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WARNING 

This equipment generates, uses and can 
radiate radio frequency energy and, if 
not installed and used in accordance 
with the instructions manual, may cause 
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may be required to correct the 
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ALTOS ACS 86'" COIlPUTER SYSTEM 

USER IlAllUAL 

SBCrION 1. 

Ilft'RODUCTION 

GENERAL DlPOlUIATION 

This section describes the structure of the basic User 
Manual and its supplements (see Figure 1-1), instructions for 
using the basic manual, and ~ general description of the system. 

ACS 86'" COMPUTER SYS~ PUBLICATION ORGANIZATION 

Altos Computer Systems has designed a publication structure 
that differs from most user manuals. The purpose of this 
structure is fourfold: 

(1) To provide accurate system information to the user as 
quickly as possible. 

(2) To permit updating of more dynamic areas of information 
as design improvements and system enhancements are 
achieved. 

(3) To isolate and identify information blocks so that 
referencing time is minimized. 

(4) To present information in a general-to-specific manner, 
thus meeting the needs of beginning users as well as 
more experienced users. 

Revision B. March 22,1982 FILB: lXRT.R07 3/19/81 1-1 
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The publications you receive with the computer are divided 
Into three groups (see Figure 1-1): 

1. Column 1 of Figure 1-1 illustrates the forms that 
accompany the manual, and the Basic User Manual 
sections and appendices which contain rela ti vely 
unchanging information pertaining to all models in the 
series. 

2. Column 2 illustrates Altos Supplements 3, 4, 5 and 6, 
which contain more dynamic information pertaining to 
executing diagnostic programs, installing operating 
systems, using Altos utilitiy programs, and installing 
upgrade and add kits. The supplements are designed to 
be inserted into the User Manual after the shipping 
container is unpacked. 

3. Column 3 illustrates Supporting Manuals, which include 
pre-printed manuals produced by developers of related 
software products that operate on the ACS 8699 Computer 
System. This group may also include more informal 
technical notes related to such systems, thus insuring 
that you have the most current' information possible. 

Porms Acca.panying this Ranua~ 

The following forms accompany this. manual. They are 
valuable records and are provided separately so that they may be 
taken from the manual and stored in a secure place where they 
will be available if repairs happen to be needed. 

COVER LETTER 
(info to come) 

CHECKOFF SHEET 
(info to come) 

WARRANTY CARD 
(info to come) 

QUALITY CONTROL REPORTS 
(Info to come) 

System Checkoff Sheet 
(info to come) 

System Checkout Sheet 
(info to come) 

Burn-In Summary Sheet 
(info to come) 

Quality Control Inspection Sheet 
(info to come) 

Revision B. Karch 22,1982 PILB: lr.r.R07 3/19/8~ 1-2 
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Basic User Manual Description 

SCOPE AND PURPOSE 

This basic User Manual presents sufficient information so 
that any user, whether familiar with microcomputers or not, can 
become familiar with the ACS 8600 Computer syst"em, its component 
parts, features, capabilities, architecture, and system 
operation. The manual either presents the information in itself, 
or provides easily-found references to other publications in 
which such information can be found. 

The manual instructs the user in all required operations 
from unpacking the shipping container through installing the 
Operating System and preparing the system to perform the jobs for 
which the system was purchased. 

ORGANIZATION 

This User Manual is divided into seven sections, seven 
appendices, a glossary, an index, and a Customer Response Sheet. 

This section, INTRODUCTION introduces you to the basic User 
Manual itself, and instructs you in its use. It also introduces 
the manual supplements and other rela ted publica tions, and 
introduces the ACS 8600 Computer System, including its features, 
capabili ties, configurations, and component parts (both hardware 
and software). 

Section 2. SETTING UP THE COMPUTER SYSTEM provides 
instructions for removing the computer and its components from 
the shipping container, identifying the components, storing 
related important papers, and physically assembling the system by 
following step-by-step instructionL This section instructs you 
in preparing the system for executing the Altos Diagnostic 
Executive (APX) Program. 

Section 3. THE ALTOS DIAGNOSTIC EXECUTIVE (ADX) PROGRAM 
introduces Supplement 3. EXECUTING THE ALTOS DIAGNOSTIC EXECUTIVE 
(ADX) PROGRAM which, in turn, provides step-by-step instructions 
for executing diagnostic programs under supervision of the 
diagnostic executive to verify operation of the system and its 
components. ADX prepares the computer system for installation of 
the selected Operating System. 

Section 4. OPERATING SYSTEMS provides information related to 
operating systems in general, and introduces one or more versions 
of Supplement 4, which, in turn, provide specific, step-by-step 
installation procedures for particular operating systems. One or 
more of the Operating System Supplements will be provided with 
the system. Each Supplement 4. contains all the information 
necessary to install the selected operating system after the 
diagnostic programs have been successfully executed. 

Revision B. March 22,1982 FILB: 1~07 3/19/81 1-5 
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only the Opera ting Sy stem Supplement r ela ted to the 
Operating Syst,em(s) purchased (CP/M-86, MP/M-86, OASIS-16, or 
XENIX) is provided with the system. 

Section 4. also introduces you to the supporting manuals 
and other publications related to the subject operating system. 

-Section 5 • ALTOS UTILITY PROGRAMS provides general 
information related to utility programs and introduces you to 
SUPPLEMENT 5. ALTOS UTILITY PROGRAMS - USER INSTRUCT IONS which 
describes Altos Utility Programs available for use with the 
system, and instructs you in their use. 

Section 6. ADD KITS AND UPGRADE KITS provides general 
information regarding kits available for increasing system 
capabilities. This section introduces Supplement 6. UPGRADE KITS 
AND ADD KITS - INSTALLATION PROCEDURES. Purchasers of Add Kits 
and Upgrade Kits receive simply written installation procedures 
written specifically for those kits. 

Section 7. HARDWARE OPERATING SPECIFICATIONS spec if ically 
and extensively describes system architecture and functional 
opera tion, including port assignments, controllers, interfaces, 
buffer use, and memory management. 

Appendix A. ALTOS WARRANTY DESC&IPTION AND SHIPPING DAMAGE 
REPAIR PROCEDURES describe the Altos Warranty and provide 
instructions for filing the End-User Registration Card and the 
Dealer Registration Card. Instructions are also provided for 
inspecting for shipping damage, and obtaining repairs and/or 
service if such damage occurs. This appendix also br iefly 
describes Altos factory repair and shipping procedures. 

Appendix B. TROUBLE SHOOTING PROCEDURES provides basic 
instructions for isolating and correcting troublesome conditions 
and determining whether or not a true malfunction actually exists. 

Appendix C. COMMON CRT TERMINAL AND PRINTER INTERFACE 
CONFIGURATIONS provides instructions for connecting and setting 
most-commonly-used terminals and printers. I 

Appendix D. INSTRUCTIONS FOR PINNING PRINTED CIRCUIT BOARDS 
(PCB) provides instructions for setting pinning blocks on the 
various circuit boards to achieve the operating configuration 
desired. 

Appendix F. 'MATRIX MAPS includes all matrix maps in the form 
current at time the current revision of the manual is printed. 
(Early revisions may not have this appendix.) 

Appendix G. SCHEMATIC DIAGRAMS includes all schema tic 
diagrams in the form current at the time the current revision of 
the manual is printed. (Early revisions may not have this 
appendix. ) 
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GLOSSARY contains definitions of terms used in the manual 
that may be unfamilia~ to the user. (Early revisions may not have 
a Glossary.) 

INDEX is designed to assist you in referencing desired 
information. (Early revisions may not have an Index.) 

CUSTOMER RESPONSE FORM is a pre-printed form provided to 
facilitate forwarding of comments and requests to Altos Computer 
Systems. 

INSTRUCTIONS FOR USrBG THIS MABUAL 

This manual (and its supplements) guides you through the 
complete installation process for the computer system from 
unpacking the shipping container through calling in and executing 
application programs. 

To use this manual most effectively, perform the following steps: 

1. Read Section 1 to become familiar with the publications 
structure and the system design. 

2. Refer to Section 2 and follow the instructions for 
unpacking the system and_physically connecting the 
system components. 

3. Assemble the publications and verify that all are 
present. When the shipping container is unpacked, 
insert the supplements into their proper place in the 
manual. 

3. Refer to Section 3 for general information regarding 
Altos Diagnostic Executive (ADX) program. 

Follow the instructions in Supplement 3 to configure 
the system, execute the diagnostic programs, and 
initialize the system. The diagnostic progr ams verify 
correct operation of the system and its components. 
Supplement 3 also instructs you in making backup copies 
of the diagnostic program and operating system 
diskettes as required. 

5. Refer to Section 4 for information regarding operating 
systems in general and to the applicable Supplement 4. 

Refer to Supplement 4 for information regarding the 
specific operating system to be used. This section 
tells you how to install that operating system and how 
to load and execute application programs. 

One of four Operating Systems w ill be installed. Each 
of these systems has its own loading procedures and 
operating characteristics. Some operating systems also 
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have their own set of diagnostic programs. 

6. Refer to Section 5. for information regarding available 
Altos utility Programs developed for the system. 

Supplement 5 provides specific information regarding 
individual utility programs. 

7. Refer to Section 6. for information regarding 
increasing system capabili ties through the use of Add 
Kits and Upgrade Kits. 

Supplement 6 provides specific procedures for 
installing individual Upgrade Kits or Add Kits. 

8. Refer to Section 7 and the appendices for more specific 
information regarding the specifics of system operation. 

The setup procedure (described in Section 2, and diagnostic 
procedures (described in Section 3) are generally similar for all 
ACS 8699 computer models. They will vary somewhat, depending 
upon the configuration of the model and the peripherals included 
with the system. 

Kanoal Soppleaent Descriptions 

A description of SUPPLEMENT 3. EXECUTING THE DIGNOSTIC 
EXECUTIVE (ADX) PROGRAM is provided in Section 3. 

A description of four Operating System Supplements ( Control 
Program Monitor - CP/M-86, Multi~Program Monitor - MP/M-86, 
XENIX, and OASIS-16 Operating Sy_stems is provided in Section 4. 
OPERATING SYSTEMS. This section also provides a descr iption of 
supporting publications. 

A description of SUPPLEMENT 5. ALTOS UTILITY PROGRAMS - USER 
INSTRUCTIONS is provided in Sect.ion 5. 

A descr ipti on of SUPPLEMENT 6. UPGRADE KI TS AND ADD KITS -
INSTALLATION PROCEDURES is provided in Section 6. 

GENERAL SYSTEM DESCRIPTION 

The Altos ACS 8699 Computer System is a multi-user system 
designed to fit many commercial, technical, industrial, 
scienti f ic, and educa tional applica tions, as well as many 
personal, home-computer applications. 

This system is designed to perform larger, more complex 
tasks for more users than other microprocessors. Larger word size 
allows the use of more powerful instructions and direct 
addreSSing of more memory. The system requires fewer 
instructions and fewer computer cycles to accomplish the same 
job. It can handle complex' rna thema tical problems, larger da ta 
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base searches and other demanding applications in far less time. 

More powerful processing capability, larger memory, and 
special memory man~gement techniques extend multi-user 
capabilities and allows multi-tasking without long waits for 
service. 

Al though the ACS 8600 Computer System is particularly 
designed to meet mul ti-user and mul ti-tasking requirements, it 
may also be configured as a powerful single-user system. The 
enhanced computing power of the system is achieved not only 
through the use of the Intel 8086 sixteen-bit microprocessor chip 
technology, but also through the use of a separate Intel 8089 
Direct Memory Addressing (DMA) I/O processsor, and a unique 
hardware memory management scheme that greatly increases 
efficient use of main memory. 

The Central Processing Unit (CPU) is the proven 8086 16-bit 
HMOS microprocessor. It operates at a fast 5 Mhz and can address 
I-Mbyte of memory. The CPU uses assembly language compa tible 
with the 8080 and 8085 processors, and performs 8- and 16-bit 
signed and unsigned arithmetic functions in binary or decimal, 
including multiplication and division operations. 

The ACS 8600 family uses more than one processor. While the 
8086 serves as the master CPU, other-processors are dedicated to 
special tasks. For example, a second processor, one 8089 DMA, 
handles direct memory accessing for I/O processing. The optional 
mathematical processor (8087 Floating Point Processor) handles 
mathematical functions. Although each processor is optimized for 
its own special task, they all wor k toge ther to shar e the 
workload for faster execution and decreased response time. 

While many mid-sized minicomputer memories lack Error 
Correction Code (ECC), the ACS 8600 improves operational 
reliability with its own ECC. The memory has full error 
detection for single-bit and double-bit errors, and automatic 
correction of single-bit errors, thus reducing system errors and 
increasing the already-high system dependability. 

The design of the ACS 8600 family of computers includes 
500,000 bytes (500-Kbytes) of random access main memory. Main 
memory is expandable to one- million bytes (l-Mbyte) with full 
error detection and correction. It also includes I/O controllers 
for supporting a variety of peripherals such as an additional 
hard disk, CRT terminals, printers, magnetic tape units and 
floppy disk uni ts. Full communica tions suppor t, including 
asynchronous, bisynchronous and networking capabilities are also 
provided. 

ACS 8600 proprietary memory management system assigns a 
logical-to-physical address translation and various attributes to 
each 4-Kbyte block of memory so that the non-contiguous physical 
memory can be assigned to any given task. This capability reduces 
the need for swapping users or tasks out to disk. The result is 
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that data base sorting, and other tasks requiring large memory 
are performed faster. The system also provides write and access 
protection to increase reliability and performance. 

Altos Computer Systems supports and distributes four of the 
most popular operating systems, Control Program Monitor (CP/M-
86), Multiple Program Monitor (MP/M-86), OASIS-16, and XENIX 
(UNIX, Version 7). More than 300,000 current users of CP/M, MP/M 
and OASIS can easily upgrade their systems to the ACS 8600 
Computer System knowing that their application software is 
compatible with the ACS 8600 computer. 

BASIC, COBOL, PASCAL, and FORTRAN languages are also 
distributed and supported by Altos Computer Systems. 

Although Altos does not generally distribute application 
program packages, it does provide a list of such compatible 
program packages, developed by leading software houses, on 
request. 

Syste. Functional Description 

The ACS8600 Computer System is an advanced-design, 16-bit, 
general-purpose computer manufactured by Altos Computer Systems. 
System design supports up to I-Mbyte of Random Access Memory 
(RAM) with full error detection and correction, and a wide 
variety of mass storage peripherals. Unique memory management 
hardware increases efficiency of main memory use. The system can 
be easily extended to meet the requirements of a wide variety of 
applications. 

The ACS 8600 System is based on the Intel 8086 
microprocessor family. While the system is primarily designed to 
meet multi-user and multi-tasking requirements it may easily be 
configured for large single-user applications. The following 
list summarizes the main features and capabilities: 

PRIMARY SYSTEM ENCLOSURE - PHYSICAL DETAILS 

Size 

19 inches wide, 23 inches deep, 7 inches high 

Weight 

Free-standing weight - 60 pounds 
Shipping weight - 80 pounds 

Front Panel Controls 

AC ON/OFF Switch (upper right hand corner) 
RESET Switch (to left of ON/OFF switch) 

Revision B. March 22,1982 FILB: lIRT.R07 3/19/81 1-11 



PRELIIIIJlARY 8688 USER IIAlmAL 

1IIUI/S.' SE'Fer . 
I.OI~.c.. 

SECTIO. 1. IRTRODUCTION 
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Figure 1-3. ACS 8600 Computer System - Hard Disk/Floppy Disk 
Version 

Figure 1-4. 

-' -

ACS 8600 Computer System - Hard Disk/Magnetic Tape 
Unit Version 
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Rear Panel Connectors (see Figure 2-3) 

AC Power Receptacle 
Fuse Holder 
Parallel Port Interface Connector (DB 37) 
Hard Disk Expansion Connectors (29 pin and 59 pin) 
Console Terminal RS-232-C Connector (DB 25) 
Multibus Expansion Interface Connectors (72 pins) 
Magnetic Tape Unit Expansion Connector (58 pin) 
Serial 'Port Connectors (1-through-8) 

(Refer to Section 7 for specifications.) 

SECONDARY SYSTEM ENCLOSURE - PHYSICAL DETAILS 

Size 

19 inches wide, 23 inches deep, 7 inches high 

weight 

Free-standing weight - 55 pounds 
Shipping weight - 75 pounds 

Front Panel Controls 

AC ON/OFF Switch (upper right hand corner) 
RESET Switch (to left of ON/OFF switch) 

Rear Panel Connectors (see Figure 2-3) 

AC Power Receptacle 
Fuse Holder 
Parallel Port Interface Connector (DB 37) 
Hard Disk Expansion Connectors (29 pin and 58 pin) 
Console Terminal RS-232-C Connector (DB 25) 
Multibus Expansion Interface Connectors (72 pins) 
Magnetic Tape Unit Expansion Connector (58 pin) 
Serial Port Connectors (1-through-8) 

(Refer to Section 7 for specifications.) 

FE~TURES AND CAPABILITIES 

Sixteen-bit CPU section consisting of an 8886 
microprocessor, an 8889 Direct Memory Access (DMA) I/O 
Processor and an (optional) 8887 Numeric Data Processor. 

Sixteen-bit main memory, consisting of 5l2-Kbytes which can 
be expanded to one megabyte. 

Error correction and detection on the main memory providing 
single- and double-bit error detection wi th single-bit 
correction. 
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Memory management on the main memory providing address 
translation, write protection and access control for each 
4-Kbyte block of main memory. 

Bootstrap and configuration control in Read Only Memory 
(ROM) permitting system initialization from any online mass 
storage device. 

Flexible diskette controller capable of controlling up to 
four 8-inch, floppy-diskette drives with support for single­
and double-density recording as well as single- and double­
sided diskette recording. 

Rigid disk controller for one or two 8-inch, Winchester­
type, rigid, fixed-disk drives. 

One programmable, parallel interface capable of controlling 
a high speed, parallel input line printers. 

Ten serial interfaces designed to support asynchronous 
terminals and printers, synchronous interfaces, and local 
networks. (Eight of the serial ports have rear panel 
connector s.) 

NOTE 

The lIagnetic Tape UBi t mentioned throughout this manual. is 
presently scheduled for release in the third quarter of 
1982. 

Magnetic tape controller for cartridge-type, magnetic tape 
transports. 

Fully vectored interrupt capability. 

Virtually unlimited expansion through a Multibus-compatible 
expansion interface. 
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SYSTEM CONFIGURATIONS 

The ACS 86((J((J Computer System is packaged in a desktop 
enc19sure which may optionally be rack mounted. This enclosure 
will contain a hard disk drive and either a floppy disk drive or 
a Magnetic Tape Unit (MTU) shown in Table 1-1 

Table 1-1. ACS 86((J((J - Model/Storage Media Reference Table 

ACS 868((J Model Primary Media Secondary Media 
-------------------------------------------------------------
86((J8-l8 l((J-Mbyte Hard Disk 5((J8-Kbyte Floppy Disk 
86((J8-l2 2((J-Mbyte Hard Disk 58((J-Kbyte Floppy Disk 
8699-14 49-Mbyte Hard Disk 589-Kbyte Floppy Disk 
86 ((J8-l((J MTU 1 ((J-Mbyte Hard Disk 17-Mbyte MTU 
8688-12 MTU 28-Mbyte Hard Disk 17-Mbyte MTU 
868((J-14 MTU 48-Mbyte Hard Disk l7-Mbyte MTU 

The primary enclosure contains the CPU with up to l-Mbyte of 
RAM, up to eight serial channels, all peripheral controllers; 
power supplies and expansion interfaces, a 18-, 28-, or 48-Mbyte 
Winchester-type,· hard-disk drive, and either an eight-inch, 588-
Kbyte, single-sided, floppy-diskette drive, or a cartridge-type, 
l7-Mbyte, Magnetic Tape Unit (MTU) 

One additional secondary enclosure containing power 
supplies, a second hard disk and an MTU can be added to assemble 
a wide variety of system configurations (see Table 1-2). 

Table 1-2. Add Kit/ Storage Media Reference Table 

Kit Number Primary Media 

l((J-Mbyte Hard Disk 
29-Mbyte Hard Disk 
4((J-Mbyte Hard Disk 
l8-Mbyte Hard Disk 
2((J-Mbyte Hard Disk 
48-Mbyte Hard Disk 
(Adds 598-Kbytes of 
None 

Secondary Media 

None 
None 
None 
l7-Mbyte MTU 
l7-Mbyte MTU 
17-Mbyte MTU 

Random Access Memory) 
l7-Mbyte MTU 

Add-l((J 
Add-12 
Add-14 
Add-18 MTU 
Add-12 MTU 
Add-14 MTU 
Add RAM 
Add MTU-3 
Add ??? (Adds 8887 Floating 

FORTRAN Software) 
Point Chip Hardware and 

/ -------------------------------------------------------------; 

Hardware Functional Description 

The ACS 8688 Computer System is capable of supporting from 
one to eight users. The system is designed around a single 
printed circuit board which contains most of the processing 
resources. This single board computer also contains interfaces 
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permitting it to be expanded to handle very large computing 
tasks. The system architecture is shown in Figure 1-5. 

CENTRAL PROCESSING UNIT 

The Central Processing Unit (CPU) of the system is based on 
three members of the Intel 8~86 microprocessor family. The 
primary processor, the 8~86 l6-bit HMOS microprocessor, is 
responsible for executing nearly all code. An 8~89 Dual Channel 
DMA I/O Processor is arranged with the 8~86 in a local 
configuration. The primary purpose of the 8~89 is to provide 16-
bit-wide DMA I/O transfer capability. An optional 8~87 Numeric 
Data Processor (NDP) can perform high-speed floating- point 
calculations for the 8~86. The 8~87 NDP co-decodes instructions 
fetched by the 8~86 and will bus-request the 8~86 as required to 
perform the arithmetic operations. 

SYSTEM MEMORY 

System Memory is implemented with 64-Kbyte dynamic RAM 
devices and 2732-type Erasable-Programmable- Read-Only-Memory 
(EPROM) devices. The system permits up to l-Mbyte of RAM which 
maybe overlayed by the EPROM. RAM memory is organized as l6-bit 
words with six extra bits used to support error correction. RAM 
memory is divided into eight banks of twenty-two devices which 
provide l28-Kbytes of memory per bank~ 

Four lower banks of the memory (containing 5l2-Kbytes of 
RAM) are located on the CPU Board; four upper banks (containing 
an additional 5l2-Kbytes of RAM) are located on the optional 
expansion memory board. RAM memory is suppor ted by three other 
blocks of logic; the memory controller, the error correction 
circuitry and the memory manager. 
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Figure 1-5. ACS 8699 Computer System Architecture - Block Diagram 
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MEMORY CONTROLLER 

The memory controller allows word-organized memory to be 
accessed either as words or as bytes, assures proper memory 
refreshing, provides timing for the error correction circuitry, 
and notifies the CPU when memory data is ready. Nearly all of 
this logic is implemented in Large Scale Integrated (LSI) 
devices. An LSI dynamic RAM controller device and programmable 
logic arrays provide memory control. 

RANDOM ACCESS MEMORY (RAM) 

The RAM memory of the ACS 8600 is equipped with an LSI 
device that can detect all single-bit and double-bit errors when 
data is read from the RAM array. When a word is read back from the 
memory, check bits are also read and checked. If the check bits 
compare then no error has occurred but if the check bits do not 
compare then one or more data or check bits are in error. The 
error correction code is chosen so that the syndrome generated by 
the checking process can be used to indicate which single bit is 
in error. 

If a data bit is in error it is corrected by inverting but, 
if a check bit is in error, i.t is simply reported. This method 
of error correction can only correct single-bit errors. However, 
single-bit errors are the most frequently occurring errors. When 
an error is detected the syndrome and the address associated with 
the error are latched and the CPU is interrupted. 

When the CPU services the interrupt, it can perform a 
scrubbing operation to attempt to remove the error. The CPU can 
also log the error for diagnostic and maintenance purposes and 
indicate if the error was successfully scrubbed. 

MEMORY MANAGEMENT 

The purpose of memory management is to provide both pOSition 
independence and memory protection. The 8600 System uses an Int~l 
8086 microprocessor as the computing and controlling element. 
This processor provides pOSition independence through the use of 
segment registers. 

The 8086 generates addresses which allow it to access one million 
(1,048,576) bytes of memory, however this memory must be accessed 
in blocks of 64K (65,536) bytes. Limited protection is provided 
by the fact that the memory beyond the current four 64K segments 
cannot be accessed without altering the segment register. No 
limit checking or segment overlap protection is provided by the 
processor. Furthermore, any program may access the segment 
regi ster sat any time. 

EXTENDED MEMORY MANAGEMENT 

The 8600 system extends the memory management facilities of 
the 8086 by supporting write protection, access protection, limit 

Revision B. March 22,1982 FILE: lXRT.R07 3/19/81 1-17 



PRELIIIIlIARY 8688 USER IlARUAL S~IOR 1. III'mODOC'rIOR 

checking and non-contiguous memory allocation. Finally the 
memory manager implements the concept of privileged instructions. 

The purpose of privileged instructions is to prevent 
application programs from al tering the system environment. By 
definition an application program must run with interrupts 
enabled and must make all I/O access requests through the 
operating system. Therefore hardware inhibits all I/O operations 
while applications programs are executing and the memory manager 
will generate an interrupt if it detects either the execution of 
a HALT instruction or the resetting of the interrupt-enable flip­
flop while the system is running an application program. 

PAGES IN MEMORY 

The one million bytes of main memory are managed as 256 
pages of 4K (4,~96) bytes each. Each page is assigned a 
relocation value, and thirteen flag and control bits. This 
memory relocation and attribute data is stored in a static RAM. 

When memory is accessed, the relocation value is used to map 
the access onto the desired physical memory location. At the 
same time attribute bits are examined to test the validity of the 
access. 

The violation port is the first of the three error reporting 
registers supported by the memory manager. This 16- bit register 
indica tes the type of memory access violation that has occur red. 
Two other I/O ports are used to report the address at which the 
violation occurred. 

ERASABLE-PROGRAMMABLE-READ-ONLY-MEMORY (EPROM) 

The system contains 8-Kbytes of Read Only Memory (ROM) 
pr i mar ily intended for bootstr apping purpose s. Thi s memory is 
currently implemented with two 2732 type Erasable Programmable 
Read Only Memory (EPROM) devices. However the hardware can be 
strapped to accommodate 27l6-type devices if less EPROM memory is 
required. This memory overlays the uppermost 8-Kbytes of the 1-
Mbyte RAM memory space when 2732-type devices are used. 

When 27l6-type devices are used the uppermost 4-Kbytes of 
RAM are overlayed. This memory can be switched out of memory to 
permit access to a full Mbyte of RAM. Boot memory contains a 
unique system serial number that permits software to be "locked" 
to a specific hardware system. In addition to the serial number, 
boot memory contains system configuration information. 

FLOPPY DISK CONTROLLER 

The main board of the ACS 860~ system contains a floppy 
diskette controller. This controller is implemented with LSI 
devices and can support up to four 8-inch floppy diskette drives 
operating in either single-density or double-density recording 
mode. 
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HARD DISK CONTROLLER 

The system provides additional high-speed mass storage 
through a generalized parallel interface to a family of rigid 
disk controller boards that mount directly to the CPU board. 
This interface can support rigid disk controllers with an a-bit 
data path. This type of rigid disk controller and interface 
provides a future growth path that permits the support of 5-inch 
Winchester disks as well as other disk drive technologies. 

The initial member of the family of daughter boards provide 
a controller for the 8-inch Winchester-type hard disks. The 
controller supports one or two drives, giving mas~ storage 
capability ranging from lS- to as-Mbytes. 

PARALLEL INTERFACE 

A 24-bit programmable parallel interface is provided on the 
main system board. This interface is primarily for driving high­
speed line printers but may be reconfigured (by software) to 
support a wide variety of applications •. It is implemented with 
an a255 Programmable Peripheral Interface (PPI) device which 
contains thr ee 8-bi t por ts. Por ts A and B of the a255 ar e 
buffered with bi-directional buffers that permi~ these ports to 
be used for either input or output. - Port C is buffered with a 
unidirectional buffer that provides three bits of input and five 
bits of output. The buffer ing on Port C supports the handshake 
and interrupt signals used by port B in mode one. 

SERIAL CHANNELS 

The system provides a m1n1mum of two, and a maximum of eight 
serial channels. Two channels are contained on the main CPU 
board and are primarily intended for standalone operation in 
manufacturing test. The other eight are contained on an 
Intelligent Serial Concentrator Board. One channel on the CPU 
board can be strapped fot either synchronous or asynchronous 
operation. This multipurpose channels can be strapped to 
interface to a variety of networks operating at data r~tes up to 
ass kilobits per second. All serial channels on the CPU board 
are supported with fully vector ed inter rupts. 

(Some system configurations may be offered·which will not include 
the Intelligent Serial Concentrator Board.) 

INTELLIGENT SERIAL CONCENTRATOR 
; 

The Intelligent Serial Concentrator Board consists of a zas 
processor with eight serial channels under its control. This 
board interfaces to the main board through the Multibus 
interface. The Z8S processor communicates with the aS86 via main 
memory and a pair of interrupt lines. The aSa6 may interrupt the 
zas and the zas may interrupt the aSa6. The eight serial 
channels are capable of operating in asynchronous mode at all 
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standard baud rates between 119 baud and 38.4 kilobaud. 

In addition, one channel has provisions for external 
clocking on both transmit and receive clocks to support bi­
synchronous serial devices. Each serial channel has a 
corresponding programmable timer for baud rate generation to 
allow for independent baud rates. This board is intended to 
decrease activity in the host processor so that the majority of 
character interrupt processing may be handled by the Intelligent 
I/O. This should allow the host processor to devote more of ita 
power to higher level tasks and handle users in a more timely 
fashion. 

MAGNETIC TAPE UNIT DRIVE CONTROLLER 

A magnetic tape drive controller, capable of controlling up 
to eight tape transports, can be mounted on the CPU board. This 
controller controls a DEI Funnel Tape Transport with a the codec' 
and controller options installed. This combination provides 
complete archival and backup capability for the rigid disks on 
the system. 

MULTIBUS CARD CAGE 

An additional enclosure, containing a standard Multibus card 
cage, can be connected through rear-panel connections on the 
primary enclorure. This expansion capability allows system users 
to add custom interfaces to the system. The interface supports 
both 8-bit and l6-bit bus masters that use the daisy chain 
technique ,for resolving the priority of bus requests. Multibus 
interface design includes socketed termination resistors for all 
Multibus signals that must be terminated on one of the bus 
masters. The signals in the int~rface meet the electrical and 
driver-receiver requirements of the Multibus Specification 
published by Intel. 

CORVBlftIORS 

Altos Computer Systems manufactures equipment for both domestic 
and foreign markets. Domestic equipment operates on lIS-volt AC 
power; foreign equipment operates on 239-volt AC power. Domestic 
equipment is identified by an RAR after the model designator on 
the back panel identfication plate; foreign equipment is 
identified by an RER. This convention is sometimes reflected in 
the part numbering scheme, wherein the final three digits "99lR 
usually designate domestic-use parts and n992 n usually designate 
foreign-use parts. For brevity, the final three digits of part 
numbers may be omitted in this manual. 

'l'BRIIS AIID ABBRJNIA'l'IORS 

For brevity, the following abbreviations are used in this manual: 
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MTU 

MTC 

CPU 

HDU 

HDC 

PCB 

Kbyte 

Mbyte 

RBLA~BD PUBLlCA'lIORS 

Magnetic Tape Unit or Transport 

Magnetic Tape Controller (board) 

Central Processing Unit (board) 

Hard (Rigid) Disk (Drive) Unit 

Hard Disk Controller (board) 

Printed Circuit Board 

Kilobyte (one thousand bytes) 

Megabyte (one million bytes) 

The following publications are related to or used wih the ACS 
8699 Computer System: 

(LIST TO COME) 
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SB~IOR 2. 

URPACURG ABO SBftIBG UP TIIB COIlPlftER SYSTBII 

GBRERAL IHFORIIATIOR 

This section explains how to: 

Select a computer site. 

Unpack the shipping container. 

store important papers for future reference. 

Configure the system (if necessary). 

Connect maj or system components (computer-,CRT terminal, and 
pr inter) • 

Turn on major components. 

SBLBC".rIE A COIIPUTBR. SITE 

The ACS 8600 Computer System is rugged and dependable under any 
reasonable conditions, however, it operates most sa tisfactor ily 
when conditions are as close to ideal as possible. Consider the 
human needs of the operator7 light, comfort, quiet, etc. 

