























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































9-26 Floating-Point Arithmetic

STCFI/STCFL/STCDISTCDL

Store and Convert from Floating or Double

to Integer or Long integer 175(AC+4)DST
15 12 1N 08 07 06 05 00
1 I | i ] 1 i ] I ] I I
1 1 1 0 1 1 AC DST
| | | 1 ] ] | | ] ] |
LJ-00431-TI0

Figure 9-25 Store and Convert from Floating-to-Double To Integer Or Long Integer

Format:
Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

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=1ifFL=0,j=LifFL=1
x=FifFD=0,x=DifFD=1

JL is the largest integer.

2#%15-1forFL=0
2*32.1forFL=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 «— 1if(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 0.

Numbers to be converted are always chopped (rather than rounded)
before they are converted. This is true even when 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 occurs.

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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Store Exponent 175(AC)DST
15 12 11 08 07 06 05 00
1 | | | T I I I | I {
1 1 1 1 1 0 1 0 AC DST
| | ] ] | | ] | ] | ]
MA-1302-90.0G .

Figure 9-26 Store Exponent

Format: STEXP AC,DST
Operation: (DST) «— EXP(AC) —200.
Condition Codes: C,—FCO
V,FV «— 0
Z,FZ — 1if(DST)=0,else Z, FZ «— 0
N, FN «— 1if (DST) < 0, else N, FN «— 0
Description: Convert the AC exponent from excess 200 notation to 2’s complement
and store the result in DST.
Interrupts: This instruction does not trap on 0. Overflow and underflow cannot
occur.
Accuracy: This instruction is exact.
STF/STD
Store Floating/Double 174(AC)FDST
15 12 1 08 07 06 05 00
| | I | 1 1 | I I i !
1 1 1 1 1 0 0 0 AC FDST
| | | 1 ] | | ] | | ]
MA-1303-90.DG

Figure 9-27 Store Floating/Double

Format:
Operation:
Condition Codes:

Description:
Interrupts:

Accuracy:
Special Comment:

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. '

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-E. 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.
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STFPS
Store Floating-Point Program Status 1702DST
15 12 1 06 05 00
i | ] | | ! ! | ! | I | ]
1 1 1 1 0 0 0 0 1 0 DST
| ] ] ] 1 | 1 ] | 1 l ] ]
MA-1304-80.0G

Figure 9-28 ' Store Floating-Point Program Status

Format:
Operation:
Description:
Special Comment:

STFPS DST
(DST) «— FPS
Store the floating-point status register in DST.

Bits 13, 12, and 4 are loaded with 0. All other bits are the
corresponding bits in the FPS.

STST
Store FPP's Status 1703DST
15 12 1 06 05 00
| | | 1 ] ] I | I i | 1 1
1 1 1 1 0 0 0 0 1 1 DST
| | | | | 1 | ] | ] | | |
MA-1305-90.DG

Figure 9-29 Store FPP’s Status

Format:
Operation:
Description:

STST DST
(DST) «— FEC (DST + 2) «— FEA.
Store the FEC and FEA in DST and DST + 2. Note the following.

If the destination mode specifies a general register or immediate
addressing, only the FEC is saved.

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



Floating-Point Arithmetic 9-29

SUBF/SUBD
Subtract Floating/Double 173(AC)FSRC
15 12 1 08 07 06 05 00
1 1 | AL | | T | | 1 1 |
1 1 1 1 0o 1 1 0 AC FSRC
L | | | ] | L 1 1 | {
MA-1306-90.0G

Figure 9-30 Subtract Floating/Double

Format:

Operation:

Condition Codes:

Description:

Interrupts:

Accuracy:

-Special Comment:

SUBF FSRC,AC

Let DIFF = (AC) -~ (FSROQ).

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 «— 1if (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 accordance with the values of the FD and
FT bits in the FPS register. The result is stored in AC except for:

Overflow with interrupt disabled
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 like-signed operands with exponent difference of 0 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:

LSB in chopping mode with either single- or double-precision
1/2 L'SB in rounding mode with either single- or double-precision

The undefined variable -0 can occur only in conjunction with overflow
or underflow. It is stored in AC only if the corresponding interrupt is
enabled.
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TSTF/TSTD
Test Floating/Double 1702FDST
15 12 1 06 05 ) 00
{ L I 1 I | | ] !
1 1 1 0 0 0 1 0 1 FDST -
] | | L | ] | | L I ]
MA-1307-80.DG

Figure 9-31 Test Floating/Double

Format:

Operation:
Condition Codes:

Description:
Interrupts:

Accuracy:

TSTF FDST
(FDST)

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

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

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

These instructions are exact.
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Programming Techniques

10.1 Introduction

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

10.2 Position-independent Code (PIC)

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 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 (that is, dependent on the virtual address to which it is bound).

The KDJ11-E 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. PIC 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 (for example, a library routine). To make
optimum use of the virtual address space of a task, 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.

10.2.1 Use of Addressing Modes in the Construction of
Position-Independent Code

The construction of PIC is closely linked to the proper use of addressing modes . The
remainder of this explanation assumes the reader is familiar with the addressing modes
described in Chapter 7.

10-1
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~ The following addressmg 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 are supplied independently of a particular virtual
memory location.

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 a case,
absolute addressing (@#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 (for example, a control block offset), the reference is
position-independent. The following is an example:

MOV 2(SP),R0 ;POSITION-INDEPENDENT
N=4
MOV N(SP),R0 ;POSITION-INDEPENDENT

If, however, X is a relocatable address, the reference is posxtlon-dependent as the
followmg example shows:

CLR ADDR(R1) ;POSITION-DEPENDENT

Immediate mode can be either position-independent or not, according to its use.
Immediate mode references 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.
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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 PSW from
a relocatable instruction, as in this example:

Mov @#PSW,R0 ;RETRIEVE STATUS AND PLACE IN REGISTER

10.2.2 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.
Embedded 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 is modified to illustrate position-dependent references. The second
example is the position-independent version.

Position-Dependent Code

PWRUP::
CLR "<SP) : ;ASSUME SUCCESS
CALL " XPAA ;PUSH (SAVE)
;ARGUMENT ADDRESSES
;ONTO STACK
WORD 1.,$PSW ;CLEAR PSW, AND
~ :SET R1=R2 SP
MOV $0TSVR4 :GET OTS IMPURE
;AREA POINTER
MOV (SP)+,R2 :GET AST ENTRY
;POINT ADDRESS
BNE 10$ ;IF NONE SPECIFIED,
;SPECIFY NO POWER
CLR —(SP) ;RECOVERY AST SERVICE
BR 20$ ;
10$: H
MOV R2,F.PF(R4) ;SET AST ENTRY POINT
MOV #BA, (SP) ;PUSH AST SERVICE
;ADDRESS
20%: ;

CALL ~  XEXT ;ISSUE DIRECTIVE, EXIT.
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109.,2.

.BYTE

BA: MoV RO, (SP)
MoV R1, (SP)
MoV R2, «SP)

Position-Independent Code

PWRUP::
CLR ~(SP)
CALL X.PAA
WORD 1.,$PSW
MoV @ $OTSV,R4
MOV (SP)+,R2
BNE 108
CLR —(SP)
BR : 20$
10$:
MOV R2,F.PF(R4)
MOV PC, -(8P)
ADD BA- .(SP)
20$:
CALL X.EXT
.BYTE 109.,2.

PUSH (SAVE) R0
PUSH (SAVE) R1
:PUSH (SAVE) R2

;ASSUME SUCCESS

;PUSH ARGUMENT
;ADDRESSES ONTO
;STACK

;CLEAR PSW, AND

_iSET R1=R2 SP.

