
















































































































































































































































































































































































































































































































































































































































































































































































































































































Programming Technigues

case) are implicitly saved and restored in
switching to and from interrupt processing, and
all memory locations at a positive offset from the
base defined by RR14 are, in effect, separate
copies of that portion of the context.

The example shows how the execution of MULTEN,
called from the code starting at 100, is
interrupted to allow the interrupt-processing
routine IROUT to run. In turn, IROUT calls MULTEN,
so MULTEN must work simultaneously in two
contexts.

This example follows the changing contents of the
registers RO, R1, R2, R3, RR14, PC, and FCW, and
shows the section of the stack used during
execution of this portion of the program. Figure
10-15 lists the assumed initial values.

Figure 10-17 shows the situation after the first
two instructions of Multen have been executed.
Suppose at this point that an interrupt occurs and
that IROUT is the processing routine. Figure
10-18 shows the status immediately following the
interrupt. The first two instructions of IROUT
push RRO and RR2 onto the stack. Then the
"reason" is fetched and pushed onto the stack as
an argument for the call to MULTEN. MULTEN is
called, and after the first two instructions of
MULTEN have been executed, we are exactly where we
were before the interrupt. Figure 10-19 shows the
new status.

Registers Stack
Name Contents Address Contents
RO 0000 (none used yet)
R1 1M
R2 2222
R3 0003
RR14 (0400,009A)
PC (0600,0100)
FCW D880

Figure 10-15. Initial Values For Registers,
PC and FCW For Example

Register Stack
Name Contents Address Contents
RO 0000 98 0003
R1 0003 96 0108
R2 000A (10 = %A) 94 0600
R3 0003
RR14 (0400,0094)
PC (0600,2006)
FCW D880

Figure 10-17 Status Before the Interrupt

As the first instruction, at 100 of segment 6, is
executed, the stack register value changes to
(0400,0098) and stack location 98 contains 0003,
the contents of R3. The PC is incremented to
(0600,0102), and everything else is unchanged.
The next instruction is the call to MULTEN.
Figure 10-16 shows the status following that call.

Register Stack
Name Contents Address Contents
RO 0000 98 0003 argument
R1 "M 96 0108 saved PC
R2 2222 94 0600
R3 0003
RR14 (0400,0094)
PC (0600,2000)
FCW D880

Figure 10-16. Values After Call To
MULTEN From 102

Registers Stack

Name Contents Address Contents

RO 0000 98 0003

R1 0003 96 0108

R2 000A 94 0600

R3 0003 92 2006 saved PC
RR14 (0400,008C) 90 0600

PC (0800,0600) 8E D880 saved FCW
FCW D80O0* 8c 0005 "reason"*

*To make the example concrete, assume a value of
0005 for "reason" and an FCW value of D800
associated with the interrupt.

Figure 10-18. Status Immediately Following the
Interrupt

The stack locations 7E, 80, and 82 in Figure 10-19
play the same role as did 94, 96, and 98 in Figure
10-17. If the contents of stack locations 84 thru
98 in Figure 10-19 are covered up, there would be
no essential difference between the two figures.
The only record of the first execution of MULTEN
is stored in these stack locations. Conversely,
in Figure 10-17, if the portion of the stack with
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Register Stack
Name Contents Address Contents
RO 0000 98 0003
R1 0005 96 0108  MULTEN
R2 000A 94 0600
R3 0003 92 2006
RR14  (0400,007E) 90 0600 occurred
PC (0600,2006) SE D880
FCW D800 8C 0005
8A 0003
88 0000
86 0003
84 000A
82 0005
80 0610
7E 0800

Acgument & return address for first (interrupted) execution of

CPU status & "reason" pushed automatically when the interrupt

RRO,RR2 values saved by IROUT (contain register values set
during first execution of MULTEN)

Argument & return address for second execution of MULTEN

Execution of MULTEN is at the exact point reached before the interrupt (Figure 10-17). Every
value in Figure 10-17 is somewhere on the stack in this figure.

Figure 10-19 Current and Saved Contexts for MULTEN

addresses 100 through 114 were shown (nothing
tells us where the stack originally started), the
context of a previous execution of MULTEN might be
found.

Assume that execution proceeds without further
interrupts. MULTEN computes 5 x A and stores the
result at stack location 8z [at RRia4(#4)]j. Its RET
causes the contents of 7E and 80 to be popped into
the PC and execution resumes in IROUT, where the
0032 (5 x A) is popped into RO and presumably is
used in the "perform other tasks" section of
IROUT.

When execution in IROUT reaches 630, the RR2 and
RRO values are restored from the stack. At this
point, status is exactly as shown in Figure 10-18,
except that the PC (and possibly the FCW) has a
different value. The execution of the IRET
restores the saved values of PC and FCW, leaving
the status originally shown in Figure 10-17.

Execution of MULTEN proceeds at 2006 as if there
had never been an interrupt. The result of 3 x A
(1E) is stored in stack location 98 [R14(#4)].
The RET at 200C causes the saved PC to be restored
from stack locations 94 and 96. Execution of the
original program then resumes at 108 of segment 6,
where the result of the multiplication is popped
into R3. Ihe status at this point is shown in
Figure 10-20. All of the values here are exactly
as they would have been if the execution of MULTEN
had not been interrupted.

This example also illustrates how the definition
of re-entrancy depends upon the properties of the
surrounding system. If RR4 and RR6 instead of RRO
and RR2 had been preserved by interrupt-processing
routines, then MULTEN would not be re-entrant and
it could not be called from interrupt-processing
routines.

Register Stack
Name Contents Address Contents
RO 0000 (none still in use)
R1 B01E Result of MULT RRO,R2
R2 000A Result of LDK R2,#10
R3 001E Result of POP R3,@RR14
RR14 (004,009A)
PC (0600,010A)
FCW D800 FLAGS set by MULT RRO,R2

Figure 10-20. Final Values for MULTEN Routine
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The MULTEN example illustrates context switching
triggered by interrupts. Another instance of
re-entry, for which it is harder to provide a
simple illustratien, is a program shared by a
number of concurrent processes, each doing
approximately the same thing. For example, a
BASIC or Pascal timesharing system might have one
copy of the interpreter that works on the user's
programs "concurrently," switching from one to the
next either at the expiration of a "time slice" or
when the user's program pauses for 1/0. Each user
would have an interpretable program and a
temporary sterage stack. These would be in the
user's private memory and would be addressed using
a base register and an offset (pseudo-PC) register
for the interpretable program and a stack register
for the stack. These registers and the other
general-purpose registers used by the interpreter
constitute the context to be switched. The
re-entry of the interpreter depends upon its
reference to the user's memory areas only through
the use of the registers making up the context.

10.9 CONTEXT SWITCHING

In Section 10.7, we defined the context of a
process to be the values of all registers and
memory locations that need to be saved before
another preocess running "at the same time" can
have its turn at using them. In general, the
context of a process consists of the entire
register and memory contents, but in most
applications measures are taken to keep the size
of the context to a minimum. Fixed storage
locations can be avoided, and the times at which
context switches occur can be controlled.

Fixed storage locations must become part of the
context of a process if some other process can
change the contents between the time its value is
set and the time it is no longer needed. On the
other hand, a process that "ties up the loose
ends" before another process can run can have a
small context, even though it may use and abandon
many registers and locations during the period in
which other processes cannot run. The recursive
subroutine QUICK presented in Section 10.13.6 is
an example of this phenomenon.

In most context-switching schemes, the stack is
used for storage of all or part of saved process
contexts, as illustrated in Section 10.8. Saving
registers on the stack is accomplished efficiently
by using the LDM instruction. For example,

DEC R15,#16
DEC R15,#12
LDM @RR14,R0,#14

!Can't decrement by 28!
! all at once!

causes registers RO through R13 to be saved on the
RR14 stack.

Saving control registers, if necessary, is
accomplished by 1loading them into registers and
then saving the registers. If it is necessary to
save the FCW explicitly, care must be taken that
the saving operations do not affect the flag bits
before they are saved or after they are restored.
For example, the DEC instruction affects V, Z, and
S, so after the above instructions have been used
to save the registers, it is too late to save
flags. A variation on the preceding code that
saves flags is:

tMake room to work!
1Get FCW into R12!
'Finish saving registers!

PUSHL @RR14,RR12
LDCTL R12,FCW
SUB R15,#24

LDM @RR14,R0,#12
PUSH @RR14,R12 !Save FCW!

Of the control registers, the Normal Stack Pointer
is the one most likely to be part of a process
context in a multi-processing system. To save it,
the following instructions are added to the above:

LDCTL R12,NSPSEG
LDCTL R13,NSPOFF
PUSHL @RR14,RR12

If fixed locations are part of the process
context, their contents also must be saved. In
the code shown in Figure 10-21, assume that RR2
contains the address of a list of fixed word
locations whose contents must be saved. Assume
that the list is terminated by a double word, -1.
This code causes the contents of these locations
to be saved on the stack, each accompanied by the
corresponding address.

LOOP: LDL RR4,@RR2 1Get next item!

CPL RR4,#-1 1Test for terminator!
JR EQ,DONE tDone if -1 encountered!
LD RO,@RR4 1Get contents!

PUSH @RR14,R0
PUSHL @RR14,RR4
INC R3,#4

JR LOOP

!Save both!

!Increment list pointer!

Figure 10-21. Example, Saving Contents of
Fixed Locations Onto Stack
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10.10 INTERRUPTS

An interrupt forces a context switch. Since there
is almost no control of the time a switch to the
interrupt context occurs, interrupt routines must
save and restore the values of any registers,
control registers, or memory locations they use.
(An exception is a memory location purposely
changed by the interrupt routine, such as a flag
indicating that output of a given line of text is
finished.)

Before interrupts can be used, the linkage between
the interrupt and the processing routine must be
established. This is done using the Program
Status Area (PSA) and the Program Status Area
Pointer (PSAP). The format of the Program Status
Area is described in Chapter 2.7.2. In the PSA, a
CPU status (FCW and PC) is specified for every
allowed interrupt type. In contrast with machines
that wused fixed memory locations for such
interrupt response definition, the PSA of the
28000 can be anywhere in program memory so long as
it is on a 256-byte block boundary (that is, the
last eight bits of its address are zero). This
means that the PSA can be assembled with the
program without conflicting with the loader's use
of the interrupt facility. The only thing
remaining to be done at initialization time is to
set up the PSAP and then to enable interrupts. If
the PSA begins at PSALOC, setting up the PSAP can
be done by:

LDA RRO,PSALOC
LDCTL PSAPSEG,RO
LDCTL PSAPOFF,R1

The use of interrupts for input or output of data
requires communication between the program
requesting the input or output and the associated
interrupt-processing routines. Furthermore, an
Ainterrupt-processing routine must communicate with
itself; that is, whenever an interrfupt occurs, it
must know exactly what it is doing and how far
along it is.

The solution to providing communication between
interrupt and application routines and to
providing temporary storage for the interrupt
routines is a set of fixed memory locations (often
called a process status block or context block)
containing pointers, counters, flags, etc.

When the application routine needs to perform an
1/0 operation, it calls on an initiator routine.
For example, it may need to send the ASCII

characters for "HELLO" to a CRT screen. The
initiator program sets a pointer in the context
block to the zero-terminated string of ASCII
characters for "HELLO" provided by the application
program, and it sets a flag in the context block
to "BUSY." Then it does whatever is necessary to
assure that output interrupts for the CRT screen
begin to occur. As each interrupt occurs, the
processing routine transmits another character of
the string and advances the pointer in the context
block. When the pointer reaches the terminating
zero, the interrupt routine sets the flag in the
context block to "DONE." Meanwhile, the
application program can be doing other things. If
it needs to output another string, it waits for
the flag to change from "BUSY" to "DONE." It can
enter a loop in which all it does is test the
flag, or it can do other things while the output
proceeds.

This sort of communication between tasks
proceeding under interrupt and application
programs is sometimes used to implement an event-
driven timesharing system. Instead of entering a
loop to wait for the flag to change from "BUSY" to
"DONE," the program defers to other tasks,
allowing them to execute until they too are held
up waiting for an I/0 operation to be completed.

10.11 INITIALIZATION

For the programmer responsible for the entire CPU
instead of simply providing programs to run under
some system, the sequence of operations following
a cold start (reset) is important.

Execution begins when the CPU fetches its CPU
status (FCW and PC) from instruction memory
addresses beginning at segment 0, offset 2. The
FCW is at offset 2, the PC at offset 4. If an
external memory-mapping unit is in use, it must be
capable of dealing properly with these initial
fetches, even before any code is executed to
establish memory-mapping parameters.

The PC value at location 4 is the address of the
first instruction to be executed. The FCW value
should leave the CPU in System mode and segmented
operation (unless the CPU is a 28002) with all
maskable interrupts disabled. The nonmaskable
interrupt (NMI) should be disabled at this point
also, but that is impossible, so the system must
be designed so that the NMI cannot occur
immediately after a reset.
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The initialization code first sets the PSAP to
point at the previously assembled PSA. The
implicit stack register (R15 or RR14) must then be
set. If an external memory mapping facility is
used, its parameters are set up as soon as
possible. Until then, it must continue to handle
all instruction, data and stack references
properly. Once the stack register and the PSAP
are properly initialized, interrupts can be
enabled. If the Refresh register is to be used,
it is initialized during this sequence.

10.12 PROGRAMMING FOR BOTH SEGMENTATION MODES

It is important for Z8000 programmers to know how
to write programs for operation in one segmenta-
tion mode that can be adapted for use in the other
segmentation mode with minimal alterations. The
only way two modes differ is in the format of
addresses--in instructions, in general-purpose
registers, in the PC, in control registers, and on
the stack after subroutine calls, traps, or
interrupts. Therefore, the solution to this lies
in finding mode~independent ways of handling
addresses. Addresses are manipulated by programs
in many ways. The most common are:

e Loading them into registers
e Performing arithmetic on them

e Using them in the Indirect Register, Base and
Base Index addressing modes

e Moving them out of registers and into memory
or onto the stack

The two program fragments shown in Figure 10-22
are segmented and nonsegmented versions of the
same algorithm. If symbolic definitions are given
for the address registers, the code takes the form
shown in Figure 10-23.

Non-Segmented Segmented

LDA R2,XYZ LDA RR2,XYZ

LD RO,@R2 LD RO,@RR2

INC R2,#2 INC R3,#2

LD R1,@R2 LD R1,@RR2

PUSH @R15,R2 PUSHL @RR14,RR2
LD R4,R2 LDL RR4,RR2

Figure 10-22. Example of Segmented vs.
Nonsegmented Code

With the symbolic definitions, the two pieces of
code are very similar. The remaining problem is
the "L" in the mnemonics. If there were an
assembler that recognized the perfectly
unambiguous source statements

LD RR4,RR2
PUSH @RR14,RR2

and generated the long-word versions of the
instructions, then at the source code level the
segmented and nonsegmented programs would be
identical. Without such an assembler, the only
other possibility is conditional assembly. Except
for very small programs, this is unlikely to be
workable, unless the conditional instructions are
built into a set of address-manipulation macros.

ADREG = R2; ADOFF = R2
SAVREG = R4
SR = R15

LDA ADREG,XYZ
LD RO,@ADREG
INC ADOFF,#2
LD R1,BADREG
PUSH @SR,ADREG
LD SAVREG,ADREG

ADREG = RR2; ADOFF = R3
SAVREG = RR4
SR = RR14

LDA ADREG,XYZ
LD RO,@ADREG
INC ADOFF, #2
LD R1,@ADREG
PUSHL @SR,ADREG
LDL SAVREG,ADREG

Figure 10-23. Assembled Code For Segmented & Nonsegmented Examples
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For example (following no particular macro
syntax), an address pushing macro could be defined
as follows:

APUSH x,y =
if y is an RR, then
"PUSHL @x, y"
else
"PUSH @x,y"

Then,
APUSH SR,ADREG

is the next-to-last line of either of the programs
in Figure 10-23.

10.13 PROGRAMMING EXAMPLES

Sections 10.1 through 10.12 showed how specific
features of the 78000 are related to standard
programming techniques. The paragraphs within
this section present some complete examples to
give a clearer picture of how Z8000 instructions
and features are used.

10.13.1 Adding An Array Of Numbers

Problem: To find the sum of an array of 16-bit
signed numbers.

Solution: The items are added one at a time to an
initially cleared accumulator. Any occurrence of
a V indication following any of the additions is
registered, and V is set wupon completion if
overflow occurs at any point during the operation.

Notice that the sum can be correct even if
overflow occurs; for example, let the array be
(32,765, 8, -25). The first sum, 32,765 + 8,
yields -32,763 and an overflow indication. The
second sum, (-32,763) + (-25) yields 32,748 and
another overflow indication. The final answer is
correct:

32,748 = 32,765 + 8 + (-25).

An overflow indication is set upon completion of
the addition, and the programmer can choose to
take action. Alternatively, the addition program
might take action on overflow (such as by
terminating the process), but the programmer
calling the function has more information about
the intended use of the sum and the nature of the
data. The code for this appears in Figure 10-24.

tAddition subroutine

CALL SUM with RR2 = array address

RO = number of words in the array (0 to 32,767)
Returns sum in R1; V is set on return if an arithmetic overflow
occurred in any of the addition operations used in forming the

sum.

The contents of RO, R2, R3 and R4 are lost.

1

SUM:  CLR R1
CLR R&
CP RO,#0

JR LE,ENDLP
ADD R1,8RR2
TCC OV,R4
INC R3,#2
DEC RO
JR LOOP
RESFLG V
TEST R4

RET Z
SETFLG V
RET

LOOP:

ENDLP:

Figure 10-24.

!Initialize sum to zero!
'R4 saves any V's!

!Done when RO no longer!

! greater than zero!

'Add in the next!

!Save overflow indication!
!Increment array pointer!
!Decrement loop counter!

V=0 if no overflow!

!0Otherwise V=1!

Example, Addition Subroutine
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Notes to Figure 10-24:

1.

Notice that the test for the loop termination condition is done first; this allows the program to
behave properly if the initial value of RO is zero--it returns a sum of zero. Also notice that the
test is for LE instead of for EQ. This is simply a precaution. If the count becomes negative, then
there is a programming error somewhere, and it is best to stop immediately.

Given that we wish to test for a counter value less than or equal to zero, we use

CP RO,#0
instead of
TEST RO

Because the TEST instruction leaves the V bit unaffected, while the definition of LE is Z OR
(S XOR V).

An alternative to
CP RO,#0
is the sequence
RESFLG V; TEST RO

but this sequence does not work with the TESTB instruction, because TESTB uses V to report the
parity of the byte (since P = V), and this is unrelated to the sign.

Notice the use of the TCC instruction. Initially R4 is cleared; if V is clear (no overflow occurred
in the ADD), then

TCC OV,R4
leaves R4 unaffected. If V is set (overflow did occur), then
TCC OV,R4
causes the low-order bit to be set. This means that if overflow ever occurs, R4 will be non-zero for
the remainder of the time, since the only instruction affecting R4 after it is initially cleared is

the TCC, which either sets it or leaves it unaffected.

It is important to note that the TCC instruction does not set the destination value to zero if the
specified condition code is false.

Notice the use of
INC R3,#2

to increment the array pointer RR2. This is done because the segmented address arithmetic is done
separately on the segment and offset portions of the address.

As written, the program wraps around the end of a segment, treating the word at offset zero as the
successor to the word at offset 65,534 (FFFE). If this is to be treated as an error, a test can be
made for this condition. Z can be used, but this does not necessarily work with larger increments;
if long words are being added, for example, INC R3,#4 might change R3 from FFEE to 2. Another
approach is to test for this condition on entry, using the initial values of RRZ and RO.
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10.13.2 Determining The Parity Of A Byte String

Problem: To find the parity of an arbitrarily
long byte string and to set P (PE true) if the
total number of bits in the string of bytes is
even, to clear P (PO true) if the total number of
bits is odd.

of b. (It suffices to prove this for one-bit
arguments a and b, since the parity of an n-bit
binary number is the sum of the parities of its n
bits. The proof for one-bit arguments is
accomplished by considering the four possible bit
combinations.) Therefore, the total parity can be
determined as follows:

Solution: The parity of a byte string is, by o Initialize a register to zero.

definition, the sum of its bits modulo 2. Since

addition is associative (i.e., the sum is the same e For each byte of the string, compute the XOR

if the items are grouped, subtotals computed for of the byte with the current contents of the

the groups, and the subtotals added), the parity register.

of the byte string is the sum of the parities of

its bytes. o Test the parity of the final contents of the
register.

Furthermore, if a and b are binary numbers (in
particular, if they are bytes), then the parity of The code for this appears in Figure 10-25.
(a XOR b) equals the parity of a plus the parity

!Subroutine to test the parity of an arbitrarily long
byte string
CALL BIGPAR with RR2 = address of the byte string
R1 = number of bytes (0 to 32,767)
Returns with P set (PE true) if parity is even, P
clear (PO true) if parity is odd. Contents of RO,
R1, R2 are lost.
!
BIGPAR: CLRB RLO
LOOP:  CP R1,#0
JR LE,ENDLP
XORB RLO,@RR2

tAccumulate parity in RLO!