Power cords and interconnect cables should be routed to 
avoid walkways. 

Power cor ds should be plugged into a single power str ip of 
adequate capacity. A dedicated power line is recommended to 
minimize the liklihood of power surges or overloads. 
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Be sure that the AC input voltage coDforas to that specified 
on the 8611 co.puter rear-panel Identification !age 

Positiion the terminal so that it faces away 
in order to reduce screen glare. 

from, windows 

Either select an area with minimal static electricity, or 
use anti-static mats and other anti-static materials as 
necessary. 

Ensure that air flow through the top intake vents and the 
rear exhaust vent is not obstructed. 

Remote multiple-user terminals may be located anywhere 
that can be reached by a communications cable of up to 58 
feet in length. 

ONPACKIaG 

Remove the computer system from the shipping container as 
follows: 

Turn the shipping container right side up and carefully cut 
the binding tape and open the container. 

~IOB 

Ose reasonable care in opeDing the shipping container, sharp 
or pointed iDstruaents .ay pierce the PEotective cover and 
scratch the finish of the co.pater housing. 

Note the method of packing, and remove the computer 
components. Store pertinent papers in a safe place for 
future reference. 

Gently tip the container on its side and slide out the 
computer chassis and the foam packing pieces. Place the 
chassis on a suitable work surface and replace the molded 
foam pieces in the container. 

store the shipping container and the packing materials in a 
safe place (in case the computer must be shipped again). 

The following items are included in the shipping container. 
Check off each item as it is unpacked. 

One Altos ACS 868B Computer 
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One three pronged power cord 

Either one 4-ampere fuse (for 115 vac systems), or one 
2-ampere fuse (for 230 vac systems) 

One Supplement 3. EXECUTING THE ALTOS DIAGNOSTIC 
EXECUTIVE (ADX) PROGRAMS and one floppy diskette 
containing the ADX programs used to test your computer 
~rt~ . 

One Supplement 4. which provides installation and 
execution instructions for the operating system to be 
installed (CP/M- 86, MP /M- 86, OAS 18-16, or XEN IX), and 
one set of operating system diskettes. 

This ACS 8600 Computer System User Manual, accompanied 
by the following: 

One Cover Letter 

One Checkoff Sheet 

One Warranty Card 

Four Quality Control Reports 

System Checkoff Sheet 

System Checkout Sheet 

Burn-In Summary Sheet 

Quality Control Inspection Sheet 

ORLOCKna; mB BARD DISK DRIVBS 

Ra.oving the Botta. COVer Plate 

Follow this procedure to remove the bottom cover: 

1. Carefully turn the computer enclosure upside down on a 
non-abrasive work surface. 

2. Remove the four retaining screws (Figure 2-1) securing 
the rubber feet. Save the rubber feet and the four 
screws. 

3. Remove the Bottom Cover Plate (Figure 2-1) and set it 
aside. 

Unlocking the 11-Mbyte Bard Disk Drive 

Follow this procedure to unlock the 10-Mbyte Hard Disk Drive: 
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1. Remove the screw and locking bracket from tpe hard disk 
spindle motor (Figure 2-2). store the screw and bracket 
in a safe place. 

CAIJ'lIIOR 

fte bracket aDd screw aust be reiDsta1.1ecJ any tiae the 
coaputer is moved any furtber tbaD it ,is conveDient to 
band carry it. 

2. Replace the bottom cover on the enclosure and secure 
the four rubber feet previously removed. 

3. Carefully return the unit to its upright position and 
proceed with the installation. 

Unlocking the 21-Mbyte or 41-Mbyte Bard Disk Drive 

Follow this procedure to unlock either the 29-, or 49-Mbyte Hard 
Disk Drive: 

1. Loosen the drive motor nut (with a hex socket or hex 
nut driver) from the hard disk spindle motor (Figure 2-
3). Rotate the locking cli.p away from the pulley. Do 
not rotate the pulley. Re-tighten the nut. Do not 
overtighten. 

CAIJ'lIIOR 

~be locking clip aust be reinstalled any tiae the 
co.puter enclosare is moved any fartber tban it is 
convenient to band carry it. 

2. Locate the Actuator Lock Access cutout (Figure 2-3). 
USing a straight-bladed screwdriver, rotate the 
actuator lock counter-clockwise 1/4 turn from the 
"LOCK" position to the "RUN" position. 

3. Replace the Bottom Cover Plate on the computer 
enclosure and secure the four rubber feet with the four 
retaining screws previously removed. 

4. Carefully return the unit to its upright position and 
proceed with the installation. 
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computer Chassis with Bottom Plate Mounted 

!It- = 

0 I 

I 
J 
~ 

-~. 
o· 0-

Computer Chassis with Bottom Plate Removed and Locking Devices Exposed 

Figure 2-1. Unlocking the l~-Mbyte Hard Disk 
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computer Chassis with Bottom Plate Mounted 

o 
o 

Computer Chassis with Bottom Plate Removed and Locking Devices Exposed 

Figure 2-2. Unlocking the 29-, or 49-Mbyte Hard Disk 
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SYSTEII CONFIGURATION 

(Refer to Appendix C. COMMON CRT AND PRINTER INTERFACE 
CONFIGURATIONS, and Appendix D. INSTRUCTIONS FOR PINNING CIRCUIT 
BOARDS. ) 

A complete ACS 86~~ Computer System includes: 

An 86~~ computer (complete with power cord, fuse and fuse 
cap. ) 

Model ACS 86~~-1~, -l~ MTU, -12, -12 MTU, -14, or -14 
MTU. 

A user-supplied keyboard CRT terminal. 

Serial data transmission rate of 96~~ Baud required. 
RS-232-C interface. 

Optionally, a user-supplied printer (dot matrix or impact 
quality print). 

RS-232-C serial or Centronics parallel interface, one 
or two (one serial and one parallel interface) can be 
supported, depending on the operating system used. 

User-supplied interface cables for the terminal and printer. 

To maintain Class A compliance and limit possible 
radio/TV interference, all interface cables should have 
a grounded shield and be electrically and mechanically 
secure to the units to which they are connected. 

Altos Diagnostic Executive (ADX) program diskette and 
operating instructions (contained in Supplement 3). 

Provided with the system. 

Operating system diskette(s), installation instructions 
(provided in Supplement 4) and supporting publications. 

At least one operating system is required. The 
diskettes, instructions, required pblications must be 
purchased separately from the system. 

NOTE 

All operating syste.s are registered with the licensed 
seller and distributed under license to the end user to 
operate only on a single co.puter. CP/II-86, IIP/K-86, OASIS-
18, and XERIX must be purchased from Altos Computer Systems 
and the diskette labe1 should so identify it, with a version 
number and ser ial number. No other copies of these systems 
are authorized except by specia1 agree.ent. 
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CORRECTDJG PERIPHERAL BQUIPMB!ft' 

Install the interface cables and power cords for the terminal(s) 
and printer (s). 

Console Terminal 

The console terminal communications cable must be connected from 
the RS-232-C port from the terminal to serial port 1 of the 86ee 
computer (reference Figure 2-3). The terminal must be programmed 
to communicate with serial port 1 of the 86ee computer according 
to the parameters specified below: 

ROTB 

Most RS-232-C interface cables can be easily made using .ale 
shielded RS-232-C 25-pin type connectors and connecting the 
pins in a one-to-one correspondence. All cables should be 
fastened with the connector retaining screws to provide a 
proper shield ground path. 

RS-232-C serial communications 

96ee Baud 

Asynchronous Mode with Data-Terminal-Ready (DTR) 
handshaking. Request-to-send (RTS) and clear-to-send (CTS) 
handshaking is disabled 

One start-and-stop bit 

No parity bit 

Eight-bit word length 

The pinout signals for the console terminal port (port 1) are as 
follows: 

PIN 1 
PIN 2 
PIN 3 
PIN 4 
PIN 5 
PIN 6 
PIN 7 
PIN 8 
PIN 9 
PIN Ie 
PIN 11 
PIN 12 
PIN 13 
PIN 14 
PIN 15 

Chassis Ground 
Transmitted Data (from the terminal) 
Received Data (to the terminal) 
Request-to-Send (optional--requires jumper change) 
Clear-to-Send 
Data set Ready 
Signal Ground 
+12 vdc 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
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PIN 16 
PIN 17 
PIN 18 
PIN 19 
PIN 20 

N/C 
N/C 
N/C 
N/C 
Data-Terminal-Ready (DTR) 

CODBCTIE mB POWER SOURCB 1'0 mB COIlPO'lER 

To provide power to the computer: 

Ver ify that the power specifica tions on the rear panel 
identification plate match the voltage available for the 
equipment (see Figure 2-3) • 

Domestic equipment uses 115 volts AC and a 2-ampere 
fuse, and is designated by an nAn after the model 
number; foreign equipment uses 230 volts AC and a 4-
ampere fuse, and is designated by an nE n after the 
model number; 

Insert the fuse and fuse cap (provided wih the system) into 
the fuse receptacle in the rear panel. 

Install the three-pronged power cord in the rear panel AC 
receptacle and plug it into a power source (wall plug, 
etc.). 

Be certain that the floppy disk transport (or the magnetic 
tape cartridge transport) is unloaded and the door is open. 

Turn the terminal on and allow sufficient warmup time so 
computer messages can be observed when that unit is turned 
on. 

Press the top half of the power switch located at the upper 
right hand corner of the front panel. The power indicator 
will light and the following message will appear on the 
screen. 

ALTOS COMPUTER SYSTEMS 

MONITOR VERSION n.nn 

PRESS ANY KEY TI INTERRUPT BOOT 

Immediately press any key on the keyboard to interrupt the 
boot process. 

You must interrupt the boot process within two seconds. 

If the boot process is not interrupted, the follow ing 
display appears: 
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BOOTING FROM HARD DISK 
.• 

Because the operating system has not yet been installed, the 
computer will not boot successfully. Press the round RESET 
button (to the left of the POWER switch on the computer 
front panel) to restart the boot process, then (within two 
seconds) press any key. 

The system is ready for execution of dignostic programs as 
described in Section 3. 
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Fuse 

Hard Disk 
Expansion 
Connectors 

<t> __ 

.", PORTS 

Multibus 
Expansion 
Connectors 

11111. 
PS2.,BT .§.. :=RT II . iIM" _!! =_ 
PORT 6 PORT 4 

SERIAL PORTS 

Magnetic 
Tape Unit 
Drive 
Connector 

o 

(6/8/82) 

Figure 2-3. ACS Computer System - Rear Panel 
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GENERAL INI'OlUIATIOB 

SBCrIOB 3. 

DIAGBOSTICS 

SEerIOll 3. DIAGlIOSTICS 

This section introduces Supplement 3. EXECUTING THE ALTOS 
DIAGNOSTIC EXECUTIVE (ADX) PROGRAM which should be inserted in 
this part of the manual when the shipping container is unpacked. 

Supplement 3 provides step-by-step instructions for executing 
diagnostic programs under supervision of the diagnostic executive 
to ver ify opera tion of the system and its components. ADX 
prepares the computer system for installation of the selected 
Operating System. 

Follow the instructions in Supplement 3 to configure the system, 
execute the diagnostic programs, and initialize the system. The 
diagnostic programs verify correct operation of the system and 
its components. Supplement 3 also instructs you in making backup 
copies of the diagnostic program and operating system diskettes 
as required. 
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SBC'lIOR 4. 

OPBRA'lIRG SYS'lBIIS 

GDBRAL IRPORIIA'lIOR 

This section introduces the following versions of Supplement 
4,' ·one or more of which should be inserted in this part of the 
User Manual when they are unpacked from the shipping container. 

Supplement 4. CONTROL PROGRAM MONITOR (CP/M-86) OPERATING 
SYSTEM - INSTALLATION INSTRUCTIONS 

Supplement 4. MULTI PROGRAM MONITOR (MP/M-86) OPERATING 
SYSTEM - INSTALLATION INSTRUCTIONS 

Supplement 4. OASIS (OASIS-l6) OPERATING SYSTEM -
INSTALLATION INSTRUCTIONS 

Supplement 4. XENIX (UNIX-VERSION 7) OPERATING SYSTEM­
INSTALLATION INSTRUCTIONS 

(Only the supplement (s) related to the Operating System (s) 
purchased is provided with the system.) 

Each supplement provides specific, step-by~step installation 
procedures for one particular operating system, and also 
introduces you to the supporting manuals and other publications 
related to that operating system. One of four Operating Systems 
will be installed. Each of these systems has its own loading 
procedures and operating :characteristics and may have their own 
set of diagnostic programs •. 

Altos Computer Systems supports and distributes four of the 
most popular operating systems, CP/M-86, MP/M-86, OASIS-16, and 
XENIX. More than 3BB,ftHH' current users of CP/M, MP/M and OASIS 
can easily upgrade their systems to the ACS 86BB Computer System 
know ing that their applica tion software is compa tible with the 
ACS 86BB computer. 
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CP/M-86 SIBGLB-USER OPBRATIBG SYS~. 

CP/M-86 is the 16-bit version of the popular CP/M operating 
system. CP/M-86 is a gernal-purpose operating system desig 
specially for microprocessors that use the 8B86 or 8B88 
microprocessor. 

CP/M-86 is efficient and powerful with time-tested modular 
design. CP/M-86 system can support application programs that 
range from small to comlex. Managing up to a I-Mbyte (1,B48,576 
bytes) of main memory, CP/M-86 gives the application programs 
full advantage of the 8~86 address space. Complete file 
compatibility simplifies conversion from the 8-bit CP/M system to 
the 16-bit CP/M-86 system. 

Requirements for this system are: 

An 8B86 or 8B88 microprocessor. 

Minimum of 56Kbytes of RAM. 

One to sixteen disk drives of up to 8 Mbytes each. 

An ASCII console device such as a CRT terminal. 

KP/.-86 KOLTI-USER OPBRATrRG SYSTBK 

MP/M is a multi-user, 16-bit, multi-tasking operating system 
designed for microcomputers that use the 8~86/8988 
microprocessor. Upward compatible wih CP/M, MPM-II and CP/M-86 
operating systems, MP/M-86 provides record and file locking with 
password protection for use in business settings where data base 
integrity is essential. 

MP/M-86 supports up to sixteen logical drives managing up to 512-
Mbytes each. MP/M- 86 fea tur es extensive er r or handling and 
reporting, real-time capabilities, and date and time stamps on 
files. 

Requirements for this operating system are: 

A compatible 8~86/8988 microprocessor. 

Minimum of 64-Kbytes of RAM 

One-to-sixteen drives of up to 512-Mbytes each. 

One or more ASCII terminals. 

Real-time clock. 

CP/M-86 must be implemented on the target machine. 
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l28-Kbytes of RAM for implementation. 

OASIS OPBRATIBG SYSTBII 

(THIS INFORMATION WAS NOT READY WHEN THIS MANUAL WAS 
PRINTED) 

XBRIX (URD - VERSIOR 7) OPBRATIBG SYSHII 

(THIS INFORMATION WAS NOT READY WHEN THIS MANUAL WAS 
PRINTED) 

PROGRAIIIIIRG LARGUAGBS 

BASIC, COBOL, PASCAL, and FORTRAN languages are also 
distributed and supported by Altos Computer Systems. 

APPLICATIOB PROGRAIIS 

Although Altos does not generally distribute application 
program packages, it does provide 4 list of such compatible 
program packages, developed by leading software. houses, on 
request. 
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SECTION 5. 

ALms tJIlIILIft PIlOGBAMS 

GBRBRAL IRI'ORIIA~IOI1 

This section introduces Supplement 5. ALTOS UTILITY PROGRAMS 
- USER INSTRUCTIONS which should be inserted in this part of the 
manual when the shipping container is unpacked. 

Supplement 5 describes Altos Utility Programs available for 
use with the system, and instructs you in their use. 

(No Altos Utility Programs have been released at the time 
this manual was printed.) 
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SBC'.rIOR 6. 

UPGRADB KI'lS AIID ADD KITS 

GDBRAL IRPOlUIATIOR 

This section introduces the following versions of Supplement 
6, one or more of which should be inserted in this part of the 
User Manual when they are unpacked from the shipping container. 

(You will receive kit installation instructions only for the 
add kits or upgrade kits you purchase) 

The primary ACS 8688 Computer System enclosure contains the 
CPU with up to l-Mbyte of RAM, up to ten serial channels, all 
peripheral controllers, power supplies and expansion interfaces, 
a 18-, 28-, or 48-Mbyte Winchester-type, hard-disk drive, and 
ei ther an eight-inch, S88-Kbyte, single-Sided, floppy-diskette 
drive, or a cartridge-type, l7-Mbyte, Magnetic Tape Unit (MTU) 
as shown in Table 6-1. 

ROTB 

~e Magnetic Tape Unit mentioned througbout this manual is 
presently scheduled for release in the third qaarter of 
1982. 

Table 6-1. ACS 8688 - Model/Storage Media Reference Table 

ACS 8688 Model 

8688-18 
8688-12 
8688-14 
8688-18 MTU 
8688-12 MTU 
8688-14 MTU 

Primary Media 

l8-Mbyte Hard Disk 
28-Mbyte Hard Disk 
48-Mbyte Hard Disk 
l8-Mbyte Hard Disk 
28-Mbyte Hard Disk 
48-Mbyte Hard Disk 

Secondary Media 

S88-Kbyte Floppy Disk 
S88-Kbyte Floppy Disk 
S88-Kbyte Floppy Disk 
l7-Mbyte MTU 
l7-Mbyte MTU 
l7-Mbyte f.lTU 
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One additional secondary enclosure containing power 
supplies, a second hard disk and an MTU can be added to assemble 
a wide variety of system configurations (see Table 1-2). 

Table 6-2. Add Kit/ Storage Media Reference Table 

Kit Number 

Add-10 
Add-12 
Add-14 
Add-10 MTU 
Add-12 MTU 
Add-14 MTU 
Add RAM 
Add MTU-3 
Add 

Primary Media 

l0-Mbyte Hard Disk 
20-Mbyte Hard Disk 
40-Mbyte Hard Disk 
10-Mbyte Hard Disk 
20-Mbyte Hard Disk 
40-Mbyte Hard Disk 
(Adds 500-Kbytes of 
None 
(Adds 8087 Floating 
FORTRAN Software) 

Secondary Media 

None 
None 
None 
l7-Mbyte'MTU 
l7-Mbyte MTU 
17 -Mbyte lotTU 

Random Access Memory) 
l7-Mbyte MTU 

Point Chip Hardware and 
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SECTIOR 7. 

SYSTEM SPECIFICATIONS 

GBRERAL IRPORIIATIOR 

The ACS 86~0 System Specifications have been included in 
this preliminary User Manual so that the information can be 
distributed as soon as possible. This information will be 
incorporated into the manual in later revisions. 
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ACS 8688 SYSTEM SPECIFICATION 

Revision 4.2 

May 27, 1982 

Any questions or comments concerning this document 
should be directed to: 

Altos Computer Systems 
Attn. Jim Willott 

2369 Bering Drive 
San Jose, CA 95131 
Phone (498) 946-6788 

Copyright (C) 1988 by Altos Computer Systems, Inc. 

This document may not be copied without the express written 
consent of Altos Computer Systems. Additional copies may be 
requested from Altos at the above address. 
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CBABGE NOTICE NUMBER ONE 

This Change Notice adds one Note and three Warnings and changes 
Table 4-26. PARALLEL (CENTRONICS) INTERFACE CONNECTOR on Page 65 
as noted below. 

The new Notes and Warnings are contained on Pages ii and iii. 

Line 1 of Table 4-26 on Page 65 previously read: 

J6-l5 6 10 ACKNOWLEDGE- from LP 

It has been changed to read: 

J6-l5 8 10 ACKNOWLEDGE- from LP 

Additional related changes: 

This Change Notice has been added as Page i. 

Pages ii and iii have been added to the specification. 

Page i in the previous revision has been changed to iv. 

Page ii in the previous revision has been changed to v. 

Page iii in the previous revision has been changed to vi. 

No other changes have been made to the specification. 
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The Btch Revision Letter referenced in the 
following Warnings is etched in the copper on 
the solder side of the CPU Board a~ong one of 
the edges. 

A~l ACS. 86 •• Co.puter Systeas have internal 
terminations on the lIu~tibus interface ~K­
and -CCLl[- signals. These terminations aust 
be disabled when using the lIultibus Bxpansion 
Port. On Btch Revisions B and earlier 
(Revisions C, B, and B) of the CPO Board, the 
jumpers 18 and 19 that perform this 
function .are located at device location 22R 
as listed below: 

Jumper 18 - 22R Pin 11 to Pin 11 
Jumper 19 - 22R Pin 13 to Pin 14 

On Btch Revision J, juapers 18 and 19 are 
located near device ~ocation 10. 

WARRIBG 

On Btcb Revisions B and earlier (Revisions C, 
B, and B) of tbe CPO Board, the terminations 
used on tbe -BCLl[- and -CCLI[- signals of the 
lIultibus Interface are pbysica~ly located on 
RP6 whicb is also used to term ina te some of 
the paralle~ interface signals. Those users 
wbo are planning a non-standard use £or the 
para~le~ interface which requires remova~ or 
rep~acement of RP6 must also provide 22'-23' 
Ohm terminations for tbese two signa~s to 
assure reliab~e operation of the Intelligent 
I/O Interface board whicb handles of a~l 
terminals. 
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WARRIRG 

ACS 861. eo.puter Systems using Btcb Revision 
C CPU Boards do not bave Jumper 17 in tbe 
parallel interface. If tbe user plans to use 
the parallel interface 8255 sucb that Port B 
is program.ed in Mode I, tbe trace between 
28S Pin 16 and 29'1 Pin 5 must be cut to 
prevent damage to the output driver of the 
8255. 

Specification Revision 4.2, May 27, 1982 Page iii 
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ACS 8688 SYSTEII SPECIFICATION 

Revision 4.2 

llay 27, 1982 

1. ABSTRACT 

This specification describes the ACS 8699 
System - an advanced sixteen bit general purpose 
computer manufactured by Altos Computer Systems. 
The system design supports up to one megabyte of 
random access memory with full error detection and 
correction and a wide variety of mass storage 
peripherals. The system memory is provided with 
unique memory management hardware that improves the 
ef f icient use of main memory. The ACS 8699 can be 
easily extended to meet the requirements of a wide 
variety of applications. The various system 
configurations are listed with electrical and 
environmental requirements def ined. All hardware 
elements are described in detail with specific 
attention being given to the hardware-software 
interfaces. 
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2. SYSTEM FUNCTIONAL SPECIFICATION 

2.1. Features and Cap~bilities 

The ACS 8600 System is a sixteen bit general purpose 
computer based on the Intel 8086 microprocessor family. While 
the system is designed to meet mul ti use rand mul ti tasking 
requirements it may be configured for large single user 
applications. The following list summarizes the main features: 

• Sixteen bit CPU section consisting of an 8086 
microprocessor, an 8089 Direct Memory Access (DMA) -
I/O Processor and an optional 8087 Numeric Data 
Processor. 

• Sixteen bit main memory consisting of 512 kilobytes 
which can be expanded to one megabyte. 

• Error correction and detection on the main memory 
providing single and double bit error detection with 
single bit cor rection. 

• Memory management on the main memory providing address 
translation, write protection and access control for 
each four kilobyte block of main memory. 

• Bootstrap and configuration control read only memory 
permitting system ini tializa tion fr om any online mas s 
storage device. 

• Flexible diskette controller capable of controlling up 
to four eight-inch diskette transports with support for 
single and double density recording as well as single 
and double sided diskette drives. 

• Rigid disk controller for up to two drives of the eight 
inch Winchester type rigid, fixed disk technology. 

• Configurable parallel interface capable of controlling 
one high speed, parallel input line printers. 

• Ser ial interfaces designed to suppor t asynchronous 
terminals and printers, synchronous interfaces and 
local networ ks. 

• Magnetic tape controller for cartridge type magnetic 
tape tr anspor ts. 

• Fully vectored interrupt capability. 

• Virtually unlimited expansion through a Multibus 
compatible expansion interface. 
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2.2. System Configurations 

The ACS 8699 System is packaged in one or more desktop 
enclosures which may optionally be rack mounted. The main 
package contains the CPU with up to one megabyte of RAM, up to 
ten serial channels, all peripheral controllers, power supplies 
and expansion interfaces, and any two peripherals from the list 
of peripherals given in Table 2-1 below! Additional enclosures 
containing power supplies and two additional peripherals can be 
added to assemble a wide variety of system configurations some of 
which are listed below in Table 2-2. 

• A ten, twenty or forty megabyte Winchester type rigid 
disk. 

• An eight inch flexible diskette drive (one-half 
megabyte, single sided or one megabyte, double sided). 

• A cartridge type magnetic tape transport (twelve 
megabyte on an American National Standards Institute 
X3.55-l977, 9.259 inch magnetic tape cartr idge). 

Table 2-1: LIST OF SUPPORTED PERIPHERALS 

• Main enclosur e -- ten, twenty or for ty megabyte rigid 
disk and eight inch flexible diskette. 

• Main enclosure -- ten, twenty or forty megabyte rigid 
disk and cartridge tape. 

• Per ipheral enclosur e -- ten, twenty or forty megabyte 
rigid disk and cartridge tape. 

Table 2-2: STARDARD ENCLOSURE CONFIGURATIONS 
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3. HARDWARE PUNCTIONAL SPBCIPlCATION 

The ACS 8600 is an advanced sixteen bit general' purpose 
computing system capable of supporting one or more user s. The 
system is deSigned around a single pr inted circuit board which 
contains most of the resources to support up to eight users. 
This single board computer also contains interfaces that permit 
it to be expanded to handle very large computing tasks. The 
system architecture is shown in Figure 3-1 on the next page. 

The central processing unit (CPU) of the ACS 8600 System is 
based on three of the processors in the Intel 8086 microprocessor 
family. The block diagram for the CPU section is shown in Figure 
3-2, page 6. The primary processor is the 8086 which is 
responsible for executing nearly all of the code. An 8089 Dual 
Channel Direct Memory Access-I/O Processor is arranged with the 
8086 in a local configuration. The primary purpose of the 8089 
is to provide sixteen bit wide DMA transfer capability. It can 
be used to process some of the I/O transfers. Provisions have 
been made for an optional 8087 Numeric Data Processor which can 
perform high speed floating point calculations for the 8086. The 
8087 co-decodes instructions fetched by the 8086 and will bus 
request the 8086 as required to perform the arithmetic. 

The block diagram for the ACS 8600 System ·Memory is shown in 
Figure 3-3, page 7. The system Memory is implemented with 64K 
dynamic random access memory (RAM) devices and 2732 type 
erasable? programmable read only memory (EPROM) devices. The 
system is designed to permit up to one megabyte of RAM which 
maybe overlayed by the EPROM. The RAM memory is organized as 
sixteen bit words with six extra bits used to support error 
correction. The RAM memory is divided into eight banks of 
twenty-two devices which provides 128" kilobytes of memory per 
bank. The four lower banks of the memory are located on the CPU 
Board for 512 kilobytes of memory and the four upper banks are 
located on the Expansion Memory Board for the remainder of the 
one megabyte of system RAM. The RAM memory is supported by three 
other blocks of logic: the memory controller, the error 
correction circuitry and the memory manager. 

The Memory Controller allows the word organized memory to be 
accessed either as words or as bytes, assures proper memory 
refresh, provides timing for the Error Correction Circuitry and 
notifies the CPU when memory data is ready. Nearly all of this 
logic is implemented in large scale integrated (LSI) devices. An 
LSI dynamic' RAM controller device is used to provide much of the 
control of the memory while programmable logic arrays provide the 
remainder. 
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Figure 3-1: ACS 8688 SYSTEM BLOCK DIAGRAM 
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Figure 3-2: CPO SBCTION BLOCK DIAGRAM 
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Figure 3-3: MEMORY SECTION BLOCK DIAGRAM 
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The RAM memory of the ACS 8699 is equipped with an LSI 
device that can detect all single bit and all double bit errors 
on data read from the RAM array. When a word is read back from 
the memory, check bits are also read and checked. If the check 
bits compare then no error has occurred but if the check bits do 
not compare then one or more data or check bits are in error. 
The error correction code is chosen so that the syndrome 
generated by the checking process can be used to indica te which 
single bit is in error. If a data bit is in error it is 
corrected by inverting while if a check bit is in error is is 
simply reported. This method of error correction can only 
correct single bit errors. aowever, single bit errors are the 
most frequently occurring errors. When ever an error is detected 
the syndrome and the address associated with the error are 
latched and the CPU is interrupted. When the CPU services the 
interrupt it can perform a scrubbing operation to attempt to 
remove the error. The CPU can also log the error for diagnostic 
and maintenance purposes and indicate if the error was 
successfully scrubbed. 

The purpose of memory management is to provide both position 
independence and protection for the contents of memory. The 
Altos ACS 8699 uses an Intel 8986 microprocessor as the computing 
and controlling element. This processor provides position inde­
pendence through the use of segment registers. The 8986 
generates addresses which allow it to access one million 
(1,948,576) bytes of memory, however this memory must be accessed 
in blocks of 64K (65,536) bytes. Limited protection is provided 
by the fact that the memory beyond the current four 64K segments 
cannot be accessed without altering the segment register. No 
limit checking or segment overlap protection is provided by the 
processor. Further more( any program may access the segment 
registers at any time. 

The ACS 8699 extends the memory management facilities of the 
8986 by supporting write protection, access protection, limit 
checking and non-contiguous memory alloca tion. Finally th e 
memory manager implements the concept of privileged instructions. 
The purpose of privileged instructions is to prevent application 
programs from altering the system environment. By definition an 
application program must run with interrupts enabled and must 
make all I/O access requests through the opera ting system. 
Therefore hardware inhibits all I/O operations while applications 
programs are executing and the memory manager will generate an 
interrupt if it detects the execution of an instruction which 
resets the interrupt enable flip-flop while the system is running 
an application program. 

The one million bytes of main memory are managed as 256 
pages of 4K (4,996) bytes. Each page is assigned a relocation 
value, and thirteen flag and control bits. This memory reloca­
tion and attribute data is stored in a static RAM. When a memory 
access is made the relocation value is used to map the access 
onto the desired physical memory location. At the same time the 
attribute bits are examined to test the validity of the acces& 
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The violation port is the first of the three error reporting 
registers supported by the memory manager. This sixteen bit 
register indicates the type of memory access violation that has 
occurred. Two other I/O ports are used to report the address at 
which the violation occurred. 

The ACS 8600 system contains eight kilobytes of read only 
memory primarily intended for bootstrapping purposes. This 
memory is currently implemented with two 2732 type erasable 
programmable read only memory (EPROM) devices. However the 
hardware can be strapped to accommodate 2716 type devices if less 
EPROM memory is required.. This memory overlays the upper most 
eight kilobytes of the one megabyte RAM memory space when 2732 
type devices are used. When 2716 type devices are used the upper 
most four kilobytes of RAM are overlayed. This memory can be 
switched out of memory to permit access to a full megabyte of 
RAM. The boot memory has space reserved for the customer to 
program the PROM with a unique system serial number that pe~mits 
software to be nlocked n to a specific hardware system~ In 
addition to the serial number, the boot memory contains system 
configuration information. 

The main board of the ACS 8600 system contains a flexible 
diskette controller whose block diagram is shown in Figure 3-4 on 
the next page. This controller is implemented with large scale 
integrated devices and can support up to four eight-inch flexible 
diskette drives operating in either single density or double 
density recording mode. 

The ACS 8600 system provides additional high speed mass 
storage through a generalized parallel interface to a family of 
rigid disk controller boards that mount directly to the CPU 
board. This interface can support rigid disk controllers with an 
eight bit data "path. This type of rigid disk controller and 
interface provides a future growth path that permits the support 
of five inch Winchester disks as well as other disk drive 
technologies. The initial member of the family of daughter 
boards provide a controller for the eight inch Winchester type 
rigid disks. The controller supports up to two drives giving 
mass storage capability of from ten megabytes to eighty 
megabytes. 