;GET OTS IMPURE
;AREA POINTER

;GET AST ENTRY
;POINT ADDRESS

;IF NONE SPECIFIED,
;SPECIFY NO POWER

;RECOVERY AST SERVICE

;SET AST ENTRY POINT
;PUSH CURRENT LOCATION

;COMPUTE ACTUAL LOCATION
;OF AST

;ISSUE DIRECTIVE, EXIT.

;ACTUAL AST SERVICE ROUTINE:
; 1) SAVE REGISTERS

; 2) EFFECT A CALL TO SPECIFIED
SUBROUTINE

; 3) RESTORE REGISTERS ;
; 4) ISSUE AST EXIT DIRECTIVE
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.
b

BA: MOV RO, (SP) ;PUSH (SAVE) RO
MOV R1, (SP) ;PUSH (SAVE) R1
MOV R2, (SP) ;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 does 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 $OTSV 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 PC. In this case, the value is obtained by
adding the value of the PC 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 virtual address space of the image.

10.3 Stacks

The stack is part of the basic design architecture of the KDJ11-E. 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 Last In, First Out (LIFO) basis, where items are retrieved in 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 an SP. 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 R7 (the PC) may be used as an SP under program control; however,
instructions associated with subroutine linkage and interrupt service automatically use
R6 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.
Byte stacks (Figure 10-1) require instructions capable of operating on bytes rather than
full words.

10.3.1 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
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Word Stack
007100 Item #1
007076 Item #2
007074 item #3
007072 ltem #4 jt— SP 007072
007070
007066
007064
Byte Stack
007100 ltem #1
007077 Item #2
007076 ltem #3
007075 Item #4 — SP 007075
Note:

Bytes are arranged in
words as follows:

Byte 3 | Byte 2
Byte 1 | Byte O

\___Y_____J

Word

MA-1308-90.DG
Figure 10-1 Word and Byte Stacks
10.3.2 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
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After an item has been popped, its stack location is considered free and available for
other use. The SP points to the last-used location, implying that the next lower location
is free. Thus, a stack may represent a pool of shareable temporary storage locations.
Figure 10-2 illustrates the push and pop operations.

High Memory

Low Memory

l¢— SP

Stack
Area

1 An empty stack area

EO

E1

E2 — SP
4 Another push

Eo E3

Et &— SP

7 Pop

EO

«—Sp

2 Pushing a datum

onto the stack

EO

/EZ

E1

tt—— SP

5 Pop

Figure 10-2 Push and Pop Operations

10.3.3 Deleting ltems from a Stack

The following techniques may be used to delete items from a stack:

To delete one item from a byte stack:

INC SP or TSTB(SP)+

To delete two items from a word stack:

ADD#2,SP or TST(SP)+

To delete 50 items from a word stack:

ADD#100.,SP

EO

E1

— SP

3 Pushing another
datum onto the

stacks
EO
E1
E3 j«— SP
6-Push
MA-1309-90.0G
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10.3.4 Stack Uses
A stack is used in the following ways:

1.

2.

Oﬂ;en, one of the general-purpose registers must be used in a subroutine or interrupt
service routine and then be 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 to 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

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 that has been saved at the beginning of a subroutine. If R6 is saved
in R5 at the beginning of the subroutine, R5 may be used to index the arguments.
During this time, R6 is free to be incremented and decremented while being used
as the SP. If R6 is used directly as the base for indexing and is not copied, it may
be difficult to keep track of its position in the argument list, since the base of the
stack changes with every autoincrement/decrement.

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

Return from a subroutine also involves the stack, as the return instruction, RTS,
must retrieve information stored there by the JSR.
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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 to insist
that the subroutine keep the number of arguments as its first stack item. Returns
from subroutines then involve calculating the amount by which to reset the SP,
resetting the SP, and then storing the original contents of the register that was
used as the SP copy. '

5. Stack storage is used in trap and interrupt linkage. The PC and the PSW of the
executing program are pushed on the stack.

6. 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.

7. 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, and so on.

10.3.5 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 MOV R1,TEMP1 ;SAVE R1

SUBR:
076324 000074 1
076326 010267 MOV R2,TEMP2 ;SAVE R2
076330 000072 *
076410 016701 MOV TEMP1,R1 ;RESTORE R1
076412 000006 1
076414 016702 MOV TEMP2,R2 ;RESTORE R2
076416 000004 *1
076420 000207 RTS PC
076422 000000 TEMP1:0

076424 000000 TEMP2:0

1Index constants
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Using the Stack

Note that in this case, R3 is being used as an SP and has been previously set to point to
the end of an unused block of memory.

Assembler

Address Octal Code Syntax Comments
010020 010143 MOV R1, (R3) ;PUSH R1

SUBR:
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

The second routine uses four fewer words of instruction code and two words of temporary
stack storage. Another routine may 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 INC instruction is preferable to MOVB, since it accomplishes
the task of eliminating the unwanted character from the stack by readjusting the SP
without the need for a destination location. Note also, that the SP used in this example
cannot be the system SP (R6) because R6 may point only to word (even) locations, Se
Figure 10-3. :
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001011
001010

001007

001006 INC R3

001005

001004
001003

MmOl |mwlc]O

001002 jt— R3 001002

Nixim|E|O|4A|w|lc|O

001001 — R3 001001

LJ-00253-TI0
Figure 10-3 Byte Stack Used as a Character Buffer

10.3.6 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 executing a MOV reg, (R6). 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 104 shows the
conditions before and after the subroutine instruction JSR R5, 1064 is executed.
Because hardware already uses general purpose register 6 to point to a stack for saving
and restoring PC and PSW 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
(RS5) = 000132 (RS) = 001004
(R6) = 001776 (R4) = 001774
(PC) = (R7) = 001000 (PC) = (R7) = 001064

002000 nnnnn 002000 nnnnn
001776 mmmmmm  jet— SP 001776 001776 mmmmmm
001774 001774 000132 SP 001774
001772 001772

LJ-00251_Ti0

Figure 10-4 JSR Stack Condition Example

10.3.6.1 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 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.
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10.3.6.2 Subroutine Advantages
The JSR instruction provides several advantages to the subroutine calling procedure.

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 need
to be 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 poppmg this
information from the stack in the order opposite to the JSRs.

This 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.

10.3.7 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 CSR. The CPU completes the instruction
being executed, then acknowledges the interrupt, and vectors to an interrupt service
routine. The service routine transfers the data and may perform calculations with it.
After the interrupt service routine is complete, the computer resumes the program that
was interrupted by the high-priority request.

10.3.7.1 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 PSW. Upon interrupt, the contents of the PC (address of next
instruction) and the PSW are automatically pushed onto the R6 system stack. The effect
is the same as executing:

MOV PS,-(SP) ;PUSH PSW
MOV PC,«(SP) ;PUSH PC

The new contents of the PC and PSW are loaded from two preassigned consecutive
memory locations 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 PSW 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 is set under program control.
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After the interrupt service routine is complete, an RTI is performed. The top two words
of the stack are automatically popped and placed in the PC and PSW, respectively, thus
resuming the interrupted program. Interrupt service programming is intimately involved
with the concept of CPU and device priority levels.

10.3.7.2 Nesting :

Interrupts can be nested in much the same manner that subroutines are nested
(Figure 10-5). It is possible to nest any arbitrary mixture of subroutines and interrupts
with out any confusion. When the respective RTI and RTS instructions are used, the
proper returns are automatic.

