
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































System 8000 Model 21 and 31 Characteristics 

Physical 
Height 
Width 
Depth 
Weight 

84 cm (33 in.) 
48 cm (19 in.) 
61 cm (24 in.) 
105 kg. (250 pounds) 
approximate 

Winchester Disk Performance 
Rotation Speed 3,600 RPM 
Power ON to Ready , 60 seconds 

Time 
Average Positioning 

Time (Typical) 
Number of Surfaces 
Tracks per Surface 
, Sectors per Track 
Bytes per Sector' 
Data Transfer Rate 
Capacity Unformatted 

OO-1105'()3 

45 ms 

4 
600 
24 
512 
801 K bytes/sec 
32M bytes 

Storage Module Disk (SMD) Performance 
Rotation Speed 3,600 RPM . 
Power ON to Ready Time 60 seconds 
Average Positioning Time 

(Typical) 
Number of Surfaces 
Tracks per Surface 
Sectors per Track 
Bytes per Sector 
Data Transfer Rate 
Capacity Unformatted 

Environmental 
Operating Temperature 

Relative Humidity 

20 ms 
7 
589 
32 
512 
1.2M bytes/sec 
84M bytes 

10° C 
(50 0 F) min. 
40° C 
(104° F) max. 
20-80% 
(noncondensing) 

Cartridge Tape Drive Performance 
Speed Read/Write 30 ips (90 ips) 

(rewind/search) 
Tracks 
Recordi[Jg Density 

Memory 

4 
6,400 BPI 

1 M bytes ECC (minimum) 

Electrical 
. Phase 

Frequency 

Nominal 
Selectable 

Voltages ( ±,1 0 %) 

100 V ac/60 Hz 
117 V ac/60 Hz 
220 V ac/50 Hz 
240 V ac/50 Hz 

Single 
47-63 Hz 

Current 
Sustained 

(max) 

5.0 A 
5.0A 
2.5 A 
2.5 A 

Current 
Surge 
(max) 

8.0 A 
8.0A 
4.0 A 
4.0 A 
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Zilog 

Features 

• Economical, time-sharing 
system supports up to eight 
users. 

• Powerful ZEUS operating 
system, Zilog's implementation 
of UNIX*. 

• ZEUS includes a screen­
oriented text editor and com· 
prehensive text processing 
software for fast and easy 
editing applications. 

• Model 11 supports such high­
level languages as COBOL, 
BASIC, C, PLZ/SYS, FORTRAN 
77, and Pascal. 

• Up to 1 M bytes of parity 
memory or optional 1 M byte of 
ECC-controlled memory. 

• Up to 36M bytes of disk 
storage capacity. 

• 17M byte cartridge tape for 
backup and archiving. 

A Compact Computer Powerful 
Enough to Support Eight Users 

The Zilog System 8000 Model 11 
has been specifically designed for 
business and office environments. 
The system is small enough to fit 
under a desk, yet can provide com­
puting power for up to eight users 
simultaneously. This general­
purpose, time-sharing system is 
ideally suited for commercial 
needs. 

System 8000 
Moden I! 

Product Brie! 

September 1983 

State-of-the-Art Components 

The Model 11 features reliable, 
field-proven VLSI components such 
as the Z8001A CPU (which sup­
ports separate code and data ad­
dress spaces) and three Z801 OA 
Memory Management Units. 

The basic Model 11 has 256K 
bytes of parity random-access 
memory (RAM). A 51A -inch. Win­
chester disk provides IBM bytes of 
storage. The sealed, high­
performance Winchester disk drive 
protects data from contaminants 

. and provides economical, fast, and 
highly reliable on-line storage of 
data. 

A 17M byte cartridge tape drive is 
used for hard disk backup. This 
tape drive offers virtually unlimited 
off-line storage of data. 

Powerful ZEUS Operating 
System 

For the operating system, Zilog 
chose to implement UNIX, the op­
timum environment for application 
software' development and pro-' 
grammer productivity. The Zilog 
"port" of UNIX is named ZEUS, for 
Zilog Enhanced Unix System. 

Unlike some other implementations 
of the popular UNIX operating 
system, ZEUS, 'in conjunction with 
the Z8001 CPU a'nd the specialized 
memory management hardware in 
the System 8000, is able to support 
extremely large user programs. 
This can be especially important 
for large FORTRAN and C applica­
tions. 

·UNIX is a trademark of 8ell Laboratories, Zilog is licensed by Western Electric. Inc, for the Seventh Edition and System III. 
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ZEUS includes features and addi­
tional software developed by Zilog 
and the University of California at 
Berkeley. Major features of the 
ZEUS operating system are its 
hierarchical file structure and com­
patible file, device, and inter­
process input/output functions. 

ZEUS includes an impressive array 
of programs that comprise its 
system utilities and development 
tools. These software tools make it 
easy for both OEMs and end-users 
to develop new applications 
quickly. 

Reliable Hardware 

The system's hardware has been 
designed to complement its power­
ful software. Also, programs 

developed on other units in the 
System 8000 family are completely 
transferrable to the Model 11. 

Intelligent Winchester disk and 
tape drive controllers free the 
operating system from routine 
device-handling functions. 

The system's 32-bit Z-BUS 
Backplane 'Interconnect (ZBITM) 
provides flexibility in system con­
figuration and allows for future ex­
pansion. 

Serial RS-232-C and parallel inter­
faces allow the system to com­
municate with input/output devices 
such as CRTs and printers. 

Flexible Hardware 
Expansion 

To accommodate system growth, 
the basic Model 11 System 8000 
can be expanded to include up to 
1 M bytes of parity or ECC- (Error 
Checking and Correction) con­
trolled memory. A second 51A -inch, 
IBM byte Winchester disk drive 
can be added to the system to pro­
vide dual drives with a total of 36M 
bytes of on-line data storage 
capacity. 

System Utilities 

The ZEUS system utilities provide 
programs for user access, com­
mand processing, file manage­
ment, status information, com­
munication with other devices or 
systems, and system maintenance. 

System 8000 Model 11 Characteristics 
Physical Environmental 

Height 66 cm (26 in.) Operating Temperature 10° C 
Width 20 cm (8 in.) (50° F) min. 
Depth 46 cm (18 in.) 40° C 
Weight 43 kg. (95 pounds) (104° F) max. 

approximate Relative Humidity 20·80% 

Winchester Disk Performance (noncondensing) 

Rotation Speed 3,600 RPM Cartridge Tape Drive Performance 
Power ON to Ready Time 60 seconds Speed Read/Write 30 ips (90 ips) 
Average POSitioning Time (rewind/search) 

(Typical) 75 ms Tracks 4 
Bytes per Sector 512 Recording Density 6,400 BPI 
Data Transfer Rate 5M bits/sec 

Memory Capacity Unformatted IBM bytes 
256K-byte parity (minimum) 
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ZEUS features a command inter­
preter as an interface between the 
user and the system. It is selected 
on a per-user basis, allowing the 
system to be tailored to meet the 
needs of different users. 

The ZEUS development tools in­
clude programming languages, 
libraries, a symbolic debugger, text 
processing and formatting soft­
ware, and more than 180 other 
utilities. ZEUS also includes a two­
dimensional, screen-oriented text 
editor to increase editing speed. 

The system supports several high­
level programming languages for 
business, scientific, and industrial 
applications. Choose from COBOL, 
BASIC, C, PLZ/SYS, FORTRAN 77, 
and Pascal. 

Left to Right: Model 11, Model 31 with Optional 
Expansion Chassis. Model 31 with Optional 
g-Track Tape Drive. Model 21. 