1A11 tested yet?!

iIf so, determine final parity!
IXOR this byte with RLO!

INC R3 ! and set up!
DEC R1 ! for next byte!
JR LOOP

ENDLP: TESTB RLO IFinal parity!
RET

Figure 10-25. Example of the Determination of Parity of a Byte String

Notes to Figure 10-25:
1. Notice that by initially clearing RLO, we assure that a zero-length string has even parity.
2. If we wish to allow for from 0 to 65,535 bytes in the string, we replace
JR LE,ENDLP
with

JR EQ,ENDLP

In this case we are using the contents of R1 as an unsigned number in the range 0 to 216~1 instead of
as a signed number in the range -215 to 215-1.

10-24



Programming Techniques

3. If we wish to allow for from 1 to 65,536 bytes in the string, we remove the instructions

CP R1,#0
JR LE,ENDLP

and move the label LOOP down to the XORB instruction. The instructions

DEC R1
JR LOOP

become

DJINZ R1,L00P

and the label ENDLP is no longer be needed.

4. For long byte strings, the efficiency of this routine can be increased by using the XOR instruction
to process whole words at a time. Special tests have to be included to handle strings that begin at

an odd byte or end at an even byte.

10.13.3 Accesing An Array Larger Than 65,536
Bytes

Problem: To manage a one-dimensional array that
is too large to fit within one memory segment and
has too many elements to be indexed by a 16-bit
word.

Solution: Two solutions to this problem are
presented. One provides high efficiency but
little flexibility, and the other provides great
flexibility, but substantial cost in processing
overhead.

The high-efficiency scheme wuses an arbitrary
segmented address as the address of the first
array element and assumes that the array is stored
contiguously in memory. Segmented address (N+1,
0) is assumed to follow address (N,65,535); that
is, consecutively numbered segments are treated as
contiguous pieces of the address space. If the
segment number bits were bits 6 through 0 of the
high-order segmented address byte, this
interpretation would be achieved automatically
simply by treating segmented addresses as 32-bit
unsigned integers. Since this is not the case,
the addition of an offset to the starting address
of the array must include an operation that takes
bits 6-0 of the high-order word of the result and
adds them to the segment number field, which is in
bits 14-8.

A subroutine is provided to take the base
segmented address in one long-word register and an
offset in another long-word register. The offset
must be less than 223. The algorithm used causes
a wraparound from segment 127 to segment 0, so the
full 223 bytes of segmented address space are
used, regardless of the base segmented address.
The code for this version appears in Figure 10-26.

The high-flexibility scheme also uses a 23-bit
offset, or virtual address, but instead of a
starting segmented address and a contiguous array,
it uses a virtual-to-segmented address mapping
scheme that works as follows (see Figure 10-27):

® An array of '"virtual" addresses in ascending
numerical order (Vq, Vz,...,V, is provided. A
segmented address (Sgs Sqse-.9S,.1) is associ-
ated with each. Virtual addresses 0 through
Vq-1 are mapped . into a contiguous block of
segmented addresses, starting at Sg. Vq
through Vp-1 are mapped into a block at S,
and so on.

e The given virtual address, v, is compared with
each of Vq, Vgy..., V, until the first V; is
found for which v < Vi. If v > V., an error
indication is returned.

e The segmented address Sj q + (v-Vj_q) is
returned (VO is assumed to be zero).
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{Address-mapping subroutine (high-efficiency version)
CALL ADMAP with RR2 = virtual address (23 bits)

Returns
to the giv
]

RR4 = starting segmented address
with RR2 = segmented address corresponding
en virtual address and RR4 preserved.

ADMAP: ADD R3,R5

ADC
EXB
RET

NOTE: The
is returned
ADMAP: ADD
ADCI
RET

The longer

B RLZ,RH4
RHZ,RL2

EXB instruction is unnecessary if the result
in RR4. The code for this is:

RS, R3
B RH4,RL2

version given above allows the array base to

be maintained in RR4 at all times.

Figure 10-26. Example of Accessing Arrays Larger Than 64K Bytes
ARRAY OFFSET SEGMENTED
(VIRTUAL ADDRESS) ADDRESSES
0 0
Vs 6553 }SEOO
so 0'V1 0 5
Va 85535 }SEM
0
$q V1i-V2 }seoz
A 65535
- 0
Ss Ve-Ve }ssos
V. 65535
¢ 0
SEG4
Vs S2 V2-V3 65535
0
Vs SEGS
65535
MAPPING TABLE Ss VaoV SEGE
Vi, So 3-Va
65535
V2, $1 -V + S 0
° v-Vk + Sk-1)
R — * ——> SEGMENTED S Vi-Vs SEG7
. ADDRESS 65535
Ve, S5
. .
. .
. .
0,0
Figure 10-27. Memory Mapping
The address calculation S;_¢ + (v-Vi-1) is treated as contiguous, and wraparound occurs from
performed as for the high-efficiency scheme above, segment 127 to segment O.

so that consecutively numbered

segments are

10-26

2010-029



Programming Techniques

As an example, suppose we have an array of 200,000
bytes that we wish to store in memory in three
sections:

0-84,999 starting at segment 6,
offset 30,000

85,000-131,071 starting at segment 14,
offset O

131,072-199,999 starting at segment 19,
offset 45,000

The subroutine is called with the address of the
virtual-to-segmented address mapping table in one
double-word register and the virtual address in
another. For this example, the mapping table takes
the form shown in Figure 10-28. The means of

expressing the 32-bit constants and segmented
addresses depends upon the specific assembler
used. Simpler ways are possible with some
assemblers.

In this example, suppose that RR2 contains a
virtual address, that is, an index between 0 and
199,999. It can be translated into a segmented
address with the following code:

LDA RR4,MAPTAB
CALL ADMAP

The code for the high-flexibility solution appears
in Figure 10-29.

MAPTAB:  0; 0  1Vg=0!
%600530000  !Sp=(6,30000)!
1519464  1V4=85,000 (= 216 4+ 19464)!
%E00; 0 1S4=(14,0)!
25 0 1Vy=131,072!
%1300;-20536  !S,=(19,45000) !
3; 3392 1V3=200,000 (= 3 x 2'6 4+ 3392)¢
0; 0 !Two 32-bit zeros terminate!
0; 0

Figure 10-28. Example, Memory Mapping Subroutine

'Address-mapping subroutine (high-flexibility version)
CALL ADMAP with RR2 = virtual address (23 bits)
RR4 = address of mapping table
Returns with C=0 and RR2 = segmented address; or
C=1 if virtual address out of range
The contents of RR4 are lost.

1
ADMAP: INC RS,#8
TESTL @RR4
JR Z,ERREX
CPL RR2,8RR4
JR GE,ADMAP
FIND:  DEC RS,#8
SUBL RR2,@RR&4
INC RS, #4
ADDL RR2,@RR4
ADDB RH2,RL2
CLRB RL2
RESFLG C; RET
ERREX: SETFLG C; RET

tStep to next entry!
!Terminator?!

! Yes-out of range!

!Compare v with Vj!

! If v > Vi, try next!

!Back up to Vj_q!

'RR2 = v-Vj_q!

!Step to S;_q!

'RR2 = 51_1 + (V-Vi_1)!
!Carry overflow to segment field!
!Clear "reserved" bits!

1C=0 for success return!

1C=1 for out-of-range return!

Figure 10-29. Example, Flexible Memory Mapping Subroutine
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Notes to Figure 10-29:

1. The algorithms here are designed for random access. A loop to step through a byte array addressed
for the high-efficiency version uses the following sort of address computation:

LDL RR2,RR4 1Start at the beginning!
LOOP: !If at end of array, exit!
!Perform operation on the array element!

INC R3 1Step to next address!
JR NZ,LO0P 1Still in the segment!

INCB RH2 !New segment!

JR LOOP

2. Notice the use of the VO entry in the MAPTAB table. Even though VO can only be zero, the program is
simplified by including an entry for it in the table.

3. There is no error checking performed in either routine. Several errors can occur: RR2 can contain a
virtual address of greater than 23 bits, or MAPTAB can be incorrectly formed or can define an array
that overlaps itself.

The checking of RR2 in either version must be done dynamically. The checking of MAPTAB can be done
once when the table is created or each time it is changed. A special routine can be provided for
this purpose.

4. The DEC R5,#8 and INC RS,#4 instructions in the mapping computation are required because the Based
Addressing mode cannot be used with the ADD and SUB instructions. If it could, the code at FIND
might be

FIND: SUBL RR2,RR4(#-8)
ADDL RR2,RR4(#-4)

in the nonsegmented mode, indexed addressing can be used to simulate based addressing (see Section
10.2 Addressing Modes), but of course, this program would not be used in nonsegmented operations.

5. Many applications using large arrays do not need to have the entire array in memory at all times.
The high-flexibility version of address mapping can be used to implement a demand-loading scheme.
For this, the code at "FIND:" must recognize a special value for the base segmented address Si-1 that
signifies that the array section in question is not currently present in main memory. (Si-1=231-1 is
a good value for this purpose.) At this point a call can be made on a demand-loading routine that
loads the section in question and passes back its actual segmented address for storage in the
address-mapping table.
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10.13.4 Removing Trailing Blanks trailing blanks allows more records to fit into a

buffer of given size.

Problem: To replace a fixed-length array of text
(such as a card image) by a possibly shorter array Solution: The Z8000 block instructions that use

containing the initial segment of the original the autodecrement mode are designed to handle this
array up to and including the 1last non-blank sort of problem. The array is scanned backward
character. This type of operation is useful when until the first non-blank character is found. The
a set of fixed-length arrays (for example, a card code for this appears in Figure 10-30.

deck) is to be read into memory. Elimination of

!Subroutine to remove trailing blanks
CALL STRIP with RR2 = address of the array
R1 = # of bytes in the array (1 to 65,536)
Returns with RO = number of bytes in stripped array.
The contents of RO, R1 and RR2 are lost.
1

BLANK=32 tASCII Code for blank!

STRIP: LDB RLO,#BLANK ! Comparison character!
ADD R3,R1 1Set RR2 to point!
DEC R3 ! at end of array!
CPDRB RLO,@RR2,R1,NE !Scan backward to non-blank!
LD RO,R1 !Remaining count (Z not affected)!
RET NZ {If all-blank return R0=0!
INC RO 1Count the final non-blank!
RET

Figure 10-30. Example, Removing Trailing Blanks

Notes to Figure 10-30:

1.

2,

Notice the computation to set RR2 to point at the last byte of the array. R3 is the offset portion of
the address in RR2. Adding R1 (the number of bytes in the array) to R3 leaves RR2 pointing at the
first byte following the array. DEC R3 brings RR2 back to its array. (R1 = O means 65,536 bytes.)

The Block Compare instruction terminates when the count in R1 reaches zero or when one of the CPB
RLO,BRR2 operations causes the NE condition to be true. R1 is decremented for each comparison,
whether or not there is a match. Therefore, if a match occurs (which the block compare instruction
signals by setting Z), the count remaining in R1 is one less than the number of bytes in the stripped
array. If no match occurs, R1 is decremented to zero, which is equal to the number of bytes in the
stripped array.
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10.13.5 Determining Whether A 16-Bit Word Is A
Bit Palindrone

Problem: To determine whether or not a given
16-bit word satisfies the condition

Bit n = Bit (15-n)

for n =0, 1, 2, ..., 15. A word meeting this

condition is called a bit palindrome, since it
reads the same frontwards and backwards.

Solution: This problem illustrates the use of the
28000 bit-testing instructions that allow the bit
number to be specified in a register. The
solution given here is the straightforward one:
comparing bit n with bit (15-n) for n = 0, 1, 2,
eesy 7. The code appears in Figure 10-31.

!Subroutine to test for bit palindromes

CALL BITPAL with RO = 16-bit word to be tested.

Returns with C=1 if not a bit palindrome, C=0 if it is.

Register use: R1 = n; R2 = 15-n; RH3 = loop count; RL3 = scratch.

1
BITPAL: CLR R1

1Set n = O!
LDK R2,#15 ! and 15-n = 15!
LDB RH3,#8 !Set loop counter!
LOOP:  CLRB RL3
BIT RO,R1 1Test Bit n and!
TCCB NZ,RL3 ! move it into RL3!
RLB RL3 {Make room for Bit 15-n!
BIT RO,R2 !Test Bit 15-n and!
TCCB NZ,RL3 ! move it into RL3!
TESTB RL3 1Bit n = Bit 15-n if and!

JR PO,NOTPAL ! only if parity of RL3 is even!

INC R1
DEC R2

! Increment n!
tDecrement 15-n!

DBINZ RH3,L00P !Loop until count exhausted!

RESFLG C; RET
NOTPAL: SETFLG C; RET

!Success: set C=0 and return!
{Failure: set C=1 and return!

Figure 10-31 Example, Test for Bit Palindromes Subroutine

Notes to Figure 10-31:

1. This example illustrates the operation of the Bit Test instruction. A more efficient solution to the
problem involves a direct comparison of the two bytes of RO after reversing one of them with a loop

like:
LDK R2,#8
LOOP:  RLCB RLO
RRCB RL1
DINZ R2,L00P
RLCB RLO

2. The condition code NZ is used in the TCC instructions. BIT sets Z if the bit is clear and clears Z if

the bit is set.

3. TCC instructions are used to save the bit values, and TEST is used to compare them by testing the

parity of the byte into which they have been stored.

Both simplify the flow of control. Not using

- these techniques results in the sort of jumping around shown in Figure 10-32.
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SET CLEAR

BIT
SET 15-n CLEAR

SET

A/
“NOT PALINDROME”
EXIT

LOOP
COUNT
EXHAUSTED

NO

“PALINDROME”
EXIT

Figure 10-32. A Poor Alternative to the Use of TCC

10.13.6 Sorting

Problem: Given an array A of "items" and an order
relation "<", rearrange the items of A in such a
way that for integers i and j and items ai and aj,
ai < aj whenever i < j. The items of A can be
integers, floating point numbers, character
strings, or any other data type. The order
relation can be any ordering appropriate to the
given data type, for example, dictionary order for
character strings.

Solution: An adaptation of the "quicksort"
algorithm of C.A.R. Hoare is used. A program is
written to sort an array of 16-bit 2's complement

integers in ascending numerical order. The
organization of the program into subroutines
indicates how other items and ordérings can be
used.

Assume that A is an array indexed from 0O to N.
Quicksort is a recursive procedure that begins by
arbitrarily selecting one of the items of A as the
"pivot" value. Then a preliminary rearrangement
of A is made as follows: For some i, O LigN,
ai is the pivot value and g < a; if 0 < k £ i,
a, > a; if i < k < N. That is, all items less
than, or equal to, the pivot are moved into the
"left half" of the array and all those greater
than, or equal to, the pivot are moved into the
"right half."
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Once this is done, the same process is performed
on each of the two array segments ag to a;_4 and
aj,q to ay. These segments are usually not of
equal size. Implementation of the algorithm
requires a minimum of stack storage if at each
stage the smaller segment is sorted first.

In this example assume that array offsets are

23-bit numbers in the range of 0 to 8,388,607 and
that the array elements are 16-bit signed
integers. A base segmented address and an address
computation similar to that of the high-efficiency
version of ADMAP (Section 10.23.3) are used. The
generalization to other types of element is
straightforward. The code for this appears in
Figures 10-33 through 10-38.

!Subroutine Quicksort
CALL QUICK with RR12 = array address
RR10 = U (offset of upper limit)
RR8 = L (offset of lower limit)
Returns with array elements at offsets between L and U (inclusive)
sorted. L and U are 23-bit integers in the range 0 to 8,388,607.
Register use:
RR14: Stack Register
RR12: Always contains starting segmented address of array
RQ8: (L,U) on call; shorter (L,U) range returned by SHORT
RQ4: longer (L,U) range returned by SHORT
RQO: used by subroutines of QUICK

!
QUICK: CPL RR8,RR10 ! Compare L,U!

RET GE 'Return if L > U!
CALR PART 'Partition: RQ4, RQ8 get ranges!
CALR SHORT 'Put shorter range in RQ8, longer in RQ4!
DEC R15,#8 !Save RQ4 - longer (L,U) range!
LDM @RR14,R4,#4
CALR QUICK !Recursive call to sort the shorter range!

LDM R8,@8RR14,#4 !Restore longer range - into RQ8!
INC R15,#8

CALR QUICK 'Recursive call to sort the longer range!
RET

Figure 10-33. Example, Sort Subroutine Quicksort Initialization

!Subroutine of QUICK to put shorter range first
CALL SHORT with RQ4 = one (L,U) range
RQ8 = another (L,U) range
Returns with shorter range in RQ8, longer in RQ4
Register use: as for QUICK. RRO contents are lost.
1
SHORT: LDL RRO,RR6 IRRO = U-L for RQ4!
SUBL RRO,RR4
PUSHL @RR14,RRO !Save first U-L!
LDL RRO,RR10 'RRO = U-L for RQ8!
SUBL RRO,RR8
CPL RRO,@RR14  !Compare lengths!
POPL RRO,@RR14 !Clear the stack!

RET LE 'Return if RQ8 length < RQ4 length!
EX R4,R8 !Exchange RQ4 & RQ8!
EX R5,R9
EX R6,R10
EX R7,R11
RET

Figure 10-34. Quicksort Subroutine to Position Shorter Range First
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tPartitioning subroutine of QUICK

CALL PART with registers as for QUICK

Returns with array segment between L and U partitioned
around a pivot element with index I. Returns the two
ranges to be sorted: (L,I-1) in RQ8 & (I+1,U) in RQ4.
Register use: RQ8 = (L,U); RQ4 = (I,J). On return,
RQ4,RQ8 are new ranges. RQO is used by subroutines.

!

PART:  CALR SETPIV 1Choose pivot; initialize pivot routines!

LDL RR4,RR8 1Set I = L!
LDL RR6,RR10 1Set J = U!
CALR DECI {Decrement I: I=L-1!

LPI: CALR UPI !Increment I until ay > pivot value!
CALR DOWNJ !Decrement J until aj < pivot or J < I!

JR C,MOVPIV 13 < I: only pivot remains to be moved!

CALR EXCHIJ !Exchange aj and ay values!
JR LPI

MOVPIV: CALR EXCHIP {Exchange aj and pivot values!

LDL RRé6,RR10 tMove I to end of RQ4 (where J was)!
LDL RR10,RR4 IMove I to end of RQ8 (where U was)!

CALR DECI {Decrement I: RR4 = I-1!

EX R4,R10 'Exchange RR4,RR10: !

EX R5,R11 'Now RQ8 = (L,I-1); RR4 = I!
CALR INCI tIncrement I: Now RQ4 = (I+1,U)!
RET

Figure 10-35. Quicksort Partitioning Subroutine

!Subroutines of PART for moving I and J

CALL UPI: returns with I incremented until aj > pivot value
CALL DOWNJ: returns with J decremented until aj < pivot

or J i I; returns C=1 if J ﬁ I, otherwise C=0

Register use: As for PART.

'
UPI: CALR INCI ! Increment I!

CALR CPPI !Compare pivot value with aj!
RET LE 'Return if pivot value < ay!
JR UPI !0therwise keep incrementing!
DOWNJ: CALR DECJ {Decrement J!
CPL RR4,RR6 ! Compare I,J!
JR LT,DI 1T < J: proceed!
SETFLG C; RET '3 £ I: return C=1!
DJ1: CALR CPPJ !Compare pivot with aj!

JR LT,DOWNJ  !Keep decrementing if pivot value £ aj!
RESFLG C; RET  !0therwise return with C=0!

!Routines to increment or decrement I or J.

ESIZE = 2 !Entries are words: two bytes!
INCI: ADDL RR4,#ESIZE
RET
DECJ:  SUBL RRé6,#ESIZE
RET
DECI: SUBL RR4,#ESIZE
RET

Figure 10-36. Quicksort Subroutine For Moving I and J
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!Pivot Setting and Comparison Subroutines

CALL SETPIV - chooses pivot & saves its value in a
register
CALL CPPI - compare pivot value, aj. Set FLAGS.
CALL CPPJ - compare pivot value, aj. Set FLAGS.
Register use: as for PART. RO = temp. R1 = saved pivot
value. RR2 = calling argument and actual address
returned by ADCOMP
!

SETPIV: LDL RRZ,RR10 fRR2 = U!

CALR ADCOMP 'RR2 = actual address of ay!
LD R1,@RR2 !Choose aj as pivot value!
RET
CPPI: LDL RR2,RR4 'RR2 = I!
JR IM
CPPJ:  LDL RR2,RR6 IRR2 = J!
IM: CALR ADCOMP IRR2 = adr of item to be compared!
CP R1,@RR2
RET

Figure 10-37. Quicksort Subroutines for Pivot Setting and Comparison

{Exchange Subroutines

CALL EXCHI - exchange aj and pivot values.