1. Process O is running; SP s SP - PO 7. Subroutine A releases the temporary PO
pointing to location PO. storage holding TA1 and TA2. f,’§°
0 TE
PS
2. Interrupt stops process 0 with PO PC
PC=PC0,and status=PS0, starts PSO SP —p» PC2
process 1. SP —»| PCO
0
0
8. Subroutine A returns control to PO
3. Process 1 uses stack for temporary PO 55 process 2 with an RTS R7; PC is p_FP%
storage (TEO,TE1). PEo reset 1o PC2. 7 35
TEO -
SP —» TE1 S
SP —p»-] [4]
0
0
4, Process 1 interrupted with PC=PC1 PO
and stalus=PS1; process 2 is started. P50 9. Process 2 completes with an RTI Po
Pco instruction (dismiss interrupt); PSO
TE PCO
T PC is reset to PC1 and status —Tto
PS PC is reset to PC1 and status SP —» TE1
SP -3 pPC Is reset to PS1 and status. 0
0
SR PO 10. Process 1 releases the PO
5. Process 2 is running and does a PSO
F—Fss 1 temporary storage holding TEO
R7, A to subroutine A with PC=PC2. sgg MTTE,TY g 9 SP = PCO
TEO 0
1E
S
C 11. Process 1 completes its operation SP -3 P0
SP ~» PC2 with an RTI, PC is reset to
0 PCO, and F status is reset to PS0. 0
6. Subroutine A is running and uses PO
PS0
ra .
stack for temporary storage 500
TE
TE
PS
PC
PC?
TA
SP —» TA;
0
MA-1310-90.06

Figure 10-5 Nested Interrupt Service Routines and Subroutines

10.3.8 Reentrancy

Other advantages of the KDJ11-E stack organization occur in programming systems
that handle several tasks. Multitask program environments range from simple single-
user applications that manage a mixture of I/O interrupt service and background data
processing (as in RT-11), to complex multiprogramming systems that manage an intricate
mixture of executive and multiuser programming situations (as in RSX-11).
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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. At any time, tasks can exist in various stages of completion in the same
routine. Thus, the situation shown in Figure 10-6 may occur.

Memory Memory

Program 1 Program 1]  Subroutine A Subroutine A

Program 2| Subroutine A

Program 3
Program 2| Subroutine A Subroutine A
Program 3| Subroutine A Subroutine A

KDJ11-E Approach Conventional Approach

Programs 1,2, and 3 can A separate copy of subroutine A must

share subroutine A. be provided for each program.

MA-1311-80.0G

Figure 10-6 Reentrant Routines

10.3.8.1 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:

¢ It is generally considered easier to debug than standard code.
¢ It can be kept in read-only memory (is read-only protected).
Using reentrant code, control of a routine can be shared as follows (Figure 10-7).

Task A requests processing by reentrant routine Q.

2. Task A temporarily gives up control of reentrant routine Q before it completes
processing.

3. Task B starts processing the same copy of reentrant routine Q.
Task B completes processing by reentrant routine Q.
5. Task A regains use of reentrant routine Q and resumes where it stopped.
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Task A

Reentrant

L >
Routine G
[———b

Task B

MA-1312-60.DG

Figure 10-7 Sharing Control of a Routine

10.3.8.2 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 PSW and current contents
of the general purpose registers are saved and replaced by the appropriate values for the
task being entered. Therefore, reentrant code must use the general purpose registers and
the stack for any counters, pointers, or data to be modified or manipulated in the routine.

The context switch occurs whenever a new task is allowed to execute. It causes all of the
general purpose registers, the PSW, 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 SP
value is loaded into R6, thereby causing a new area to be used as the stack when the
second task is entered.

The following guidelines should be followed 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 general purpose
register.

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.

10.3.9 Coroutines

In some programming situations, several program segments or routines are highly
interactive. 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 one 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 destination address on top of the stack
and the PC serving as the linkage register, as follows:
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JSR PC,@R6)+

10.3.9.1 Coroutine Calis

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,
permitting the two routines to swap control and resume operation where each was
terminated by the previous swap. An example is shown in Figure 10-8. Notice that the
coroutine linkage cleans up the stack with each control transfer.

ROUTINE A STACK ROUTINE B COMMENTS
MOV #LOC-(SP) LOC <SP LOC is pushed onto the stack
to prepare for the coroutine call.
) Loc: When the call is executed the PC
JSR PC,@(SP)+ PCO <=SP from routine A Is pushed on the
(PCO) stack and execution continues
’ at LOC.
JSR PC,@(SP)+ Routine B can return control to
PC1 sp (PC1) routine A by another coroutine call.

PCO is popped from the stack and
execution resumes in routine A

just after the cali to routine B,

(that is, at PCO). PC1 is saved on the
stack for a later return to

routine B.

MA-1348-90.0G

Figure 10-8 Coroutine Example

10.3.9.2 Coroutines Versus Subroutines
Coroutines can be compared to subroutines in the following ways:

A subroutine is considered 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 10-9.

The call and return instructions for coroutines are the same.

JSR PC,8(SP)+

This one instruction also cleans up the stack with each call. The last coroutine call
leaves an address on the stack that must be popped if no further calls are to be made.
See Section 10.3.6.1 for information on the return from subroutine instruction.
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¢ 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 " 1stLOC:
Y
* JSR Rn, LOC
JSR PC,@ (SP)+ ——— Y
\ # RTS
JSR.PC,@ (SP)+ Y
JSR Rn, LOC
Y
JSR PC,@ (SP)+

N

JSR PC,@ (SP)+

MA-1313-90.DG

Figure 10-9 Coroutines Versus Subroutines

10.3.9.3 Using Coroutines
Coroutines should be used in the following situations:

*  Whenever two tasks must be coordinated in their execution without obscuring the
basic structure 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,
and so on.

¢ To add clarity to the process being performed, to ease in the debugging phase, and so
on.

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 program clarity and to aid in
debugging by isolating details. Subroutines are not satisfactory in this case, as too much
information has to be passed to the subroutine each time it is called. Coroutines could
be effectively used, with one routine performing as the assembly pass 1 routine and the
other extracting one item at a time from the current input line. Figure 10-10 illustrates
this example.

Coroutines can be utilized in I/O processing. Figure 10—10 shows coroutines used in
double-buffered I/O using I0X. The flow of events may be described as follows:
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Write 01
Read I1 concurrently,
Process 12
then
Write 02
Read 12 concurrently,
Process I1
Figure 10-11 illustrates a coroutine swapping interaction.
ROUTINE A ROUTINE B
Start and Skip
Blanks
l Nonblank
Read Name e Process Name
Skip Blanks

¢ l

Process Mnemonics f———————— Read Mnemonics

|

Read Address
‘ Line Terminator
Semicolon
1 ,
Skip Comment e End
MA-1314-90.0G

Figure 10-10 Coroutine Path
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Routine #1 is operating, it then
executes:
MOV #PC2,-(R6) SP —3» PC2
JSR PC,@(R6)+

with the following results:

1. PC2is popped from the stack
and the SP is autoincremented.

2. SP is autodecremented and
the old PC (PC1) is pushed.

3. Control is transferred to the SP —»
location PC2 (routine #2).

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 #2 is operating, it then l

SP —» PC1

MA-1315-90.0G

Figure 10-11  Coroutine 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 is autoincremented. |
2. SP is autodecremented and the old PC (PC1) is pushed.

3. Control is transferred to the location PC2 (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.

10.3.10 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 LIFO queue) sets up a natural unraveling to
each routine just after the point of departure. Figure 10—-12 shows a typical flow for a
recursive routine.
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Main Program

'y

Sub 1

Sub 2

Sub 2

MA-1316-80.DG

Figure 10-12 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 ;RECURSE
R5,DNCF
1$ ,
RTS R5 sRETURN TO 1$ FOR
;EACH CALL, THEN TO
;MAIN PROGRAM

The routine DNCF calls itself until the variable tested becomes equal to 0. Then it exits
to 18§, 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 lead to slower programs than the corresponding
interactive techniques, but recursion does produce shorter programs, and thus saves
memory space. Both the brevity and clarity produced by recursion are important in
assembly language programs.

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
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SM =1 + FX)

and
FX) = 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 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 and 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
may be generated.

