledged

before T-bit trap.

13. T-bit trap will sequence out of X X X X X X X X
WAIT instruction.

T-bit trap will not sequence out X X X
of WAIT instruction. Waits until
an interrupt.
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14.

16.

17.

Explicit reference (direct access)
to PS can load T-bit. Console can
also load T-bit.

Only implicit references (RTI, RTT,
traps and interrupts) can load T-bit.
Console cannot load T-bit.

. Odd address/nonexistent references

using the SP cause a HALT. This is

a case of double bus error with the
second error occurring in the trap
servicing the first error. Odd address
trap not implemented in LSI-11, 11/23
or 11/24.

Odd address/nonexistent references
using the stack pointer cause a fatal
trap. On bus error in trap service,
new stack created at 0/2.

The first instruction in an

interrupt routine will not be
executed if another interrupt occurs
at a higher priority level than
assumed by the first interrupt.

The first interrupt in an interrupt
service is guaranteed to be executed.

Single general-purpose register
implemented.

Dual general-purpose register set
implemented.

X X

X X X X X

X X X X X X

X X X X X X

X

X X X X

X X X X

X X X X
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18.

20.

21.

22..

23.

24.

PSW address, 177776, not imple-
mented; must use instructionns MTPS
(move to PS) and MFPS (move from PS).

PSW address implemented, MTPS and
MFPS not implemented.

PSW address and MTPS and MFPS
implemented.

. Only one interrupt level (BR4)

exists.
Four interrupt levels exist.
Stack overflow not implemented.

Some sort of stack overflow
implemented.

Odd address trap not implemented.
Odd address trap implemented.

FMUL and FDIV instructions
implicitly use R6 (one push and
pop); hence R6 must be set up
correctly.

FMUL and FDIV instructions do not
implicitly use R6.

Due to their execution time, EIS
instructions can abort because of
a device interrupt.

EIS instructions do not abort
because of a device interrupt.

Due to their execution time, FIS
instructions can abort because of
a device interrupt.

X

X X X X
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25. Due to their execution time, FP11 X
instructions can abgrt because of
a device interrupt.!

FP11 instructions do not abort X X
because of a device interrupt.

26. EIS instructions do a DATIP and X
DATO bus sequence when fetching
source operand.

EIS instructions do a DATI bus X X X X
sequence when fetching source
operand.

27. MOV instruction does just a DATO X X X X X
bus sequence for the last memory
cycle.

MOV instruction does a DATIP and X X X
DATO bus sequence for the last
memory cycle.

28. If PC contains nonexistent memory X X X X X X X
and a bus error occurs, PC will
have been incremented.

If PC contains nonexistent memory X
address and a bus error occurs, PC
will be unchanged.

29. If register contains nonexistent X X X X X
memory address in mode 2 and a bus
error occurs, register will be in-
cremented.

Same as above but register is X X X
unchanged.

+Integral floating point assumed on 11/23 and 11/24; FP11E assumed for 11/60.
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30.

31.

32.

33.

If register contains an odd value
in mode 2 and a bus error occurs,
register will be incremented.

If register contains an odd value
in mode 2 and a bus error occurs,
register will be unchanged.

Condition codes restored to
original values after FIS interrupt
abort (EIS does not abort on 35/40).

Condition codes that are restored
after EIS/FIS interrupt abort are
indeterminate.

Op codes 075040 through 0753777
unconditionally trap to 10 as
reserved op codes.

If KEV-11 option is present, op
codes 75040 through 07533 perform
a memory read using the register
specified by the low order 3 bits

as a pointer. If the register contents
are a nonexistent address, a trap to 4
occurs. If the register contents are
an existent address, a trap to 10
occurs.

Op codes 210 through 217 trap to
10 as reserved instructions.

Op codes 210 through 217 are used as
a maintenance instruction.

X

X

X

X X X

X X X X

X X X X
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34.

35.

36.

37.

38.

Op codes 75040 through 75777 trap
to 10 as reserved instructions.

If KEV-11 options is present, op

codes 75040 through 7577 can be used
as escapes to user microcode. If no
user microcode exists, a trap to 10
occurs.

Op codes 170000 through 177777 trap
to 10 as reserved instructions.

Op codes 170000 through 177777 are
implemented as floating-point
instructions.

Op codes 170000 through 1777777 can
be used as escapes to user microcode.
If no user microcode exists, a trap

to 10 occurs.