CALL EXCHIJ - exchange a; and aj values.

Register use: as for PART. RO = temp. R1 = saved pivot
value. RR2 = calling argument and actual address
returned by ADCOMP

]
EXCHIJ: LDL RRZ,RR4 iRRZ = 1!
CALR ADCOMP 'RR2 = actual address of aj!
LD RO,8RR2 1RO = ay!
PUSHL @RR14,RR2 !Save address of aj!
LDL RR2,RRé6 IRR2 = J!
CALR ADCOMP !RR2 = actual addresss of aj!
EX RO,@RR2 tExchange: RO=aj, aj replaced by ay!
POPL RR2,@8RR14 !Restore aj address!
LD @RR2,R0 !'Replace ay by aJ!
RET
EXCHIP: LDL RR2,RR4 RR2 = 1
CALR ADCOMP 'RR2 = actual address of aj!
EX R1,8RR2 !Exchange ajy with saved pivot value!
LDL RR2,RR10 IRR2 = U (offset of pivot element)!
CALR ADCOMP IRR2 = actual address of ay!
LD @RR2,R1 !Replace ay by ajp!
RET

ADCOMP: ADDL RRZ,RR12  !Add array base to offset!

ADDB RH2,RL2 !Carry overflow into segment field!
CLRB RL2 !Clear reserved bits!
RET

Figure 10-38. Quicksort Exchange Subroutines
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Notes to Figure 10-38

1.

This code falls into two principal categories: the code to implement the algorithms and the code to
manipulate the indices and data items. The algorithm is implemented by the routines QUICK, PART,
SHORT, UPI, DOWNJ and SETPIV. The manipulation and comparison of data items and the arithmetic on
array indices occur in the routines INCI, DECI, DECJ, CPPI, CPPJ, EXCHIP, EXCHIJ, and SETPIV. The
mapping of array offsets into actual memory addresses occurs in ADCOMP.

The organization used here facilitates the alteration of QUICK for other applications. For example,
a nonsegmented version can be produced simply by changing all instances of @RR2Z to @R3 and keeping
the nonsegmented array address in R13 with a zero in R12. All references to RR14 also have to be
changed to refer to R15. The resulting code is less efficient than a tailor-made nonsegmented
version, but this does not matter in many applications.

As another example, QUICK could be changed so that it sorts bytes by redefining the symbol ESIZE to
take the value 1. Instead of using RO as a temporary location and R1 for the saved pivot value, the
routines SETPIV, CPPI, CPPJ, EXCHIP, and EXCHIJ need byte reyisters. Then the four LD instructions,
the CP instruction, and the two EX instructions in those routines must be changed to byte versions.

Sorting on the basis of other ordering relations is facilitated by this program orgnization. For
example, decreasing numerical order could be used simply by replacing the instruction CP R1,@RR2
with:

LD RO,@RR2
CP RO,R1

in the CPPI/CPPJ routine (CP @RR2,R1 is not a legal instruction). The program could have byte
constants representing the various flags combinations it wishes to return. For example, the less
than condition can be returned by the following sequence of instructions at the end of the
subroutine:

LDB RHO,#LTVAL
LDCTLB FLAGS,RHO
RET

The symbol LTVAL might have the value %20, corresponding to C=0,2 =0, S=1, V=20, D=0, and
H = 0.

The CPPI and CPPJ routines illustrate the useful programming technique of multiple entry points. An
alternative organization is

CPPI: LDL RRZ,RR4
CALR IJM
RET

CPPJ: LDL RR2,RR6
CALR IJM
RET

The code at IJM in both organizations is shared. The objective of this is not principally to save
memory space but rather to assure that these two related functions are carried out according to a
common algorithm.
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3. The SETPIV routine is mainly concerned with data manipulation, but it also implicitly embodies a
part of the quicksort algorithm, the choice of a pivot element. Use of alU for the pivot is
inefficient if the array is already sorted. Other algorithms can be used to make the choice.

4. The use of 23-bit indices stored in long-word registers simplifies index comparisons such as those
that occur in QUICK and SHORT. To use the same code for one-word registers, the index values would
have to be restricted to 15 bits. If 16-bit indices are used, the comparisons must be the unsigned
versions. In that case, special tests must be made for the case L > U, in both SHORT and QUICK. In
particular, the case U = -1, L = 0, a termination condition for QUICK, needs further special
handling.

10.13.7 Polynomial Evaluation A subroutine (code shown in Figure 10-39) is

provided that accepts as its arguments the

Problem: Given a set of coefficients ap, variable x and the address of a parameter table

@q9eeey3, and a variable x, compute describing the array. The table has the following

format:
f(x) = ag + ayx + azx2 + oee agx™,
n (1 word)

Solution: The coefficients an,...,a,\(, the ag (2 words)

variable x, all of the products ax*, the .

intermediate sums, and the final sum are assumed .

to be within the range of 32-bit signed integers, .

=231 o 2311, a, (2 words)

1Subroutine to perform polynomial evaluations!
CALL POLY with RRO = x
RR2 = adr. of table (n, agy <.« a,)
Returns with RR4 = f(x), contents of RR2 and R6-R13 lost
V = 0 if all values in bounds, 1 otherwise.
gister use: RRO, RRZ -- calling arguments
RR4 -~ running sum R12 -~ coefficient counter
RR6 ~- xK (k=0,1,...,n) R13 -- error flag
RQ8 -- scratch

POLY: POP R12,8RR2 1Get n from table to set counter!

LDL RR6,#1 tInitialize: xk =1 (i.e., k = 0) !
LDL RR4,#0 ! f(x) =0 !
CLR R13 ! Error flag = 0 !
LOOP:  POPL RR10,@RR2 !Get ak from the table!
CALR MULCH IRR10 = g xK1
ADDL RR4,RR10  1F(x) = f(x) + axK1
TCC OV,R13 ! Remember overflow, if any!
DEC R12 tDecrement coefficient counter!
JR MI,POLEX ! Done if < O!
LDL RR10,RRO 1Get x!
CALR MULCH IRR10 = x**+1
LDL RR6,RR10  !Replace x by xK*1 (i.e., increment k)!
JR LOOP {Perform computation for new k!
POLEX: RESFLG V
TEST R13 !Were there any overflows?!
RET Z ! No -- return with V = 0!
SETFLG V; RET ! Yes -- return with V = 1!

Figure 10-39. Example, Subroutine To Perform Polynominal Evaluations
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The subroutine returns the value f(x). In
addition, the results of computations are checked
at each stage to verify that they remain within
the stated bounds. If the bounds are exceeded at
any stage, V is set when the subroutine returns
its final result.

The code is arranged so that multiplications are
required at two places. In each case, the
arguments are manipulated in the registers so that

the required instruction is
MULTL RQ8,RR6

A subroutine is provided to execute this
instruction and to verify that the result fits
into RR10, the low-order half of RQ8. If not, a
bit is set in an error-flag register that is
initially cleared to zero by the main routine. The
code for the multiply and check routine is shown

in Figure 10-40.

fMultiply and check subroutine!
MULCH: MULTL RQB,RR6  !Perform the multiplication!
PUSHL @RR14,RR8 !Save high-order 32 bits!

EXTSL RQ8 1Set high-order 32 bits to proper value!
CPL RR8,8RR14 !'Was it already OK?!

TCC NE,R13 'If not, then overflow occurred!

INC R15,#4 'Discard saved RR8!

RET

Figure 10-40. Example, Multiply and Check Subroutine

Notes to Figure 40:

There is no test at the beginning, so the loop is always
The effect of this is that tables with negative values of n will be treated

Instead, the decrement of the coefficient counter and

The overall length of the program can be shortened by moving this test to
In addition to the wasted

The original contents of RQ8 (the high-order half of RQ8) are

Assuming that all results are within the range of signed 32-bit
This explains the test performed in

1. Notice the structure of the loop in POLY.
executed at least once.
as if they had n = 0.
There is also no test at the end of the loop.
the test for termination appear immediately following the latest update of the running sum and before
the computation of xK*1,
the end of the loop, but then x™'! is always computed unnecessarily.
computation, this leads to an erroneous overflow indication if x™1 exceeds the 32-bit limitation.
2. The subroutine MULCH illustrates the use of the multiplication and sign extension instructions. The
instruction
MULTL RQ8,RR6
causes the contents RR10 (the low-order half of RQ8) to be multiplied by the contents of RR6 and the
resulting value to be stored in RQ8.
irrelevant. The instruction
EXTSL RQ8
causes the contents of RQ8 to be replaced by a number whose value is the same as that of RR10 but
which has twice as many bits.
numbers, the EXTSL instruction should cause no change to RR8.
MULCH.
3.

The use of the TCC instruction to remember the occurrence of overflows is similar to its use in
Section 2.1.
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10.13.8 PSEUDO-RANDOM NUMBER GENERATION

Problem: To provide a subroutine that returns an
"unpredictable" 16-bit number.

Solution: The solution presented is sometimes
referred to as the power residue method. A large
positive number N with few prime factors is
chosen. The values returned by the function RND on
successive calls 1,2,... are defined as follows:

RND; = N2 (mod 216)
RND) = (RND,_4 AND (2'°-1)) X N (mod 216)

for k = 2,3,...

The algorithm used requires that the routine know
at each stage the value it returned when last
called. The storage space for remembering this
value is provided by the caller in a table whose
address is passed to the routine each time it is
called. An initializing routine is provided for
setting up the table. Figure 10-41 shows the code
for the initializing routine and the pseudo-random
number generator.

!Random-number routines

CALL INRAND with RR2 = address of 2-word temp storage table.
Returns with table "initialized," R1 lost, and RO = N.

CALL RAND with RR2 = address of the table.
Returns with RO = "random" number & table updated.

Register use:

RRO: Dest for multiplication; RO returns the random number.

RR2: address of table.
1

|
K=-1*

AND 21511

MULT RRO, @RR2 IRRO = (RND,_q AND (21-1))*N1

N = 15419 IN = 17%907!
RAND: LD R1,RR2(#2) 'R1 = RND.
RES R1,#15 IR1 = RNDy_4
LD RO,R1 1RO = RND!
LD RR2(#2),R0
RET

INRAND: LD RO,#N
LD @RR2,R0
LD RR2(#2),R0
RET

IRNDg = N!

!Remember RND) for next call!

!Save N in table!

Figure 10-41. Example, Random Number Generator
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Notes to Figure 10-41:

1.

This is a quick and dirty pseudo-random number generator. For a thorough discussion of random-number
theory and algorithms, refer to Chapter 3 of "The Art of Complete Programming, Volume 2:
Seminumerical Algorithms," by Donald E. Knuth.

Similar routines can be used for 32-bit random numbers. In fact, RAND could be generalized to take
its argument size from the table. The desired size could be passed to INRAND, which would set up the
table accordingly.

The choice of the number N could be made by the caller and passed, possibly as an option, to INRAND.
Note the use of the instruction

RES R1,#15
as an alternative to

AND R1,#%7FFF.,

Note that the use of an argument table makes RAND a re-entrant routine.
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Appendix A

BUS
TIMING

STATUSY

CPU
CONTROL

BUS
CONTROL

INTERRUPTS

MULTI-MICRO

CONTROL | «—

|AS

bsS

MREQ

READ/WRITE
NORMALI/SYSTEM
BYTE/WORD

STy

ST,

28001
CPU

AD1s
AD14
ADy3
ADy2
ADq4

ADyp |

ADy

ADg |

ADy
ADg
ADs
AD,
AD;
AD,
AD4
ADg

SNg
SNs
SNa
SN;
SN2
SNy
SNg

I Tnnn

Pt

+5V GND CLK

Z8001 CPU Pin Functions

ADDRESS/
DATA BUS

7

SEGMENT
NUMBER

7/
SEGMENT
TRAP

ADg [ 1 48
AD [] 2 a7
Ay, []3 46
ADy [ 4 45
ADy, 5 44
ADz [ 6 43
stop []7 42
wm s M
ADys E‘ 9 40
AD,, [] 10 39
+5V E 1 38
vi E 12 7
— 28001
ni [ 13 CPU 36
SEGT [] 14 35
i [] 15 34
RESET [ 16 33
wo [ 17 32
MREG [] 18 31
bs[] 19 30
sT; ] 20 29
sT, [ 21 28
sTy [] 22 27
sTo [] 28 26
SNs [] 24 25

ADg
a SNg
[] sNs
] Ap;
(] Aps
: AD,4
[ sn,
: ADs
(] Ao,
[] Ao,
[] ap,
[ sN,
] anD
] cLock
1 7s

RESERVED
BIW

I NS
] riw
[] 5USACK
] wair
] BUSREG
SNo
SNy

78001 Pin Assignments
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BUS
TIMING

STATUSY

CPU
CONTROL

BUS
CONTROL

{
{
{

MULTI-MICRO
CONTROL

i

| AS
bs
MREQ

READ/WRITE
NORMAL/SYSTEM
BYTE/WORD

ST,
ST,
STy
STo

28002
CPU

&
d i
'é‘:u

AD1s
ADq4
ADq3
ADs2
ADq4
ADyo
ADg
ADs
AD;
ADg
ADs
AD,y
AD;
AD,
AD4
ADo

P

+5V GND CLK

28002 CPU Pin Functions

-
|
r—>
—>
|
—
[—p
< | ADDRESS/ ADsE 1 40 [ apo
l«—>» ([ DATA BUS ADyo 2 39 J ADg
> ap,, [ 3 38 [] ap,
. AD, [ 4 37 [] Aps
- FY N 36 [J Ao,
- stor[] e 35 [] Aps
—> mild? 34 ] Ap,
- Aps[] 8 33[] ap,
l—> ) Apy, [ o 32[] Ap,
+5V O 28002 ' [] aND
Vi1 “epy 30 []ctock
Nvi [] 12 29 7] As
i [ 13 28 [ ] RESERVED
RESET [] 14 27 [] 8 W
wo [ 15 26 [ NS
MREG [ 16 25 ] AW
ps E 17 24 ] BUSACK
st [ 18 23 [] WATT
ST [ 19 22 BUSREQ
ST [] 20 21[] STo
78002 Pin Assignments
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BUS
TIMING

STATUS

CPU
CONTROL

BUS
CONTROL

INTERRUPTS

MULTI-MICRO
CONTROL

LU L UL et 1t

P —

'§ ;jﬁl.ﬂ

2

‘EE

2|
<

NORMAL/SYSTEM
BYTE/WORD

(2]

Ts
T2
Ty
To

n n »

cPU

ﬂlﬂg

b2

239
2

RESET

BUSREQ

|BUSACK

3z

28003

ADss
ADyq
ADy3
AD;2
ADyy
ADyo
ADg
ADg
AD;
ADg
ADs
ADg
AD3

AD4
ADg

SNg
§N5
SNa
SN3
SN2

SN; |

SNp

SAT j—

T e

P

+5V GND CLK

Z8003 Pin Functions ‘

ADDRESS/
DATA BUS

J

SEGMENT
NUMBER

SEGMENT/PAGE
OR
TRANSLATION TRAP

AD, [
AD, [
ADyo E
ADy; [
ADy; []
ADy; [

sTor [

s
alulal

-
o

+ »
o o
Sl< =

E

z
E

2 7
aﬂaﬁ
misinininininininin

STs

[ ]
b

&
0

SN3

©W O N O e W N =

T S g

Z8003
CPU

47
46
45
44
43
42
41
40

38 []

38
37
36
3
34
33
32
31
30
29
28
27
26
25

: ADg
SNg
g SNs
] Ao,
(] Ao,
[ AD,
(] sn,
] Aps
(1 Ap,
AD;
: AD,
[ sw,
] ano
] cLock
1 as
[] ABoRT
Jew
NS
/W
] BUSACK
] war
] BUsREQ
1SN,
[]sN,

Z8003 Pin Assignments

2010-035, 036
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BUS
TIMING

STATUS

CPU
CONTROL

—

BUS
CONTROL

INTERRUPTS

MULTI-MICRO
CONTROL

A — —— ——

]

§18| al
[>

READ/WRITE
NORMAL/SYSTEM
BYTE/WORD

—— Z8004
STOP cPU

AD1s
AD14
ADq3
ADy2
ADq4
ADyo
ADg
ADg
AD;
ADg
ADs
AD4
AD3
AD;
AD4
AD,

bt

+5V GND CLK

Z8004 Pin Functions

ADDRESS/
DATA BUS

AD, [ 1 40 [] Ap,
ADy [ 2 39 [] ap,
apy, [ 3 38 [] ao,
AD [ 4 37 [] Ape
apys [ 5 3s [ apn,
stop[] s 35 [] Aps

mi[] 7 34 [] apg
apis[] 8 33[] ap,

Apy [ 9 32[] Ao,
+sv[]1 31[] GND

vi[] 22234 30 [ cLock
nvi [ 12 29[ As

NmI [ 13 28 [] RESERVED

RESET [] 14 27 [] 8w
mo[] 15 26 [ NS
mREQ [] 16 25 ] RW

DS E 17 24 g BUSACK

sTs [] 18 23 [] WaIT

sT2 [ 19 22 [] BUSREQ
sTy [] 20 21[] STo
Z8004 Pin Assignments
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Appendix B

Z8003/4 Z8000™ YMPU
Virtual Memory
Processing Unit

Ya

Product
Brief

June 1982
Features B Binary, function, and pin compatibility with B Status lines indicate the read/write phase of
the Z8001/2 microprocessors. the Test and Set instruction for use in
® Designed-in compatibility with present and multiprocessor systems.
future Zilog Memory Management Units B 23-bit segmented addresses for Z8003.
(MMUs). B 16-bit non-segmented addresses for Z8004.
B Operates with up to a 10 MHz clock.

Description The Z8003/4 Virtual Memory Processor Unit on the status lines (STg-ST3), indicating the
(VMPU), a 16-bit MOS microprocessor, offers read/write phase of the Test and Set (TSET)
integral provisions for operation in a virtual instruction. This status output can be used
memory environment, in addition to the externally for arbitration of bus control.
features of the Z8001 CPU. The Z8003 VMPU In a virtual memory environment, the pro-
generates 23-bit addresses. The address space grams and data being operated on need not
is organized into 128 segments, each up to 64K reside simultaneously in main memory. Thus,
bytes in length. The Z8004 generates 16-bit ad- provision must be made for retrieving parts of
dresses. The Z8003/4 VMPU addressing a program or data located in “‘secondary”
scheme distinguishes between memory space storage (such as a disk). Attempts by the
for program, data, and stack in each of two microprocessor to access instructions or data
modes, System and Normal. not in main memory are called “accesses to

For use in shared-memory multiprocessor nonresident data.” When this is done, the
systems, the Z8003/4 VMPU provides an output transaction accessing the nonresident data
must be interrupted, the state of the
' microprocessor saved, the program or data in
ous) T |5 o D secondary storage moved to main memory, the
TIMING .
<] FmEn ADy; f— state of the microprocessor restored, and the
ADia [ interrupted instruction restarted.
<+ READ/WRITE e
T Norusveren ::., bg The Z8003/4 VMPU provides an external
~——]BvTEWoRD ADp [e—s- abort pin to permit the interruption of instruc-
ADg [ | ADDRESS/
STATUSY s, AD; je—s [ DATA BUS
et ST, ADg
«—qsT; AD; fa—n- ﬂ
«—q5Tp ::: : .— ow?‘ns:ue f,:.o,oua ABORT
ABORT 28003 fw— O
ot o B mET
ADg -
pu;{——wsnza '—-——---———-‘ Y
CONTROL 28003 2-BUS
4-—‘ BUSACK : ::: : ONLY : — -_D
| NI | SNy f—> |
INTERRUPTS{ —¥I Y S :5:!:::1'
T : ::: t : l PERIPHERAL n l PERIPHERALD I MMV_U
MULTI-MICRO { —lm | SN | N \ J
CONTROL | <— o | SEGMENT PAGE |
ABORT ———»-] ABORT _LB_YI‘,DROE%N;_"U
l MAIN MEMORY l
+5V GND CLK RESET
Figure 1. Pin Assignments Figure 2. Virtual Memory Environment
2096-001, 002 B-1



Appendix B

Description
(Continued)

tion execution before the instruction com-
pletes.

When the Z8003/4 VMPU is used in a
multiprocessor system, there may be dual-
ported memories used by the processors. In
this type of system, a resources manager arbi-
trates simultaneously attempted accesses to
shared resources. When a processor tests to

see if a resource is in use, the read/write por-
tion of the test transaction must not be inter-
rupted or the probability of a collision
increases greatly. The Z8003/4 VMPU provides
features that help to avoid collisions during
accesses to shared resources via the enhanced
TSET instruction.

Functional
Description

The Z8003/4 VMPU can operate in a virtual
memory environment. The virtual memory
capability is provided by an instruction abort
function on pin 33 of the Z8003 and on pin 28
of the Z8004. When this pin WAIT, and SAT
are activated at the same time, an instruction
abort sequence begins. This abort sequence
leaves the VMPU in a well-defined state, allow-
ing a software recovery. To make this recovery
smoothly, the software must know which
instruction was aborted and how much of the
instruction was executed. Figure 3 shows the
timing sequence for the abort function. Figure

4MHz 6MHz 10 MHz
Ts 50ns 30ns 25ns
Th Ons Ons Ons

.