10.3.11 Processor Traps

Certain errors and programming conditions cause the KDJ11-E 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 A memory management
violation'(MMUERR) violation causes an abort
and traps to location 250g.
Timeout error! (BUSERR) No response from a bus device during

a bus transaction causes an abort
and traps to location 4s.

Parity error! (PARERR) A parity error signal received by the
processor during a bus transaction
causes an abort and traps to location

114s.
Trace (T) bit! If PSW bit 4 is set at the end of instruction
execution, the processor traps to location 14s.
Stack overflow! (STKOVF) If the KSP was pushed below 4005

during instruction execution, the
processor traps to location 45 at
the end of the instruction.

INonmaskable software cannot inhibit the condition. MMUERR, BUSERR PARERR are mutually exclusive
when the processor is executing a program.
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Condition 4 Description

Power fail! (PFAIL) . If the power OK bus signal (BPOK H) was
negated during instruction execution, the
processor traps to location 245 at the
end of the instruction.

Interrupt level 7 (BIRQ7) If device interrupt requests are

Interrupt level 6 (BIRQ6) asserted and PSW <«7:5> are properly

Interrupt level 5 (BIRQb) set, the processor at the end of the

Interrupt level 4 (BIRQ4) present instruction execution
initiates an interrupt vector
sequence on the bus. These inputs
are maskable by PSW <7:6>.

PSW <7:5> Levels Inhibited

7 All
6 6,54
5 5,4
4 4
0-3 None
Halt line ' If the BHALT L bus signal is asserted during the

service state, the processor enters ODT mode.

INonmaskable software cannot inhibit the condition. MMUERR, BUSERR PARERR are mutually exclusive
when the processor is executing a program.

10.3.11.1 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 PC and PSW
are pushed onto the processor stack and are replaced by the contents of a 2-word trap
vector containing a new PC and new PSW. The return sequence from a trap involves
executing an RTI or RTT instruction, which restores the old PC and old PSW 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. This routine is called a trap handler.

A trap handler must accomplish several tasks. It must save and restore all necessary
general purpose registers, 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, ’
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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.

10.3.11.2 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 following example:

.MACRO SUB2 ARG
MOV ARG, RO
TRAP +1

.ENDM

When expanded, this macro sets up the one argument required by the routine in R0, 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 the
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, and so
on. This coding is made accessible to the program through a series of macro calls that
expand into EMT instructions with low bytes, indicating the routine or group of routines
to which the desired routine belongs. Often a general purpose register 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

CMs3, 2.

.ENDM
CMS3 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) is 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.)



10-24 Programming Techniques

10.3.12 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. 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.

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:
The following example uses a 3-bit word:

DIV: MOV #3,(SP) ;SET UP DIGIT COUNTER
. CLR(SP) ;CLEAR RESULT
1$ ASL (SP)
ASLRI1
ROL R0
CMP RO,R3
BLT 2$
SUBR3,R0 ;R0 CONTAINS REMAINDER
INC (SP) * ;INCREMENT RESULT
28 'DEC2(SP)  ;DECREMENT COUNTER
BNE $1

Therefore, to divide 7 by 2:

RO = 000 remainder
Rl=111 7 (multiplicand)
R3 =010 2 (multiplier)
Chit=0

Stack

011 counter

000 quotient

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

At the conclusion of the routine:
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RO = 001 remainder

R1 = 000

R3 =010

Stack

000 counter
011 quotient

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 221, 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 102 = 0.

221
-100

121 count for 10% = 1
-100

21 count =2
-100

Negative, so reduce power, and count for 10? = 2.

21
-10

—11 count for 10' = 1

11
-10

1 count =2
-10

Negative, so count for 10! = 2.
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No lower power, so remainder is 1.
Answer = 022, remainder 1.

Multiplicatioh is also approached in one of two ways.

1. Multiplication can be done with a combination of rotates and additions.
Example:
The following example uses a 3-bit word:

CLR RO ;HIGH HALF OF ANSWER
MOV #3,CNT  ;SET UP COUNTER
MOV ;MULTIPLICAND
R1,MULT,
MORE: ROR R2

BCC NOW

ADD MULT,RO

;IF INDICATED,

ADD

;MULTIPLICAND
NOW; ROR RO

RO4 R1

DEC CNT

BNE MORE

- MULT: 0

CNT: 0

The following conditions exist for 6 X 3.

RO =000 high-order half of result
R1=110 multiplicand
R3 =011 multiplier

After the routine is executed:
RO = 010 high-order half of result
R1 =010 low-order half of result
R2 =100

CNT =0



-MULT = 110

2. The
sec-
ond
method
of
mul-
ti-
pli-
ca-
tion
is
repet-
i-
tive
ad-
di-
tion.

Example:

Multiplication of RO by 505(101000).

MULS50:
If RO contains 7:

RO = 111
After execution:

RO =

100011000
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MOV RO, -(SP)
ASL RO

ASL RO

ADD (SP)+,R0
ASL RO

ASL RO

ASL RO
RETURN

(7s * 505 = 430s)

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 6 ASCII characters in the buffer addressed by R2.

ouT: MOV #5,R0

LOOP: MOV R1,(SP)
BIC #177770,@SP
ADD #0,8SP
MOVB (SP)+, «(R2)
ASR R1
ASR R1

;LOOP COUNT

;COPY WORD INTO STACK
;ONE OCTAL VALUE
;CONVERT TO ASCII
;STORE IN BUFFER
;SHIFT

;RIGHT
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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

10.4 Programming the Processor Status Word

The current processor status can be read and written using several programming
techniques on the PSW. The PSW has an 1/0 address of 17777776. The KDJ11-E
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 PSW and the second instruction moves the contents of the
PSW to general register 0.

The PSW explicit address (17 777 776) can be accessed on a word or byte basis. The

KDJ11-E recognizes the PSW odd address (17 777 777) and the access result is identical
to an odd memory address reference.

Another technique is to use the two dedicated PSW instructions, MTPS and MFPS. These

instructions only reference the even byte. If memory management is enabled, certain
PSW bits are protected.

10.5 Programming Peripherals

Programming LSI-11 bus compatible modules (devices) is simple. A special class of
instructions that deals with I/O 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 information transfer and data manipulation) are performed by normal memory
reference instructions.

The use of all memory reference instructions on device registers greatly increases the
flexibility of I/O 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 DLV1l 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.
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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 adds 10 to the DRV11 output buffer. All read
/write device registers can be treated as accumulators. There is no need to funnel all
data transfers, arithmetic operations, and comparisons through one or a small number of
accumulator registers.

10.6 PDP-11 Programming Examples

The programming examples that follow show how the instruction set, addressing modes,
and programming techniques can be used to solve some simple problems. The format
used is MACRO-11.

Program Program Op
Address Counter Label Code Operand Comments

;PROGRAMMING EXAMPLE
;SUBTRACT CONTENTS OF LOCS 700-
710

;FROM CONTENTS OF LOCS 1000-1010

000000 R0=%0
000001 R1=%1
000002 R2=%2
000003 R3=%3
000004 Rd=%4
000005 R5=%5
000006 SP=%6
000007 PC=%7
000500 =500
000500 012706 START: MOV #.,SP ;INIT STACK POINTER
000500
000504 012701 MOV #700,R1
000700
000510 012702 MOV #712,R2
000712
000514 012703 MOV #1000,R3

001000
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- Program Program , Op
Address Counter Labe Code Operand Comments

000520 012704 MOV #1012,R4

001012
000524 005000 CLR RO
000526 005005 CLR R5
000430 062105 SUM1: ADD (R1+R5 ;START ADDING
000532 020102 CMP R1L,R2  ;FINISHED ADDING?
000534 001375 BNE SUM1  ;IF NOT BRANCH BACK
000536 062300 SUM2: ADD (R3)+R0 ;START ADDING
000540 020304 CMP R3R¢  FINISHED ADDING?
000542 001375 BNE SUM2 ;IF NOT BRANCH BACK

