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The materials contained herein are summary in nature, subject to change,
and intended for general information only. Details and specifications
concerning the use and operation of Charles River Data Systems equip-
ment and software are available in the applicable technical manuals,
available through local sales representatives.
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Cosmology of the Universe

Charles River Data Systems has been designing and manu-
facturing computer system components, memory sub-
systems, and disk subsystems since its founding in 1973.
Through this earlv history the company focused its talents
on systems compatible with DEC computers. It developed
strengths in engineering (both hardware and software),
system and subsystem testing, and system integration.

In 1979, a software team of individuals with MULTICS
and UNIX experience was formed and given the charter
to build the next generation operating system for the
next generation of microprocessors. They selected

Motorola’s 68000 microprocessor as the primary processor -

and modeled their operating system after UNIX. They
designed an operating system that took advantage of the
most recent engineering advances and chose as their
audience the laboratory/scientific, engineering computa-
tion, industrial control, and commercial market segments.
By mid-1980, UNOS, the new operating system, was run-
ning in-house, and in May of 1981 it was demonstrated at
the National Computer Conference in Chicago. By Sep-
tember of 1981, Charles River Data Systems shipped its
first UNOS systems, running on the company’s newly
introduced Universe computers. The Universe was the
first 32-bit “supermicro” system to combine the per-
formance capabilities of “supermini” with the price and
reliability of advanced microcomputer technology. In
October, 1982, the company introduced the Universe
68/05, the first 32-bit computer priced under $10,000
(OEM quantity one price), and the first commercial
product incorporating the 12.5 MHz 68000 micropro-
cessor. In January of 1983, Charles River Data Systems
began shipping Universe 68 systems built around the
company’s single-board 32-bit processor, the CP32,
which makes 32-bit data transfers to the VERSAbus. The
new processor, incorporating the 12.5 MHz 68000, a
second 68000 character processor, and a 4 Kbyte cache,
contributes significantly to the improved system per-
formance that enabled the Universe 68 to break the 1
MIPS (millions of instructions per second) performance
barrier.

The Universe family of computers incorporates a
number of significant technical and business concepts. It
not only brings mainframe computing to the micro-
computer world, but it incorporates bus, system, and
software architecture that will accommodate future
growth in processing power. In addition, Charles River
Data Systems has established a business approach de-
signed to suit the various needs of start-up companies,
major computer vendors, and systems OEMS. Because of
these engineering and business benefits companies with
highly diverse requirements have chosen the Universe
systems to meet the needs of a wide range of applica-
tions, from robotics to commercial data systems.

The purpose of this book is to present an overview of
the Universe 68 systems, both hardware and software, and
to explain the business side of the company.

Keys to the Universe
The Universe Computer

e 32-bit computer with 16 megabytes addressing and
ability to handle 32-bit data in parallel

¢ 32-bit industry standard bus for compatible growth

¢ 32-bit memory organized as 256 Kbyte, 512 Kbyte,
and 1 megabyte modules

s 32-bit 20-megabyte bandwidth master bus

e 32-bit 4 Kbyte cache, eliminating most processor
wait states

e ANSI SCSI (SASI) bus interface to peripheral devices

o Separate 68000 character processor for terminal
devices

» A wide range of disk devices and backup/interchange

media

Up to 64 serial ports

Multi-user configurations, providing low per-user cost

First 32-bit computer system under $10,000

First commercial product to use the 12.5 MHz 68000

MiCroOprocessor

The UNOS Operating System

» UNIX-compatible standard systems environment

e Real-time processing extensions

» Designed for efficient and reliable operation

o Optional UNIX System III utilities with many
Berkeley enhancements

» A comprehensive selection of languages

o Network facilities for electronic mail, file transfer,
remote job execution, and print spooling

A Different Business Approach

o Targeted at OEMs and end users doing applications
development

o Quantity discounts for both software and systems
purchases

» Dedication to the use of industry standards to
maximize the availability of third party products and
minimize the risks associated with proprietary
architectures

e An unbundled approach that permits increasing
vertical integration including hardware and software
licensing

» Support programs tailored to customer needs and
capabilities

UNOS is a trademark of Charles River Data Systems.
UNIX is a trademark of Bell Laboratories.

DEC is a trademark of Digital Equipment Corporation.
VERSAbus is a trademark of Motorola.
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The Universe 68 has three bus structures. The 32-bit VERSAbus (up to 20Mb/
sec bandwidth) interfaces main processor, memory, and channel control proc-
essors. Selector channel interfaces connect burst mode or block transfer

devices on the SASI bus. A second 88000 controls character-criented devices.