Electrical 
Phase Single 
Frequency 47·63 Hz 

Nominal Current Current 
Selectable Sustained Surge 

Voltages (± 10%) (max) (max) 

100 V ac/60 Hz 2.5 A 4.0 A 
117 V ac/60 Hz 2.5 A 4.0 A 
220 V ac/50 Hz 1.25 A 2.0 A 
240 V ac/50 Hz 1.25 A 2.0 A 
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Software 

Development 
Products 

. Zilog 
Pioneering the 
Micro world 





Zilog OTTers full support for all 
its microprocessors and micro­
computers with the System SOOO. 
The System SOOO computer 
system uses ZEUS, the UNIX*­
based operating system specific­
ally designed for software 
development and text processing. 
Numerous development tools are 
available, including the program­
ming languages PLZ/SYS, C, 
FORTRAN 77, Ada, and Pascal; 
various libraries; and a symbolic 
debugger. 

Cross-software packages run 
under ZEUS on the SSOOO enable 
complete code development for 

·UNIX is a trademark of Bell Laboratories. 

Development Systems 
ao~iware ~or 
All lilog Microprocessors 

all Zilog microprocessors and 
microcomputers. This includes C 
compilers for the ZSOOO and ZSO 
and assemblers for the ZSOOO, 
ZSOO, ZSO, and ZS. 

Emulators designed for the 
complete range of Zilog products 
are detailed in the Development 
Section of this data book. 
Because ZEUS treats emulators 
as System SOOO peripherals, 
System SOOO can be combined 
with EMS SOOO, Z-SCAN SOOO, or 
with non-Zilog emulators to pro­
vide total product development 
support for multiple micro­
processors. 

The ZRTS Kernel is a small ex­
ecutive program that provides the 
core of a real-time multitasking 
operating system in PROM able 
form. In addition to development 
languages, ZRTS SOOO and ZCL 
are available to assist the user in 
implementing a real-time target 
operating system. ZCL is a high­
level configuration language that 
permits the designer to c'onfigure 
the target system in easy-to-use 
statements. 

More software products for 
Zilog components and systems 
are described in the Zilog Soft­
ware Catalog. 
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Zilog 

Features • High-level procedure-oriented language 
permits efficient writing of machine­
independent modules and programs. 

• Structured format for fast and easy-to­
compile programs. 

• Produces efficient code for economical 
memory usage and processing time. 

Description 28000 PLZ is a family of different program-
ming languages designed to satisfy a wide 
range of microcomputer software development 
requirements. The two members of the PLZ 
family, PLZlSYS and PLZlASM, produce object 
code-compatible modules and share common 
control structures and data definition facilities. 
Thus, selective portions of programs can be 
written in the most appropriate language for 
the speCific application and still maintain a 
consistent structure between modules. 

PLZlSYS is a high-level, procedure-oriented 
language that is syntactically similar to Pascal. 
It provides a medium for writing structured, 
machine-independent programs with a 
minimum of programming effort. 

PLZI ASM, on the other hand, is a structured 
assembly language that permits access to the 
low-level capabilities of the processor by mix­
ing assembly language and high-level control 
structures. 

Compiler. The Z8000 PLZlSYS Compiler 
translates source code modules into an 
intermediate stage called Z-code. The Z-code 
modules can then be executed interpretively or 
processed by the code generator to produce a 
machine-code object module. 

The compiler provides support for both the 
segmented and non-segmented 28000 pro­
cessors. 

Code Generator. The Z8000 PLZCG Code 
Generator accepts a file of intermediate Z-code 
generated by PLZlSYS and produces the cor-

zaOOO™ 
PL~/SYS 

Product 
Brief 

June 1982 

• Simplifies software production and 
maintenance. 

I!I Allows direct or interpretive execution of 
program modules. 

&1 Supports both segmented and nonsegmented 
Z8000 processors. 

responding Z8000 machine code as a relocat­
able object module. This file can be linked 
with other modules to form a complete 
executable load module. 

Interpreter. The intermediate Z-code modules 
produced by the Z8000 PLZlSYS Compiler can 
be executed interpretively by ZINTERP. Link­
ing ZINTERP with the other modules generated 
by the compiler produces an executable load 

-module. 

Linker. The Linker, ZLINK, links Z-code, 
ZINTERP and/or machine code modules into a 
single relocatable load module, allOWing the 
user to control the overall size and speed of 
the program. 

Although interpretive Z-code runs more 
slowly than machine code, the space savings 
over machine code is usually substantial for 
larger programs where the 3K bytes of 
ZINTERP is a small percentage of the entire 
program. By balancing the number of Z-code 
and machine code modules, the user can max­
imize the efficiency of a particular program. 

ZLINK resolves any external references 
between separately assembled modules, so that 
the load module produced is relocatable-. It 
also allows the reordering and combining of 
named sections between modules and supports 
incremental linking. 

Operating Environment. Z8000 PLZlSYS is 
supported on Zilog's S8000 Development 
System. 

829 





FEATURES 

o Provides high-quality floating-point arithmetic 
capability for Z8000 series CPUs. 

o Executes the same instruction set and simulates the 
architecture of Zilog's Z8070 Arithmetic Processing 
Unit (APU). The same application software can use 
either this emulation package or the Z8070 APU 
without modification. 

GENERAL DESCRIPTION 

The Floating-Point Software Emulation Package (also 
referred to as the Emulator) provides floating-point 
arithmetic capability in accordance with the proposed 
IEEE Standard for binary floating-point arithmetic. 

The proposed standard is designed to facilitate the por­
tability and increase the preCision and reliability of 
'numerically oriented programs. The Emulator's ability to 
handle various numeric formats makes it amenable to 
commercial as well as scientific applications. Because 
the Emulator simulates the Z8070 APU, it is an ideal tool 
for systems that may later include the Z8070 chip. 

The Emulator is written in PLZ/ASM structured assembly 

FUNCTIONAL DESCRIPTION 

The Emulator consists of a small system-dependent 
module involved with memory accesses, and a system­
independent body. The system-dependent module 
comes in PLZ/ASM source form, whereas the body is in 
object code. Two versions of the body are provided: one 
assembled for segmented operation, the other for 
nonsegmented use. The Emulator ca-n, consequently, be 
run in either segmented or nonsegmented mode. The 
Emulator uses no privileged CPU operations, and most 
operations finish in under one millisecond on a 6 MHz 
CPU, including the trapping and typical operating system 
overhead. 

The system-independent body is called by the system­
dependent module, using Zilog's calling convention. The 
system-independent body consists of approximately 

~1«J)7(l) IrloalilmgmlPoinl 
S)@«fiwarre I£muialion 
i})a~E,!al<me 

·lPllQDmI UU(Cft 
: §pe(Ciiiiica lion 

September 1983 

o Conforms to the proposed IEEE Standard P754 Draft 
9.0 for binary floating-point arithmetic. 

o Provides routines for the conversion of binary in­
teger and Binary Coded Decimal (BCD) to and from 
binary floating-point formats. 

language and is fully operable on the Z8000 series 
CPUs. It can be run in either segmented or 
nonsegmented modes and in either Normal or System 
modes. It is available with Zilog's Real-Time Software 
(ZRTS) and Zilog's System 8000. 

The Emulator uses the Z8000 CPU's Extended Process­
ing Architecture (EPA). The EPA function provides the 
capability for flexible hardware and software expansion 
by the addition of Extended Processing Units or software 
trap handlers. When the EPA bit in the'CPU's Flag and 
Control Word is zero, the CPU traps to the Emulator upon 
encountering a floating-point instruction. 

5000 bytes of code and requires fewer than 30 words of 
stack space for operation. After an operation, the body 
returns a status code, indicating whether or not a trap 
should be taken. 

In the system-dependent module, the m6st important 
aspect of the Emulator is its method of acceSSing the ad­
dress spaces of the process that generated the EPA 
trap. A small set of assembly language interface routines 
that can be tailored to the host system is provided in 
PLZ/ASM source form. These routines are fully general 
in that they permit trapped processes from either 
nonsegmented or segmented operating modes and from 
either System or Normal operating modes. Host systems 
not supporting some of these combinations can simpiy 
ignore them. 
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A user with an average mathematical background 
should be able to attain precise results with the floating­
point arithmetic supported by the Emulator, because the 
software simplifies the development of accurate pro­
grams. The Emulator accepts numbers in any of several 
data formats, operates on them in the very precise Ex­
tended format, returns results to any of the formats, and 
indicates any exceptions that may arise. 

