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Introduction

i
»
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The CONVEX C3800 Series computer can have up to eight processors and up to
four gigabytes of physical memory. Interprocessor communication and memory

transfers are controlled by a central crossbar (see Figure 1-1).
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The processor cabinets for the C3800 Series are physically configured around a
central cabinet that contains the crossbar (see Figure 1-2). There can be from
three-to-six cabinets per system: one central crossbar cabinet, up-to-four
processor cabinets and one I/O interface cabinet.

Each processor cabinet may contain two heads. A head is defined as a single
processor and one memory board.

Figure 1-2 Cabinet ¢

nfigutation (Top View)
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1.2 Description of  The following major units comprise a C3800 Series computer system:
Major Units

¢ Central Processing Unit

¢ Memory Subsystem

e Crossbar

e CPU Utilities Hardware

® Service Processor Unit

¢ Clock and Diagnostic Hardware
¢ [/O Subsystem

¢ Power Subsystem

2.1 Central Processing Unit (CPU)
*h CPU consists of two boards: a scalar processor board and a vector processor

~1.2.1.1 _Scalar Processor

The scalar processor executes scalar instructions, performs address generation
and:translation, and dispatches the vector processor. The scalar processor

- contains the following major functional units:

e Address Scala.r‘(AS) Unit

processor decodes and pars
unit for execution. '

and forwards the data to its destination.

1.2.1 2 Vector Processor

the vector dlSpatCh interface. Operands are input from either the scalar processor
(if they are cache resident) or from memory. Inside the vector processor, operands

Theory of Operation, First Edition Description of Major Units 1-3



are stored in the vector register file until needed. Data produced from vector
operations may be sent to either the scalar processor or memory.

1.2.2 Memory Subsystem

A C3800 Series system may have up to 4 GB of addressable memory
implemented using up-to-eight memory boards. Each memory board has a
capacity of from 128 MB-to-512 MB, depending on the size of the DRAM (1MB or
4MB) being used.

: Zach memory board can accept requests and return memory data to the
rec{uestmg processors at the rate of 64 bits of data per clock cycle Thus, each

) :ory system has a bandwidth of four GB per second.
The 64 ”'{s_of data that a memory board can handle is divided into two 32-bit

: '_'ed even and odd. Each even and odd word can be addressed
'pendenﬂy, and each one has a separate send and return datapath.

i 1.2.3 Cfoi_ssbcr
* The crossbar provides the link between the processors, the memory boards and
the CPU utilities board. By definition, a processor may be either a CPU oranI/0
processor :

s, eight memory board ports and
v blt {plus parity) port is divided into
#):0dd and even halves function

1.2.4 CPU Utilities Hardware
The CPU utilities hardware resides on: tig

gs(CU) board and consists
of the following major functional urtits: :

¢ Communication Registers

¢ Control Register Address Space

e ASAP

¢ Microtrap and Interrupt Structure
¢ Deadlock Detection Logic

1.2.4.1 Communication Registers S

The communication registers provide a mechamsm for multxple thread execut_l_on
reglster with an assoc1ated lock bit that is maintained by hardware The lock bit
is used by software and microcode as a semaphore for the contents of the
individual communication register.

Description of Major Units 1-4 Theory of Operation, First Edition



1.2.4.2 Control Register Address Space
The control register address space contains special purpose registers that require
system-wide accessibility.

1.24.3 ASAP

Multiprocessing requires a method for scheduling the use of the available
processors in the system. The goal is to divide and conquer the workload. The
C3800 Series processors use a scheduling scheme called Automatic
Self-Allocating Processors (ASAP). A fundamental characteristic of ASAP is that
each CPU within the complex is solely responsible for scheduling itself. There is
no master process for finding idle CPUs and scheduling work for them.

The CPU Utilities Board includes much of the hardware that is used to detect
work (processes or threads) as well as various mechanisms that permit a
processor to associate and disassociate itself from a given process.

4 Microtrap and Interrupt Structure

" 1.245 -Deadlock Detection Logic

1.2.5 Service Processor Unit
The semce (

* Peripherals .

The SPU workstatio ;:product that is based on the Motorola

68030 microprocessat.’

The workstation interface provides.the T
SPU workstation and the' va ous.f

erconnecting link between the
's of the C3800 System with

) is'located in each cabinet.
In addition, there is an interface for:; tches and an RS-232 printer

interface.

A key switch mounted on the workstation cabmet determines: the operating
mode of the SPU Workstation. Operating modes include: OFF, LOCAL, CPU
ONLY, and SECURE. A second key switch deterxmnes the access modeof the

Tables 1-1 and 1-2 define the switch positions for the SPU and modem key
switches, respectively.

Theory of Operation, First Edition Description of Major Units 1-5



1.2.6 Clock and Diagnostic Hardware

Operations performed by the clock and diagnostic hardware are based on
commands received from the SPU through the workstation interface board.
Clock and scan operations are performed through use of scan control modes,
which control the individual boards in the system, and the contents of the clock
and scan control registers. These control registers reside in memory located on
the CU board and are part of the clock generator and scan engine.

The clock and diagnostic hardware is partitioned across the CU board, the
crossbar control board, and the crossbar backplane. Functionally, there are five
areas:

O_Clock generator

© 127 1/Q Subsystem
+. The basic:components of a C3800 Series Input /Output Subsystem consist of an
Interface:Adapter (IA), a high speed channel, the PBUS, and the Channel Control

,Umts {CCUs). See Flgure 1-1.

1e PBUS is the general purpose
mput/ output mterface bus. Th Port{XP) is a fast, special purpose
input/output channel that p i

PBUS.

To the CCUs, the IA looks like th
other CONVEX C-Series computée
like a processor.

1.2.8 Power Subsystem
The Power Subsystem uses a distributed powe !
rectified into unregulated DC and then dlsmbuted to DC- to-DC converters that

are physically located close to the load. The controi and memtormg of power and
environmental functions is also distributed. ~ ~ :

Description of Major Units 1-6 Theory of Operation, First Edition



Table1-1 SPU Operating Mode Key Switch Defintions

Disables SPU and CPU access. This signals a power
shutdown to the CPU. Hardware on the workstation
interface board immediately resets the Bay Power
Controllers (BPCs), which in turn reset their PPCs and
removes power from each board in the system. Moving
the keyswitch to one of the other positions does not
cause power to return until the SPU software
commands the BPCs to return power.

LOCAL "

Allows both CPU and SPU access. Same as using P
and D on the C100 or C200 SPU Console.
CPU ONLY Allows only CPU access. This makes the SPU
' Workstation the equivalent of just another terminal tied
: to the operating system.
SECURE SPU keyboard and mouse are mechanically disabled.

This permits the SPU to continue with output, but user
input is not possible. SPU software ignores the modem
even if the modem key switch is in the SPU position.

Table 1-2 SPU Modem Key Switchrgiéﬁmtions

] ysically connected to SPU’s serial port.
J'operating mode applies to SPU access via

port will enable remote access
regardless of SPU operating mode.

Theory of Operation, First Edition C 1-7
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Architecture Overview

® Register Sets

¢ Memory Management

¢ Multiprocessing

Automatic Self-Allocating Processors
;% Communication Registers

. Deadlock Detection

CI’U Timers

2.2 Overview;g;.; # This cha _f.er provides an introduction to the system architecture for readers wh

2.3 Register sets

registers; as thelr res
according to the type of data

e; these registers have been partitionc
ach CPU has a set of general registe

¢ Program Counter (PC)
® Processor Status Word (PSW)

specifies one of eight 512 MByte segments of virtual memor_v the offset field
specifies the instruction address within the 512MByte segment.

Theory of Operation Manual _ 2-1 Conte
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Figure 2-1 Program Counter
Format

31 29128 01

- Segment | Segment Offset

The 32-bit Processor Status Word (PSW) contains flags that enable or disable
- exception processing and show the resuit of numerical operations. Appendix A
~contains a brief definition of the individual PSW bits. For a more detailed
“"description of each bit, refer to the Architecture Reference Manual.

'I"he system architecture defines a four gigabyte virtual address space that is
divided'according to use. Memory management includes access control,
‘virtual-to-physical address translation, and various mechanisms to assure
etficient transition from one sottware operating context to another.

2.4 Memory
management

2.4.1 Vlrtuol address space
~.Each processor:ca :access up to four gigabytes of virtual memory. This address
~ space is divided into eight segments, each of which is 512 Megabytes. The eight
“equal-sized‘segmentsar¢:allocated to five memory partitions called rings. Rings
provide a structur pecifying where different types of software and data

must reside and'mak ‘it possible to control access where needed.

Table 2-%: _ gs and segments are allocated across the four
gigabytes of virtuad:mermory. As the table shows, four segments (0-3), wluch is

half of the address spas ich is compnsed of segments 4-7, are a551gned to
da

Ring 4. Ring 4 is tor

of all the registers, including the Program Counterz"' : the Program Status Word.
The software context includes all the program vanables and other:data within
the user program as well as the operating system variables that support
execution of the user program. : ;

Every process also has state associated with it. The state of a process is the
condition of the process at any given time. The state of a process changes in
response to system events.

2-2 Memory management Theory of Operation Manual
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Table 2-1 Virtual Memory Rings and Segments

egmertt

0 (512 MBytes) Operating System

1 (512 MBytes) Operating System

2 (512 MBytes) Operating System

3 (512 MBytes) Operating System

4 (512 MBytes) User
5 (512 MBytes) User
6 (512 MBytes) User
7 (512 MBytes) User

Process: control involves the use of stacks, stack frames, and process return blocks to

_manage process activity. Stacks contain the hardware and software context
. information as well as the current process state. All of this information is

contained within the stack in units called stack frames. Return blocks, of which

en reduced to their 51mplest form. For a more
the Architecture Reference manual.

Process - a collection of ir
virtual address space.&

Page - a contiguous 4-Kb
address of a page are contigizous.

Page Frame - a page stored in phys

Segment - a contiguous block (512 Megabytes) of virtual memory addresses.

Segment Descriptor Register (SDR) ~contains.a résséirahslaﬁon and validity
information used in the first level of virtual-ti physiéal addr&ss translation.

Page Table - a memory resident (or, cache res:dent) table of address translation
and validity information; the information is contamed in 4obyte words that are
called page table entries. i i

Page Table Entry (PTE) - contains address translation and validity information
for one page frame; a minimum of two page table entries must be looked up to

Theory of Operation Manual
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complete the address translation process; a third PTE is required in some
instances.

Communication Index Register (CIR) - defines which subset of the
communication registers is being used by the program running on a CPU. Each
CPU has one CIR, and each process has a different CIR value.

Thread Identifion (TID) Register - used to subdivide a process into disjoint

~ threads. Up to 32 threads may be running in the same process (i.e., have the same

“ CIR). The TID makes it possible to have a unique identifier for each thread. The

TID is used primarily for operations that involve unshared memory. Unshared

; fmemory, in this case, is defined as one or more threads in a process using the
same loglcal address to access different physical locations in memory.

4.4 :Segment descriptor registers

ASegment Descriptor Register (SDR) is used in the first level of
virtual-to-physical address translation. The SDR specifies what segment of
virtual memory a process is associated with and whether or not the segment is
vahd

_ The four glgabytes of addressable memory is divided into eight 512 Megabyte
~segments. There are: exght SDRs, one for each of the segments. Each SDR is 32-bits
"iong

cated in the communication registers. When a process
appropriate segment descriptors are loaded into the

ese are similar in function to
the translation tree.

Thread Identifier (TID) reglster:and a
all share the same physical memory"'
needed.

The C3800 series uses a scratch RAM and
translation process. Both are physically locate |
The scratch RAM is used to store a copy of ‘the SDR;

. ih some cases, the f1rst
level PTE. S '

2.4.6 Address Translation dE
The basic steps involved in virtual-to-physical address translation are xllus’trated
in Figure 2-2. The process involves accessing the appropriate SDR followed by a
series of page table lookups. Each lookup is pointed to:by the contents of the
previous table entry and an offset value from the virtual address. Figure 2-2

2-4 Memory management Theory of Operation Manual



renuepy uoneradQ jo A1oayy,

< VIRTUAL ADDRESS ~———
< VIRTUAL PAGE NUMBER
a1 2928 22|21
'29—31 22-28
SEGMENT OFFSET
SDRs
0
7 2 Physical
Level-One Level-Two Memory
Page Table Page Table Page

1023

4096

=N Data

Byte

uone[sueI] SSAIPPYV Z-Z 331y

AdOQ LON OQ/ AHVNIWIT3Hd

X3ANOD

31VAIHd ANVdNOD



COMPANY PRIVATE

CONVEX PRELIMINARY / DO NOT COP!

shows that two levels of PTE access are required to complete the address
translation and arrive at a physical memory address.

When a multi-threaded process contains threads that need to have their own
unique region of unshared memory, an additional level of translation is required
beyond those shown in Figure 2-2. In such cases, the contents of the Thread
Identification (TID) register is used as an offset value, and a third PTE access is
performed to make the virtual-to-physical memory address translation complete
down to the individual thread level.

The address translation process is described in more detail in the Scalar Processor
chapter of this manual.

.4.7 Shared and Unshared Memory

:Shared memory means that more than one thread uses the same virtual address

to access the same physical locations in memory.

Unshared memory means that each thread uses the same virtual address to

' access different phy51ca1 location in memory. The Thread Identification (TID)

Register makes this possible. The TID modifies the virtual-to-physical address
translation for the thread to allow each thread of a process to have private
physical memiory for variables that need to be unshared.

Successful memot F:acCesses aredefmed as ones that do not causea PTE
violation. Read; w 2
the reference bit and the:mo
directly accessed through

ed bit. _In addition, the R and M bits can be
and write memory byte operations.

The R and M bits orily refl
not record memory acc

iecesful memory access from the CPUs; they do
‘the Input /Qutput subsystem.

2.5 Multiprocess-
ing introduction

The C3800 Series permits a tightly-coupled set of: processors to allocate and
deallocate parallel code streams‘(: :eads) ematically at the hardware level
without operating system intervesition. No:CPU ever has to wait for another
CPU to become available; thus, full useis made of every available CPU executior
rallel processing is completely
regard for the number of

cycle. This combination of multlprocessmg a
flexible and permits the software to run witl
available processors. :

The following definitions apply:

¢ CPU — One physical Central Processing Unito
¢ Complex — The entire set of one or more physical CPUs in a
configuration

Theory of Operation Manual
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e Process — A collection of one or more threads executing within a single
virtual address space

¢ Thread — Any single instruction stream executing within a process

¢ Multiprocessing — The creation and scheduling of processes on a
complex or any subset of a complex

2.6° Automatic
self-allocating
processors ...

Multiprocessing requires a method for scheduling use of the available processors
“in the system. The goal is to divide and conquer the workload. For example, a
“process that takes ten seconds of CPU time will run in five seconds if two
p‘rdcessors are available and the work is equally divided.

The (3800 Series processors use a scheduling scheme called Automatic

Jlacating Processors (ASAP). The fundamental characteristic of ASAP is

U within the complex is solely responsible for scheduling itself (that
ssociatiig and disassociating itself from an executing process). There is no
aster process for finding idle CPUs and scheduling processes or threads.

The ASAP mechamsm also allows the operating system to schedule threads.
Both the operating system and the processor microcode can create and terminate
threads mdependentlv

ASAP makes it po 1ble for CPUs to migrate automatically between processes so
any: Combmat;on'ot serial and parallel processs may execute simultaneously.

Figure 2-3 1llustr es the signif

_ advantage that the use of automatic
self-allocating processor has bver con

ignal forms of parallel processing.