1. General-purpose 2. Integrated 3. Board-level 4. Hardware/
syslems into dedicated products Software
application Licenses

systems
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The availability of a variety of system forms allows OEMs to select a level of
vertical integration, Large systems integrate processor and main memory with
expansion disk subsystems. Desklop configurations include 5-slot packages

with integrated disks. Board-sets and hardware and software manufacturing
licenses are also available.

UNOS provides a core, a UNIX-compatible shell of languages, utilities, and
operating system capabilities, plus important extensions beyond UNIX in all
three areas. Operating system extensions beyond UNIX include Eventcount
synchronization and real-time capabhilities.

1973 Company founded
1976 1st disk subsystem
1978 1st Winchester disk subsystem
1979 Universe/UNOS team formed
June, 1980 UNOS operational
May, 1981 UNOS demonstrated publicly

September, 1981 Universe/UNOS formally introduced,
first shipments made to customers

October, 1982 Universe 68/05 intreduced:
® 1st commercial product using 12.5
MHz Motorola 68000 uprocessor
e 1st 32-bit computer system priced
under $10,000 (Universe 68/05)

January, 1983 First shipments of systems based on
CP32 single-board central processor

In its early years, Charles River Data Systems focused on DEC-compatible
systems. In 1979, a team was formed to develop a next generation operating
system for the next generation of microprocessors. The Motorola 88000 was
selected as the primary processor, and the operating system was modeled
after UNIX.




Charles River Data Systems’ Universe family of computers
shares a common architecture, bus structure and periph-
eral modularity that provide substantial processing power.

The 68000 VLSI Processor

The keys to providing a 32-bit systems environment are
large direct address space and the numeric precision of
the processor. The Universe 68 incorporates the Motorola
68000 microprocessor, which offers the following
features:

s up to 16 megabytes of directly addressable memory;
= 32-bit registers and operations.

The IEEE-xxx * Bus: VERSAbus

The Universe 68 is built around the 32-bit, non-
proprietarv VERSAbus. The VERSAbus was chosen for two
reasons. First, because it is a full 32-bit bus with 32 bits
of both data and addressing. And second, because it is a
standard bus that does not tie either the manufacturer or
the customer to any particular processor or vendor. With
the next generation of processors, such as the MC68020
or 1AP386, a full 32-bit bus will be a requirement.
VERSAbus provides this capability now. VERSAbus also
provides a standard interface for custom devices as well
as multiple sources of common interface boards.

The VERSAbus offers these advantages:

e alarge (14" x 9.5”) board geometry well-suited to
the complexity and level of functionality of a high
performance 32-bit minicomputer;

e 50 user-definable pins (each with a separate ground
pin) for direct connection at the backplane;

¢ a comprehensive priority structure: seven levels for
interrupt interfaces, each with multiple devices “daisy
chained” on the bus, and five levels of DMA priority,
permitting a control of the memory channel not
available on any other standard bus;

» 5 MHz bus utilization rate, permitting 16-bit transfers
at 10 megabytes per second and 32-bit transfers at 20
megabytes per second; high speed disk units (with
transfer rates between one and two megabytes per
second) have negligible impact on system perform-
ance, and there is enough bandwidth for the most
demanding custom devices;

e electrical compatibility with the IEEE-xac* (VME) bus,
for future compact board products.

The Peripheral Control Channels

Selector Channel Interface

A kev ingredient to the flexibility of the Universe disk
configurations is the Selector Channel Interface. The
Selector Channel is modeled after those used in main-
frame computer systems. The interface board has its own
processor and, as an independent master device, uses the
VERSAbus to access channel control blocks stored in the
system’s buffer area. The burden of disk control is no
longer on the central processor. In addition, the unit can

Architecture of the Universe

transfer 32-bit words to memory, allowing maximum

bandwidth transfers with the least impact on concurrent

central processor activity. Multiple Selector Channel Inter-

faces can provide maximum disk storage and concurrent

transfer rates. Multiple channels provide an aggregate

throughput previously possible only in large mainframe

computers. High-performance computers, such as'the IBM

370, CRAY I, and VAX 780, use similar intelligent periph- 1
eral control channels as slaves to their master bus

structures.