U

T T Tw _Tw Tw _Tw _Tw T

L

4 shows the sequence of hardware and soft-
ware events that occurs when an instruction is
aborted.

During the read phase of the TSET
instruction on the Z8003/4 VMPU, the status
lines STp-ST3 are all set to 1s. On the Z8001/2
all 1s on the status lines is a reserved status
encoding.

The Z8003/4 VMPU is compatible with the
78000 Family of microprocessor and peripheral
devices. Instruction set and bus transaction
protocols of the VMPU can be found in the
Z8000 CPU Technical Manual (document
number 00-2010-C). The VMPU enhance-
ments are described in the VMPU Product
Specification.

Y
NO

ABORT THE
Th—! | ) L INSTRUCTION
ABORT \ ' ’ b
]
) )
WAIT [ TRAP
o SAVE STATUS
© SWAP IN PROGRAM/
DATA ELEMENT
o RESTORE STATUS
SAT ‘
() (, *
EXECUTE NEXT RESTART
VIRTUAL ADDRESS ABORT ACKNOWLEDGE L] ABORTED
ABORT (t) CYCLE INSTRUCTION INSTRUCTION
NOTES: + = Clock Sample Ponts NOTE: The abort sequence 1s imtiated when ABORT, SAT, and
WAIT are activated.
Figure 3. Instruction Abort Timing Figure 4. Instruction Abort Function Flow
Summary The Zilog VMPU is the first 16-bit the Z8001/2 CPU means that applications soft-

microprocessor that offers integral provision
for operation in a virtual memory environment.
The upward compatibility of the VMPU with

ware developed for a Z8001/2 CPU will
execute directly on the VMPU, preserving
investments in software and development tools.

B-2
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Appendix B

Z8010
Z8000™ Z-MMU Memory
Management Unit

Product
Brief

March 1982
Features B Dynamic segment relocation makes software physical address space of 16M bytes; all 64
addresses independent of physical memory segments are randomly accessible.
addresses. m Can be used with either the Z8001 or Z8003
B Access validation to protect memory areas CPU.
from unauthorized or unintentional access. ® Multiple MMUs can support several transla-
0O Overflow warning and expansion provi- tion tables for each Z8001/3 address space.
sion for stack segments. B MMU architecture supports multi-program-
B 64 variable-sized segments from 256 to ming systems and virtual memory implemen-
65,536 bytes can be mapped into a total tations.

Description The Z8010 Memory Management Unit (MMU)  located in the physical memory. It also pro-
manages the large 8M byte address spaces of vides a flexible, efficient method for support-
the Z8001 or Z8003 CPU. The MMU provides ing multi-programming systems. The MMU
dynamic segment relocation as well as uses a translation table to transform the 23-bit
numerous memory protection features. logical address output from the Z8001/3 CPU

Dynamic segment relocation makes user soft- into a 24-bit address for the physical memory.
ware addresses independent of the physical (Only logical memory addresses go to an MMU
memory addresses, thereby freeing the user for translation; I/O addresses and data bypass
from specifying where information is actually this component.)

-«—»| ADis Az >

=] ADy4 Az p——> .

~<—»] AD13 Azt > & 0O N'i
pmAsYNC [ RIW

ADDRESS | ™| ADu Az > seaT [ s

DATA <a—p{ ADyy A1 p——> o E 5
-} ADyg A1g s RESEY E T

| ADgy A7 p——a s E 1y

<«—»| ADg Atg PHYSICAL Az E ST,

Ats p—> ADDRESS O ST,

—f SNg Ats p——> A: E AD’

—| SNs A3 —n Azo N

19 [ ADg

SEGMENT T N e vee O AD1o

NumBER | | SN mMMU A > a1 [ AD1y

=] SNy At f—> A [ CLK
g B Ao f—> A [ GND
SNo Ao f—> a5 [ AD;2
SEGMENT <] SEGT 5UF |—» supPRESS ::: E :::
_ A [ ADs
DMA/SEGMENT —»-| DmAsYNG R |e— A O SNy
o o] nE
— 3 j—
BUS TIMING { = o |e | sTATUS :: E :::
STy |-— RESERVED SNy

CHIP SELECT —»| &5 STo |-— SNs a SNs

+5V GND CLK RESET
Figure 1. Pin Functions Figure 2. Pin Assignments
2046-051, 033



Appendix B

Description
(Continued)

Memory segments are variable in size from
256 bytes to 64K bytes, in increments of 256
bytes. Pairs of MMUs support the 128 segment
numbers available for a Z8001/3 CPU address
space. Within an address space, any
number of MMUs ¢an be used to accommodate
multiple translation tables for System and Nor-
mal operating modes, or to support more
sophisticated memory-management systems.

MMU memory-protection features safequard
memory areas from unauthorized or unin-
tended access by associating special access
restrictions with each segment. A segment is
assigned a number of attributes when its
descriptor enters into the MMU. When a
memory reference is made, these attributes are
checked against the status information sup-
plied by the CPU. If a mismatch occurs, a trap

is generated and the CPU is interrupted. The
CPU can then check the status registers of the
MMU to determine the cause.

Segments are protected by modes of permit-
ted use, such as read only, system only,
execute only and CPU-access only. Other seg-
ment management features include a write-
warning zone useful for stack operations and
status flags that record read or write accesses
to each segment.

The MMU is controlled via 22 Special I/O
instructions from the Z8001/3 CPU in System
mode. With these instructions, system software
can assign program segments to arbitrary
memory locations, restrict the use of segments
and monitor whether segments have been read
or written.

Segmented
Addressing

A segmented address space—compared
with linear addressing—is closer to the way a
programmer uses memory because each pro-
cedure and data set can reside in its own
segment.

The 8M byte Z8001/3 addressing spaces are
divided into 128 relocatable segments of up to
64K bytes each. A 23-bit segmented address
uses a 7-bit segment number to point to the
segment, and a 16-bit offset to address any
byte relative to the beginning of the segment.
The two parts of the segmented address are
manipulated separately.

The MMU divides the physical memory into
256-byte blocks. Segments consist of physically
contiguous blocks. Certain segments may be
so designated that writes into the last block
generate a warning trap. If such a segment is
used as a stack, this warning can be used to
increase the segment size and prevent a stack
overflow error.

The addresses manipulated by the program-
mer, used by instructions and output by the
CPU are called Jogical addresses. The MMU
takes the logical addresses and transforms
them into the physical addresses required for
accessing the memory (Figure 3). This address
transformation process is called relocation.

The relocation process is transparent to user
software. A translation table in the MMU
associates the 7-bit segment number with the
base address of the physical memory segment.
The 16-bit logical address offset is added to the
physical base address to obtain the actual
physical memory location. Because a base
address always has a low byte equal to zero,

only the high-order 16 bits are stored in the

MMU and used in the addition. Thus the low-
order byte of the physical memory location is
the same as the low-order byte of the logical
address offset. This low-order byte therefore
bypasses the MMU, thus reducing the number
of pins required.

23.BIT LOGICAL ADDRESS

A

e
L] 0 15 8

7 o
BIT SNg MUST BE L
EQUAL O FLAG URS [sravo || OFFSET i
Femmmm | o= -9
| Msga No.
| uns | urs |
=0| =1
| 0 | el
| 1] es |
| TABLE OF 84 2|
1 SEGMENT DESCRIPTOR ol
| REGISTERS o
l .
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Figure 3. Logical-to-Physical Address Translation
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Appendix B

Z8015 28000 PMMU
Paged Memory
Management Unit

Ya

Product
Brief

June 1982
Features B PMMU architecture supports paged, virtual B 64 pages, each 2048 bytes in length, can be
memory systems for the Z8003 VMPU. mapped into a total physical address space

B Dynamic page relocation makes software of 16 megabytes.
addresses independent of physical memory B PMMU can be used to implement systems
addresses. with larger or smaller page sizes.

B Memory-management features provide B The number of accessible pages can be
access validation to protect memory areas increased by using multiple PMMUs to sup-
from unauthorized or unintentional access, port separate translation tables for each
and a write-warning indicator to prevent 78003 VMPU address space.
stack overflow.

Description The Z8015 Paged Memory Management Unit

(PMMU) is designed to support a paged virtual -~ ::‘5

memory system for the Z8003 Virtual Memory : AD::

Processor Unit (VMPU). Although designed <] Ay,

primarily for the Z8003, the PMMU can also be <—>{ ADyy

used to support the other CPUs in the Z8000 <> Abw has [—>

s «—»] ADg Az >

Family. Memory-management features allow ADDRESS) | <—>] A0s Az

access validation for memory protection and a DATA BUS \ —a] Ap; An f—n

write-warning to prevent stack overflow. An —>{ ADg A |—>

instruction abort for accesses to pages not in :: :‘;5 A"“ —

main memory allows restarting of instructions D, N

: > Abs e PHYSICAL

in the Z8003 VMPU. Each PMMU can manage —} an; Ais |—> / ADDRESS

a basic memory area of sixty-four 2048-byte, —| AD: A f—>

fixed-size pages. The VMPU’s 8M byte logical T A% eots ::: —

address space is translated by the PMMU into — s ™M™ A

a 16M byte physical address space. Page size —] sns Ao f—s

can be easily changed and multiple PMMUs seament ) ] SNa Ay f—>

can be combined to support more pages. The NumBer |\ | ::’ Ao

PMMU is produced in a 64-pin package. e 505 L—» suppress

——»1 SNo
TRAP REQUEST «—] TRAP
ABORT REQUEST <+ ABORT
DMAISEGMENT —>] DMASYNC RW pe—
N§ fe—
—{ AS STy fe—
BUS TIMING { 5 T2 STATUS
’ STy pS——
CHIP SELECT —>] C§ ST fe—
CHIP ENABLE —>] CE
byt
+5V GND CLK RESET
Figure 1. Pin Functions
8074-001 B-5



Appendix B

Functional
Description

The Z8015 Paged Memory Management Unit
(PMMU) manages the 8M byte addressing
spaces of the Z8003 VMPU. The PMMU pro-
vides dynamic page relocation as well as
numerous memory protection features.

Dynamic page relocation makes user soft-
ware addresses independent of the physical
memory addresses, thereby freeing the user
from specifying where information is located in
the physical memory. It also provides a flexi-
ble, efficient method for supporting multipro-
gramming systems. The PMMU uses a content-
addressable translation table to transform the
23-bit logical address output from the VMPU
into a 24-bit address for the physical memory.
(Only logical memory addresses go to a PMMU
for translation; I/O addresses and data bypass
this component.)

The PMMU is designed to use a memory
page 2048 bytes in length. Multiple PMMUs
can be used to support more than 64 pages
within a given address space. In addition,
PMMUs can be used to accommodate separate
translation tables for system and normal
operating modes. The basic page length of
2048 bytes can be increased or decreased
using a minimal amount of external circuitry.

The PMMU is designed to implement a
paged virtual memory using the Z8003 VMPU.
The PMMU saves sufficient information to
recover from an instruction abort due to a
page fault. The instruction can be restarted
after the required information has been placed

: . , .
in primary memory and the PMMU's descrip

tors updated to allow address translation to the
selected primary memory locations.

As an aid in implementing efficient paging
algorithms, the PMMU provides Changed and
Referenced flags for each page. The Changed

flag indicates that a page has been altered and
hence must be copied to secondary storage
before that physical memory can be used for
another page. The Referenced flag can be
used to determine which pages have not been
accessed by an executing program. This infor-
mation is useful in a variety of memory-
management algorithms.

PMMU memory protection features
safeguard memory areas from unauthorized or
unintended access by associating special
access restirctions with each page. A page is
assigned a number of attributes when its
descriptor is initially entered into the PMMU.
Pages are protected by modes of permitted
use, such as read only, system only, and exe-
cute only. The Valid flag indicates whether or
not a descriptor has been initialized. When a
memory reference is made, these attributes are
checked against the status information sup-
plied by the VMPU. If a mismatch occurs, the
instruction is aborted, a Trap Request signal is
generated and the VMPU is interrupted. The
VMPU then checks the status registers of the
PMMU to determine the cause of the abort.

The PMMU is controlled by 20 special I/O
instructions, which can be issued from the
VMPU in system mode only. With these
instructions, system software can assign pro-
gram pages to arbitrary memory locations,
restrict the use of pages, and monitor whether
pages have been read or written.

The PMMU has two operating modes: an
address translation mode in which addresses
are translated automatically as they are
received, and a command mode, during which
specific registers in the PMMU are accessed
using special I/O commands.

Segmented
Addressing
and Address
Translation

The addresses manipulated by the program-
mer, used by instructions, and output by the
VMPU are called logical addresses. The
PMMU translates logical addresses into the
physical addresses required for accessing the
memory.

The 23-bit logical addresses output by the
VMPU divide an 8M byte addressing space
into 128 segments of up to 64K bytes each. A
23-bit segmented address consists of a 7-bit
segment number and a 16-bit offset used to
address any byte relative to the beginning of
the segment. The two parts of the segmented
address (segment number and offset) can be
manipulated separately.

The PMMU divides physical memory into

2048-byte pages. Pages are assumed to be
allocated in memory on 2048-byte boundaries
so that the 11 low-order bits of the starting
location of each page are always equal to zero.
Segments in a virtual memory system can con-
sist of pages that need not be in physical
storage. Those segment pages in main memory
need not be contiguous. Segments can have a
variable number of pages. Any page can be
designated so that writes into the lowest
numbered 128 bytes generate a warning trap
without an instruction abort. If such a page is
used as the last page of the system stack, the
warning trap can be used to allocate another
page to the stack segment and prevent a stack
overflow error.

B-6
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Z8030 28000 2-SCC
Serial Communications

Controller

Ya

Zilog

Product
Brief

March 1982
Features B Two independent, 0 to 1M bit/second, full- B Synchronous mode with internal or external
duplex channels, each with a separate character synchronization on one or two
crystal oscillator, baud rate generator, and sync characters and CRC generation and
Digital Phase-Locked Loop for clock checking with CRC-16 or CRC-CCITT
recovery. preset to either ls or Os.

B Multi-protocol operation under program B SDLC/HDLC mode with comprehensive
control; programmable for NRZ, NRZI, or frame-level control, automatic zero insertion
FM data encoding. and deletion, I-field residue handling, abort

m Asynchronous mode with five to eight bits generation and detection, CRC gene.ration
and one, one and one-half, or two stop bits and checking, and loop mode operation.
per character; programmable clock factor; M Local loopback and auto-echo modes.
break detection and generation; parity,
overrun, and framing error detection.

Description The Z-SCC Serial Communication Controller The Z-SCC handles asynchronous formats,
is a dual-channel, multi-protocol data com- synchronous byte-oriented protocols such as
munication peripheral for Z-BUS use. It is IBM Bisync, and synchronous bit-oriented pro-
software-configured to satisfy a wide variety of tocols such as HDLC and IBM SDLC. It also
serial communication applications. Its basic supports virtually any other serial data transfer
function is serial-to-parallel and parallel-to- application (cassette or diskette interface, for
serial conversion. In addition, the Z-SCC has example).
internal functions that minimize the need for The device can generate and check CRC
external random logic on the circuit card. codes in any synchronous mode and can be

<] AD TxDA f—> apy [ 1 40 [] AD,
PU—. AD; RxDA <—--} :iTAAL ADy E 2 39 o AD,
<] A, TRXCA | ADs L4 3 38 L] AD,

ADDRESS! | < 0, RTxCA }g[‘;{,‘g‘ Aoy [ ¢ a7 1 A%

DATA BUS | «—»] AD; SYNCA |e—> CHA iNT O s 3 1] 08

<«—»] a0, WIREGA b— | CHANNEL ieo O o s[4S
<] AD,  GTRREGA |—» | CONTROLS e g7 a4 [] R
ADG ey ;:l: vzc:‘om. inTAck [ 8 33 [] cs,
BUS (| 7S GTSA |«— | OTHER _+svlde a2 ] o8
TIMINO{ = oty WIREGA [] 10 28030 5 Manp
AND RESET {—>] PS DCDA |— — z.scc bl
AW 1xDB SYNCA [ 11 30 [] WiREGs
> | SERIAL i WIREQ
conTroL | —»] cs, RxDB <—} DATA RTxCA E 2 » gm
= RxDA 13 28 RTxCB
s EE] b} e [ ol nos.
—»| iNTACK  SYNGB | __moalgs 26 L] TRCB
INTERRUPT | __| g WIREGE |—» | CHANNEL CH-8 bTRIREGA [ 16 2 ] Txoa
<«—] €0 DTRIREGE |—> | CONTROLS Atsa [] 17 24 ] DTREGS
— FOR MODEM, cTsa [ 18 23 [] ATsB
RTSB | pma, OR bt —
28030  CTSB |«— | OTHER BCoA [ 19 2 L] cTse
2.5¢¢  5ooE pcik [ 20 21 [7] bcos
+5V GND PCLK
Figure 1. Pin Functions Figure 2. Pin Assignments
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Appendix B

Description
(Continued)

programmed to check data integrity in various
modes. It also has facilities for modem controls
in both channels. In applications where these
controls are not needed, the modem controls
can be used for general-purpose [/O.

As is standard among Zilog peripheral com-
ponents, the Z-BUS daisy-chain interrupt
heirarchy is supported.

The Z-SCC contains the necessary multi-
plexed address/data bus interface with strobe
and chip select lines to function as a Z-BUS
peripheral. It includes internal control and
interrupt logic, two full-duplex channels and
two baud-rate generators. Associated with
each channel are several read and write
registers for mode control as well as the logic
necessary to interface to modems or other
external devices.

The read and write register group for each
channel includes eight control registers, two
sync-character registers, and four status
registers. Each baud rate generator has two
read/write registers for holding the time con-
stant that determines baud rate. Associated
with the interrupt logic is a write register for
interrupt vector and three read registers: vec-
tor with status, vector without status, and inter-
rupt pending status.

The logic for each channel provides format-
ting, synchronization and validation for data
transferred to and from the channel interface.
The modem control inputs are monitored by
the control logic under program control. All of
the modem control signals are general purpose
in nature and optionally can be used for func-
tions other than modem control.

BAUD RATE
GENERATOR
A

=

—>
” } SERIAL DATA

CHANNEL A b } CHANNEL CLOCKS

INTERNAL
CONTROL
Loaic

| SYNC

[~ WAIT/REQUEST
CHANNEL A
REGISTERS

ADDRESS/
DATA

%

CPU
BUS IO

CONTROL <I>

ALV

INTERRUPT
CONTROL
LoGic

INTERRUPT »
CONTROL
LINES

DISCRETE le—
CONTROL «— | MoDEM, DMa, OR
& STATUS [ > [ OTHER CONTROLS
i
INTERNAL BUS
DISCRETE e 1
CONTROL j«<— | moDEM. DMA OR
N N/’ &STATUS ~ |—> ( OTHER CONTROLS
B [

CHANNEL B
REGISTERS

-

- } SERIAL DATA
[

CHANNEL B

N4

} CHANNEL CLOCKS

| SYNC
[ WAIT/REQUEST

BAUD
GENERATOR
B

Figure 3. Functional Block Diagram

Typical
Applications

Figure 4 shows how a Z-SCC can be con-
nected with Channel A programmed for the
Synchronous Data Link Control (SDLC) Loop
mode, functioning as a secondary station. If
NRZI or FM coding is used, no clock lines are
required because the clock can be recovered
from the received data, using the Z-SCC's on-
chip Digital Phase Locked Loop (DPLL).
Another Z-SCC (not shown), programmed for
the SDLC mode, would be the controlling sta-
tion, polling the loop for traffic. The figure
shows a typical, asynchronous serial port
being serviced by Channel B of the Z-SCC. It
could just as well support another synchronous
data link, or even a high-speed link, transfer-
ring data via a DMA controller.

TxDA
CHANNEL SDLC
|-
28030
scc
TxDB
TRXCB
CHANNEL RTxCB DATA
s P MODEM LINK
“CoNTROL

Figure 4. Loop Secondary Station and Serial Port
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Appendix B

Z8036 28000 2-CI10
Counter/Timer and
Parallel I/0 Unit

Product
Brief

March 1982
Features B Two independent 8-bit, double-buffered, B Flexible pattern-recognition logic, program-
bidirectional I/O ports plus a 4-bit mable as a 16-vector priority interrupt con-
special-purpose I/O port. 1/O ports troller.
teature programmable polarity, N B Three 16-bit counter/timers with up to
programmable direction (Bit mode), “pulse four external access lines per counter/timer
catc‘hers, and programmable open- (count input, output, gate, and trigger),
drain outputs. and three output duty cycles (pulsed,
B Four handshake modes, including 3-Wire one-shot, and square-wave), programmable
(like the IEEE-488). as retriggerable or nonretriggerable.
B REQUEST/WAIT signal for high-speed data B Easy to use since all registers are read/write
transfer. and directly addressable.
Description The 78036 Z-CIO Counter/Timer and The use of the device is simplified by making

Parallel I/O element is a general-purpose
peripheral circuit, satisfying most
counter/timer and parallel I/O needs
encountered in system designs. This versatile
device contains three I/O ports and three
counter/timers. Many programmable options

tailor its configuration to specific applications.