000544 160500  DIFF: SUB R5,R0 ;SUBTRACT RESULTS

000546 000000 HALT ;THAT’S ALL FOLKS
000700 =700
000700 000001 WORD 1,2,3,4,6

000702 000002
000704 000003
000706 000004
000710 000005

001000 - .=1000
001000 000004 WORD 4,5,6,7,8
001002 000005
001004 000006
001006 000007
001010 000010

000500 END
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Program Program Op ‘
Address Counter Label Code Operand Comments
;PROGRAM TO COUNT NEGATIVE
NUMBERS
;IN A TABLE
;20. SIGNED WORDS
;BEGINNING AT LOC VALUES
;COUNT HOW MANY ARE NEGATIVE
INRO
R0=%0
R1=%1
R2=%2
SP=%6
PC=%7
=500
START: MOV#.,SP ;SET UP STACK
MOV #VALUE,R1 ;SET UP POINTER
MOV ;SET UP COUNTER
#VALUES+40.,R2
CLR RO
CHECK: TST (R1)+ ;TEST NUMBER
BPL ;POSITIVE?
NEXT
INC ;NO, INCREMENT
RO ;COUNTER
NEXT CMP R1,R2 ;YES, FINISHED?
BNE ‘ , ;NO, GO BACK
CHECK
HALT ;YES, STOP
VALUES:0

.END
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Program Program
Address Counter Label

Op
Code Operand Comments

START:

CHECK:

NO:

RO0=%0
R1=%1
R2=%2
R3=%3
SP=%6
PC=%7

=500

MOV #..SP
MOV #16.,R1

MOV
#SCORES,R2

MOV
#AVERAGE,R3

CLR RO

CMP (R2)+,(R3)
BLE NO

INC RO
DECR1

BNE CHECK
HALT

AVERAGE:65.

;PROGRAM TO COUNT ABOVE
AVERAGE QUIZ SCORES

;LIST OF 16. QUIZ SCORES
;BEGINNING AT LOC SCORES
;KNOWN AVERAGE IN LOC AVERAGE
;COUNT IN R0 SCORES ABOVE
AVERAGE

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

;COMPARE SCORE AND AVERAGE

;LESS THAN OR EQUAL
;TO AVERAGE?

;NO, COUNT

;YES, DECREMENT COUNTER
;FINISHED? NO, CHECK

;YES, STOP

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

.END
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Program Program Op
Address Counter Label Code Operand Comments
;PROGRAMMING EXAMPLE
;ACCEPT (IMMEDIATE ECHO) AND
;STORE 20. CHARS
;FROM THE KEYBOARD, OUTPUT CR
& LF
;ECHO ENTIRE STRING FROM
STORAGE
R0=%0
R1=%1
SP=%6
CR=15
LF=12
TKS=177560
TKB=TKS+2
TPS=TKB+2
TPB=TPS+2
.TITLE
ECHO
.=1000
START: MOV #.,SP ;INITIALIZE STACK POINTER
MOV #SAVE+2,R0 ;SA OF BUFFER
;BEYOND CR & LF
MOV #20.,R1 ;CHARACTER COUNT
IN: TSTB @4#TKS ;CHAR IN BUFFER?
BPL ;JF NOT BRANCH BACK
IN ;AND WAIT
ECHO: TSTB @#TPS  ;CHECK TELEPRINTER
;READY STATUS
BPL ECHO
MOVB  @#TKB,@#TPB ;ECHO CHARACTER
MOVB  @#TKB,(R0)+ ;STORE CHARACTER AWAY
DEC R1
BNE IN ;FINISHED INPUTTING?
MOV #SAVE RO ;SA OF BUFFER INCLUDING

;CR & LF
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- Program Program

Address Counter Label

Op
. Code Operand Comments

MoV #22.R1 ;COUNTER OF BUFFER
; INCLUDING CR & LF
OUT: TSTB @#TPS ;CHECK TELEPRINTER
;READY STATUS
BPL ouT
MOVB (R0)+,@#TPB ;OUTPUT CHARACTER
DEC R1
BNE ouT ;FINISHED OUTPUTTING?
HALT
SAVE: .BYTE CR,LF
=420,
.END
Program Program Op
Address Counter Label Code Operand Comments
;PROGRAMMING EXAMPLE
;SUBROUTINE TO INPUT TEN VALUES
INPUT: MOV ;SET UP SA OF
#BUFFER,RO ;STORAGE BUFFER
MOV # -10.,R1 ;SET UP COUNTER
IN: TSTB @#TKS ;TEST KYBD READY STATUS
BPL IN
OUT: TSTB @#TPS ;TEST TTO READY STATUS
BPL OUT
MOVB ;ECHO CHARACTER
@#TKB,@#TPB
"MOVB ;STORE CHARACTER
@#TKB,(R0)+ :
INCR1 ;INC COUNTER
BNE IN
RTS PC ;EXIT
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Program Program .
Address Counter Label

Op
Code Operand Comments

SORT:
NEXT

LOOP:

LT

GT:

INSERT:

COUNT:
LINE1:

LINE2:
BUFFER:

;PROGRAMMING EXAMPLE
;SUBROUTINE TO SORT TEN VALUES

MOV #-10.,R4

MOV COUNT,R3
MOV #BUFFER+9.,R0
ADD R3,R0

MOVB (R0)+,R1
CMPB (R0)+,R1

BGE GT

MOVB —(R0),R2
MOVB R1,(R0)+

MOV R2,R1

INCR3

BNE LOOP

MOVB R1,BUFFER+10.(R4)
INC R4

INC COUNT

BNE NEXT

MOV # - ;RESTORE LOCATION COUNT
9.,COUNT

RTS PC ;EXIT

.WORD -9.

ANCIVINPUT ANY TEN SINGLE-DIGIT VALUES (0-9);I'LL/
ASCIIVSORT AND OUTPUT THEM IN/

.ASCIV/SMALLEST TO LARGEST ORDER/
=.+10.
END INITSP ~ FINISHED!!

Program Program
Address Counter Label

Op
Code Operand Comments

;PROGRAMMING EXAMPLE
;SUBROUTINE EXAMPLE

;INPUT TEN VALUES, SORT, AND
;OUTPUT THEM IN SMALLEST TO
LARGEST ORDER
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Program Program
Address Counter Label

Op
Code Operand Comments

RO=%0

Ri=%1

R2=%2

R3=%3

R4=%4

R6=%5

SP=%6

PC=%"7

TKS=177560

(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
INITSP: MOV #,SP ;INITIALIZE STACK POINTER
JSR PC,CRLF ;GO TO CRLF SUBROUTINE
JSR R5, OUTPUT ;GO TO OUTPUT SUBROUTINE
LINE1 ;SA OF LINE 1 BUFFER
69. ;NUMBER OF OUTPUTS
JSR PC,CRLF ;GO TO CRLF SUBROUTINE
JSR R5,0UTPUT ;GO TO OUTPUT SUBROUTINE
LINE2 ;SA OF LINE 2 BUFFER
26. ;NUMBER OF OUTPUTS
JSR PC,CRLF ;GO TO CRLF SUBROUTINE
JSR PC,INPUT ;GO TO INPUT SUBROUTINE
JSR PC,SORT ;GO TO SORT SUBROUTINE
JSR PC,CRLF ;GO TO CRLF SUBROUTINE
JSR R5,0UTPUT ;GO TO OUTPUT SUBROUTINE
BUFFER ;INPUT BUFFER AREA
10. ‘ ;NUMBER OF OUTPUTS
JSR PC,CRLF
HALT ;THE END!!!
Program Program
Address Counter Label Code Operand Comments
;PROGRAMMING EXAMPLE
;SUBROUTINE TO OUTPUT A CR & LF
CRLF:  TSTB @#TPS ;TEST TTO READY STATUS