The SCSI/SASI Bus

The bus used by the Selector Channel is the ANSI stan-
dard Small Computer Systems Interface (SCSI) bus, also
known as the Shugart Associates System Interface (SASI)
bus. The SASI bus is used by a number of peripheral
controller suppliers. The SASI bus permits great flexibility
in system configurations. The bus provides multiple
masters for either shared disk operations or on-line
backup. More than one type of master (multiple Selector
Channel Interfaces, the diagnostic control panel, or cus-
tom interfaces) can drive the bus. In addition to this
multimaster facility, multiple device controllers can be
run on the SASI bus. Available disk controllers support
multiple disk devices, floppy drives, streaming tapes,
control panel or any combination of these devices. They
all can be configured on a single SASI bus. The SASI bus
is another standard point of interface for custom inter-
faces and common devices.

The Serial Multiplexor Channel

A second type of channel, the Serial Multiplexor Channel,
is designed for efficient control of character-oriented
devices. Qutput to a single terminal, at the common rate
of 9600 baud, results in about 1000 interrupts per second
for the controlling processor; if this data is not moved
through a channel device, even a small number of ter-
minals can have a substantial impact on system perform-
ance. On the Universe 68 systems these interrupts are
handled by the Serial Multiplexor Channel, thus relieving
the main processor of this burden. The Serial Multiplexor
Channel supports serial and parallel ports for connections
to terminals, printers, modems, local networks, and other
character-oriented devices. It can suppott up to 64 de-
vices and interfaces to custom devices.

Multibus and VME Adapter Cards

Multibus and VME adapter cards permit the smaller
Multibus and VME cards to be plugged directly into the

. .
Universe card cage. .

*|EEE project numbers have not been assigned VAX is a trademark of Digital Equipment Corporation.
for VERSAbus or VME bus at the time of this printing. Multibus is a trademark of Intel Gorporation.
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The Universe 68 is a mainframe in micro clothing. It combined the low cost
and small size of the micros with the large address space, high throughput,
32-bit architecture, and high-speed bus structures inherited from the main-
frame world.
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Succeeding generations of equal-word length microprocessors have offered
maore performance. But more performance could also be achieved by moving
up to the next-longer wordlength. Microprocessors of greater wordlength have
eventually offered performance beyond the upper limits possible at the shorter
wordlength.
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Multiple-bus architecture allows the Universe 68 to communicate with DMA
devices on the VERSAbus, magnelic storage devices on the SASI/SCSI bus,
character-oriented devices over the Serial Multiplexor bus, and Eurccard and
Multibus interfaces using VME bus and Multibus adapters.

Both
VERSAbus | 32-bit 32-bit 20 134 50 yes 7 DMA and 5 [royf'sgd] ¥es
Interrupt prop
Both
”Q‘:Ji 32-bit 32-hit 20 53 64 ves 7 DMA and 4 ( W ey yes
Interrupt Prap
6
Multibus | 16-bit 24-bit 10 70 (wi22-bit | yes 7 DMA only 1 yes ves
addresses)
Both
Dus | 16-bit 22-bit 1-2 80 0 no 4 DMA and 1 no P
Interrupt
Unibus Both
o | el 22-bit 2-3 132 0 no 4 DMA and 1 no no
Interrupt
SBI 32-hit 32-bit 133 o Ve 0 no 4 no no
VAX :

VERSAbus and VME bus are the only nonproprietary, 32-bit bus architectures
now available. With next-generation microprocessors, such as the MCE8020,

all systems will require a full 32-bit bus.




Cache: The Center of the Universe

The Universe 68 computer line provides the power and
functionality of 32-bit systems with the packaging (and
price) characteristics of microcomputer systems. Engi-
neering efforts have focused on getting the maximum
performance from micro technology while keeping the
size and complexity of the system at a minimum. A good

example of this effort is the CP32 central processor board.

This single board incorporates cache memory, memory
segmentation, a separate character processor, and data
communications ports.

The Cache

With the 4 Kbyte cache, the 12.5 MHz 68000 microproc-
essor can execute programs with no wait states for most
memory references. The cache is a 45ns RAM memory
that stores instructions and darta on the processor board.
If a request for data is found in the cache (a hit), it can
be immediately accessed, thus avoiding the delay of ac-
cessing main memory.

The cache is kept filled because everv 68000 request
for an 8- or 16-bit object results in a 32-bit ransfer from
memory. This loads the cache with a 32-bit block of dara,
keeping the cache one step ahead of the processor. This
pre-ferching, the locality of references in program loops
and stack manipulation result in a cache hit rate of 70 to
95%. To support these cache memory accesses, and to
provide maximum throughput for high speed peripherals,
the 32-bit bandwidth bus is critical.