<>} AD7 PA; ja—>

~<—»| ADg PAg >

<«—»] ADs PA; |
ADDRESSIDATA | <+ | A% PAl=— \ corT A

BUS <—>»| AD3 PA; |

<«—>»| AD2 PA; fa—n

~<«—»] AD, PA; je—>

<«—»] ADg PAy >

BUS TIMING | —>|AS PCy [+
AND RESET | —» |08 zg93¢ PC:|=—> }pon‘rc

——»|RW Z-CI0 P, |«

CONTROL { —| % PCo |=—>

—] CSy PB7 |w—>

<] iNT PBg |«

INTERRUPT { | TACK il Dillg
—| IE} PB; |—> PORT B

<«—{ 1e0 PB3 |

PB; |

PBy |

PBy je—>

f

PCLK +5V GND

Figure 1. Pin Functions

all internal registers (command, status, and
data) readable and (except for status bits)
writable. In addition, each register is given its
own unique address so that it can be

accessed directly—no special sequential
operations are required. The Z-CIO is directly
Z-BUS compatible.

Ap [ 1 40 [JAD;
aps[] 2 39 []AD,
apg[] 3 38 [J o,
Apr[] 4 37 [ ADo
5[ s 38 [0S0
rRW[] e 35 [Jcs
ano[] 7 3a[]As
Peo[] 8 33 [Jray
rei[] o 32 {]ea
P[] 10 z:&’: 3 gn,
pBs[] 1 30 []Pas
pBs [ 12 29 gPA‘
pes[] 13 28 L]Pas
ps[] 14 27 [] pas
pe;[] 15 26 [ Par
PCLKE 16 25 [ ] INTACK
e 17 24 [JiNT
1eo[] 18 23[] +5V
pco] 19 22[] PCs
rci[] 20 21 []rc.

Figure 2. Pin Assignments

2014-003s, 0036

B-9



Appendix B

Architecture

The Z8036 Z-CIO consists of a Z-BUS inter-
face, three I/O ports (Ports A and B are
general-purpose 8-bit ports linkable into a
16-bit port; Port C is a special-purpose 4-bit
port), three 16-bit Counter/Timers (C/T 1, C/T
2, C/T 3), an interrupt control logic block, and
an internal control logic block. Ports A and B
are identical; B also is able to provide external
access to C/T 1 and C/T 2. Either port can be
specified as a handshake-driven, double-
buffered port (input, output, or bidirectional)
or a control-type port with programmable
individual bit direction. Pattern recognition
interrupt generation on match is provided; one
mode facilitates implementing a priority inter-
rupt controller.

Ports A and B each contain 12 registers. The
Data Path registers are the Input, Output, and
Buffer registers. The Mode Specification and
Handshake Specification registers define the
mode of operation of the ports. The reference
pattern (for pattern match) is specified by the
Pattern Polarity, Pattern Transition, and Pat-
tern Mask registers. Detailed characteristics of
the bit paths are controlled by the Data Path
Polarity, Data Direction, and Special I/O Con-
trol registers. The Command and Status
register contains the primary control and status
bits. Registers associated with unused
capabilities do not need initialization.

Port C provides handshake lines for Ports A
and B as needed. Unused lines can provide

external access to C/T 3 or to bit I/O. Port C
has five registers. The Data Path registers are
the Input and Output registers. The bit path
definition registers are the Data Path Polarity,
Data Direction, and Special I/O Control
registers.

The three identical Counter/Timers each
consist of a 16-bit down-counter, a 16-bit Time
Constant register (which holds the initial
down-counter value), a 16-bit Current Count
register (for reading the down-counter con-
tents), and C/T Mode Specification and C/T
Command and Status registers. Counter input,
gate input, trigger input, and C/T output lines
are optionally available, as are the pulse, one-
shot, or square-wave C/T output duty cycles.
Each C/T can be programmed as retriggerable
or not.

The interrupt control logic provides standard
Z-BUS interrupt capabilities. There are five
registers (Master Interrupt Control register,
three Interrupt Vector registers, and the Cur-
rent Vector register) associated with the inter-
rupt logic. In addition, the ports’ Command
and Status registers and the counter/timers’
Command and Status registers include bits
associated with the interrupt logic. Each of
these registers contains three bits for interrupt
control and status: Interrupt Pending (IP),
Interrupt Under Service (IUS), and Interrupt
Enable (IE).

INTERRUPT
LoGIC
INTERRUPT

CONTROL

PN

PORT
INTERNAL BUS A 8
PORT A
o

: DATA BUS :

Z-BUS
INTERFACE
—C—
CONTROL

PORT
c
PORT C
o

COUNTER/
TIMER 3

INPUTS

INTERNAL
CONTROL
LOGIC

COUNTER/
TIMER 2

& : :
PORT B
o

=)
_

COUNTER/
TIMER 1

11l 1l

Figure 3. Block Diagram
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Appendix B

Z8038 Z8000™
Z-F10 FIFO Input/
Output Interface Unit

Ya

Zilog

Product
Brief

March 1982
Features B 128-byte FIFO buffer provides asynchronous =~ B Seven sources of vectored/nonvectored

bidirectional CPU/CPU or CPU/peripheral interrupt which include pattern-match,
interface, expandable to any width in byte byte count, empty or full buffer status;
increments by use of multiple FIOs. a dedicated “mailbox’’ register with

B Interlocked 2-Wire or 3-Wire Handshake interrupt capability provides CPU/CPU
logic port mode; Z-BUS or non-Z-BUS communication.
interface. B REQUEST/WAIT lines control high-speed

B Pattern-recognition logic stops DMA data transfers.
transfers and/or interrupts CPU; preset byte B All functions are software controlled via
count can initiate variable-length DMA directly addressable read/write registers.
transfers.

Description The Z8038 FIO provides an asynchronous 2-Wire Handshake, and 3-Wire Handshake
128-byte FIFO buffer between two CPUs or operating modes. These modes interface
between a CPU and a peripheral device. This dissimilar CPUs or CPUs and peripherals
buffer interface expands to a 16-bit or wider running under differing speeds or protocols,
data path and expands in depth to add as allowing asynchronous data transactions and
many Z8060 FIFOs as are needed. improving I/O overhead by as much as two

The FIO manages data transfers by assuming orders of magnitude. Figures 1 and 2 show
Z-BUS, non-Z-BUS microprocessor (a general- how the signals controlling these operating
ized microprocessor interface), Interlocked modes are mapped to the FIO pins.

T
( <—>|D; ll 07 [ ag : 4[] +sv
<] D¢ 1 Dg [ B 2 3 []&
<] Ds | D5 &> ag s ! 38 []E
DATA | <—=|04 | el peust og « ' vge
BUS ) =10 Lonrlpont ™ [* B0 ! 3
->j0; 4 |2 Dpfe—> G]m spont ! porrss (18
<—{p, SIDE ! SIDE p, fe—sp- ;1 2 . FE
\ < Do : Dy > E SIDE | SIDE
-—|[@] 1 A |}— Qe | b :
H o mg e | 32 []E
= DI W10 zeoss [T
controL{ | % 28038 % - ) conTRoL nljn  Flo [l
= = g
\ —={ [ | G n;E 14 | 27 [] 0.
: % : % : D[] 15 : 26 []0s
INTERRUPT 0 ' INTERRUPT os[] 16 | 25£]04
pe S N -5
o[} 18 23 []0s
courmunﬂou{ ™ i wwe ! 22 [0
— My : QND; 20 : 21 [JMo
4-1V GND
Figure 1. Pin Functions Figure 2. Pin Assignments
2020-096, 097
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Appendix B

Description The FIO supports the Z-BUS interrupt pro- specially designed to work with DMA (Direct
(Continued)  tocols, generating interrupts upon any of the Memory Access) devices for high-speed
following seven events: a write to a message transfers. It provides for data transfers to or
register, change in data direction, pattern from memory each machine cycle, while the
match, status match, over/underflow error, DMA device generates memory address and
buffer full and buffer empty status. Each inter- control signals. The FIO also supports variably
rupt source can be enabled or disabled, and sized block length, improving system
can also place an interrupt vector on the port throughput when multiple variable length
address/data lines. messages are transferred.
The data transfer logic of the FIO has been
o O B
10 DATA 128 x8 DATA OR GENERAL
2BUS BUFFER RAM BUFFER MICROPROCESSOR
MICROPROGESSOR z ] l z PORT 1 ::> MEMORY —_—> poRT2 z ‘ l I;: PORT WITH
HANDSHAKE
CONTROL/ CONTROL/ :‘L: CONTROL/ CONTROL/
INTERFACE STATUS STATUS INTERFACE
LOGIC PORT 1 PORT 2 LOGIC
PORT 1 <:> REGISTERS :> REGISTERS <:> PORT 2
Figure 3. Functional Block Diag
Functional Operating Modes. Ports 1 and 2 operate in The pin .diagrams of the FIO ports are iden-
Description  any of the twelve combinations of operating tical, except for two pins on the Port 1 side,

modes listed in Table 2. Port 1 functions in
either the Z-BUS or non-Z-BUS microprocessor
modes, while Port 2 functions in Z-BUS, non-
Z-BUS, Interlocked 2-Wire Handshake, and
3-Wire Handshake modes. Table 1 describes
the signals and their corresponding pins in

which select that port’s operating mode. Port
2's operating mode is programmed by two bits
in Port 1's Control register 0. Table 2
describes the combinations of operating

modes; Table 1 describes the control signals

mapped to pins A-] in the five possible

each of these modes. operating modes.
Signal Z-BUS 2-BUS Interlocked 3-Wire
Pins Low Byte High Byte Non-Z-BUS HS Port* HS Port*
[&] REQ/WT REQ/WT REQ/WT  RFD/DAV  RFD/DAV
DMASTB DMASTB  DACK ACKIN DAV/DAC
[c] DS DS RD FULL DAC/RFD
o] RW RW WR EMPTY EMPTY
[E] cs cs CE CLEAR CLEAR
[¥] AS AS c/b DATADIR  DATA DIR
[a] INTACK Ag INTACK INg INg
[H] IEO Ay IEO ouT) ouT)
1] IEI A IEI OE OE
] INT A3 INT OUT3 OUT3
*2 side only.
Table 1. Control Signal Assignments
Mode Control Bits Operating Mode
M M B By Port 1 Port 2
[ o 0 0 Z-BUS Low Byte Z-BUS Low Byte
0 [ [ 1 Z-BUS Low Byte Non-Z-BUS
0 0 1 0 Z-BUS Low Byte 3-Wire Handshake
0 0 1 1 Z-BUS Low Byte 2-Wire Handshake
0 1 0 0 Z-BUS High Byte Z-BUS High Byte
0 1 ) 1 Z-BUS High Byte Non-Z-BUS
0 1 1 0 Z-BUS High Byte 3-Wire Handshake
0 1 1 1 Z-BUS High Byte 2-Wire Handshake
1 0 0 0 Non-Z-BUS 2-BUS Low Byte
1 0 0 1 Non-Z-BUS Non-Z-BUS
1 0 1 0 Non-Z-BUS 3-Wire Handshake
1 0 1 1 Non-Z-BUS 2-Wire Handshake

Table 2. Operating Modes

B-12
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Appendix B

Z8060
Z8000™ FIFO Buffer Unit
and Z-F10 Expander

Ya

Product

-
Zilog Brief
March 1982
Features B Asynchronous, bidirectional first-in, first-out B 3-state data outputs.
buffer. B Empty and Full status pins are wire-ORed
B Extends depth of Z-FIO without limit. among multiple stages.
B 128 X 8 organization.

Description The Z-FIFO f{irst-in, first-out buffer unit is a Z-FIO. Z-FIFO buffers can be cascaded, end to
128 x 8-bit memory with bidirectional data end, without limit, their RFD/DAV and ACKIN
transfer capability and handshake logic. Its signals daisy-chained, to make a FIFO array
structure is similar to that of other FIFOs that any desired number of words deep. Two such
are commonly available, such as the AM2812 channels in parallel, suitably controlled, make
and the 3351. The handshake logic used is up a 16-bit-wide buffer array.
compatible with that of the Z8, the Z-CIO, and

L
~—>»| D; : D7 |=—> T
<—>| Dg | Dg |a—> RFD/DAV, [ 1 | 28] +5V
<«>iD; ol g Ds|le—> ACKINa [ 2 | 27 [ ] RFDIDAVs
DATA ] <—>|Ds : D |«—> \ pATA FuLL s le® ACKINg
BUS\ <«—»{D; | D; j«—» ( BUS EMPTY [J4 A | B 55 [ crean
<—»{D, 28060 D, |e—> OEa s ;o [JorAB
<—|D, "ro D, [« ooa 6 28060 2 |J OEs
<], 1 Do | o 7 F'ro 22 ] Dos
—>|AcKN | ACKIN |*— D2 [ 8 | 21 [ bie
CONTROL { ——| RFDI/DAV \ RFD/IDAV |«—— » CONTROL oaa ]9 I 20 [] 0z
—{ | B e | wHo
—>»| DIR A/B Dea [] 12 | 17 [ pss
COMMON ) ~ | FuLL ora Q1s [ 106
CONTROL | <—] emery anp [ 14 [ B ors
—»]| crEAR ]
+5V GND
Figure 1. Pin Functions Figure 2. Pin Assignments
2123-001, 002
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Description MAY ADD
(Continued) ANY NUMBER OF FIFOS
PORT PORT A A PORT 'O'RT —_— PORT PORT| 4 N |PORT PORT
! ! ‘{—‘. / * 28060 <:°£-‘ $ * uo.o. ‘t‘—l. / : ! :I>
riF0 riFo
RFDIDAV ATKIN = — — -] RFOIDAV ACKIN
ATKIN RFDIDAV [ — ] ACKIN RFDIDAV
10 z-8US 70 2.8Us
OR QENERAL s z038 28038 OR GENERAL
MICROPROCESSOR | 55 ﬁ ﬁ Fio 3
CONTROL CONTROL

FIO CONTROL 4

IN/OUT CONTROL 4

< 7

Z}A
!

=

Figure 3. Using FIFOs to Extend FIO Depth

DATA IN x VALID DATA K X VALID DATA X

Figure 5. Two-Wire Interlocked Handshake Timing (Output)
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Appendix B

28090
Z8000™ Z-UPC Universal
Peripheral Controller

Y

Zilog

Product
Brief

March 1982

Features

B Complete slave microcomputer, for
distributed processing Z-BUS use.

B Z8 architecture and instruction set.
B 2K bytes of on-chip ROM.

O Available in standard or development
configuration.

W Three programmable I/O ports, two with
optional 2-Wire Handshake.

m Six levels of priority interrupts from eight

sources: six external sources and two inter-
nal sources.

B Two programmable 8-bit counter/timers
each with a 6-bit prescaler. Counter/Timer
TO is driven by an internal source, and
Counter/Timer T1 can be driven by internal
or external sources. Both counter/timers are
independent of program execution.

B 256-byte register file, accessible by both the
master CPU and Z-UPC, using a fail-safe
message-passing protocol.

Description

The Z8090 Universal Peripheral Controller
(Z-UPC) is an intelligent peripheral controller
for distributed processing applications (Figure
3). The Z-UPC unburdens the host processor
by assuming tasks traditionally done by the
host (or by added hardware), such as perform-
ing arithmetic, translating or formatting data,
and controlling I/O devices. Based on the Z8
microcomputer architecture and instruction
set, the Z-UPC contains 2K bytes of internal
program ROM, a 256-byte register file, three
8-bit I/O ports, and two counter/timers.

<[ AD; Pl7 o>

~—»| ADg Plg j—>

| ADs P15 f—
ADDRESS/ | <+—>|ADs PU*—> 1 poRT 1

DATA BUS | «—»]aD; Pl fe—>

<—»{aD; Pl fe—>

<] ADy P1y f—>

<} ADy P1g |

BUS | —|As P33 fe—

TIMING \ 28090

AND RESET | — DS 20 oF PUI—> | RT3

‘ —| W P3t|e—

CONTROL l —>|C8 P f—n

<«—] WA P27 |e—n

~«——INT OR P35 P2g |

MAS.':I'E: ——»] INTACK OR P32 P25 {w—»
INTERRUPT | | 'E1 OR P30 P2 PORT 2

~«— |EO OR P37 P23 [t

P2 fe—>

+5V ——p P2y f—>

PCLK ——] P2o|e—n

GND ——»]

Figure 1. Pin Functions

The Z-UPC offers fast execution time; an
effective use of memory; and sophisticated
interrupt, I/O, and bit manipulation. Using a
powerful and extensive instruction set
combined with an efficient internal addressing
scheme, the Z-UPC speeds program execution
and efficiently packs program code into the
on-chip ROM.

An important feature of the Z-UPC is an
internal register file containing I/O port and
control registers accessed both by the Z-UPC
program and by its associated master CPU.

+sV[]1 4[] p3y
pcLk[]2 0[] p3g

1E0 OR P37[]3 sy
1E1OR P39 [J4 7] P2
_INTORP3s[]5 ss[]P2s
NTACK OR P22[J6 s P2,
- mi 4[] r2s

RW[ s 3[Jr2,

SO o000 2 []P24

&L zupe r2

GND [T 11 s0[]P3;

WAIT [ 12 200 P3y
Ap;[]13 28[Jp17
ADg[]14 24 m 40
Aps[l1s 26[]p1s

ADs[ 16 2] P1e
Aps[]17 4[]r1
Ap2[118 2[]r12

Api 1 22 P4y
Abo[J20 21 P10

Figure 2. Pin Aulgnmqnts
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Appendix B

Description
(Continued)

2-8US TO
MASTER {
cpPu

This architecture results in both byte and
programming efficiency, because Z-UPC
instructions can operate directly on I/O data
without moving it to and from an accumulator.
Such a structure allows the user to allocate as
many general-purpose registers as the applica-
tion requires for data buffers between the CPU
and peripheral devices. All general-purpose
registers can be used as address pointers,
index registers, data buffers, or stack space.

The register file is logically divided into 16
groups, each consisting of 16 working
registers. A Register Pointer is used in con-
junction with short format instructions,
resulting in tight, fast code and easy task
switching.

Communication between the master CPU
and the register file takes place via one group
of 19 interface registers addressed directly by
both the master CPU and the Z-UPC, or via a
block transfer mechanism. Access by the
master CPU is controlled by the Z-UPC to
allow independence between the master CPU
and Z-UPC software.

The Z-UPC has 24 pins that can be dedi-
cated to I/O functions. Grouped logically into
three 8-line ports, they can be programmed in
many combinations of input or output lines,
with or without handshake, and with push-pull
or open-drain outputs. Ports 1 and 2 are bit-

programmable; Port 3 has four fixed inputs
and four outputs.

To relieve software from coping with real-
time counting and timing problems, the Z-UPC
has two 8-bit hardware counter/timers, each
with a fixed divide-by-four, and a 6-bit pro-
grammable prescaler. Various counting modes
may be selected.

In addition to the 40-pin standard configura-
tion, the Z-UPC is available in four special
configurations:

B A 64-pin RAM development version with
external interface for up to 4K bytes of RAM
and 36 bytes of internal ROM permitting
down-loading from the master CPU.

B A Protopack RAM version with a socket for
up to 2K bytes of RAM, with 36 bytes of
internal ROM permitting down-loading from
the master CPU.

B A 64-pin ROM development version with
external interface for up to 4K bytes of ROM
and no internal ROM.

B A Protopack ROM version with a socket for
2K bytes of ROM and no internal ROM.

This range of versions and configurations
makes the Z-UPC compatible with most system
peripheral device control methods.