Exceptions, as defined by the proposed IEEE Standard, 
include detection of invalid operands or results, attemp­
ted division by zero, and overflows or underflows caused 
by exceeding the limits of the data format. Exceptions 
can be handled by user-controlled traps, or can be dealt 

ARCHITECTURE 

There are eight 80-bit data registers, two 32-bit status 
registers, one 16-bit and one 32-bit control register, and 
two 80-bit floating operand registers in the Emulator. 
This software architecture is designed to simulate the 
Z8070 APU. 

The Emulator has a data register file of eight 80-bit 
registers labelled FO to F7. This format corresponds to 
the Double Extended format in which the Emulator per­
forms all of its internal numeric operations. Figure 1 ill­
ustrates the data register file. 

79 78 64 63 

FR7 

FR6 

FRS 

FR4 

FR3 

FR2 

FR1 

FRO 

SIGN EXPONENT SIGNIFICAND 

Figure 1. Data Register File 

There are two 32-bit status registers known as the Pro­
gram Counter register (PC1) and the Flags register. PC1 
(Figure 2) holds the address of the instruction that 
generated the trap. The Flags register contains historical 
information on detected exceptions (sticky flags) and the 
Emulator's Compare and Remainder flags (Figure 3). 

~ 23 15 

SEGMENT ~ OFFSET 

Figure 2. Program Counter Register (PC1) 
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with in an automatic manner by the Emulator. In addi­
tion, the Emulator records historical information on ex­
ceptions for later evaluation. This creates a flexible en­
vironment in which the user can tailor exception hand­
ling based on the needs of a specific application. 

The capabilities of the Emulator are of use wherever 
consistency of results, precision of results, manipulation 
of a wide range of numbers, or generally increased 
arithmetic processing capabilities are required. Such 
widely divergent applica:tions as guidance systems, 
financial data processing, process control, graphics and 
robotics can be enhanced by increased arithmetic 
capabilities. 

Flags Register. Four fields provide information on ex­
ceptions and results: These fields are: 

Sticky flags. Eight flags are set when an exception oc­
curs, and remain set until they are cleared by the pro­
grammer. These flags are: 

INV-Invalid 
FOV-Floating-point Overflow 
U N-U nderflow 
DZ-Divide-by-Zero 
INX-Inexact Result 
DE-Denormalized number 
NAN-Signalling NaN 
IX-Integer Overflow 

Previous Operation flags. These are the same as the 
sticky flags, except these bits reflect the exception of the 
previous operation. 

Compare and Remainder flags. These status flags cor­
respond to the H, D, PIV, S, Z, and C flags in the Z8000 
CPU's Few. 

FOP1E. These bits are the two most significant bits 
(MSB) of the exponent of Floating Operand register 1 
(FOP1). 

FOP2E. These bits are the two MSBs of the exponent of 
Floating Operand register 2,(FOP2). 

There are two control registers in the Emulator: the 
System Configuration register and the User Control 
register. The System Configuration register is accessible 
only to privileged users in System mode; it contains in­
terrupt controls and EPU information (Figure 4). The 
User Control register (Figure 5) is accessible to Normal 
mode users; it sets arithmetic modes and enables traps. 
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System Configuration Register. Ten fields provide in­
formation on instructions and interrupts. These fields 
are: 

User Control Register. Three fields enable traps and 
determine arithmetic modes. These fields are: 

Interrupt Vector Number. Identifies the source and 
cause of an interrupt. 

SV. Shifts the Interrupt Vector left. 

Rounding mode (RM). 
00 = Round to Nearest 
01 = Round toward Zero 
10 = Round toward Plus Infinity 
11 = Round toward Minus Infinity 

VIS. Is set to include status information in the Interrupt 
Vector. Trap Enables. The setting of these bits enables the trap 

associated with each exception Jisted below. 
NV. Is set when no vector is to be returned. 

IUS. Is set when an interrupt is under service. 

Interrupt Pending (lP). Indicates a pending interrupt. 

Master Interrupt Enable (MIE). Enables all interrupts. 

Used (U). Indicates that a floating-point instruction has 
been executed. 

INV-Invalid 
FOV-Floating Point Overflow 
UN-Underflow 
OZ-Oivide-by-Zero 
INX-Inexact Result 
OE-Oenormalized number 
NAN-Signalling NaN 
IX-Integer Overflow 

ID. Indicates the number in the 10 field of EPU instruc­
tions to which the Emulator will respond. 

Invalid ID. Specifies which 10 fielci" in EPA instructions 
should cause a trap to be generated. 

In addition, the Emulator contains two 80-bit floating 
operand registers labelled FOP1 and FOP2, which con­
tain the input operand (FOP1) and result (FOP2) for use 
by trap handlers (Figure 6). 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 7 6 5 
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o IX NAN DE INX DZ UN FOV INV IX NAN DE INX DZ UN FOV INV 

"-..... -----v .J "-..... ----v----~# 
COMPARE AND REMAINDER FLAGS PREVIOUS OPERATION FLAGS STICKY FLAGS 

Figure 3. Flags Register 

Figure 4. System Configuration Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

~ ..... -----~----~; 
TRAP ENABLES 

Figure 5. User Control Register 

FLOATING OPERAND 1 (INPUT OPERAND) 

I S I EXPONENT 

L-15 LEAST SIGNIFICANT BITS OF 
EXPONENT (2 MSB's IN FLAGS REGISTER) 

FLOATING OPERAND 2 (RESULT) 

I S I EXPONENT 

L-15 LEAST SIGNIFICANT BITS OF 
EXPONENT (2 MSB's IN FLAGS REGISTER) 

SIGNIFICAND 

SIGNIFICAND 

Figure 6. Floating Operand Registors 
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DATA TYPES 

The Emulator supports the data types shown in Figure 7. 
All formats are automatically cO!lVerted to the BO-bit 
floating-point format for internal operations and can be 
returned to any of the formats. The S bit is the Sign bit 
specifying a positive (0) or negative (1) number. The 
negative or positive floating-point numtler is equal to: 

The value (v) of the 32-bit Single Precision Binary format 
is determined as follows: , 

• If e = 255 and f =1= 0, then v = NaN. 

• If e = 255 and f = 0, then v = (-1 )S(infinity). 

• If 0 < e < 255, then v = (-1)S2e-127(1.f). 
significand X 2(exponent-bias) 

• If e = 0 andf =1= 0, then v = (-1)S2-126(0.f). 

• If e = 0 and f = 0, then v = (-1)SO,(zero). 
The Emulator also supports extensions to the floating­
point arithmetic. Infinities are represented, and numbers 
that cannot be represented in normalized form (Le., 
where the most significant bit of the significand is a 
binary 1) can be represented in a denormalized form 
(Le., with leading Os in the significand). In addition, cer­
tain values for NaNs (Not-a-Number) are defined, which 
are useful in causing traps or providing diagnostic infor­
mation. 

The value of the 64-bit Double Precision Binary format is 
determined as follows: . 

• If e = 2047 and f =1= 0, then v = NaN. 

• If e = 2047 and f = 0, then v = (-1)S(infinity). 

• If 0 < e < 2047, then v = (-1)s2e-1023(1.f). 

In the following description of the binary floating-point 
formats, 's' is the sign, "e' is the exponent, 'f' is the 
significand (or fraction), and j is a 1-bit integer part. The 
integer biUs implicit in single and double formats. 

• If e = 0 and f =1= 0, then v = (-1)S2-1022(0.f). 

a If e = 0 and f = 0, then v = (-1)SO,(zero). 