Op code 076600 used for maintenance.

CLR and SXT do just a DATO
sequence for the last bus cycle.

CLR and SXT do DATIP-DATO sequence
for the last bus cycle.

MEM MGT maintenance mode MMRO
bit 8 is implemented.

MEM MGT maintenance mode MMRO bit
8 is not implemented.

PS <15:12>, nonkernel mode, non-
kernel stack pointer and MTPx and
MFPx instructions exist even when
MEM MGT is not configured.

PS <15:12>, nonkernel mode, non-
kernel stack pointer, and MTPx and
MFPx instructions exist only when
MEM MGT is configured.

X

X X X

X X X X

X

X X X X X X
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39.

40.

41.

42.

Current mode PS bits <15:14> set
to 01 or 10 will cause a MEM MGT
trap upon any memory reference.

Current mode PS bits <15:14> set

to 10 will be treated as kernel

mode (00) and not cause a MEM MGT
trap.

Current mode PS bits <15:14> set
to 10 will cause a MEM MGT trap
upon any memory reference.

MTPS in user mode will cause MEM
MGT trap if PS address 177776 not
mapped. If mapped, PS <07:05> and
<03:00> affected.

MTPS in nonuser mode will not cause
MEM MGT trap and will only affect
PS <03:00> regardless of whether PS
address 177776 is mapped.

MFPS in user mode will cause MEM
MGT if PS address 177776 not mapped.
If mapped, PS <07:00> are accessed.

MTPS in user mode will not trap
regardless of whether PS address
177776 is mapped.

Programs cannot execute out of
internal processor registers.

Programs can execute out of internal
processor registers.

X

X

X

X
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43. A HALT instruction in user or X X X X
supervisor mode will trap through
location 4.

A HALT instruction in user or super- X X X X
visor mode will trap through location
10.

44, PDR bit <00> implemented. X X
PDR bit <00> not implemented. X X X X X X

45. PDR bit <07> (any access) X X
implemented.

PDR bit <07> (any access) not X X X X X X
implemented.

46. Full PAR <15:00> implemented. X X X X
Only PAR <11:00> implemented. X X X X

47. MMRO <12>-trap-memory X X
management—implemented.

MMRO <12> not implemented. X X X X X

48. MMR3 <02:00> —D space X X X
enable-implemented.

MMR3 <02:00> not implemented. X X X X

49. MMR3 <05:04>-IOMAP, 22-bit X X X X
mapping enabled-implemented.

MMR3 <05:04> not implemented. X X X X

50. MMR3 <03>-CSM enable- X X
implemented.

MMR3 <03> not implemented. X X X X X X
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51,

52.

53.

54.

MMR2 tracks instruction fetches
and interrupt vectors.

MMR2 tracks only instruction
fetches.

MFPx %6, MTPx when PS <13:12> =

10 gives unpredictable results.

MTPx %6, MTPx %6 when PS <13:12> =

10 uses user stack pointer.

The ASH instruction with a source
operand of octal 37 will shift
left 31 decimal times.

The ASH instruction with a source
operand of octal 37 (shift left 31
decimal times) will cause the
register to be shifted right instead
of left.

The ASHC instruction with an octal
value of 37 (shift left 31 decimal
times) in source operand bits
<05:00> will shift the register left
31 times, regardless of the value of
bits <15:06> of the operand.

The ASHC instruction with an octal
value of 37 (shift left 31 decimal
times) in source operand bits
<05:00> when bits <15:06> of the
operand are not zero, will cause

the register to be shifted right
instead of left.

X X

¥ DCJ11-AC hybrids marked 57-19400-08
§ DCJ11-AC hybrids marked 57-19400-04A






APPENDIX C
CONFIGURATION NOTES

C.1 GENERAL

To ensure proper system operation, the configuration notes included in this appendix should be considered
when configuring a system using the KDJ11-A CPU module and the FPJ11-AA Floating-Point Accelera-
tor (FPA) chip.

C.2 KDJ11-A CPU MODULE CONFIGURATION NOTES

1.

The KDJ11-AA (M8192) does not support the FPJ11-AA (floating-point accelerator) chip. The
KDJ11-AB (M8192-YB) is a direct replacement for the KDJ11-AA and does support the
FPJ11-AA.

Customers who use third party peripherals that incorporate read-modify-write instructions for
register manipulation may experience a compatibility issue when upgrading their CPU from the
LSI-11/23 to the LSI-11/73 (KDF11-A to KDJ11-A).