2.6.1 CPU states
A CPU always operates in‘one Of t

e Allocated
e [dle

An allocated CPU is one that is currently executifig a thread within a process. An
idle CPU executes a microcode idle loop in search of a process or thread in need
of service. Only two events cause the processér:to exxt thermlcrocode idle loop:
(1) detecting a process or thread that requires:s: an inferrupt.

2.6.2 CPU scheduling - -
Two different types of scheduling are used to start CF'lJiéxecution on behalf of a
process. One occurs when the CPU changes from the idle to allocated state
(called thread creation). The other type occurs when the CPU stops executmg one
process and starts executing a new one (called context sthchmg)

Both transitions involve the hardware communication reglsters and the
communications index register. All process context necessary for a threads

2-6 Automatic self-allocating processors Theory of Operation Manual
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execution becomes available to a CPU when a communication register set is
bound to it. The act of binding a CPU to a communication register set establi<hes
a process context for thread execution. A communication register set is bou "
loading the Communication Index Register (CIR) located in the CPU with a
communication register set index. Once a CPU’s CIR is loaded, it immediately
shares all process context with any other CPU whose CIR contains the same
index.

2.6.3 Forking

Allocating a CPU to a new thread involves a process called forking. A fork isan
event with two possible states: posted or cleared. Posted means there is a current
need for another processor to begin a thread. Cleared means there is no pending
work to be done. A CPU posts a fork when it would like to have more CPUs

ssist in the work. This is a request, not a demand; that is, if there are no available
PUs the posting CPU does not wait until there is one; it just continues with its

thread of execution. This satisfies the goal that programs written to exploit

available multithreading must work if only one CPU is available.

: ;User software can use the following isntructions to manage CPU processing
~functions without operating system intervention.

All user CPU management functions are supported by the following five
mstructz(ms

fi ‘rk‘ Post: '.ark event (request allocatlon of a CPU)

for use only by the operating system. They
:‘described later in this section) and

-and moving process context information. For
eoi these mstructions consult the

instructions for loadmg sto
more information regardmg

instmctions differ only irifé ; :
instruction requests a single CPU, whi
These instructions load a group of c¢

an through the fork event
registers in each CIR, looking for a posted fo If one is found; the idle
processor enters that CIR and loads the infermation from the fork event registers
into its own CPU registers. If the fork was posted w1th pfork the iork is cleared.

other available processors to take. In addmon, the r:fork mstrucnon is prov to
clear a fork.

Theory of Operation Manual
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At the end of a thread of execution, each CPU may terminate its thread
(relinquish and deallocate the CPU). There are three instructions to do this:

e wtork
e join
¢ idle (a privileged instruction)

. The wfork terminates a single thread of execution initiated through pfork. Aftera
. thread is terminated, the CPU is returned to the idle state, where it looks for
*-more posted forks in other CIRs.

.- .Forks posted through spawn should be terminated with join. If the processor is
‘not the last thread to reach the join, the CPU is returned to the idle state. The last
CPU:to reach the join instruction continues to execute instructions after the join.

' ie process continues executing as a single thread after the join.

1e operating system uses the idle instruction to reschedule the CPU. Executing
this instruction sends the CPU into an idle loop where the CPU searches for
posted forks in the fork event registers of each CIR. The CONVEX Architecture
Reference Manual describes these instructions in greater detail.

and join). The loop lteratlon coun
CPU computes five of the Iteration

In this figure, a single proce
again. The initial single thread’ posts-a

fork posted When the first thread:coinplete
instruction; join marks the fork event registe:

The second form of multi-processing, calledizz-symmetnci 'aratlel processmg occurs
when multiple threads within a process execute different functions by creating a
single additional thread of execution analogous to theifork system call construct
under UNIX. The child thread may or may not communicate with:the parent;

the parent thread may terminate leaving the child thread in executxon and exther
thread may fork additional threads. : G

In general, asymmetrical threads are disjoint, executing different code streams
with different data, but within the same process address space. Asymmetric

2-8 Automatic self-allocating processors Theory of Operation Manual
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Figure 2-4 Symmetric Parallel Processing
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processing differs from the multi-threaded execution in symmetric processing in
that the posting thread usually requires another thread to accept the fork to
perform the specific task, and then communicates with the created task. An
asymmetrical thread is initiated with a CPU requesting the execution assistance
of one other CPU as opposed to a CPU requesting execution assistance of all
available CPUs as implemented by the spawn/join instruction pair.

With asvmmetric parallel processing, the pfork instruction is used to post a fork
for a another single CPU to execute. Normaily, this will be a separate instruction
stream that can be carried to completion independent of the posting CPU. The
key point is that the multiple threads within the process execute different
functions. The accepting CPU terminates the additional single thread with the
wfork instruction. If the fork is not taken by another CPU, then the posting

thread (CPU) should clear the fork with cfork.

Jormally, the compiler does not use asymmetric parallel processing. However, it
may be used by the operating system and some user applications.

Figure:2-5 shows an asymmetric parallel process with three threads.

Thread B posts the need for an independent thread to be run concurrently.

Thread A is started, and notifies B that it is running. B finishes its work and
i Thread A posts the need for a new thread C to perform another task.
tarts, and notifies thread A that it is executing; Thread A completes

tes. Thread C determines all tasks have been completed and clears

2.7 Communica-
tion registers

manipulated by the co
synchronize access by:n

2.7.1 Communlcchon mdex_ eglsters

The communication registers are divided into groups; called partitions. There is
one partition for each process, and. partition ontains information, called
context information, specifically rela ticular process

The Communication Index Reglster (ﬁR) spec1f' fhlch partmon is associated
with a particular process. The CIR contains arx:irklex value that binds a
particular set of physical communication registe: s to a process: Each executing
process is associated with a different CIR index. Figure 2-6 promdes an example
of CIR-to-Register Set binding. This example is only one of many possxble
binding combinations. s

Theory of Operation Manual
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Figure 2-5 Asymmetric Parallel Processing
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Figure 2-6 CPU-to-Register Set

Binding
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Except for a special physical addressing scheme that is independent of the CIR,
the CIR compietely restricts the processor to one partition of the communication
registers.

There is one CIR per CPU. Each CIR is a five-bit register and may represent 32
different index values. It should be noted that the five-bit CIR does not limit a
complex to managing and executing a total of only 32 processes; 32 is simply the
maximum number of processes that can be mounted at any given time.

.. A process whose state is currently represented by a partition of the
communication register set is said to be mounted on the CPU complex. Any CPU
‘can execute any mounted process by changing the index value in its CIR to
reference the partition describing the process. This action binds a
communication register set to a CPU when a CPU mounts and begins executing
a thmad._ When muitiple CPUs in the complex are executing multiple threads of

j s, these threads use the communication registers within the partition to
mmumcate with and synchronize operations with each other.

Mulﬁple CPUs can be bound to the same communication register partition; this
occurs when each CPU loads its CIR with the same index value.

Ring 0 Software, andRing 4 Software. Figure 2-7
r register set two. Each register set contains the

The total equals 4,096.

Every communication register has
assigned specific communication register ad
Figure 2-8 illustrates the virtual address rang"’
the physical address ranges divided amon
description of communication register add
chapter.

hysica i address Each ring is
ranges within the partition.
or each ring; : and Table 2-2 lists
trings and partitions. A
ovided later in this

Ring 0 programs have access to all communicaf nd can use any
virtual communication address with no protection checking. However, an invalid
communication address system exception occurs if a process executmg in ng 4
violates its ring protection boundary. sl

2-10 Communica- tion registers Theory of Operation Manual
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Figure 2-7 Comm
Register Partitions

Ring 0 Hardware

Ring O Software

Ring 4 Software
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CRVADDR.DRW
Virtual
Address
0000

001F

Hardware Ring
(32 Registers)

f

Not Used

v

Ring 0-3 Software
(32 Registers)

*

Not Used

v

Ring 4 Software
(64 Registers)
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Table 2-2 Ring Physical Address Ranges

020-03F

0AO0-OBF

120-13F

1AC0-1BF

220-23F

2A0-2BF

320-33F

3A0-3BF

42043F

4A04BF

520-53F

S5A0-5BF

620-63F

6A0-6BF

15

16 800-81F

17 880-89F

18 900-91F

19 980-99F

20 AO00-ATF

21 AB0-A9F

2 BOO-B1F

23 B80-BYF

24 C00-C1F

25 C80-C9F

26 DOO-D1F D20-D3F . .
27 D80-DYF DAO-DBF
28 EOO-E1F E20-E3F
29 E80-E9F EAOQ-EBF
30 FOO-FIF F20-F3F
31 F80-F9F FAO-FBF
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2.7.3 Communication register addressing
Each communication register is addressable with two communication addrec=-s;
one is CIR based (virtual) and one is CIR independent (physical).

Virtual communication register addressing uses the address (Ceffa) contained in
the assembly language instruction, the base address for the particular ring, and
the CIR index value to generate the correct physical communication register
address. Figure 2-9 illustrates the components of this virtual-to-physical
addressing scheme. Virtual-to-physical translation of communication register
addresses is a function of the processor’s address generation logic. Note that
Ceffa is assembly language syntax; it means Communication Register effective
address. Ceffa originates from the communication register instruction that is
about to be executed by one of the processors. As Figure 2-9 illustrates, Ceffa is
used as an offset value for the physical base address of the particular ring and
register set involved.

CGIR-independent access to any physical communication register set is possible
through the Ring 0 virtual address space. This is possible regardless of (and in
addition to) the current communication register set mapping. Physical

~ addressing is accomplished by defining a fixed virtual-to- phy51ca1 translation for
““a portion of the virtual address space assigned to the hardware communication
registers. This mapping allows Ring 0 software to access all communication
register sets regardless of which communication register set is currently bound tc

reglsters,::' ’

ea structure, called modified bits, to facilitate
he communication registers. The

The commumcai'j
save and restore operanons

registers are used by the hardwaré an

ing 0 ‘softfware to implement
multithreaded execution. B

The hardware communication register set ¢ ins all proces&specxflc states
necessary to schedule a process and create or:terminate executing threads. This
register set is only accessible from Ring 0 and is the primary structure for process
scheduling. Figure 2-10 illustrates the hardware communication registers in
relation to the overall communication registers hierarchy.

Theory of Operation Manual 2-11 Communica- tion registers
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Figure 2-9 Comm Reg Virtual Addressing Scheme
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Figure 2-10 Communication Register Hierarchy
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The text that follows provides a brief description of the hardware communication
registers. The purpose is to give the reader a very general overviewof their
functions. If you need more detailed descriptions of the hardware
communication registers, refer to the Architecture Reference Manual.

Table 2-3 lists the hardware communication registers along with the effective
address (Ceffa) of each register. Ceffa is assembly language syntax; it means
Communication Register effective address. For more information regarding
communication register addressing, refer to that topic title in this chapter.

2.7.5.1 Trap instruction registers

- There is one Trap Instruction Register (TIR) for each ring and CPU combination.
?"’I‘he TIR is a 64-bit register used by the trap and pbkpt instructions. The trap

The:lock bits on the TIRs are ignored.

For more definitive information, refer to the “Exceptions and Interrupts” and
“Instruction Set” chapters in the Architecture Reference Manual.

2 7 52 Thread cuééchon mask and count

register in the thread: aliocanon mask; thisis a function of the CPU idle loop.
specifies the number of thread

sk. When a thread is created, the

thread is terminated, the thread count is

in con]unctmn with the join instruction; it

ing extent of a process. The
cation mask and is

The allocated thread count isa:16:bit i
IDs allocated from the threask alloea
thread count is incremented, and:
decremented. The thread count
can also be used to determine th& curr
lock bit for this register is shared . with
governed by the protocol defined:fc

The lock bit for the thread mask and threa 3

ensure that a valid fork is taken, and then allocates a
locking the thread mask/count (i.e., makmg the threa

commumcatxon register set.

2.7.5.3 Fork event communication registers = :
The fork event registers are hardware communication registers used for holding
the information required to create an independent thread of execution. Basically,
thread creation begins when one process executing on a CPU requests the

2-12 Communica- tion registers Theory of Operation Manual



Table 2-3 H/W Communication Register Allocation

» Reserved
C(OOO" Reserved
C(0002) Trap Instruction Register Ring 0
C(0003) #::) Trap Instruction Register Ring 1
C(0004) | ::’I"rap Instruction Register Ring 2
C(00053: Trap: Instruction Register Ring 3
C(0006) rap Instruction Register Ring 4
C(0007) Thread Allocation Mask CPU Mask Thread Count
C(0008) | fark fork.AP
C(0009) lforkPC fork. PSW
C(000A) Reserved fork.source_PC
C(000B) forkitype fork.SP
C(0000) SDR (0) SDR (1)
C(000D) SDR (2) SDR (3)
C(0O0CE) SDR (4) SDR (5)
C(000F) SDR (6) SDR (7)
C(0010)
C(0011)
C(0012)
C(0013)
C(0014)
C(0015)
C(0016) ; (
C(0017) CPU 3 Execution Timer Register:; ng 4
C(0018) CPU 4 Execution Timer Register /:Ring
C(0019) CPU 4 Execution Timer Register / ng 4
C(001A) CPU 5 Execution Timer Register / Ring 0-
C(001B) CPU 5 Execution Timer Register / Ring 4
C(0010) CPU 6 Execution Timer Register / Ring 0-3
C(001D) CPU 6 Execution Timer Register / Ring 4
C(001E) CPU 7 Execution Timer Register / Ring0-3 ¢
C(001F) CPU 7 Execution Timer Register / Ring 4
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addition of other CPUs by storing information in the fork event registers. An
idle CPU then creates a thread and executes on behalf of the process by loading
this information from the fork event registers into its own state registers, such as
the program counter.

The fork event registers are listed and defined as follows:

fork.FP — initial frame pointer for the thread

fork.AP —initial argument pointer for the thread

fork.PC — program count to begin execution of the thread
fork.PSW — initial program status word for the thread
fork.source_PC —program count for the thread posting the fork
fork.SP — initial stack pointer for the thread

fork.type — defines the fork type of a posted fork to prevent mixing
pfork, spawn, and join instructions in a multithreaded process; this
parameter is passed from posting to acceptance of the fork; fork types
include: pforked, spawned, and stopped.

When a fork is posted with pfork or spawn, the program count of the instruction
- following the pfork or spawn instruction is loaded into fork source_PC (located in

the fork event registers). When a fork is taken, the value in fork.source_PC is

executior ‘é:s' that CPU changes to the active state. A current ring of execution

m t(be estabh hed since an idle CPU has no state.

Forkposted i’
this lock bit s a one, |
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2.8 CPU
deadlock
detecﬂon_

The hardware can detect when the currently executing threads within a process
have reached a deadlock condition. By definition, a process deadlock occurs
when all the currently executing threads of a process are doing a synchronization
instruction followed by a branch back to that instruction. Deadlocks are
considered system exceptions and are passed to the process deadlock handler for
resolution.

Synchronization instructions attempt to change the value of a lock bit and return

. status on the success or failure of the lock/unlock operation. Examples include
the tas, snd, rcv, and inc instructions. For a complete list of thesynchronization
instructions refer to the Architecture Reference Manual. It should be noted that
“these instructions are sometimes referred to as deadlock detection instructions.

These instructions all perform some sort of semaphore or synchronization
n and return status to the Program Status Word.

‘When a deadlocked process is detected, each thread within the process

immediately enters the Ring 0 process deadlock handler. The process deadlock
handler schedules other threads within the process to resolve the deadlock
condition:

- The concept of deadlack also extends to certain cases of thread termination. For
+:example, if the last:thread in a process executes a wfork instruction and no other
forkis posted m the CIR, a last thread termination deadlock has occurred.