B34 

31 30 23 22 

Single Precision Binary (32 bits) 

63 62 52 51 

79 78 

79 75 

31 

63 

s = sign bit 
e = exponent lIeld 
f = fraction lIeld 
I = Integer bit 

Double Precision Binary (64 bits) 

64 63 62 

Extended Precision Binary (80 bits) 

UP TO 19 BCD DIGITS 

Binary Coded Decimal Integer 

Binary Integer (32 and 64 bit two's complement Integers) 

Figure 7. Data Formats 
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For the 80-bit Double Extended Precision Binary format, 
the value is determined as follows: 

1:1 If e = 32767 and f * 0, then v = NaN. 

II If e = 32767 and f = 0, then v = (-1)8(infinity). 

• If 0 < e < 32767, then v = (-1)82(e-16383)U.f). 

II If e = 0 and j = f = 0, then v = (-1)80, (normal 
zero). 

• If e = 0 and j or f is nonzero, then v = 
(-1 )52-16383U. f). 

Floating-point instructions are of the form: 

FXXX [S,D,L,Q,BCD] rnd dst,src 

The suffixes for floating-point binary formats [Single (S), 

INSTRUCTION SET 

The floating-point instruction set provides the following 
types of instructions: 

.. Primary arithmetic operations 

• Load and store operations 

.. Compare and examine operations 

Primary Arithmetic Operations 

Double (D), or Extended (no suffix)], for binary integer 
formats [Long-word (L) and Quad-word (Q)], and for 
decimal format (BCD), refer to the size of the CPU 
register or memory operand. The suffix "rnd" refers to 
the rounding precision, or the degree of precision used 
in internal.Emulator operations; SGL is used for Single 
precision, DBL for Double precision, and no suffix for Ex­
tended precision. 

Addressing modes used include Emulator register (F) 
and multiple register (FF), CPU register (R), Index (X), In­
direct Register (lR), Direct Address (DA). Also permitted 
are addressing of Emulator Control registers (FCTL) and 
portions of the Control registers (FSEL, traplist, flag list, 
modelist). 

• Secondary arithmetic operations 

• Control operations 

Mnemonic Operands Addressing Modes Operation 

FADD 
FADDS 
FAOOO 

FOIV 
FOIVS 
FOIVO 

FMUL 
FMULS 
FMULO 

FREMSTEP 

FSQR 
FSQRS 
FSQRO 

FSUB 
FSUBS 
FSUBO 

FLO 
FLOS 
FLOO 

dst,src 

dst,src 

dst,src 

dst,src 

dst,src 

dst,src 

dst,src 

src: F,R,IR,DA,X 

dst: F 

src: F,R,IR,DA,X 

dst: F 

src: F,R,IR,DA,X 

dst: F 

src: F 
dst: F 

src: F,R,IR,DA,X 

dst: F 

src: F,R,IR,DA;X 

dst: F 

src: F,R,IR,DA,X 
dst: F 

or 
src: F 
dst: R,IR,DA,X 

Floating Add 

dst - dst + src 

Floating Divide 

dst - dst/src 

Floating Multiply 

dst - dst* s rc 

Floating Remainder Step 

dst - dst src 
FCW - flag 

Floating Square Root 

dst - SQR (src) 

Floating Subtract 

dst - dst - src 

Floating Load 

dst - src 
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Load and Store Operations 

Mnemonic Operands Addressing Modes Operation 

FLO BCD dst,src dst: F Floating Load BCD Integer 
src: R,IR,DA,X 

or dst - Float (BCD_src) 
dst: R,IR,DA,X dst - BCD (floaLsrc) 
src: F 

FLDIL dst,src dst: F Floating Load Binary Integer 
Long Word 

src: RR,IR,DA,X 
or dst - Float (src) 

dst: RR,IR,DA,X dst - Fix (src) 
src: F 

FLDIQ dst,src dst: F Floating Load Binary In.teger 
Quad Word 

src: RQ,IR,DA,X 
or dst - Float (src) 

dst: RQ,IR,DA,X dst - Fix (src) 
src: F 

FLDM dst,src,n dst: F,FF Floating Load Multiply 
src: R,IR,DA,X 

or dst - src 
dst: R,IR,DA,X 
src: F,FF 

FLDTL dst,src dst: RR,IR,DA,X Floating Load and Truncate to 
Integer Long Word 

src: F dst - Int (src) 

FLDTQ dst,src dst: RQ,IR,DA,X Floating Load and Truncate to 
src: F Integer Quad Word 

dst - Int (src) 

. Compare Operations 

FCP dst,src dst: F Floating Compare 
FCPS 
FCPD src: F,R,IR,DA,X dst - src, set flags 

FCPF dst,src dst: F Floating Compare and Transfer 
Flags to FCW 

src: F dst - 'src 
FCW - flags 

FCPFX dst,src dst: F Floating Compare, Transfer Flags to 
FCW, and Raise Exception if 

src: F Unordered 

dst - src 
FCW.- flags 

FCPX dst;src dst: F Floating Compare and Raise 
FCPXS Exception if Unordered 
FCPXD src: F,R,IR,DA,X 

dst - src, set flags 
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Compare Operations (Continued) 

Mnemonic Operands Addressing Modes Operation 

FCPZ dst dst: F Floating Compare with 0, and 
Transfer Flags to FCW 

dst - 0 
FCW - flags 

FCPZX dst dst: F Floating Compare with 0, Transfer 
Flags to FCW, and Raise Exception 
if Unordered 

dst - 0 
FCW - flags 

Secondary Arithmetic Operations N co 
0 

FABS dst,src dst: F Floating Absolute Value ~ = FABSS IIJ 
FABSD src: F,R,IR,DA,X dst - Isrcl -0 

DJ -FCLR dst dst: F Floating Clear -1:1 

dst - +0 
cQ 

• 0 
FINT dst,src dst: F Floating Round to Floating Integer -! 
FINTS m 
FINTD src: F,R,IR,DA,X dst - Float [Int (src)] -~ 

~~ 

FNEG ~"" . dst,src dst: F Floating Negation 
FNEGS 
FNEGD src: F,R,IR,DA,X dst - (-src) 

Control Operations 

FLDCTL dst,src dst: FCTL Floating Load Control 
src: RR,IR,DA,X 

or dst - src 

dst: RR,IR,DA,X 
src: FCTL 

FLDCTLB dst dst: Fsel Floating Load Control Byte 

FCW - flags 

FRESFLG src dst: FFLAGS Floating Reset Flag 
src: flaglist 

FFLAGS (flaglist) - 0 

FRESTRAP src dst: USER Floating Reset Trap 
src: traplist 

USER (traplist) - 0 

FSETFLG src dst: FFLAGS Floating Set Flag 
src: flaglist 

FFLAGS (flaglist) - 1 

FSETMODE src dst: FMODE Floating Set Mode 
src: modelist 

FMODE - modelist 

FSETTRAP src dst: USER Floating Set Trap 
src: traplist 

USER (traplist) - 1 
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Condition Codes 

A set of condition code mnemonics are provided ·for 
evaluating the results of floating-point comparisons 
when the results have been transferred to the CPU's 
Flag and Control Word. Table 1 shows the floating-point 
mnemonics, the equivalent Z8000 condition code 
mnemonics, and their meanings. 

Programming Example 

An example of a FORTRAN program and 'its possible 
compilation is provided below. The example calculates 
an average, using floating-point instructions and 
Emulator registers as well as CPU instructions and 
resources. 

The FORTRAN segment assumes type REAL is a single 
precision number. The possible compilation of the FOR­
TRAN segment assumes that the compiler optimizes 
variable usage in DO loops-it does not emulate full 
FORTRAN DO loop conditions. PLZ/ASM is the code pro­
duced. 