HOST CPU e
INTERFACE 2Z-UPC MICROCOMPUTER
' |
|
PROGRAM :_—: P porT  |—
MEMORY CouNTER K o
'é‘e'é“s?éﬁi ! 2K x 8 AND CONTROL 1 - ?
ADo-AD; § |
(PART OF REGISTER | DY
FILE) -~
| | controL " HANDSHAKE
| UNIT —] >
<~ | TT
INTERNAL INSTRUCTION BUS
] >
| | ——
> |
s | RP PORT |+
DS —»| BUSG | 2 "o
= TIMIN
RW —1 aND IRP
&8 ——»| CONTROL | >
WAIT <+—i | -~
2TIMERS REGISTER -~
FILE
| 256 x 8
HANDSHAKE
I
: L P33 fe—ro
12
L——— == - PORT "X 3 wo
— 3 P3y j—
INT ——o P35 INTERNAL DATA BUS .
NTACK 2z |\ —
iNTACK ——>] p3, 12 ] | | ] |
[p— Y |
- Z.BUS ALY uPC
€0 Par INTERRUPT | AND INTERRUPT
LOGIC | FLAGS LOGIC
(V0 FUNCTION f f
1S OPTIONAL) +5V GND PCLK
Figure 3. F 1 Block Diag
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Appendix B

Z-BUS®
Component Interconnect

Ya

Zilog

Descriptive
Brief

March 1982
Features B Defines the interface protocols used by B Provides bus signals that allow separate
78000 family members for data transfer, CPU and peripheral clocks.
interrupt signaling, and resource sharing. B Supports polling, vectored interrupts and
B Provides multiplexed address/data bus non-vectored interrupts.
shared by memory and I/O transfers, using m Defines a simple priority interrupt scheme,
separate protocols. without a separate controller, through a
B Provides 16 or more memory address bits; daisy-chain interrupt structure.
16-bit I/O addresses; 8 or 16 data bits. B Supports distributed control of bus and
B Allows direct addressing of registers within other shared resources through bus and
peripherals. resource request protocols.
Description The Z-BUS is the high-speed parallel shared PRIMARY SIGNALS
bus that links components of the Z8000 Family
and provides family members with a common
communication interface that supports:
B Data Transfer. Data can be moved between EXTENDED ADDRESS )
bus masters (such as a CPU) and memories
or peripherals. Pere
B Inferrupts. Interrupts can be generated by = _
peripherals and serviced by CPUs over MAsTER 5§—»  AND MEMORY
the bus. R ———
B Resource Control. Distributed management 4__—:%
of shared resources (including the bus itself) ~— RESE—
is supported by a daisy-chain priority
mechanism. Ano-AD‘s:> s
EXTENDED ADDRESS DECODE p—»
The heart of the Z-BUS is a set of multi- STATUS
plexed address/data lines and the signals that
control these lines. Multiplexing data and BUS REQUEST SIGNALS
addresses onto the same lines makes more effi- ~——BUSREG—>
cient use of pins, facilitates expansion of the cPu *BU;;“_: REQUESTER
number of data and address bits, and allows FAD <——
direct addressing of a peripheral’s internal INTERRUPT SIGNALS
registers, which simplifies I/O programming. ~—n
A daisy-chained priority mechanism resolves
interrupt and resource requests, thus allowing cpPu E DECODE X PERIPHERAL
distributed control of the bus and eliminating
the need for separate priority controllers. The
resource-control daisy chain allows wide :,‘::,____
physical separation of components. T SIGNALS
The Z-BUS is asynchronous in the sense that WO —— LTLMICRO
peripherals do not need to be synchronized componus "'—"%‘: REQUEST
with the CPU clock. All timing information is ] Mo
provided by Z-BUS signals.
Figure 1. Z-BUS Signals
2031-0045 B-17



Appendix B

Memory and
1/0 Data

When a processor accesses a memory
location or I/O device via the Z-BUS, both

Transfers the address and data are transferred over
ADg-AD;js. The address is transmitted while bs \ ! /
Address Strobe (AS) is Low at the beginning of
a transfer, and data is moved while Data /\

=L ADo-AD DATA
Strobe (DS) is Low at the end of a transfer (as * nea) Nt D—
shown in Figure 2). The status lines serve to
distinguish between [/O and memory and A e —ooressX DATA r—
among the various memory address spaces.
Thejead/Write (R/W) line and Byte/Word Figure 2. Z-BUS Memory and 1/O Transfers
(B/W) line determine the type of transfer;
WAIT allows slow memory or peripherals to
delay data transfer.

Interrupt The Z-BUS interrupt scheme is an interrupt- consists of INT pulled Low by a peripheral,
under-service priority daisy chain that requires notifies the CPU that an interrupt is pending.
no separate priority controller. Interrupt The interrupt-acknowledge transaction, which
requests are all tied directly to the INT pin of is initiated by the CPU as a result of the
the CPU. (See Figure 3.) Physical position request, performs two functions: 1) using the
along the IEI/IEO daisy chain determines the IEI/IEO daisy chain it selects the peripheral
priority assigned to any given peripheral. whose interrupt is to be acknowledged; 2) it

A complete interrupt cycle consists of an obtains a vector that identifies the selected
interrupt request followed by an interrupt- device and the cause of interrupt.
acknowledge transaction. The request, which

HIGHEST LOWEST
PRIORITY PRIORITY
Z-BUS Z-BUS Z.-BUS
PERIPHERAL PERIPHERAL PERIPHERAL
+5V JEI ADo-AD; AS DS TNT INTACK IEO IEl ADo-AD; AS DS INT INTACK IEO |EI ADo-ADy AS DS INT INTACK IEO
T T =TI T
ADg-AD7 K A +5V
= Tl l } iy
we o= ! /£
iNT o
WAIT [
e 4 /-
ADg-AD1s <:| FROM 16-BIT PERIPHERALS
Figure 3. Interrupt Connections

Bus and For a device other than the CPU (which is

Resource default master) to gain control of the bus, it 2.8US CPU

Requests must make a bus request by forcing BUSREQ
Low. After BUSREQ is pulled Low, the Z-BUS BUSACK BUSREG

CPU relinquishes the bus and indicates this
condition by pulling BUSACK Low. This Low
signal is propagated through the BAI/BAO
daisy chain until it reaches a bus requester
that is ready to use the bus.

This requester uses the bus and then
releases BUSREQ and allows BAO to follow
BAI. When all simultaneously requesting
devices have relinquished the bus, BUSREQ
goes High, returning control of the bus to the
CPU.

The resource request chain is used to share
a resource among several Z-BUS CPUs, none
of which is default master of that resource. The
resource-request signals and protocol are
similar to that of the bus request, except that
there is no default master.

BUS
REQUESTERS

— AN+ 5V

Figure 4. Bus Request Connections

i
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Appendix C

UPPER NIBBLE (HEX), UPPER INSTRUCTION BYTE

=)

w

LOWER NIBBLE (HEX). UPPER INSTRUCTION BYTE

0 1 2 3 4 5 [] 7 ] 9 A B c D F
ADDB ADD SUBB SUB ORB OR ANDB AND XORB XOR CPB cP See See | EXTEND | EXTEND
R~IR|R-BR | R—IR |R BRI R—~IR|[R—WR [R—R | R—=IR |R—IR |R~IR | R—IR | R—IR | Table Table INST INST
R~M |R—=IM|R~M |R~M|R—=IM|R~IM |R~IM|R—IM [R—IM [R—IM | R—IM [ R—1IM 1 1

CPL PUSHL SUBL PUSH LDL POPL ADDL POP MULTL MULT DIVL DIV See LDL P CALL
R~R |R—~R|R—~R [R—BR|R—IR|mR—B|R—R|R—IR|R—B | R—IR|R—IR | R—IR | Table IR—R | PC—IR | PC—IR
R—IM R~ IM R—IM R —IM R~M|R~=IM|R=IM|R~IM| 2

LDB LD RESB RES SETB SET BITB BIT INCB INC DECB DEC EXB EX LDB LD
R=IR |R=R|R=IM [R—=IM|R—IM|R—IM|R—M|R—~IM|R~IM|[R—IM|R—IM|IR—IM|R-IR R—IR IR—R IR—R
R-~M |R—M| R—=R |R—=R | R—R | R—=R | R—R | R—R

LDB A ] LDB o] LDA LDL RSVD LDL RSVD LDPS See See INB IN OUTB our
R<—BA [R—BA|BA—~R |BA—R|R=—BA|R—BA BA — R IR Table Table | R—IR R—IR IR—R IR—R
LDRB R LDRB LDR AR RL LDRL 3R 3B
R—RA |R—RA|RA—R |RA—R|R—RA|R—RA RA—R
ADDB ADD SUBB SUB ORB OR ANDB AND XORB XOR CPB cp See See EXTEND | EXTEND
R=X |R=X | R=X [R~=X | R=X | R=X |R—=X | R=X | R=X | R=X | R=X | R =X | Table Table INST INST
R=DA JR—DA|R~DA |R—DA|R~DA|R—DA|R=~DA|R—DA|R~DA|R~DA|R~DA|R~DA| 1 1

CPL PUSHL SUBL PUSH oL POPL ADDL POP MULTL MULT DIVL DIV See LDL P CALL
R=X |R=X| R=X |R=X | R—=X | R=X [R=X |R=X | R=X | R=x | R=X | R=x | Table X—R PC—X | PC=X
R=DA [IR=DA|R~DA |[IR—DA|R=DA|IR=DA|R—DA |IR —=DA |R—DA |R—DA | R~ DA 2 DA=R | PC—DA | PC—DA

LDB LD RESB RES SETB SET BITB BIT INCB INC DECB DEC EXB EX LDB LD
R—X | R—Xx ~M [X=M [X=IM | XM |[X=IM |[X—=IM [X=IM [ X=IM [ X=IM | X—=IM | R=X R=X X—R X—R
R—DA |R~=DA|DA ~IM|DA~IM |DA ~IM|DA —IM [DA —IM [DA ~IM [DA ~ IM |[DA —IM|DA —IM|DA —= M |p~pa | R—~DA | DA—R | DA-R

LDB See LDB LD LDA LDL LDA LbL RSVD LDPS HALT See H See ‘RSVD sC
R~ BX | Table | BX —R [BX—R [R—BX | R—BX | R—X |BX—R PS = X Table DI Table

7 R = DA PS = DA 7 7
ADDB ADD SUBB SUB ORB OR ANDB AND XORB XOR CPB CP See See EXTEND
R=R |R=R | R=R |R-R | R—=R | R=R |R—R | R=R | R=R | R=R | R=R | R—=R |Table | Table INST. INST.
1 1

CPL PUSHL SUBL PUSH LDL POPL ADDL POP MULTL MULT DIVL DIV See RSVD RET RSVD

R~R |R=R| R=R |[R<~R | R~R [R-R |R—R |R—=IR | R=R | R=R | R=R | R—R | Table PC—(SP)
2

LDB LD RESB RES SETB SET BITB BIT INCB INC DECB DEC EXB )2 4 TCCB TCC
R=R |R-R |R=M |R—=IM |R-~IM |R~IM |[R—=IM |R—IM |R—IM |R—IM | R—IM | R—=IM | R=R R—R R R
DAB EXTS See See ADC SBCB SBC See RSVD See See RRDB LDK RLDB RSVD

EXTSB Table Table R+R R<R | R—R R+R Table Table Table R R—IM R

R Zx:sl. 4 4 5 [} L]

LDB
R—IM
CALR
PC — RA

R
PC - RA
DJNZ
DBINZ -
PC — RA

Op Code Map
Notes: .

1) Reserved Instructions (RSVD) should not be
used. The result of their execution 1s not defined.

2) The execution of an extended instruction will

result 1n an Extended Instruction Trap if the EPA

bit in the FCW 1s a zero. If the flag 15 a one the

Extended Instruction will be executed by the EPU
function.
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Appendix C

LOWER NIBBLE (HEX). LOWER INSTRUCTION BYTE

oc oD [ 4D 8C 8D
COMB | coM COMB | COM COMB | com
IR IR X X R R
DA DA
CPB CP CPB CP LDCTLB | SETFLG
IR,IM IR,IM X,IM XM R—FLGS
DAIM | DAIM
NEGB NEG NEGB NEG NEGB NEG
IR IR X X R R
DA DA
RSVD | RSVD RSVD | RSVD RSVD | RESFLG
TESTB | TEST TESTB | TEST TESTB | TEST
IR IR X X R R
DA DA
—
LDB 1D LDB LD RSVD | COMFLG
IR—IM IR~IM X—IM XM
DA~IM | DA—IM
TSETB TSET TSETB TSET TSETB TSET
IR IR X X R R
DA DA
RSVD | RSVD RSVD | RSVD RSVD NOP
CLRB CLR CLRB CLR CLRB CLR
IR IR X X R R
DA DA
PUSH LDCTLB
™ FLGS —R
Table 1. Upper Instruction Byte
1c 5C [
E [ RSVD RSVD
E = DM DM
25 R-IR R—X
R~DA
L
= TESTL TESTL TESTL
52 8 IR X R
DA
2
<] E LDM LDM
3 0 IR=R X—R
2 DA-R

Table 2. Upper Instruction Byte

A 3B
INIB INI
R—R | IR—IR
INIRB INIR
R-R | IR-IR
SINIB SINI
R~R | IR—IR
SINIRB SINIR
R=R | R~
OUTIB ouTt
R-R | IR=IF
OTIRB UTIR
R~R | R—IR
SOUTIB | SOUTI
R-R | R—IR
SOTIRB | SOTIR
E R~R | R—IR
INB IN
g R=DA | R—DA
E SINB SIN
2 R=DA | R—DA
-o' OUTB out
E DA—R DA—R
g SOUTB SouT
DA—R | DA-R
) INDE | IND
R—R | R—IR
INDRB INDR
R-R | R—IR
SINDB SIND
R~ | IR=IR
SINDR
R~R | R~
OUTDB OouTD
R-R | R—IR
OTDRB | OTDR
IR—~R | R—IR
SOUTDB | SOUTD
IR~R | IR~IR
SOTDRB | SOTDR
R-IR | IR—IR
Table 3. Upper Instruction Byte
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Appendix C

LOWER NIBBLE (HEX). LOWER INSTRUCTION BYTE

B2 B3
RLB RL
(1 bty (1 bty
R R
SLLB SLL
R R
SRLB SRL
R R
RLB RL
(2 bats) (2 bts)
R R
SDLB SDL
R R
RRB RR
(1 bit) (1 bit)
R R
SLLL
RSVD R
SRLL
RRB RR
2bits) | (2bits)
R R
RSVD SDLL
R
RLCB RLC
(1 bit) (1 bit)
R R
SLAB SLA
R R
SRAB SRA
R R
RLCB RLC
@bits) | (2buts)
R R
SDAB SDA
R R
RRCB RRC
(b (1 bat)
R R
SLAL
RSVD R
SRAL
RRCB RRC
(2bits) | (2bits)
R R
SDAL
RSVD R
Table 4.
Upper Instruction Byte

TRIB
0 IR

1 RSVD

TRTIB

RSVD

TRIRB

RSVD

TRTIRB
6 IR

RSVD

TRDB
IR

RSVD

TRTDB

LOWER NIBBLE (HEX). LOWER INSTRUCTION BYTE
®

RSVD

TRDRB

RSVD

TRTDRB

F RSVD

Table 5.
Upper Instruction Byte

BA BB
CPIB CPI
IR IR
LDIB LDI
IR—IR | IR—IR
LDIRB | LDIR
IR—=IR | IR—IR
CPSIB | CPSI
IR IR
RSVD | RSVD
CPRIB | CPIR
IR IR
RSVD | RSVD
CPSIRB | CPSIR
IR IR
RSVD | RSVD
CPDB CPD
IR IR
LDDB LDD
IR-IR | IR-IR
LDDRB | LDDR
IR-IR | IR-IR
CPSDB | CPSD
IR IR
RSVD | RSVD
CPDRB | CPDR
IR IR
RSVD | RSVD
CPSDRB | CPSDR
IR IR
RSVD | RSVD

Table 6.

Upper Instruction Byte

7B 7D
IRET RSVD
PC —(SSP)
RSVD RSVD
RSVD LDCTL
R—FCW
RSVD LDCTL
R~—RFRSH
RSVD LDCTL
Re
PSAPSEG
RSVD LDCTL
R—
PSAPOFF
RSVD LDCTL
R —NSPSEG
RSVD LDCTL
R —NSPOFF
MSET RSVD
MRES RSVD
MBIT LDCTL
FCW-R
RSVD LDCTL
RFRSH—-R
LDCTL
PSAPSEG
-R
MREQ LDCTL
R PSAPOFF
-R
RSVD LDCTL
NSPSEG —R
LDCTL
RSVD | NSPOFF —R
Table 7.

Upper Instruction Byte




Appendix C

Topical
Index ’ Data Addressing Flags
Instruction Description Mnemonic Types Modes Affected

Arithmetic

Add with Carry ADC B, W R C, 2,8V, D,H
Add ADD B,W,L R, IM, IR, DA, X C, 2,8 VD, H
Compare (Immediate) CP B, W IR, DA, X CZS,V
Compare (Register) CP B,W,L R, IM, IR, DA, X C, 2,8V
Decimal Adjust Bit DAB B IR C.Z5S
Decrement DEC B, W R, IR, DA, X Z,8V

Divide DIV W,L R,IM, IR, DA, X C ZsS,V
Extend Sign EXTS B, W, L R C,Z,8V
Increment INC B, W R,IR, DA, X 2,8V

Multiply MULT W,L R,IM, IR, DA, X C, 2,58V
Negate NEG B, W R, IR, DA, X C,ZS8V
Subtract with Carry SBC B, W R C, 2,8 VD H
Subtract SUB B,W,L R, IM, IR, DA, X C,Z,8 V,D,H
Bit Manipulation

Bit Test BIT B, W R Z

Bit Reset (Static) RES B, W R, IR, DA, X —

Bit Reset (Dynamic) RES B, W R —

Bit Set (Static) SET B, W R, IR, DA, X —

Bit Set (Dynamic) SET B W R —

Bit Test and Set TSET B, W R, IR, DA, X S
Block Transfer and String Manipulation

Compare and Decrement CPD B, W IR C,Z 58S,V
Compare, Decrement, and Repeat CPDR B, W IR CZsS,V
Compare and Increment CPI B, W IR C/ZS,V
Compare, Increment, and Repeat CPIR B, W IR C,Z 85V
Compare String and Decrement CPSD B, W IR C, 2,8V
Compare String, Decrement, and Repeat =~ CPSDR B, W IR C,ZS,V
Compare String and Increment CPSI B, W IR CZ5SV
Compare String, Increment, and Repeat CPSIR B, W IR C, Z5S,V

Load and Decrement LDD B, W IR A

Load, Decrement, and Repeat LDDR B, W IR v

Load and Increment LDI B, W IR \

Load, Increment, and Repeat LDIR B, W IR v

Translate and Decrement TRDB B IR Z,Vv

Translate, Decrement, and Repeat TRDRB B IR Z,V

Translate and Increment TRIB B IR Z,Vv

Translate, Increment, and Repeat TRIRB B IR zZ,V

Translate, Test, and Decrement TRTDB B IR Z,V

Translate, Test, Decrement, Repeat TRTDRB B IR Z,V

Translate, Test, and Increment TRTIB B IR Z,V

Translate, Test, Increment, and Repeat TRTIRB B IR Z,V

CPU Control Instructions

Complement Flag COMFLG — —_ c,zZ, 8, PV
Disable Interrupt DI — — —

Enable Interrupt EI o — —

Halt HALT — — —

Load Control Reqister (from register) LDCTL — R C?, 7%, 8%, P, D, H?
Load Control Register (to register) LDCTL — — —

Load Program Status LDPS — IR, DA, X C, 2,8, P,DH
Multi-Bit Test MBIT — — S

Multi-Micro Request MREQ — — Z,S

Multi-Micro Reset MRES — — —

Multi-Micro Set MSET — — —

No Operation NOP — — —

Reset Flag RESFLG — — Cc, 7, S, PV
Set Flag SETFLG — — Cc, 2z, 8PV

1. Flag affected only for byte operation.
2. Flag modified only if specified by the instruction.




Appendix C

Topical

Index

(Continued) Data Addressing Flags

Instruction Description Mnemonic Types Modes Affected

Input/Output Instructions’ Regular Special
Input (S)IN° B, W IR, DA (DA) —
Input and Decrement (S)IND* B, W IR (IR) \'4
Input, Decrement and Repeat (S)INDR® B.W IR (IR) v
Input and Increment (S)INP B W IR (IR) v
Input, Increment, and Repeat (S)INIR® B, W IR (IR) v
Output (S)ouT® B, W IR, DA (DA) —
Output and Decrement (S)OUTD® B, W R (IR) v
Output, Decrement, and Repeat (S)YOUTDR® B, W IR (IR) \'A
Output and Increment (S)ouTr B W IR (IR) )
Output, Increment, and Repeat (S)OUTIR® B, W IR (IR) v
Logical Instructions
And AND B.W R,IM, IR, DA, X Z,5 P
Complement COM B, W R, IR, DA, X Z,SP
Or OR B, W R, IM, IR, DA, X Z,8 P
Test TEST B,W,L R, IR, DA, X Z,S, P
Test Condition Code TCC B, W R —
Exclusive Or XOR B, W R, IM, IR, DA, X Z,S P
Prog Control Instructi
Call Procedure CALL — IR, DA, X —
Call Procedure Relative CALR — RA —
Decrement, Jump if Not Zero DINZ B, W RA —
Interrupt Return IRET — — C,2,S8,P,DH
Jump JP — IR, DA, X —
Jump Relative JR — RA —_
Return From Procedure RET — — —
System Call sC — —
Rotate and Shift Instructions
Rotate Left RL B, W R —
Rotate Left Through Carry RLC B, W R CZ5V
Rotate Left Digit RLDB B R ZS
Rotate Right RR B, W R CZSV
Rotate Right Through Carry RRC B W R C,ZS,V
Rotate Right Digit RRDB B R Z,8
Shift Dynamic Arithmetic SDA B,W,L R C,Z S,V
Shift Dynamic Logical SDL B,W,L R C,Z5S,V
Shuft Left Arithmetic SLA B,W,L R C 758,V
Shift Left Logical SLL B,W,L R C,ZS8V
Shift Right Arithmetic SRA B.W,L R C,Z,8 V
Shift Right Logical SRL B,W,L R C,ZSs,V

3. Each I/O nstruction has a Special counterpart used to alert other devices that a Special I/O transaction 1s occur-
ring. The Special I/O mnemonic 1s S + Regular mnemonic. Refer to section 6.2.8 for further details.