Another :tance of my :per thread termination that will cause a deadlock
involves executionof k instruction in place of a join instruction.

uses deadlock

fork is of the wrong type it

2.9 CPU timers

Each CPU contains tlmers Wh
that follows.

re listed here and described in the text

e Execution Timer
e Thread Timer
e Other

2.9.1 Execution Timer
To provide accurate accounting informatior¥:t¢
Execution Timers (CTR) are included for.each process; the timers track (in
microseconds) the time each CPU spends irt Ring system time) and Ring 4
(user time). The CTRS are v151ble to the operatil g system inthe hardware

e operaing system CPU

The CPU microcode maintains the CTRs on a dqn.,fl basis. For example, if a
CPU is running in Ring 0 and executes a get of the Ring 0 CTR for theCPU the
time will not be current. i s

The events that cause the microcode to update a parti::c{il"a’f' timer are primarily
ring crossings and execution of the ctrsg instruction. The operating system uses
the ctrsg instruction to instruct all CPUs to update their CTRs. For example, if

2-14 CPU deadlock detection
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one thread of a process is the operating system kernel executing on CPUO (in
Ring 0) and the other thread is a user program in Ring 4, the operating system
thread can execute ctrsg and then read the Ring 4 or Ring 0 CTR and know that
the time is accurate.

The CPU execution timer includes a single hardware delta timer on each CPU that
counts by microseconds and is clearable. An update of the CTR is performed by
reading the current CTR value from the communication register, adding the
current delta time to the CTR value, and writing the sum back to the
communication register. The delta timer is cleared immediately afterward.

2.9.2 Thread timer

i Each CPU contains one 64-bit microsecond timer per thread . The Thread Timer

TTR), which is implemented in microcode and accessed by nonprivileged
structions, allows each thread to determine the CPU execution time of any code
region without the overhead of a system call. This register only reflects the CPU
time on a ring-specific basis and cannot be used to time inner ring calls. This
timer:increments in bit whenever a CPU is executing a thread. It can be read or

“written at any time by the currently executing thread.

~ The thread timer is updated by the same delta timer used for the CTRs. The

delta timer:isia:microsecond timer that exists on each CPU. Itis used to time

mtervais : l'v'veen accesses to the Thread Tuner('I'IR) or CPU Execution Timer

change their.swn CIR and TID in Ring 0 and not affect the thread
:events do not affect the TTR smce the old CIR or TID’s thread timer

293 CTRandTm mer..u
The CTR and TTR timers.aré _
with the same delta timer. When an
delta timer is cleared so the TTR mu
when an event forces the TTR to b

ad:since both timers are maintained

forces the CTR to be updated, the

pdated at:the same time. Similarly,
T must be updated also.

Theory of Operation Manual

2-15 CPU timers



Instruction Processor

‘The instruction processor performs the following major functions::

etches intstructions for the instruction cache

' Maintains the program counter

* Dispatches the scalar processor

¢ Decodes instrutions???
‘e Generates memory fetch addresses?? (for instructions only???)

The instruction processor can be restarted from three different address sources:
(there aremcme  than three; see block diagram)

: fmstrucno pr::cessor hardware consists of the following major functional

¢ Instruction: Parsxng Log1
o Parse Address Lo_ ic
e Branch Tags :
¢ Instruction stpatch Inf
¢ Instruction Queue

3.2 Instruction
Cache

Theory of Operation Manual -Overview 3-



Scaiar Processor

" Contents

« Overview

* Major Functions

+ Major Units

Scalar Data Structure

Address Generation Logic

Data Return Queue

Scalar Processor Microsequencer

‘s::8calar Processor Operations

4.1 Overview

The mformanon in this chapter provides a brief description of all the major
~hardware units that comprise the scalar processor. The last section in the chapter
- describes the major operations performed by the scalar processor, including

sequence of gvents and data flow.

The Neptune Sca.lar Processor physmally resides on the scalar board along with

4.1.2 Major Units
The major units that comprise the scg
illustrated in a simplified block dia;

« Data Return Queue

* Scalar Data Structure

+ Address Generation Logic
* Scalar Processor Microsegencer
A description of each functional unit is provided in the sections that follow.

4.2 Data Return
Queue

The memory return data queue accepts read data from the memory system and
transfers it to the appropriate destination. A 24-entry queue exists for memory

Theory of Operation Manual
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Figure 4-1 Scalar Processor Simplified Block Diagram
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return data. The queue allows the processor to accept all memory return data
independent of whether the final destination (i.e.,vector processor, instruction
processor, scalar register file, or data cache) is ready.

Scalar Data Structure includes the following major components. Refer to Figure
4-2.

Strucfu_re.z'E

~ * Register File
wie ALU

 Floating-Point and Miscellaneous Integer Function Units

Register File / ALU Gate Array
: U gate array contains a two-stage register file and the ALU data path.
g regxshetﬁle has thirty-two 36-bit registers organized as:

1. Exght 32-bit. Address (A) registers
2. Eight 64-bit Scalar (S) registers

:v3.:Ei'g}:1t 32-bit temporary registers

The register ﬁl ree 64-b1t input ports (A, B and C) for writing resuits from
‘ us inputs results from the integer ALU logic. This
since writes are controlled by the microcode. The
integer unit writes results to the register file using
nithe floating point unit must arbitrate for access

to mput cache read data, vector-to-scalar

43.2 Data Cache
The data cache contains oper.
and vector instructions. :

The data cache has a 16K B:yte capacitys thus four pages of data may reside in the
: 3y :_n and an odd bank of

2K-locations by 32 bits each. Th
and validity bits and function indeper

4-2 Scalar Data Structure Theory of Operation Manual



Figure 4-2 Address and Scalar Data Structure
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44 Address
Generation Logic

The address generation logic accepts memory requests from the scalar processor
and the instruction processor. The address generation logic is contained in the
Address Generation /Data Cache gate array. See Figure 4-2.

4.4.1 PTE Cache

The Page Table Entry (PTE) cache contains physical memory addresses that are
used during logical-to-physical address translation. Each PTE cache consists of a
logical PTE tag, two validity bits, a physical PTE translation address, and
reference and modified bits. The physical page address (address bits xx-yy) is
read from the PTE cache and then combined with the offset within the

:page(address bits aa-bb) to form the complete physical address that is sent to

emory.

4.4.2 Scratch RAM
The scratch ram contains a copy of the segment descriptor registers (SDRs) and

"serves as a first-level PTE cache.

4.5 Scalar
Processor
Microsequencer

The scalar roc&ssor s microsequencer controls the order in whxch operations

Microcode for eachscalar hon executable by the scalar processor resides in
the control store. Each ti
instruction, it will send.:

store starting location. Thal' \ :ig‘also input to the microprogram
counter logic. That initial program co alue is incremented once each
machine cycle until the operation is cgimipleted or untif:a branch or interrupt
occurs. i

4.5.1 Source Hazard Logic:: :
A hazard is defined as a condition that will t ranly halt executlon of an
instruction until the hazard is cleared. A ha._..rd condition is not'always an error
condition. In some cases, for example, a hazard is simply a flag that is set to
indicate that something must happen (an operand retumning from memory)
before execution of a given instruction can contmue..,;éOperancns unrelated to

the hazard conditon continue without interruption.

Theory of Operation Manual
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The purpose of the hazard logic in the scalar processor is to assure that all
resources required to successfully execute a given instruction are available. Items
checked include the following:

1. Microinstruction register is valid.

2. If a macro-PC branch occurred previous to this instruction, assure that it
branched correctly.

3. The operands are ready.

4. If this instruction specifies writing to a register file, assure that the register file
is not hazard locked.

_..5. If this instruction requires accessing the PSW, assure that it is not hazard

6 ASSure that all selectable hazard conditions are cleared.

4.6 Scalar .
Processor
Operations

-Séalar Processor operations include address translation, cache read, indirect
“‘cache read, cache write, memory read, and scalar instruction execution. This

section describes the basic steps involved in each of these operations.

is a list of essential terms: w1th definitions that have been reduced to thexr
simplest form. For.a:more comprek ensive description of memory management
refer to the Arckutecture Refe '

streams (threads) that reside within a single
DRs (defined below).

address of a page are contiguous.

Page Frame - a page stored in phys

Segment - a contiguous block (SIZZMegaby_téés):of ,'rtuél iﬁ'emory addresses.

Segment Descriptor Register (SDR) - contains
information used in the first level of virtual-t

ress :translatxon and validity
1ysical address translation.

Page Table - a table (memory resident?) of address translatxon and validity
information; the information is contained in 4-byte-. words that are-called page
table entries. i

Page Table Entry (PTE) - contains address translation and validity information
for one page frame; a minimum of two page table entries must be looked up to

4-4 Scalar Processor Operations
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complete the address translation process; a third PTE is required in some
instances.(see thread-level PTE).

Communication Index Register (CIR) - defines which subset of the
communication registers is being used by the program running on a CPU. Each
process has a different CIR value.

Thread Identifier (TID) - used to subdivide a process into disjoint threads. Up to
32 threads may be running in the same process (i.e., have the same CIR). The TID
= makes it possible to have a unique identifier for each thread. The TID is used
“-primarily for operations that involve unshared memory. Unshared memory, in
this case, is defined as one or more threads in a process using the same logical
address to access different physical locations in memory.

4.6.1.2. Basic Steps

are either five or seven basic steps involved in the address translation
xgure 44 provides a flow chart of the basic steps, and figure 4-5 gives a
‘more detailed view of the same process. The text that follows outlines the seven
basic steps.

1. Access:SDR. The segment number is used to access the appropriate segment
descriptor register (SDR). The segment number is specified in the three most
' vsigniﬁcant bits 31 .. 29) of the virtual address. Go to step 2.

step 5. If yes, go to step 6.

::l;.le entry also contains a page
“offset value taken from the virtual
-bit physical memory address. Go to

niry contains a 24-bit page
at 'value taken from the
ether to create the effective

Thread Identification (TID) register are added
address of the thread-level page table entry_ ;

7. Access physical memory. The thread-leyei:p b

physical memory, base address for a specific thread. This base address and a
12-bit byte offset value taken from the virtual address are dded together The
result is a 32-bit physical memory address. Go to step 1

8. Address translation completed.

4.6.1.3 Segment Descriptor Registers i
The 4 Gigabytes of addressable virtual memory is dxv1ded: into elght 512

Megabyte segments. There are eight SDRs, one for each of the segments. Each
SDR is 32-bits long.
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Figure 2-4 Address Translation Basic Steps
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When a process is loaded for execution, the appropriate segment descriptors are
loaded into the CPU’s SDRs.

Each segment descriptor register points to the beginning of a first-level page
table, and contains protection information as well.

4.6.14 Page Table Entries

The second and third stages of virtual-to-physical address translation are
accomplished using Page Table Entries (PTEs). These are similar in function to
segment descriptors, which form the top-level of the translation tree.

APTE is a 32-bit word aligned on an integral 32-bit boundary (the least
significant two bits of the byte address are 00). A PTE is one of 128 entries for the
first index-level or one of 1,024 entries for the second index-level. APTE
.determines the validity of a reference and the physical memory location of a

valid reference. A valid reference meets two requirements: first, the PTE must be
‘valid; second, the type of access being made (read, write, or execute) must be
aliowed by the appropriate protection bit of the PTE.

An additional level of lookup tables is needed in order to accommodate multiple
threads within a process. The PTE is one of 128 entries for the first index-level,
one of 1,024 entries for the second index-level,-or one of 32 entries for the thread
index-level.

In order fo ach thread within a process to have a unique address space, a

-level PTE is:iindexed by the Thread Identification (TID). Refer to Chapter
ultiprocessor Management,” for more information regarding thread
“’identificatiox '

The scalar processor has a scratch ran
descriptor registers and serves as a:
bit indicates whether the first level PT

The first level PTE valid bit will be used-as a test cqndmon On a PTE miss, first
the scratch ram will be accessed to obtain the first level page t table entry. If the
vahdxty bit indicates that it has not been encached yet then the appropriate SDR
in the scratch ram will be accessed and used to'access main memory for the first
level PTE. The first level PTE will be written in the scratch ram with its validity
bit set. Once a valid first level PTE is obtained, main memory is-accessed for the
second level PTE (and possibly the thread level PTE).
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(C3 Spec page 2-7 is source for paragraph that follows.) Each PTE Cache (there is
one odd and one even PTE cache) consists of a logical PTE tag, validity bits, a
physical PTE translation address, and reference and modify bits. The physical
page address is staged after being accepted from the ram and then combined
with the offset within the page to form a complete physical address.

[The C200 Series architecture has one 64-bit microsecond timer per thread
implemented in microcode that is accessed by nonprivileged instructions. The
thread timer (TTR) allows each thread to determine the CPU execution time of
= any code region without the overhead of a system call. This register only reflects
“:the CPU time on a ring-specific basis and cannot be used to time inner ring calls.
(For more see Arch Ref manul page 5-39)

Virtual Address (bits 31 =

RINg | Gegment (bits 31 - 29} Sagment Byte Offset (bits 28 - 0) Effective Virtual Address
0 0 “ . |00000000- IFFFFFFF (512 MBytes) |0000 0000 - 1FFF FFFF
i B - | 0000 0000 - 1FFF FFFF (512 MBytes) | 2000 0000 - 3FFF FFFF
2 2 (0000 0000 - 1FFF FFFF (512 MBytes) |4000 0000 - SFFF FFFF
3|3 00000000 - 1IFFFFFFF- (512 MBytes) | 6000 0000 - 7FFF FFFF
; p — e PO —
5 A000 0000 - BFFF FFFF
6 C000 0000 - DFFF FFFF
7 E000 0000 - FFFF FFEF

4.6.2 Cache Operations

Cache operations include ...

4.62.1 CacheRead
Cache read operations...

Read register file Generate effective address | Access PTE / DC

Output data through ZBus | Enable address select Generate hit
port
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4.6.22

Indirect Cache Read

Indirect cache read operations ....

Table x-

Cycle 2

B Cycle 3 Cycle4 |Cycle5 |Cycle6 |[Cycle?
Read register fi Access PTE /DC  |EnableC |Generate |Access |Enable C
: bus effective |PTE / DC |bus write
bypass address
Generate Hit Enable |Generate |Enable
address | Hit read
select bypass

4623 Cache Wiite

Cache write:operations ....

Read register file Generate effective Merge zone/data Issue memory
address request

Output data through Write data cache Crossbar transfers

ZBus port data to memory

Generate physical

_ address

4.6.3 Memory Operations

Memory operations include ....

4.6.3.1

Memory Read

Memory read operations ....

Table x-y. Memory Read

4-8 Scalar Processor Operations
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Cycle 3

Cycle 6

Cycle7

Read .| Access PTE / DC Generate |Issue Crossbar |Data Bypass
register’ physical |memory |transfers |enters Cbus
file:" address |request |data return write
from queue
memory
Output .| Generate miss Crossbar |Issue ROT ???
data i transfers | memory
through memory |ready
ZBus port request
to
memory

4.6.32  Memory Write
Memory write operations ...

4.6.4 Scalar Ins!
Scalare instruction: €xecutions are

Tabhle x-v. Scalar

Board
Transition

Select
Control Store
Address

Access
Control
Store

Check for

Write Result
to Register
File and
update PSW

Fanout from
Control
Store

Ring |Segment (bits 31 - 29) | Segment Byte Offset (bits 28 - 0)

0 0 (0000 0000 - 1FFF FFFF (512 MBytes)
1 1 0000 0000 - IFFFFFFF (512 MBytes)
2 2 0000 0000 - IFFFFFFF (512 MBytes)

Theory of Operation Manual

Scalar Processor Operations 4-9




3 3 0000 0000 - IFFFFFFF (512 MBytes)
4 4 0000 0000 - IFFFFFFF (512 MBytes)
0000 0000 - IFFFFFFF (512 MBytes)
0000 0000 - IFFFFFFF (512 MBytes)
00000000 - IFFFFFFF (512 MBytes)
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Vectior Processor

) Conterﬁs

e Overview

¢ Input Staging

e Vector Dispatch Interface
¢ Function Pipes

Pipe Control

ector Register File

‘Output Staging

5.1 Overview The' informanon in this chapter provides a brief description of all the major
- -hardware units that comprise the vector processor.