BPL CRLF
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Program Program

Address Counter Label Code Operand Comments
MOVB ;OUTPUT CARRIAGE RETURN
#15,@#TPB
LNFD: TSTB @#TPS ;TEST TTO READY STATUS
BPL LNFD
MOVB ;OUTPUT LINE FEED
#12,@#TPB
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
INCR1 ;BUMP COUNTER
BNE AGAIN
RTS R5

10.7 Looping Techniques

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

1. Autoincrement (pointer address in general purpose register)

LOOP:

R0=%0
MOVE #TBL,RO

CLR (RO)+
CMP RO,#TBL+100.
BNE LOOP

2. Autodecrement (pointer and limit values in general purpose register)
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LOOP:

R0=%0

Ri=%1

MOV #TBL,RO
MOV #TBL+100.,R1

CLR—R1)
CMP R1,R0
BNE LOOP

3. Counter (decrementing a general purpose register containing count)

LOOP:

RO=%0

R1=%1

MOV #TBL,RO
MOV #50.,R1

CLR (R0)+
DECR1
BNE LOOP

4, Index Register Modification (indexed mode, modifying index value)

LOOP:

R0=%0
CLR RO

CLR TBL (R0)
ADD #2,R0
CMP R0,#100.
BNE LOOP

5. Faster Index Register Modification (storing values in general purpose register)

LOOP:

RO=%0
R1=%1
R2=%2

MOV #2,R1
MOV #100.,R2
CLR RO

CLR TBL (R0)
ADD R1,R0
CMP RO,R2
BNE LOOP

6. Address Modification (indexed mode, modifying base address)

LOOP:

R0=%0 .
MOV #TBL,RO

CLR 0(R0)

ADD #2,LOOP+2
CMP LOOP+2,#100.
BNE LOOP



A

Setup Parameters Worksheet

Two worksheets for each mode (video terminal or hardcopy) are provided for you to
record the original setup parameter selections and the new setup parameters selections
contained in the EEPROM of the KDJ11-E CPU module:

¢ Fill out the original worksheet when you install a KDJ11-E CPU module.
¢ Fill out the new worksheet when you change the parameter selections.

The information on these worksheets is used for programming any future replacement
KDJ11-E CPU module.

Leave the worksheets with the system for future use.
Refer to Chapter 4 for more information on setup.

A-1



A-2 Setup Parameters Worksheet

A.1 Original Setup Menu Worksheet - Video Terminal Support

KDJ11-E Monitor Version 1.06
Licensed to Digital Equipment

Corporation

Unibus System

Memory

EEproﬁ

Time
Boot  Dev. Unit

1 :

2

3

4

5

6
Lines Address / Vec
Line 1 / |
Line 2 /
Line 3 /
Line 4 /
Line 5 /
Line 6 /

Line 7 /

Address

Baud

Disable UBA ROM

Enable UBA 18-Bit Mode
Memory Intern

Rom on 173000

Rom on 165000

Power up Mode

Restart Mode

Power-on Self-tests

Select Self-tests

User Boot
Alternate Boot Block
LTC Register '

Force Clock Interrupt
Clock Frequency
Halt on Break

Trap on Halt
Ignore Battery

Lines on

Data Stop Par

.Yes/No

Yes/No

Do not change
Yes/No

Yes/No
Rom/Auto/ODT/Trap 24
Rom/Auto/ODT/Trap 24
Yes/No

Edit

Edit

Yes/No

Yes/No

Yes/No
PS/50Hz/60Hz/800Hz
Yes/No

Yes/No
Yes/No
176500/176600/DIS
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A.2 New Setup Menu Worksheet - Video Terminal Support

KDJ11-E Monitor Version 1.06
Licensed to Digital Equipment

Corporation
Unibus System
Memory
EEprom

Time

Boot Dev. Unit
1

2

3

4

5

6
Lihes Address / Vec
Line 1 -/
Line 2 /
Line 3 /
Line 4 /
Line 5 /
Line 6 /

Line 7 /

Address

Baud

Disable UBA ROM

Enable UBA 18-Bit Mode
Memory Intern

Rom on 173000

Rom on 165000

Power up Mode

Restart Mode

Power-on Self-tests

Select Self-tests

User Boot
Alternate Boot Block
LTC Register

Force Clock Interrupt
Clock Frequency
Halt on Break

Trap on Halt
Ignore Battery

Lines on

Data Stop Par

Yes/No

Yes/No

Do not change
Yes/No

Yes/No
Rom/Auto/ODT/Trap 24
Rom/Auto/ODT/Trap 24
Yes/No

Edit

Edit

Yes/No

Yes/No

Yes/No
PS/50Hz/60Hz/800Hz
Yes/No

Yes/No
Yes/No
176500/176600/DIS



A-4 Setup Parameters Worksheet

- A.3 Original Worksheet - Hard Copy Printer Support

KDJ11-E Monitor Version 1.06 30-July-1990
(C) Digital Equipment Corporation 1990

A Memory Intern - (0) = 2MB (1) = 4MB =
B Rom on 173000 (0) = No (1) = Yes =
C Rom on 165000 (0) = No (1) = Yes =
D Power-up Mode (0) = Dialog

(1) = Odt

(2) = Trap24

(3) = Auto -
E Restart Mode (0) = Dialog

(1) = Odt

(2) = Trap24

(3) = Auto -
F Power-on Self-tests (0) = No (1) = Yes -
G Alternate Boot Block (0) = No (1) = Yes -
H LTC Register (0) = No (1) = Yes -
I Force Clock Interrupt (0) = No (1) = Yes -
J Clock Frequency ' , (0) = P/S

(1) = 50Hz

(2) = 60Hz

(3) = 800Hz -
K Halt on Break (0) = No (1) = Yes -
L Trap on Halt (0) = No (1) = Yes -
M Ignore Battery (0) = No (1) = Yes -
N Lines on (0) = DIS

(1) = 176500

(2) = 176600 =
O Disable UBA ROM (0) = No (1) = Yes =

Enable UBA 18-Bit Mode (0) = No (1) = Yes =
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A.4 New Worksheet - Hard Copy Printer Support

KDJ11-E Monitor Version 1.06 30-July-1990
(C) Digital Equipment Corporation 1990

A Memory Intexn (0) = 2MB (1) = 4MB -
B Rom on 173000 (0) = No (1) = Yes -
C Rom on 165000 (0) = No (1) = Yes -
D Power-up Mode (0) = Dialog
(1) = odt
(2) = Trap24
(3) = Auto -
E Restart Mode (0) = Dialog
(1) = odt
(2) = Trap24
(3) = Auto =
F Power-on Self-tests (0) = No (1) = Yes =
G Alternate Boot Block (0) = No (1) = Yes -
H LTC Register (0) = No (1) = Yes -
I Force Clock Interrupt (0) = No (1) = Yes -
J Clock Frequency (0) = P/S
(1) = 50Hz
(2) = 60Hz
(3) = 800Hz -
K Halt on Break (0) = No (1) = Yes =
L Trap on Halt (0) = No (1) = Yes =
M Ignore Battery (0) = No (1) = Yes =
N  Lines on (0) = DIs
(1) = 176500
(2) = 176600 -
Disable UBA ROM (0) = No (1) = Yes -

Enable UBA 18-Bit Mode (0) = No (1) = Yes -






Index

A ,
ABSF instruction, 9-11
Absolute addressing mode, 7-18
AC bus loads definition, 5-24
ADC instruction, 8-25
ADDF instruction, 9-12
ADD instruction, 8-32
Addressing errors, 1-11
Addressing modes, 7-1
Address specification
entering octal digits, 3-7
KDJ11-E, 3-6
ODT timeout, 3-7
processor I/O addresses, 36
stack pointer selection, 3-7
ASHC instruction, 8-35
ASH instruction, 8-34
ASL instruction, 8-19
ASR instruction, 8-19
Autodecrement-deferred, 7-13
Autodecrement mode, 7-9
Autoincrement-deferred, 7-13
Autoincrement mode, 7-7

B

Baud rate selection, 2—-6
BCC instruction, 8-46
BCS instruction, 8-46
BEQ instruction, 8—44
BGE instruction, 8-48
BGT instruction, 8-49
BHI instruction, 8-50
BHIS instruction, 8-51
BIC instruction, 8-38
BIS instruction, 8-39
BIT instruction, 8-37
BLE instruction, 8-49
BLO instruction, 8-51
BLOS instruction, 8-50
BLT instruction, 8-48
BMI instruction, 8-45
BNE instruction, 8—43
Boolean symbols, 9-10

Boot and diagnostic register set, 1—41

Boot command, 4-3.

