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About This Manual

The major goal of the PIP is to provide a system resource package early in the Program to
familiarize the reader with the basic functional structure, new technologies, and hardware
implementations incorporated into the AQUARIUS system family.

It is NOT the intent of the PIP to be completely accurate when compared against the
current design. To have included all engmeermg changes would have prohibited an early
PIP distribution.

The PIP was developed using all Logic Design, Technology, Diagnostic, and CSSE plans
and specifications as resource material. Wherever possible and appropriate, specification
content was abstracted or lifted. The content of the Engineering technical exchange video
tapes, and preliminary technical description and instructor guide drafts were also used as
resource material.

The organizational structure of the PIP is based on chapters describing major
AQUARIUS/ARIDUS subsystems (e.g., CPU Subsystem, Service Processor Subsystem,
etc.). Included also is a glossary of system-specific terms. The PIP will support the
following groups:

o prototype build and support Field Service engineers

o development and support services engineers

o newly assigned technical writers and course developers
o other Digital personnel with a need to know.

In addition, the PIP will form the basis for the System Description Reference Manual, and
outline material for the other reference manuals.

A Vector Accelerator (VBox) description has not been included in this revision of the PIP.
The VBox description will be distributed as a supplement prior to the prototype power on
milestone. The supplement will also include vector processing concepts.

xxiii






1

System Introduction and Overview

1.1 Chapter Objective

This chapter provides an introduction and high-level overview of the basic functions of
each major subsystem of the AQUARIUS and ARIDUS systems. The chapter content
is based on the AQUARIUS Family Description and introductory material from the
Engineering specifications.

NOTE
Unless otherwise specified, the term SYSTEM will refer to both the AQUARIUS and
ARIDUS systems. '

1.2 System Introduction

The AQUARIUS and ARIDUS systems provide a family of high performance VAX
systems. The systems provides a range of CPU performance from 21 VUPs to greater
than 100 VUPs.

NOTE
A VUP (VAX Unit of Processing) is equivalent to the performance of one VAX-11/780.
Thus, 21 VUPs is the equivalent performance of 21 VAX-11/780s.

The family has two members, with each member having several system configurations:

o AQUARIUS is the top-of-the-line system with emphasis on performance, availability,
and reliability. It is liquid cooled and provides expansion capabilities up to a
quad-CPU configuration. The smallest configuration is a scalar processor with a
performance of 30 MIPS. The quad-CPU configuration provides performance in excess
of 100 MIPS.

o ARIDUS is the entry-level system in terms of performance, cost, and footprint. It is
air cooled and provides expansion to a dual-CPU configuration. The uniprocessor
configuration provides performance of 21 MIPS, with the dual-CPU configuration
providing 38 MIPS.

All systems use a System Control Unit (SCU) to interconnect single or multiple
processors, memory, and I/O subsystems. The I/O subsystem uses the XMI bus to
support the corporate interconnect architectures: BI, CI, and NI. Figure 1-1 presents the
basic system layout. Figures 1-2 thru 1-4 describe the component complement for both
systems.

Both systems support VMS, which includes symmetric multiprocessing functionality
(SMP), as their primary operating system. Also supported are the ULTRIX Operating
System ,and the VAXELN Operating System on the Service Processor (console)
Subsystem.
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Figure 1-2 Minimum AQUARIUS System Complement

1.2.1 Common System Technologies

All systems use the same basic technology for CPU hardware implementation:

o Third generation ECL gate arrays - Macro Cell Arrays (MCA-III), which provide

high-speed logic gates in dense packaging to minimize interconnect delays

o Self-timed Random Access Memory devices (STRAMs), which reduce RAM access

time and the impact on clock skew

o Advanced multichip packaging (Multichip Unit - MCU), which house MCA-III gate

arrays and/or STRAMs
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Figure 1-3 Maximum AQUARIUS System Complement

o High Density Signal Carrier (HDSC), provides the MCU with a 16-layer (signal,
ground, and power planes) integrated circuit interconnect

o Advanced Printed Wire Board (PWB), a vertically mounted 26-layer (signal, ground,
and power planes) planar module

The logic is implemented in ECL gate arrays (MCA-III) which provides approximately
six to eight times the density of MCA-I devices (as used on the VAX 86XX). Memories
are constructed from high performance silicon bipolar RAMs that incorporate a Digital-
designed, self-timing mechanism.