Cc-5



Appendix C

{ Ro [7 RHO 0i7 RLO o] l Ro[7 RHO 07 RLO o]
RRO RRO
R [15 RH1 1 ALY o] i f1s RH1 i AL 0]
{ 2 RH2 i AL2 | Rae l Rz2[ RH2 1 RL2 1
RR2 AR2
a3 RH3 1 RL3 ] rs[ RH3 ! RL3 |
‘ R RH4 j RL4 B naf RH4 j LS ]
RR4 . RRa
ws [ RHS j ALS ] { rs[ RHS 1 ALS |
RO4
- { ne [ RHE i RLS 1 e el RHE T ALE ]
ar[ RH7 | RL7 | S T T AT ]
ARS : " r's "} e { ne s 0]
Y
nas o] 1
nmn{ ro[ ] o l R0 1
A1t | ] ri1[ |
RAR12 ‘ el I anr2 { 12| ]
R [ | s ]
R14’ RQ12
R4 NORMAL STACK POINTER (SEG NO) | ]
RR14 . AR14
g — R1S SYSTEM STACK POINTER
R15 'NORMAL STACK POINTER (OFFSET) RIS NORMAL STACK POINTER
Z8001 General Purpose Registers Z8002 General Purpose Registers
Register Binary Hex
RQO  RRO RO RHO 0000 0
Rl RH1 0001 1
RR2 R2 RH2 0010 2
R3 RH3 0011 3
RQ4 RR4 R4 RH4 0100 4
R5 RHS 0101 5
RR6 R6 RH6 o110 6
R7 RH?7 o111 7
RQ8 RR8 R8 RLO 1000 8
R9 RL1 1001 9
RR10 RIO RL2 1010 A
R1l RL3 1011 B
RQI2 RRI2 R12 RL4 1100 e}
RI3 RL5 1101 D
RR14 R14 RL6 1110 E
R15 RL7 1111 F
Binary Encoding for Register Fields
28002 28001
and and
28004 28003
Low Low
ADDRESS ADDRESS
SYSTEM SP  —»| [IDENTIFIER SYSTEM STACK —»] |IDENTIFIER
AFTER TRAP POINTER AFTER
OR INTERRUPT FCW TRAP OR FCW
INTERRUPT
PC SEGMENT PC
PCOFFSET | svstemSTACK —»
SYSTEM SP -1 POINTER BEFORE
BEFORE TRAP TRAP OR
OR INTERRUPT INTERRUPT
<= 1 WORD — |¢«— 1 WORD —»~|
HigH HIGH
l I LA Rt I I NUVNEDY

Format of Saved Program Status in the System Stack

RO4

Ras

RQ12

C-6
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BYTE OFFSET

HEX
0

28

30

38

3C

40

ey

DECIMAL
0

24

32

40

48

64

ceee

570

b B

r PROGRAM COUNTER J
NONSEGMENTED

CONTROL BITS FLAGS

Eqslﬁ[EPAl vi [uvm I s |PN I DTH -

PC SEGMENT NUMBER

| PROGRAM COUNTER OFFSET ]

SEGMENTED

Program Status Blocks

PROGRAM STATUS AREA
POINTER (PSAP)

[seono.] [uerer ]| 000 ]

09 4
OFFSET  IMPLIED
28001 28002
and and
28003 28004 BYTE OFFSET
DECIMAL __ HEX
RESERVED [) [)
RESERVED |
oW EXTENDED Few 4 4
INSTRUCTION
| |sea TRAP pC
PC OFFSET e
RESERVED
Fow PRIVILEGED Fcw 8 8
INSTRUCTION
| Isec TRAP PC
PCOFFSET | _
RESERVED
v SYSTEM FCw 12 c
CALL
[ Tsea] TRAP pc
PCOFFSET | __
RESERVED
FCW SEGMENT
5] A NOT USED 16 10
PCOFFSET |_ _ _
RESERVED
FCw 20 14
FCW NON-MASKABLE
INTERRUPT
SEG| o
PCOFFSET | __ _ _ __
RESERVED row ” 1
FCW NON.VECTORED
INTERRUPT
SEG] re
PCOFFSET |_ _ _
RESERVED
28 1c
W FCw
| |sea
[
PCoOFFSET Co 30 1€
SEG
PC, OFFSET | VECTORED PCy 32 2
SEG INTERRUPTS
PC: 34 22
PC4 OFFSET 2
R N . .
: . . 4
: : . H
: : . :
| Jsec____| PC2s5
[PCoss OFFSET | __ __
540 21C

Program Status Area

2010-039, 024
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Condition
Codes

Code
F

Z
NZ
C
NC
PL
MI
NE
EQ
ov
NOV
PE
PO
GE

LT
GT
LE

UGE

ULT
UGT
ULE

Meaning Flag Setting

Always false*
Always true
Zero

Not zero
Carry

No carry
Plus

Minus

Not equal
Equal
Overflow

No overflow
Parity even
Parity odd
Greater than (SXORV) =0
or equal

Less than (SXORV) =1
Greater than (ZOR (SXOR V))
Less than or (ZOR (SXOR V))
equal

Unsigned C=0

greater than

or equal

Unsigned C=1

less than

Unsigned ((C=0)AND(Z = 0)) = 1
greater than

Unsigned less (CORZ) =1

than or equal

.

WO<S<NNODUQONN '

O~ o m~—"0rro0g 90O+~

non

Binary

1000
0110
1110
0111
1111
1101
0101
1110
0110
0100
1100
0100
1100
1001

0001
1010
0010

1111

0111
1011
0011

This table provides the condition codes and the flag settings they represent.

Note that some of the condition codes correspond to identical flag settings: i.e., Z-EQ, NZ-NE,

NC-UGE, PE-OV, PO-NOV.

*Presently not implemented in PLZ/ASM Z8000 compiler.

I | [ l I ’ I I] BITS IN A BYTE

LT TP T T T] ] emswawom
Address n
| svre
Address n (even) Address n + 1
I UPPER BYTE | LOWER BYTE ] woro
P Vb Y Ntk b
Address n Address n + 1
UPPER WORD/UPPER BYTE I
haikiri bl il NS
Address n + 2 Address n + 3 LONG WORD
I LOWER WORD/LOWER BYTE ]
N S Attt
Addressable Data Elements

c-8
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28000
Addressing Addressing Mode Operand Addressing Operand Value
Modes
In the Instruction In a Register In Memory
R
Register [[recisten anoress }—{ operano | “"I content of the
IM
Immediate In the instruction
‘IR
Indirect [Reaisten avoness J—=[ avoness } { l :‘;..m oddrmd 'll:.in lhn'
Register 1 register
DA
The content of the location
Direct ADDRESS whose address is in the
pliect [ - {oreo ] whose add
‘X
The content of the loca-
REGISTER ADDRESS INDEX tion whose address is the
Index pyo ~ ddress in the i i
plus the content of the
working register.
RA The content of the location
Relative m Comtont of the progra
| DISPL 1ﬁ 0 OPERAND counter, offset by the
Address ] displ in the
instruction
‘BA The content of the location
Base REGISTER ADDRESS |—»] BASE ADDRESS Ij\. whose address is the
dd in the regt
Address e v offset by the displacement
in the instruction
‘BX The content of the loca-
Base REGISTER ADDRESS BASE ADDRESS tion whose address is
Index REGISTER ADDRESS |—»{  INDEX + OPERAND the address in a register
plus the index value in
another register.
*Do not use RO or RRO as indirect, index, or base registers.
Powers
2n n 162 n
of 2 256 8 2 = 16° ! 0
and 16 . = 16 16 1
512 9 22 =16
8 = 2 256 2
1024 10 2 16
m = 163 4096 3
2048 11 21 = 164 65 536 4
4 096 12 2 = 16° 1048 376 2
% = 166 16 777 216
8192 13 2: = 167 268 435 456 7
16384 14 22 = 16
22 = |g8 4 294 967 296 -8
32768 15 2% = 16 68 719 476 736 9
65 536 16 20 = 16 1099 511 627 776 10
o z oo B ose 12
26 = 162 474
222 ;‘8‘; ig 2= = 168 4 503 599 627 370 496 13
524 2= - jgu 72 057 594 037 927 936 14
1048576 20 22 = 165 1 152 921 504 606 846 976 15
2097 152 21
4194 304 22 Powers of 16
8 388 608 23
16 777 216 24
Powers of 2

2010-012
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8 7 6 5 4 3 2 1
Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 268,435,456 1 16,777,216 1 1,048,576 1 65,536 1 4,096 1 256 1 16 1 1
2 536870912 2 33,554,432 2 2,097,152 2 131,072 2 8,192 2 512 2 32 2 2
3 805,306,368 3 50,331,648 3 3,145,728 3 196,608 3 12,288 3 768 3 48 3 3
4 1,073,741,824 4 67,108,864 4 4,194,304 4 262,144 4 16,384 4 1,024 4 64 4 4
5 1,342,177,280 5 83,886,080 5 5,242,880 5 327,680 5 20,480 5 1,280 5 80 5 5
6 1610612736 6 100,663,296 6 6,291,456 6 393,216 6 24,576 6 1,536 6 96 6 6
7 1,879,048,192 7 117,440,512 7 7,340,032 7 458,752 7 28,672 7 1,792 7 112 7 7
8 2,147,483,648 8 134,217,728 8 8,388,608 8 524,288 8 32,768 8 2,048 8 128 8 8
9 2,415919,104 9 150,994,944 9 9,437,184 9 589,824 9 36,864 9 2,304 9 144 9 9
A 2,684,354,560 A 167,772,160 A 10,485,760 A 655,360 A 40,960 A 2,560 A 160 A 10
B 2,952,790,016 B 184,549,376 B 11,534,336 B 720,896 B 45,056 B 2,816 B 176 B 11
C 3,221,225472 C 201,326,592 C 12,582,912 C 786,432 C 49,152 C 3,072 C 192 C 12
D 3,489,660,928 D 218,103,808 D 13,631,488 D 851,968 D 53,248 D 3,328 D 208 D 13
E 3,758,096,384 E 234,881,024 E 14,680,064 E 917,504 E 57,344 E 3,584 E 224 E 14
F 4,026,531,840 F 251,658,240 F 15,728,640 F 983,040 F 61,440 F 3,840 F 240 F 15
8 7 6 5 4 k] 2 1
Hexadecimal and D 1 Interger Conversion Table
To Convert Hexadecimal to Decimal To Convert D 1 to Hexadecimal

1. Locate the column of decimal numbers corresponding to

the left-most digit or letter of the hexadecimal: select

1. (a) Select from the tabel the highest decimal number

that 1s equal to ‘or less than the number to be

from this column and record the number that cor-
responds to the position of the hexadecimal digit or
letter.

. Repeat step 1 for the units (second from the left)
position.

. Add the numbers selected from the table to form the
decimal number.

To convert integer numbers greater than the capacity of
the table, use the techmques below:

H, deci

1 to Deci 1

Succesive cumulative mulitplication from left to right,
adding units position.

Example: D34)5=3380)g Example:

. Repeat step 1 for the units (third from the left) position.

D= 13 Conversion of
1(2_5_3 Hexadecimal Value
3= 113 D34
211 1.D 3328
x16
3376 2.3 48
4 = +4
3380 3.4 _ 6
4. Decimal 3380

4.

D

converted.

(b) Record the hexadecimal of the column containing
the selected number.

(c) Subtract the selected decimal from the number to be
converted.

. Using the remainder from step 1(c) repeat all of step 1

to develop the second position of the hexadecimal (and
a remainder).

. Using the remainder from step 2 repeat all of step 1 to

develop the units position of the hexadecimal.
Combine terms to form the hexadecimal number.

deei 1

imal to H

Divide and collect the remainder in reverse order.

Ex
16
16
16

ample: 3380)9=D34)4 Example:
13380 remainder Conversion of
211\ Decimal Value
13 \3 3380
\D 1.D —-3328
52
2.3 -48
4
3.4 -4
4. Hexadecimal D34 j
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ASCII
Characters

Hexad Ch Meaning Hexadecimal Character
00 NUL NULL Character 40 @
01 SOH Start of Heading 41 A
02 STX Start of Text 42 B
03 ETX End of Text 43 (¢]
— 04 EOT End of Trar 44 D
05 ENQ Enquiry 45 E
06 ACK Acknowledge 46 F
07 BEL Bell 47 G
— 08 BS Backspace 48 H
09 HT Horizontal Tabulation 49 1
0A LF Line Feed 4A J
0B VT Vertical Tabulation 4B K
—_0C FF Form Feed 4C L
0D CR Carriage Return 4D M
OE SO Shift Out 4E N
OF SI Shift In 4F o
— 10 DLE Data Link Escape 50 P
11 DC1 Device Control 1 51 Q
12 DC2 Device Control 2 52 R
13 DC3 Device Control 3 53 S
—_— 14 DC4 Device Control 4 54 T
15 NAK Negative Acknowledge 55 1)
16 SYN Synchronous Idle 56 \'s
17 ETB End of Transmission Block 57 w
—18 CAN Cancel 58 X
19 EM End of Medium 59 Y
1A SUB Substitute 5A Z
1B ESC Escape 5B [
—1C FS File Separator 5C \
1D GS Group Separator 5D ]
1E RS Record Separator S5E A
1F Us Unit Separator SF —
—20 SP Space 60 !
21 ! 61 a
22 " 62 b
23 # 63 c
—_—24 $ 64 d
25 % 65 e
26 & 66 f
27 N 67 g
—_28 ( 68 h
29 ) 69 1
2A * 6A )
2B + 6B k
—2C ! 6C 1
2D - 6D m
2E . 6E n
2F / 6F o
— 30 0 70 p
31 1 71 q
32 2 72 r
33 3 73 s
—34 4 74 t
35 5 75 u
36 6 76 v
37 7 77 w
—38 8 78 x
39 9 79 y
3A : 7A z
3B ; 7B {
— 3C < 7C 1
3D = 7D }
3E > 7E ~
3F ? 7F DEL Delete
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Appendix D

INTRODUCTION

This Appendix presents the software algorithms
required to restart an aborted 28003 or 278004
instruction. It was assumed in the preparation of
this document that the reader would be familar
with the following: 1) the 28000 assembly
language, 2) operating systems, particularly
memory management, 3) the 28010 Memory Management
Unit (MMU), and 4) the 128015 Paged Memory
Management Unit (PMMU).

Restarting most instructions only requires setting
the program counter to point to the first word of
the aborted instruction. Some instructions,
however, are aborted after they have modified some
CPU registers but before their execution is
completed. For example if a "Compare and
Increment" instruction is aborted during execution
because the memory number or word to be used for
the comparison is not in main memory, then the
register used as a counter will have been

decremented. Thus, before restarting the
instruction, the counter register must be
incremented.

When an instruction is aborted, the CPU saves the
values contained by the Flag and Control Word
(FCW) and the Program Counter (PC) of the aborted
instruction on the system stack together with

information read from the MMUs during the
address/trap acknowledge sequence. The fault
handler routine is automatically invoked to
process the address translation trap. This

routine saves a copy of the aborted program's
registers so that another program can be executed
while the aborted program waits for data or
instructions to be loaded into the main memory.

In the following discussion, the terms "PC" and
"register" refer to copies of the aborted
program's PC and registers, which typically reside
in main memory during the suspension of the
aborted program's execution.

—
The steps for restarting an instruction are as
follows:

1. Determine which MMU or PMMU caused the CPU
instruction abort.

2. If the MMU or PMMU that caused the abort was
managing stack memory and the abort was the
result of a Page Write Warning (PWW) then,
exit routine; otherwise, continue with the
next step.

3. Determine whether or not the hardware was in
the segmented mode.

4. Read the address of the aborted instruction
from the appropriate MMU (or PMMU) and
external hardware and update the PC with it.
The address's segment number and high byte are
obtained from the MMU (or PMMU); the low byte
is obtained from external hardware.

5. Read the violation address from the
appropriate MMU (or PMMU) and perform any
action required to establish the validity of
the requested address (e.g., bring in the
page(s) from secondary memory, or mark an
already resident page as valid).

6. Read the Bus Status register from the
appropriate MMU (or PMMU). If the status
indicates that a trap had ocurred during an
instruction fetch cycle then exit the routine;
otherwise, continue with the next step.

7. Using the updated PC, examine the instruction
to see if any CPU registers have been
modified. (Suggestion: use the upper byte of
the instruction and a 256-bit table which
identifies potential cases.) If  the
instruction did not modify any registers, then
exit the routine. Some instructions aborted
in a paged virtual memory system require that
the number of successful data reads and writes
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performed during the executed portion of the
instruction cycle be saved for restart. This
information is normally read from a hardware
data transfer counter set up to count the
number of successful data transfers performed
since the completion of the last instruction
fetch cycle. In the paged version of the MMU,
however, this information is automatically
collected and stored.

8. Call the register fix-up routine, and exit the
current routine.

FIX-UP ROUTINE

The fix-up routine examines the  aborted
instruction and modifies the register file if
necessary. The number of instructions that can
generate memory traps depends' upon whether a
segmented or paged virtual memory system is
implemented. In a paged system, data can cross
page boundaries; this operation, however adds
complexity to the register fix-up routine as well
as increasing the number of instructions that
might have modified registers before being
aborted.

When a program is run in System mode, several
assumptions regarding the operating system are
made (no assumptions are made about programs run
in Normal mode) :

e The fault handler will not generate a fault
until all critical data has been saved.

e The system stack always resides in main memory,
thus, accessing the system stack never causes a
fault.

e I/0 buffers always reside in primary memory;
thus, an 1/0 instruction never causes a fault.

e The Program Status Area always resides in main
memory .

The reasons behind these assumptions are as
follows: If the system stack is not located in
main memory, the "saved" PC and FCW data pushed in
response to an interrupt or trap acknowledge is
lost unless captured by external hardware.

If the Program Status Area (PSA) is not located in
main memory, the occurrence of any trap or
interrupt causes an address trap to be generated
when the new program status is fetched. The new
address trap forces the CPU to jump to whatever
memory address was present on the bus when the MMU
stopped generating trap requests (that is, the
address of the "fetched" program status).

The location of input/output buffers outside of
main memory would result (except for extremely low
speed devices) in transfer overruns or underruns.
Such operations would cause data read from devices
to be lost upon the detection of a memory fault.

Tables 1 and 2 list all the instructions that may
require modification to the registers before they
can be restarted. Instructions not listed do not
require additional action other than the
correction of the Program Counter. The lists
presented in Tables 1 and 2 are based on the
28003/4 implementation of the Z8000 instruction
set. Only those actions given in these tables are
to be performed before restarting the
corresponding instruction. All actions 1listed
must be performed even if the specifications of
the instruction involved indicate that registers
will be modified during its execution.

Only those registers indicated in Tables 1 and 2
should be "corrected" in the case of an abort.
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Table 1. Instructions That May Have Modified CPU Registers When Aborted

in a Segmented Virtual Memory.

INSTRUCTION

LDI(R):

CPI(R), TR(T)I(R):
CPD(R), TR(T)D(R):

CPSI(R):

l LDD(R), CPSD(R):

DESCRIPTION

If bus cycle status indicates that a read was attempted to an absent segment (R/W
bit=1), increment the Counter register by one.

If a write was attempted to an absent segment (R/W bit=0), increment the Counter
register by one and decrement the Destination Pointer register by one if byte move
or by two if word move.

Increment the Counter register by one.

Increment the Counter register by one. Compare the Source Pointer address with
the violation address. If they are equal, then no further action is required;
otherwise decrement the Destination Pointer register by one if comparing bytes

compare or by two if comparing words.

Same as the increment versions, but the Destination Pointer must be incremented.

CALL(R): Increment R15 (the offset field of the Stack Pointer) by two if in a nonsegmented
CALL: mode or by four if in a segmented mode.
CALR:
POP: If R/W bit of bus cycle status=0 (write attempted to an absent segment), decrement
Stack Pointer by 2 and restart instruction.
POPL: Same as POP but decrement by 4.
Table 2. Instructions That May Have Modified CPU Registers When Aborted
in a Paged Virtual Memory System.
INSTRUCTION DESCRIPTION

LDL from memory:

If the Destination register pair was used in the address calculation and the Data
Read/Write counter in the PMMU indicates that one read was successfully completed
(i.e., the second half of the long word being loaded caused the page fault), then
the even register of the pair was modified and the register may require correction
before restarting the instruction; otherwise no action is required.