A twenty-four bit programmable parallel interface is 
provided on the main board of the ACS 8600 system. This 
interface is primarily intended for driving a high speed line 
printer but may be reconfigured by software to support a wide 
variety of applications. It is implemented with an Intel 8255 
Programmable Peripheral Interface device which contains three 
eight bit ports. Ports A and B of the 8255 are buffered with bi­
directional buffers that permit these ports to be used for either 
input or output. Port C is buffered with a uni-directional 
buffer that provides one bits of input and seven bits of output. 
The buffering on Port C supports the handshake and interrupt 
signals used by port B in mode one. 
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Figare 3-4: FLDIBLB DISOftE mlft'ROLLBR BLOCK DIAGRAM 
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The ACS S6aa system provides a minimum of two serial 
channels and a maximum of ten serial channels. Two channels are 
contained 'on the main CPU board and are primarily intended for 
stand alone operation in manufacturing test. The other eight are 
contained on an Intelligent Serial Concentrator Board. One 
channel on the CPU board can be strapped for ei ther synchronous 
or asynchronous operation. This multipurpose channels can be 
strapped to interface to a variety of networks operating at data 
rates up to 8aa kilobits per second. All serial channels on the 
CPU board are supported with fully vectored interrupts. Some 
system configurations may be offered which will not include the 
Intelligent Serial Concentrator Board. 

The Intelligent Serial Concentrator Board consists of a Z8a 
processor with eight serial channels under its control. This 
board interfaces to the main board through the Multibus 
interface. The zsa processor communicates with the SaS6 via main 
memory and a pair of interrupt lines. The SaS6 may interrupt the 
Z8a and the zsa may interrupt the 8a86. The eight serial 
channels are capable of operating in asynchronous mode at all 
standard baud rates between lla baud and 38.4 kilobaud. In 
addition one channel has provisions for external clocking on both 
transmit and receive clocks to supportbi-synchronous serial 
devices. Each serial channel has a corresponding programmable 
timer for baud rate generation to allow for independent baud 
rates. This board is intended to off-load the host processor 
such that the major ity of character interrupt processing may be 
handled by the Intelligent I/O. This allows the host processor 
to devote more of its power to higher level tasks and handle 
users in a more timely fashion. 

A magnetic tape dr ive controller which is capable of 
controlling up to eight tape transports can be mounted on the CPU 
board. This controller is intended to control a DEI Funnel Tape 
Transport with a the codec and controller options installed. 
This combination provides complete archival and backup capability 
for the rigid disks on the system. 

The ACS 86aa system provides a rear panel connector that 
permits connection to an additional enclosure containing a 
standard Multibus card cage. This expansion capability allowes 
system users to add custom interfaces. to the system. The 
interface supports both eight bit and sixteen bit bus masters 
that use the daisy chain technique for resolving the priority of 
bus requests. The design of the Multibus interface includes 
socketed termination resistors for all Multibus signals that must 
be terminated on one of the bus masters. The signals in the 
interface meet the electrical and driver-receiver requirements of 
the Multibus Specification published by Intel. 
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4. BARDWARE - DETAIL SPEClPICATIOR 

This section of the ACS 8699 System Specification presents a 
detailed description of the hardware of the system. Specific 
attention is given to the hardware-software interfaces. In 
addition some hardware operational details are presented. Each 
module or 'section of the system is discussed separately. 

4.1. Central Processor 

The central processing unit of the ACS 8699 System is based 
on three of the processors in the Intel 8986 microprocessor 
family. The block diagram for this section is shown in Figure 
3-1 (see Section 3.1, page 5) and the logic diagram is contained 
on sheets one and two of the ACS 8699 CPU Board schematic. The 
primary processor is the 8986 which is responsible for executing 
nearly all" of the code. An 8989 Dual Channel DMA-I/O Processor 
is arranged with the 8986 in a "local" configuration. The 
pr imary purpose of the 8989 is to prov ide sixteen bi t wide DMA 
transfer capability. It can be used to process some of the I/O 
transfers but can contribute little to that process because it 
lacks interrupt processing capability and must request the system 
bus away from the 8986. Provisions have been made for an 
optional 8987 Numeric Data Processor which can perform high speed 
floating point calculations for the 8986. The 8987 co-decodes 
instructions fetched by the 8986 and w ill bus request the 8986 as 
required to perform the arithmetic. 

Since the three processors of the central processing unit 
are arranged in a "local" configuration, they must be supplied 
with a common clock. ~he clock used by the CPU section is 
generated by an 8284 Clock Generator. Since all three processors 
must operate from the same clock, the slowest available processor 
determines the system speed. Currently only five megahertz 8987 
and 8989 processors are available. For this reason the system 
must operate at five megahertz. 

The multiplexed local CPU bus is buffered and supplied to 
the rest of the system as three demultiplexed system buses -­
Address Bus, Data Bus and Control Bus. These buses are modeled 
after the Multibus specification but differ in several ways -­
the Address Bus and Data Bus are both positive true rather than 
negative true1 the Control Bus contains additional signals that 
indicate a sixteen bit transfer is being made by the current bus 
master, the main CPU has control of the buses and a memory write 
will be performed by the main CPU during the current bus cycle. 
The Control Bus is generated by an 8288 Bus Controller which 
provides negative true (active low) signals for memory read, 
memory write, early memory write, I/O read, I/O write and early 
I/O write. An additional gate is used to generate the signal 16 
BIT TRANSFER which is positive true. The 8288 also controls the 
direction and enabling of the data bus drivers. The Address Bus 
and the Data Bus are both positive true (active high), three­
state buses. Since a Multibus compatible expansion port is 
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supported, an 8289 Bus Arbiter is 'used to resolve system bus 
access requests and to control all of the CPU bus buffers. 

As part of the support for automated testing of the CPU 
board a gate has been added to the Data Bus enable signal. The 
Da ta Bus can be di sabled by grounding pin 8R-4 to allow an 
automatic test system to supply instructions to the CPU section 
and verify proper operation of all of the CPU elements. In 
addition this technique can be used to supply test diagnostic 
software in place of the ROM. 

4.2. I/O Port Decoder 

The 8fiJ 86 suppor ts both eight bi t and sixteen bi t I/O and a 
total of 65,536 por ts. In the case of eight bi t I/O opera tions, 
the 8fiJ86 uses the fact that a given I/O address is even or odd to 
determine which half of the sixteen bit data bus to use--even 
addresses move data over Data Bus bits fiJ through 7. The block 
diagram for theACS 86fiJfiJ I/O port decoder is shown in Figure 4-1, 
on the next page. The decoder can be th-ough t of as hav ing three 
parts: the memory manager port decoder, the tape controller port 
decoder and the general I/O port decoder. Physically the tape 
controller port decoder is located on the Tape Controller 
daughter board while the remainder of the decoder is on the CPU 
board. The logic of the decoder on the Tape Controller board is 
shown on sheet one of the Tape Controller Board Schematic while 
the logic contained on the CPU board is shown on sheet eighteen 
of the ACS 86fiJfiJ CPU Board Schematic. 

The I/O port decoder on the Tape Controller board decode 
ports fiJD8 hexadecimal (hex) through fiJDF hex in groups of four 
even addressed ports and four odd addressed ports. The specific 
port assignment is detailed in Table 4-1 on pages 15 through 19. 
The specific details concerning the significants of the various 
bits in the various ports is covered in Section 4.8. 

The I/O decoder on the CPU board is a two level decoder. 
The first level decodes the chip enables for reading and ~riting 
the 512 sixteen bit I/O ports used to control the memory manager 
as well as the enable to the second level of the decoder. The 
second level decodes ports fiJfiJfiJ hex through fiJ3F hex as eight 
groups of eight sixteen-bit ports as well as decoding ports fiJ4fiJ 

.hex through fiJ7F hex as eight groups of four even addressed ports 
and eight groups of four odd addressed ports. It should be noted 
that while the eight groups of eight sixteen-bit ports are 
decoded, each group selects only one port or caries at most two 
states of significants. The detailed port assignment is given in 
Table 4-1 which is found on pages 15 through 19. The specific 
detailes of the meanings of the bits in the various ports is 
discussed in later sections dealing with the hardware modules. 

Specification Revision 4.2, Kay 27, 1982 Page 13 



PRBLIIIIlIARY 8611 USER IIAlIUAL SECTIOR 7. SYS'lB1I SPECS. 

Figure 4-1: I/O PORT DECODER BLOCK DIAGRAII 
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------------------------------------------------------
1 ADDR 1 PORT 1 
1 HEX 1 SIZE 1 FUNCTION AND COMMENTS 
1------ ------ ----------------------------------------
1 'HH!J 0 16 
1 0001 
1 0002 
1 0003 
1 
1 0904 
1 0005 

.1 9996 
9997 

0008 
0099 
999A 
099B 

099C 
099D 
909E 
999F 

0919 16 
9911 
9912 
9913 

9914 
0915 
0916 
9917 

9918 16 
9919 
091A 
991B 

901C 
991D 
991E 
001F 

VIOLATION PORT - READ ONLY 
ACCESSES PORT 0999 
ACCESSES PORT 0099 
ACCESSES PORT 9999 

ACCESSES PORT 0999 
ACCESSES PORT 9999 
ACCESSES PORT 9999 
ACCESSES PORT 9999 

CLEAR VIOLATION PORT 
ACCESSES PORT 0998 
ACCESSES PORT 9998 
ACCESSES PORT 9098 

ACCESSES PORT 0908 
ACCESSES PORT 0998 
ACCESSES PORT 9998 
ACCESSES PORT 0998 

ERROR ADDRESS 1 - READ ONLY 
ACCESSES PORT 9910 
ACCESSES PORT 0019 
ACCESSES PORT 9919 

ACCESSES PORT 9919 
ACCESSES PORT 9919 
ACCESSES PORT 9919 
ACCESSES PORT 9919 

ERROR ADDRESS 2 - READ ONLY 
ACCESSES PORT 9918 
ACCESSES PORT 9918 
ACCESSES PORT 9918 

ACCESSES PORT 9918 
ACCESSES PORT 9918 
ACCESSES PORT 9918 
ACCESSES PORT 9918 

------------------------------------------------------
Port Size Definitions: 

9 Canbe either 8 or 16 bit access,does not use Data Bus. 
8 Requires 8 bit access, uses Data Bus 8 - 15. 

8/16 Can be either 8 or 16 bit access, uses Data Bus 9 - 7 
and uses 9 - 15 for 16 bit access. A 16 bit 
access will access the addressed port and port+1 
simultaneously. 

16 Requires 16 bit access, uses Data Bus 9 - 15. 

Table 4-1: I/O PORT ADDRESS DEPrRITIONS 

Specification Revision 4.2, May 27, 1982 Page 15 



PRBLllllllARY 8688 OSER IIAIIOAL SBC'lIOB 7. SYSTBII SPECS. 

1 ADDR 1 PORT 1 1 
1 HEX 1 SIZE 1 FUNCTION AND COMMENTS 1 
1------1------1----------------------------------------I 

9929 1 8/16 1 HARD DISK PORT 1 - DRV & HEAD, LS a BIT 1 
9921 1 1 DECODED BUT NOT USED 1 
9922 8/16 1 HARD DISK PORT 1 - DATA / OLD CYL, LS 81 
9923 1 DECODED BUT NOT USED I 

1 I 
9924 
9925 
9926 
9927 

8/16 HARD DISK PORT 1 - NEW CYL, 2 BYT, LS 8 
DECODED BUT NOT USED 

8/16 HARD DISK PORT 1 - STATUS / COMO, LS 8 
DECODED BUT NOT USED 

9928 
9929 
992A 
992B 

992C 
9920 
992E 
992F 

8/16 HARD DISK PORT 2 - NOT USED 
ACCESSES PORT 9928 
ACCESSES PORT 9928 
ACCESSES PORT 9928 

ACCESSES PORT 9928 
ACCESSES PORT 9928 
ACCESSES PORT 9928 
ACCESSES PORT 9928 

9939 8/16 USER MODE FLAG, ROM ENABLE, COLD START 
9931 ACCESSES PORT 9939 
9932 ACCESSES PORT 9939 
9933 ACCESSES PORT 9939 

9934 
9935 
9936 
9937 

9938 
9939 
993A 
993B-

993C 
0030 
993E 
993F 

ACCESSES PORT 9939 
ACCESSES PORT 9939 
ACCESSES PORT 9939 
ACCESSES PORT 9939 

I/O CHANNEL ATTEN CH 1 - MASTER 
I/O CHANNEL ATTEN CH 2 - SLAVE 

ACCESSES PORT 9938 
ACCESSES PORT 9939 

ACCESSES PORT 9938 
ACCESSES PORT 9939 
ACCESSES PORT 9938 
ACCESSES PORT 9939 

Port Size Definitions: 
9 Canbe either 8 or 16 bit access,does not use Data Bus. 
8 Requires 8 bit access, uses Data Bus 8 - 15. 

8/16 Can be either 8 or 16 bit access, uses Data Bus 9 - 7 
and uses 9 - 15 for 16 bit access. A 16 bit 
access will access the addressed port and port+1 
simultaneously. 

16 Requires 16 bit access, uses Data Bus 9 - 15. 

Table 4-1: I/O PORT ADDRESS DEFIBITIONS (COBTlNUBD) 
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I~OOlro~1 1 
1 HEX 1 SIZE 1 FUNCTION AND COMMENTS 1 
------ ------1----------------------------------------1 

9949 8/16 1 PARALLEL INTERFACE - PORT A DATA R/W 1 
9941 8 1 FLOPPY CONTROLLER - STATU S / COMD. R/W 1 
9942 8/16 1 PARALLEL INTERFACE - PORT B DATA R/W 1 
9 ~43 8 1 FLOPPY CONTROLLER - TRACK REGISTER R/W 1 

9944 
9~45 
~~46 
~~47 

9948 
~~49 
9~4A 
~~4B 

~~4C 

9~4D 
~~4E 
9~4F 

9~5~ 
~~51 
~~52 
~~53 

~~54 
~~55 
~~56 
~957 

1 1 
8/16 1 PARALLEL INTERFACE - PORT C DATA R/W 1 

8 1 FLOPPY CONTROLLER - SECTOR REGISTER R/WI 
8/16 1 PARALLEL INTERFACE - CONTROL, WRITE 

8 I FLOPPY CONTROLLER - DATA REGISTER R/W 
I 

8/16 1 SERIAL CH A DATA R/W - PRINTER #1 
8 I INTERVAL TIMER - SERIAL CH A BAUD RATE 

8/16 1 SERIAL CH B DATA R/W - CONSOLE #1 
8 INTERVAL TIMER - SERIAL CH B BAUD RATE 

8/16 
8 

8/16 
8 

8 

8 

8 

8 

SERIAL CH A CONTROL R/W - PRINTER #1 
INTERVAL TIMER - TIME SLICE TIMER 
SERIAL CH B CONTROL R/W - CONSOLE #1 
INTERVAL TIMER - CONTROL, WRITE ONLY 

DECODED BUT NOT USED 
ROM PORT HI - STRAPPING OPTIONS, INPUT 

DECODED BUT NOT USED 
ROM roRT HI - FLOPPY SELECT, NMI INHIB. 

DECODED BUT NOT USED 
ROM PORT HI - MISCEL. CONTROL BITS 

DECODED BUT NOT USED 
ROM PORT HI - 8255 CONTROL, WRITE ONLY 

9~58 8/16 INTERRUPT MASTR. CNTLR. - REQ/SRV REG 
~059 CLEAR SYSTEM CALL REQUEST 
~05A 8/16 INTERRUPT MASTR. CNTLR. - MASK REG 
~~5B DUPLICATE CLEAR SYSTEM CALL 

~05C 
~05D 
~05E 
~05F 

8/16 

8/16 

DUPLICATE INT. MAST. CNTLR. - REQ/SRV 
DUPLICATE CLEAR SYSTEM CALL 
DUPLICATE INT. MAST. CNTLR. - MASK REG 
DUPLICATE CLEAR SYSTEM CALL 

Port Size Definitions: 
~ Canbe either 8 or 16 bit access,does not use Data Bus. 
8 Requires 8 bit access, uses Data Bus 8 - 15. 

8/16 Can be either 8 or 16 bit access, uses Data Bus 9 - 7 
and uses 0 - 15 for 16 bit access. A 16 bit 
access will access the addressed port and port+1 
simultaneously. 

16 Requires 16 bit access, uses Data Bus 0 - 15. 

Table 4-1: I/O PORT ADDRESS DEFINITIONS (CONTINUED) 
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1 ADDR 1 PORT 1 1 
1 HEX 1 SIZE 1 FUNCTION AND COMMENTS 1 
1------1------1----------------------------------------I 
1 ~~6~ 1 8/16 1 INTERRUPT SLAVE 1 - REQ/SRV REG & CNTL 1 
1 ~~61 1 1 DECODED BUT NOT USED 1 
1 ~~62 1 8/16 1 INTERRUPT SLAVE 1 - MASK REG & CNTL 1 
1 ~~63 1 1 DECODED BUT NOT USED 1 
1 1 1 1 
1 ~~64 1 1 ACCESSES PORT ~~6~ 1 
1 ~~65 1 1 DECODED BUT NOT USED 1 
1 ~~66 1 1 ACCESSES PORT ee62 1 
1 ~~67 1 1 DECODED BUT NOT USED 1 
1 I 1 1 
1 ~e68 1 8/16 1 INTERRUPT SLAVE 2 - REQ/SRV REG & CNTL 1 
1 ~~69 1 1 DECODED BUT NOT USED 1 
1 ~~6A 1 8/16 1 INTERRUPT SLAVE 2 - MASK REG & CNTL I 
I ~~6B I I DECODED BUT NOT USED I 
1 I I I 
I ~~6C I I ACCESSES PORT 0068 I 
I 006D I I DECODED BUT NOT USED I 
0~6E I I ACCESSES PORT 006A I 
0~6F I DECODED BUT NOT USED I 

~070 
0~71 
~072 
~e73 

~~74 
~e75 
0~76 
0~77 

0e78 
~~79 
~07A 
~~7B 

007C 
(o~7D 
~~7E 
~~7F 

I I 
16 I 16 BIT ECC DIAGNOSTIC LATCH I 

1 DECODED BUT NOT USED I 
I ACCESSES PORT 0070 I 
I ACCESSES PORT 0071 I 

ACCESSES PORT ~~7~ 
ACCESSES PORT ~~71 
ACCESSES PORT 0070 
ACCESSES PORT ~071 

0 INTELLIGENT I/O CHANNEL ATTN. ~ 
e INTELLIGENT I/O CHANNEL ATTN. 1 

ACCESSES PORT 0078 
ACCESSES PORT 0 ~7 9 

ACCESSES PORT 0078 
ACCESSES PORT 0"79 
ACCESSES PORT 0~7 8 
ACCESSES PORT e~79 

Port Size Definitions: 
~ Canbe either 8 or 16 bit access, does not use Data Bus. 
8 Requires 8 bit access, uses Data Bus 8 - 15. 

8/16 Can be either 8 or 16 bit access, uses Data Bus 0 - 7 
and uses 0 - 15 for 16 bit access. A 16 bit 
access will access the addressed port and port+l 
simultaneously. 

16 Requires 16 bit access, uses Data Bus 0 - 15. 

Table 4-1: I/O PORT ADDRESS DEFINITIONS (CONTINUED) 
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ADDR PORT I 
HEX SIZE I FUNCTION AND COMMENTS 

0080 
TO 

00D7 

00D8 
00D9 
00DA 
00DB 

00DC 
00DD 
00DE 
00DF 

00E0 
TO 

00FF 

0100 
TO 

01FF 

0200 
TO 

03FF 

0400 
TO 

05FF 

0600 
TO 

FFFF 

8/16 
8 

8/16 
8 

8/16 
8 

8/16 
8 

16 

8/16 

\ 
> RESERVED FOR EXPANSION 

/ 

TAPE SERIAL DATA - R/W 
TAPE CONTROL REGISTER - TRK & UNIT R/W 
UNUSED SERIAL PORT - DATA - R/W 
TAPE CONTROL REGISTER - STATUS READ 

TAPE SERIAL CONTROL - R/W 
TAPE CONTROL REGISTER - DIR. SEL. WRT. 
UNUSED SERIAL PORT - CONTROL - R/W 
TAPE CONTROL REGISTER - CONTROL WRITE 

\ 
> RESERVED FOR EXPANSION 

/ 

\ 
> RESERVED FOR MULTIBUS I/O 

/ 

\ MEM. 
\ 

MAGR. PORT 1 - 16 BIT R/W USE 
ONLY EVEN NUMBERED PORTS 

> 
/ 

/ 

\ MEM. 
\ 
> 

/ 
/ 

\ 

(EX. 0200, 0202, 0204, ••• ) 
(SUB. BLOCK NUMBER WITH LSB 0 
FOR LS 9 BITS OF ADDRESS) 

MAGR. PORT 2 - 16 BIT R/W USE 
ONLY EVEN NUMBERED PORTS 
(EX. 0400, 0402, 0404, ••• ) 
(SUB. BLOCK NUMBER WITH LSB 0 
FOR LS 9 BITS OF ADDRESS) 

> RESERVED FOR MULTIBUS I/O 
/ 

Port Size Definitions: 
o Canbe either 8 or 16 bit access,does not use Data Bus. 
8 Requires 8 bit access, uses Data Bus 8 - 15. 

8/16 Can be either 8 or 16 bit access, uses Data Bus 0 - 7 
and uses 0 - 15 for 16 bit access. A 16 bit 
access will access the addressed port and port+1 
simultaneously. . 

16 Requires 16 bit access, uses Data Bus 0 - 15. 

Table 4-1:1/0 PORT ADDRESS DEPINITIONS (CONTINUED) 
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4.3. System Memory 

The block diagram for the System Memory is shown in Figure 
3-3 (see Section 3.2, page 7). The logic diagrams for this 
section are shown on sheets three through ten of the ACS 86"" CPU 
Board schema tic and on sheets one and two of the Expansion Memory 
Board schematic. The ACS 8t"" System Memory is implemented with 
64K dynamic random access memory (RAM) 4evices and 2732 type 
erasable, programmable read only memory (EPROM) devices. The 
system is designed to permit up to one megabyte of RAM which may 
be overlayed by eight kilobytes of EPROM. The RAM memory is 
organized as sixteen bit words with six extra bits used to 
support error correction. The RAM memory is ~ivided into eight 
banks of twenty two devices which provides 128 kilobytes of 
memory per bank. The four lower banks of the memory are located 
on the CPU Board for 512 kilobytes of memory and the four upper 
banks are loca ted on the Expansion Memory Board for the remainder 
of the one megabyte of system RAM. The RAM memory is supported 
by three other blocks of logic: the memory controller, the error 
correction circuitry and the memory manager. 

4.3.1. Memory Controller 

The Memory Controller allows the word organized memory to be 
accessed either as words or as bytes, assures proper memory 
refresh, provides timing for the Error Cor rection Circuitry and 
notifies the CPU when memory data is ready. The Memory 
Controller Block Diagram is shown on the next page and the logic 
is shown on sheet six of the ACS 86"" CPU Board schematic. 
Nearly all of this logic is implemented in large scale integrated 
(LSI) devices. Six programmable logic arrays are used to 
generate the row address strobe (RAS), the column address strobe 
(<!AS), the refresh timer and the memory sequence control logic. 
An LSI dynamic RAM controller device is used to multiplex the 
memory address for the RAM array and to distribute the RAS and 
CAS to the buffer-drivers used to drive the address and strobe 
information into the RAM array. 

4.3.2. Error Correction Circuitry 

The RAM memory of the ACS 86"" is equipped with an LSI 
device that can detect all single bit and all double bit errors 
on data read from the RAM array. This device uses a modified 
Hamming code to generate six parity or check bits for each. 
sixteen bit word written into the memory. When a word is read 
back from the memory, the associated check bits are also read and 
compared with a new set of check bits generated from the data 
read. If both sets of check bits compare then no error has 
occurred but if the check bits do not compare then one or more 
bits are in error. The Hamming code is chosen so that the 
syndrome that is generated by comparing the two sets of check 
bits can be used to indicate which bit of the sixteen data bits 
or six check bit is in error. If a data bit is in error it is 
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Figure 4-2: IlEIKlRY CONBOLLBR BLOCK DIAGRAII 
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corrected by inverting while if a check bit is in error is is 
simply reported. The syndrome does not carry enough information 
to permit correction of more than single bit errors however those 
are the most frequently occurring errors. When ever an error is 
detected the syndrome and the address associated with the error 
are latched and a non-maskable interrupt is sent to the CPU. 
When the CPU services the non-maskable interrupt it can perform a 
scrubbing operation to attempt to remove the error by rereading 
and rewriting the reported memory location. The CPU can also log 
the error for diagnostic and maintenance purposes and indicate if 
the error was successfully scrubbed. Table 4-2 can be used to 
decode the syndrome and determine which bit is in error. All 
syndromes not listed in Table 4-2 ,are produced by multiple bit 
errors. 

------------------.-------------------------
SYNDROME BIT IN ERROR PORT 918 HEX 

543 219 BITS 9 - 7 
------------- -------------- --------------9 9 9 9 9 9 NONE 9C9 HEX 

9 9 9 9 9 1 CHECK BIT 9 981 HEX 
9 9 9 9 1 9 CHECK BIT 1 982 HEX 
9 9 9 1 9 9 CHECK BIT 2 984 HEX 
9 9 1 9 9 9 CHECK BIT 3 988 HEX 
9 9 1 9 1 1 DATA BIT 1 98B HEX 
9 9 1 1 1 9 DATA BIT 9 98E HEX 
9 1 9 9 9 9 CHECK BIT 4 999 HEX 
9 1 9 9 1 1 DATA BIT 2 993 HEX 
9 1 9 1 9 1 DATA BIT 3 995 HEX 
9 1 9 1 1 9 DATA BIT 4 996 HEX 
9 1 1 9 9 1 DATA BIT 5 999 HEX 
9 1 1 9 1 9 DATA BIT 6 99A HEX 
9 1 1 1 9 9 DATA BIT 7 99C HEX 
1 9 9 9 9 9 CHECK BIT 5 9A9 HEX 
1 9 9 9 1 1 -I' DATA BIT 8 9A3 HEX 
1 9 9 1 9 1 , DATA BIT 9 9A5 HEX 
1 9 9 1 1 9 , DATA BIT 19 9A6 HEX 
1 9 1 9 9 1 , DATA BIT 11 9A9 HEX 
1 9 1 9 1 9 , DATA BIT 12 9AA HEX 
1 9 1 1 9 9 , DATA BIT 13 9AC HEX 
1 1 9 9 S 1 DATA BIT 14 SBI HEX 
1 1 S 1 S S DATA BIT 15 SB4 HEX 

Table 4-2: BeC SYRDROIIE DECODED TO BIT I. ERROR 
syndromes not listed are produced by multiple bit errors. 

When the memory system is first powered up the check bit 
memory is not properly initialized for the data memory contents. 
If memory read operations are performed at this time they will 
produce invalid memory errors. To properly initialize the error 
correction circuitry the entire memory must be written. A simple 
method to initialize the memory is to write zeros to each word 
location. 
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For diagnostic and maintenance purposes the error correction 
circuitry can be placed in a diagnostic mode. This mode is set 
by setting a one in bit zero of I/O port B55 hex (see Table 4-22, 
page 62). At power on the state of this bit is a one. This bit 
is set to zero as part of the I/O port initialization performed 
by the bootstrap ROM. When bit zero of I/O port B55 hex is a one 
the contents of the diagnostic latch contained on the error 
detection and correction chip override the hardwired mode control 
pins of the chip. The meanings of the various bits of the 
diagnostic latch are given below in Table 4-3 while the various 
modes of operation are given on page 25 in Table 4-4. Memory 
diagnostic software can take advantage of these capabilities to 
validate the functionality of the error detection and correction 
chip. 

1 BIT BIT NAME 1 TRUE 
/===== ======================================/====== 

B DIAGNOSTIC CHECK BIT B 1 1 
----- --------------------------------------1------

1 DIAGNOSTIC CHECK BIT 1 1 1 
----- --------------------------------------1------

2 DIAGNOSTIC CHECK BIT 2 1 1 
----- --------------------------------------1------

3 DIAGNOSTIC CHECK BIT 3 1 1 
===== ======================================1====== 

4 DIAGNOSTIC CHECK BIT 4 1 1 
----- --------------------------------------1------

5 DIAGNOSTIC CHECK BIT 5 1 1 

6 DON'T CARE (bit not used) 

1 7 DON'T CARE (bit not used) 
=====/====================================== ====== 

8 CODE ID BIT B 1 

9 CODE ID BIT 1 1 

1B CODE ID BIT 2 1 

11 DIAGNOSTIC MODE CONTROL BIT B 1 
---------- ====================================== ====== 
12 DIAGNOSTIC MODE CONTROL BIT 1 1 

13 CORRECT MODE CONTROL BIT 1 
1-----
I 14 PASS THRU MODE CONTROL BIT 1 
1----- ------1 
/ 15 DON'T CARE (bit not used) / 

Table 4-3: BeC DIAGNOSTIC LATCH BIT DEFINITIONS 
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When the error detection and correction chip (EDC) is in 
diagnostic mode, the operation of the chip can be controlled by 
the Diagnostic Mode Control bits (diagnostic latch bits eleven 
and twelve). The state of these bits is tabulated in Table 4-4, 
on the next page, by the column labeled "D M". The "GEN PIN" 
referenced in Table 4-4 is the Generate Pin of the error 
detection and correction chip. This pin is driven low by the 
hardware during memory writes and causes the chip to generate 
check bits which are sent to the memory. When this pin is high 
the chip checks the data and check bits read from the memory. 
The column labeled "COR" refers to the state of the Correct Mode 
Control bit (diagnostic latch bit thirteen) listed in Table 4-3. 
This bit determines if errors are corrected and reported, or only 
reported. The three Code ID bits (diagnostic latch bits eight 
through ten) should always be zero since this indicates that the 
EDC should operate in sixteen bit mode. When the Pass Thru bit 
(diagnostic latch bit fourteen) is high the current contents of 
the check bit latch are output to the memory and the current 
contents of the input data latch are placed in the data output 
latch. This mode does not appear to have much practical use in 
this applica tion. 

The error detection and correction chip (EDC) can be placed 
in anyone of four diagnostic modes. Mode zero causes the chip 
to operate under software control in the same manner as it would 
if it were not in diagnostic mode. When the Correct Mode Control 
bit is zero the EDC generates check bits on memory writes and 
detects errors on memory reads but does not correct the errors. 
When the Correct Mode bit is one the EDC generates check bits on 
memory writes and detects and corrects errors on memory reads. 
In mode one the diagnostic latch check bits are sUbstituted for 
the check bits normally generated (to be written into memory) 
while either normal detection or normal correction is performed 
on memory reads. Correction or detection depends on the state of 
the correct mode bit in the same manner as in mode zero. In mode 
two the diagnostic latch check bits are substituted for the check 
bits read from memory but normal generation is performed during 
memory writes. In mode two as in modes zero and one, the 
Correct Mode bit determines if the errors that may be detected by 
comparing the data read from memory and the check bits from the 
diagnostic latch are corrected and reported, or just reported. 
Mode three is the initialize mode. The initialize mode forces 
the data outputs of the error detection and correction controller 
to be zero and the check bit outputs to be correct for ·zero data. 
This mode may not be used to initialize the memory array because 
during write operations the error detection and correction 
controller is not permited to output any data other than the 
check bits. 
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D M 1 COR 1 GEN I FUNCTION 
1 1 0 1 1 PIN I 

---1-----1-----1----------------------------------
o 0 1 0 1 0 1 GENERATE AS IF NOT IN DIAG. MODE 
o 0 1 0 1 1 1 DETECT AS IF NOT IN DIAG. MODE 
o 0 1 1 1·0 1 GENERATE AS IF NOT IN DIAG. MODE 
o 0 1 1 1 1 1 CORRECT AS IF NOT IN DIAG. MODE 
o 1 1 0 1 0 1 GENERATE USING DIAGNOSTIC LATCH 
o 1 1 0 1 1 1 DETECT AS IF NOT IN DIAG. MODE 
o 1 1 1 1 0 1 GENERATE USING DIAGNOSTIC LATCH 
o 1 I 1 I 1 1 CORRECT AS IF NOT IN DIAG. MODE 
1 0 1 0 1 0 I GENERATE AS IF NOT IN DIAG. MODE 
1 0 I 0 I 1 I DETECT USING DIAGNOSTIC LATCH 
1 0 1 1 I 0 I GENERATE AS IF NOT IN DIAG. MODE 
1 0 I 1 1 1 1 CORRECT USING DIAGNOSTIC LATCH 
1 1 1 X I X I INITIALIZE 

Table 4-4: DIAGNOSTIC LATCH OPERATING MODES 

4.3.3. Memory Manager Section 

The purpose of memory management is to provide both position 
independence and protection for the contents of memory. The 
Altos ACS 8600 uses an Intel 8086 microprocessor as the computing 
and controlling element. This processor provides position inde­
pendence through the use of segment registers which allows code 
tha t is designed to run in one segment to be relocated into other 
segments and still run correctl~. Four types of memory are 
defined (CODE, DATA, STACK and EXTRA DATA) and a segment register 
is provided for each memory type. The 8086 generates addresses 
which allow it to access one million (1,048,576) bytes of memory, 
however this memory must be accessed in blocks of up to 64K 
(65,536) bytes. The address is generated by taking the sixteen 
bit segment number, appending four bits of zero to the least 
significant bit position and adding the resulting twenty bit 
quantity to the sixteen bit offset specified in the instruction. 
with this approach memory blocks may be established on any 
sixteen byte boundry but must consist of contiguous memory. 