FORTRAN Program Segment 

100 
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REAL SAMPLE(100),AVERAGE 
INTEGER INDEX 
• 
• 
• 

AVERAGE = 0.0 
DO 100 INDEX = 1,100 
AVERAGE = AVERAGE + SAMPLE(INDEX) 
AVERAGE = AVERAGE/100.0 

Table 1. Cond.ltlon Code Equivalences 

Floating' 
. point CC Z8000 CC Meaning 

FEO EO 
FNEU NE 
FLT ULT 
FLE ULE 
FGT GT 
FGE GE 
FLU LT 
FLEU LE 
FGU UGT 
FGEU UGE 
FORD NOV 
FUN OV 

Equal 
Not equal or unordered 
Less than 
Less than or equal 
Greater than 
Greater than or equal 
Less than or unordered 
Less, equal or unordered 
Greater than or unordered 
Greater, equal or unordered 
Ordered 
Unordered 

Possible Assembler Compilation 

SAMPLE ARRAY [100 LONG] 
AVERAGE LONG 
K100 LONG = 100.0 
• 
• 
• 

FCLR 
CLR 

LOOP FADDS 
INC 
CP 
JR 
FDIVS 
FLDS 

!REGISTER ASSIGNMENTS! 
!INDEX - R2! 
!AVERAGE - FO! 
FO 
R2 
FO,SAMPLE(R2) 
R2,#4 
R2,#400 
LT,LOOP 
FO,K100 
AVERAGE,FO 

00-2283-02 



Zilog 

II Real-time Multi-Tasking Software 
Components 

o Synchronization of multiple tasks 

• Interrupt-driven priority schedul­
ing 

• Real-time response 

• Dynamic memory allocation 

• Modular and Flexible Design 

• Efficient memory utilization 

• 6K byte PROMable kern~l 
Q Support for 28001 and 28002 

16-bit microprocessors 

• Configurable via linkable 
modules 

iii Versatile Base for Z8000™ System 
Designs 

• Segmented/non-segmented tasks 

• System/normal mode tasks 

• Uses standard Zilog calling con­
ventions 

~ml~STM$OOO 

!finaDcm lmC9an~lrime Software 
fi@rt mm~ ~~@@~ JM(fhc~~pr~a:~ss~lr 

Jf>17<n>duncc~ 
lJj)esccTlipftnolm 
Preliminary 

September 1983 

[J Easy-To-Use System Generator 

o High-level configuration 
language 

o Supports a wide variety of hard­
ware configurations 

o Easily changed control 
parameters allow system 
optimization 

. 0 Eliminates the requirement for 
intimate knowledge of system in­
ternal structure 

OVERVIEW 

Zilog's Real Time Software (ZRTS) 
provides of a set of 'modular software 
components that allows quick and easy 
implementation of customized 
operating systems for all members of 
the 28000 16-bit microprocessor family. 
In effect, ZRTS extends the instruction 
set of the Z8000, adding easy-to-use 
commands that give the Z8000 the 
capability for managing real-time, 
multi-tasking applications. 

The ZRTS package consists of a 
small real-time, multi-tasking executive 
program, the Kernel, and a System. 
Configurator. The Kernel prOVides 
sychronization and control of multiple 
events occurring in a real-time en­
vironment. All major real-time func­
tions are available-task synchroniza­
tion, interru'pt-driven priority sdhedul­
ing, intertask communication, real-time 
response, and dynamic memory alloca­
tion. The System Configura tor is a 
language processor that allows the 
target operating system to be defined 
in high-level terms using the ZRTS 
Configuration Language (ZCL). 

These functions greatly simplify the 
tasks of the designer, allowing 
development efforts to be concentrated 
on the application, instead of on real­
time coordination, task management 
problems, and complicated system 
generations. ZRTS provides a modular 
and flexible development tool that 
serves as a versatile base for 28000 
system designs. The Kernel requires 
only 6K bytes of either PROM or RAM 
memory, thus allOWing configurations 
for a wide variety of target systems, 
while producing a memory-efficient. 
cost-effective end product 
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CONCEPTS 

ZRTS is both easy-to-Iearn and easy­
to-use. Oniy a few simple concepts 
need to be understood before design­
ing begins. 

Tasks. Tasks are the components com­
prising a real-time application. Each 
task is an independent program that 
shares the processor with the other 
tasks in the system. Tasks provide a 
mechanism that allows a complicated 
application to be subdivided into 
several independent, understandable, 
and manageable units. 

Semaphores. Semaphores provide a 
low overhead facility for allowing O1)e 
task to signal another. Semaphores can 
be used for indicating the availability 
of a shared resource, timing pulses or 
event notification. 

Exchanges and Messages. Exchanges 
and Messages provide the mechanism 
for one task to send data to another. A 
Message is a buffer of data, while an 
Exchange serves as a mailbox at which 
tasks can wait for Messages and to 
which Messages are sent and held. 

Two components make up the heart 
of ZRTS-the ZRTS Kernel and the 
ZRTS Configuration Language (ZCL). 
An va subsystem and a debugger are 
also provided in ZRTS. 

The ZRTS Kernel. The Kernel is the 
basic building block of ZRTS and per­
forms the management functions for 
tasks, semaphores, the real-time clock, 
memory and interrupts. The Kernel 
also provides for task-to-task com­
munications via Exchanges and 
Messages. All requests for Kernel 
operations are made via system call 
instructions with parameters' in 
registers, according to the standard 
Zilog calling conventions. 

Task Management. One of the main 
activities of the Kernel is to arbitrate 
the competition that results when 
several tasks each want to use the pro­
cessor. Each task has a unique task 
descriptor that is managed by the 
Kernel. The data contained in the 
descriptor includes priority, status and 
other pertinent information. ZRTS sup­
ports any number of tasks, limited only 
by the memory available to accom­
modate the task descriptors and stacks. 

The Kernel maintains a queue of all 
active tasks on the system. Each .laskis 
scheduled for processor time based on 
its priority. The highest-priority task 
that's ready to run gains control of the 
CPU; other tasks are queued. Tasks 
can be prioritized up to 32767 levels, 
with round-robin scheduling among 
tasks with the same priority. 

Tasks can run either segmented or 
non-segmented code, in either normal 
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'TASK MANAGEMENT 

T_Create 

T_Destroy 

T_Lock 

T_Reschedule 

T_Resume 

T_Suspend 

T_Unlock 

T_Wait 

T_Whoami 

SEMAPHORE MANAGEMENT 

Se11'L-.Clear 

Se11'L-.Create 

Se11'L-.Destroy 

Se11'L-.Signal 

CLOCK MANAGEMENT 

Clk_Delay _Absolu te 

CILSet 

Clk_Time 

MEMORY MANAGEMENT 

Me11'L-.Census 

Alloc 

Release 

INTER-TASK COMMUNICATION 

~Assign 

M_Create 

M_Destroy 

M_GeLDescriptor 

~Read 

M_Receive 

~Receive_ Wait 

~Reply 

~Send 

~Write 

LCreate 

LDestroy 

.TABLE I. 

Provides the status of tasks in the 
system. 

Creates a task dynamically. 

Removes a dynamically created task. 

Allows a task to take exclusive control 
of the-CPU. 

Changes the priority of a task. 

Activates a suspended task. 

Suspends another task. 

Releases exclusive control of the CPU 
for other tasks. 

Suspends task execution. 

Returns the name (address) of the task 
making the request. 

Clears semaphore queue and 
reinitializes a semaphore. 

Creates a semaphore dynamically. 

Removes a dynamically created 
semaphore. 

Signals a s,emaphore, increments the 
counter. 

Tests a semaphore for a signal. 

Causes a task to wait until a semaphore 
is signaled, decrements the counter. 

Places a task on the clock queue 
waiting for absolute time. 

Places a task on the clock queue 
waiting for passage of an interval of 
time. 

Sets the 'real-time clock. 

Reads the clock. 

PrOVides status of the memory 
resource. 

Dynamically allocates memory. 

Releases allocated memory. 

Gets a messa.ge from an exchange pool 
and assigns a destination or a reply 
exchange to it. 

Assigns a new source and destination 
to an existing message. 

Creates a message dynamically. 

Removes a dynamically created 
message. 

Gets message's descriptor informfltion 

Reads the message data. 

Receives a message from an exchange. 

Waits to receive a message from an 
exchange. 