The vector. prcEJééssor resides on the vector processor board, which is one of the

OF ':"patch intgrface. Operands are input from either the scalar
they are cach_e: resident) or from memory. Internal to the vector

The major units that:com
and briefly defined in the

5.2 Input Staging

5.3 Vector
Dispatch Interface

riction plpe to execute the
ter file ports and other required
resources are available, and determines whether chaining or accelerated
execution may occur. The VD waits for a seed from the scakar processor if one is
required. When all required conditions are met;: the VL

to the selected function pipe controller. This dlspa : mcludes an entry-point
microaddress, vector register and port selects, source and destination data sizes,
execution rate, and the scalar seed. The pipe controller then may initiate
execution of the instruction without needing to perform resource checks.
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Figure 5-1 Vector Processor Simplified Block Diagram
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5.4 Function Pipes Three functional units, called function pipes, make up the heart of the vector
processor. All the instructions executed by the vector processor are divided
among these three function pipes.

The add function pipe executes the following vector instructions:

e Add

e Subtract

e Compare

- e Convert

e Logical
o S}uft

;0 Min and Max

The-i'r\ultiply function pipe executes the following vector instructions:
e Multiply
e Divide

i g-Square Root

The load functmn pxpe is:used to perform all load and store operations. These
Fand stores, vector length register loads, moves
nd a vector register element, and load and stores to the

5t two: 'gntences from C2 Maint doc.)

5.5 Pipe The add and multlpiy pipe controliers are responsible for reading vector
Controllers elements from the 'Vector Reglster file, sending those elements through a function
' register file. The load pipe controller is
ms. All three pipe controllers may send

responsible for all load: and store ope :
data to the scalar processor and memo:

Each pipe controller contains:the fol

¢ Microsequencer

e Vector Element Counter
¢ Vector Merge Register

e Control Queue

e Backdoor Controller

In addition, the load pipe controller has

5.6 Vector _
Regisfer File (VO-v?), along with data selection and staging reglsters Fach vector accumulator

more general term, vector register. There are four types of vector reglsters
Specifically, they are: vector accumulators, the vector merge register, the vector
stride register, and the vector length register. The vector register file being
described here contains only vector accumulators.
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The vector register file consists of four RAM banks, labeled for the two vector
accumulators each bank contains: V0/V4, V1/V5, V2/V6, and V3/V7. Each bank
is 256-locations by 72-bits and is divided into two halfs. Each half bank is
256-locations by 36-bits and is separately addressed.

The output staging ....

Theory of Operation Manual 5-3 Output Staging
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Crossbar

All communication between memory, the CPU utilities (CU) board, and the
processors is through the crossbar. The crossbar has a total of nine processor
ports, eight memory board ports, and one port for the CU board. Figure 6-1
_provides an overview of the relationship between these major components.

processor may be either a CPU or an I/O processor. Each processor
ccn'nmumcates with the crossbar on a separate point-to-point bus. No muitidrop
buses are used. Point-to-point buses eliminate bus contention and significantly
mcrease overall throughput.

i ;The memory boards and the CU board also communicate with the crossbar over
© " point-to-point buses.

6.2 Crossbar
operations

hardware located on the 8 ard. :Most transfers to and from the CU board use
the crossbar’s odd and evén da . However, some operations bypass the
odd and even data pathgiar nem °t crossbar control path; these

include deadlock status from
and trap dispatch transfers to:the pro

11 as communication regxster status,

The crossbar routes data to and fror memorybpards and arbitrates between
requests to identical memory boards:” boards can accept one even
and one odd request and return oneev ‘one odd request per clock cycle.
The crossbar determines which processor:wins access to a particular memory
board. Similarly, the crossbar must kno Wth ; essor should receive data
being returned from memory. :

6.2.1 Memory transfers .. B :
The following memory transfer operations are handled by the crossbar

¢ Memory read request
¢ Data return

Theory of Operation, First Edition ‘Overview 6-°



Figure 6-1 Interconnection overview
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¢ Memory write request
¢ No operation
¢ Test and modify (TAS or TAC)

6.2.1.1 Processor-to-crossbar handshaking
When the crossbar is able to accept a memory request from a processor, it asserts
the request next signal. If a processor needs to make a memory request, it will
issue a ready to the crossbar the following clock cycle along with the necessary
request information.

6.2.1.2 Memory read or write request

The crossbar handles memory read and memory write requests the same except

for one significant difference. For memory read requests, the crossbar must track
- which processor originated the request and in what order the request was made.
:: This is necessary to ensure that the returning data goes to the correct processor
and that it does so in exactly the same order as the orignal request was made.

To perform a memory request, the processor waits for the crossbar to issue a
request next signal. The following clock cycle the processor will initiate the actual
transfer by issuing a ready signal to the crossbar along with a cycle code that
specifies the memory transfer type. At the same time, the processor also sends
‘the memory address; the memory address contains a board select code that
identifies the memory board the memory request should be sent to, the memory
bank on the hoard, and the memory word address. The XARB uses the memory
board and bank codes to determine the destination of the memory request. Of
course; for memory. ‘write requests, dam parity, and zone information wxll also be

When the crossbar sends memory request to a particular memory bank, it sets
} the bank is busy. The crossbar will not send

the crossbar will assert the ready signal
i panty to the appropriate

There is no handshaking between the: crossbar and the recewmg processor for
returning data. The processor must always accept the data during the same clock
cycle that the ready signal is asserted. Since the processor will always accept
returning data, there are no overrun registers in the return data path. Return data
flows without interruption from the memory board through the c:rossbar to the
processor. i :

The memory bank done signal is issued by thé 'memory bank controller from
which the return data originates. Memory bank done informs the crossbar that
this bank is returning the requested data and is now free to accept other requests.

Theory Of Operatian, First Edition Cmssbar.opemtions 6-3



Figure 6-2 Memory transfers
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6.2.14 No operation
A no operation is used for test purposes only. However, it fully exercises the
crossbar.

6.2.1.5 Test and modify

Test and Modify operations are used in the execution of the two CONVEX
assembly language instruction, Test and Set Byte (TAS) and Test and Clear Byte
(TAQ). They provide a means for passing information between processors and
manipulating semaphores in the communication registers.

6.2.2 CPU tilities board transfers
Transfers between the CU board and the processors use the same two 32-bit, odd
and even crossbar data paths that are used for memory transfers. However, there

_are some differences in the way the data transfers are handled. In addtion, there

is a third path that is used exclusively to transfer control and status between the

6.2.2.1 Data transters and status request

The following CU board transfers are handled using the crossbar’s odd and even
data paths:

* Read data

® Write data

nbchfy—wnte data requests involving the CU
v evex}:and odd data paths much the same as

Other differences between memory and CU bo

pera’nons are noted in the
text that follows. '

It is important that both words of a 1ongword'tequest arrive at the CU board at
the same time. To assure this, processors make only longword requests and do so
only if the processor queue on both the even and: odd siders af the crossbar are

empty (i.e., request pending not activated). " o

Theory of Operation, First Edition
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Figure 6-3 Utility board transfers
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For CU operations only, the processors pack the 26-bit odd word address with
command and status information. The CU board interprets the command and
status information it receives in the odd word address field and applies the
command to both the even and odd word data streams.

6.2.2.3 Crossbar-to-utilities board handshaking

The crossbar-to-CPU utilities board interface uses only a ready signal to inform
the CPU utilities board that a request from the crossbar is being sent; there is no
other handshaking between the crossbar and the CPU utilities board.

6.2.24 Status request and retum
Status request and return is used for interprocessor communication during
semaphoring operations.The status request is sent by way of the odd and even
crossbar data path. The status information being requested is the state of the lock
~ bits for a particular communication register. Returning lock-bit status bypasses
i: the odd and even data path and is sent to the requesting processor by way of the

6225 Status and control ransters
The following transfer types pass through the XCL board:
¢ Deadlock status from the CPU to the CU board
< o Traps dispatched from the CU board to the processors
° Commumcatmn register status from the CU board to the processors

. . ddltlonal requests before realizing
that the requests are blocked:"'l'hls ca overflow condition. A three-deep
queue exists in the crossbar to store
occurs. :

6.3 Crossbar The crossbar has a total of nine pmc'ééébi' ports; eight r
functional units one port for the CPU utilities board board. Edch 64-bit (plus parity) port is

divided into an even and an odd half. The 32—b¢t (plus panty) odd and even
halves function completely independent of each other.

deplcts only one half (odd or even) of the crossbar.
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Figure 6-4 Crossbar data paths
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6.3.1 Crossbar boards
Seven circuit boards comprise the crossbar. One board, labeled XCL, handies
only control transfers.The remaining six boards handle data.

The six boards involved with data transfers can be further divided into two sets
of boards, one board set for even, 32-bit data words and the other set for odd,
32-bit data words. Each even and odd board set contains three boards, labeled
XS0, XS1, and XRT.

Figure 6-5 gives a more detailed illustration of the functional units within the
crossbar, including board partitioning and the primary gate arrays.

6.3.2 Gate array functions

.. The crossbar data path boards contain four different gate array types. They are:

SXBR -send from processor to memory (via crossbar)

. RCI'L return control

'RXBR - return data to the processor from memory (via crossbar)

(SXBR) consists of input queues for processor data and a
data from these queues for each of the memory ports. The

memo board so that: :tcan generate the appropriate mulitplexor selects and a
read ready (RD. RDY) for that.datd: at the proper time.

array_s, like the send crossbar gate arrays, simply
ing input from one of the eight memozy
route it to the appropriate processor’s return

multiplex data. Th
boards or the commreg bo:
data port.

Theory of Operation, First Edition
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Figure 6-5 Crossbar functional block diagram

XBARBLK
i J i SEND 0 BOARD (XS0
PROCESSOR | (x50) MEMORY
< BANK DONE
ARBITRATION
CONTROL _—
»  (XARB). ® >
> RETRESH REQUIST
BANK SELECT
SEND SELECT PARITY ERROR
R ]
ADDRESS / CYCLE . ° ADDRESS / CYCLE >
SEND PARITY ERROR
DETECTED
DL -

DATA PATH
(SXBR

DATA / PARITY / ZONE DATA / PARITY / ZONI"

RETURN PARITY ERROR | RETURN BOARD (XRT) '
DETECTED > J ¢ T iah B
—READ RRADY RETURN CONTROLLq__-
(RCTL)
e
< READ DATA / PARITY DATA PATH < HEADDATA/ Pm
(RXBR) : .

6-10 Theory of Operation, First Edition



6.3.3 Arbitration

The sequence involved in arbitrating processor transfer requests is illustrated in
the arbitration flow chart (see Figure 6-6 ) and described in the text that follows.
It should be noted that this process applies to send transfers only. Send transfers
go from a processor through the crossbar to either a memory board or the CPU
utilities board.

Fxgure6-6 Arb1 ation flow chart
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DEACTIVATE
REQUEST NEXT
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When a ready is received from a processor, the arbitration logic performs two
tests. One test is to determine whether the requested memory bank is free. The
other test is to see if any other processors are currently contending for access to
the same memory board.

If multiple processors are requesting access to the same memory board, then the

arbitration logic will decide who wins. The win mechanism is based on a modified
round robin approach. The term round robin means that each processor has its turn
at having the highest priority. However, it is modified slightly from a pure round

_ robin approach to permit a processor to retain its position of highest priority if it
“: encounters a busy bank. Whenever a busy bank is encountered, the processor
- will retain its position of highest priority until the bank is not busy and the

memory transfer is successfully initiated. In addition, once a processor wins

access to a particular memory board, it is permitted to retain access for up to 16

clocks provided the requests are made at the rate of one per clock cycle.

‘thi mr does not win the arbitration contest, the crossbar deactivates the

uest next signal to the processor. This action tells the processer that it is
blocked and that it should refrain from sending additionak reqests. In the interim,
the data and /or address information associated with the progessor’s request is
put (PUSH) in the crossbar queue. If the processor continues to send requests, an
overflow condition occurs.

: ;tE_-Iow'the processor handles an overflow condition is described in the next section.

6. 3 4 o Overﬂow queue

2T R4
ﬁv&deep queue exis vm the SXBR gahe array to store requests from the processor
when overflow occm's

generated

6.3.6 Parity checking
The crossbar performs no parity checking. However,
transfers are kept at the output staging registers for
data paths. If a parity error is detected by a processor ‘'or memory after a crossbar
transfer, the data in the crossbar’s three-deep queue can be scanned to detemune
whether the data was bad before or after it reached the ssbar. A

6.3.7 Control crossbar

6-12
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Memory Subsystem

7. ] Confents : e Overview
- e Memory Boards
e Major Functional Units
e Interface
:Error Detection and Correction

_“The memory subsystem includes the following features and characteristics:
e Four gigabyte address range provided by 32-bit address

+.» Up-to four gigabytes of physical memory
¢ Up-to-eight memory boards

7.3 Memory
Boards

requesting processors at the rate
board has a bandwidth of 500 ,'j

words, called even and odd. Each evénand odd: ordcan be addressed
independently, and each one has a separa:_ nd and rx turn datapath.

Each memory board has two mdependent 32-bit § 6s of 16 banks each. One side
of the board is addressed as even memory (ad it two equal t0:0), the other
as odd memory (address bit two equal to 1). i

A memory board physically consists of the motherboat and the foﬂowmg major
components

Theory of Operation Manual Contents 7-1



e 32 daughter boards (called memory cards; 16 on each side of the
motherboard)

e Four bank control gate arrays

¢ One read EDC (error detection and correction) gate array
e 32 write EDC gate arrays (one on each daughter board)

¢ Input staging and multiplexing logic

7.4 Major
Functional Units

The major functional units of a memory board are listed below and described in
the text that follows:

e [nput Staging

e Bank Control
e Read Error Detection and Correction (REDC)
o WnteError Detection and Correction (WEDC)

7;4; T Input Staging

7.4.2 Bank Control

Bank control generates‘address and control strobes for the memory banks. Each
memory board contains four Bank Control Gate Arrays (BCGAs). Every BCGA

both even and odd; ta words

7.44 Write EDC -
The Write EDC performs parity ch

(ECC) for all memory writes and p,
memory bank. Each memory board cor
each memory bank. The Write EDC:

. 432:Wﬁte EDC gate arrays, one for
rays are physically located on the
3 E

per memory card and 512 MB for the entire 32 bank memo:y boand

7.5

Interface

Memory boards interface only to the Crossbar. No other board in the system can
access a memory board without going through the Crossbar. Each memory board
has a single, even-side crossbar interface and a single, odd-&de crossbar interface.

Table 7-1 lists and defines the Crossbar to Memory board mterface signals.

7-2 Major Functional Units Theory of Operation Manual



7.6 Error The memory system in the C3800 Series systems use the same error detection
Detection and and correction code as the C200 Series systems. This code requires seven bits of
Correction ECC for 32 bits of data.