The minimum configuration for each system requires a single scalar processor. Each
processor is implemented on a single 24-inch by 24-inch planar module. The planar
module carries up to 16 MCUs. The scalar processor occupies 13 MCUs.

A high-performance vector processing accelerator option is offered for each system. The
accelerator hardware can be added to the scalar CPU planar module using the three
remaining (open) MCU postions.

The MCU incorporates an HDSC fabricated from polyimide-copper and provides very
short, fast interconnects. The HDSC provides interconnects for up to eight MCA-IIls, 48
STRAMs, or a combination of gate arrays and STRAMs.
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Figure 1-4 Maximum ARIDUS System Complement

The System Control Unit (SCU) is implemented on a single 24-inch by 18-inch planar
module containing four or six MCUs, depending on system configuration. As with the
processor module, the MCUs can contain MCA-IIIs, STRAMs, or a combination of both.
The main memory arrays are integrated into the front of the SCU planar module.

1.3 Performance Characteristics

High performance is accomplished in the system by using several levels of parallelism.
At the system level there is tightly coupled multiprocessing. Through problem
decomposition, up to four processors can work on a task and communicate efficiently
through shared memory.

Multiple I/O busses provide parallel paths to mass storage and other devices, resulting in
high speed, extensive connectivity, and redundancy. Performance is further enhanced by
using quadword (8 byte) wide data interfaces at critical points throughout the system.

Parallelism is accomplished in the processor by pipelining, that is, separating the
execution of a VAX macro instruction into small individual operations. All VAX
systems cycle through a similar set of operations during macro instruction execution.
The execution operations include instruction fetch, instruction decode, operand fetch,
instruction execution, and result store.

These individual operations are then performed by dedicated and independent functional
units that have been optimized for that particular operation. The objective is to maintain

the computing resources as busy as possible, with minimal wait time while information is
being retrieved from memory or the I/O subsystem.

As a result, the execution operations can be overlapped, increasing total instruction
throughput. Figure 1-5 compares the relative instruction time of a non-pipelined processor
and a pipelined processor.
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Figure 1-5 Sequential/Pipelined Instruction Execution

The system has hardware to detect and resolve most pipeline hazards (i.e., those
conditions that interrupt normal pipeline operation). The pipelines are relatively short,
helping to reduce conflicts (stalls) such as when:

o

the execution unit (EBox) ALUs require multiple cycles for executing floating point
instructions, integer multiplication, and division. Thus, instructions requiring the
results of those type instructions cannot be issued until the previous one is complete.

if one instruction writes to a memory location or general purpose register (GPR) and a
following instruction attempts to read that location, the read is stalled until the write is
complete.

if the result of one instruction is to be used to form an address for a subsequent
instruction, the address cannot be formed until that result is available.

For reasons of speed and signal integrity, the majority of connections in the systems have
single sources, and all destinations are on a single substrate. Unlike other VAXes, there
are no internal busses in the systems.

1.4 Basic System Configuration

The systems are organized into several major subsystems:

(o)

(o}

o}

CPU Subsystem

Clock Subsystem

Service Processor and SCAN Subsystems
System Control Subsystem

Main Memory Subsystem

I/O Subsystem

Power Subsystem
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Figure 1-6 AQUARIUS Logical Layout
Figures 1-6 and 1-7 describe the logical layouts of each system.

1.4.1 CPU Subsystem

The CPU subsystem is partitioned into four functional units: MBox, IBox, EBox, and
VBox. Much of the power of the CPU comes from the ability of the functional units to
operate in parallel. Figure 1-8 illustrates the independent functional units of the CPU, as
well as the SCU.