Returns a message to the exchange 
pool. 

Sends a message back to destination 
exchange. 

Sends a message to an exchange. 

Changes message data. 

Dynamically creates an exchange with 
a pool of messages. 

Removes a dynamically created 
exchange. 



or system mode. The numerous opera­
tions that may be performed on tasks 
are listed in Table l. 

Semaphore Management. The Kernel 
provides semaphore management for 
synchronizing interacting tasks. A 
typical use of semaphores is to provide 
mutual exclusion of a shared resource. 
When a resource is to be used by only 
one task at a time, a semaphore with a 
counter of 1 controls the resource. 
Every task requiring the resource must 
first wait on that semaphore. Since the 
counter is I, only one task will acquire 
the resource. The others will be 
queued on the semaphore and 
suspended until the semaphore is 
signaled that the resource is once 
again available. At that time, the first 
task on the semaphore queue will be 
made ready to run and can use the 
resource. After all tasks have ,?cquired 
the resource and signaled the comple­
tion of their use, the semaphore returns 
to its original state with a counter of 1. 
Counters greater than one are useful 
when there are a number of similar 
resources, (Le., three tape drives, four 
I/O buffers, etc.). 

In ZRTS, a semaphore can count up 
to 32767 signals. The commands pro­
vided by the Kernel to manage 
semaphores are listed in Table l. 

Clock Management. ZRTS operates 
with a real-time clock that generates 
interrupts at a hardware-dependent 
rate. It is use? for timed waits, 
timeouts, and round-robin scheduling. 
All times are given in number of ticks. 
The clock may be manipulated by the 
set of commands provided by the 
Kernel that are listed in Table l. 

Memory Management. Storage for 
ZRTS data structures is allocated either 
statically at system generation time, or 
dynamically at run time. Dynamic 
allocation occurs via a system call that 
specifies the attributes of the structure 
to be created and returns a name that 
can be used to refer to the structure. 
Memory is allocated in 256-byte 
increments, and can be released using 
a system call. 

The storage allocator can also be 
called directly to obtain blocks of 
memory up to 64K bytes long, which 
can be used by the task for any 
purpose. 

Interrupt Management. Interrupt­
handling routines are provided for 
system calls, non-vectored interrupts 
and a hardware clock. The user must 
provide interrupt routines for whatever 
other vectored interrupts are included 
in the target system. 

ZRTS can switch control to a task 
waiting for an external event within 
600-microseconds after the occurrence 

TABLE 2. 

CONSTANTS 

EXCHANGES 

INiTIALIZATION 

INTERRUPT 

MEMORY 

SEMAPHORES 

SWITCHES 

TASKS 

of the event. This is a worst-case time 
for a system using a 4 MHz Z8001 CPU 
and is based on a SeID-Signal system 
call awakening a higher priority task 
that is waiting on a semaphore; this 
causes a task switch to occur. 

Inter-Task Communication. The 
Kernel provides the capability for tasks 
to exchange information. This com­
munication process occurs when one 
task sends a Message to an Exchange 
and another task receives the Message. 

A Message contains a length indi­
cator, a buffer with a variable amount 
of data, and a code that identifies the 
Message type. The Exchange is a 
system data structure that consists of a 
queue for Messages sent but not yet 
received, a semaphore on which a task 
can wait for a Message, and an 
optional "pool" list from which 
Messages can be obtained quickly. 

SYSTEM 
·l----.... CONFIGURATION 

Specifies system constants. 

Defines the characteristics of applica­
tion exchanges. 

Specifies routines that are to execute 
prior to beginning execution of the first 
task. 

Associates an interrupt routine with an 
interrupt vector or trap and system 
call-handlers. Provides the facilities to 
specify a NVI interrupt-handler that 
will be called from the system NVI­
handler routine. 

Defines sections or segments that con­
tain code, initialized data, or 
uninitialized data and speCifies the 
location in memory where it will be 
placed. The files to be included in the 
configuratfon are also defined in this 
section in conjunction with the sec­
tion/segment definitions. 

Defines the characteristics of applica­
tion semaphores. 

Allows flags that control the system 
generation operation to be set. 

Defines the characteristics of applica­
tion tasks. 

ZRTS provides several commands for 
inter-task communications. These are 
listed in Table l. 

Logical 1/0. ZRTS includes an op­
tionalmodule which provides a device­
independent mechanism for interfacing 
between tasks and customer-written I/O 
device drivers. Sample device drivers 
are included for terminal and disk-type 
devices. 

ZRTS Configuration Language (ZCL). 
Since ZRTS's modular design leads to 
so many different configurations, a 
simple facility for generating the target 
operating system is a critical part of 
the ZRTS package. The ZRTS Con­
figuration Language (ZCL) provides an 
easy-to-use means for generating the 
target system. Using ZCL, the designer 
can specify hardware information, soft­
ware parameters, linkage information, 
and system data structures in high­
level terms. 

USER 
APPLICATION 

zaooo 
DEVELOPMENT GULE 

Development Environment 

841 



ZCL unburdens the user of the 
necessity to learn the details of the 
ZRTS internal structures. System data 
structures can be generated simply by 
specifying the appropriate parameters. 
The ZCL syntax is free-format with 
comments allowed to make the con­
figuration commands more readable 
and maintainable. 

ZCL input is comprised of a number 
of descriptive sections, each containing 
the details of the target operating 
system. The functions of these sections 
are described in Table 2. A sample 
system generation using ZCL is il­
lustrated in Figure l. 

DEVELOPMENT ENVIRONMENT. 
Application modules for ZRTS are 
developed on a Zilog System 8000. The 
application or system generated can 
then be downloaded into a Zilog S8000 
Development Module or a customized 
target system. 

An interface package is provided for 
making ZRTS system calls from pro­
grams written in C, Pascal, or FOR­
TRAN. Register usage by the system 
calls is compatible with Zilog's calling 
conventions. 

A debugger is provided with ZRTS 
for use in testing and debugging ap­
plications. After the application is 
debugged, the system can be easily 
reconfigured (without the debugger) 
into its final form. 

ORDERING INFORMATION 

Description 

ZRTS Zilog Real-Time Software for the Z8000 
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lJ High-Lovol Procoduro-Oriented 
Languago Permits Efficiont 
Writing of Machine-Independent 
Modules and Programs. 

[J Structured Format for Fast and 
Easy-to-Compilo Programs. 

[J Prod\1ces Efficient Codo for 
Economical Momory Usago and 
Processing Timo. 

[J Simplifies Softwaro Production 
and Maintenance. 

[J Allows Direct or Interprotivo 
Execution of Program Modules. 

FEATURES 

Compiler. The 280 PLZlSYS Compiler 
translates source code modules into an 
intermediate stage called Z-code. The 
Z-code modules may then be executed 
interpretively or processed by the code 
generator to produce a machine-code 
object module. 

Codo Gonerator. The 280 PLZCG 
Code Generator accepts a file of inter­
mediate Z-code generated by PLZlSYS 
and produces the corresponding 280 
machine code as a relocatable object 
module. This file may be linked with 
other modules to form the complete ex­
ecutable load module. 

Intorprotor. The intermediate Z-code 
modules produced by the Z80 PLZlSYS 

ORDERING INFORMATION 

Part No. 

07-3301-01 

Description 

Z80 PLZ 
Object Diskette for use 
with PDS 8000105 and 
PDS 8000/15 

. J.PI?@aalill@U 
LIDsolI:I? il [0UUCU>llu 

June 1982 

OVERVIEW 

Z80 PLZ is a family of different pro­
gramming languages designed to 

. satisfy a wide range of microcomputer 
software development requirements. 
The two members of the PLZ family, 
PLZlSYS and PLZI ASM, produce object 
code-compatible modules and share 
common control structures and data 
definition facilities. Thus, selective por-

, tions of programs may be written in the 
most appropriate language for the 
specific application and still maintain a 
consistent structure between modules. 