For read operations, error detection and correction are performed in the same
clock cycle. Thus single-bit error correction does not delay returning data; single
bit errors do not affect the fixed return rate feature of the memory boards. When
a correctable error is detected, the data and its address are registered in a log
ring. The Service Processing Unit can scan this information while the memory
board is still functioning in the system. )

Multi-bit memory errors cannot be corrected, and they will generate a hard error.

Theory of Operation Manual Error Detection and Correction 7-3
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CPU Utilities Hardware

The CPU Utilities (CU) board contains the master clock and both diagnostic anc
utility hardware. This chapter describes only the utility hardware portion of the
CU board. The utility hardware includes the following:

¢ Communication Registers
Control Register Address Space

*: ASAP Accelerator

¢ Microtrap and Interrupt Structure
* Deadlock Detection Logic

Figure 8-1 illustrates the relationship between the CPU utility hardware and the
rest of the system.

Theory of Operation, First Edition
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“igure 8-1 Utlity Hardware Simpiified Block Diagram
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CHANNEL

Communication across more than one CPU. A communication regxster is a 64-bit addressable

Regisfers register with an associated lock bit that is mamtamed by hardware ’I’he lock bit

individual communication register.

The communication registers are physically located on the CU board.
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8.3 Controi The controi register address space contains special purpose registers that requir
Register Address system-wide access. Access to these registers is limited to the processor

Spccev

microengines; they are not directly accessible from the processor’s assembly
language instruction set. The microcode commands used to access the control
register address space include get_x, put_x, snd_x, and rcv_x.

Table 8-1 illustrates the control register address space allocation.

{Read / Write Communication Registers Lock Bits
i Time ¢t Century (TOC)

| 004 Al Zeroes NITC
005 Yi: | All Zeroes: ITC
1006 © All Zeroes " ITSR
| 007 .. All Zeroes i ITIN
008 | All Zeroes L Type / Purge Address  / IntVec
009 All Zeroes:: 1/0 Install
00A roes CPU Install
00B-00F .
010 | All Zeroes PO CIR
011 | All Zeroes P1CIR
1012 | All Zeroes P2 CIR
013 ! All Zeroes P3 CIR
014 ' All Zeroes | P4 CIR
|015 | All Zeroes P5 CIR
016 | All Zeroes P6 CIR
017 | All Zeroes P7 CIR
018-01F | Reserved
020 | All Zeroes PO IDLE
021 | All Zeroes P1IDLE
022 | A1l Zeroes | P2 IDLE
023 | All Zeroes P3 IDLE
| 024 | All Zeroes : | P4 IDLE
025 | All Zeroes ~ |psmiEe
026 | All Zeroes : |P6 IDLE
027 | All Zeroes P7 IDLE

Theory of Operation, First Edition Control Register Address Space :



Table 8-1 Control Space Address Allocation (continued)

Controt

028-02F

030 GP
3%s GE
32 TCPU
' 033-037
1038 POLE
1039 P1 LE
A P2 LE
03B P3 LE
03C | All Zeroes P4 LE
33D | All Zeroes. |P5 LE
03E All Zeroes
' 03F All Zeroes ..
| 040-047 Reserved

048 All Zeroes

049 All Zeroes

05A All Zeroes
| 0SB All Zeroes
?OSC All Zeroes

25D | All Zeroes

SE | All Zeroes
"05F l All Zeroes
| 060-067 Reserved
068 All Zeroes
069-FFF Reserved

Control Register Address Space 8-4
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Control address 0 refers to a 64-bit shift register that is manipulated by the snd
and rcv_x commands. This register supplies the lock bit portion of the data
during a write communication registers (wrcmr) command and receives the lock
bits during a read communication registers (rdcmr) command. CPUs executing
either a load ecmr (Idcmr) or store cmr (stcmr) assembly language instruction vie
for access to this register using the snd_x command and relinquish access with
the rcv_x command.

Control address 01 contains the Time of Century (TOC) counter. The movTOC, S
assembly language instruction is executed by using the get_x command. The
TOC keeps wall clock time, not user time. Normally, initialization is performed
immediately after power up, initialization involves loadmg a value into the
counter;. The TOC is not saved or restored during a context switch.

Control addresses 04-07 reference the next interval timer count (NITC), the
interval timer counter (ITC), the interval timer status register (ITSR), and the
iterval timer interrupt number (ITIN). Brief definitions of these registers are
fovided in the text that follows; for more complete information refer to the
Architectural Reference Manual.

- The interval timer is used to interrupt the processor at a programmable rate. Th

“ITC is loaded with an 1nitial count value from the NITC. The ITSR controls both

the operation of the ITC and interrupt generation. The ITIN contains the numbe
of the virtua};channel that is to receive the next timer interrupt.

Contro address;08 is the trap command register. CPUs and I/O interface
irmware generated traps and interrupts by contending for anc

mands in this register using the snd_x command. The trap type

n:to.be performed, qualified by a purge address or an interrupt

i mask that defines the crossbar ports accessed
' the destinations of traps that are intended for a

indicates the CPU is 1dle 3

arbitration. This includes a globa ISt
(GE), target CPU register (TCPL cal enab¥ereglsters for each CPU (PxLE), ar
a set of eight broadcast enable (BE) registers. The Archxtectural Reference manu
defines the purpose of these reglsters S

Control address 68 contains the CIR of the: next available fork for the CPU
accessing this register.

Theory of Operation, First Edition

Control Register Address Space



3.4 ASAP
Acceierator

The ASAP Accelerator provides a fast mechanism for polling the communication
registers for posted forks and spawns. A requesting CPU initiates the activity to
determine whether or not an available process has been posted. For more
information about ASAP (Automatic Self-Allocating Processors), the roie of the
communication registers, a definition of processes and threads, and other reiated
information, please read Chapter 2 of this manuai or reter to the Architectural
Reference Manual.

The ASAP Accelerator consists of a state file, a barrel shifter, and the PCIR
register.

- The state file, which is implemented using a set of latches, contains 32 entries,
__;_Ewiuch is the maximum number of processes that may be mounted at any given
“time. A process is mounted when its state is currently represented by a partition

of the.communication registers. Each mounted process is represented by an

g ue. When this value is loaded into the CIR of a particular CPU, that
‘begin executing the associated process (or its thread). Each CPU has a
ive-bit €IR that may hold the index value of any one of the 32 processes that
‘may be mounted

Each state nle entry is associated with one mounted process and consists of
12-bits. The 12 bits contain information that tells a requesting CPU whether it can

load and execute a thread for this process. Specifically, the 12-bit entry indicates

whether the fork; 1saccessxble (locked or unlocked), posted (requesting service),

: and whether. ornot the fork is stopped It also specxfxes the CPU mask and
.: m

: ber of active threads that enst for this pamcular process.
ctive:threads is not important provided the number is

greater t:han zero.

The barrel shxft

8.5 Interrupts and
Microtraps

'an interrupt is issued it is first sent
ards the interrupt to the appropriate
pt from the CU board will also
andler. The processor then
service routine.

receive the address of the apjf) priate intg
vectors to that address and pertorms
Microtraps result from situations where ong needs to tell the other CPUs in
the complex to perform a particular operatior: For example, the ctrsg instruction
causes a microtrap to occur. This commaixd,whxch tells the CPU timers in the
entire complex to update their current time, is executed by first notifying the CU
board. The CU board then coordinates sendmg the rrucrotrap to the rest of the
complex. i

The CU board prevides the following trap and intérrupt functions: :: -

e receives all interrupts initiated by CPUs and Interface Adapters

* notifies the appropriate CPU(s) and I/O devices to ertorm mterrupt
service

* maintains all interrupt registers
¢ receives all microtraps that originate from CPUs

ASAP Accelerator 8-6
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Table 8-2 Trap Priorities

» coordinates tirmware microtrap service by notifving the CPUs in the
complex

e continuously monitors process deadlock conditions
e issues a deadlock trap if a process deadlock condition is detected

8.5.1 Interrupts

To initiate an interrupt, a CPU or Interface Adapter executes a snd_x command
to the CU board’s trap control register (control space address 08; see Table 8-1).
An eight-bit interrupt vector address must be included with the command and &
transmit interrupt (xmti) must be specified as the trap type.

If the snd_x command is successful, the CU will test the interrupt vector to
determine whether the destination is a CPU (vector less than eight) or Interface
Adapter (vector greater than seven). If it is a CPU, a bit corresponding to the
errupt vector will be set in the global interrupt pending register (GP). This
régister is part of the Control Address Space contained on the CU board (see
Table 8-1). If the destination is an Interface Adapter, an interrupt trap with a
vector: composed of the vector from the trap control register wiil be sent to all
[/0 ports. Control space address (9 defines which ports are [/O ports. Upon
receipt of the vector, each Interface Adapter must match the vector against a set
of bounds registers to determine the I/O device that is the final destination ot tk.
interru If the comparison results in a match, then the IA must contend for

“CU board as soon as the interrupt is forwarded to its
hat do not have a match send a trap complete signal back to tr

joard then assumes responsxbllxty for
sequence by issuing traps to the appropriate
nitoring trap compietion.

appropriate trap type. if
originating CPU can asSume the tra

type traps only, the CU notifies the mlcmti'ap ongmator {witha MT _CcoMP
signal) as soon as all CPUs mvolved complete.tbexr trap operations and responc

0 Cru mterrupts :
1 Firmware microtraps or I/0 interrupt:
2 Process deadlock trap

Theorv of Overation, First Edition
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3.6 Process A deadlock occurs when all the currently executing threads of a process are
Deadliock executing a synchronization instruction followed by a branch back to the same
Detection instruction. Synchronization instructions are defined as instructions that attempt

to change a lock bit and then return status on the success or failure of the
lock/unlock operation. Examples of synchronization instructions include the tas,
snd, rcv, and inc instructions.

Deadlocks are defined as svstem exceptions and are passed to the process
deadlock handler for resolution.

The CU board monitors process deadlock conditions and issues a deadlock trap
if a process deadlock condition is detected. To facilitate deadlock detection, each
CPU sends the CU board a deadlock status signal. The CU board also receives
the current CIR for each CPU and stores this information in control space address

17, If all CPUs that are executing the same process (i.e., they have the same
Ri¥alue) indicate a deadlock condition, the CU assumes the process is
eadlacked. However, this same symptom can occur for simple synchronization
delays. ‘Even if the deadlock is legitimate, it may clear if a latent arithmetic
-exception o¢curs. To make sure the deadlock is legitimate and not about to clear
due to alatent arithmetic exception, the CU will wait for 32 clock cycles before
1ssumg a deadlock trap.

8.7 Hardware The major hard re .components on the CPU Utilities board are listed as follows:

the communication registers and their

tidata structure and the access control logic
cture are sliced across two identical
te array contains the address structure, lock
; n_terface registers, and the ASAP fork
N ADR gate arrays each contain part of
rmaster clock generator and scan engine

associated lock bits.
for the communicv:__»

the control register address spag¢
reside on separate (TBD) gate:

Process Deadlock Detection 8-8 Theory of Operation, First Edition
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Clock and Diagnostic
Hardware

This chapter describes the basic scan operations and the clock and diagnostic
hardware contained on both the CU board and the control crossbar board (XCL)

Operations performed by the clock and diagnostic hardware are based on

commands received from the SPU through the workstation interface board.

ock and scan operations are performed through use of scan control modes,

which control the individual boards in the system, and the contents of the clock
and scan control registers. These control registers reside in memory located on
the €1J board and are part of the clock generator and scan engine. Topics related

- ‘to'clock and scan opeartions located in this chapter include:

¢ Operations

¢ Scan control modes

* Clogk and scan control registers

E:gnostic hardware is partitioned across the CU board, the
d, and the crossbar backplane. Functionally, there are five

the clock and diagnostic hardware in
and Figure - provides a simplified block

relation to the rest'of .the
diagram of the major
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Figure 9-T Clock and Diagnostic Hardware
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9.1.1 Operations

The clock and diagnostic hardware is used to initialize the scalar and vector
processors, pertorm scan-based testing ot the boards in the system, and operate
the svstem boards at different clock speeds for testing and troubleshooting.
Operations described in this chapter inciude the following:

e Writable control store initialization
¢ Writable control store verification
¢ Scan-based testing
— Scan writing to system boards
— Scan reading and ring verification
- — SST and CAST
‘e Single and microstep operation
® Burst mode operation

9.1.2 “Scan Control Modes

The scan control modes are the most basic scan operations. There are eight
modes; thesegight modes are implemented by way of three scan control lines
that go to-each board in the system.

9.1.3 Clock:and Scan Control Registers
‘The clock and scan control registers reside in memory located on the CU board.
They are:central to all.clock and scan operations. There are two sets of registers:
one sét for the clack'generator and another set for the scan engine. Some of the

registers between the:two sets have identical names.

9.1.4 Clock_Ge"n rdtor

rates of 4, 6, and 12 nanos nds are de ved. Each of these three clocks may be

sent to any board mt_hﬁ;svstem and Tay be operated in one of four modes:
d disabled. Commands issued from the

perating mode for each individual board

free run, burst run, single/ MicTo step
SPU determine the clock rate
slot.

9.1.5 ScanEngine
The scan engine controls the transf

o and from the boards in the
system. The scan engine has three:ma)or furi :

¢ Control scan lines
* Provide bidirectional, parallel-to-serial
* Mask and compare received data

the C3800 systemn.

9.1.6 Scan Memory : it
The scan memory contains the data the scan engine 1 0 perform scan
operations. The scan memory consists of a 4K-location by 36-bit memory array
that contains the data used for all scan operations. The 36-bit data word consists

Overview 9-4 Theory of Operation, First Edition



of 32 data bits and four panty bits. The memorv is divided into four 1K by 36-bit
pages, each of which can support a scan ring of up to 32,768 bits.

9.1.7 Workstation-to-CU Interface

The workstation-to-CU (WC) interface, which is physicallv located on the CU
board, connects the SPU workstation to the clock and diagnostic hardware. The
WC interface is connected to the SPU workstation through the workstation
interface board.The SPU controls the WC interface and uses it to write and read
data to and from the clock generator, scan engine, scan memory, and main
memory.

The WC interface receives address, data, and control signals from the SPU. It
synchronizes these signais to the system clock on the CU board and distributes
them to logic on the board. The WC interface decodes addresses received from

9.1.8° XP Interface
-~ The XP intertace contains three functional areas. All are related to the SPU. Thost
~ three functional areas provide:

® Partof tl'\gSPU’s memory access data path
* Hardware to initialize and pattern test main memory
end and receive system interrupts

Theory of Operation, First Edition Overview ¢



7.2 Operations The ciock and diagnostic hardware 1s used to initialize the scaiar and vector
processors, perform scan-based testing ot the boards in the system, and operate
the system boards at different clock speeds for testing and troubleshooting.
[nitialization of the scalar and vector processors is performed by downloading
information contained on the SPU disk drive to the writable control stores
located in both the scalar and vector processors. The scan hardware is capable of
not onlv downioading (writing) WCS information to the SP and VP, it can also
read back and verify what was written.

Scan-based testing involves a process of cycling known data through the svstem
~ boards and examining the data upon return to the scan engine. If the returning
v data does not match what was sent out, an error indication is generated.

‘ Control of the system clocks makes it possible to operate system boards in single
;- microstep, or busrt mode.

t1hat follows describes WCS initialization, WCS verification, and
‘Scan-based testing.