Limited protection is provided by the fact that the memory 
beyond the current four 64K segments cannot be accessed without 
altering the segment register. No limit checking or segment 
overlap protection is provided by the processor. Further more, 
any program may access the segment registers at any time. 

The ACS 8600 extends the memory management facilities of the 
8086 by supporting write protection, access protection, limit 
checking and non-contiguous memory allocation. The one million 
bytes of main memory are managed as 256 pages of 4K (4,096) 
bytes. Each page is given a relocation value, and thirteen flag 
and control bits. As shown in Figure 4-3 on the next page, 
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Figure 4-3: IlEIIORY ADDRESS GERERA~IOR IN -mE ACS 86 •• 
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this memory relocation and attribute data is stored in a 256 by 
21 bit RAM. This RAM is addressed by the most significant eight 
bits of the address generated by the 8086 cpu. When a memory 
access is made the eight bit relocation value is substituted for 
the eight most significant bits of the address generated by the 
8086 to form a new 20 bit physical address. At the same time the 
twelve attribute bits are examined to test the validity of the 
access. The remaining bit provide status information to the 
operating system software. This bit is a read-only bit that 
indicates that the memory page has had a memory write performed 
upon it since the memory manager was last updated. The operating 
system can use this bit to decide if the associated memory page 
should be written out to disk to update the disk copy. 

In addition to the four types of memory implemented by the 
8086, the ACS 8600 provides identification of four memory users 
-- Operating System, Application, Direct Memory Access (DMA) and 
Expansion. Each page of memory can be protected from access 
(ei ther read or wr i te) through any combina tion of 8086 segment 
registers, from access (either read or write) by each of the four 
memory users and from write access by each of the four memory 
users. For example, the Memory Manager has provisions for write 
protecting each memory page against Operating System Mode memory 
writes thus making the page read only. The same page can be 
marked not to allow any access by an Application Mode program. 
All writes performed through the stack segment register are limit 
checked to detect the presents of impending stack overflow. If 
the page being accessed is marked as a Stack Boundary Segment and 
if a wr i te is perf ormed in the lowest 128 bytes of the 4,096 byte 
block then an overflow is flagged and a non-maskable interrupt is 
generated. 

Finally the memory manager implements the concept of privi­
leged instructions. The purpose of privileged instructions is to 
prevent application programs from altering the system 
environment. The ACS 8600 treats all I/O instructions and inter­
rupt disabling instructions as privileged instructions. By 
definition an application program must run with interrupts 
enabled and must make all I/O access requests through the 4pera­
ting system. Therefore the memory manager will generate a non­
maskable interrupt if it detects the execution of an instruction 
which resets the interrupt enable flip-flop while an application 
program is running. In addition all I/O writes which are not 
performed by the 8086 running in System Mode or by the 8089 are 
inhibited. Any I/O instruction executed by programs run in 
Application Mode is interpreted as a System Call. Programs 
executed by bus masters located on the Expansion bus 'may not 
access I/O ports internal to the ACS 8600 system. The 8086 CPU 
cannot abort an instruction and restore the previous machine 
state, therefore it has difficulty dealing with run-time errors 
such as memory faults, access violations and invalid operations. 
Since there is no way to abort the instruction, the instruction 
is executed and the cpu is then interrupted by the non-maskable 
interrupt. Due to the timing requirements of the 8086, one 
additional instruction will be executed after the instruction 
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that generates the violation before the non-maskable interrupt 
can be processed. However, all I/O accesses other than that 
required to generate a System Call are inhibited as well as all 
memory writes attempted on write protect-ed memory pages. 

Operating System Mode and Application Mode are controlled by 
a flip-flop which is accessed as bit zero of I/O ports 030 hex. 
Setting this bit to a one requests that Application Mode be set 
as soon as interrupts are enabled. If this request is generated 
while the interrupts are enabled, Applica tion Mode is set 
immediately. The intended application is for the operating 
system to request application mode just prior to restoring the 
registers of the application program and. returning to the 
execution of the application. The Application Mode flip-flop is 
reset to Operating System Mode by reset and by the occurrence of 
a System Call, a non-maskable interrupt or an interrupt 
acknowledge. These events indicate that· the application is 
turning control over to the operating system and therefore the 
Application Mode must be cleared. DMA and Expansion Modes are 
set by the bus arbitration logic whenever the bus is turned over 
to another master. The system can be in only one mode a t anyone 
time and the memory manager automaticly changes the attribute 
checking logic to make certain the memory is protected. 

The 256 by 21 bit RAM portion of the memory management 
hardware is accessed through 512 sixteen-bit read-write I/O ports 
while the error and status registers of the memory management 
hardware are accessed through three sixteen-bit read-only I/O 
ports. The 512 I/O ports are the even numbered ports from 0200 
hex through 05FF hex and must be accessed by I/O instructions 
using register indirect addressing (through register DX). The 
memory manager hardware uses I/O port address bits one through 
eight (inclusive) in the same manner as it uses memory address 
bits twelve through nineteen (inclusive). As an example, an I/O 
access to port 0268 hex will read or write the attributes of 
memory page thirty-four hex (memory locations 034000 hex through 
34FFF hex). Table 4-5 on pages 29 through 36 give the 
relationship between main memory pages and the I/O ports of the 
memory manager. The three sta tus ports may be accessed by I/O 
instructions that use either register indirect addressing or 
immediate addressing. Table 4-6 through Table 4-19 on the 
following pages provide detailed information about the function 
of each bi t in each of the memory manager I/O ports. 

Table 4-6 on page 38, descr ibe th e th irteen a ttr ibu te bits 
associated with each memory page. These bits are accessed though 
the even numbered I/O ports from 0200 hex to 03FE hex. Bits 
zero, one, two and four are ignored on a data write. On I/O read 
bit zero will be a one if the system is currently in Application 
(User) Mode. Bit one of ports 0200 hex through 03FE hex can be 
read to determine if the read only memory (ROM) is mapped into 
the memory or disabled. A one in this bit position indicates 
that the ROM is mapped into memory and may be used. Bit four is 
always forced to zero on I/O read. Bit two is ignored on a data 
write and is set to a one if the addressed memory page has had a 
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---------------------------------------------------
BLOCK ADDRESS ATTRIBUTE PHYSICAL ADDR. I 

NUMBER RANGE PORT PORT I -------- ------------- ----------- -'--------------- I 
99 99999-99FFF 9299 9499 
91 91999-91FFF 9292 9492 
92 92999-92FFF 9294 9494 
93 93999-93FFF 9296 9496 

94 94999-94FFF 9298 9498 
9S 9S999-9SFFF 929A 949A 
96 96999-96FFF 929C 949C 
97 97999-97FFF 929E 949E 

98 98999-98FFF 9219 9419 
99 99999-99FFF 9212 9412 
9A 9A999-9AFFF 9214 9414 
9B 9B999-9BFFF 9216 9416 

9C 9C999-9CFFF 9218 9418 
9D 9D999-9DFFF 921A 941A 
9E 9E999-9EFFF 921C 941C 
9F 9F999-9FFFF 921E 941E 

19 19999-19FFF 9229 9429 
11 11999-11FFF 9222 9422 
12 12999-12FFF 9224 9424 
13 13999-13FFF 9226 9426 

14 14999-14FFF 9228 9428 
IS IS999-1SFFF 922A 942A 
16 16999-16FFF 922C 942C 
17 17999-17FFF 922E 942E 

18 18999-18FFF 9239 9439 
19 19999-19FFF 9232 9432 
lA lA999-1AFFF 9234 9434 
IB IB999-1BFFF 9236 9436 

lC lC999-1CFFF 9238 9438 
ID ID999-1DFFF 923A 943A 
IE lE999-1EFFF 923C 943C 
IF IF999-1FFFF 923E 943E 

---------------------------------------------------
Table 4-5: MEIIORY MAllAGER PORTS AND MEIIORY ADDRESSES 
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---------------------------------------------------BLOCK ADDRESS I ATTRIBUTE PHYSICAL ADDR. I 
NUMBER RANGE I PORT PORT -------- ------------- ----------- ----------------2B 2BBBB-2BFFF B24B B44B 

21 21BBB-21FFF B242 B442 
22 22BBB-22FFF B244 B444 
23 23BBB-23FFF B246 B446 

24 24BBB-24FFF B248 B448 
25 25BBB-25FFF B24A B44A 
26 26BBB-26FFF B24C B44C 
27 27BBB-27FFF B24E B44E 

28 28BBB-28FFF B25B B45B 
29 29BBB-29FFF B252 B452 
2A 2ABBB-2AFFF B254 B454 
2B 2BBBB-2BFFF B256 B456 

2C 2CBBB-2CFFF B258 B458 
2D 2DBBB-2DFFF B25A B45A 
2E 2EBBB-2EFFF B25C B45C 
2F 2FBBB-2FFFF B25E B45E 

3B 3BBBB-3BFFF B26B B46B 
31 31BBB-31FFF B262 B462 
32 32BBB-32FFF B264 B464 
33 33BBB-33FFF B266 B466 

34 34BBB-34FFF B268 B468 
35 35BBB-35FFF B26A B46A 
36 36BBB-36FFF B26C B46C 
37 37BBB-37FFF B26E B46E 

I 
38 38BBB-38FFF B27B I B47B 
39 39BBB-39FFF B272 I B472 
3A 3ABBB-3AFFF B274 I B474 
3B 3BBBB-3BFFF B276 I B476 

I 
3C 3CBBB-3CFFF B278 I B478 
3D 3DBBB-3DFFF B27A I B47A 
3E 3EBBB-3EFFF B27C I B47C 
3F 3FBBB-3FFFF B27E I B47E 

---------------------------------------------------
TABLB 4-5: MEIIORY MUAGER PORTS AND MEIIORY ADDRESSES (COft.) 
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---------------------------------------------------
BLOCK ADDRESS ATTRIBUTE PHYSICAL ADDR. 

NUMBER RANGE PORT PORT 
-------- ------------- ----------- -----------~----

40 40000-40FFF 0280 0480 
41 41000-41FFF 0282 0482 
42 42000-42FFF 0284 0484 
43 43000-43FFF 0286 0486 

44 44000-44FFF 0288 0488 
45 45000-45FFF 028A 048A 
46 46000-46FFF 028C 048C 
47 47000-47FFF 028E 048E 

48 48000-48FFF 0290 1!J491!J 
49 4901!J0-49FFF 1!J292 0492 
4A 4A000-4AFFF 1!J294 1!J494 
4B 4B001!J-4BFFF 1!J296 1!J496 

4C 4C001!J-4CFFF 0298 0498 
4D 4D001!J-4DFFF 1!J29A 1!J49A 
4E 4E001!J-4EFFF 1!J29C 1!J49C 
4F 4F001!J-4FFFF 1!J29E 1!J49E 

51!J 50000-51!JFFF 02AO 04AO 
51 51000-51FFF 02A2 1!J4A2 
52 52001!J-52FFF 02A4 1!J4A4 
53 531!J00-53FFF 02A6 1!J4A6 

54 54000-54FFF 1!J2A8 04A8 
55 55000-55FFF 02AA 04AA 
56 561!J1!J0-56FFF 02AC 1!J4AC 
57 57000-57FFF 1!J2AE 1!J4AE 

58 58000-58FFF 02BO 04B0 
59 59000-59FFF 02B2 04B2 
SA 5A000-5AFFF 02B4 1!J4B4 
5B 5B000-5BFFF 02B6 1iJ4B6 

5C 5C01iJ0-5CFFF 02B8 1iJ4B8 
5D 5D001iJ-5DFFF 1iJ2BA 04BA 
5E 5E000-5EFFF 1iJ2BC 1iJ4BC 
SF 5F01iJ1iJ-5FFFF 1iJ2BE 1iJ4BE 

---------------------------------------------------
TABLE 4-5: MEMORY MARAGER PORTS AND MEMORY ADDRESSES (CONT.) 
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---------------------------------------------------
BLOCK I ADDRESS ATTRIBUTE I PHYSICAL ADDR. 

NUMBER I RANGE PORT I PORT 
--------1------------- -----------1----------------

69 69909-69FFF 92C9 I 94C9 
61 61999-61FFF 92C2 I 94C2 
62 62999-62FFF 92C4 I 94C4 
63 63999-63FFF 92C6 I 94C6 

I 
64 64999-64FFF 92CS I 94CS 
65 65999-65FFF 92CA I 94CA 
66 66999-66FFF 92CC I 94CC 
67 67999-67FFF 92CE I 94CE 

I 
6S 6S999-6SFFF 92D9 I 94D9 
69 69999-69FFF 92D2 I 94D2 
6A 6A999-6AFFF 92D4 I 94D4 
6B 6B999-6BFFF 92D6 94D6 

6C 6C999-6CFFF 92DS 94DS 
6D 6D999-6DFFF 92DA 94DA 
6E 6E999-6EFFF 92DC 94DC 
6F 6F999-6FFFF 92DE 94DE 

79 79999-79FFF 92E9 94E9 
71 71999-71FFF 92E2 94E2 
72 72999-72FFF 92E4 94E4 
73 73999-73FFF 92E6 94E6 

74 74999-74FFF 92ES 94ES 
75 75999-75FFF 92EA 94EA 
76 76999-76FFF 92EC 94EC 
77 77999-77FFF 92EE 94EE 

7S 7 S9 99-7 SFFF 92F9 94F9 
79 79999-79FFF 92F2 94F2 
7A 7MHJ0-7AFFF 92F4 rJ4F4 
7B 7B999-7BFFF 92F6 94F6 

7C 7C909-7CFFF 92FS· 94FS 
7D 7D990-7DFFF 02FA 94FA 
7E 7E999-7EFFF 92FC 94FC 
7F 7F909-7FFFF 92FE 94FE 

---------------------------------------------------
TABLE 4-5: MEMORY MANAGER PORTS AND MEIIORY ADDRESSES (CORT.) 
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---------------------------------------------------
BLOCK ADDRESS ATTRIBUTE PHYSICAL ADDR. 

NUMBER RANGE PORT PORT 
-------- ------------- ----------- ----------------

80 80000- 80FFF 0300 0500 
81 81000-81FFF 0302 0502 
82 82000- 82FFF 0304 0504 
83 83000-83FFF 0306 0506 

84 84000-84FFF 0308 0508 
.85 85000- 85FFF 030A 050A 
86 86000-86FFF 030C 050C 
87 87000-87FFF 030E 050E 

88 88000-88FFF 0310 0510 
89 89000-89FFF 0312 0512 
8A 8A000-8AFFF 0314 0514 
8B 8B000-8BFFF 0316 0516 

8C 8C000-8CFFF 0318 0518 
8D 8D000-8DFFF 031A 051A 
8E 8E000-8EFFF 031C 051C 
8F 8F000-8FFFF 031E 051E 

90 90000- 90FFF 0320 052rl1 
91 91000-91FFF 0322 0522 
92 92000-92FFF 0324 0524 
93 93000-93FFF 0326 0526 

g4 94rl1 rlIrlI-94 FFF 0328 0528 
95 950rl10-95FFF 032A 952A 
96 96090-96FFF 932C 952C 
97 979rl19-97FFF 932E 052E 

98 98!HJrlI-98FFF 0330 0530 
99 9909rl1-99FFF 9332 0532 
9A 9ArlIrlIrlI-9AFFF 9334 9534 
9B 9B909-9BFFF 9336 9536 

9C 9C909-9CFFF 0338 9538 
9D 9D099-9DFFF 933A 053A 
9E 9E909-9EFFF 033C 053C 
9F 9F099-9FFFF 933E 053E 

---------------------------------------------------
TABLE 4-5: MEIIORY MARAGER PORTS AND MEIIORY ADDRESSES (COm-.) 
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---------------------------------------------------BLOCK ADDRESS ATTRIBUTE I PHYSICAL ADDR. 
NUMBER RANGE PORT I. PORT -------- ------------- ----------- ----------------

A0 A0000-A0FFF 0340 0540 
Al AI000-AIFFF 0342 0542 
A2 A2000-A2FFF 0344 0544 
A3 A3000-A3FFF 0346 0546 

A4 A4000-A4FFF 0348 0548 
AS A5000-A5FFF 034A 054A 
A6 A6000-A6FFF 034C 054C 
A7 A7000-A7FFF 034E 054E 

A8 A8000-A8FFF 0350 0550 
A9 A9000-A9FFF 0352 0552 
AA AA000-AAFFF 0354 0554 
AB AB000-ABFFF 0356 0556 

AC AC000-ACFFF 0358 0558 
AD AD000-ADFFF 035A 055A 
AE AE000-AEFFF 035C 055C 
AF AF000-AFFFF 035E 055E 

B0 B0000-B0FFF 0360 0560 
Bl BI000-BIFFF 0362 0562 
B2 B2000-B2FFF 0364 0564 
B3 B3000-B3FFF 0366 0566 

B4 B4000-B4FFF 0368 0568 
B5 B5000-B5FFF 036A o 56A 
B6 B6000-B6FFF 036C 056C 
B7 B7000-B7FFF 036E 056E 

B8 B 8000 - B8FFF 0370 0570 
B9 B9000-B9FFF 0372 0572 
BA BA000-BAFFF 0374 0574 
BB BB000-BBFFF 0376 0576 

BC BC000-BCFFF 0378 0578 
BD BD000-BDFFF 037A o 57A 
BE BE000-BEFFF 037C 057C 
BF BF000-BFFFF 037E 057E 

---------------------------------------------------
TABLE 4-5: MERORY MARAGER PORTS AND MEItDRY ADDRESSES (CON~.) 
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---------------------------------------------------
BLOCK 1 ADDRESS 1 ATTRIBUTE 1 PHYSICAL ADDR. 1 

NUMBER 1 RANGE I PORT I PORT 1 
--------1-------------1-----------1----------------1 

C0 C0000-C0FFF 1 0380 0580 
Cl C1000-CIFFF I 0382 0582 
C2 C2000-C2FFF I 0384 0584 
C3 C3000-C3FFF 1 0386 0586 

I 
C4 C4000-C4FFF I 0388 0588 
C5 C5000-C5FFF 038A 058A 
C6 C6000-C6FFF 038C 058C 
C7 C7000-C7FFF 038E 058E 

C8 C8000-C8FFF 0390 0590 
C9 C9000-C9FFF 0392 0592 
CA CA000-CAFFF 0394 0594 
CB CB000-CBFFF 0396 0596 

CC CC000-CCFFF 0398 0598 
CD CD000-CDFFF 039A 059A 
CE CE000-CEFFF 039C 059C 
CF CF000-CFFFF 039E 059E 

D0 D0000-D0FFF 03A0 05A0 
Dl D1000-DIFFF 03A2 05A2 
D2 D2000-D2FFF 03A4 05A4 
D3 D3000-D3FFF 03A6 05A6 

D4 D4000-D4FFF 03A8 05A8 
D5 D5000-D5FFF 0-3M 05AA 
D6 D6000-D6FFF 03AC 05AC 
D7 D7000-D7FFF 03AE 05AE I 

1 
D8 D8000-D8FFF 03B0 05B0 1 

. D9 D9000-D9FFF 03B2 05B2 1 
DA DA000-DAFFF 03B4 05B4 I 
DB DB000-DBFFF 03B6 05B6 1 

1 
DC DC000-DCFFF 03B8 05B8 I 
DD DD000-DDFFF 03BA 05BA 1 
DE DE000-DEFFF 03BC 05BC I 
DF DF000-DFFFF 03BE 05BE I 

---------------------------------------------------
TABLE 4-5: MEIIORY MANAGER PORTS AND MEIIORY ADDRESSES (CONT. ) 
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----------~----------------------------------------
BLOCK ADDRESS I ATTRIBUTE I PHYSICAL ADDR. 

NUMBER RANGE 1 PORT PORT 
-------- -------------1----------- ----------------

E0 . E0000-E0FFF 03C0 0SC0 
El E1000-EIFFF 03C2 0SC2 
E2 E2000-E2FFF 03C4 0SC4 
E3 E3000-E3FFF 03C6 0SC6 

E4 E4000-E4FFF 03C8 0SC8 
ES ES000-ESFFF 03CA 0SCA 
E6 E6000-E6FFF 03CC 0SCC 
E7 E7000-E7FFF 03CE 0SCE 

E8 E8000-E8FFF 03D0 0SD0 
E9 E9999-E9FFF 93D2 0SD2 
EA EA990-EAFFF 93D4 9SD4 
EB EB999-EBFFF 93D6 9SD6 

EC EC999-ECFFF 93D8 9SD8 
ED ED999-EDFFF 93DA 9SDA 
EE EE999-EEFFF 03DC 9SDC 
EF EF999-EFFFF 93DE 9SDE 

F9 F9909-F9FFF 93E9 9SE9 
Fl F1009-FIFFF 03E2 0SE2 
F2 F2909-F2FFF 03E4 9SE4 
F3 F3999-F3FFF 93E6 9SE6 

F4 F4990-F4FFF 93E8 0SE8 
FS FS999-FSFFF . 93EA 9SEA 
F6 F6999-F6FFF 03EC 0SEC 
F7 F7090-F7FFF 93EE 9SEE 

F8 F8999-F8FFF 93F9 9SF9 
F9 F9999-F9FFF 93F2 9SF2 
FA FMHiJliJ-FAFFF ~3F4 0SF4 
FB FB909-FBFFF 93F6 0SF6 

FC FC999-FCFFF 03F8 9SF8 
FD FD999-FDFFF 03FA 9SFA 
FE FE999-FEFFF 03FC 9SFC 
FF FF909-FFFFF 93FE 9SFE 

---------------------------------------------------
TABLE 4-5: MEIlORY MANAGER PORTS AND MEIIORY ADDRESSES (CONT.) 
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memory write performed on it since the attribute port was last 
written. This bit can be useful to software which wishes to save 
back to disk only those memory pages which have been changed. 
Bit three is set by the software to indicate that the addressed 
memory page is the lowest four kilobytes of the application stack 
space. When the hardware detects a memory write to the lowest 
12S bytes of a memory page that is marked as a stack bound 
segment it generates a non-maskable interrupt to warn the 
operating system that the application is about to overflow the 
stack. 

Bits five through eight of I/O ports 9299 hex through 93FE 
hex control the ability of various "processors" to write into the 
addr essed memory page. When bi t five is se t to a one, bu s 
masters which are on the Multibus interface are allowed to write 
into the associated memory page. If bit five is a zero the 
attempt to write is inhibited by the hardware and a non-maskable 
interrupt is generated. Bit six is similar to bit five in that 
it must be set to a one to permit the direct memory access 
controller and I/O processor (S9S9) to write into the indicated 
memory page. If a write is attempted while the bit is zero it 
will be inhibited and a non-maskable interrupt will be generated. 
Bit seven controls the ability of the S986 CPU to write into the 
indicated memory page while running an application program. The 
numeric data processor (S9S7) is always considered to be part of 
the S9S6 running in application mode. Therefore bit seven also 
controls the ability of the S9S7 to write into the indicated 
memory page regardless of the state of the Application (User) 
Mode flip-flop. This bit operates in the same manner as bits 
five and six. Bit eight of I/O ports 9299 hex through 93FE hex 
controls the ability of the S9S6 CPU to write into the indicated 
memory page when Operating System Mode is set and functions in 
the same manner as bits five, six and seven. 

Bits nine, ten and eleven control the ability of the various 
processors to read the selected page of memory in a manner 
similar to bits five six, seven and eight. For example, if bit 
nine is a zero for the selected memory page then a non-maskable 
interrupt will be generated each time a bus master on the 
Multibus interface attempts to read from that memory. The memory 
access is not inhibited as is the case with memory writes. The 
araa6 CPU running in Operating System Mode is allowed read access 
to any page of memory a tall ti mes. 

Bits twelve, thirteen, fourteen and fifteen control the 
ability of the S9S6 CPU to read or write the selected page of 
memory through the various segment registers while running in 
application mode. Here the status bits generated by the S9a6 are 
decoded and compared against these bits to determine if the 
access is allowed. Unless writes are inhibited by bit seven the 
access is made and a non-maskable interrupt is generated if the 
attributes are violated. For example, a non-maskable interrupt 
will be generated if the a9a6 attempted to fetch opcodes from the 
selected memory page and bit fifteen of the associated memory 
manager attribute register is zero. These bits permit the 
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BIT 1 BIT NAME TRUE 1 
=====I===================~================== ======1 

8 1 User Mode (read only) 1 1 
-----1--------------------------------------

1 1 ROM Enable (read only) 1 

2 BLOCK WRITTEN (read only) 1 

3 USER STACK BOUND SEGMENT 1 
===== ====================================== ====== 

4 not used, forced to 8 on read 

5 ALLOW EXP. PROC. WRITE 1 

6 ALLOW DMA - MATH PROC. WRITE 1 

7 ALLOW USER WRITE 1 
===== ====================================== ====== 

8 ALLOW SYSTEM WRITE 1 

-~--- -------------------------------------- ------
9 ALLOW EXP. PROC. ACCESS 1 

18 ALLOW DMA - MATH PROC. ACCESS 1 

11 ALLOW USER ACCESS 1 
===== ====================================== ====== 

12 ALLOW EXTRA DATA ACCESS 1 

13 ALLOW STACK ACCESS 1 

14 ALLOW DATA ACCESS 1 

15 ALLOW CODE ACCESS 1 

Table 4-6: EVEN I/O PORTS 1288 HEX ~ROUGH 13PB HEX 

Specification RevisioD 4.2, May 27, 1982 Page 38 



PRELIJIIIlARY 8611 USER IlAJlUAL SECTION 7. SYSTEM SPECS. 

operating system to define pages of memory as execute-only memory 
or as data memory. 

The function of the memory manager attribute checking logic 
can be disabled for memory initialization purposes by writing 
I3FFFI3 hex into all of the even numbered I/O ports from 9299 hex 
to 93FF hex. This allows all processors and all processor modes 
to read and write any location in memory. The value 9FFF9 hex 
does not define any segment as a stack boundary segment. 

Table 4-7, on the next page, describe the use of the bits in 
the even I/O ports from 9499 hex to 95FF hex. These ports are 
used to set the eight bit relocation value for each page of 
memory. Since only the eight least significant bits are used 
these ports may be accessed as either eight or sixteen bit ports. 
When they are read as sixteen bit ports, the most significant 
eight bits of the por tare undef ined and may take on any value. 
The memory relocation capability can be disabled during memory 
initialization by writing the memory page number into each 
relocation I/O port. For example, writing 934 hex into I/O port 
9468 hex will cause access to logical memory page 34 (93¢999 hex 
through 934FFF) to be relocated to physical memory page 34 
(934900 hex through 934FFF). 

The violation port is the first of the three error reporting 
registers supported by the memory manager and is described in 
Table 4-8 on page 42. This sixteen bit register is read through 
I/O port 90 hex and indicates the reason for the non-maskable 
interrupt. After processing the non-maskable interrupt the 
software should output to or input from I/O port 98 hex to clear 
the violation port. It is the act of accessing port 08 hex that 
clears the violation port, all data transfers with port 08 hex 
are ignored. 

Bit zero of the violation port, port 09 hex, will be a zero 
and a non-maskable interrupt will be generated if the status 
signals generated by the 8086 while it is in application mode 
indicate that interrupts have become disabled. 

Violation port bit one will be set to a zero in the event 
that the memory error correction circuitry detects a memory 
error. In addition, bit two will be set to a zero if the 
detected memory error was an uncorrectable multi-bit memory 
error. Bit three of I/O port 99 hex is set to a zero when the 
memory manager detects a memory write to the lowest 128 bytes of 
a user stack boundary memory segment page. 

Bits four through seven of I/O port 99 hex are set to zero 
when the memory manager detects a violation of the one of the 
four write protection attributes. Bit four is a zero if the 8986 
CPU violates the write protection attribute while in Operating 
System Mode. Bit five is a zero if a processor on the Multibus 
interface has attempted a write on a protected page.> Bit six is 
a zero if the write violation was attempted by the 8989 (DMA­
I/O Processor). And bit seven is a zero if the 8986 while 
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BIT BIT NAME TRUE 1 
===== ====================================== ======1 

9 PHYSICAL ADDRESS 12 1 I 
----- ----------.---------------------------- ------1 

1 PHYSICAL ADDRESS 13 1 I 

2 PHYSICAL ADDRESS 14 1 

3 PHYSICAL ADDRESS 15 1 
===== ====================================== ====== 

4 PHYSICAL ADDRESS 16 1 

5 PHYSICAL ADDRESS 17 1 

6 I PHYSICAL ADDRESS 18 1 
-----1-------------------------------------- ------

7 1 PHYSICAL ADDRESS 19 1 
=====1====================================== ====== 

8 1 not used, undefined 
-----I---------------~---------------------- ------

9 1 not used, undefined 
-----1-------------------------------------- ------19 1 not used, undef ined I 
-----1--------------------------------------1------

11 1 not used, undefined I 
=====1======================================1====== 

12 I not used, undef ined 1 
-----I-----------------------~--------------I------

13 1 not used, undefined 1 

-----1--------------------------------------1------
14 1 not used, undef ined 1 

-----1--------------------------------------1------
15 1 not used, undefined 1 

Table 4-7: EVEN I/O PORTS 1499 HEX 'l'BROOGH 15FF HEX 

Specification Revision 4.2, Hay 27, 1982 Page 41 



PRBLIIIIlIARY 8611 OSER IIAIIOAL SBCfIOR 7. SYSTEII SPECS. 

running in application mode or the 8B87 (Numeric Data Processor) 
have attempted to violate the memory write protection attribute. 

Bit eight of the violation port is set to a zero when there 
has been no bus activity for approximately ten microseconds. 
This condition can occur if an I/O access is made to a 
nonexistent port and no ready is generated back to the 8B86 cpu. 
If a time out occures a ready is generated to allow the processor 
to continue running and violation port bit eight is set to a zero 
to cause a non-maskable interrupt. 

Bits nine through fifteen are set to zero in the event the 
memory manager detects var ious processor or memory type access 
violations. Bits nine through eleven are processor dependent 
while bits eleven through fifteen are memory type dependent. For 
example, bit ten will be set to zero if the 8B89 (DMA - I/O 
processor) attempts to access memory it is not supposed to access 
(bi t ten of the a ttr ibute register for the selected memory page -
ports B2BB hex through B3FE hex not set to a one). And bit 
fourteen of I/O port BB hex is set to zero if a memory access was 
attempted on a memory page which has attributes that do not allow 
data access and the data segment register of the 8B86 cpu was 
used while the 8B86 cpu is in application mode. 

Tables 4-9 and 4-IB, on the next two pages detail the signi­
ficance of the bits in the two I/O ports used to report the 
address involved in the bus cycle which generated the non­
maskable interrupt. The specific error is reported through the 
viola ti on por t descr ibed above. I/O por t BI B hex contains the 
least significant sixteen bits of the last address strobed onto 
the CPU address bus pr ior to a condition which generated a non­
maskable interrupt. I/O port Bl8 hex contains the most 
significant four bits of the error address in bits twelve through 
fifteen. Bits zero through five of I/O port Bl8 hex contain the 
syndrome bits generated by the memory error correction circuitry. 
The type of memory error is reported on bits six and seven of I/O 
port Bl8 hex and is a duplicate of the information reported on 
bits one and two of the violation port (I/O port BB hex). Bit 
eight indicates the current state of the Application (User) Mode 
circuitry and is a duplicate of bit zero of ports B2BB hex 
through B3FE hex. Bit nine is a one when ever the read only 
memory (ROM) is enabled. Bit ten is forced to a zero at all 
times. And bit eleven reflects the state of the warm start 
latch. The functioning of the warm start latch is described as 
part of I/O por t B3 B hex (see page 45). 