IBox - prefetches instructions, decodes opcodes and operand specifiers, fetches
operands, and updates the program counter. With additional features included in the
IBox, more parallel processing is achieved together with a lower number of cycles per
instruction (CPI).

(o]
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Figure 1-8 Basic CPU Subsystem Block Diagram

The IBox is equipped with several new pipelined functions, for example virtual

1-7
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instruction cache, branch prediction, and multiple operand specifier decoding.
A number of complex functions normally found in other VAX EBoxes have been
removed and implemented in the IBox.

o MBox - provides the CPU interface to the SCU and subsequently to main memory,
1/0 and other processors (in a multiprocessor configuration). It is equipped with a
Translation Buffer (TB) and a large data cache. In addition, a new feature - TB Fix-up
Unit - has been implemented. Its major function is to resolve TB misses early in the
pipeline.

The MBox accepts memory references - usually virtual - translates the addresses to
physical, and accesses the memory data either in main memory or in its data cache.

o EBox - serves as the CPU execution unit, accepts instruction source and destination
data from the I and M boxes and provides integer, floating point, multiply, and divide
operations. The EBox contains four processing units capable of parallel operation.

Result data is passed to an internal GPR, or to the MBox for subsequent transfer to the
data cache, memory, or I/O.

o VBox - provides an optional vector accelerator contained in three MCUs of the CPU
planar module. The unit accepts instruction source and destination data from the IBox
through the 32-bit load path of the EBox.

The VBox can produce a double precision result on every clock cycle. Result data is
passed to the MBox through the 64-bit EBox result data path.

1.4.2 Clock Subsystem

The Clock Subsystem includes the generation and distribution of all system and control
clock signals throughout the CPU, memory, and 1/O subsystems. Except for the diference
in clock frequencies, both AQUARIUS and ARIDUS use the same clock components.
Additional copies of the clock signals are required for a quad processor configuration.

The clock signals originate on the Master Clock Module (MCM) located in the SCU
cabinet. The basis of the MCM is a phase-locked, voltage controlled oscillator (VCO).
The output of the VCO is fed back to its input through its control logic to automatically
regulate its frequency using a phase-locked loop technique.

The VCO provides highly stable frequency outputs and is capable of changing its
frequency up to 4 MHz steps over the following ranges:

o AQUARIUS: 352 to 600 MHz, with an operating frequency of 500 MHz
o ARIDUS: 240 to 424 MHZ, with an operating frequency of 352 MHz
The clock subsystem is comprised of the following major components:

o VCO oscillator: basic clock oscillator

o Power amplifiers: amplifies and shapes all clocks (i.e., main reference, and control
clocks)

o MCM Power divider: act as power splitter and provides the clock signal fanouts for
distribution to the CPU and SCU power dividers

o Semiflexible coax cable: provides the clock transmission lines between the SCU and
CPU cabinets
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o CPU and SCU power dividers: provides the same basic functions as the MCM power
dividers, however, these dividers provide clock signal fanout to the individual MCU
rows on the CPU and SCU planar modules.

The system requires eight clock edges to define one machine cycle. The eight clock
edges are derived from the rising edges of the VCO differential sine wave output. In
addition, a clock reference signal is generated at a frequency equal to 1/8 of the clock
frequency. The reference clock defines the beginning of a machine cycle, and provides
overall synchronization.

A clock control signal - which can be controlled by the SPU - is generated from the
reference clock also at a frequency 1/8 of the clock frequency. The clock control signal is
distributed to the Clock Distribution Chips (CDC) located on the CPU and SCU MCUs.
Its major function is to determine if clock signals are generated for the current machine
cycle.

1.4.3 Service Processor and SCAN Subsystems
The Service Processor Unit (SPU) provides two major functions:
0 system initialization controller and operator interface

0 service and maintenance processor

The SPU provides the traditional console functions. As a service processor, the

SPU provides error processing, including data collection, error correlation, and fault
recovery. A fault manager is the focal point for this activity, providing automatic system
configuration, security, and automatic call logging.