NOTE

For customers using Digital peripherals, com-
patibility in upgrading a CPU is not an issue. Digital
peripherals do not require read-modify-write in-
structions for register manipulations. The read-
modify-write instructions available on the LSI-11/73
(KDJ11-A) are as follows: ASRB, TSTSET and
WRTLOCK.

C.3 FPJ11-AA FPA CONFIGURATION NOTES

The following configuration notes should be considered when installing the FPJ11-AA on KDJ11-AB
modules (M8192-YB), or when a KDJ11-AC module (M8192-YC) is installed in your system. KDJ11-AC
modules include the FPJ11-AA.

1.

Neither RSTS/E nor IAS customers are able to use the FPJ11-AA on their KDJ11-A modules,
due to a design issue which impacts software that uses the alternate register set in conjunction
with floating-point store instructions.

Customers who have applications with intense DMA activity should ensure that their module
has a revision level of B2 or higher. The markings on the top of the handles should be checked
for the number M8192 on one handle and either YB or YC on the other handle.

When using an MXV11-BF (multifunction) module in a configuration that includes the
KDJ11-A and FPJ11-AA, verify the current revision level on the MXV11-BF as C1 or higher
to ensure proper operation.
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Abort (ABORT), 4-6
Abort, function of, 4-17
Address Input/Output, (AIO) 4-4
Address Latch Enable, (ALE) 4-5
Addressing modes, 6-1
autodecrement, 6-9
autoincrement, 6-7
deferred, 6-13
direct, 6-4
double-operand, 6-3
index, 6-11
PC relative, 6-17
register, 6-6
single-operand, 6-3
Al/O coding, 4-4

B

Bank Select (BS), 4-4

BEVNT signal, 2-3

Boot address, 2-3

Boot ROM set, 9-1

Buffer Control (BUFCTL), 4-5

Bus cycles, 4-6
AIO, codes for, 4-4
bus read, 4-7
bus write, 4-8
general-purpose read, 4-9
general-purpose write, 4-10
interrupt acknowledge, 4-10
non-I/O (NOP), 4-6

Bus, 4-6
read transaction, 4-7
receivers, 4-12, 4-24
transmitters, 4-12, 4-25
write transaction, 4-8

INDEX-1

C

Cache control
data path, 4-12, 4-17
register, 4-19

Cache memory, 1-27, 4-13
control register, 1-30, 4-19
data, 1-27, 4-13, 4-22
description, 1-27, 4-21
error register, 1-32, 4-19
hit/miss register, 1-32, 4-23
operation, 4-21
parity, 1-29, 4-19, 4-21
timeout, 4-19

Cache miss, 4-5, 4-23

Clock (CLK1, CLK2), 4-5

Code, 8-1
coroutine, 8-14
position-dependent, 8-3
position-independent, 8-1
reentrant, 8-13

Configuration, 2-1
factory, 2-3
jumpers, 2-1

Console ODT, 3-1
commands, 3-3
input sequence, 3-3
invalid characters, 3-9
output sequence, 3-3
serial line interface, 3-2
timeout, 3-9

Continue (CONT), 4-5

CPU error register, 1-5

D

Data Address Lines (DAL), 4-6
Data Valid (DV), 4-5
Diagnostics, 9-6

Diagnostic LEDs, 2-4, 4-29

INDEX

Direct Memory Access (DMA), 4-27



Error message, 9-3
Event (EVNT), 4-6

F

Floating-point, 7-1

accelerator (FPJ11-AA), 7-1, C-1

accuracy, 7-7

address register, 7-6
addressing, 7-7

data, 7-2

data formats, 7-1
exception code register, 7-6
nonvanishing numbers, 7-1
status register, 7-3
undefined variables, 7-2
zero, 7-1

Floating-point instructions, 7-8
ABSD, 7-10
ABSF, 7-10
ADDD, 7-11
ADDF, 7-11
CFCC, 7-12
CLRD, 7-12
CLRF, 7-12
CMPD, 7-13
CMPF, 7-13
DIVD, 7-14
DIVF, 7-14
LDCDF, 7-15
LDCFD, 7-15
LDCID, 7-16
LDCIF, 7-16
LDCLD, 7-16
LDCLF, 7-16
LDD, 7-18
LDEXP, 7-17
LDF, 7-18
LDFPS, 7-18
MODD, 7-19
MODF, 7-19
MULD, 7-22
MULF, 7-22
NEGD, 7-23
NEGF, 7-23
SETD, 7-23
SETF, 7-24
SETI, 7-24
SETL, 7-24
STCDF, 7-25