Normally the violation port will show only one error and the 
error address ports will contain the address at which the error 
occurred. However, the error address ports are simple registers 
that contain the address generated by the current bus master and 
are updated on each address latch enable generated by the bus 
controller supporting the current bus master. The updating 
process is stopped when an error is detected. The corresponding 
bit of the violation port is set to indicate the error and a non­
maskable interrupt is generated. If another error should occur 
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---------------------------------------------------BIT 1 BIT NAME 1 TRUE 1 
=====1======================================1======1 

9 1 INVALID OP- 1 9 1 
-----I~-------------------------------------I------I 

1 1 LATCHED MEMORY ERROR 1 9 1 

-----/--------------------------------------/------1 
2 / LATCHED MULTI-BIT MEMORY ERROR / 9 / 

-----/--------------------------------------1------1 
3 1 END OF STACK- / 9 / 

=====/======================================1======1 
4 SYSTEM WRITE VIOLATION- / 9 1 

----- --------------------------------------1------1 
5 EXP. PROC. WRITE VIOLATION- 1 9 / 

----- --------------------------------------/------/ 
6 DMA PROC. WRITE VIOLATION- 1 9 / 

----- --------------------------------------/------/ 
7 USER WRITE VIOLATION- 1 9 / 

===== ======================================1======1 
8 LATCHED BUS ACCESS TIME OUT ERROR- / 9 I 

----- -------------------------------------- ------J 
9 EXP. PROC. ACCESS VIOLATION- 9 / 

----- -------------------------------------- ------1 
19 DMA PROC. ACCESS VIOLATION- 9 / 

----- -------------------------------------- ------/ 
II' USER ACCESS VIOLATION- 9 1 

===== ====================================== ======/ 
12 EXTRA DATA ACCESS VIOLATION- 9 1 

----- -------------------------------------- ------/ 
13 STACK ACCESS VIOLATION- 9 / 

----- -------------------------------------- ------/ 
14 DATA ACCESS VIOLATION- 9 1 

----- -------------------------------------- ------1 
15 CODE ACCESS VIOLATION- 9 / 

Table 4-8: READ FROII I/O PORT 89 HEX - VIOLATION PORT 
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BIT BIT NAME TRUE 
===== ====================================== ====== 

MEMORY ERROR ADDRESS S 1 

1 MEMORY ERROR ADDRESS 1 1 

2 MEMORY ERROR ADDRESS 2 1 

3 MEMORY ERROR ADDRESS 3 1 
---------- ====================================== ====== 

4 MEMORY ERROR ADDRESS 4 1 

5 MEMORY ERROR ADDRESS 5 1 

6 MEMORY ERROR ADDRESS 6 1 

7 MEMORY ERROR ADDRESS 7 1 
===== ====================================== ====== 

8 MEMORY ERROR ADDRESS 8 1 

9 MEMORY ERROR ADDRESS 9 1 

IS MEMORY ERROR ADDRESS IS 1 

11 MEMORY ERROR ADDRESS 11 1 
===== ====================================== ====== 

1 12 MEMORY ERROR ADDRESS 12 1 
1----- -------------------------------------- ------
1 13 MEMORY ERROR ADDRESS 13 1 
1----- -------------------------------------- ------
1 14 MEMORY ERROR ADDRESS 14 1 
1----- -------------------------------------- ------
1 15 MEMORY ERROR ADDRESS 15 1 

Table 4-9: READ PORII I/O PORT 110 HEX - ERROR ADDRESS 1 

Specification Revision 4.2, Ray 27, 1982 Page 43 



PllBLIIIDIARY 86 •• OSER IIAIIOAL S~IO. 7. SYS'lBIl SPSCS". 

BIT / BIT NAME TRUE / 
=====/====================================== ======/ 

8 / SYNDROME BIT 8 1 / 
------/ 

1 SYNDROME BIT 1 1 / 

2 SYNDROME BIT 2 1 

3 SYNDROME BIT 3 1 
===== ====================================== ====== 

4 SYNDROME BIT 4 1 

5 SYNDROME BIT 5 1 

6 MEMORY ERROR- 8 

7 MULTI-BIT MEMORY ERROR- 8 
===== ======================================/====== 

8 APPLICATION (USER) MODE / 1 

--------------------------------------1------9 ROM ENABLE / 1 

--------------------------------------1------18 not used, forced to 8 / 
--------------------------------------1------

11 WARM START FLAG (8=COLD, I=WARM) / 1 
==-== ======================================/====== 

12 MEMORY ERROR ADDRESS 16 / 1 

--------------------------------------/------13 MEMORY ERROR ADDRESS 17 1 
----------------~---------------------I~-----14 MEMORY ERROR ADDRESS 18 / 1 

--------------------------------------1------15 MEMORY ERROR ADDRESS 19 / 1 

Table 4-18: READ PROII I/O PORT .18 BEX - ERROR ADDRESS 2 
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before the updating process can be restarted by the clearing of 
the violation port by the non-maskable interrupt routine, the 
address of the second er r or w ill be lost and the viola tion por t 
will show that multiple errors have occurred. The most likely 
cases for multiple errors are catastrophic memory failure 
yielding a memory error on every access and bus masters other 
than the 8986 CPU (the 8987, 8989 or Mul tibus expansion master) 
which make access that generate multiple errors before turning 
the bus back over to the 8986 CPU. It should be noted that since 
bus masters on the Multibus expansion do not generate address 
latch enable pulses, the address of violations caused by 
expansion bus masters will not be captured. 

Port 939 hex is a write only port used to control three 
special latches in the ACS 8699. Bit zero is used to access the 
Application (User) Mode circuitry. Setting this bit to a one 
requests that Application Mode be set as soon as interrupts are 
enabled. If interrupts are enabled when this request is 
generated, Application Mode is set immediately. The intended ap­
plication is for the operating system to request application mode 
just prior to returning to the execution of an application 
program. The Application Mode flip-flop is reset to Operating 
System Mode by a reset, a System Call, a non-maskable interrupt 
or an interrupt acknowledge. These events indicate that control 
is being turned over to the operating system and therefore the 
Application Mode must be cleared. Bit one is used to access the 
read only memory (ROM) enable latch. When this bit is set the 
ROM is mapped over the top most 8K (8,192) bytes of memory (from 
"FE"9" hex to "FFFFF hex). Writing a zero into bit one of port 
939 hex will cause the ROM to be inaccessible. Any random access 
memory (RAM) in the address range of "FE99" hex to 9FFFFF hex 
will be accessed in place of the ROM. Bit eight is used to 
access the warm start latch. This latch is reset by power-on 
reset and not by the front panel reset. This allows the ROM 
software to distinguish between power-on reset and manual reset. 
At power-on the error correction memory must be initialized but 
at manual reset no memory initialization is performed so that 
error recovery memory dumps can be taken. Bit eight may be 
written to a zero before jumping to the start of the ROM to force 
a software controlled reinitialization of main memory. 
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BIT I BIT NAME TRUE 
===== ====================================== ====== 

S APPLICATION (USER) MODE - WRITE ONLY 1 

1 ROM ENABLE - WRITE ONLY 1 

2 (not used - ignored) 

3 (not used - ignored) 
---------- ====================================== ====== 

4 (not used - ignored) 

5 (not used - ignored) 
----- ------------------------~------------- ------

6 (not used - ignored) 
----- -------------------------------------- ------

7 (not used - ignored) 
===== ====================================== ====== 

8 WARM START FLAG - WRITE ONLY 1 

9 (not used - ignored) 

IS (not used - ignored) 

11 (not used - ignored) 
===== ====================================== ====== 

12 (not used - ignored) 

13 (not used - ignored) 

14 (not used - ignored) 

15 (not used - ignored) 

Table 4-11: WRITE 'l'O I/O PORT 13S HEX - SPECIAL LATCHES 
write only -- see ports 18 and 2SS through 3FE for reading_ 
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4.3.4. Expansion Memory 

The expansion memory is a daughter board that can be 
connected to the ACS 86~~ CPU board to provide up to 512 
kilobytes of additional memory. The logic diagrams for the 
memory expansion board are shown on sheets one and two of the 
Expansion Memory Board schematic. The memory is implemented with 
64K dynamic random access memory (RAM) devices. This daughter 
board contains 88 dynamic memory devices organized as four banks 
of 22 devices. This provides a sixteen bit word with six check 
bits for error correction and detection. All timing, address and 
data signals are generated on the CPU board and passed to the 
daughter board where four buffer-driver devices drive the 
expansio·n memory array. Error detection and correction is 
performed on the CPU board. 

4.3.5. Boot Memory 

The ACS 86~~ system contains eight kilobytes of read only 
memory primarily intended for bootstrapping purposes. This 
memory is currently implemented with two 2732 type erasable 
programmable read only memory (EPROM) devices. However the hard­
ware can be strapped to accommodate 2716 type devices if less 
read-only memory is required. The circuitry involved is depicted 
on sheets nine and ten of the ACS 86~~ CPU Board schematic. This 
memory overlays the upper most eight kilobytes of the one mega­
byte RAM memory space when 2732 type devices are used. When 2716 
type devices are used the upper most four kilobytes of RAM are 
overlayed. This read-only memory can be switched out of the 
memory space to permit access~o a full megabyte of RAM. The 
presents or absence of the read-only memory in the system memory 
space is controlled by bit one of I/O port 3~ hex which was 
described on page 45. It is planned for the boot memory to 
contain the following modules of code which are listed in 
priority order: 

1. Initial program loader 
2. Configuration control table and serial number 
3. Limited diagnostics 
4. Primitive driver for all serial channels 
5. Primitive driver for flexible diskette drive 
6. Primitive driver for rigid disk drive 
7. Primitive driver for magnetic tape drive 

The initial program loader (IPL) will first initialize the 
memory and I/O ports to meet the requirements of the primitive 
dr i ver s contained in the EPROM. After har dwar e ini ti al iza tion 
the program loader will interrogate the configuration control 
table and system strapping port ~51 hex to determine the baud 
rate and address of the master console. The EPROM will then run 
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limited power on diagnostic and report the results to the master 
console. Next the IPL will re-examine port 951 hex and the 
configuration control table to determine which mass storage 
device is the primary bootstrap device. It will then load the 
bootstrapping routine from the indicated device into memory and 
start executing that routine. The bootstrapping routine will 
permit the selective execution of additional diagnostic tests 
which are stored one of the mass storage devices before loading 
and starting the operating system. 

The configuration control table reserves space for the 
customer to program a unique system serial number that will 
permit software to be "locked" to a specific system in addition 
to configuration information. 

BIT 1 BIT NAME TRUE 
=====1====================================== ====== 

9 1 

-----I----------------------------~--------- ------
1 

-----J-------------------------------------- ------
2 

-----1-------------------------------------- ------
3 1 

=====1====================================== ====== 
4 1 

-----1-------------------------------------- ------
5 

-----1-------------------------------------- ------
6 

-----I------------------------~------------- ------
7 1 ENABLE RAM BASED ROM TESTING 

Table 4-12: I/O PORT 851 HEX - SYSTEM STRAPPING 
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4.4. Flexible Diskette Controller 

The flexible diskette controller is implemented with a large 
scale integrated (LSI) device and random TTL logic. The 
controller block diagram is shown in Figure 3-4 (see Section 3.4, 
page 10) and the logic diagram for the controller is found on 
sheet eleven of the ACS 8600 CPU Board schematic while the logic 
diagram for the data separator and phase locked loop is found on 
sheet twelve. The flexible diskette controller can support up to 
four eight-inch flexible diskette drives operating in either 
single density or double density recording mode. 

Drive selection is performed through I/O port 053 hex. The 
drive select logic is shown on sheet nine of the ACS 8609 CPU 
Board schematic. To select one of the four drives, the 
corresponding bit of port 053 hex is set to a zero. For example, 
setting bit zero of port 953 hex to a zero will select drive 
zero. This data is summarized in Table 4-13 on page 50. At 
power on the hardware guarantees that no drives are selected. 
After the boot memory has completed I/O port initialization, 
drive zero will be selected. 

Double density operation is controlled by bit two of I/O 
port 055 hex (see Table 4-23, page 63). When bit two is a one 
the controller operates in double density mode. And when bit two 
of I/O port 055 hex is a zero the controller operates in single 
density mode. Double density mode is the default mode at power 
on and after I/O port initialization. 

Bit three of I/O port 055 hex (see Table 4-23, page 63) is 
provided to permit the software to selectively reset the flexible 
diskette controller. The controller is held reset when ever bit 
three is a one. This bit is a one at power on and set to zero 
during I/O port initializatio~ 

The flexible diskette controller device is assigned to I/O 
ports 941, 943, 045 and 947 hex. These ports can only be 
accessed as eight bit ports. Port 941 hex is the status port for 
the controller. The significances of the various bits of this 
port is detailed in Table 4-14 on page 59. Port 043 hex is the 
flexible diskette controller track register. The sector register 
of the controller is accessed through port 045. And the data 
port of the controller is accessed through port 947 hex. For 
details on the programming of the LSI flexible diskette 
controller used refer to Western Digital documentation on the 
1797 Floppy Disk Formatter / Controller. One suitable document 
is the applica tion gui de en titled k':,o 1.2U=.1.1. k':~.QR2X Di.&.k. 
formatter L Controller family. 

To facilitate the transfer of data to and from the flexible 
diskette, a direct memory access (DMA) capability is provided by 
the 8089 I/O Processor and DMA Controller. Channel two of this 
two channel processor may be used for DMA transfers through the 
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BIT / BIT NAME / TRUE / 
===== ======================================/======/ 

o FLOPPY DRIVE 0 SELECT- / 0 / 
----- --------------------~-----------------I------I 

1 FLOPPY DRIVE 1 SELECT- / 0 
----- --------------------------------------1------1 

2 FLOPPY DRIVE 2 SELECT- / 0 
----- --------------------------------------1------1 

3 FLOPPY DRIVE 3 SELECT- / 0 / 
===== ======================================/======/ 

4 INHIBIT NMI / 1 / 
----- --------------------------------------1------1 

5 (not used) / I 
----- --------------------------------------/------/ 

6 / (not used) / / 

-----1--------------------------------------/------/ 
7 / (not used) / / 

Table 4-13: I/O PORT 153 IIEX - FLOPPY DRIVE SELECT 

BIT BIT NAME / TRUE 
===== ======================================1====== 

o BUSY / 1 
----- --------------------------------------1------

1 INDEX (SEEK), DMA REQ. (READ / WRITE) 1 1 
----- --------------~-----------------------I------

2 TRK 0 (SEEK), LOST DATA (RD I WRT) I 1 
----- --------------------------------------1------

3 CRC ERROR / 1 
===== ======================================1====== 

4 SEEK ERR. (SEEK), REC. NOT FND. (R/W) 1 1 
----- --------------------------------------1------

5 1 HD LOADED (S), REC. TYP. (R), W FLT. 1 1 
-----1--------------------------------------1------

6 1 DISKETTE IS WRITE PROTECTED 1 1 
-----1--------------------------------------1------

7 1 NOT READY 1 1 

Table 4-14: I/O PORT 841 HEX - FLOPPY DISK STATUS 
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flexible diskette controller. The channel attention of channel 2 
is I/O address B39 hex. Channel 2 is also used for DMA transfers 
with either the magnetic tape controller or the high speed serial 
channel. A multiplexer is used to select the desired DMA request 
line before performing the data transfer. This multiplexer is 
controlled by bits four and five in I/O port B55 hex (see Tables 
4-23 and 4-24, page 63). Bits four and five of port B55 hex must 
both be set to zero to allow the flexible diskette controller DMA 
request to reach the SBS9. These bits must be set before the 
transfer begins. Table 4-24 on page 63 summarizes the other 
states of these bits. For further details on the programming and 
use of the SB S-9, consult n.e .8..I.I..i bmil.% User's lIangal published 
by Intel (document number 9SBB722-B3).-

Bit four of I/O port 53 hex provides a hardware mask for the 
non-maskable interrupt. When bit four is set to a one, all non­
maskable interrupts are disabled and therefore no violation or 
error reporting can occur. This bit is intended for the 
exclusive use of the I/O port initialization software contained 
in the read-only memory. At power-on this bi t is set to a one so 
that no non-maskable interrupts will occur before the vector 
table in low memory is built. After system initialization is 
complete this bit is set to a zero to permit full error 
reporting. This bit should never be set to a one by any 
operating system software or any application software. 
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4.5. Rigid Disk Controllers and Interface 

The ACS 8699 system provides a generalized parallel 
interface to a family of rigid disk controller boards that mount 
directly to the CPU board. This interface can support rigid disk 
controllers with eight bit data paths. This type of rigid disks 
controller and interface provides a future g~owth path that 
permits the support of five inch Winchester disks as well as 
other disk drive technologies. The current members of the family 
of daughter boards provide controllers for both eight inch and 
five inch Winchester type rigid disks. The logic diagram for the 
rigid disk controller interface is found on sheet fourteen of the 
ACS 8699 CPU Board schematic. A complete copy of the D8BB 
INrORMAIION: EIGHT INCH SOrT SECTORED DRIVES AID %DB ALTOS 
CONTROLLER is contained in Appendix A of this specification. 

Some of the rigid disk controller boards require a signal 
that indicates that the disk transfer has been co~pleted and that 
control is changing from the DMA controller to the CPU. Bit one 
in I/O port 955 hex provides software control over this signal. 
Current rigid disk controllers look for a zero-to-one transition 
on this bit to signal the end of the disk transfer. The rigid 
disk driver should set bit one of I/O port 955 hex to a zero and 
then back to a one at the end of each data transfer to or from 
the rigid disk. 

The ACS 8699 System will be offered with one of the rigid 
disk drives listed below. 

Model Number Disks Heads Cylinders Total Capacity 

Shugart 
SA1994 2 4 256 19 

Quantum 
Q29HJ 1 2 512 19 
Q2929 2 4 512 29 
Q2939 3 6 512 39 
Q2949 4 8 512 49 

Table 4-15: RIGID DISK DRIVES SUPPORTED ON ACS 8699 

Aside from capacity, there are two significant differences 
between these drives: the Quantum drives have twice the number of 
cylinders that the Shugart drives have and the Quantum drives 
have a REZERO capability that is neither provided for nor needed 
on the Shugart drives. 

On the controller there is a jumper at Sl that needs to be 
set to coincide with the type of hard disk in the system. This 
must be set to S for the Shugart drives and to Q for the Quantum 
drives. This jumper sets the cylinder number at which write 
precompensation takes place (at cylinder 128 for the Shugart 
drives and 256 for the Quantum). 
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Da ta is stor ed on the di s ks in bloc ks or sector s of ei ther 
256 or 512 bytes (not programmable) identified by cylinder, head 
and sector number s. The addr ess for each sector is wr it ten 
previously (by a FORMAT command) the beginning of the data field. 
When reading from or writing to the disk, this address is read 
and verified before the data field is read or written. A correct 
match must be found for the address and its check bytes before 
the sector can be wr itten or read. 

The general procedure to read or write data is to first 
position the heads over the desired cylinder via a SEEK command, 
load the head and sector numbers into the appropr iate por ts and 
finally issue a READ or WRITE command. When the correct sector is 
found, the data is transferred between disk and system memory 
under control of the 8089 DMA controller by way of a FIFO buffer. 

The controller is addressed by way of four I/O ports -- 020, 
o 22, 0 24 and 0 26 hex. Th e follow in g ta b 1 e sum mar i z est he po r t 
usage. 

Port I Read I Write 
-----1--------------1----------------------------------
020H I X I Drive and head numbers 
022H I Da ta I Old cylinder number (in two 

I I bytes), sector number and data 
024H I X I New cylinder number (in two 

I I bytes) 
026H I Status I Commands 

Table 4-16: RIGID DISK CONTROLLER PORT OSAGE 

Port 026 hex is the command port when writing and the status 
port when reading. There are seven commands that may properly be 
issued: 

RESET - initializes the controller circuit. A reset is done 
automatically at power on and is not normally required 
thereafter. 

RECAL - commands the heads to be positioned over track zero. 
This must be done for each drive following power on 
before any disk access is attempted and thereafter as 
part of the error recovery routine. A recal requires 
about ISms (Quantum) to 18ms (Shugart) per cylinder for 
a maximum time of about 8 seconds for the Quantum 
drives and about 4 seconds for the Shugart drives. 

SEEK - causes the heads to move from the programmed "old 
cylinder" to the programmed "new cylinder". 

Specification Revision 4.2, Ray 27, 1982 Page 53 



PRELI.DlARY 8611 USER IIAIIOAL S~IOR 7. SYSUII SPECS. 

READ WITH HEADER - is the command to read the addressed 
sector off of the disk, transferring the three byte 
header followed by the data sector. There are also two 
bytes of CRC that follow the data may be optionally 
transferred. This command is useful for validating 
operation of the disk controller. 

READ WITHOUT HEADER - is the command to read the addressed 
sector off of the disk. Only the da ta from the sector 
is transferred, the three byte header is striped off by 
the controller. 

WRITE - is the command to write to the addressed sector on 
the disk. 

FORMAT - is the command to format an entire track. This 
consists of writing out the address or header for each 
sector on the specified (by cylinder and head) track. 

REZERO - This command applies only to the Quantum Drive and 
causes the drive to do an internal recalibration of the 
head positioning circuitry. This takes about 2 seconds 
to complete. 

Bit number 7 6 5 4 3 2 1 9 I Hex 
---------------1--------------------------1-----NULL 9 9 9 9 9 9 9 9 99 
READ W/HEADER 9 9 9 9 9 9 9 1 91 
READ WO/HEADER 9 9 9 9 1 9 9 1 99 
WRITE 9 9 9 9 9 9 1 9 92 
FORMAT 9 9 9 9 9 1 9 9 94 
SEEK 9 9 9 1 9 9 9 9 19 
RECAL 9 9 1 9 9 9 9 9 29 
REZERO* 9 1 9 9 9 9 9 9 49 
RESET 1 9 9 9 9 9 9 9 89 

Table 4-17: RIGID DISK CORTROLLER COIlllARDS (Port 126 hex) 

No more than one command may be issued at one time. The 
controller will issue an interrupt on completion of all the 
commands except NULL and RESET. Following this interrupt, the 
status port must be read to clear the status register and permit 
subsequent interrupts. If more than one command is outstanding (a 
second issued before the first interrupts back), both commands 
will be aborted. The status register reports on the status of 
the drive and controller. The meaning of the various bits are 
detailed on the next page and in table 4-18 on page 56. 
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READY - indicates that the selected drive is powered and up 
to speed. No operation will take place until a drive is 
selected and ready is true. Normally being READY 
indicates that the drive is ready to be read from or 
written to but a special case exists with the Shugart 
drives: upon being powered on these drives require a 
two minute stabilization time before they should be 
read from or written to. Unfortunately, READY will go 
true before these two minutes are up (in about five 
seconds) and does not allow for this warm-up time. 

WRITE FAULT - indicates a disk error during writing. To 
clear a write fault, the selected drive must be de­
selected then reselected. 

CRC ERROR - indicates that either the header or data field 
read off the disk was in error. If the operation was a 
write, the error was incurred in reading the header and 
the sector was not written. If the operation was a 
read, then the error could have occurred in either the 
header or data field. If it occurred in the header, 
the operation was aborted and the data field was not 
read. If it occurred in the data field, the data was 
already transferred before the error was detected. 

RECORD NOT FOUND - indicates that during a read or write 
operation the specified header was not found in four 
revolutions of the disk. This may be caused by a seek 
error or incorrectly specified head or sector. RNF 
during a read may also indicate that the data sync 
field (zeros, nAl n or nFa n) was not found even after 
the header was located. This is most likely caused by 
trying to read a sector after it has been formatted, 
but before it was written. 

BAD SECTOR - indicates that the sector to be read or written 
was previously specified as a bad sector. A sector is 
flagged as bad during formatting with a one at bit 3 of 
the header byte. Good sectors have a 0 in this bit 
position. 

TASK COMPLETE - indicates that the requested command has 
been carried out or aborted. Analysis of the status 
byte will determine whether the operation was aborted. 

BUSY - indicates that the controller is in the process of 
carrying out an operation. This signal will be a ~ at 
the completion of an opera tion. 
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Bit I mnemonic I Meaning 
-----1--------------1----------------------------

7 
6 
5 
4 
3 
2 
I 
~ 

RDY 
WR FLT 
(none) 

CRC ERR 
RNF 
BD SECT 
TC 
BUSY 

Selected drive is ready 
Write fault (from drive) 

CRC error encountered 
Record not found 
Bad sector encountered 
Task complete 
Busy 

Table 4-18: RIGID DISK CONTROLLER STA~S REG. (Port 026 hex) 

Port ~24 hex is used to specify the new cylinder number. 
This is entered in two consecutive bytes, the low order eight 
bits first then the high order three bits. The following table 
detailes the bit assignment in the port. 

I Bits of Port ~24 hex 
Cylinder bytes: I 7 6 5 4 3 2 1 ~ 

--------------------1--------------------------------
Least significant 1 7 6 5 4 3 2 I ~ 
Most significant 1 X X X X X A 9 8 

Table 4-19: RIGID DISK CONTROLLER CYL. AnDR. (Port 024 hex) 

Port ~22 hex has multiple functions. Before doing a SEEK 
the old cylinder is entered into this port (in the same manner as 
the new cylinder). Before doing a READ or WRITE the sector 
number is entered into this port, and when data is being 
transferred between disk and memory it is done through this port. 
Care should be exercised to insure that the qorrect data is 
present in port ~22 hex before issuing any commands. 
Specifically this port should contain the old cylinder number 
before issuing a SEEK command and the sector number before 
issuing a READ or WRITE command. 

Port ~29 hex is used to select the drive and head to be 
used. The heads are selectable in a binary sequence (limited by 
the number of heads on the dr ive). Only one of the dr ives should 
be selected at any time. The table on the next page gives the 
details of the bit assignments for this port. 
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Bit 1 Name 1 Function 
-----1--------------1----------------------

7 1 HS3 1 Head select bit 3 
6 1 HS2 1 Head select bit 2 
5 1 HSI 1 Head select bit I 
4 1 HS0 1 Head select bit 0 
3 1 1 (none) 
2 1 1 (none) 
I 1 DS2 1 Dr ive select 2 
o 1 DSI 1 Drive select I 

Table 4-21: RIGID DISI.{ CONTROLLER DRV/SD REG. (Port 021 hex) 

Since these drives are soft-sectored, an entire track must 
be forma tted to keep the proper tim ing r ela tionship among the 
sectors. Formatting of a track destroys any data on the track, . 
so if the header for a sector ever needs to be changed (such as 
marking a sector as a BAD SECTOR) all the data on that track must 
be backed off of the disk before formatting. After the track has 
been formatted the data may be restored. 

The formatting procedure is as follows: first the heads 
must be positioned to the desired cylinder using the SEEK 
command. Then a header image consisting of four bytes ( an "0FE 
hex", cylinder number, head number, and sector number) must be 
placed in memory and written out to the disk by the 8089 DMA 
controller as each sector arrives under the head during one 
rotation of the disk. The cylinder number in the header must 
agree with the cylinder that the heads are on and the head number 
must agree wi th the selected head. However, the sector number 
can be any unique number between 0 and 255. This permits the 
staggering the sectors if required. The 8089 DMA controller must 
be programmed for a four byte continuous transfer in bus locked 
mode. 

Byte name 1 Descr iption 
----------------I---------------------------------~------Sync byte 1 "0FE hex" 
Cylinder byte 1 Low order bits (7-0) of the cylinder 

1 number 
Head byte 1 Head bits (3-0) in the top four bits, 

1 a bad sector flag at bit 3, and high 
1 order cylinder bits (A-8) at the 
1 bottom three bits 

Sector byte 1 Sector number in hex 

Table 4-21: RIGID DISI.{ CONTROLLER -- DEADER IMAGE 
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To write the header, the FORMAT command must be issued. 
When that header has been written out, an interrupt is generated. 
The·n the header image must be upda ted to the next sector number 
(only the sector numbers change down the track) and a new FORMAT 
command issued before the next sector arrives at the head (464 
microseconds for a 256 byte sector). The program must issue one 
FORMAT command for each sector on the track. It is the 
responsibility of the program to issue the correct number of 
FORMAT commands. The controller will generate an interrupt after 
accepting the header image da ta for each sector. When the 
program stops issuing FORMAT commands, the controller will 
automatically start writing a gap pattern from the end of the 
last sector to the physical index mark and will issue another 
interrupt when the index is detected. It is the responsibility 
of the program to read the status register and expect the 
additional interrupt at the end of each track. This can best be 
done by issuing a NULL command after the interrupt from the last 
FORMAT command has been received. This process must be repeated 
on each track and each cylinder to format the entire disk. 

Two sector sizes are provided for: 256 bytes and 512 bytes. 
One track will accommodate 31 sectors at 256 bytes and 17 at 512. 
The sector size is determined by jumpers on the controller at S2. 
Two jumper s ar e used and both must be in ei ther the 256 or the 
512 position. 

At the time of formatting, the controller fills in every 
byte of the data field with n04E hexn. Following the formatting 
of a track, any attempt to read a sector on that track that has 
not been specifically written to will result in a record not 
found (RNF) as the sync bytes will be missing for these sector s. 
Each sector must subsequently be written to with some other data 
(i.e, n0E5 hex" to initialize the sector for CP/M, or MP/M). Any 
data stored on a track gets destroyed when that track is 
formatted. 

The sequence of sectors on a track is under control of the 
formatting program. Physically adjacent sectors may be used if 
desired. It has been determined that a program can be generated 
for the 8089 which can transfer consecutive sectors on a single 
track. The memory control circuitry will maintain memory refresh 
during the data transfers performed by the 8089 DMA controller. 
The main disadvantage of long mul tisector transfers is that the 
8086 is locked out due to the need to lock the bus to the 8089 
dur ing the data transfer to suppor t the da ta transfer rate. 

The soft sectoring of the drive precludes the ability to 
'perform a specific READ ID command. This is because the location 
of the sector on a track is unknown. When READING or WRITING, a 
sector is located by reading all the headers encountered along 
the track until the correct one is found. In performing a READ 
WITH HEADER, when the correct header is found, the header bytes 
are read off the disk and transferred into memory. A dia"gnostic 
can used to verify that the data read was from the specified 
sector. The READ WITHOUT HEADER command is provided to for 
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normal disk reads performed by the operating system so that 
multiple sector reads may be performed directly into the final 
memory locations. 

WARNING: Upon being powered on, the Shugart drive requires a 
tWG minute stabilization time before reading or 
writing. The READY signal from the drive will go true 
about five seconds after power-on, it is up to the disk 
driver software to wait these two minutes. 

Once the drive has been properly initialized following power 
on by selecting and issuing a RECAL command to the drive, a seek 
can be performed. To seek a specific cylinder, the current 
cylinder must be loaded into the old cylinder address register 
port (Port 022 hex -- following a RECAL the current cylinder 
would be 000 hex), the desired new cylinder address must be 
loaded into port 024 hex, and a SEEK command must be issued. An 
interrupt will occur when the head has arrived at the new 
cylinder and settled down (i.e. no additional head settle time is 
required) • 

To write or read a sector, the sector must first be found. 
The controller does this by reading and comparing the header 
images (which are written on the disk during formatting) as they 
pass under the head to the da ta stor ed in por ts 020 hex-024 hex 
(020 hex has the head number, 022 hex has the sector number and 
024 hex has the new cylinder number). Since the sector register 
is overwritten by data during a write to disk, the sector number 
must be rewritten into port 022 hex before the next read or write 
command can be issued. When switching between drives the new 
cylinder number must be reloaded into port 024 hex, even if a 
seek is not necessary. 

To read a sector, prepare a buffer area in main memory into 
which the data from disk can be placed (either 256 or 512 bytes 
for WRITE and READ WITHOUT HEADER or 259 or 515 for READ WITH 
HEADER) and request the primitive rigid disk driver contained in 
the bootstrap ROM to make the accessor transfer control to your 
own 8089 control program to make the data transfer. For detailes 
on interfacing with the primitive disk driver consult the ALTOS 
~ SYSTEM MONITOR SPECIFICATION. 