BPL instruction, 8—44
BPT instruction, 8-58
Branches, 8-41
BR instruction, 8-42
Bus cycle
DATI, 5-5
DATIO(B), 5-9
DATO(B), 5-7
PMI block data in, 6-9
PMI data in/data in pause, 6-8
PMI data out/data out byte, 6-11
protocol, 5-4
Bus cycles
data transfer, 5-3
Bus device interrupt, 1-32
Bus device NPR, 1-32
Bus master, 5-2
Bus termination - KDJ11-E, 5-25
Bus timeout errors, 1-11
BVC instruction, 8-45
Byte instructions, 8-8

C
CFCC instruction, 9-13
Clearing status registers following abort,
1-25
CLRF instruction, 9-13
CLR instruction, 8-13
CMPF instruction, 9-14
CMP instruction, 8-31
code
Position independent, 10-1
Use of addressing modes in
the construction of position
independent code, 10-1
Code
Comparison of position dependent and
position independent code, 10-3
COM instruction, 8-14
Command .
diagnostic, 4-5
help, 4-8
list, 4-9
map, 4-10
setup, 4-11
Commands
TOY (hard copy), 4-35

index 1



2 Index

Conditional branches (signed), 847
Conditional branches (unsigned), 8-50
Condition code operators, 8—69
Configuring multiple-backplane systems,
- 5-29
Configuring single-backplane systems,
5-29
Console ODT, 3-1
/ (ANSI 057)—slash, 3-3
$ (ASCII 044) or R (ASCII 122), 34
command set, 3-2
<CR> (ASCII 15)—carriage return, 3-3
<CTRL><SHIFT>S(ASCII 23)—binary
dump, 3-6
G (ASCII 107)—go, 3-5
<LF> (ASCII 12)—line feed, 3—4
P (ASCII 120)- proceed, 3-5
S (ASCII 123)—processor status word
designator, 3—4
Console/SLU enable - disable, 2-7
Construction of a physical address, 1-15
Control; functions
external event interrupt request, 5-23
Control functions
DC power OK, 5-22
Initialization, 5-22
power-ok, 5-22
power status, 5-22
processor halt, 5-22
Conversion routines, 10-24
Coroutine
coroutine calls, 10-16
coroutines versus subroutines, 10-16
using coroutines, 10-17
Coroutines, 10-15
CPU error register, 1-7
CPU module
troubleshooting, 4-63
CSM instruction, 863

D
DATI bus cycle, 5-5
DC bus load definition, 5-24
DCJ11-A microprocessor features, 1-2
Decrement instruction, 8-15
DECX11, 4-46
Deferred (indirect)addressing, 7-13
Destination operand, 7-2
Device priority, 5-17
Diagnostic programs, 4—45
Direct addressing, 74
DIVF instruction, 9-15
DIV instruction, 8-36
DMA
Direct Memory Access
Direct Memory Access Transaction,
5-12
double-operand addressing, 7-3
Double-operand instruction
format
ADD, 8-32

Double-operand instruction
format (Cont.)

ASH, 8-34
ASHC, 8-35
BIC,BICB, 8-38
BIS,BISB, 8-39
BIT,BITB, 8-37
CMP,CMPB, 8-31
DIV, 8-36
MOV,MOVB, 8-30
MUL, 8-36 :
SUB, 8-33
XOR, 840 .

Double-operand instruction set

list
condition code operators, 8-12
general, 8-10
jump and subroutine, 8-11
logical, 8-10
miscellaneous instruction set, 8-12
miscellaneous program control,
8-12

program control, 8-10
signed conditional branch, 8-11
trap and interrupt, 8-11
unsigned conditional branch, 8-11

EEPROM configuration parameters, 2-7
EMT instruction, 8-57 '
Error detection

during boot command, 4-5
Error messages, 4-60

console terminal, 446

F

Floating exception code and addressing
registers, 9-6
Floating-point data, 9-2
Floating-point data formats, 9-1
formats -
Floating-point data, 9-2
Floating-point data formats, 9-1
Floating point zero, 9-1
Nonvanishing floating-point
numbers, 9-1
Undefined variables, 9-2
Floating-point instruction
Format
ABSF/ABSD, 9-11
ADDF/ADDD, 9-12
CFCC, 9-13
CLRF/CLRD, 9-13
CMPF/CMPD, 9-14
DIVF/DIVD, 9-15
LDCDF/LDCFD, 9-16
LDCIF/LDCID/LDCLF/LDCLD,
9-17
LDEXP, 9-18
LDF/LDD, 9-19



Floating-point instruction
Format (Cont.)
LDFPS, 9-19
MODF/MODD, 9-20
MULF/MULD, 9-22
NEGF/NEGD, 9-23
SETD, 9-23
SETF, 9-24
SETI, 9-24
SETL, 9-24
STCFD/STCDF, 9-25
STCFI/STCFL/STCDVSTCDL,
- 9-26
STEXP, 9-27
STFPS, 9-28
STF/STD, 9-27
STST, 9-28
SUBF/SUBD, 9-29
TSTF/TSTD, 9-30
Floating-point instruction addressing, 9-7
Floating-point status register (FPS), 9-2
Floating-point zero, 9-1
Force dialog mode, 2-6
Formats
types of
Floating-point data formats, 9-1
to 9-2
FPJ11, 1-1

G
General registers, 14

H
HALT instruction, 8-65
Hard copy commands
TOY, 4-35
Hard copy terminal support, 4-2

I
Immediate mode, 7-17
INC instruction, 8-15
Index-deferred, 7-14
Index-mode, 7-11
Instruction formats, 84
Instructions
types of
double-operand, 8-30 to 8-40
Floating point, 9-9 to 9-30
miscellaneous, 8-65 to 8-68
Program control, 841 to 8-63
single-operand, 8-13 to 8-29
Instruction set
functional list of
double-operand, 8-10 to 8-12
single-operand, 8-9
Instruction set list, 8-1
Interrupt
nesting, 10-13

Index 3

Interrupt (Cont.)
service routines, 10-12
Interrupt protocol, 5-17
Interrupts, 1-8, 5-16, 10-12
Interrupts under memory management,
1-15
Interrupt vector timeouts, 1-11
IOT instruction, 8-59

J

JMP instruction, 8-52

JSR instruction, 8-53

Jump and subroutine instructions, 8-52

Jumpers for +5 V power source selection,
2-3

K
KDJ11-E
troubleshooting, 4-63
KDJ11-E CPU Module
troubleshooting, 4-63
KDJ11-E module features, 1-1
KDJ11-E serial line units, 1-33
Kernel protection, 14

L

LDCDF instruction, 9-16
LDCIF instruction, 9-17
LDEXP instruction, 9-18
LDF instruction, 9-19
LDFPS instruction, 9-19
Looping techniques, 10-37
LSI-11 based systems, 2-8
LSI-11 bus, 5-1