The cache uses a write-through technique for processor
memory modifications so that the darta in the cache never
need to be flushed to memory. A cache validity array
ensures that the cache accesses return only valid results
evenl when other direct memory access devices are active,

With the cache implementation and the 12.5 MHz
68000 processor, the CP32 can perform at up to 1.25
MIPS. This level of performance is typically associated
with mainframe and super-mini class computers.

Memory Segmentation

The Memory Allocation and Protection (MAP) hardware
performs two vital tasks for reliable and efficient multi-
processing. First, it provides protection between tasks.
This includes protection for a shared instruction area
between processes and invalid protection for references
outside the user’s logical address space. Second, it
allocates memory on a logical basis, thus permitting
programs to load and/or swap into any area of phys-
ical memory. Processes can share instructions, common
libraries, and data.

Each process has eight segments. An additional eight
segments are for system operations, which reduces the
overhead for switching contexts between processes. The
design of the MAP is compatible with the cache environ-
ment. Again, 45ns access RAM memory ensures that the
address translation does not cause delays in the memory
access sequence.

The Character Processor
The CP32 contains a second 68000 microprocessor dedi-
cated to character oriented devices (terminals, printers,

6

and network servers). Although the main processor can
support 4,000 to 8,000 interrupts per second (the case
with as few as four terminals operating at 9600 baud),
these interrupts would use all the compute power of the
system. The separate character processor relieves the host
of this burden.

The character processor is a Direct Memory Access
(DMA) device whose function is to eliminate character
interrupt overhead from the main processor. Tt controls
four on-board serial ports, which are useful for initial
connection to terminals and printers. In addition, the
character processor provides an external bus, the Serial
Multiplexor Channel, for the connection of other char-
acter-oriented device controllers. This simple interface
and expansion capability for character devices minimizes
the cost for efficient expansion. Up to 64 ports can
be added without another VERSAbus board or DMA
controller,

Economy

The use of VLSI technology keeps the processor

on a single board, which reduces the cost of parts, manu-
facturing, and packaging. The resulting lower level of
interconnection is also an advantage in reliability and
maintenance.

Cache Size 4 Kb na na 4 Kb 8 Kb

.._Ca;h_ﬂ.-Hit :
Bate 85% na na 0% 95%
! Micro-cycle 80 ns 125 ns , 270 ns 320 ns 200 ns
I Main |
Memory 400 ns 425ns | 810ns 640 ns 800 ns
| Cyele |
| Memory |
2
Width 3z 16 | az 32 &4
MIPS 1.25 .42 35 brs 1.5
! ;s
DMA Rate
| (max) 84 Mb 4 Mb | 1.5 Mb 5 Mb 5 Mb
Bus Limit 20 Mb 20 Mb I 1.5 Mb 13.5 Mb 13.5 Mb
Maximum 3 Mb |
Memory {5-slot BMb | 5Mb 8 Mb 8 Mb
Capacity chassis) |
Physical :
Address 16 Mb 16 Mb | 16 Mb 16 Mb 1 Billion
Range :
Num ber of |
CPU Boards 1 2 | 3 3 12
required |
¢ s e S | SRR -
Height of ; ; | i .
enclosere 7 inches 80 inches 30 inches | 36 inches | 60 inches
Basi
e $10,000 $35,000 $40,000 | 380,000 | $100,000

“Based on manufacturers’ advertised prices.

Performance characteristics of the Universe 68/05 arc compared with the DEGC
VAX product line and the Motorola EXORmacs processor. Cache hit rate con-
tributes substantially to performance, and the “extra width” memaory transfers

of the VAX 780 and Universe 68/05 improve the hit rate.

EXORmaces is a trademark of Motorola.




Memory Access

245 ns
Memory Mfcr)giocry DRAM Access Lt—— Parity
Bus (Bus/logic delays) —j-:[
Compare
2 Miss :
Receive Processor
; DTAK continues
Processor Hit
Timing [ wait ] wat | wai | war |
80 ns 160 240 320 400 480 560
Address

Memory timing is crucial to efficient processor operation. The 12.5MHz 68000
processor requires under 160ns access memory to operate at full speed. Main
memory delays associated with mapping, bus access, and parity/ECC calcula-

tions pravent this. Accesses to cache on the processor board encounter only
delays of mapping and accessing the cache (fast static RAM). This permits
no-wait-state operation.