In general the 8089 program that transfers data from the 
rigid disk will first load the address (cylinder, head/drive and 
sector) of the sector to be read. The cylinder number should 
already be correct from having previously done a SEEK. The 8089 
should load the head number into port 020 hex without changing 
the drive number (they share the same byte). Then the 8089 
should load the sector number into port 022 hex. (A 20 
microsecond delay is required between selecting a drive or a head 
and issuing a read or write command, but the inherent programming 
delays normally take care of this). Finally the 8089 will execute 
the transfer instruction which activates the 8089 DMA controller 
and then issue the READ command to the disk controller. At this 
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point the 8089 will return the bus to the 8086 until the disk 
controller issues a DMA request. When the drive/controller 
locates the desired sector, the controller raises the DMA request 
line. The active DMA request causes the 8089 to request the bus 
from the 8086 and lock it to the 8089 for the duration of the 
data transfer. The data transfer is carried out by the 8089 DMA 
controller directly into memory_ When the transfer is complete, 
the controller generates another interrupt and clears the READ 
command. The status register must then be read to clear the 
interrupt. If an error condition is detected by the disk 
con t roll e r, i t will g e n era tea n in t err u p t w h i c h will t e r m i na t e 
the 8089 DMA transfer command. This allows the 8089 program to 
resume and determine the error and perhaps retry the command. If 
a RNF is indicated, the data was not transferred to memory. If a 
CRC ERR or BAD SECTOR is indicated, the data was transferred but 
its accuracy is questionable. 

To WRITE a sector, a similar procedure is used with the 
buffer area first being filled with the data to be written to the 
disk. The header and CRC bytes are provided by the hardware, so 
only the data bytes need be transferred by the 8089. Again, the 
status register must be read at the end of the operation to clear 
the interrupt. If a RNF, CRC ERR or BAD SECTOR is indicated the 
data was not written out to disk. When writing, all the sync 
bytes are provided by the controller. However, when FORMATTING 
the drive, a sync byte of "0FE hex" must precede the header 
bytes .. 

The drive should always be selected before issuing any 
command. When a command is issued without a drive being ready, 
the controller will wait until the selected drive becomes ready 
before the operation is carried out. Then at the completion of 
the operation an interrupt is generated. However issuing a SEEK 
or RECAL command to a drive that is not ready will cause the 
controller to hang in a state that does not return an interrupt. 
The system must be reset in order to clear this condition. RESET 
does not generate an interrupt neither does selecting or 
deselecting a dr i vee 

To prevent extraneous writes to the disk when the power goes 
off, the controller has a sensing circuit that deselects the 
drives when the +5 volt supply falls below +4.5 volts. This 
circuit does not guarantee, however, that data being written to a 
sector will not be lost if power goes off. To insure against 
such a loss, the system should be powered down only when no 
writing is being done to the disk. 

As noted earlier, this controller has the capability of 
flagging bad sectors. A sector may be flagged as being bad by 
entering the appropriate bit (bit 3 in the header byte - see the 
header image information in Table 4-21 on page 57) in the header 
during the format operation. Thereafter, when such a sector is 
accessed, writes and reads will be aborted and a BAD SECTOR 
status reported. Note that a BAD SECTOR status is not reported 
just because the accessed sector is bad, but because it has been 
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flagged as being bad. The usual status returned when reading a 
sector that has a defect but is not flagged is a CRC error. 

The reason for flagging a sector as bad is that the 
recording media occasionally contains flaws that do not permit 
reliable writing and reading in certain areas. By marking those' 
sectors containing known flaws as BAD SECTORS the diagnostic that 
tests the disk drive can distinguish between defective media and 
a failure of the drive or controller to operate properly. 

Each drive manufacturer does an analog (and therefore very 
sensitive) test of each drive that produces a nmedia scann record 
indicating where the defective areas are. This map can be used to 
identify the sectors that should be marked as BAD SECTORS so that 
the operating system will not attempt to use them. 

Shugart provides an SA1994 MEDIA ERROR MAP with each drive 
which gives the track number (TRK), head number (HD), beginning 
location with respect to the index pulse (BYTE COUNT) and length 
of the defect in bits (LENGTH [BITS]). To convert these numbers 
to nomenclature that the controller recognizes, only the sector 
number needs to be deciphered. The cylinder number is the same 
as Shugart's track number and the head number needs no 
translation. The number of the bad sector(s) is determined from 
the table on the next page. This gives the range in bytes for 
each sector relative to the index pulse. The defective area 
given by the media scan spans from the BYTE COUNT to the BYTE 
COUNT plus the result of LENGTH divided by 8. Any sector whose 
range falls within the defective area is bad. Defective areas 
may extend across more· than one sector. In addition, the possible 
speed variation of the disk during formatting (+/-3%) may result 
in an ambiguity as to which sector in which a defect w ill fall. 
This is reflected in the table where the sector ranges overlap. 
In such a case, all potentially defective sectors need to be 
identified. . This table assumes no skew ing and 512 byte sector s. 

To avoid the delay in seeking to a sector only to find that 
it is bad, and to get around the problem that may occur if a 
defect occurs in the header of a sector (in which case the BAD 
SECTOR flag may not be recoverable but rather a RNF status would 
be returned), it has been proposed that cylinder 9 (guaranteed to 
be defect-free) be used to store the bad sector table which the 
operating system would check before writing or reading a sector. 
(See ALTOS Format for Hard Disk Systems 11/19/89). Another 
approach is to assign dummy files to the sectors that are bad so 
tha~ the operating system would not try to access them. 
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BYTE COUNT PHYSICAL SECT NO LOGICAL SECT NO 
-----------------------------------------------------

15 - 596 
588 - 1294 

1162 - 1813 
1735 - 2422 
2398 - 3931 
2881 - 3639 
3455 - 4248 
4928 - 4857 
4691 - 5466 
5175 - 6974 
5748 - 6683 
6321 - 7292 
6894 - 7991 
7468 - 8599 
8941 - 9118 
8614 - 9727 
9187 - 19335 

9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

19 
11 
12 
13 
14 
15 
16 

" 6 
12 

1 
7 

13 
2 
8 

14 
3 
9 

15 
4 

19 
16 

5 
11 

Table 4-22: CONVERSION TABLE - BY'l'E COUNT TO SEC'l'OR NUIIDER 

Channel one of the 8989 I/O Processor - DMA Controller is 
intended to provide the direct memory access control necessary to 
support the data transfer rates of the rigid disks. This channel 
is totally dedicated to supporting the rigid disk controller and 
does not have a multiplexer like channel 2 of the 8989 (See 
Section 4.4). The channel attention of channell is I/O address 
938 hex. For fUr ther deta il s on the programming and use of the 
8989, consult ~ ~~m~ User's Kanoal published by Intel 
(document number 9899722-93). 

4.6. Parallel Interface 

The ACS 8699 provides a 24 bit programmable parallel 
interface. The logic involved in this interface is shown on 
sheet fifteen of the ACS 8699 CPU board. This interface is 
implemented with an 8255 Programmable Peripheral Interface device 
which contains three eight bit ports. Ports A and B of the 8255 
are buffered with bi-directionalbuffers that permit these ports 
to be used for ei ther input or output. Por t C is buffered with a 
uni-directional buffer that provides one bit of input and seven 
bits of output. The buffering on Port C supports the handshake 
and interrupt signals used by Port B in mode one. Modes one and 
two for Port A are not supported. Note that if the lower half of 
Port C is used for output in mode zero the shunt near the 8255A-5 
(Location 28S) should be removed to prevent damage to the 8255. 
If the shunt is not removed, the output driver of Port C bit 2 
will be fighting the output driver of the buffer. Tables 4-25 

Specification Revision 4.2, Ray 27, 1982 Page 62 



PRBLllllllARY 8688 USBR IlAlRJAL SBC'lIOII 7. SYSTBJI SPECS. 

and 4-26 on pages 64 and 65 gives a summary of the capabilities 
and signal assignment for the parallel port. The standard 
parallel port driver software (Centronics compatible) uses the 
lines as defined in Table 4-26. 

BIT 1 BIT NAME 1 TRUE 1 
=====1======================================1======1 
o 1 MEMORY ERROR CORRECTION ENABLE 1 0 1 

----- -------------------------~------------I------I 
1 END HARD DISK OPERATION 1 1 1 

----- -------------------------------------- ------1 
2 DOUBLE DENSITY FLOPPY ENABLE 1 1 

----- -------------------------------------- ------1 
3 FLOPPY DISK CONTROLLER RESET 1 1 

===== ====================================== ======1 
4 DIRECT MEMORY ACCESS SELECT 0 (DMA 0) 1 I 

----- -------------------------------------- ------1 5 DIRECT MEMORY ACCESS SELECT 1 (DMA 1) 1 

----- -------------------------------------- ------) 6 PARALLEL INTF. CH.A INPUT ONLY- 0 I 
----- -------------------------------------- ------1 

7 PARALLEL INTF. CH.B INPUT ONLY- 0 1 

Table 4-23: I/O PORT 855 HEX - MISCBLLANEOUSCONTROL BITS 

1 DMA 1 1 DMA 0 1 DMA REQUEST SELECTED 
1-------1-------1------------------------------1 

o 
o 
1 
1 

o 
1 
o 
1 

1 FLEXIBLE DISKETTE CONTROLLER 
1 MAGNETIC TAPE CONTROLLER 
1 HIGH SPEED SERIAL CHANNEL 
1 NONE 

----------------------------------------------
Table 4-24: I/O PORT 855 HEX, BITS 4 ABO 5 - DMA REQUBST SELECT 
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-------------------------------------------------------------------CPU BOARD REAR PANEL PORT AND CAPABILITY 
HEADER CONNECTOR BIT 

----------- ------------- ------------1----------------------------J6-5 3 P 4", B " MODE ", IN or OUT 
J6-8 23 P 4", B 1 MODE ", IN or OUT 
J6-1" 24 P 4", B 2 MODE" , IN or OUT 
J6-12 25 P 4", B 3 MODE ", IN or OUT 
J6-11 6 P 4", B 4 MODE" , IN or OUT 
J6-9 5 P 4", B 5 MODE ", IN or OUT 
J6-7 4 P 4", B 6 MODE" , IN or OUT 
J6-6 22 P 4", B 7 MODE ", IN or OUT 

J6-29 15 P 42, 
B " MODE" or 1, IN or OUT 

J6-24 31 P 42, B 1 MODE" or 1, IN or OUT 
J6-26 32 P 42, B 2 MODE" or 1, IN or OUT 
J6-25 13 P 42, B 3 MODE " or 1, IN or OUT 
J6-23 12 P 42, B 4 MODE " or 1, IN or OUT 
J6-3" 34 P 42, B 5 MODE " or 1, IN or OUT 
J6-27 14 P 42, B 6 MODE" or 1, IN or OUT 
J6-28 33 P 42, B 7 MODE" or 1, IN or OUT 

J6-13 7 P 44, 
B " MODE " .OUT, P 42 INT 

J6-16 27 I P 44, B 1 MODE" OUT, P 42 BUF FULL 
J6-15 8 P 44, B 2 MODE " INI P 42 STRB-/ACK-
J6-18 28 P 44, B 3 MODE" OUT 
J6-14 26 P 44, B 4 MODE " OUT 
J6-19 1" P 44, B 5 MODE" OUT 
J6-2" 29 P 44, B 6 MODE " OUT 
J6-17 9 P 44, B 7 MODE" OUT 

J6-1 1 GROUND 
J6-2 2" GROUND 
J6-3 2 GROUND 
J6-4 21 GROUND 
J6-21 11 GROUND 
J6-22 3" GROUND 
J6-31 16 GROUND 
J6-32 35 GROUND 
J6-33 17 GROUND 
J6-34 36 GROUND 

18 NO CONNECTION 
19 NO CONNECTION 
37 NO CONNECTION 

-------------------------------------------------------------------
Table 4-25: PARALLEL IBTERFACB PIBS ARD CAPAB1LITIES 
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-------------------------------------------------------------------
1 CPU BOARD 1 REAR PANEL 1 CENTRONICS 1 FUNCTION 1 
1 HEADER 1 CONNECTOR 1 CONNECTOR 1 I 
1-----------1-------------1------------1----------------------------1 

J6-15 8 HI 1 ACKNOWLEDGE- from LP 
J6-5 3 11 1 BUSY from LP 
J6-8 23 32 1 FAULT- from LP 
J6-H' 24 12 1 PAPER OUT from LP 
J6-12 25 13' 1 SELECTED from LP 
J6-29 15 2 1 DATA 1 to LP 
J6-24 31 3 1 DATA 2 to LP 
J6-26 32 4 1 DATA 3 to LP 
J6-25 13 5 1 DATA 4 to LP 
J6-23 12 6 1 DATA 5 to LP 
J6-30 34 7 1 DATA 6 to LP 
J6-27 14 8 1 DATA 7 to LP 
J6-28 33 9 .1 DATA 8 to LP 
J6-14 26 1 I DATA STROBE to LP 
J6-20 29 31 1 INPUT PRIME to LP 

I 
J6-1 1 28 I GROUND 
J6-2 20 29 1 GROUND 
J6-3 2 20 1 GROUND 
J6-4 21 21 1 GROUND 
J6-21 11 22 I GROUND 
J6-22 30 23 1 GROUND 
J6-31 16 24 1 GROUND 
J6-32 35 25 I GROUND 
J6-33 17 26 I GROUND 
J6-34 36 27 1 GROUND 

Table 4-26: PARALLEL (CENTRONICS) INTERFACE CONNECTOR 
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Port A of the parallel interface is accessed as an eight bit 
port at I/O port address g4g hex. Port B is accessed as an eight 
bit port through port address g42 hex. And port C is accessed as 
an eight bit port through-address g44 hex. The control port of 
the 8255 is accessed as an eight bit port through I/O port g46 
hex. Extreme car~ should be exercised when accessing these 
ports. Attempting to access them as sixteen bit ports will 
result in the simultaneous access of both the parallel interface 
and the LSI flexible diskette controller device. 

The direction of the buffers on ports A and B of the 8255 
are controlled by bits six and seven in I/O port g55 hex (see 
Table 4-23, page 63). Bit six controls the buffers for port A 
while bit seven controls the buffers for port B. When the bits 
are set to one the buffers are turned toward the 8255. The 
buffers are turned away from the 8255 by setting the appropriate 
bit to zer-o. At power on and after I/O port initialization bits 
six and seven of I/O port g55 are set to one, the buffers are set 
for input. 

4.7. Serial Interfaces 

The ACS 860g system provides a m~n~mum of two serial 
channels and a maximum of ten serial channels. Two channels are 
contained on the CPU board while the other eight are contained on 
an Intelligent Serial Concentrator Board. One channel on the CPU 
board can be strapped for either synchronous or asynchronous 
operation. The multipurpose channel on the CPU board can be 
strapped to interface to a verity of serial networks operating at 
data rates up to 8gg kilobits per second. The two channels on 
the CPU board are intended for use in manufacturing test and 
stand alone applications. These serial channels are initialized 
to operate in asynchronous mode and the hardware is strapped to 
operate with the request-to-send line internally tied to the 
clear-to-send line. Simple mechanical shunts are provided to 
permit field alteration of the strapping of all serial channels. 

The Intelligent Serial Concentrator Board consists of a 
Z8gA CPU processor with eight serial channels under its control. 
The processor communicates with the CPU Board via main memory and 
a pair of interrupt lines. The interface used for this 
communication is the Multibus. The CPU Board may interrupt the 
Zag and the zag may interrupt the CPU Board. The Intelligent 
Serial Concentrator Board is intended to offload the CPU Board 
processor so that the majority of character interrupt processing 
may be handled by the Intelligent Concentrator. This allows the 
a6gg CPU processor to devote more of its power to higher level 
tasks and handle users in a more timely fashion. A complete copy 
of the hardware specification for this board is included in 
Appendix B. 
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4.7.1. Pr imary Ser ial Channel·s 

The primary serial channels are located on the CPU board and 
are intended to provide serial interfaces for manufacturing test 
and stand alone applica tions of the CPU Board. These channels 
are implemented with an Intel 8274 Multi-Protocol Serial 
Controller. This device contains two independent serial channels 
which can be programmed to operate in a verity of modes. For 
detailed information on the programming of this device consult 
the Intel documentation on the 8274. 

Channel A of the 8274 is identified as ACS 8699 serial 
printer channel zero and is accessed through I/O ports 948 hex 
and 94C hex. Port 948 hex is the data port and port (34C hex is 
the control and status port. This channel is the multipurpose 
channel referred to above. It is intended for use either as a 
serial printer channel operating in asynchronous mode or as an 
interface to a network. As originally manufactured channel A is 
strapped for operation as an RS-232C port without handshaking 
(request-to-send is internally tied to clear-to-send). 

For network operations printer channel zero can be operated 
under direct memory access (DMA) control at speeds up to 8(39 
kilobits per second. A set of EIA Standard RS-422 drivers and 
receivers can be strapped to this channel to interface to a high 
speed network implemented with two twisted pairs of wires; a 
single twisted pair of wires or a co-axial cable; or a special 
network transceiver. All network interface control, timing and 
power signals are available on a 34 pin header located at the 
rear edge of the CPU Board. 

Printer channel zero may also be strapped to operate in 
synchronous mode with EIA Standard RS-232C drivers and receivers. 
In this mode the transmit and receive clocks must be supplied 
from an external source. There are no provisions for the CPU 
board to supply these clocks. 

Channel B of the 8274 is identified as ACS 8699 serial 
console channel zero and is intended as a console interface 
channel operating in asynchronous mode with RS-232C drivers and 
receivers. This channel is accessed through I/O ports 94A'hex 
and 94E hex. Port 94A hex is the data port and port 94E hex is 
the control and status port. As originally manufactured channel' 
one is strapped for operation without request-to-send clear-
to-send handshaking. 

Btith serial channels of the CPU board are supported by 
independent baud rate generators. These generators and the 
system time slice clock are implemented with an Intel 8253 
Interval Timer. All timing generated by the 8253 are derived by 
dividing down a 1.2288 megahertz clock. The 8253 timer is 
accessed through I/O ports (349, (34B, 94D and 94F,hex. Timers 
zero and one (I/O ports 949 hex and 94B hex) are programmed by 
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the I/O initialization routine to mode three - square wave 
generator for baud rate generation. I/O port ~49 hex determines 
the baud rate clock supplied to channel A of the 8274 (I/O ports 
~48 and 94C hex). While I/O port 94B hex is used to set the baud 
rate for 8274 channel B (I/O ports 134A and 134E hex). Table 4-27 
lists the divisors that must be loaded into these channels to 
produce various baud rates •.. All rates listed in Table 4-27 
assume that the serial interface device (8274) is operating in 
sixteen times (X16 CLOCK) mode. 

BAUD RATE 1 DIVISOR 1 
-----------1---------1 

513 1 1536 1 
75 1 1~24 1 

1113 1 698 1 
134.5 1 571 1 
1513 1 512 1 
31313 1 256 1 
61313 1 128 1 
91313 1 85 1 

1213~ 1 64 1 
181313 1 43 1 
241313 1 32 1 
361313 1 21 1 
481313 1 16 1 
721313 1 11 1 
961313 1 8 I· 

1921313 1 4 1 . 
3841313 1 2 1 

Table 4-27: BAUD RATES AND DIVISORS FOR Xl6 CLOCK MODE 

I/O port 134D hex access the time slice timer. After I/O 
port ini tializa tion this timer is set to mode zero wi th a divisor 
of 12,288. This programming will cause this timer to generate an 
interrupt every ten milliseconds. 
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4.7.2. Additional Serial Channels 

An Intelligent Serial Concentrator Board is mounted on the 
rear panel of the system enclosure to provide eight additional 
serial channels. A separate CPU is provided on this board along 
with dedicated read only memory (ROM) and random access memory 
(RAM) to service the needs of the eight serial channels. This 
board accepts serial I/O channel commands and moves blocks of 
characters between main memory and the eight terminals. 

Communication between the CPU Board and the Intelligent 
Serial Concentrator Board is accomplished by means of memory 
registers. Initially, one 24-bit register (called the 
"Initialization Register") exist at location ~lFFFC hex. This 
register contains a pointer to a group of memory registers. The 
layout of this group of registers which may exist anywhere in 
memory is shown in Figure 4-4 on pages 7~ and 71. All of the 
memory registers occupy a total of 182 (decimal) bytes of memory. 
When the Concentrator is first interrupted, the initialization 
register is read. Initialization is accomplished according to 
the parameters in the register group pointed to by the 
Initialization Register. The initialization register will be read 
only after the first interrupt received by the controller, 
allowing this reserved location to be reused by the host until 
reinitialization is required. 

The first six bytes of the 182 bytes of memory form the five 
system registers. These are the Firmware Version Register, the 
System Command Register, the System Status Register, the 
Interrupt Vector register and the New Command Register. The 
remaining 176 bytes of memory comprise eight sets of Channel 
Registers. There are twenty-two bytes in each set of registers. 
Each set contains the twelve register listed below. Note that 
when the TTY Receive Register is used it replaces the second byte 
of the Receive Buffer Output Pointer Register. 

Parameter Register 
Channel Status Register 
Channel Command Register 
Transmit Buffer Address Register 
Transmit Buffer Length Register 
Receive Buffer Address Register 
Receive Buffer Length Register 
Receive Buffer Input Pointer Register 
Receive Buffer Output Pointer Register 
TTY Receive Register 
selectable Rate Register 
Expansion Register 
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IR + r,HHlH Firmware Version Register 1 

-------------------------------------------------1 IR + 991H System Command Register 1 

IR + 992H System Status Register 

IR + 993H Interrupt Vector Register (bits 9 - 7) 

IR + 994H Interrupt Vector Register (bits 8 - 15) 

IR + 995H New Command Register 

IR + 996H Channel 9 Parameter Register (bits 9 - 7) 

IR + 997H Channel 9 Parameter Register (bits 8 - 15) 

IR + 998H Channel 9 Status Register (bits 9 - 7) 

IR + 999H Channel 9 Status Register (bits 8 - 15) 

IR + 99AH Channel 9 Command Register 
-------------------------------------------------

IR + 99BH Ch 9 Transmit Buffer Address (bits 9 - 7) 

IR + 99CH Ch 9 Transmit Buffer Address (bits 8 - 15) 

IR + 99DH Ch '9 Transmit Buffer Address (bits 16 - 23) 

IR + 99EH Ch 9 Transmit Buffer Length (bits a - 7) 

IR + 99FH 1 Ch 9 Transmit Buffer Length (bits 8 - 15) 
1-------------------------------------------------IR + 919H I Ch 9 Receive Buffer Address (bits 9 - 7) 
1-------------------------------------------------

IR + 911H I Ch 9 Receive Buffer Address (bits 8 - 15) 
-------------------------------------------------/ 

IR + 912H Ch 9 Receive Buffer Address (bits 16 - 23) 

IR + 913H Ch 9 Receive Buffer Length (bits 9 - 7) 

IR + 914H Ch 9 Receive Buffer Length (bits 8 - 15) 

IR + 915H Ch 9 Receive Buffer Input Pointer (bits 9 - 7) 

IR + 916H Ch 9 Receive Buffer Input Pointer (bits 8 - 15) 

IR + 917H Ch 9 Receive Buffer Output Pointer (bits 9 - 7) 
-------------------------------------------------

IR + 918H Ch 9 Receive Buffer Output Pointer (bits 8 - 15) 

IR + 918H Ch 9 TTY Receive Register (Replaces above byte) 
-------------------------------------------------

Fignre4-4: SERIAL CONCEN'lRATOR MEMORY REGISTERS 
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IR + 0l9H 1 Ch 0 Selectable Rate Reg (bits 0 - 7) - 1 
1-------------------------------------------------1 

IR + 0lAH 1 Ch 0 Selectable Rate Reg (bits 8 - 15) I 
1-------------------------------------------------1 

IR + 0lBH 1 Channel 0 Expansion Register 1 

1-------------------------------------------------1 
IR + 0lCH Channel 1 Registers 

IR + 032H Channel 2 Registers 

IR + 048H Channel 3 Registers 

IR + 05EH Channel 4 Registers 

IR + 074H Channel 5 Registers 

IR + 08AH Channel 6 Registers 

IR + 0A0H Channel 7 Registers 
IR + 0B6H 

Figure4-4: SERIAL OONCEN'l'RATOR MEMORY REGISTERS (Continued) 

The Firmware Version Register is a one byte memory register 
where the Controller writes the level of the firmware in the 
Controller. The bootstrap software will initialize this location 
with zero at system initialization. When Controller 
'ini tialization is complete, the actual firmware version number 
will be stored in this location. This location may be tested to 
identify an unini tialized controller (or ini tializa tion in 
progress). Version numbers are stored in a two part format. The 
most significant five bits of the byte contain the version number 
in the range of one to sixty-three. The least significant bits 
of the byte contain the sub-version number in the range of zero 
to seven. This permits the representation of a version number 
such as 2.0 where 2 is stored in bits three through seven and 0 
is stored in bits zero through three. 

The System Command Register is an eight bit register used to 
pass commands to all channels simultaneously. The command is 
passed in bits zero through six while handshaking is accomplished 
by setting bit seven to a one to indicate the issuing of a 
command. The 8086 should insur e tha t the last command has been 
executed by testing bit seven of this register for zero before 
issuing the next command. The commands are given in the following 
table. 

Specification Revision 4.2, May 27, 1982 Page 71 



PRBLIMIRARY 8611 USER IlAllUAL SBC'l'IOR 7. 'SYSTEM SPECS. 

(() 

1 
2 
3 
4 
5-127 

disable controller 
enable controller 
disable interrupts 
enable interrupts 
reset interrupt 
unused 

Table 4-28: SERIAL CONCENTRATOR COMMANDS 

The System Status Register is an eight bit register used to 
'pass status to the 8(()86 concerning channel-independent status 
information. The status bits are defined in the table 4-29 
below. Bit zero enables and disables the entire controller. Bit 
one enables the interrupt interface from the controller back to' 
the 8(()86. Bit two allows the 8(()86 to poll the controller for an 
interrupt condition without enabling interrupts. Bit three is 
used by the controller to report bus errors back to the 8~87. A 
bus error is generated by the main memory when a multi-bit memory 
error is detected by the memory error detection and correction 
circuitry. 

BIT 1 BIT NAME 1 TRUE 
=====1======================================1====== 

(() 1 CONTROLLER ENABLED 1 1 

-----/--------------------------------------1------
1 1 INTERRUPTS ENABLED 1 1 

-----1--------------------------------------1------2 1 INTERRUPT PENDING (NOT QUAL. BY ENA) I 1 
-----I--------------------------------------I---~--

3 1 BUS ERROR DETECTED 1 (() 
=====1======================================1====== 

4 1 (not used) 1 (() 
-----1--------------------------------------1------

5 1 (not used) 1 ~ 

-----1--------------------------------------·1------
6 1 (not used) 1 (() 

-----1--------------------------------------1------
7 1 (not used) 1 (() 

Table 4-29: SERIAL CONCENTRATOR STATUS REGISTER 

The Interrupt Vector Register is a sixteen bit register 
containing data to allow quick response to an interrupting 
condition. The register is logically divided into four fields of 
four bits. The bit definitions are given in the Table 4-3(() on 
the next page. 
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The New Command Register is an eight bit register used to 
indicate the existence of a new command. This register should be 
incremented any time a command is written into the system command 
register or any of the eight channel command registers. 

BIT 1 BIT NAME 1 TRUE 
=====1======================================1====== 

o 1 MODEM INTERRUPT CHANNEL #; - LSB 1 1 
-----1--------------------------------------1------

1 1 MODEM INTERRUPT CHANNEL ill 
-----1--------------------------------------1------

2 1 MODEM INTERRUPT CHANNEL #; - MSB 1 1 
-----1--------------------------------------1------

3 1 MODEM INTERRUPT PENDING 1 1 
=====1======================================1====== 

4 1 RECEIVE INTERRUPT CHANNEL #; - LSB 1 1 
-----1-------------------------------------- ------

5 RECEIVE INTERRUPT CHANNEL #; 1 

6 RECEIVE INTERRUPT CHANNEL i - MSB 1 

--------------------------------------
7 RECEIVE INTERRUPT PENDING 1 

===== ====================================== ====== 
8 TRANSMIT INTERRUPT CHANNEL #; - LSB 1 

9 TRANSMIT INTERRUPT CHANNEL i 1 

10 TRANSMIT INTERRUPT channel i - MSB 1 

11 TRANSMIT INTERRUPT PENDING 1 
---------- ====================================== ------------

12 (not used) 1 

13 (not used) 1 

14 (not used) 1 
----- --------------------------------------1------

15 (not used) 1 1 

Table 4-38: SERIAL CONCBN'l'RA'l'OR III'I'ERRUPT VBC'.rOR REGISTER 

The remaining registers (176 bytes) form eight sets of 
Channel Registers -- one set of registers for each of the 
channels on the Intelligent Concentrator Board. The first of the 
Channel Registers is the Channel Parameter Register. The Channel 
Parameter Register is a sixteen bit register used to establish 
the bit level characteristics of the channel. The definition of 
the bits is given in Table 4-31 on the next page. Most of these 
bits deal with the programming of the receiver-transmitter device 
and the baud rate generator device. One exceptions is bit seven. 
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Bit seven selects between buffered receive mode and TTY mode. In 
TTY mode each character is passed through the one byte TTY 
Rebeive Register which replaces the second byte of the Receive 
Buffer Output Pointer Register. In this mode an interrupt is 
generated each time the buffer is fulled. In buffered receive 
mode characters are loaded into the receive ring buffers whose 
base addresses are contained in Receive Buffer Address Register. 
Again an interrupt is generated each time one or more characters 
are transferred to the buffer. 

Bit fil 

Bit 1 

Bits 2-3 

Bits 4-5 

Bit 6 

Bit 7 

Bits 8-11 

Bit 12 

Bit 13 

Bit 14 

Bit 15 

=1 Parity enable 

=1 Parity even 

=fil Illegal 
=1 1 Stop bit 
=2 1.5 Stop bits 
=3 2 Stop bits 

=fil 5 Bits per character 
=1 7 Bits per character 
=2 6 Bits per character 
=3 8 Bits per character 

Unused 

=1 Ring buffer receiver enable. 

=fil Selectable rate 
=1 75 BPS 
=2 11fil BPS 
=3 134.5 BPS 
=4 15fil BPS 
=5 3filfil BPS 
=6 6filfil BPS 
=7 12filfil BPS 
=8 18filfil BPS 
=9 2filfilfil BPS 
=lfil 24filfil BPS 
=11 36filfil BPS 
=12 48filfil BPS 
=13 72filfil BPS 
=14 96filfil BPS 
=15 19.2 KBPS or undefined 

=1 

=1 

Unused 

Unused 

CTS active 

-DSR active 

Table 4-31: SERIAL CONCENTRATOR CHARNEL PARAMETER RmISTER 
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The Channel status Register is a sixteen bit register used 
to report the current status of the respective serial channel. 
This register is updated before the Controller generates an 
interrupt. In general an interrupt is generated when a status 
bit is set to a one. The specific definition of bits in the 
Channel status Register and the field of the Interrupt Vector 
Register associated wi th each sta tus are detailed in Table 4-32 
below. 

=== bit ========== definition ================== interrupt ---

bit 13 
bit 1 
bit 2 
bit 3 
bit 4 
bit 5 
bit 6 
bit 7 

bit 8 
bit 9 
bit HJ 
bit 11 
bit 12 
bit 13 
bit 14 
bit 15 

unused - always 13 none 
Data Terminal Ready modem 
unused - always 13 
Request To Send modem 
Parity Error receive 
Receive Data Lost (SIO overrun) receive 
Framing Error receive 
Parity OR Overrun OR Framing Error receive 

Receive Character(s) Ready 
unused - always 13 
unused - always 13 
unused - always 13 
Transmitter Ready 
unused - always 13 
unused - always 13 
unused - always 13 

receive 
none 
none 
none 
transmit 
none 
none 
none 

Table 4-32: SERIAL CONCENTRATOR STATUS REGISTER 

The channel command register is an eight bit register used 
to pass channel specific commands to the controller. The command 
is encoded in bit zero through three. Bits four through six are 
used to indicate the logic level corresponding to the interrupt 
enable flags. Bit seven is used to indicate the existence of a 
valid command. The 81386 should test bit seven to insure that 
the last command has been executed before loading a new command. 
The controller will clear bit seven and bits zero through three 
after reading the command. Bits four through six will remain 
unchanged to continuously indicate the inter rupt enable sta tus. 
The commands available are summarized in the following table. 
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Bits ~ - 3 
~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 

l~ 

Bit 4 
Bit 5 
Bit 6 
Bit 7 

No operationel 
Initialize channel 
Start transmitter 
Acknowledge receiver 
Abort transmitter 
No opera tionel 
No operationel 
No operationel 
Change parameters 
Reset error conditions 
Reset modem interrupt request 

Modem interrupt enable 
Receive interrupt enable 
Transmit interrupt enable 
Command valid 

Table 4-33: SERIAL CONCENTRATOR CHANNEL COMMAND REGISTER 

The Transmit Data Buffer Address Register is a 24-bit 
register containing the address of the data to be transmitted. 
After transmit termination, this register will contain the 
address of the last character transmitted plus one. The number 
of characters to be transmitted is contained in the sixteen bit 
Transmit Data Buffer Length Register. If an abort transmitter is 
issued, the Transmit Data Buffer Address Register will be updated 
to point to the first byte NOT transmitted and the Transmit Data 
Buffer Length Register w ill be upda te to contain the number of 
bytes NOT transmitted. 