All remote service features are supported, including remote diagnosis, hardware
monitoring, performance analysis, and patch distribution.

The SPU uses the BI form factor. It contains 16 Mbytes of memory, and is installed in a
Bl backplane located in the SCU cabinet. As shown in Figure 1-9 the SPU consists of:

® MicroVAX-driven Servcie Processor Module (SPM)

* MicroVAX-driven SCAN controller module

* KFBTA disk controller supporting an RD54 disk drive

* DEBNT tape controller supporting one TK50 cartridge tape drive

In addition, the Power and Environmental Monitoring module (PEM) interfaces to the
SPM. The PEM provides the communications link to the power and environmental
subsystems.

The SPU has access to all SCAN storage elements in the CPUs, SCU, and MCM through
the SCAN Subsystem. The subsystem interfaces to the SPU through the SCAN Controller
Module (SCM) The SCAN subsystem data paths are used for testing, system initialization,
reading error status, and error correction.

A single SPU has the capability to handle up to four CPUs. The CPUs communicate with
the SPU by reading and writing SCU registers. There is a single copy of the standard
RXCS, TXCS, RXDB, and TXDB, and TOY registers. They are accessible to all CPUs. In
addition, there are four DMA registers for directly accessing main memory.

The SPU will run under the VAXELN Operating System. VAXELN is a real time operating
system and forms a memory-resident kernel. It allows the inclusion of SPU functions in
the operating system rather than executing those functions as an application program.
This feature provides a consistent functionality across the various console modes.
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Figure 1-9 Basic SPU Subsystem Block Diagram

VAXELN provides memory management (i.e., PO/P1 space mapping), with no paging

or swapping. The lack of page and swap files increases subsystem reliability and
performance by removing the dependency on disk drives. In addition, it also supports a
VMS-compatible file system, and DECNET end node network service.

1.4.4 System Control Subsystem

The system control subsystem consists of the SCU which interconnects the CPU, 1/O
subsystem, main memory, and SPU. The unit initially handles all I/O device, SPU, and
inter-CPU interrupt and exception conditions.

As shown in Figure 1-10, the SCU is partitioned into three major functional units:

o Junction Box (JBox): provides up to four ports which interface up to four CPU
subsystems

o I/O Control Unit (ICU): provides up to four ports which interface to the I/O system
bus and bus adapters

o Array Control Unit (ACU): provides up to two ports which interface to the main
memory arrays.

The SCU has the capability of maintaining all 10 functional unit ports active. However, the
port activity requires extensive communication, validity checking, and parallel operations.
The SCU contains two, unidirectional, crossbar interconnects between each port (i.e., one
interconnect/direction). The crossbar allows simultaneous transactions between ports - if
there are no conflicts.

Another major SCU function is to manage memory access. Since memory data is
distributed in the CPU caches, the data in main memory may not be valid. The SCU
tracks the location of valid data through a cache consistency unit, and insures that a
memory port request results in a valid read or write operation.

Interrupts from the I/O devices, SPU, and between CPUs are distributed by the SCU.
Except for inter-CPU interrupts, they are distributed in either round-robin fashion, or
directed to a single CPU.
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Figure 1-10 Basic SCU Subsystem Block Diagram
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Figure 1-11 Basic Main Memory Block Diagram

The SCU connects the SPU to the remainder of the system. Communication is provided
through SCU registers which are assigned 1/0 space addresses. SCU registers are also
used to configure memory and I/O, and for interrupt and exception status.

1.4.5 Main Memory Subsystem

As shown in Figure 1-11, the main memory subsystem is driven through the two ports

of the ACU. Each ACU port supports one MMU, which consists of four Memory Array
Cards (MACs). A maximum of eight MACs can be installed in the front of the SCU planar
module.
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Each MAC contains 32 Mbytes of memory using 1 Mbit dynamic RAMs (DRAMS). The
DRAMS are surface mounted on conventional extended hex modules. In addition, two,
16 Mbyte Daughter Array Cards (DACs) can be installed on each MAC, for a total array
card capacity of 64 Mbytes.