Compiler can be executed interpre­
tively by ZINTERP. Linking ZINTERF> 
with the other modules generated by 
the compiler produces an executable 
load module. 

PLZ/ ASM Translator. The PLZ FILTER 
translates a PLZI ASM source module 
into a file of the corresponding Z80 
Assembler source. This gives the . 
Assembler the benefit of logical data 
structure, program flow control, and 
modular program design, in addition to 
its existing features. 

PLZ Linl:er. The PLZ Linker, PLINK, 
links Z-code, ZINTERP and/or machine 
code modules into a single relocatable 
load module, allowing the user to con­
trol the overall size and speed of the 
program. 

07-3302-01 Z80 PLZ 
Object Diskette for use 
with ZDS-l Series 

PLZlSYS is a high-level, procedure­
oriented language that is syntactically 
similar to PASCAL. It provides a 
medium for writing structured, 
machine-independent programs with a 
minimum of programming effort. 

PLZI ASM, on the other hand, is a 
structured assembly language that per­
'±nits access to the low-level capabilities 
of the processor by mixing assembly 
language and high-level control 
structures. 

Although interpretive Z-code runs 
more slowly than machine code, the 

, space savings over machine code is 
usually substantial for larger programs 
'where the 3K bytes of ZINTERP is a 
~mall percentage of the entire pro­
gram. By balanCing the number of 
Z-code and machine code modules, the 
user can maximize the efficiency of a 
particular program. 

PLINK resolves any external refer­
ences between separately assembled 
modules, so that the load module pro­
duced is relocatable. It also allows the 
reordering and combining of named 
section~ between modules and supports 
incremental linking. 

07-3303-01 Z80 PLZ 
Object Cartridge Disk 
for use with PDS 8000/20 
and PDS 8000/30 
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PLZlSYS FILTER 

PLZCQ ASM 

PLINK 

Figure 1. Z8D PLZ Language Modules. 
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OVERVIEW 

The Z800 Cross-Software Package is a complete 
development environment that provides all the tools 
necessary to both generate and debug programs for the 
Z800 MPU. The package-a comprehensive collection 
of software routines and utilities-allows programmers 
to prepare, modify, test, and debug their software prior 
to release of the Z800 chip. The result of this com­
prehensive software testing and evaluation is a high­
quality design that will be ready for end use by the time 
the hardware has been perfected. 

The user interface for each of the program. tools is 
similar to the standard UN IX* interface. Code testing 
and debugging can be done either with the Instruction 

~800!M 

(Cl1@&lO ~@ai1t7~rlO ~Q@rlCJ@O 

lProdl unci 
.DescripftnoBU 

September 1983 

Level Simulator (ILS) on the host system or'by download­
ing to a Z800-based target system; mload and msend 
utilities are included to manage the host-to-target 
system communication. Use of the ILS facility allows 
program ~ebugging well in advance of prototype hard­
ware availability. 

All the software tools in the Cross-Software Package are 
designed to run on either the DEC-VAX or the Zilog ZEUS 
S8000, both with a UNIX operating system. The program­
mer can choose either the C programming language or 
Z800 (Z80-compatible) assembly language to develop, 
load, test, debug and run programs for the Z800 MPU. 

DEVELOPMEtn 
BOARD 

Z800 Cross-Software Package 

·UNIX is a trademark of Bell Laboratories. 

2311-001 845 



FEATURES 

The l800 Cross-Software Package consists of the 
followif")g tools: 

• C Cross Compiler. Produces efficient assembly­
language code. Standard run-time library included. 

• Cross Assembler. Relocatable assembler with 
macros, conditional assembly, and floating-point 
support. . 

• Linker. Handles full address range of the l800 
MPU using proposed IEEE-standard MUFOM format. 

• Instruction Level Simulator. Debugging environ­
ment for l800 code on cross-software host. 

DESCRIPTION 

C Cross Compiler 
\ 

The l800 C Cross Compiler is a UNIX-license-free C 
compiler, designed to run on either lilog's UNIX S8000 
or the DEC-VAX. The l800 Compiler includes a Bell 
System V-compatible front end, and a back end 
generated by an automatic code-generator. Running at 
speeds similar to the Portable C Compiler, the l800 
Compiler features a variety of optimizations, some 
machine-independent, others machine-dependent. 

The compiler supports the latest version of the C pro-. 
gramming language, and thus includes longword and 
floating-point support, enumerations, structure assign­
ment, and full "define" capability. The compiler can 
automatically invoke the C optimizer to produce more ef­
ficient code. The compiler produces assembly language 

• Object File Utilities. Standard UNIX object utilities 
for MUFOM files, plus upload/download to target. 

• Portable Debugger. Written in C language, the 
debugger facilitates the use of different hosts. It not 
only runs on l800 target systems, but is also the 
user interface to the ILS. 

II Test cases. Included with each tool for product 
testing. 

II Documentation for each tool in the package. 

code as output to allow easy debugging of the compiled 
code, or to allow hand optimization for critical code sec­
tions. A listing file can be generated that shows the 
assembly language interspersed with ,the C code that 
produced it. 

Options include: 

I!!J 0 invokes the C optimizer. 

E1 s compiles the source files but suppresses the 
assembly and link steps. 

GJ c compiles and assembles the source files but sup­
presses linking. 

Without the use of these options, the C Cross Compiler 
by default compiles, assembles, and links l800 code. 
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Cross Assembler 

The Z800 Cross Assembler utilizes expanded Z80 
mnemonics and addressing modes to assemble and 
generate MUFOM object modules (IEEE proposed stan­
dard #P695). The Z800 Cross Assembler is both 
fast-assembling at least 1,000 lines per minute-and 
efficient-consuming no more than 64K bytes of 
code/data space., Written in theC programming 
language, the assembler is designed to be easily 
retargetted. Additional features include macros, condi~ 
tiona I assembly, and relocation. The Z800 assembler is 
upwardly compatible with Zilog's Z80 gssembler and 
Microsoft's Macro-80 assembler. 

The assembler supports a full set of pseudo-ops in­
cluding conditional pseudo-ops and a powerful macro 
capability as well as pseudo-ops to support floating-point 
opera~ions. A cross-reference listing can be generated 
to show the use and definition of all the symbols in the 
program. 

The assembler supports the complete list of opcodes in 
the Z800 MPU Preliminary Product Specification (docu­
ment # 00-2259-01), plus the instruction set of the Z8070 
Floating-Point Unit. All Z80 opcodes,pseudo-ops, and 
commands supported by the Z80-RIO assembler are 
also supported. Constants supported by the assembler 
include integers, floating-point numbers, characters, and 
character strings. In addition, the assembler supports 
expressions using up to 80 bits of precision. 

Addressing modes for the assembler are also derived 
from the Z80 assembler: 

• Registar 

• Immediate 

III ' Indirect Register 

II Direct Address 

.. Indexed 

II Short Index 

• Based Indexed 

• Stack Relative 

IJ PC Relative 

Three kinds of macros are included in the Z800 
assembler: 

MACROs are compatible with the Z80 assembler. 
Parameters are separated by blanks or commas and are 
substituted into the macro body as strings. 

PROCs are call-by-value macros. Parameters are ex­
preSSions, separated by blanks or, commas, and are 
substituted into the macro body as values. 

FUNCs are function macros. They are similar to PROC 
macros, except that they are recognized within expres­
sions as operators or op.erands. 

Additional pseudo-ops are provided to extend macros, 
conditional assembly, data definition, and object code 
generation. A command-line option specifies a third pass, 
for generating a cross reference. 

Linker 

The Z800 linker is a processor-independent linker that 
combines MUFOM format-relocatable object modules 
generated by the cross assembler and resolves external 
refer..ences from within the modules or by searching ob­
ject code libraries. The result is an executable, program 
that can be sent to a target syptem for execution or 
simulated on the ILS. The linker also provides many ad­
vanced features such as complex expression evaluation 
with up to 80 bits of precision, multiple program/data 
segments of any length, and memory protection at­
tributes for any portion of the memory space. ' 

Object File Utilities 

Z800 Cross Software Package includes a number of 
machine-independent utilities' for processing object 
modules created in MUFOM format. Because these 
utilities can be used for different computef systems 
without modification, the programmer is freed from such 
constraints as variations in address and data size; these 
potential snags are resolved by the MUFOM utilities 
themselves. 