In segmented mode:

If the addressing mode was Indirect Register or Base, store the violation address
segment number in the even register of the destination pair.

If the addressing mode was Index and the even register of the destination pair was
used as the index register, subtract the base address offset in the instruction
from the violation address offset, store the result in the index register, and
decrement that register by two.
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Table 2. (Continued)

INSTRUCTION

PUSHL from
memory :

LDI(R), CPI(R),
CPSI(R), TR(T)I(R):
LDD(R), CPD(R),
CPSD(R), TR(T)D(R):

LDPS:

DESCRIPTION
If the addressing mode was Base Index then:

If the Destination pair was used as the Base Address pair, store the violation
address segment number in the even register of the destination pair.

If the even register of the destinaton pair was used as the index register,
subtract the Base Address offset from the violation address offset, store the
result in the Index register, and decrement that register by two.

In nonsegmented mode:

If the addressing mode was Indirect register and the even register of the
destination pair was used as the Indirect register, then decrement the violation
address by two and store the result in the even register of the destination pair.

If the addressing mode was Base or Index and the even register of the destination
pair was used as the base or index register, subtract the address component in the
instruction from the violation address, store the result in the even register of
the destination pair, and decrement that register by two.

If the addressing mode was Base Index with one of the address registers used as
the even register of the destination pair, subtract the other address register
from the violation address, store the result in the even register of the
destination pair and decrement that register by two.

If the addressing mode was Base Index and the even register was used as both the
Base and Index register, decrement the violation address by two, store the result
in the even register of the register pair, and shift that register one position to
the right (divide by two).

If bus status indicates that a write was aborted (i.e., the bus status is not C16
or D16) and the data Read/Write counter indicates completion of three data
transactions, increment the Stack Pointer by four; otherwise, no action is
required.

Same as given in Table 1 for segmented virtual memory instruction CALL (R), CALL
and CALR.

If the Data Read/Write counter indicates that no read was successfully completed,
no action is required.

If one read was successfully completed, then if the saved FCW equals the first
word of the PS (i.e., the CPU was in nonsegmented mode), clear the Segmentation
mode bit and set the System mode bit in the saved FCW.

If two reads were successfully completed (i.e., the CPU was in Segmented mode),
set both the Segmentation and System mode bits in the saved FCW.
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Table 2. (Continued)

INSTRUCTION

RET:

POP:
POPL:

LDM from memory:

DESCRIPTION

If the Data Read/Write counter indicates that no reads were successfully
completed, and if in Nonsegmented mode, decrement R15 (the offset field of the
Stack Pointer) by two; otherwise, no action is required.

If one read was successful, decrement R15 by four.
If one read was successful, decrement stack pointer by two.
If two reads were successful, decrement stack pointer by four.

If bus status and the Data Read/Write counter indicate that n reads were
successfully completed, then & register used in the address calculation may have
been modified. If this is the case, the register needs to be corrected in the
manner described below; otherwise, no action is required.

If the Indirect Register addressing mode was used in Segmented mode and the
indirect register pair has been modified, subtract 2(n + 1) from the violation
address offset and store the segment number and computed offset in the register
pair. In Nonsegmented mode, subtract 2(n + 1) from the violation address and
store the result in the Indirect register.

If the Index addressing mode was used and the index register has been modified,
subtract the offset in the instruction and 2(n + 1) from the violation offset, and
store the result in the Index register.
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ALGORITHM FOR SEGMENTED VIRTUAL MEMORY REGISTER FIX-UP

Definitions:
RW = Read/Write counter in PMMU Rs, RRs = source register
or R/W bit in MMU bus cycle
status register Rs1 = source register Rs + 1 (for
example, if RR8 = S RRs then
SEG = Segmented/Nonsegmented mode, Rs1 is R9)
SEG = 1 --> Segmented mode
of operation Rd, RRd = destination register
VADDR = violation address (two words Rd1 = destination register Rd + 1
if segmented, one word if
nonsegmented) Re = count register

LN = lowest nibble of first word
of an instruction

Upper Byte of Op Code Fix-Up

B8: (Translate)
Rc <-- Rec + 13
DO-DF, 1F, SF: (Call, Call Relative)

IF SEG = 1 THEN R15 <-- R15 + 4
ELSE R15 <-- R15 + 2

BA: (Load or Compare Byte String)
Rc <-- Rc + 1;
CASE LN
LDI: 1 IF RW =0 THEN IF SEG = 1 THEN Rd1 <-- Rd1 - 1
(i.e. IF WRITE) ELSE Rd <-- Rd - 1

CPSI, CPSIR: 2,6: IF SEG = 1 THEN IF RRs # VADDR THEN Rd1 <-- Rd1 - 1
ELSE IF Rs # VADDR THEN Rd <-- Rd - 1
LDD: 9: IF RW =0 THEN IF SEG = 1 THEN Rd1 <-- Rd1 + 1
(i.e. IF WRITE) ELSE Rd <~- Rd + 1
CPSD, CPSDR: A,E: IF SEG = 1 THEN IF RRs # VADDR THEN Rd1 <-- Rd1 + 1
ELSE IF Rs # VADDR THEN Rd <-- Rd + 1

BB: (Load or Compare Word String)
Rc <== Rc + 1;
CASE LN
1: IF RW = 0 THEN IF SEG = 1 THEN Rd1 <-- Rd1 - 2
(i.e. IF WRITE) ELSE Rd <== Rd - 2

2,6: IF SEG = 1 THEN IF RRs # VADDR THEN Rd1 <-- Rd1 - 2
ELSE IF Rs # VADDR THEN Rd <-- Rd - 2
9: IF RW =0 THEN IS SEG = 1 THEN Rd1 <-- Rd1 + 2
(i.e. IF WRITE) ELSE Rd <-- Rd + 2
AE: IF SEG = 1 THEN IF RRs # VADDR THEN Rd1 <-- Rd1 + 2
ELSE IF Rs # VADDR THEN Rd <-- Rd + 2
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ADDITIONAL CASES FOR PAGED VIRTUAL MEMORIES

Additional Definitions:

RW = Read/Write Counter in PMMU VSEG = violation segment number
FCW = saved FCW of aborted program VOFF = violation offset
PSW = first word of data Fetched I0FF = offset in address in the
during LDPS instruction aborted instruction
(i.e., if RW = 1 then PSW
= contents of memory location Rx = index register
VADDR - 2)
Upper
Byte Fix-Up

11,51:  (Push Long from memory)
IF RW = 3 THEN IF SEG = 1 THEN Rd1 <-- Rd1 + &4
ELSE Rd <-- Rd + 4

14,35: (Load Long from memory--Indirect, Base, using RRd or Rd as the address register)
IF RW = 1 THEN IF SEG = 1 THEN Rd <-- VSEG
ELSE Rd <-- VOFF - 2

54: (Load Long--Index using Rd as the index register)
IF RW = 1 THEN IF Rs = O THEN Rd <-- VOFF - IOFF - 2

75:  (Load Long--Base Index)
IF RW = 1 THEN IF SEG = 1 THEN IF RRd is the address register

THEN Rd <-- VSEG

ELSE IF Rd = Rx THEN Rd <-- VSEG
ELSE Rd <-- VOFF - Rs - 2

ELSE IF Rs # Rx THEN Rd <-- (VOFF - 2) / 2

ELSE IF Rd = Rs THEN Rd <-- VOFF - Rx - 2
ELSE Rd <-- VOFF - Rs - 2

]

39: (Load Program Status)
IF RW = 1 THEN IF FCW = PSW THEN FCW <-- 4000
ELSE IF RW = 2 THEN FCW <-- COOO

9E:  (Return)
IF RW = 0 AND SEG = O THEN R15 <== R15 - 2
ELSE IF RW = 1 THEN R15 <-- R15 - 4

1C:  (Load Multiple--Indirect)
IF SEG = 1 THEN Rs <=~ VSEG; Rs1 <--= VOFF - 2(n + 1)
ELSE Rs <=- VOFF - 2(n + 1)

5C:  (Load Multiple--Index)
IF Rx = O THEN Rs <-= VOFF - IOFF = 2(n + 1)
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abort: The interruption of an instruction
execution cycle before its completion. Abort
interrupts occur in Z8000 virtual memory
systems when the executing instruction
references information not in main memory.

address: An entity that specifies one par-
ticular element in a set of similar elements.
May be either a memory address or an I/O
address (g.q.v). (See also segmented address,
logical address, physical address.)

address space: A set of addresses. The Z8000
can access eight separate address spaces:
normal-mode program memory space, system-
mode program memory space, normal-mode
data memory space, system-mode data memory
space, normal-mode stack memory space,
system-mode stack memory space, standard
1/O space, and special I/O space. (See normal
mode, system mode, program memory address
space, data memory address space, stack
memory address space, standard I/O address
space, and special I/0 address space.)

addressing mode: The way in which the
address of an operand (q.v.) is specified.
There are eight addressing modes: Register,
Immediate, Indirect Register, Direct Address,
Index, Base Address, Relative Address, Base
Index (g.q9.v).

autodecrement: The contents of a register are
decremented and then used as specified by the
instruction.

autoincrement: The contents of a register are
used as specified by the instruction and then
incremented.

Base Address (BA) addressing mode: A base
address consists of a register that contains the
base and a 16-bit displacement (q.v.). The
displacement is added to the base and the
resulting address indicates the effective
address (q.v.). In nonsegmented mode, the
base address is held in a word register (q.v.)
and the displacement is in the instruction. In
segmented mode, the segmented base address
is held in a register pair and the displacement
is in the instruction.

Glossary

Base Index (BX) addressing mode: Base
Index addressing is similar to Base addressing
except that the displacement (“index’’), as well
as the base, is held in a register. In nonseg-
mented mode, the base address is held in a
word register and the index is held in a word
register. In segmented mode, the segmented
base address is held in a register pair (q.v.)
and the index is held in a word register.

BCD digit: A Binary Coded Decimal digit is
an encoding of the ten decimal digits into a
4-bit code that is simply the first ten binary
numbers in the binary number system (starting
with 0). This code is used to represent and
process numbers in the base-10 (decimal)
format.

bus: A group of signal lines, which connects
the devices in a system.

Bus-Disconnect state: The CPU state during
which the CPU is not the bus master and may
not initiate fransactions (g.v.) on the bus.

bus master: The device in control of the bus.
Must be a device that is able to initiate
transactions.

bus request: A request for control of the bus.

byte: A byte is eight contiguous bits; a byte in
memory starts on an addressable byte
boundary.

byte register: An 8-bit register. The Z8000
CPU contains 16 general-purpose byte
registers, designated RLn and RHn (n = 0-7).

clock cycle: One cycle of the CPU clock,
beginning with a rising edge.

condition: An event detected by the hardware
and indicated by setting the appropriate flag.
A condition is caused by the execution of an
instruction and is always reproducible. The
Z8000 has six flags to record these events,
called status flags (q.v.).

context switching: Interrupting the activity in
progress and switching to another activity. A
context switch involves saving for later restora-
tion the contents of the general-purpose
registers, the Program Counter and the Flag
and Status Word (q.v.).
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CPU state: Either Running state, Stop/Refresh
state, or Bus-Disconnect state (g.q.v.).

data memory address space: A memory
address space (q.v.) that is identified by the
status codes 1000 or 1010.

data structure: A logical organization of
primitive elements (e.g. byte or word) whose
format and access conventions are well-
defined. Examples of data structures are
tables, lists and arrays.

data type: The way in which bits are grouped
and interpreted. For an instruction, the data
type of an operand determines its size and the
significance of its bits. Operand data types
include byte, word, long word, byte string,
word string, and BCD digit.

Direct Address (DA) addressing mode: In this
mode, the operand address is contained within
the instruction.

displacement: A number contained in the
instruction for use in calculating the effective
address (q.v.) of an operand. The displace-
ment is added to the contents of a register dur-
ing the calculation.

DMA: Direct Memory Access is a method for
transferring data to or from main memory at
high speed by avoiding the CPU registers.

effective address: The address obtained after
indirect or indexing modification. In non-
segmented mode, the effective address is a
16-bit number. In segmented mode, the effec-
tive address consists of a 7-bit segment number
and 16-bit offset. In systems with memory
management, the effective address is the
logical address which must be translated to
obtain the physical memory address.

flags: Bits in the Flag and Control Word
(g.v.) that indicate conditions (q.v.).

Flag and Control Word (FCW): One of the
two Program Status registers; it contains flags
(g.v.) and bits that control the operation of the
CPU.

Immediate (IM) addressing mode: In this
mode, the operand is contained within the
instuction.

Index (X) addressing mode: In this mode, the
operand address is obtained by adding the
contents of an index register (g.v.) to a base
address contained in the instruction.

index register: A word register used to con-
tain a displacement for use in effective address
calculation.

Indirect Register (IR) addressing mode: In
this mode, the operand address is contained
within a register.

instruction fetch: An access to program
memory address space (q.v.).

interrupt request: An event other than a trap
or jump or call instruction that changes the
normal flow of instruction execution. (See non-
maskable, non-vectored, and vectored
interrupts.)

interrupt service routine: The routine exe-
cuted in response to an interrupt.

interrupt/trap acknowledge transaction: The
transaction initiated by the CPU in response to
an interrupt or trap. Obtains an identifier word
from the interrupting device or memory man-
agement hardware.

I/0 address: The address of an I/O port,
always 16 bits long. Word ports may have even
or odd addresses, Special I/O byte ports are
even, Standard I/O byte ports are odd.

I/0 transaction: A transaction that transfers
data to or from a peripheral device or memory
management hardware.

logical address: The address manipulated by
the programmer, used by instructions and out-
put by the Z8000.

long word: A long word is 32 contiguous bits;
a long word in memory starts on an even
addressable byte boundary.

machine cycle: One basic CPU operation,
starting with a bus transaction (q.v.).

memory address: An address specifying a
location in memory. Word and long-word
addresses must be even, byte addresses may
be even or odd.

memory management: The process of trans-
lating Jogical addresses into physical
addresses (g.g.v.), plus certain protection
functions.

memory transactions: A transaction that
transfers data to or from main memory.

Normal mode: A Running-state (q.v.) mode in
which the S/N flag in the FCW is 0 and the
N/S line is High. In this mode, the CPU may
not execute privileged instructions (g.v.).

non-maskable interrupts: Inferrupts (q.v.)
which cannot be disabled.

nonsegmented mode: A Running-state mode
of the Z8000 CPUs. For segmented CPUs in
this mode, all addresses are generated with the
same segment number (q.v.).

non-vectored interrupts: /nterrupts (q.v.)
which do not use the identifier word as a vec-
tor to an inferrupt service routine (q.v.).

offset: In a Z8001 CPU, the 16-bit value that
appears on the AD lines when an address is
generated.

operand: An item of data operated on by an
instruction.
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physical address: The address required for
accessing the memory, obtained from the
logical address generated by the Z8000 by
memory management hardware, for example,
the Z8010 Memory Management Unit.

privileged instruction: An instruction intend-
ed for use primarily by an operating system,
which can be executed only in System mode.
In general, instructions that change the pro-
cessor state or perform I/O are privileged.

Program Counter (PC): One of the two Pro-
gram Status registers (q.v.). Contains the
address of the current instruction.

program memory address space: The
memory address space (q.v.) indicated by the
status codes (1100 or 1101).

Program Status Area: The area in memory
reserved for the starting program status of the
interrupt and trap service routines.

Program Status Area Pointer (PSAP): The
register that contains the starting address of
the Program Status Area.

Program Status registers: The two registers
(PC and FCW) that contain the program
status.

Refresh counter: A register that controls the
28000 dynamic memory, periodic-refresh
mechanism. Used to set the refresh rate and to
enable the mechanism.

Refresh cycle: A type of transaction used to
refresh dynamic memory. It is three clock
cycles long.

Refresh/Stop state: A CPU state entered
whenever the STOP line is asserted. A con-
tinuous stream of refresh cycles (q.v.) is
generated.

register: A storage location in hardware logic
other than the memory. Bits within a register
are numbered from 0, with the least significant
being the rightmost. See also byte register,
word register, register pair, and register quad.

Register (R) addressing mode: In this mode,
the operand is in a general-purpose register.

register pair: One of eight pairs of general-
purpose word registers, designated RRn
(n=0,2,4,..12, 14).

register quad: One of four groups of four
word registers, designated ROn (n = 0, 4, 8,
12).

Relative Address (RA) addressing mode: In
this mode, the operand address is calculated
by adding a displacement found in the instruc-
tion to the current PC value.

request: Either an interrupt request, bus
request, resource request, or STOP request
(gg.v). An external device requests that the
CPU perform some action.

reset: An internal CPU operation that initial-
izes the Program Status registers. It is acti-
vated by the RESET line.

Running state: One of the three CPU states.
In this state, the CPU is fetching and exe-
cuting instructions or handling interrupts.

segment: In a Z8001, a set of adjacent
memory addresses (up to 64K) with the same
segment number (q.v.) on lines SNy-SNg.

segment number: A number specifying a
memory segment (q.v.). Placed on the
SNp-SNg lines during memory transactions in
Z8001 system. Part of a segmented

address (q.v.).

segmented address: In segmented Z8000
CPU'’s, a 23-bit value consisting of a 7-bit seg-
ment number (g.v.) and a 16-bit offset (q.v.).

segmented mode: One of the Running-state
modes of the segmented Z8000 CPU. In this
mode, CPU generates addresses that can have
different segment numbers.

Special I/0 address space: An /O address
space (qg.v.) that is identified by the status
code 0011. Used to access memory manage-
ment hardware.

stack: A data structure used for temporary
storage or for procedure and interrupt service
routine linkages. A stack uses the last-in, first-
out concept. As items are added to, or pushed
onto, the stack, the stack pointer decrements;
as items are removed from, or popped off, the
stack, the stack pointer increments.

stack memory address space: A memory
address space (q.v.) that is identified by the
status codes 1001 and 1011.

Stack Pointer: A general-purpose register
indicating the top (lowest address) of a stack.

Standard 1/0 address space: An I/O address
space (g.v.) that is identified by the status
code 0010. Used for accessing peripherals.

status code: A 4-bit encoding of the CPU’s
current transaction, for example, internal
operation, segment trap acknowledge, or stack
memory request.

status flags: Status flags are set according to
the outcome of certain instructions to direct
the subsequent flow of the program as neces-
sary. There are six status flags: Carry, Zero,
Sign, Parity/Overflow, Decimal Adjust and
Half Carry. The first four are grouped together
to determine the condition code, the last two
are used in programs manipulating BCD
digits.

status lines: The lines STp-ST3, which contain
the status code during transactions.
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stop request: A request that is made by acti-
vating the STOP line.

Stop/Refresh state: See Refresh/Stop state.

System mode: A Running-state mode (g.v.) in
which the S/N flag in the FCW is 1 and the
N/S line is Low. In this mode, the CPU may
exercise privileged instructions (q.v.).

transaction: One of the basic bus operations.
A transaction lasts three or more clock cycles
and covers a single data movement on the bus.

trap: A condition that occurs at the end of an
instruction that caused an illegal operation.
The Z8000 traps are internal traps arising from
system call, EPA instruction and privileged in-
structions executed in normal mode, and an
external trap, the segmentation/address trap,
arising from memory access violations in
systems with memory management. A trap is
similar to an interrupt in that it causes the exe-
cuting program to be interrupted and the Pro-
gram Status registers to be saved on the system
stack. Traps cannot be disabled.

vectored interrupts: Inferrupts (q.v.) which
use the identifier word as a vector to the infer-
rupt service routine (q.v.). May be

disabled.

virtual memory: A memory management
technique in which the system’s logical
memory address space is not necessarily the
same as, and can be much larger than, the
available physical memory address space. Vir-
tual memory is supported by use of memory
mapping hardware and secondary storage
devices.

WAIT cycle: A clock cycle during which the
WAIT line is active. Used to prolong trans-
actions, since no signal line is sampled while
WAIT s active.

word: Two contiguous bytes (16 bits) starting
on an even addressable byte boundary. Bits
are numbered from the right, 0 through 15. A
word is identified by the address of the byte
containing the most significant bit, bit 15.

word register: A 16-bit register.
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Your feedback about this document helps us ascertain your needs and fulfill them in the future.
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helpful to us and, in time, to future users of Zilog products.

Title of this document:

Your Name:

Company Name:

Address:

Briefly describe application:

Does this publication meet your needs? [ Yes [0 No

If no, why?

How are you using this publication?
O As an introduction to the subject?
O As a reference?

[0 As an instructor or student?

Rated on ascale of 1 to 10, this document isa

What would have improved the material?

How do you find the material?
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Technicality 0
Organization m]
Completeness O

Good Poor
O O
O O
(] O

Other comments and suggestions:

If you found any mistakes in this document, please let us know what and where they are:

Please clip, fold, and return to Zilog, Inc.
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