The Receive D~ta Buffer Address Register is a 24-bit 
register containing the base addresses of the receive buffer to 
be used in Ring Buffer Mode. The Receive Data Buffer Length 
Register is a sixteen bit register containing the length of the 
receive data buffer. The receive buffer length may be in the 
range of 2 to 32,768 bytes. Also associated with the Receive 
Data Buffer are the Receive Buffer Input Pointer Register and the 
Receive Buffer Output Pointer Register. These pointers are both 
sixteen bit registers. The Input Pointer always points to the 
first empty location to be filled by the Controller. As the 
Controller updates the Receive Data Buffer This pointer is 
incremented modulo the Receive Buffer Length. Bit 15 is set to a 
one when the contents are are being updated and therefore are 
invalid. Bit 15 may be ignored if the buffer length is specified 
to be less than or equal to 256. The Receive Buffer Output 
Pointer points to the star t of the Receive Da ta Buff er. As the 
8~86 removes data from the Receive Data Buffer, it must increment 
this pointer modulo the Receive Buffer Length. Again bit 15 must 
be set to a one to indicate that the contents of the Output 
Pointer Register are invalid because an update is in process 
unless the Buffer Length is specified to be less than or equal to 
256. 

Specification Revision 4.2, May 27, 1982 Page 76 



PRBLIMIlIARY 8688 USER IWIOAL SECTION 7. SYSTEM SPECS. 

The TTY receive register is an eight bit register used to 
receive data in applications not requiring multiple-byte ring 
buffering. In TTY receive mode, the byte is simply stored in the 
TTY receive register. Note that this register replaces the 
second byte of the Receive Buffer Output pointer Register which 
is not used. 

The selectable rate register is a sixteen bit register used 
to transfer a sixteen bit value directly to the bit rate 
generator. When the rate is specified through this register, the 
SIO controller is programmed to further divide the clock supplied 
by the rate generator by sixteen. The value to be passed through 
this register may be calculated using the following equation: 

115,299 
Value = ------------------

Desired Bit Rate 

Finally the Expansion Register is defined to permit future 
expansion of the Channel Register Array. This register is also 
defined to bring the total number of bytes required for the 
register array to an even number. This can simplify the 
generation and handling of the array under some languages. 

Software interface to the Altos Intelligent Serial I/O 
Concentrator can best be divided into eight sections: 

Controller Activation 
a9a6/Controller Communication 
Controller Initialization 
Channel Initialization 
Channel Transmit Operation 
Channel TTY Receive Operation 
Channel Ring Buffered Receive Operation 
Modem Control/Status Operation 

After a power-up or controller hardware reset, the 
controller first initializes all hardware devices, then clears 
internal RAM, and finally waits in a tight loop. To activate the 
controller, the 8986 computer must first build and initialize the 
system and channel register arrays. The system register array 
followed by the eight channel register arrays form a single 
contiguous block referred to as the Controller Control Block or 
CCB.. After the CCB is buil t, the address of the Controller 
Control Block is stored at location lFFFC he~, lowest byte first, 
highest byte last. The last step is for th~ a9a6 to generate a 
"Channel Attention" signal to the controller by writing to I/O 
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port 078 hex. This operation will start the controller. When 
activation is complete, the controller will store the firmware 
version number (guaranteed not to be zero) in the first location 
of the Controller Control Block. After activation, the 
controller is in an idle state waiting for the system command to 
enable the controller. When this 'command is issued, controller 
interrupts may also be enabled. 

Command information for the controller is passed through ten 
registers within theCCB. The process that reads the command 
registers is generally in a quiet but not asleep state. When the 
process runs it will read the "New Command Register". If it finds 
that this register has not changed, it will exit without checking 
the system or channel command registers. When the "New Command 
Register" has changed, the process will individually test the 
command registers, and if there is a command pending, activate 
the appropriate process to service the request. This mechanism 
is very efficient when no commands are pending, but does demand 
the proper sequencing of events. Any time the 8086 issues a 
command, it must alter the value in the "New Command Register". 
The recommended procedure is to increment the "New Command 
Register" after setting up the other registers for each command. 

The controller will acknowledge receipt of a command by 
clearing bit 7 of the command byte. While there is generally no 
reason to wait for the acknowledgement after issuing a command, 
it is essential that bit 7 be tested before issuing a new 
command. The programmer must note that the channel status is not 
valid while a command is pending on that channel. The procedure 
then becomes the following: 

Test if last command still pending 
<exit or loop if true> 

Set new parameters (if required fO t command) 
Issue new command 
Increment "New Command Register" 
Exit 

Rote; channel status for a given channel is NOT valid while 
a command is pending. 

After defining the desired operating parameters (i.e., 
paritYf word length, etc.), which must be stored into the channel 
parameter register, the channel may now be initialized with the 
"Initialize Channel" command. Once this initialization command 
has been issued the channel is ready to transmit or receive. If 
any of the interrupt enable bits are set with the command, and 
their associatie conditions become true, an interrupt will be 
generated. A No-Op command may be issued at any time to alter 
only the interrupt enable bits. On the following pages are 
sample pseudo-code procedures that may be used as models for 
generating Intelligent I/O Controller driver routines. 
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Use the following procedure to transmit a block of data: 

Test if last command still pending 
<exit or loop if true> 

Test if trans~itter ready 
<exit or loop if false> 

Set address and byte count 
Issue transmit command 
Increment nNew Command Register n 
Exit 

To receive a character in TTY mode, use the following 
procedure: 

Test if last command still pending 
<exit or loop if true> 

Test if receive character available 
<exit or loop if false> 

Read status (test for errors) 
If Error 

Else 

Issue Reset Error command 
Increment nNew Command Register n 
Exit 

Read character from TTY register 
Issue Receiver Ack command 
Increment nNew Command Register n 
Exit 
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The following procedure should be used to receive a 
character in Ring Buffered Receive mode: 

Test if last command still pending 
<exit or loop if true> . 

Test if receive character available 
<exit or loop if false> 

Read status (test for errors) 
If Error 

Else 

Issue Reset Error command 
Increment nNew Command Register n 
Exit 

Transfer Characters 
Issue Receiver Ack command 
Increment nNew Command Register n 
Exit 

Transfer Characters: 

While (Input Pointer) >< (Output Pointer) Do 
{ TTYInputRoutine <- «BufferAddress)+(OutputPointeI 

(OutputPointer) <- (OutputPointer)+I; 

If (OutputPointer) = (BufferLength) Then 
(OutputPointer) <- B; 

} 

Use the following procedure to check the state of the Modem 
status lines: 

Test if last command still pending 
<exit or loop if true> 

Test if modem status changed 
<exit or loop if false> 

Read status (test for errors) 
Issue Reset Modem Interrupt command 
Increment "New Command Register n 

Exit 

4.8. Magnetic Tape Controller. 

An optional magnetic tape drive controller which is capable 
of controlling up to eight tape transports may be mounted on the 
CPU board. This controller is intended to control a DEI Funnel 
Tape Transport with a the codec and controller options installed. 
This controller is implemented with an 8274 and an 8255. The 
8274 serializes and deserializes the data as well as controlling 
and monitoring the tape drives readiness to send or receive data. 
The tape drive supplies both a write and a read clock so the 8274 
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must be programmed to operate in synchronous mode. The data 
channel is assigned to I/O por t IiJD8 hex while th e control channel 
for the 8274 is assigned to I/O port IiJDC hex. 

Tape motion, drive select and track select is performed 
through the 8255. Port A of the 8255 is assigned to I/O address 
IiJD9 hex and is used to select the drive and track. Table 4-34 
describes the meanings of the bits in this port. Notice that the 
bits have been assigned to the port to permit each four bit 
nibble to contain the true binary value for the drive or track to 
be selected. The DEI tape transport numbers drives from one to 
eight and tracks from one to four. Port B is assigned to I/O 
port address IiJDB hex and is used to read the status of the tape 
transport. These bits are summarized in Table 4-35 on the next 
page. Port C is assigned to I/O port address IiJDD hex and is used 
to control tape motion. These bits are listed in Table 4-36 also 
on the next page. The I/O port initialization routine 
initializes the 8255 by writing 1iJ82 hex to the 8255 control port 
which is assigned I/O address IiJDF hex. 

BIT BIT NAME TRUE 

IiJ LSB OF TACK NUMBER 1 

1 BIT OF TACK NUMBER 1 

2 MSB OF TACK NUMBER 1 

3 not used 

4 LSB OF DRIVE SELECT NUMBER 1 

5 BIT OF DRIVE SELECT NUMBER 1 

6 BIT OF DRIVE SELECT NUMBER 1 

7 MSB OF DRIVE SELECT NUMBER 1 

Table 4-34: I/O PORT ID9 HEX - TAPE DRIVE AND TRACK SELECT 
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BIT BIT NAME TRUE 

TAPE UNIT SELECTED 

1 TAPE UNIT BUSY 

2 TAPE UNIT WRITE ENABLED 
----- -------------------------------------- ------

3 TAPE CARTRIDGE UNPROTECTED 

4 TAPE AT BEGIN OF TAPE MARKER 

5 TAPE PASSED EARLY END OF TAPE MARKER 

6 TAPE AT LOAD POINT 

7 TAPE UNIT READY 

Table 4-35: I/O PORT lOB HEX - TAPB DRrvE STATUS 

BIT BIT NAME TRUE 

MOVE TAPE REVERSE 1 

1 MOVE TAPE FORWARD 1 

2 MOVE TAPE AT HIGH SPEED 1 
----- -------------------------------------- ------

3 REWIND TAPE 1 

4 COMMAND VALID STROBE 

5 not used 

6 not used 

7 not used 

Table 4-36: I/O PORT IDD HEX - TAPB MOTION CONTROL 
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4.9. Interrupt Controller 

All maskable interrupts in the ACS 8600 ar e fully vector ed. 
The vectors are generated by the Intel 8274 Serial Interface 
device and the Intel 8259 Programmable Interrupt Controller. 
Three 8259s are configured in a master slave fashion to resolve 
the priority of inputs processed by the 8259. The priority of 
the interrupts is listed below. 

0. System Call 
1. Time Slice Interrupts 
2. Rigid Disk Interrupts 
3. Flexible Diskette Interrupts 
4. Interrupts from the 8987 
5. 8989 Channel One Interrupts 
6. 8989 Channel Two Interrupts 
7. Parallel Interface Port A Interrupts 
8. Parallel Interface Port B Interrupts 
9. Multibus Interface Interrupt Level Zero 

19. Multibus Interface Interrupt Level One 
11. Multibus Interface Interrupt Level Two 
12. Multibus Interface Interrupt Level Three 
13. Multibus Interface Interrupt Level Four 
14. Mul tibus Interface Interrupt Level Five 
15. Multibus Interface Interrupt Level Six 
16. Multibus Interface Interrupt Level Seven 
17. Interrupt Request from Tape Controller 
18. Interrupt Request from Intelligent I/O Controller #1 
19. Interrupt Request from Intelligent I/O Controller #2 
29. Interrupt Request from Serial Channels Zero and One 

The 8259 may be programmed to disable specific interrupts or 
to acknowledge the end of a specific interrupt service routine. 
The following tables give the specific details of interrupt 
source and interrupt controller levels. Note that some interrupt 
request are assigned to a slave 8259 and therefore require two 
end of interrupt commands -- one for the master and one for the 
slave. As the 8259s are used in the ACS 8699 they are intended 
to be operated in edge triggered mode and there is no required 
sequence for issuing the two commands. For more specific 
detailes on the programming of the 8259 consult Intel literature 
on the 8259 or Application Note AP-59. 
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BIT 1 BIT NAME 1 ENA 1 DIS 1 
=====I========~=============================I=====I=====1 

o 1 SYSTEM CALL 1 0 1 1 1 
-----/--------------------------------------/-----1-----I 

1 1 SYSTEM TIMER / 0 / 1 1 
-----1--------------------------------------1-----1-----I 

2 / SLAVE INTERRUPT CONTROLLER # 1 / 0 1 1 / 
-----/--------------------------------------/-----/-----I 

3 / SLAVE INTERRUPT CONTROLLER # 2 1 0 1 1 / 
=====/======================================/=====1=====/ 

4 1 TAPE CONTROLLER INTERRUPT 1 0 / 1 / 
-----/-------------------~------------------r-----I-----I 

5 / I/O CHANNEL # 1 INTERRUPT / 0 / 1 1 

-----/--------------------------------------/-----/-----I 
6 / I/O CHANNEL # 2 INTERRUPT 1 " 1 1 1 

-----1--------------------------------------/-----1-----I 
7 1 CPU SERIAL CHANNELS (PORTS 048 - 04E) / " 1 1 / 

Table 4-37: IlASTER IftERRUPT CONTROLLER MASK REG. (PORT 15AD) 
Control Register 1 

BIT 1 BIT NAME 1 TRUE 1 
=====1======================================1======1 

o 1 INTERRUPT REQ. LEVEL BIT 0 (4-46) / 1 1 
-----1--------------------------------------1------1 

1 1 INTERRUPT REQ. LEVEL BIT 1 (4-46) 1 1 1 
----- --------------------------------------1------1 

2 INTERRUPT REQ. LEVEL BIT 2 (4-46) 1 1 1 

----- --------------------------------------1------1 
3 MUST BE ZERO 1 0 1 

===== ======================================1======/ 
4 MUST BE ZERO / 0 1 

----- --------------------------------------1------1 
5 COMMAND BIT" -- SEE TABLE 4-47 1 1 1 

1----- --------------------------------------1------1 
1 6 COMMAND BIT 1 -- SEE TABLE 4-47 1 1 1 
1----- --------------------------------------1------1 
1 7 COMMAND BIT 2 -- SEE TABLE 4-47 / - 1 1 

Table 4-38: MASTER INTERRUPT CN".rLR. - COMMAND REG. 2 (PORT 858D) 
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1 BIT BIT NAME TRUE 
1===== ====================================== ------------
1 9 READ REGISTER CMD 9 SEE TABLE 4-48 1 
1-----
1 1 READ REGISTER CMD 1 SEE TABLE 4-48 1 
1-----
1 2 POLL COMMAND 1 
1-----
1 3 MUST BE ONE 1 
1===== ====================================== ====== 
1 4 MUST BE ZERO 
1-----
1 5 SPECIAL MASK MODE 9 SEE TABLE 4-49 1 
1-----
1 6 SPECIAL MASK MODE 1 SEE TABLE 4-49 1 
1-----
1 7 NOT USED DON''!' CARE 

Table 4-39: IlASTER IftERROP'l' ClITLR.- COMMAIID REG. 3 (PORT 1588) 

-----------------_._------------------------------------
BIT BIT NAME ENA DIS 

----- ===== -----===== ====================================== 
9 HARD DISK INTERRUPT 9 1 ----- -----
1 FLEXIBLE DISKETTE INTERRUPT 9 1 ----- -----
2 8987 INTERRUPT 9 1 ----- -----
3 CHANNEL 1 OF 8989 INTERRUPT 9 1 

===== ----------===== ====================================== 
4 CHANNEL 2 OF 8989 INTERRUPT 9 1 ----- -----
5 CH A PARALLEL PORT INTERRUPT (949H) 9 1 ----- -----
6 CH B PARALLEL PORT INTERRUPT (942H) 9 1 

----- -------------~------------------------ ----- -----
7 NONE 9 1 

Table 4-41:. SLAVE IRTERROP'l' CRTLR. 1 - MASK REG. (PORT 162B) 
Control Register 1 
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/ BIT BIT NAME TRUE 
/===== ====================================== ====== 

9 INTERRUPT REO. LEVEL BIT 9 (4-46) 1 

1 INTERRUPT REO. LEVEL BIT 1 (4-46) 1 
----- -------------------------------------- ------

2 INTERRUPT REO. LEVEL BIT 2 (4-46) 1 

3 MUST BE ZERO 
===== ====================================== ------------

4 MUST BE ZERO 

5 COMMAND BIT 9 -- SEE TABLE 4-47 1 

/' 6 / COMMAND BIT 1 -- SEE TABLE 4-47 1 
/-----/-------------------------------------- ------ 9 

/ 7 / COMMAND BIT 2 -- SEE TABLE 4-47 1 

Table 4-41: SLAVB IR'lERRUPT CRTLR. 1 - COMMAND REG. 2 (PORT 169B) 

BIT / BIT NAME I TRUE 1 
===== ======================================1======1 

9 READ REGISTER CMD 9 SEE TABLE 4-48· 1 1 1 

----- -------------------------------------- ------1 
1 READ REGISTER CMD 1 SEE TABLE 4-48 1 1 

2 POLL COMMAND 1 

3 MUST BE ONE 1 
===== ====================================== ====== 

4 MUST BE ZERO 9 

5 SPECIAL MASK MODE 9 SEE TABLE 4-49 1 

6 SPECIAL MASK MODE 1 SEE TABLE 4-49 1 

7 NOT USED DON'T CARE 

Table 4-42: SLAVB IR'lERROPT CRTLR. 1 - COIlMABD REG. 3 (PORT 168B) 
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BIT BIT NAME ENA DIS 
----- ====================================== ===== ---------- -----

MULTIBUS INTERRUPT REQUEST 9 9 1 
----- -----

1 MULTIBUS INTERRUPT REQUEST 1 9 1 ----- -----
2 MULTIBUS INTERRUPT REQUEST 2 9 1 ----- -----
3 MULTIBUS INTERRUPT REQUEST 3 9 1 

===== ----------===== ====================================== 
4 MULTIBUS INTERRUPT REQUEST 4 9 1 ----- -----
5 MULTIBUS INTERRUPT REQUEST 5 9 1 ----- -----
6 MULTIBUS INTERRUPT REQUEST 6 9 1 ----- -----
7 MULTIBUS INTERRUPT REQUEST 7 9 1 

--------------------------------------------------------
Table 4-43: SLAVE INTERRUPT CftLR 2 - MASK REG. (PORT .6AB) 

Control Register 1 

BIT . BIT NAME TRUE 
---------- ====================================== ====== 

INTERRUPT REQ. LEVEL BIT 9 (4-46) 1 

1 INTERRUPT REO. LEVEL BIT 1 (4-46) 1 

2 INTERRUPT REO. LEVEL BIT 2 (4-46) 1 

3 MUST BE ZERO 9 
===== ====================================== ====== 

4 MUST BE ZERO 9 

5 COMMAND BIT 0 -- SEE TABLE 4-47 1 

6 COMMAND BIT 1 -- SEE TABLE 4-47 1 

7 COMMAND BIT 2 -- SEE TABLE 4-47 1 

Table 4-44: SLAVE INTERRUPT Clft'LR. 2 - COMMAND REG. 2 (PORT "'8B) 
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BIT BIT NAME I TRUE 
===== ====================================== ------------

READ REGISTER CMD 9 SEE TABLE 4-48 1 

1 READ REGISTER CMD 1 SEE TABLE 4-48 1 

2 POLL COMMAND 1 

3 MUST BE ONE 1 
===== ====================================== ------------

4 MUST BE ZERO 

5 SPECIAL MASK MODE 9 SEE TABLE 4-49 1 

6 SPECIAL MASK MODE 1 SEE TABLE 4-49 1 

7 NOT USED DON'T CARE 

--------------------~------------~-----------------

Table 4-45: SLAVE IftERRUPT CR'.rLR. 2 - COMMARD REG. 3 (PORT 1688) 

BIT 2 BIT 1 BIT 9 INTERRUPT REQUEST LEVEL ACTED UPON 1 
======= ======= ======= ====================================1 

9 9 9 INTERRUPT REQUEST LEVEL ZERO 1 
------- ------- ------- ------------------------------------1 

9 9 1 INTERRUPT REQUEST LEVEL ONE 1 ------- ------- -------
9 1 9 INTERRUPT REQUEST LEVEL TWO 

------- ------- -------
9 1 1 INTERRUPT REQUEST LEVEL THREE ------- ------- -------
1 9 9 INTERRUPT REQUEST LEVEL FOUR ------- ------- ------- ----~-----------~-------------------
1 9 1 INTERRUPT REQUEST LEVEL FIVE ------- ------- -------
1 1 9 INTERRUPT REQUEST LEVEL SIX ------- ------- -------
1 1 1 INTERRUPT REQUEST LEVEL SEVEN 

Table 4-46: ~ERRUPT REQUBST LEVEL BIT-DBFINITION 
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BIT 2 BIT 1 BIT 0 COMMAND . 
======= ======= ======= ==================================== 

0 0 1 NON SPECIFIC END OF INTERRUPT ------- ------- -------
0 1 1 SPECIFIC END OF INTERRUPT ** ------- ------- -------
1 0 1 ROTATE ON NON SPECIFIC EOI ------- ------- -------
1 0 0 ROTATE IN AUTOMATIC EOI MODE (SET) 

------- ------- -------
0 0 0 ROTATE IN AUTO EOI MODE (CLEAR) ------- ------- -------
1 1 1 ROTATE ON SPECIFIC EOI ** 

------- ------- -------
1 1 0 SET PRIORITY COMMAND ** 

------- ------- -------
0 1 0 NO OPERATION 

Table 4-47: IftERRUPT CONTROLLER COMMAIIDS 
** Uses Interrupt Request Level Bits (Table 46) 

----------------~-----------------------------------1 BIT 1 1 BIT 0 1 READ REGISTER COMMAND 1 
1=======1=======1====================================1 
1 0 1 1 or 01 NO OPERATION 1 
I-------I-------I-------------------------------~----I 1 1 I 0 1 READ INT REQUEST REG ON NEXT READ 1 
1-------1-------1------------------------------------1 
1 1 1 1 I READ INT SERVICE REG ON NEXT READ I 

Table 4-48: READ INTERRUPT CONTROLLER REGISTER COMMANDS 
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----------------------------------------------------1 BIT 1 1 BIT 9 1 SPECIAL MASK MODE 1 
1=======1=======1====================================1 
1 9 1 1 or 9 1 NO OPERATION 1 
I-------I-------I--------~---------------------------I 1 1 1 9 1 RESET SPECIAL MASK MODE 1 
1-------1-------1------------------------------------1 1 1 1 1 1 SET SPECIAL MASK MODE I 

Table 4-49: IftERRUP'r CONTROLLER SPECIAL MASK MODE CON'l'ROL 

4.19. Multibus Compatible Expansion-Interface 

The ACS 8699 system provides a pair of rear panel connectors 
that permit connection to an additional enclosure containing a 
standard Multibus card cage. This expansion capability allowes 
system users to add special or custom application dependent 
interfaces to the system. The interface supports both eight bit 
and sixteen bit bus masters that use the daisy chain technique 
for resolving the priority of bus access. The interface supports 
the addressing of up to one megabyte of memory. Since the ACS 
8699 has provisions for a full megabyte of memory, the Multibus 
interface does not permit the main CPU to access any memory 
outside of the ACS 8699. To fully protect'lthe integrity of the 
ACS 8699, the operating system and the other users that may be 
using the system, the Multibus interface does not permit bus 
masters external to the ACS 8699 to access any I/O ports internal 
to the ACS 8699. The design of the Multibus interface includes 
socketed termination resistors for all Multibus signals that must 
be terminated on one of the bus masters. All signals in the 
interface meet the electrical and driver-receiver requirements of 
the Multibus Specification published by Intel with two 
exceptions. The open collector signals Bus Busy (BUSY/) and 
Common Bus Request (CBRO) have only twenty milliamperes of drive 
instead of the thirty-two milliamperes of drive specified in the 
specification. The two clocks supplied to the Multibus Interface 
(BCLK/ and CCLK/) are 9.8394 megahertz. One further limitation 
that must be noted is that the Multibus specification limits 
total bus length to twelve inches. As the ACS 8699 is currently 
packaged approximately eight inches of cable are required to run 
from the CPU Board to the rear panel. The Multibus signals 
listed on the next page are supported by the interface. 
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Address Lines - ADR~/ through AD13/ 

Data Lines - DAT~/ through DATF/ 

Control Lines - IORC/, IOWC/, MRDC/, 
MWTC/, INTA/ and XACK/ 

Interrupt Lines - INT~/ through INT7/ 

Clock Lines - BCLK/ and CCLK/ 

System Initialization Line - INIT/ 
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5. PHYSICAL, ELBC'mICAL AND EllVIROllllEN'tAL SPECIFICATIONS 

The lists on this page and the next page give the electrical 
and environmental requirements of the ACS 8699 system. These 
figures are preliminary estimates and should be taken as 
estimated worst case maximum values. 

Main System Enclosure 

Size 
19 n Wide, 23" Deep, 7" High 

Weight 
69 Pounds - Free stanaing weight 
89 Pounds - Shipping weight 

Front Panel Controls 
AC ON/OFF Switch 
RESET Switch 

Rear Panel Connections 
AC Power 
Fuse 
Console RS-232C Connectors (DB 25) 
Parallel Interface Connector (DB 37) 
Multibus Interface Connector (72 Pins) 
Magnetic Tape Expansion (59 pin) 
Rigid Disk Expansion (59 Pin & 29 Pin) 

MaximumAC Inrush Current 
8.5 A at 115 V, 69 Hz (3 sec) 

Maximum Input Power 
4 A at 115 V, 69 Hz 

Power Dissipation 
399 Watts 
1924 BTU per hour 

Ambient Temperature Range 
59 to 99 Degrees Farenheit 
15 to 32 Degre~s Celsius 

Relative Humidity 
29% to 89% Non-condensing 
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Peripheral Enclosure 

Size 
19" Wide, 23" Deep, 7" High 

weight 
55 Pounds - Free standing weight 
75 Pounds - Shipping weight 

Front Panel Controls 
AC ON/OFF Switch 

Rear Panel Connections 
AC Power 
Fuse 
Expansion Connectors (Depends on peripherals 

used -- refer to Main System Connectors) 

Maximum AC Inrush Current 
6 A at 115 V, 69 Hz (3 sec) 

Maximum Input Power 
3 A at 115 V, 69 Hz 

Power Dissipation 
275 Watts 
949 BTU per hour 

Ambient Temperature Range 
59 to 99 Degrees Farenheit 
15 to 32 Degrees Celsius 

Relative Humidity 
29% to 89% Non-condensing 
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5. SOFftARB 

Altos Computer Systems offers the following operating 
systems for use on the ACS 86rara system: 

Single User 
CP/M-86 

Multiple User 
XENIX 
OASIS-86 
MP/M-86 

Altos Computer Systems offers the follow ing languages for 
support of end user applications on the ACS 86rara system: 

CIS-COBOL 
RM-COBOL 
PASCAL/M- 86 
C-BASIC-86 
MICROSOFT COBOL 
MICROSOFT PASCAL 
MICROSOFT BAS IC 
MICROSOFT FORTRAN 
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. 
A. RIGID DISK CONTROLLER DOCUMENTATION 

WARNING: D.B BOARD DESCRIBED Di %IJ.ll SPECIFICATION .IS USED Wi 
SEVERAL SYSTEMS. 

WARNING: .'mIS SPECIFICATION !lAX DESCRIBE FEATURES ~ AU W% 
IMPLEMENTED QB W% AVAILABLE QB AC.S. ti.U.. SYSTEII. 

WARNING: .IL.O. PORTS REFERENCED Di THIS SPECIFICATION IIAX l«l% 
AGREE li.ID. D.B .IL.O. PORTS DEF INED Di D.B SECTION L..2. m: 
D.B ACS 8688 SYSTEII SPECIFICATION. %DB.IL.O. PORTS 
DEFINED Di SECTION L..2. AlUi CORRECT liHILE .IL.O. PORTS .lH 
%B~~ ~~~~~~A%~OB B~AB %0 ABO%B~B ~X~%~II %BA% 
UTILIZES %DIS BOARD. 
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USER INFORMATION: EIGHT INCH SOFT SECTORED DRIVES 
AND THE ALTOS CONTROLLER 

Specifications for these drives are as follows: 

Model Number Disks Heads Cylinders Total Capacity 
-----------------------------------------------------------------
Shugart 

SA1882 1 2 256 5 megabytes 
SA1884 2 4 256 18 

Quantum 
Q2818 1 2 512 18 
Q2828 2 4 512 28 
Q2838 3 6 512 38 
Q2848 4 8 512 48 

Aside from capacity, there are two significant differences 
between these drives: the Quantum drives have twice the number of 
cylinders that the Shugart drives have and the Quantum drives 
have a REZERO capability that is neither provided for nor needed 
on the Shugart dr ives. 

On the controller there is a jumper at Sl that needs to be 
set to coincide with the type of hard disk in the system. This 
must be set to S for the Shugart dr ives and to Q for the Quantum 
drives. This jumper sets the cylinder number at which write 
precompensation takes place (at cylinder 128 for the Shugart 
drives and 256 for the Quantum). 

Data is stored on the disks in blocks or sectors of either 
256 or 512 bytes (not programmable) identified by cylinder, head 
and sector numbers. The address for each sector is written 
previously (by a FORMAT command) ahead of the data field. When 
reading from or writing to the disk, this address is read and 
verified before the data field is read or written. A correct 
match must be found for the address and its check bytes before 
the sector can be written or read. 

The general procedure to read or write data is to first 
position the heads over the desired cylinder via a SEEK command, 
load the head and sector numbers into the appropriate ports and 
finally issue a READ or WRITE command. When the correct sector is 
found, the data is transferred between disk and system memory 
under control of the DMA by way of a FIFO buffer. 
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The controller is addressed by way of four I/O ports (929H-
923H) • 

Addresses: 

Port! Read 1 Write 
-----1--------------1----------------------------------
929H X ! Drive and head numbers 
92lH 1 Data 1 Old cylinder number (in two 

1 1 bytes), sector number and data 
922H 1 X 1 New cylinder number (in two 

1 1 bytes) 
923H 1 Status ! Commands 

COMMANDS 

Port 923H is the command port when writing and the status 
port when reading. There are six commands that may properly be 
issued: 

RESET initializes the controller circuit. A reset is done 
automatically at power on and is not normally required there­
after. 

RECAL commands the heads to be positioned over track zero. 
This must be done for each drive fo~lowing power on before any 
disk access is attempted and thereafter as part of the error 
recovery routine. A recal requires about ISms (Quantum) to l8ms 
(Shugart) per cylinder for a maximum time of about 8 seconds for 
the Quantum drives and about 4 seconds for the Shugart drives. 

SEEK causes the heads to move from the programmed "old 
cylinder" to the programmed "new cylinder". 

READ is the command to read the addressed sector off of the 
disk. 

WRITE is the command to write to the addressed sector on the 
disk. 

FORMAT is the command to format an entire track. This 
consists of writing out the address or header for each sector on 
the specified (by cylinder and head) track. 

For the Quantum drives there is an additional command, 
REZERO. This causes the Quantum drives to do an inter~al 
recalibration of the head positioning circuitry. This takes about 
2 seconds to complete. 
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Commands (Port B23H): 

Bit number ! 7 6 5 4 3 2 1 B Hex 
---------------1--------------------------1-----
NULL 1 B B B B B B B B ! BB 
READ ! B B B B X B B 1 ! Bl 
WRITE ! B B B B X B 1 B ! B2 
FORMAT ! B B B B X 1 B B ! B4 
SEEK 1 B B B 1 X B B B lB 
RECAL ! B B 1 B X B B B 2B 
REZERO· 1 B 1 B B X B B B 4B 
RESET ! 1 B B B X B B B ! 8B 

No more than one command may be issued at one time. 
For all the commands except NULL and RESET, when the command has 
been completed, the controller will issue an interrupt (via the 
PIO at port BB8H bit 7). Following this interrupt, the status 
port must be read. This clears the status register and is needed 
to permit subsequent interrupts. If more than one command is 
outstanding (a second issued before the first interrupts back), 
both commands will be aborted. 

STATUS 

The status byte (which should be read at the completion of 
every operation as noted above) reports on the status of the 
drive or controller. 