Cache Mamory Access

2448 Address 32811 Data

DA winte
Irrealicd

Lo Mamn Mamary
Access Enable

OKA  Monitor

VERSADUE

The CP32 cache interfaces the 32-bit VERSAbus to the 16-bit data pin strue-
ture of the 68000. Cache “hits" are detected by indexing an array of high-
order physical address bits with the low-order address bits, and comparing
them to the high-order bits of the address register.

Memary
Allgcation
& Cache
‘:‘.:h: Sroteclion Indax
Ch:ﬁclé}r}(in‘{;:&ﬁn' / BoatDHagneostic PROMs l |
| [T,

Cralendard
Clock

| | 3 | |
Batery Eletel
for Sarial bultiplexor

Calendar
Clock

The CP32 processor incorparates the 12.5MHz Motorola 68000 microproc-
essor. Cache memory provides data to the processor without wait states. A
second 68000 controls 4 on-beard serial ports, connected off the VERSAbus
backplane. Memory references go through mapping logic, which translates a
24-bit logical address to a 24-bit physical address. 32-bit data is transferred
between processor and main memory across the VERSAbus.




The 68/05 and 68,35 are single box systems with 10- and
32-megabyte main disks. For users who require more disk
storage, there are separate disk units. The 7-inch high
Universe disk subsystem can accommodate a mix of mass
storage devices: 8-inch Winchesters, floppv disks,
1/4-inch streaming tape units, and removable media
Winchesters.

The Universe offers three types of removable media
devices.

s floppy disks for small units and incremental backups;

e quarter-inch streaming cartridge tape drives for

backing up larger devices;

s removable Winchester disk cartridges for quick-access

off-line data storage.
The removable Winchester disk cartidge satisfies the need
for off-line storage, be it for backups or for alternate data
bases. All removable disks operate on their own spindles,
therebv providing independence from the main disk. A
cartridge can be mounted, the required update or report
generated and then the cartridge removed without im-
pacting other users on the system. This is ideal for
departmental or personal data bases, security control, and
reduction of overhead on the fixed storage unit.

A convenient medium for exchange of dat is a com-
mon OEM concern. The floppy disk, the most common
exchange medium, best satisfies this need. The Universe
68 hardware can handle both single- and double-density
diskertes.

The disk subsystem package includes a front panel that
offers direct control and diagnostic information. Disk
formatting can be done directly from the front panel
without the need for connection to the host processor.
Diagnostic checks, with status codes displayed on this
pancl, simplify error reporting and field maintenance
procedures.

Multiuser Systems versus Workstations

Universe systems are designed to operate as multiuser
systems or as cluster nodes in a local network. This flex-
ibility is possible because of the Universe’s high perform-
ance. With lower performance micro-systems there is no
such choice; one processor can handle only a single user
and cannot keep up with memory speeds. The Universe
68 CP32 central processor can put considerable demand
on memory (thanks to the cache) and still handle a sub-
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addition, special interfaces, such as closely coupled arrav
processors, can be accessed by all users on a multiuser
system. This is another example of cost reduction
through resource sharing.

In short, multiuser systems provide lower cost per
terminal and permit more users access to the system than
workstations. In addition, multiuser systems can be con-
nected in local area networks, thus reaping the advan-
tages of both approaches.

System Configurations

Chassis

slots { 3 5 7 i 7
Max. Main |
Memory 3Mb 3 Mb 5 Mb | 5 Mb 5 Mb
g 21084 41064 Aol | dmd 41064
Parts E
CP32 CP32 CPaz CP3z CP32
CPU Single Single Single Single Single
board board board board board
Available 256 or 256 or 256 or 256 or 256
memory 512 Kb 512 Kb 512 Kb 512 Kb 512 Kb
increments | or 1 Mb or 1 Mb or 1 Mb ar1Mb or 1 Mb
Selector
Channel YEes. yes yes yes yes
fz’:}%_(jlﬂ optional optional oplional optional standard
Main disk
(fixed/ 10 Mb 32 Mb 32 Mb 32 Mb 64 Mb
formatted)
45 Mb 10 Mb 45 Mb
Backup 1.26 Mb 14 inch 1.26 Mb Y inch
; = removable i
medium floppy streaming floppy Wi streaming
| ta inchester ¥
pe tape
Package | ;inhes | 7inches | 14 inches | 14inches | 14 inches
height |

*Expansion beyond 12 ports requires the addition of a communication chassis,
“*Available Summer 1983,

Universe 68 systems are available in a variety of configurations. Principal
distinguishing characteristics include chassis size, number of available chassis
slots, and configuration of main and backup disks.
































