STCDI, 7-26
STCDL, 7-26
STCFD, 7-25
STCFI, 7-26
STCFL, 7-26
STEXP, 7-27
STD, 7-27
STF, 7-27
STFPS, 7-28
STST, 7-28
SUBD, 7-29
SUBF, 7-29
TSTD, 7-30
TSTF, 7-30
Flush counter, 4-20

G

General-purpose codes, 4-9, 4-10
General-purpose read cycle, 4-9
General-purpose registers, 1-2
General-purpose write cycle, 4-10

H
Halt (HALT), 4-5
Halt option, 2-2
Help message, 9-3
Hit/miss logic, 4-23

I

I and D space, 1-16
Initialization, 4-27
Initialize (INIT), 4-3
Instruction, 6-21.
byte, 6-26
formats, 6-22
list, 6-27
symbols, 6-21
Instruction set, 6-21
ADC, 6-43
ADCB, 6-43
ADD, 6-49
ASH, 6-51
ASHC, 6-51
ASL, 6-38
ASLB, 6-38
ASR, 6-37
ASRB, 6-37
BCC, 6-60
BCS, 6-61
BEQ, 6-58
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BGE, 6-62
BGT, 6-63
BHI, 6-63
BHIS, 6-64
BIC, 6-54
BICB, 6-54
BIS, 6-54
BISB, 6-54
BIT, 6-353
BITB, 6-53
BLE, 6-63
BLO, 6-64
BLOS, 6-64
BLT, 6-62
BMI, 6-59
BNE, 6-58
BPL, 6-59
BPT, 6-71
BR, 6-57
BVC, 6-60
BVS, 6-60
CCC, 6-80
CLC, 6-80
CLN, 6-80
CLV, 6-80
CLZ, 6-80
CLR, 6-31
CLRB, 6-31
COM, 6-32
COMB, 6-32
CMP, 6-48
CMPB, 6-48
CSM, 6-75
DEC, 6-33
DECB, 6-33
DIV, 6-52
EMT, 6-70
HALT, 6-77
INC, 6-32
INCB, 6-32
10T, 6-72
JMP, 6-65
JSR, 6-66
MARK, 6-73
MFPD, 6-79
MFPI, 6-79
MFPS, 6-45
MFPT, 6-78
MOV, 6-47
MOVB, 6-47
MTPD, 6-79
MTPI, 6-79
MTPS, 6-46
MUL, 6-52

INDEX-3

NEG, 6-34

NEGB, 6-34

NOP, 6-67

RESET, 6-78

ROL, 6-40

ROLB, 6-40

ROR, 6-39

RORB, 6-39

RTI, 6-72

RTS, 6-68

RTT, 6-73

SOB, 6-67

SBC, 6-44

SBCB, 6-44

SCC, 6-66

SEC, 6-66

SEN, 6-66

SEV, 6-66

SEZ, 6-66

SPL, 6-75

SUB, 6-50

SWARB, 6-41

SXT, 6-44

TRAP, 6-71

TST, 6-35

TSTB, 6-35

TSTSET, 6-36

WAIT, 6-77

WRTLCK, 6-35

XOR, 6-56
Installation, 2-16
Interrupt acknowledge cycle, 4-11
Interrupt and DMA control

direct memory access (DMR), 4-5

event (EVNT), 4-6

floating-point exception (FPE), 4-6

interrupt request (IRQ), 4-5

power fail (PWRF), 4-6
Interrupts and traps, 1-8, 1-9, 1-10

L

Line time clock register, 1-7, 4-2C
LSI bus
characteristics, 5-22
configuration, 5-26
DATBO, 5-12
DATBI, 5-12
DATI, 5-5
DATIO, 5-10
DATO, 5-7
DMA, 5-12
interrupts, 5-15, 5-16
loading, 5-23, 5-29
priority, 5-15