READY indicates that the selected drive is powered and up to 
speed. No operation will take place until a drive is selected and 
ready is true. Normally being READY indicates that the drive is 
ready to be read from or written to but a special case exists 
with the Shugart drives: upon being powered on these drives 
require a two minute stabilization time before they should be 
read from or written to. Unfortunately, READY will go true before 
these two minutes are up (in about five seconds) and does not 
allow for this warm-up time. 

WRITE FAULT indicates a disk error during writing. To clear 
a write fault, the selected drive must be de-selected then re­
selected. 

CRC ERROR indicates that either the header or data field 
read off the disk was in error. If the operation was a write, the 
error was incurred in reading the header and the sector was not 
written to. If the operation was a read, then the error could 
have occurred in either the header or data field. If it occurred 
in the header, the opera tion was aborted and the da ta f i el d was 
not read. If it occurred in the data field, the data was already 
transferred before the error was detected. 

RECORD NOT FOUND indicates that during a read or write 
operation the specified header was not found in four revolutions 
of the disk. This may be caused by a seek error or incorrectly 
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specified head or sector. RNF during a read may also indicate 
that the data sync field (zeros, nAln or nFa n) was not found even 
after the header was located. This is most likely caused by 
trying to read a sector after it had been formatted, but before 
it was written to. 

BAD SECTOR indicates that the sector to be read or written 
was previously specified as a bad sector. A sector is flagged as 
bad during formatting with a one at bit 3 of the head byte. Good 
sectors have a B there. 

TASK COMPLETE indicates that the requested command was 
carried out or aborted. Analysis of the status byte will 
determine whether the operation'was aborted. 

BUSY indicates that the controller is in the process of 
carrying out an operation. This signal will be a B at the 
completion of an operation. 

Status byte (Port B23H): 

Bit 1 Mnemonic 1 Meaning 
-----1--------------1----------------------------------7 1 RDY 1 Selected drive is ready 

6 1 WR FLT 1 Write fault (from drive) 
5 1 (none) 1 
4 1 CRC ERR 1 
3 1 RNF 1 
2 1 BD SECT 1 
I 1 TC 1 
B I BUSY 1 

CRC error encountered 
Record not found 
Bad sector encountered 
Task complete 
Busy 

OTHER PORTS 
.. 

Port B22H is for writing the new cylinder number. This is 
entered in two consecutive bytes, the low order eight bits first 
then the high order three bits. 

Cylinder bytes: ! 
--------------------1--------------------------------
Least significant 
Most significant 

! 7 
X 

6 
X 

5 
X 

4 
X 

3 
X 

2 
A 

I 
9 

B 
a 

Port B2lH has mul tiple functions. Before doing a SEEK the 
old cylinder is entered (in two bytes as for the new cylinder). 
Before doing a READ or WRITE the sector number is entered into 
this port, and when data is being transferred between disk and 
memory it is done through this port. 
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Port 929H is for selecting the drive and head to be used. 
The heads are selectable in a binary sequence (limited by the 
number of heads on the drive). Either one or the other but not 
both drives should be selected. 

"Drive/head byte (Port 929H): 

Bit 1 Name Function 
-----1--------------1----------------------------------

7 1 HS3 1 Head select bit 3 
6 1 HS2 1 Head select bit 2 
5 1 HSI 1 Head select bit I 
4 ! HS9 1 Head select bit 9 
3 1 1 (none) 
2 1 1 (none) 
I 1 DS2 1 Drive select 2 
9 1 DSI 1 Drive select I 

FORMATTING 

As this drive is soft-sectored, an entire track must be 
formatted at one time to keep the proper timing relationship 
among the sectors. Formatting of a track destroys any data on the 
track, so if the header for a sector ever needs to be changed 
(i.e. to mark a sector as a BAD SECTOR) all the data on that 
track will need to be backed off of the disk before formatting 
and then restored afterward. 

The formatting procedure is as follows: first the heads must 
be positioned to the desired cylinder using the SEEK command. 
Then a header image consisting of four bytes: an n9FEHn, cylinder 
number, head number, and sector number must be placed in memory 
and written out to the disk by the DMA as each sector arrives 
under its head during one rotation of the disk. The cylinder 
number in the header must agree with the cylinder that the heads 
are on and the head number must agree with the selected head. 
However, the sector number can be any unique number between 9 and 
255. This allows for staggering the sectors if required. The DMA 
must be programmed for a four byte continuous transfer. 

Header Image: 

Byte name 1 Description 
----------------1----------------------------------------
Sync byte 1 
Cylinder byte 1 

! 
Head byte ! 

! 
1 
1 

Sector byte 1 

n9FEH n 

Low order bits (7-9) of the cylinder 
number 
Head bits (3-9) in the top four bits, 
a bad sector flag at bit 3, and high 
order cylinder bits (A-8) at the 
bottom three bits 
Sector number in hex 
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To write out the header, the FORMAT command must be issued. 
When that header has been written out, an interrupt is generated. 
Then the header' image ~ust be upda ted to the next sector number 
(only the sector numbers change down the track) and a new FORMAT 
command issued before the next sector arrives at the head (464 
microseconds for a 256 byte sector). The program must also keep 
count of the number of sectors that have been formatted and stop 
issuing the FORMAT command when the last one for that track has 
been written. When the interrupt occurs following the writing of 
the last sector's header, the status must be read and when the 
next interrupt occurs, formatting of that track is complete and 
another command may be issued. (Follow ing the next to last 
interrupt, a dummy or null command may be issued if necessary). 

To format the entire disk, the above procedure must be 
repeated for each head of each cylinder. 

Two sector sizes are provided for: 256 bytes and 512 bytes. 
One track will accommodate 31 sectors at 256 bytes and 17 at5l2. 
The sector size is determined by jumpers on the controller at S2. 
Two jumpers are used. Both must be in either the 256 or the 512 
position. 

At the time of formatting, the controller fills in every 
byte of the data field with n04EHn. Following the formatting of a 
track, any attempt to read a sector on that track that has not 
been specifically written to will result in a record not found 
(RNF) as the sync bytes will be missing for these sectors. Each 
sector must subsequently be written to with some other data (i.e. 
n0E5Hn to initialize the sector for CP/M, MP/M or AMEX). Any data 
stored on a track gets destroyed when that track is formatted. 

The sequence of sectors on a track is under control of the 
formatting program. Physically adjacent sectors should not be 
read or written sequentially. This is because the data is 
transferred between disk and main memory under DMA control. 
System memory (composed of dynamic RAMs) requires periodic 
clocking to maintain its data. This refreshing is normally done 
by the CPU, but when the DMA is active, the CPU's refresh cycles 
are held off. To allow the memory to get properly refreshed, 
then, the CPU must regain control and generate the refresh cycles 
to keep the memory alive. 

The soft sectoring of the drive precludes the ability to 
perform a specific READ ID command. This is because the location 
of the sector on a track is unknown. When READING or WRITING, a 
sector is located by reading all the headers encountered along 
the track until the correct one is found. In performing a READ, 
when the correct header is found, the header bytes are read off 
the disk and transferred into memory. As a diagnostic, this can 
be used to verify that the data read was from the specified 
sector. 

Specification Revision 4.2, Kay 27, 1982 Page 181 



PRELIMDlARY 8688 USER IIAIIUAL SECTION 7. SYS~BM SPECS. 

READING OR WRITING A SECTOR 

WARNING: upon being powered on, the Shugart drive requires a 
two minute stabilization time before reading or writing. The 
READY signal from the drive will go true about five seconds 
following pow~r-on, so it is up to the user to wait these two 
minutes. The Quantum drive will go ready in about ten seconds. It 
is not yet known whether it will require a similar stabilization 
time. 

Assuming the drive has been properly initialized following 
power on by selecting and RECALING the dr ive, seek to the 
desired cylinder by loading the old cylinder number at port 02lH 
(following a RECAL this would be 000H), loading the new cylinder 
number at port 022H, then issuing a SEEK command. An interrupt 
will occur when the head has arrived at the new cylinder and 
settled down (i.e. no additional head settle time is required). 

To write or read a sector, the sector must first be 
found. The controller does this by comparing the header images 
(which are written on the disk during formatting) as they pass 
under the head to the bytes programmed into ports 020H-022H (020H 
has the head number, 02lH has the sector number and 022H has the 
new cylinder number). As the sector register gets overwritten by 
data during a write, before the next read or write command the 
sector number must be reissued to port 02lH. Also, in switching 
between drives, even if a seek is not necessary port 022H must be 
reloaded with the new cylinder number. 

To read a sector, prepare a buffer area in main memory to 
which the data from disk can be placed. Next, program the DMA to 
transfer the desired number of -bytes (either 256 or 512 bytes for 
WRITE or 259 or 515 for READ) from the controller's I/O port 
(02lH) to the buffer in memory using the CONTINUOUS mode and 
standard memory and I/O timing (to properly pace the FIFO). In 
doing a READ there are additional bytes that are read off the 
disk: the three bytes of header information that preceded the 
data (cylinder, head/drive and sector, just as they are written 
out during formatting). Along with the 256 or 512 bytes of data, 
these three bytes must be transferred by the DMA. There are also 
two bytes of CRC that follow the data and these may but do not 
need to be transferred. Also note that the DMA transfers one more 
byte than programmed, so that the number of bytes the DMA is 
programmed to transfer will end up being two or four bytes longer 
than the sector length. 

Next, load the address (cylinder, head/drive and sector) of 
the sector to be read. The cylinder number should be already 
correct from having done a SEEK. Load the head number to port 
020H without changing the drive number (they share the same 
byte). Then load the sector number at port 02lH. (A 20microsecond 
delay is required between selecting a drive or a head and issuing 
a read or write command, but the inherent programming delays 
normally take care of this). Finally, issue the READ command. 
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When the dr i ve/controll er locates the desir ed sector, the 
controller signals the DMA and the data transfer is carried out 
by the DMA directly into memory. When the transfer is complete, 
the controller generates another interrupt and clears out the 
READ command. The status register must then be read. If a RNF is 
indicated, the data was not transferred to memory. If a CRC ERR 
or BAD SECTOR is indicated, the data was transferred but its 
accuracy is questionable. 

To WRITE a sector, a similar procedure is used with the 
buffer area first being filled with the data to be written to the 
disk. The header and CRC bytes are provided by the hardware, so 
only the data bytes need be transferred by the DMA. Again, the 
status register must be read. If a RNF, CRC ERR or BAD SECTOR is 
indicated the data was not written out to disk. When writing, all 
the sync bytes are provided by the controller (in contrast to the 
technique used for the SA4riHHJ which required a sync byte ahead of 
the data). However, when FORMATTING the drive, a sync byte of 
"0FEH" must preceded the header bytes. 

CONTROLLER RESPONSES 

When a command is issued without a drive being ready or 
selected, the controller will wait until the selected drive 
becomes ready before the operation is carried out. Then at the 
completion of the operation an interrupt is generated. 

RESET does not generate an interrupt neither does selecting 
or deselecting a drive. 

Reading and writing from/to the disk cannot be done by the 
CPU because of the high data rate. Except for some diagnostic 
tests, the da ta must be transferred by the DMA. 

To prevent extraneous writes to the disk when the power goes 
off, the controller has a sensing circuit that deselects the 
drives when the +5 volt supply falls below +4.5 volts. This 
circuit does not guarantee, however, that data being written to a 
sector will not be lost if power goes off. To insure against such 
a loss, power down the system only when no writing is being done 
to the disk. 

BAD SECTORS 

As noted before, this controller has the capability of 
flagging bad sectors. A sector may be flagged as being bad by 
entering the appropriate bit (bit 3 in the head byte - see the 
header image info on page 3) in the header during the format 
operation. Thereafter, when such a sector is accessed, writes and 
reads will be aborted and a BAD SECTOR status reported. Note that 
a BAD SECTOR status is not reported just because the accessed 
sector is bad, but because it has been f lagged as being bad. The 
usual status returned when reading a sector that has a defect but 
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is not flagged is a CRC error. 
The reason for flagging a sector as being bad is that the 

recording media occasionally contains flaws that do not permit 
reliable writing and reading in certain areas. By marking those 
sectors containing known flaws as BAD SECTORS the diagnostic that 
tests the disk drive can distinguish between defective media and 
a failure of the drive or controller to read properly. 

Each drive manufacturer does an analog (and therefore very 
sensitive) test of each drive that produces a "media scan" record 
indicating where the defective areas are. This map can be used 
to identify the sectors that should be marked as BAD SECTORS and 
that the operating system should not attempt to use. 

Shugart provides an SA1994 MEDIA ERROR MAP with each dr ive 
which gives the track number (TRK), head number (HD), beginning 
location with respect to the index pulse (BYTE COUNT) and length 
of the defect in bits (LENGTH [BITS]). To convert these numbers 
to nomenclature that the controller recognizes, only the sector 
number needs to be deciphered. The cylinder number is the same as 
Shugart's track number and the head number needs no translation. 

The number of the bad sector(s) is determined from the table 
below. This gives the range in bytes for each sector relative to 
the index pulse. The defective area given by the media scan spans 
from the BYTE COUNT to the BYTE COUNT plus the r esul t of LENGTH 
diyided by 8. Any sector whose range falls within the defective 
area is bad. Defective areas may extend across more than one 
sector. In addition, the possible speed variation of the disk 
during formatting (+/-3%) may result in an ambiguity as to which 
sector a def ect w ill fall in to. Thi sis ref lect ed in th e table 
where the sector ranges overlap. In such a case,· all potentially 
defective sectors need to be identified. This table assumes no 
skewing and 512 byte sectors. 

CONVERSION TABLE - BYTE COUNT TO SECTOR NUMBER 

BYTE COUNT PHYSICAL SECT NO LOGICAL SECT NO 
-----------------------------------------------------

15- 596 9 B 
588- 1294 1 6 

1162- 1813 2 12 
1735- 2422 3 1 
2398- 3931 4 7 
2881- 3639 5 13 
3455- 4248 6 2 
4928;.. 4857 7 8 
4691- 5466 8 14 
5175- 6974 9 3 
5748- 6683 19 9 
6321- 7292 11 15 
6894- 7991 12 4 
7468- 8599 13 19 
8941- 9118 14 16 
8614- 9727 15 5 
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9187-10335 16 11 
To avoi d th e delay in seeking to a sect or only to find tha t 

it is bad, and to get around the problem that may occur if a 
defect occurs in the header of a sector (in which case the BAD 
SECTOR flag may not be recoverable but rather a RNF status would 
be returned), it has been proposed that cylinder 0 (guaranteed to 
be defect-free) be used to store the bad sector table which the 
operating system would check before writing or reading a sector. 
(See ALTOS Format for Hard Disk Systems 11/19/80). Another 
approach is to assign dummy files to the sectors that are bad so 
that the operating system would not try to access them. 

DISK DRIVE SPECIFICATIONS 

Nominal track capacity: 

Min track capacity (-3% speed): 

Formatted capacity (at 512 
SA1002 
SA1004 
Q2010 
Q2020 
Q2030 
Q2040 

bytes) : 

10416 bytes 

10102 bytes 

4,456,448 bytes 
8,912,896 bytes 
8,912,896 bytes 

17,825,792 bytes 
26,738,688 bytes 
35,651,584 bytes 

Transfer rate: 230 nanosec per bit 
1.84 microsecper byte 

Access time: 
Track to track: (Shugart) 

(Quantum) 
Average: (Shugart) 

(Quantum) 
Maximum: (Shugart) 

(Quantum) 

Average latency (Shugart) 
(Quantum) 

19ms 
ISms 
70ms 
S0ms 

150ms 
100ms 

9.6ms 
HJms 
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Disk Data Format: 

No of bytes 1 Character 
---------------1-------------------------------------------

(start at Index Pulse) 
16 1 "4E" 

---------------1------------------------------------------
14 I" 'HJ" Wr i tten out 31 times 

1 1 "Al*" for 256 byte se.ctors or 
1 1 "FE" 17 times for 512 byte 
1 1 cylinder byte sectors during format 
1 1 head byte 
1 1 sector byte 
2 I CRC bytes 

1(3 1 "(3(3" 

----------1----------------------------------1 
12 1 "(3(3" written out during 1 

1 1 "A1*" a write operation 1 
1 1 "F8" 1 

256 or 512 I (Data) 1 
2 I CRC bytes 1 
3 1 "(3(3" I 

----------I--------------------~-------------I 
29 1 "4E" 

---------------1------------------------------------------
(as reqd) 1 "4E" 

(Stop at Index Pulse) 

6/(35/81 WS 
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USER INFORMATION: EIGHT INCH HARD DISK CONTROLLER FOR THE ACS8699 
(ASSEMBLY NUMBER 11123) 

To permi t this controller to operate with both the Z 89 and 
the 8986/8989 systems, the original circuit (assembly number 
19635) was modified to delay the DMA ready signal during data 
transfers. So that the controller may be used with both of these 
systems, a jumper selection has been added to adjust the DMA 
ready signal. For a Z89 system, the· jumper at S3 should be set to 
2, and for an 8986/8989 system it should be set to 1. This is the 
only change that is necessary to allow the controller to move 
from a Z89 to an 8986/8989 system. 

In addition to the above, the following functional changes 
were made to the operation of the controller: 

1) A new command has been def ined, read without header bits. 
This command allows a sector to be read off of the disk 
without the data being preceded by the cylinder, head and 
sector numbers. This new command is READWOHD, 99fHnfHH or 
99H. The original READ command, 9lH, works as it did before 
in transferring three bytes of sector ID before the data. 
These ID bytes are invaluable in running diagnostics on the 
drive/controller. 

2) Status bits (TASK COMPLETE, BAD SECTOR, RNF and CRC ERR) 
do not get cleared by reading status unless TASK COMPLETE is 
true at the beginning of the read cycle. Thus, polling 
status no longer runs the risk of hanging up the controller. 

3) BUSY no longer depends upon drive READY (which in turn 
depends upon a drive being selected). BUSY is now only a 
controller status bit. It is true if the controller is in 
the process of doing a READ, WRITE, FORMAT, SEEK or a RECAL. 

4) The write precompensation circuit has been changed to 
allow for individual compensation of each hard disk drive in 
a two drive system. Thus the external drive does not have to 
be the same make as the internal drive as is the present 
requirement. This is handled by a second jumper at Sl. Sla 
sets the compensation for drive 1, and SIb sets it for drive 
2. 

A couple of miscellaneous items not covered in the previous 
write up on the controller: 1) initiating a SEEK or RECAL without 
the drive being READY can hang up the controller in that no 
interrupt will be returned, and 2) because port 92lH is 
multiplexed (used for Old Cylinder Number, Sector number and 
data), it is necessary to insure that the appropriate byte is in 
this register for the operation in pr~cess. Specifically, old 
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cylinder should be there prior to SEEKING and sector number prior 
to a READ or WRITE. This needs to be adhered to even during error 
recovery. 

11/05/81 WS 
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B. INTELLIGENT I/O CHANNEL DOCUMENTATION 

WARNING: D.B BOARD DESCRIBED .IB %lUS. SPECIFICATION .IB. USED QB 
SEY'ERAL SYSTEMS. 

WARNING: .mm SPECIFICATION !lAX DESCRIBE FEATURES %BAT ARB. BQ% 
IMPLEMENTED OB BQ% AVAILABLE mI ACa. .ana. SYSTEM. 

WARNING: un PORTS REFERENCED .IB .TlI.IS SPECIFICATION IIAX BQ% 
AGREE lil.%ll %B..K un PORTS DEFINED .IB %U SECTION L.2. ~ 
D.B AkS 8688 SYSTEK SPECIFICATION. %DB un PORTS 
DEFINED DI SECTION ~ AR..I CORRECT JlHILE un PORTS DI 
%B~~ S~BC~~~CA%~OB RB~BB %0 ABO%BBB S%S%BK %BA% 
UTILIZES .mm BOARD. 
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Intelligent I/O Controller Specification 
======================================== 

Date: 1/28/82 

By: Norm Kelly 

"' 
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INTRODUCTION 
------------------------

The Intelligent I/O board consists basically of a Z80 
processor with eight serial channels under its control. The 
processor communicates with the host via main memory and a 
pair of interrupt lines. The host may interrupt the Z80 and 
the Z80 may interrupt the host. This board is intended to 
offload the host processor such that the majority of 
character interrupt processing may be handled by the 
Intelligent I/O. This should allow the host processor to 
devote more of its power to higher level tasks, and possibly 
even handle more users in a more timely fashion. 

FUNCTIONAL DESCRIPTION 
--------------------------------------------

The Intelligent I/O controller consists of a Z80A 
microprocessor, four Z80A SIO dual serial controllers, 
4KBytes of EPROM, 2 Kbytes of static ram, 2 AM9513 timer 
ICs, a Multibus interface, and associated control logic. 
The hardware supports eight serial channels capable of 
operating in asynchronous mode at all standard baud rates 
between 110 baud and 38.4 Kbaud. Each serial channel has a 
corresponding programmable timer for baud rate generation to 
allow for independent baud rates. The EPROM is intended to 
hold the control program for the Z80A, since execution from 
main memory is not possible. Extra control logic is 
required for the Multibus interface to allow the full 16 
Megabyte addressing provided by the- bus specifica tion. 
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Interrupts on Z80A 
================== 

The Z80A processor may be interrupted by a total of 10 
sources. The eight serial channels are all connected to the 
INTR line, and each can be considered a source of interrupts. 
The four SIO devices are daisy-chained together such that the 
Z80A vectored interrupt mechanism may be used to 
differentiate these interrupts. This assumes that the SIOs 
are programmed to generate vectors, and that the Z80A is 
programmed for interrupt MODE 2. 

Two other interrupt sources are tied to the NMI pin. 
These two sources consist of a decoded address from the host 
processor expected to be used as a channel attention, and a 
'memory error' signal generated by hardware in the main 
memory controller when an uncorrectable memory error is 
detected while accessing main memory. The memory error 
signal is also connected to the SOURCE 4 input of the second 
AM9513 timer IC. This allows differentiation between the two 
NMI sources by polling the timer to see if a memory error has 
occurred. 
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BAUD RATE TIMERS 
================ 

Eac~ serial channel has a dedicated timer for 
generating its transmit/receive baud rate clock. The ICs 
used for these timers are AM9513 system timing controllers. 
The crystal inputs of both timer chips are driven at 1.8432 
MHz.' This input frequency allows operation of the serial 
channels at all standard baud rates between 5~ baud and 
38.4 Kbaud. The divisors to be used for these rates are 
listed in the table below. 

BAUD RATE 
------------------

38.4 K 
19.2 K 
96~~ 
72~~ 
48~~ 
36~~ 
24~~ 
2~~~ 

l8~ " 
l2~~ 
6~~ 

3~" 
15" 
135 
ll~ 

75 
5~ 

DIVISOR 
--------------

3 
6 
12 
16 
24 
32 
48 
58 
64 
96 
192 
384 
768 
853 
1~47 
1536 
23~4 

NOTE: These values assume that the SIO channels have been 
programmed for clock rates 16 times the baud rate. 

In addition to the standard baud rates available as 
listed above, serial channel #6 has provisions for external 
clocking on both transmit and receive to support Bisync. 
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MULTIBUS INTERFACE 
================== 

A Multibus interface on the Intelligent I/O board 
allows communication with the host processor via main memory. 
All memory accesses above the address of 32K (8000H), are 
mapped into main memory_ Address bit 15 from the Z80A is 
used for decoding this mapping, while all of the lower 
address bits (A0 - A14) are passed to the bus. All upper 
address bits on the bus (A15 - A23) must be generated by 
external hardware. A write-only port (HIGH BYTE) is used to 
generate the upper 8 address lines (A16 - A23), while a bit 
out of the control port is used for address bit 15. This 
allows the Intelligent I/O to access all of the memory in the 
Mul tibus memory address space of 16 megabytes. In addition, 
a bit out of the control port is used to lock the system bus 
when a test-and-set function is required. This bit causes the 
Multibus Arbiter to lock the bus whenever possession is 
gained (i.e., either immediately or on the next Multibus 
access). This means that no other bus master will be allowed 
on the bus until this bit is reset. Caution is advised when 
using this function as system throughput may be affected. 
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I/O PORT ADDRESSES 
================== 

Serial Channel 0: 
Data Register 
Command Register 

Serial Channell: 
Data Register 
Command Register 

Serial Channel 2: 
Data Register 
Command Register 

Serial Channel 3: 
Data Register 
Command Register 

Serial Channel 4: 
Data Register 
Command Register 

Serial Channel 5: 
Data Register 
Command register 

Serial Channel 6: 
. Data Register 

Command Register 

Serial Channel 7: 
Data Register 
Command Register 

Timer (9513) 0: 
Data Register 
Command Register 

Timer (9513) 1: 
Data Register 
Command Register 

Control Port (write only) : 

High Address Port (write only): 

SECTION 7. SYSTEM SPECS. 

0002H 
0003H 

0004H 
0005H 

0006H 
0007H 

0008H 
0009H 

000AH 
000BH 

0"0CH 
"""DH 

0""EH 
0""FH 

0"1"H 
00llH 

00l4H 
"0l5H 

00l8H 

""lCH 

Note: No other I/O addresses may be used, as these addresses are 
not uniquely decoded and other addresses may cause conflicts. 
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SERIAL CHANNEL DESCRIPTIONS 
=========================== 

Serial Channel SIO Port AM9513 Timer Priority 
===================================================================== 

t'iJ 

1 

2 

3 

4 

5 

6 

7 

t'iJ 

1 

1 

2 

2 

3 

3 

A 

B 

A 

B 

A 

B 

A 

B 
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t'iJ 

t'iJ 

t'iJ 

B 

B 

1 

1 

1 

1 

2 

3 

4 

5 

1 

2 

3 

Highest 

Lowest 
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CONTROL PORT BIT ASSIGNMENTS 
============================ 

BIT NAME FUNCTION 
============================================================= 

ADR15 

1 INTOUT 

2 LOCK 

This bit is used to replace A15 
from the Z89 when accessing the 
Mul tibus. 

This bit is used to generate an 
interrupt to the host processor. 
Since the interrupts are edge 
triggered, this bit should be 
toggled to guarantee that a new 
interrupt is seen by the host. 

This bit is used to lock the 
Mul tibus so tha t a test-and-set 
function may be implemented. It 
must be reset to allow other 
masters to acquire the bus. 
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APPDDIX A. 

ALms 1fARRAIIft', SBIPPIaG DAllAGB IBSPBC'.rIOB, 
AlII) RBPAIR PROCBDURBS 

Altos Computer Systems warrants_each of its products to be 
free from defects in materials and workmanship for a period of 90 
days from date of purchase by the end~user. During the warranty 
period, Altos, at its option, will repair or replace components 
in the products that prove to be defective at no charge other 
than shipping and handling, provided the product is returned 
prepaid to an authorized Altos Service Center or to Altos 
Computer Systems, 2360 Bering Drive, San Jose, California 95131. 

This warranty will not be effective if, in the opinion of 
Altos Computer Systems, the Altos product has been damaged by 
aCCident, misuse, misapplication, or as a result of service or 
modification by other than an authorized Altos service center. 

This warranty is expressly exclusive and in lieu of all 
other warranties or guarantees either express or implied. 
including, but not limited to the implied warranties of 
merchantability and fitness for a particular purpose. In no 
event shall Altos be liable for lost prof its, loss of good will, 
or any other special or consequential damages. 

Return of the End-User Registration Card is required for 
this warranty to be valid. War ranty claims are void unless the 
End-User Registration Card and Dealer Registration Card are on 
file at Altos Computer Systems. 
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SBIPPrRG DAMAGE INSPECTION 

If an Al tos computer is recei ved which has been damaged in 
shipment, or the possibility that it could have been damaged 
judging by the appearance or condition of the shipping container, 
note it on the waybill and require the delivery agent to sign the 
waybill. Notify the transfer company immediately and submit a 
damage report to the carrier, your dealer, and to Altos Computer 
Systems., Customer Service Dapartment, Attention: CLAIMS. If no 
exterior damage exists,. llnpack the microcomputer and inspect for 
hidden damage. All insurance claims for damage must be filed by 
the shipper • 

. REPAIll ABD SERVICE PROCEDURES 

If you experience technical problems with your Altos 
computer, perform the steps in the following procedure: 

1. Contact your Author ized Reseller for assistance. They 
will be able to fill most of your repair or service 
needs. 

If your Authorized Reseller is unable to assist you and 
you are located in the United States, perform either 
step 2 or 3. 

2. Contact Moore Business Systems for nationwide service. 

Moore Business Systems 
13615 Welch Road 
Sui te laa 
Dallas, TX 75234 

Phone: (sa a) 
( saa) 

527-la5s 
442-ll6a 

(National Watts Line) 
(Texas Watts Line) 

They will be able to offer you on-site service 
contracts, on-site time and material services, and 
depot service for your computer both under warranty 
and out of warranty. Call the toll-free number for 
price information and procedures. 

3. Contact Altos Computer Systems Customer Service 
Department for factory depot service. 

Altos Computer Systems 
Customer Service Department 
236a Bering Drive 
San Jose, CA 95131 
(4aS) 946-67aa 
Telex: 171562 ALTOS SNJ or 47a642 ALTO UI 
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ALTOS PAcmRY RBPAIR PROCEDURES 

Follow the steps in the following procedure to obtain Altos 
factory repair services: 

1. Contact Customer Service for assistance in ensuring 
that your system needs factory service, and to minimize 
the occurance of ~no problem found n when your system is 
returned for repair. 

2. Obtain War ran ty or standard Return Author iza tion 
Number. At the time the Return Authorization Number is 
assigned you will need to provide the following 
information: 

a. Model Number of your system. 
b. Serial Number 
c. Date Purchased 
d. Specific Problem 
e. Purchase Order Number or Authorization for any 

repair charges 
f. Name, address and telephone/telex number of your 

company and name of a responsible technical person 
whom Altos Customer Service may contact in the 
event of any question or problems 

3. Ship defective Altos computer in original shipping 
container, with the Return Authorization Number clearly 
labeled on the outside of the container. Include a 
detailed description of the symptoms of the 
malfunction, and any special instruction. Follow all 
shipping and packing instructions contained in your 
user manual. 

a. warranty freight: 

The End-User pays freight to Service Center.Altos 
Service Center pays return freight via like 
carrier 

b. Non-Warranty Freight: 

The End-User pays freight both ways 

CAtJIlIIOR 

Alto Custoaer Service is not responsible for the loss of 
data on any system returned for repair. A syste. returned 
for repair viII be fully tested, and this testing viII 
destroy all data on any hard disk product. 
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PRELIM. 8688 OSER IIAIIOAL APP.B. TROUBLB SBOOTIBG 

APPDDIX B. 

TROUBLB SBOOTIBG PROCEDURES 

(THESE PROCEDURES WERE IN DEVELOPMENT AT THE TI ME TH IS 
REVISON WAS PRINTED.) 
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PRELIM. 8688 OSER IIAIIUAL APP. C. CORPIGORATIORS 

APPBRDIX C. 

COIlllOR CRIf' TBRIIIIIAL AJID PIlIll'UR III'tBRPACB CORPIGURATIOllS 

(THESE PROCEDURES WERE IN DEVELOPMENT AT THE TIME THIS 
REVISON WAS PRINTED.) 

; 
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PRELIMIRARY 8688 OSER MAIIOAL APP.D. PIIIHIBG PCB'S 

APPBlmIX D. 

IBSDucrIOIIS FOR PIlIIIIBG CIRCUIT BOARDS 

(THESE PROCEDURES WERE IN DEVELOPMENT AT THE TIME THIS 
REVISON WAS PRINTED.) 
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PRBLIM. 8688 OSBR IIAIIOAL APP. B. IlAmIX IIAPS 

APPBRDIX B. 

IlAmIX IIAPS 

(THESE MATRIX MAPS WERE IN DEVELOPMENT AT THE TIME THIS 
REVISON WAS PRINTED.) 
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PRELl.. 8688 OSER RABOAL APP. P. SCBBIIA'lICS 

APPBRDIX P. 

SCBBllA2IIC DIAGRAIIS 

(THESE SCHEMATIC DIAGRAMS WERE IN DEVELOPMENT AT THE TIME 
THIS REVISON WAS PRINTED.) 
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PRELIM. 8688 OSER IWIUAL APP. G. IlAIlftBRAllCB 

APPBRDIX G. 

PRBVBftIVB IlAIlftBDIICB PROCBDURBS 

(THESE PROCEDURES WERE IN DEVELOPMENT AT THE TIME THIS 
REVIS ON WAS PRINTED.) 
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Altos Computer Systems 
World Headquarters 
2360 Bering Drive 

San Jose, CA 95131 
U.S.A. 

(408) 946-6700 
Telex: 171562 ALTOS SJN 
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