MUFOM allows for up to 256 independently relocatable 
sections per module. This gives the programmer flexibil­
ity and control over how the program is mapped in 
memory. Program size is approximately 96K bytes, with 
64K bytes for code and 32K for data. 

Object modules can be stored in either ASCII or binary 
format. While ASCII is useful fO[ downloading across 
serial links, binary modules require less file space and 
allow faster processing. ' 

For linking and loading object modules, two utilities are 
provided:mlink and mload. mlink resolves external 
references among modules, relocates addresses, and 
combines the object modules into a single module called 
a load module. mload downloads an object file from the 
host system to the target system. mload and mlink can 
send or receive object files in either Tektronix hex for- , 
mat, Intel hex format, or ASCII MUFOM format. 

In addition to mlink and mload, there are several other 
functions performed by the MUFOM utilities: mnm, 
msend, mdump, mcb, and mbc. These facilities allow in­
spection of object code files and the creation and 
maintenance of object libraries for use by the linker. 

mnm prints the name list (symbol table) of an object 
module. 

m'send uploads the contents of memory from a target 
system and creates an absolute MUFOM ob­
ject module on the host system. 
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mdump dumps a hex object file along with relocation 
information; object header information is also 
displayed. 

mcb converts an ASCII object module into a binary 
module. 

mbc converts a binary object module into ASCII. 

Portable Debugger 

The l800 Portable Debugger is a versatile debugging 
system, able to run on either l800 (8-bit) or l8000 
(16-bit) microprocessor systems. The debugger is writ­
ten in C language, using the standard C library as well as 
a library for stand-alone I/O and memory utilities ap­
propriate to the target system. To facilitate the use of dif­
ferent hosts (e.g., other UNIX systems, other operating 
systems such as CP/M, or development module en­
vironments), the processor descriptor parameters, such 
as state structure/display, memory and I/O access, Mini 
Assembly and. Disassembly library routines (MAD) and 
the ILS, are contained in separate, easily modified 
modules. 

Instruction Level Simulator (ILS) 

The Z800 ILS is a powerful software tool that simulates 
execution of l800 instructions. These instructions can 
then be displayed and manipulated by the portable 

848 

debugger. The ILS facility executes l800 instructions at 
slower than real-time rates and allows access to the 
simulated processor registers and to the full range of 
simulated memory. The ILS supports both symbolic and 
mnemonic l800 opcode assembly, disassembly, and 
emulation. Additional features of the ILS include simula­
tion of the on-chip MMU to provide a large (24M byte) ad­
dressing space; multiple breakpoints; single-stepping; 
I/O simulation; full memory, register and flag access; 
and friendly error ~eporting. 

The ILS software, program accepts as input l800 
machine code generated by the l800 assembler; it then 
simulates changes in processor state. Each simulation is . 
a single-step routine that works in conjunction with the 
debugger. 

A typical process for using the ILS to generate, ~assem­
ble, and debug l800 software is as follows: 

1. A conventional editor is used to create a l800 
assembly language source file. 

2. The source file is then assembled and tested for syn­
tax errors. 

3. The default MUFOM object file produced by the 
assembler, named m.out, is then loaded into the 
debugger/l LS and run. 
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Zilog 

II Structured Assembly Language 
with High-Level Constructs. 

• Relocatable and Absolute Object 
Code Format. 

iii Free Format Statements Allow 
Indentation and Spacing for 
Readability. 

m External Symbol References. 

II Global Symbol Definitions. 

OVERVIEW 

The Z8 Software Development 
Package consists of five utility pro­
grams which aid and simplify software 
development for Z8-based systems. Z8 
PLY ASM, par1' of Zilog's PLZ family, 
brings all the advantages of modular 
programming to Z8 software develop­
"ment: The programming task can be 
broken into easily managed modules, 
giving more work assignment options to 
the engineering manager and a clear­
cut structure to the individual program­
mer. The Z8 linker completes the task 
by combining the modules and resolv­
ing any external references. 

ORDERING INFORMATION 

Prerequisites: 

00-1042'()1 

PDS 8000,Series 
ZDS 1146 or 1125 
MCZ~l Series 
RIO 

Z8® Software 
BDe'Ue!opmenl !iackage 

Product 
Description 

September 1983 

FEATURES 

Assembler. The Z8 PLY ASM 
Assembler translates easy-to-read, free­
format PLY ASM source programs to 
object code. Because the user may 
specify that either absolute or 
relocatable object code be produced, 
he may choose a memory location for 
the program or leave that responsibility 
to the Linker. The Z8 PLY ASM 
Assembler produces a listing file con­
taining both the source and assembled 
code. 

Z8 PLY ASM allows an efficient mix 
of powerful assembly language 
mnemonics with high-level control 
structures such as IF . . . THEN . . . 
ELSE ... FI and DO ... aD loops. 
The PLY ASM programmer may map 
instructions and information into the 
Z8's register, program and data 
memory spaces, and organize the data 
space with such data declarations as 
RECORDS and ARRAYS. The 
PLY ASM Assembler supports external 
symbol references and global symbol 
definitions and is fully supported by 

. the RIOTM operating system. 

ZLINK. ZLINK links assembled modules 
into a single relocatable module and 
resolves any external references among 

Part No. 

07-0086-01 

07-3361-01 

Description 

28 Software Develop­
ment Package 
Object Cartridge Disk 
for Use with PDS 
8000/20A 

Z8 Software Develop­
ment Package 
Object Diskette for Use 
with PDS .8000/5 and 
PDS 8000/15 

separately assembled modules. It can 
also reorder and combine named sec­
tions found in the input assembly 
language modules. ZLINK accepts a 
symbolic specification of 
the program entry point in the com­
mand line and, on request, produces a 
detailed link map which gives the loca­
tions of global references and relocated 
modules and sections. Errors in the ' 
linking process are reported in the 
optional link map and at the system 
console. 

Imager. IMAGER accepts multiple"" 
linked-object files from the linker and 
translates them into absolute code. 
IMAGER can then either store the 
absolute code in a disk file or leave it 
in system memory. Named sections 
found in the input object modules may 
be reordered and loaded anywhere in 
system memory. 

Program Transfer. LOAD/SEND 
downloads an absolute program file 
into the Z8 Development Module for 
debugging, then sends it back to the 
disk for back-up and storage . 

Prom Programming. Z-PROG stores 
the perfected load module in PROM. 

Pent No. 
07-3362-01 

07-3363-01 

Description 
Z8 Software Develop­
ment Package 
Object Diskette for Use 
with ZDS-1 Series 

Z8 Software Develop­
ment Package 
Object Cartridge Disk 
for Use with PDS 
8000/20 and PDS 
8000/30 
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Reader's Comments 

Your feedback about this document helps us ascertain your needs and fulfill them in the future. 
Please take the time to fill out this questionnaire and return it to us. This information will bo 
helpful to us and. in time. to future users of Zilog products. 

Your Name: 

Company Name: 

Address: 

Title of this docum~nt: 
Briefly describe application: ______________________________ _ 

Does this publication meet your needs? 0 Yes 0 No If no, why? 

How are you using this publication? How do you find the material? 

o As an introduction to the subject? Excellent Good Poor 

o As a reference? Technically D 0 0 

o As an instructor or student? Organization D 0 0 

Completeness D 0 0 

Rated on a scale of 1 to 10. this data book is a ___ _ 

What would have improved the material? ________________________ _ 

Other comments and suggestions: 

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

After you have filled out this page, please clip it and return to Zilog, Inc., Corporate Communications, 
Building A, 1315 Dell Ave, Campbell, California 95008. 
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