9.2.1 Writable Control Store Initialization
The scalar and vector processors are initialized by writing data from the SPU
i ';;fdxsk to the wntable control store located in each processor. The steps involved in

For scalar processors, the scan clock is stopped and:the scan control mode is
changed from board left to last left shift. This automatically executes whatever
command is at the control store input. In this mstance a control store wnte

operation is performed.
For vector processors, after the entire scan ring is sh1 nto the board, the scan
control mode is changed from board left to normal. Then two 1x clocks are issued
to the board. The clocks cause the data to be written into the control store.

Operations 9-6 Theory of Operation, First Edition



Figure 9-2 Scalar Proc WCS Download Flowchart
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Figure 9-3 Vector Proc WCS Downioad Flowchart
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One iteration of the WCS downioad is compiete. Now the SPU fetches new data
for the scan memory so the downioad operation can continue. However, there i
a difference. For the remainder of the download the process is sped up by
changing only those fields in the scan ring that change from location to lor
Since only the address and data fields change, and they occupy oniy a sma.
portion of the scan ring, the time to load data into scan memory decreases

significantly.

Once the data and address are reloaded into the outgoing data page of the scan
memory, the SPU reloads the scan engine control registers and enables a new
scan write operation. This iterative process of writing scan memory, scanning th
data out to the boards, and clocking it into the respective control stores continue
until the entire WCS download is complete.

9.2.2 Writable Control Store Verification

CS verification requires much more time than a WCS write. A WCS write can
e performed on all boards of the same type simultaneously; whereas, only one
board at a time can be read and verified. Additional time is also required becaus

ea;;h verification includes both a control store write and read operation.

| 'The steps required to perform WCS verification are explained in the text that

follows and:illustrated in Figures - and -.

i5 verification process occurs in five steps:

: _;geof scaﬁmemory
: B nto all of the processors whose WCS was loaded

address and read enable ri : PU disk to the outgoing data page
of the scan memory. The: ' boards is changed to 1x, the scan

ore RAM that the scan is ending
and that a read operation should begin. Thescan control lines are changed agair
This time to the normal mode. The board th"en recelves a sm'gle dock which

step is used for reading a vector processor’s: control store. After the entxr ris
scanned into the board, the scan control lines are changed to the normal . e.
One clock is issued to transfer the data out of the control store RAM and into th
scan ring.

Theory of Operation, First Edition
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“igure 94 Scalar Proc WCS Verification Flowchart
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Figure 9-5 Vector Proc WCS Verification Flowchart
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Sefore the ring data is read and ventfied, the SPU loads the mask and compare
data into the appropnate scan memory pages. Once this occurs, scan veritication
can begin. However, uniike a scan write, the scan engine can only read one board
at a time. The software determines which board is read by programming the
select lines on the scan engine’s input muitiplexer. Since the data contained in the
WCS is identical for all boards of the same type, the same mask and compare
data is used to verify all eight boards. After each board is verified, the SPU
checks for an error. If no error is detected, the next board verification is enabled.
[f an error is found, the error location register is read and the data that contains
the error is read from the result data page of scan memory.

_After all eight boards of a particular type have been verified, the SPU updates the
ddress and expected data fields in the scan memory for the next control store
“location. The same mask ring may be used for all control store locations.

JiiScan-Based Testing

can- -based testing involves cycling known data through the system boards and
examining the data upon return to the scan engine. If the returning data does not
match what:was sent out, an error indication is generated. Scan-based testing can
be executed in several modes, including single-step.and burst modes.

-.-2 3 1 Scan Writing to System Boards
cannmg data outto‘the system boards, or scan writing, is the process of
d data contained on the SPU disk to the boards in the system.
ically'the same as WCS downloading. The data transfer

the SPU workstation microprocessor. Then the scan
asfer of the data from the scan memory to the selected

outgomg data page of scan my
2. Disable the clocks“and actwa
3. Program the boards for.a:
control code to board:

The scan engine is enabled by setting the: :
generator’s command /status register. ] to be issued to the

' reglster. .

does not require any
hen its shift register is

becoming empty and automancally fetch the nex_ da Jata from scan memo y. While
the scan engine is wntmg, the SPU is preparing the next ring data:and. polhng the
status of the scan engine’s busy bit. The busy bit is locatec_i in: the scan engine

ring data will have been transferred to the board(s). Tl-ie clocks to the board(s) are
disabled and the busy bit is reset. Resetting the busy bit tells the polling SPU that
the scan write has completed.

Operations 9-12 Theory of Operation, First Edition



9.2.3.2 Scan Reading and Ring Verifcation
Scan reading and ring venfication includes three basic steps:

1. Reading data from a board under test
2. Masking off unwanted data
3. Comparing the resuits against the expected data

While the data is being read from the board, the scan engine fetches the ring
mask and compare data from scan memory. As soon as 32 bits (one word) of dat
have been read in from the board, it is loaded into the input buffer register. The
contents of the input buffer are then masked and compared with the data from
scan memory. The resulit is checked for errors and loaded into the resuitant data
page of scan memory. If an error is detected, the current number of the scan
counter is stored in the error location register.

The mask, comparison data, and result all occupy the same address, but in
ifferent pages of scan memory.

When the scan engine completes the read and verification process, it disables th
clocks to the board under test and resets the busy bit in the scan engine control

+* register. This indicates to the polling SPU that the process is complete. The SPU

" then reads the error register. If there are no errors, the SPU can continue with th

next test. If there is an error, then the SPU reads the error location register to get
nemory address of the ring data that contains the error.

aik through individual events in the
pulses to a single board or group of
_software can perform a

system by controlling the flow of ¢
boards in the system. In between ¢

whether they are operating propx

Microstepping is a smgle—board test where th ;phase relatxonshxp of the steppec
clock with respect to the other clocks in the §ystem is not important. Software
has the capability to send one or two clock pulses to the selected board(s). Each
board has a clock pulse rate register that: determmes the clock puise rate for tha:
board. 1x, 2x, or 3x are the supported step clock rates. The1x,2x; and 3x clocks
pulses are sent out on the same edge. If the microstep occurs more than once th
phase relation between the clocks will change: Thatis why microsteppir  2u
be limited to testing a single board. When microstep mode ends, the har e
automatically re-synchronizes the step and free-running clocks.

Theory of Operation, First Edition
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Single stepping ailows one system ciock (1x) period worth of clocks to be issued
to the boards under test. For exampie, a board recerving a 3x clock would receive
three clocks at speed: two 2x clock puises and one 1x clock puise. In this mode,
boards operating at different clock rates maintain the same phase relationship
that they have when free running.

The contents of the command /status register determines whether single or
microstepping is selected, and the contents of the command enable register
determines which board(s) will be involved in the operation.

.9.2.5 Burst Mode Operation

“Burst mode is a variation of single stepping. In burst mode the clock generator
operates at full speed for a specified number of system clock periods and then

s. This provides a function equivalent to setting breakpoints. A 16-bit counter
ines the number of clock periods per burst. A count of one is the same as
xecu,“ng in single-step mode.

“To execute in burst mode, the clock generator command and status register must
contain:the: ‘burst mode command code. This will cause the clock generator to

(ree: mn for the number of clock periods specified in the burst counter register.

¥ SW hen execunon begms, the busy bit sets in the command and status register.

aches zero, the busy bit is reset and all of the selected
the hlgh state. The reset condition of the busy bit indicates
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9.3 Scan Control Each board in the system receives four scan control signals. The four signais
Modes consist of a three-bit scan control code and a recirculation signal. The scan contrc
code determines the scan mode that will be executed and the recirculation ™ i
determines the source of the scan data that is input to the board under test.

Of the eight possible scan modes, six are currently defined. Three of the six
modes are general purpose modes that are used by all the boards in the system.
They are called:

e Normal mode
e Load mode
e Board left mode

The other three modes are used for boards that have unusual scan requirements.
i:They are called:

Shift left log
e Shift left sys
ast left shift

Table xx shows the scan control codes and their corresponding functions.

The foilowing paragrapl be the operation of the different scan modes.

9.3.1 Normc: ;
This is the scan disabl e system boards are in this mode during norm:
system operation. In:thismode, the fr aning data paths and clocks will be

connected in the selected board.:::ii:: 3

The code for normal mode:is present
does not have its corresponding scat
enable registers, which are locat

e scan control input of every board th:
ontrol enable bit set in the scan control

The normal mode is used whenever a.

ard is operated in single step or in burs
mode. e '

9.3.2 Load G :

The load mode is used as the second step in the three step CAST test. Placing a
board in this mode forces all the registers on the board to clock data in on each
rising edge of the input clock. The registers wﬁl clock the data in regardls  ~f t]
clock enables that are in place during normal operation. This mode will ed
after the CAST test pattern has been loaded into the board(s) under test. lwo
clocks (normal board frequency) will be issued to the board and after changing
scan modes, the resuiltant data will be scanned back into the scan engine.

Theory of Operation, First Edition Scan Control Modes 9



| Board: Left

| Normai Scan disabled
| Shift Left Log Special memory scan
| Shift Left System Special memory scan

| Undefined
| Load Used during CAST only

i i‘:‘T.:ast Left Shift Used during scan of self-timed RAMS
. Undefined
Primary scan mode




9.3.3 Board Left

This is the primary mode used to scan data in and out of boards in the system. By
entering board left mode, all of the registers in the board under test are connected
into a large shift register with each stage being clocked by the input clock. By
recirculating the output data to the input, the sottware may scan read the
contents of a selected board without disrupting the state of the board. If the data
is not recirculated during a scan read, the state of the board is lost. However, if
the scan engine output is selected as the scan input to the board under test
during a scan read, it is possible to perform a simuitaneous scan read and write.

3.4 Shift Left Log

e shift left log mode is used to scan out the contents of the memory log from a

board’s 2x clock 'I'hxs is essential because memory refresh requires a 2x clock.

The scan: cnmrol lines will be clocked out of the scan engine and into the memory
board on'the rising edge of the 1x (system) clock. Data will immediately begin
shifting out on the rising edge of the 1x clock. When the last bit is shifted out of
he log ring, the memory board’s scan control lines w111 be changed to normal
mode, and the boar

9.3.6 Last teft Shift
This mode is used to read and write seif-timed RAMS with the scan ring. The last
left shift mode is used f t boards, § i:the [/0 interface adapter and the scalar
processor board, that have MS as part of their on-board memory.

s register indicates that a self-timed
peration, the scan engine automatically

t bit of the :This mode tells the
) : ut register.

Whenever the scan engine®
RAM is being accessed durmg
enters the this scan mode for..th
self-timed RAMS to execute th
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9.4 Clock and The clock and scan control registers reside in memory located on the CU board.
Scan Control They are central to all clock and scan operations. There are two sets of registers:
Registers one set for the clock generator and another set for the scan engine. Some of the

registers between the two sets have identical names. For example, there are two
separate command /status registers, one for the ciock generator and another for
the scan engine.

The text that follows provides a map of the scan and clock memory followed by
brief description of each control register.

9.4.1 Scan and Clock Memory Map

The scan engine, scan memory, and clock generator are accessed as a block of
memory locations. The memory block consists of 8,224 locations of 32-bits each.
The scan memory occupies the first 8,192 locations, over half of which is reserve
r future scan memory expansion. Of the remaining 32 locations, 16 are
:allocated to the clock generator control registers and 16 to the scan engine contr
registers . Table xx defines the scan and clock memory map.
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Table 9-2 Scan and Clock Memory Map

| Not Allocated

| Hard Error Register I

~Scan Engine Control Registers

i Hard Error Register |

i Scan Control Enable Register II

: Scan Control Enable Register I

!

' Board Reset Register II

-

Board Reset Register I

| Scan Compare Register

'Scan Mask Register

t Input Buffer Register

Output Buffer Register

'1/0 Address Register

‘Counter Register

0x8040 Not Allocated _
0x8024 Clock Generator Control Regis...s
0x8020

: 0x801C

| 0x8018

Ux8014

- 0x8010

| 0x800C

0x8008 | Command Enable Regs

| 0x8004 Command /Status:

0x8000 Reserved for Scan Memory. Not Allocated

0x4000 Future Expansion

0x3000 | Result Data Scan Memory

0x2000 ‘ Comparison Data i

| 0x1000 ' Ring Mask

E 0x0000 ]Outgoing Data




9.4.2 Clock Generator Control Registers
The clock generator control registers are briefly described in the text that follows

9.4.2.1 Command/Status Register
Address = 0x8000

The 32-bit command /status (CS) register contains the clock generator commanc
and its execution status. A three-bit command select code specifies the commanc
and a single busy bit indicates its execution status. The remaining 28 bits in the
register are reserved.

The command /status register receives commands from the SPU. The act of
writing to the command /status register causes the command specified in the C<
bits to be executed immediately. Fxgure A 1llustrates the format of the

command /status register.

The busy bit is a one bit read-only field in the CS register that indicates the
command execution status of the clock generator. After the SPU writes a
command to be executed to the CS register, the clock control engine will set the
busy bit. When set, this bit indicates to the SPU that the command is in the
process of being executed. The busy bit remains set until the command is
completed; when execution is completed, the control engine resets the busy bit.

Tomams Ak Narnvatsnsm LCived CAILAL Clack nswd Craw Cartwnl Rontdctore O



Figure 9-7 Clock Generator Command/Status Register

4 3 2 1 0

RESERVED

IBUSY' Cse | CS1 ~CSO l

Table 9-3 Clock Gen
Command Codes

Disable clocks

Burst operation

Scan

Restart clocks

Step one clock

Step two 2x or 3x clocks

Step two 1x clocks

System step




9.4.2.2 Clock Generator Commands

The disable clocks (stop) command disables all the ciock drivers specitied bv the
command enable register. The selected clocks remain disabled until a restart
command is issued (provided the drivers are still selected).

The burst command instructs the clock generator to free run for the number of
clock periods specified in the burst counter register. During execution, all of the
clocks maintain the correct phase relationship with each other. See burst mode
description (9.8.6). When the burst counter reaches a count of zero, the busv bit is
reset and the selected clocks are disabled on the last rising edge of the 1x clock.

© - The scan command instructs the clock generator to issue a programmable
_number of 1x clocks to the board slots specified by the command enable register.
“The burst counter register specifies the number of clocks. The scan command
overrides (but does not alter the contents of) the clock frequency register. Once
th c}mmand is executed the control engine sets the busy bit in the CS register

:that receive different clock rates will lose their phase
nand.is executed more than once. Therefore, use of this

a 1x clock, only one clock period w1ll
ediately before and after the rising

number of clocks issued is determined by the clock frequencv control regxster 3%
boards will receive three clocks, 2x boards two clocks, and 1x boards one clock.
The phase relationship between the three clock ratesis preserved with the usc of
the system step command. This command may be used repeatedly on boards
that have different clock rates. : b
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9.4.2.3 Command Enable Registers
Address - Ux8004 and 0x8008

The two 32-bit command enable registers activate the diagnostic clock moc
specitied by the clock generator’s command/ status register. One enable bit 15
assigned to each board slot in the system. When a board slot enable bit is reset,
the free-running clock (specified in the clock frequency control register) is
enabled to the board. If the enable bit is set, the slot will be placed in the
diagnostic mode specified bv the command/ status register. Due to clock
disabling and resvnchronization restrictions, it is important that boards enter anc
exit a diagnostic mode at the same time. Theretore, it is essential that the
command enable register be set up correctly before the command/status register
is loaded. The organization of the command enable registers is illustrated in
Figure -. -

nsert Figure.... Command Enable Registers|
‘he command enable register only affects operation ot the clock generator. For

example, setting up the command enable register to enable the appropriate boarc
slot(syand coding the clock generator’s command/status register with a scan

“‘command is not enough to invoke scanning. To completely set up a diagnostic

““function, such as scanning, the SPU must program the control registers in both

the scan engine and the clock generator.

ntrol registers determine the frequency of the
the:svstem. Two bxts are assigned to each slot 1:

oscillator trequenty, wh
register determines thg:
free-running and diag

put to the selected board during both
id be noted that in diagnostic scan
ced to 1x, regardless of the contents

of the r'requency control
the Table xx. - — -

clocks to that board slot should be dxsabled _Th_1§ is accomphshed by nrst setting
the applicable board slot enable bit and the 1ssuing a dlsable clocks command.