M

Maintenance register, 1-7, 2-6, 4-27
Memory management, 1-10
addressing, 1-13, 1-14
fault recovery, 1-18, 1-22
I and D space, 1-16
implementation, 1-10
mapping, 1-10
page address registers (PAR), 1-18
page descriptor registers (PDR), 1-18
physical address construction, 1-15
register 0 (MMRO), 1-20
register 1| (MMR1), 1-21
register 2 (MMR2), 1-21
register 3 (MMR3), 1-21
registers, 1-16
MMRO, 1-20
enable relocation bits, 1-20
error flags, 1-20
page address space bits, 1-20
page number bits, 1-20
processor mode bits, 1-20
reserved bits, 1-20
MMRI, 1-21
MMR2, 1-21
MMR3, 1-21
enable 22-bit mapping bit, 1-22
enable CMS instruction bit, 1-22
enable 1/O map bits, 1-22
kernel, supervisor and user bits, 1-22
reserved bits, 1-22
Module pinout, 2-9
Memory system registers, 1-30, 4-19

N
Non-I/O (NOP) cycle, 4-6

(0]
Options, 2-10

INDEX-4

P

Page address registers, 1-18

Page descriptor registers, 1-18
access control field, 1-19
bypass cache bit, 1-19
expansion direction bit, 1-19
page length field, 1-19
page written bit, 1-19
reserved bits, 1-19

Parity error (PARITY), 4-6

Power-down routine, 2-8

Power-up circuit, 2-7

Power-up routine, 2-7

Predecode (PRDC), 4-5

Processor status word, 1-3, 1-4, 8-26

Program counter, 1-3

Program interrupt request (PIRQ), 1-6

Programming model, 1-2

S

Software, 1-40
Specifications, 2-18
Stack pointer, 8-3, 8-6
Status signals
abort (ABORT), 4-6
cache miss (MISS), 4-5
parity error (PARITY), 4-6
predecode (PRDC), 4-5
Stretch control (SCTL), 4-5
Strobe (STRB), 4-5
System control
address 1/0, 4-4
bank select, 4-4
buffer control, 4-5
continue, 4-5
data valid, 4-5

TAG RAM, 4-23
Timeout, 4-19

Wakeup, 2-3
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READER’S COMMENTS

Your comments and suggestions will help us in our efforts to improve the quality and usefulness of our
publications.

1. Which of the following most closely describes your job? 1 ca> cb> cco cd> ce>
(a) Administrative support (d) Scientist/Engineer (9) Educator/Trainer cf> cg> ch> ci>
(b) Programmer/Analyst (e) Systems Manager (h) Computer Operator
(c) Software support (f) Sales (1) Other

2. How many years of experience do you have with computers? 2 ca> cb> ce> cd> ce>

(a) Less than 1 (b)1to3 (c)4tob6 (d)7to9 (e) 10 or more
3. What did you like most about this manual?

4. What did you like /east about this manual?

5. How do you rate this manual?
Indicate your opinion of the quality of the manual. For each aspect of quality, darken your response on the five-point scale,
where (1) = POOR and (5) = EXCELLENT
(@) ACCUFACY ..ceiiiit it ciiieiiiit e e s e .oclo 2> B 4 5

(b) Completeness clo 2> 3 cd> 5

(c) Usefulness of Examples/Figures c1o> 25 3 cd> 5o

(d) Clearness of Language ... ....... ...ccccooiies voies ceiies oo c1l> c2> 3 cd> cho
(e) Helpfulness of Index/Table of Contents ..... ...... ........... . clo 2> B3 4 B
(f) Consistency in Presenting Information ....... ........... ... . cl> 2> 3 c4> 5o
(g) Logical Organization...........ccceoieiis ceviiiiiiiiiiies e c1o 2> 3 c4> ch
(h) Visual Appeal.......cc. oo it o e, .oclh 2 3 b4 5o
(i) Relevance of Information......... ... .. Ce c1> 2> B8 c4 5o
(j) Ease of Learning . ....... ccccooie coiiiiiiiiieiies e e c1 25 3 4> 5>
(k) Ease Of US€ ...coooee ciiei it i e it e €10 €25 <35 4o cBo
() YOUR OVERALL IMPRESSION .....cocococovvs + oo .. 1o 25 3 c4> 5
(m) Quality Relative to Other Digital Manuals. .. ....... .. c1> c25 c3> c4> c5>
(n) Quality Relative to Other Companies’ Manuals........... c1> c2> 3> c4> c5o

6. List any errors you found in the manual. (Reference page, table, or figure numbers.)

7. Do you have any additional comments?

Name Company

Title Department

Street City State/Country Zip
Telephone No Date
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