The memory structure consists of a data path, DRAMSs, and address and control input.
There are two, 8-byte (quadword) wide data paths for each MMU, where one data path
handles read data, the other handles write data. Included in each data path are the ECC
bits (i.e., 64 data bits and 14 ECC bits).

Memory data is stored with ECC on a longword basis. The ECC bits provide double error
detection and single bit correction. Write operations of less than a longword require a
read-modify-write operation. Because of the MBox write-back cache, this occurs only on
byte and word write operations from I/O or a CPU. ECC is generated and checked in the
SCU.

In addition, the memory subsystem supports 2-way, and 4-way interleaving. The current
maximum main memory capacity for AQUARIUS and ARIDUS is 512 Mbytes.

1.4.6 1/0 Subsystem Introduction

As shown in Figure 1-12, the I/O subsystem consists of five functional units:

Juncrron | SOMTROL
UNIT
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(JBox) ; -

1/0 : )
CONTROL XJA
G Bheren T .
(1cu T —
1/0
CONTROL
UNIT 1
(1cul)
CcI BI NI -
ADAPTER ' ADAPTER ADAPTER
cr - BI NI

Figure 1-12 Basic /0 Subsystem Block Diagram

ICU - located in the SCU cabinet and provides the two, 16-bit data ports to the I/O
subsystem. It multiplexes a maximum of four XJAs - through the associated JXDI
interfaces - to the XMIs.

JXDI - provides the data interconnect between the ICU and XJA. Physically it is a 12-foot
cable between the SCU cabinet (ICU) and the XMI cabinet (XJA). All signal lines are
unidirectional and differential. Data transfers are asynchronous with clocks supplied by
the transmitter at a cycle time equal to the CPU clock cycle. The JXDI is symmetrical in
that the same data and handshake signals are sent and received by both the ICU and XJA.

XJA - ICU to XMI bus adapter provides the interface between the ICU - through the JXDI
interface - to the XMI bus. The XJA module resides in the XMI card cage located in the
XMI cabinet.
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XMI - the XMI is the I/O subsystem bus, and is a limited length, pended, synchronous bus
with centralized arbitration. It provides a 64-bit data path, with a 64 nsec bus cycle time.
Several transactions can be in progress at a given time. Arbitration and data transfers
occur simultaneously using multiplexed address and data lines.

The remaining functional units consist of various XMI and VAXBI adapters.

The systems support first- and second-generation 1/O adapters and devices. This provides
compatibility with existing VAXcluster and Ethernet based systems while providing
connectability to XI-based systems. The differences between the 1/O capabilities of each
system is specified in Table 1-1.

Table 1-1 System I/O Differences

PARAMETER AQUARIUS ARIDUS

1/O Port 2 1

1/O Port Bandwidth 1 Gbytes/sec 666 Mbytes/sec
XMI Interfaces Supported 4 . 2

Maximum Bls Supported 14 8

Maximum Cls Supported 16 ' 16

Table 1-2 lists the supported interconnect adapters.

Table 1-2 Supported Interconnect Adapters
INTERCONNECT ADAPTER DESCRIPTION

ClI XCB/XCD (XMI - CI Adapter)
NI XNA (XMI - NI Adapter)

BI XBI (XMI - BI Adapter)

SI HSX (XMI - SI Adapter)

Table 1-3 lists the supported BI devices.
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Table 1-3 Supported Bl Devices

DEVICE DESCRIPTION

KDB50 Disk adapter (4 disks)

TUBLE  Directly connected tape subsystem

DMB32  8-line asynchronous multiplexer printer port synchronous port
DRB32 Medium speed 32-bit parallel

DEBNA Ethernet adapter

BCA CI adapter

DHB32 16 Asynchronous lines

DSB32 2 Synchronous lines

Table 1-4 lists the primary supported storage devices.

Table 1-4 Supported Storage Devices

DEVICE DESCRIPTION

RA90 1.2 Gbyte Winchester disk
RA70 280 Mb<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>