To bring the clocks back up properly after: thev’ ve been dxsabled first write from
the SPU the desired clock rate into the clock frequency register. Then initiate a
restart bv writing a restart command to the command /status register from -
SPU. The clock frequency control registers are-illustrated in Figure. ~ _

[Insert Figure.... Clock Frequency Control Registers]
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Figure 9-7”Command Enable Register

7 6

RESERVED

CROSSBAR

65

BAY 1

BAY 0




Table 9-4 Clock Frequency

Control Codes

Figure 9-8 Clock Frequency Control Register

nen
|3x Clock (Osc/2)
10 |2xClock (Osc/3)
01 | 1x Clock (Osc/6)
| 1x Clock (Osc/6)

ADDRESS
+ 8

' ADDRESS
+ 4

ADDRESS

J1 2827

RES CROSSBAR BAY 4
31 2827

RES BAY 3
31 2827

RES BAY 1

11 109 87 65 43 21 0
SLOT | SLOT |SLOT |SLOT |SLOT |SLOT
b} 4 3 2 1 0

S1 SO




9.4.2.5 Disabled Clocks Registers
Address = Ux8018, 0x301C

The two 32-bit disabled clocks registers indicate which clock drivers are disabled
from sending clocks to the svstem boards. The registers contain one bit for every
board slot in the svstem. Bits are set for board slots whose clocks are disabled.
The registers are updated whenever clocks in the system are enabled or disabled.
\When a clock disable command is issued, the register 1s loaded with the logical
OR of its current contents and the contents ot the command enable register
(clocks about to be disabled). When a restart clocks command is issued, the active

_ bits of the command enable register will reset the corresponding bpits in the

- disabled clocks register. The organization ot the disabled clocks register is

_.illustrated in Figure.

{Insert Figure.... Disabled Clocks Register|

Burst Counter Register

The 32-bit:burst counter register contains the contents of the clock generator’s
16-bit:burst counter. Writing to this register causes the burst counter to be loaded
with.the number of clocks that will be issued to the system boards currently

_enabled (by the command enable register). Reading the burst counter register

.~ cnables output of-the current contents.

)f the 1x clock. After the counter reaches zero, the busy
or’s command /status register.

9.4.3.1 Command/st
Address = 0x8040

completed. The busy bit also défex?mmes

Writing to the command/status register ez
immediately executed. Theretore, it is irEip:
registers required for the operation are itten. pnor to: wnnng the

command/status register. The orgamzauonro.:_ he register.is illustrated in Figure.

[Insert Figure.... Scan Engine Command/Status Register

The busy bit is directly driven by the scan engine’s master controller. Thus, from
the SPU, the busy bit is read-onlv When a scan engine command is executed, the
master controller will immediately set the busy bit. The SPU can poll the bit to
determine whether the scan engine has completed thé command. When the
command is completed, the master controller will reset the busy bit; this
indicates that the scan engine is readv to execute another command.
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rigure 9-10 Disabled Clocks Register

7.6 0
S BRBSS RESERVED CROSSBAR
65 0
o
Lo
ADDRESS |RE; BAY 1 BAY 0
0
SLOT
0 ¢
0

RESERVED BURST COUNTER |

Figure 9-12 Scan Engine Command/Status Register

RESERVED !BUSY;

STR| RE | SW | SR




The busy bit determines who can access scan memory because the busy bit
drives the scan memory muitiplexer select line.When the busy bit is set, the scar
engine is master of the bus and may transfer data to scan memory. When the bit
is reset, the SPU is master of the bus and may load or analyze the scan memorv
contents.

The six-bit input select field specifies the board whose scan output will be input t
the scan engine. The field directly drives the scan engine input multiplexer,
which is location on the control crossbar board.

The three-bit scan control field contains a scan control code that will be output to
boards selected by the scan control enable register. The scan control codes are
described elsewhere in this chapter.

The VE bit contains the logical resuit of ORing the error register bits. By testing
the state of this bit, the SPU can determine if an error has been detected during
the verification of a ring, without having to perform a separate read from the

“ error register. Resetting the error register automatically resets this bit.

Thie LL bit forces the scan engine to perform a local loopback. The signal drives
- the select line on the two-input muiuplexor that is attached to the front of the
input shift register. When the signal is set, the data output of the output shift
register is selected and all data shifted out of the scan engine can be scanned ba
in. When:the signal is reset, the output of the scan line multiplexor is connectea

on the crossbar control board. The XL bit overrides the input select
strol re;glster and forces the mult:plexor to select the input that is

into the memory chi
chapter).

operation. If data i
data (and, therefor

output of a board'’s scén g
When this bit is reset, the read is d
write will occur.

ictive or a simultaneous scan read and

The SW bit enables the ouptut'séin engin the'reby enabling the scan writing
function. : o

The SR bit enables the input scan engine, thereby enablmg the scan
reading(verification) function. If both the: 'SW and SR fields are set, the scan
engine will >1multaneously perform a scan read and write operation with the
board(s) selected in the input select field. It should be noted thatif both fields a
set, the RE field must be reset or else new data wﬂl not be written to the board.
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9.43.2 Board Reset Registers
Address = Ux3060, 0x8064

The 32-bit board reset registers contain the individual board reset lines. Each bit
directlv drives the reset line for each board in the svstem. \When the bit associated
with a board is set, the reset line will become active and the board will be reset.
The selected board will remain reset until the SPU clears the boards'’s reset bit in
the register. hgure illustrates the organization of the register.

{Insert Figure.... Board Reset Registers|

- 9.43.3 Scan Control Enable Registers
: ’-.{_xddress = 0x8068, 0x806C

The 32-bit scan control enable registers contain enable bits for the scan control
lines:of each individual system board.

d is not enabled, the scan control lines default to the normal (scan
disabled) mode. The organization ot the scan control enable registers is shown in
) _thure =

inserf»?iﬁi‘re . Scan Control Enable Registers|

’ 5-9 4 3 4 Scan Counter Register
Address = ()x8

Once a scan oper
whenever a da

The scan counter value i

ntained in.the lower 16 bits of the register as shown
in Figure. <

|Insert Figure..... Scan Counter. Res

9.4.3.5 Error Location Registe:
Address = 0x8044

an memory address of the first

engl ‘When the first error is

_:address counter are written into

an memory address ot the first

is record,makes it possible for the

in'memorv. As Figure - -
he error location. The SPU is

The 32-bit error location register ¢
verification error detectedby theiinpiit
detected in a scan ring, the contents of the
the error location register. This captures th
incoming data word that contains an err:

[Insert Figure.... Error Location Register|

Clock and Scan Control Registers 9-24 Theory of Operation, First Edition



Figure 9-13 Board Reset Register

'?_ 6 0
RESERVED CROSSBAR |
24 23 18 17 1211 65 0
BAY 3 BAY 2 BAY 1 BAY 0
5 43 2 1 © 0
| SLOT |SLOT |SLOT |,
2 1 0
Figure 9-14 Scan Control Enable Registe.

31 76 0
| ;
e ‘ CROSSBAR |
3130 29 24 23 0

ADDRESS |RES BAY 4

SLOT | SLOT |SLOT |SLOT |SLOT SLOT |
5 4 3 2 1 BHEEs i




Figure 9-15 Scan Counter Register

17 16

SCAN COUNTER

Figure 9-16 Error Location Reg_ist'e.r:::

31

RESERVED

ERROR LOCATION




Figure 9-16 Hard Error Register

ADDRESS

76
RESERVED CROSSBAR
18 17 12 11 65
BAY 3 BAY 2 BAY 1 BAY 0
5ii 4 3 2 1 0
 SLOT | SLOT [SLOT |[SLOT [SLOT |SLOT |
s .68 | 2 1 0




9.4.3.6 Hard Error Registers
Address = Ux8070, 0x3074

The 32-bit hard error registers capture the hard error signals output from t'
individual svstem boards. The hard error registers continuaily load the sta.
the hard error lines on each tick of the system clock (1x).

A hard error means that a tatal error has been detected and that the system must
stop. Thus a hard error causes the clock generator to disable the clocks to all
boards in the svstem. To accompiish this, the output of the hard error registers
are logicaily ORed together and the result is input to the clock generator. If this
hard error input becomes active, the clock generator wiil disable the clocks. In
addition, the contents of the hard error registers will be held until cleared by the
SPU. Holding the data in the registers gives the SPU an opportunity to read the
data and determine which system board(s) caused the error. Figure 111ustrates th
. organization of the two registers. .

.:Eflnsert Figure.... Hard Error Registers|

9.4.3.7 Output Butfer Register
-+ Address = Ux8050

The 32-bit output butfer register contains the scan data that will be shifted out tc
the boa;ds.:x; the svstem. Dunng scan write operations, data from the output
buffer:register will be transferred in parailel to the output shift register. Howeve
henew data is not loaded into the output shift register until the last bit of
1ously loaded data (lf any) has been senallv shifted out to the board(s) in th

ains the raw scan data that was serially
ister from the system board(s). During scan
ontrol of the scan engine, loads the
32-bit data word mp ft register. Since the raw scan data
may contain data that is not:o ;

The least significant bit of the in
into the input shift register tro
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9.4.3.9 Scan Mask Register
Address = Ux8058

The 32-bit scan mask register contains mask data that is used for scan ring
verification. During scan rning verification, the scan engine loads the scan mask
register with mask ‘data from scan memory. The inverse of the contents of the
scan mask register is then logically ANDed with the contents of the input bufter
register. Loading a one into a given bit position in the scan mask register will
force the corresponding bit in the input butfer register to zero. This masks otf
unwanted data. The data output from the mask register is input to the scan
compare register. The mask register can be bypassed by loading it with all zeros.
[n this case. the scan data will pass directly from the input butfer register to the
scan compare register.

© 9.43.10 Scan Compare Register
Address = Ux805C

bit scan compare register contains the comparison data for scan ring
rification. This register is ordinarily loaded from the scan memorv by the scan
ngine. The contents of this register are exclusive ORed with the mput scan data

of thxsreglster 1s checked for errors and loaded into the scan memoryv.

T'h'e scan compare register can be byvpassed by loading it with all zeros. In this

Writing data to this reg!s._
with input data. Reading thi
Reading the counters befo Qv
proper loading of the regis istrated in Figure.

[Insert Figure..... I/O address regis
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Figure 9-17° /O Address Register

17 16

OUTPUT ADDRESS INPUT ADDRESS




9.5 Clock
Generator

The ciock generator creates and controis the system clocks. A master oscillator
produces a 2 nanosecond (500 Mhz) master clock. From this clock, three
controllable clock rates of 4, 6, and 12 nanoseconds(ns) are derived. The 12 ns, 6
ns, 4ns, and 2ns clocks are referred to as 6x, 3x, 2x. and 1x, respectively. The
svstemn ciocks are illustrated in Figure x-x.

The 1x, 2x, and 3x clocks may be sent to any board in the system, and each may
be operated in one of four modes: free run, burst run, single/micro step, and
disabled. Commands issued from the SPU determine the clock rate and the
operaung mode for each individual board slot.

Commands are received from the SPU through the workstation-to-CU interface
The transters are synchronous and occur at the 1x clock rate. Nine control
registers determine what function is being executed, and which boards are
involved. Once a command is initiated (by writing to the control register), the
clock control engine determines when to disable, switch, and enable the selecte«
zlocks based on the state of the free running engines. The control engine

“Jetermines clock operation by controlling the state of the individual clock drive

=nable and select lines. Fxgure provxdes a block diagram of the clock generator.

QSThe clock generator contains three functional areas. They are:

[/0O intertace
2 Clock control

se connects the clock generator’s internal control registers to the
U interface and performs internal address decoding.

ection creates the free running 1x and 2x clocks and generate
ntrol 51gnals The clock control section also performs phase

{Insert Figure.. tional Block Diagram|

9.5.1 1/0 Interface
The clock generator’s1/0
internal generator contzi
The 1/0 interface receives 32 data _
WC interface and sends out eight d

inter

he exchange of data between the
& workstation-to-CU (WC) interface.
dddress, and four control lines from the

Two of the input control lines p mae a byt lect tuncnon To read out all fou
e bvte select 51gnals through .

four states (OO 01, 10, andll) and uhA
each clock generator read requested by th

A write to the clock generator requires three ystem cloc '
five system clocks. S
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Figure 9-18 System Clocks Timing Diagram




Figure 9-20 Clock Generator Block Diagram
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9.5.2 Clock Control

The clock control section 1is responsible for generating the 1x and 2x master
clocks, and the control lines for the individual board-slot clock drivers. Frc
these free running clocks and control lines, the clock generator createscloc ¢
the entire system that are both free running and controilable.

The clock control contains four functional areas. They are:

1. 1x and 2x clock generator
2. Burst counter

3. Single/micro step engine
4. Clock control engine

The 1x and 2x clock generator creates the free running, 1x and 2x clocks that are

used by the board-slot clock drivers. The burst counter is a 16-bit binary counte:

. that is used for scan and burst run operations. The single/micro step engine

contains the logic required to single or double step the 3x, 2x, or 1x clocks. The

“control engine generates the clock driver select and enable lines based on input:
trom the control registers and the other clock control blocks.

: '5’9 5.2.1 1x and 2x Clock Generator '
The 1x and 2x clock generator creates the free running 1x and 2x clocks that are
used bv the:_c:lock drivers. The 1x and 2x clocks are created from ring counters

er of 1x clock penods to be counted. The count
:command to the clock generator’s

the:counter is loaded with the desired clock
ecrements to zero. When the counter reaches
‘The zero count causes the control engine to

to disable the clocks to the boards selected by the

'I'he smgle/ micro step éﬁgine cont He logic responsible for single and douk

stepping the different clock rates

: ;selected by setting the step bit :
the command /status register, the output Q » shift register drives the clock
driver enable lines selected by active bits:-in‘the command enable register. The

pattern output from the shift register enables or disables the clocks specified by

the clock frequency register.
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9.5.2.4 Clock Control Engine
The clock control engine directly controis both the clock frequency and the clock
mode ot everv clock driver.

The clock control engine receives clock information from the clock generator’s
control registers and the other clock control functional units (i.e., the 1x and 2x
clock generator, the burst counter, and the single/micro step engine). The controi
registers dictate what clock function (see clock generator commands) is
pertormed and which boards are involved(see command enable register). The
other functional units in the clock control section supply information as to when
the clock tunctions can start and stop.

~ Writing a command to the command/ status register enables the clock control
engine. Once enabled, the clock control engine immediately begins executing the
desired function on the clock drivers specified in the command enable register.

Afterithe free running clocks are disabled and the diagnostic operation has

gu clock control engine wiil monitor the operation. When the operation
is completed the clock control engine will disable the clock driver(s) for the
selected board(s) and reset the busy bit in the command/status register. The
clocks wall remain disabled until the SPU executes a restart command for the
selected board slots. ;

. %ii.§ 5.3 cxocknpriVers

9.6 Scan Engine

1. Controls the scan control interface
Provides a bidirectional parallel-to-seral conve

ion of the scan.data
Verifies received scan data

2.
3.