LSI bus signals, 6-2

M

Mapping, 16-bit, 1-12

Mapping, 18-Bit, 1-13

Mapping, 22-bit, 1-13

MARK instruction, 8-61

Memory management, 1-11
types of

registers, 1-17 to 1-24

Memory management register
Memory management register 0, 1-22
Memory management register 1, 1-23
Memory management register 2, 1-24
Memory management register 3, 1-24
Memory management registers, 1-17
Page address register, 1-20
Page descriptor register, 1-21

Memory mapping, 1-12 ,

Memory pages - nonconsecutive, 1-27

Memory pages - stack, 1-28

Memory page - typical, 1-25

Menu



4 Index

Menu (Cont.)

map, 445

self-test, 442

setup, 4-36

user boot, 4-43
MFPD instruction, 8-68
MFPS instruction, 8-28
MFPT instruction, 8-67
MODF instruction, 9-20
Module finger 1dentlﬁcatmn, 2-9
Module installation procedure, 2-16
MOV instruction, 8-30
MTPD instruction, 8-67
MTPS instruction, 8-29
MULF instruction, 9-22
MUL instruction, 8-36
Multiple faults, 1-25
Multiple-precision, 8-24

N

NEGEF instruction, 9-23

NEG instruction, 8-16

Nonvanishing floating-point numbers, 9-1
No SACK timeouts, 1-11

o

oDT
console command set, 3-2
entry conditions, 3~1
timeout, 3-7

Operation overview, 4-1

P
PMI ‘
bus master signals, 6-1
interface, 6-1
interrupt protocol, 6-13
power-up/power-down, 6-13
slave signals, 6-1
UNIBUS adapter signals, 6-1
PMI data transfers, 1-32, 6-8
PMI operation
in an LSI-11 system, 6-5
in a UNIBUS system, 6-5
PMI protocol, 1-32
Position-independent, 7-17
Power supply loading, 5-31
Private memory interconnect, 1-32
Processor status word, 1-5
Processor traps, 10-21
trap instructions, 10-22
use of macro calls, 10-28
Program control instruction
format .
BCC, 846
BCS, 8-46
BEQ, 8-44
BGE, 8-48

Program control instruction
format (Cont.)
BGT, 8-49
BHI, 8-50-
BHIS, 8-51
BLE, 8-49
BLO, 8-51
BLOS, 8-50
BLT, 8-48
BMI, 845
BNE, 8-43
BPL, 8-44
BPT, 8-58
BR, 8-42
BVC, 8-45
CSM, 8-63
EMT, 8-57
HALT, 8-65
IOT, 8-59
JMP, 8-52
JSR, 8-53
MARK, 8-61
MFPD,MFPI, 8-68
MFPT, 8-67
MTPD MTPI, 8-67
RESET 8-66
RTI, 8-59
RTS, 8-56
RTT, 8-60
SOB, 8-56
SPL, 8-62
Trap, 8-58
WAIT, 8-66
Program controls (miscellaneous), 8-61
Program counter, 1-5
Program interrupt request register, 1-7
ming
PDP-11 examples, 10-29
peripherals, 10-28
the processor status word, 10-28
PSW operators, 8-28

R
Recursion, 10-19
Red stack aborts, 1-11
Reentrancy, 10-13
Reentrant
reentrant code, 10-14
writing reentrant code, 10-15
Register - additional status (17777526),
146
Register - cache control (17777746), 1-30
Register - configuration and display
(17777524), 145
Register - control/status (17777520), 142
Register-deferred, 7-13
Register - hit/miss (17777752), 1-31
Register - line frequency clock and status
(17777546), 1-47
Register - Mamtenance (17777750), 148



Register - memory system error
(17777744), 1-29

Register-mode, 7-5

Register - page address, 1-20

Register - page control (17777522), 1-44

Register - parity CSR (17772100), 1-31

Register - receiver data buffer (1777xxx2),
1-37

Register - receiver status register
(1777xxx0), 1-36

Register - transmitter data buffer
(177xxx6), 1-39

Register - transmitter status (177 7xxx4),
1-38

Relative-addressing mode, 7-19

Relative-deferred addressing mode, 7-20

RESET instruction, 8-66-

Restricted LSI-11 systems, 2-8

ROL instruction, 8-22

ROM, 4-1

ROM mode, 2-6

ROR instruction, 8-21

RTI instruction, 8-59

RTS instruction, 8-55

RTT instruction, 8-60

S
SBC instruction, 8-26
Self-test
KDJ11-E, 446
SETD instruction, 9-23
SETF instruction, 9-24
SETI instruction, 9-24
SETL instruction, 9-24
Setup
worksheet, A-1
Setup mode
command 10 - load EEPROM boot
program into memory, 4-31
command 11 - edit or create EEPROM
boot program, 4-31
command 12 - save a boot program in
the EEPROM, 4-33
command 13 - delete a saved EEPROM
boot program, 4-34
command 14 - enter ROM ODT, 4-34
command 1 - exit, 4-12
command 2 - select configuration
parameters, 4-12
command 3 - select diagnostic
configuration, 4-21
command 4 - select serial line
parameters, 4-23
command 5 - select boot parameters,

4-25
command 6 - list available boot
programs, 4-27

command 7 - factory setting, 4-29
command 8 - save the setup table in
the EEPROM, 4-30

Index 5

Setup mode (Cont.)

command 9 - load EEPROM data into
the setup table, 4-30
Shifts and rotates, 8-19
Single-operand addressing, 7-2
Single-operand instruction
format '
ADC,ADCB, 8-25
ASL,ASLB, 8-19
ASR,ASRB, 8-19
CLR,CLRB, 8-13
COM,COMB, 8-14
DEC,DECB, 8-15
INC,INCB, 8-15
MFPS, 8-28
MTPS, 8-29
NEG,NEGB, 8-16
ROL,ROLB, 8-22
ROR,RORB, 8-21
SBC,SBCB, 8-26
SWAB, 8-23
SXT, 8-27
TST,TSTB, 8-17
TSTSET, 8-18
WRTLCK, 8-18
Single-operand instruction set
list
general, 8-9
multiple-precision, 8-9
PSW operators, 8-9
shift and rotate, 8-9
SOB instruction, 8-56
Source-operand, 7-3
Specification
signal level, 5-24
SPL instruction, 8-62
Stack
deleting items from a stack, 10-7
popping from a stack, 10-6
pushing onto a stack, 10-5
return from a subroutine, 10-11
stack use (examples), 10-9
stack uses, 10-8
subroutine linkage, 10-11
Stack limit protection, 1-4
Stack pointer, 14
Stacks, 10-5
STCFD instruction, 9-25
STCFI instruction, 9-26
STEXP instruction, 9-27
STF instruction, 9-27
STFPS instruction, 9-28
STST instruction, 9-28
SUBF instruction, 9-29
SUB instruction, 8-33
Sunset loops, 1-10
SWAB instruction, 8-23
Switchpack, 2-3
SXT instruction, 8-27



6 Index

T
Terminal interface, 3—1
Terms used in instruction definitions,
9-10
TOY Clock
programming information, 1-50
Time of Year, 1-49
TOY command
hard copy, 4-35
Transfer - block data in, 1-33
Transfer - Data in/Data in pause, 1-33
Transfer - data out/data out byte, 1-83
Transferring control to non-dlgxtal boot
modules (Q-bus), 44

Transferring control to non-dlgxtal boot

modules (UNIBUS), 44
Trap instruction, 8-58
Traps, 8-56

Reserved Instruction traps
trace traps, 8-63
Troubleshooting
CPU module, 4-63

TSTF instruction, 9-30
TST instruction, 8-17
TSTSET instruction, 8-18

U

Undefined variables, 9-2
UNIBUS based systems, 2-9

Vv
Virtual addressing, 1-14

w

WAIT instruction, 8-66
WRTLCK instruction, 8~18

X
XOR instruction, 8-40