Commands from the SPU are input to the scan engine bv way of the
workstation-CU interface. The scan engine connécts to each board in the system
through a six-line intertace. The six lines consist of five discrete lines for scan
control and data input and one common line for burfered-data output. In '

also intertace with scan memory. This mtertacmg involves transrermg data
between scan memory and the scan engine control registers.

Scan Engine 9-30 Theory of Operation, First Edition



addition to interfacing with the SPU and the svstem boards, the scan engine mus
also intertace with scan memory. This interfacing invoives transtering data
between scan memory and the scan engine control regsters.

The scan engine is based on a state machine and contains five functioanl ai.
They are:

. Master controller

. Output scan engine

. Input scan engine

4. Scan Memory Multiplexer
5. Scan control distribution

Gl 19 —

The master controller is responsible for generating control signals based on
commands from the SPU, arbitrating memory requests from the input and
_output scan engines, and generating the control signais for the scan memory
multiplexer.

The output engine converts scan data into a serial data stream that is shifted intc

selected boards. The input engine is responsible for serial-to-parallel conversion

-+ of ihcoming scan data, masking and comparing that data with expected values,
~ and sending the data to scan memory for storage.

The scan memory mulitiplexer connects the workstation-CU interface and the
scan enigine to the scan memory.

distribution handles the I/O intensive task of distributing and
an control, scan data, and hard error signals. Fxgure . illustrates the

2 5

The masteonntrolle’
SPU. The SPU c
executing a wnte;to the:

scan:operations based on commands from the
gse commands to the master controller by
gine’s command/status register.

y read and write requests from both
emory requests from the output
€ input engine.

The master controlie:
the mput and outputscan
engine have priority oyer:

After the input or output scan en

8 request has been recognized, the master
controller activates the appropria '

éperrmt the scan memory acces

done signal of the selected input or output '
acknowledges the completion of the opera
least one system clock period.

1 'engme The selected scan enginc
| by resetting its request line for at

During execution of a scan operation, the master controller monitors the 1
counter. When the count reaches zero, which indicates that the scan ope. A

has completed, the master controller disables the counter, resets the two scan

engine enables, and resets the busy bit in the scan engine’s command/status

register.
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9.6.2 Output Scan Engine

The output scan engine converts scan data into a serial data stream that is shifte:
out to selected boards. The output scan engine consists of a buffered,
parallel-load shift register coupled to a smalil state controiler. The state cor.

and the shift register are both clocked off the controiled scan clock. Once the
engine is enabled, the rising edge of the scan clock will cause data to shift out. A
five-bit counter in the state controller keeps track of how many bits have been
shifted out and is used to indicate when data must be written to avoid underrur
The state controller also keeps track of whether the buffer register contains valic
data. The state controller will try to keep both registers loaded with valid data a
all times. When either register is regarded as not full, the controller will request
data write by the master controller.

To initiate a write, the scan engine controller will set its data request line to the
master controller. The controller will then wait until the master controller

responds with the asserted done signal. When the done signal is asserted, the

controller will clock the valid data into the buffer register, and then the shift

“register (on the next clock) if necessary. The controller will then reset its request

line.for at least one clock to acknowledge receipt of the done signal and

_-increment the address counter for the next access.

Theory of Operation, First Edition
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9.6.3 Input Scan Engine
The input scan engine handles data that is being scanned back from boards in the
system. The input scan engine pertorms the following steps:

1. Converts the incoming serial scan data into parallel data words
2. Masks out unwanted data

3. Compares the masked output against the data expected

4. Transters the result of the comparison to scan memory

During the process of scanning data in, masking it, comparing it, and saving the

. result, three scan memory accesses are required, one each to get the mask and
-compare data words and a third to store the resuit. The word address remains the
same throughout each of these scan memory accesses, only the page select code
is modified each time.

Heincoming scan data does not match what was expected, an error is

1. The occurrence of an error is recordeded by setting the VE bit in the

scan engirie’s command /status register. In addition, for the first error detected

' dunng any given scan operation, the contents of the input address counter will
be wntten into the error location register. Writing to this register is inhibited for
the remamder of the scan operation, regardless of the number of errors detected.

"Regardless of whether the compare produces an error indication or not, the input
can engine will initiate a write operation to store the result from the compare in
can memory: pon completion of this last step, the input controller will
'-3mcremem th nput address and begin fetching the mask and compare data for

workstanon-CU interface: e multlplexer is a passive logxc circuit under control
of the busy bit in the ' ‘
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9.6.5 Scan Control Distribution

The scan control distribution logic, which is located entirely on the control
crossbar board (XCL), is responsible for the distribution and reception of scan
data, scan control, and scan hard error signals. Scan data and control lines
discrete, point-to-point connections; they comprise 250 pins on the control
crossbar board.

The control crossbar board contains two 32-bit scan control enable registers and
the logic used to gate out the master control signals. Each board in the system
that is enabled by the scan control enable registers receives four scan control line
that determine the nature of the scan operation performed on that board. The
four lines consist of a three-bit scan control code and a recirculation select signal.

Each board in the system outputs both a serial scan data line and a hard error
line to the clock generator and scan engine. The serial scan data line from each
board is input to a 37:1 multiplexer, which is located on the crossbar board. The
multiplexer steers the serial data output from one of the system boards to the
{fiput scan engine. The system board whose scan data is selected by the
mulnplexer for input to the scan engine is determined by the six-bit input select
Id:in the scan engine’s command /status register.

" "Ahard error signal indicates that a serious etror has been detected on one of the
boards in the system and that all of the system clocks must be disabled. The stat:
of each o hese signals is loaded on the rising edge of each system clock. The
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9.7 Scan Memory  Thescan memory contains the data the scan engine uses to perform scan
operatons. The scan memory consists of a 4K-location by 36-bit memory array
that contains the data used for all scan operations. The 36-bit data word consists
of 32 data bits and four parity bits. The memory is divided into four 1K by 36-bit
pages, each of which can support a scan ring of up to 32,768 bits.

Each one of the four pages contains a unique type of scan data. The four data
tvpes are outgoing (write) data, ring mask data, compare data, and resuit data.
The outgoing data page contains data that will be loaded into the output scan
_engine and transmuitted to the boards in the system. The mask data page contains
data that will be logically anded with data scanned in from system boards; the
- purpose of this is to mask off unwanted information. The comparison page
<ontains data that wiil be compared with the data output from the masking
operation, and the result page contains the output that this comparision

: {Uand the scan engine both have the ability to transfer data to and from
‘the scan'memory through the memory’s 36-bit data interface. The bus master is
deterrmned by the control/data / address mux in the address decode section of
engine has access to the memory and is controlled by the state of the scan engine.
If the scan engine is in idle mode, the interface is controlled by the SPU. When

:+ ‘the scan engine is executing a diagnostic (scan ) operation it is master of the bus

9.8 WC Interface

ngine and scan memory. The WC interface performs
workstation interface board and is responsible for
ata and control with the system clock. All accesses

required control signals fo

ceess to the. memory, scan engine, and clock
generator. ;
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9.9 XP Interiace

The XP interface contains three functional areas. All are related to the SPU. Those
three functional areas provide:

e Part of the SPU’s memory access data path
e Hardware to initialize and pattern test main memory
¢ The means to send and receive system interrupts

9.9.1 Memory Access

The SPU must communicate with main memory. The hardware to facilitate
memory transfers between the SPU and main memory is spread across both the
WI and CU boards. The XP interface, located on the CU board, is one part of the
memory path the SPU uses for transfers to and from memory.

Transfers between the SPU and main memory include the following:

accomplxsh the conversion. There are 1,024
.'ns 32 bits. Figure shows the map register

_ry‘ This diagnostic hardware consists of
s linked to the XP data path and a state

9.9.2.1 Memory Test Registers™
Four 32-bit registers control the hardwz

® Main memory address register
¢ Odd word pattern register

* Even word pattern register

* Test control register

The main memory address register contains the current PBUS transfer aduiess.
Since the interface only transfers longwords, the least significant three bits of thi
register are always forced to zero.

Theory of Operation, First Edition
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Figure 9-21 SPU-to-Memory Data Path
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Figure 9-24 Map Register Format

-2 25;;‘,25

2 2A-23 2 20 20 19 0

RES ‘ 1/0 TASf RES PAGE FRAME

13129 | Reserved (RES}:. o

28 Valid ‘When set, indicates that the information in the register is valid and that
| the SPU may access the corresponding page. An attempt to access a page

% that does not. k_;:ave the valid bit set causes a DIO bus error.

27 |Reserved (RES)
26  |Scrub Bit (SCR)

t a single-bit ECC error. LA performs a word write with
,e:mory to read the corrupted word, correct it, and

25 Test and Clear (TAC)

he desired byte with the TAC bit set in
tion’s contents are returned and the

} operation is performed by re
i the map reg15ter The me

24- 23iReserved (RES)
2 [/0 When set, causes SPU XI ! d write ngfagcess PBUS 1/0 space

| Test and Set (TAS) When set, initiates test and:
TAS operations are only allowed on
a page with the TAS bit set causes a:
performed by reading the desued

n semaphores in main memory.
- Any access larger than a byte to

A TAS operation is
w1th the AS bit set in the map

set to OxFF

|
!
120 ! Reserved (RES)
! 19-0 [ Page Frame

Note Scrub, TAC, 1/O, and TAS bits define mutuaity exétUSi’ve operchons A
memory access that uses a map register with more than one of these bits
set will cause a DIO bus error.




Odd and even word pattern registers contain the next pattern to be written to
memory on a write or the next pattern expected on a read.

Figure illustrates the format of the four memory test registers, and Table x
defines the purpose of the individual bits in the test control register.

9.9.2.2 Memory Test Operating Modes
There are four memory test operating modes: hold, increment, shift left, and
compiement. Each mode affects the test pattern.

In the hold mode, the word patterns contained in the even and odd word
registers remain unchanged for the length of the transter. This operating mode
can be used to initialize main memory to a constant value (such as zero).

[n the increment mode, each pattern word is incremented by two at the end of
every longword transfer. This mode is used to load an address-equals-data pattern
n memory on a word boundary.

In the shift left mode, the two pattern words are linked together to form one
64-b1t left shift register. This mode is used to generate a pattern of walking ones

and the XP interrupt bus provide the SPU with the means to
system interrupts 0x08, 0x09, 0x0A, and 0x0B.

aninterrupt is pendmg
the SPU.

definitions for the reglster
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Figure 9-25 Memory Test Registers

B 21 B B

24 23 9 18 17 16 15 0

RD‘RES*OPI‘OPO RES cuwm*m TRANSFER COUNT

MAIN MEMORY ADDRESS

EVEN WORD PATTERN

ODD WORD PATTERN

Reserved (RES)

27 Read /Write (RD) ' :E::mory read and compare operation.

26 Reserved (RES)

25 - 24 | Opcode (OP) Specifies one pf four pattern s. See Memory Test Operating Modes for more
information. -

23 -19 |Reserved (RES)

18 Compare Error (CMP) | When set, indicates the of data read from XP bus did not match even and
odd pattern registers: T

17 PBUS Error (PER) When set, indicates tha ed a PBUS error.

16 Busy (BSY) When set, indicates thata write or _ bmparwe operation is in progress. Set
by state machine when transfer count is loaded; reset by state machine when
transfer completes or terminates:d&to error..

15-0 |Transter Count Byte count used in X header. :




Figure 9-26 Interrupt Control Register Format

[}
-

24 23 20 19 16 13 y 8 7 0

STATUS ENABLE RESERVED | PENDING| INTERRUPT VECTOR

Table 9-7 Interrupt

ol Register Bit Definitions

Bit~

131 - 24 | Error Conditions

|

123-20 |Status Each bit represents the statusof a terrupt. Bits 20, 21,22, and 23

f[ provide status for system: interrupt 0x09, 0x0A, and 0x0B, respectively.

‘ When a status bit is set, the co g mterrupt has been recognized by the

! CU logic. Once set, a status bit remiains set ‘One is written to it.

{19 - 16 |Enable Each individual bit is an enablg_ﬁ : ; pt Bits 16, 17, 18, and 19
enable system interrupts 0x08, §x09; 0x0A: Ox0B, respectively.

115-9 | Reserved

'8 Pending Indicates the most recent interrupt vect 'SPU that is still

| pending on the interrupt bus. Pending m _ <

l granted access to the XP interrupt bus or that | mterrupt cyclein

;, progress that has not yet completed. it

i 7-0 | [nterrupt Vector The number of the current or most recent interrupt_;:i)}roadcast by the SPU/CU.
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Woristation Interface

The workstation interface (WI) board is the link between the SPU workstation
and the other functional units in the system. The W1 board physically resides
with the SPU workstation and its associated hardware in a standalone cabinet
that is apart from the processor and I/O cabinets. A DIO bus cable links the W1
board to the workstation. The DIO bus is a proprietary Hewlett Packard (HP) bu

used for communicating with the SPU workstation. The workstation interface
“board connects to the other functional units in the system by way of a cable from
'the WI board to the backplane of the 1/O bay cabinet.

Tie 'workstanon interface board consists of the following functional areas:

" DIO Bus Interface
° Parallel Interface

AAats the workstation interface board and its relationship

fgu
the SPU tation and the rest of the C3800 System.
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Cigure 10-1 Workstation Interface
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10.2 DIO Bus The DIO Bus links the SPU Workstation with the workstation interface board.
Interface The interface board is designed to work with either one of two different DIO bus
versions (DIO I or DIO II). The HP332 workstation uses the DIO I bus. The DIOT
bus works with other similar Hewlett Packard workstations and provides t
performance. The capability to work with either DIO I or DIO [l buses hast. .
designed into the workstation interface to provide greater flexibility in the type
of workstation that can be used in the future. Currently, the HP 332 is the SPU
workstation and DIO | is the applicable bus.

Table 10-1 lists and defines the bus signals for both DIO I and DIO II.

Theory of Operation, First Edition DIO Bus Interface 1(



Table 10-1 DIO Signais

Address./ Data

uses and Bus Control Signals

BA<31.24> ' X Input Buffered Address
BA<23.1> X Input Buffered Address
BD<15..0> X Bidirectional Buffered Data
. XD<15..0> X Bidirectional Extended Data
BAS24* Input 24-bit Address strobe
' BAS32* x Input 32-bit Address Strobe
“ADACK* x Output Address
Acknowledge
BLDS* Tk Input Buffered Lower Data
Strobe
SuUDS* X X Input Buffered Upper Data
i Strobe
| LWORD? Input Long-word access
BR/W* x Input Buffered Read /Write
BLK* Input Block Mode
RMC* Input Read/Modify/Write
Cycle
| DTACK16* 16-bit Data Transfer
‘ Acknowledge
DSACK32* 32-bit Data/Size
Acknowledge
BERR* | x | Bus Error
Interrupt Signais
'1ACK32* X Interrupt
Acknowledge Cycle
IR3* X X Level 3 Interrupt
.{Request
[R4* X X :Le'yel 4 Interrupt
} Request
IR5* x x (@) ‘| Level 5 Interrupt
? “|Request:.
IRA* x % @) Level 6 Interrupt
Request
Utility Signals B
RESET* | x x I Bus Reset

NIN Rise Intorfnre 104
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10.2.1 Address Maps

The SPU workstation inciudes a memory map that defines a variety of
configuration parameters for the SPU workstation. The address map for a
workstation that uses a DIO I bus differs from one witha DIO I bus. Figg "0
and 10-3 illustrate the two types of address map. Both types of address m.
include space allocated to the workstation interface.

The total DIO I address space is 16 megabytes; the total for DIO II is four
gigabytes. The DIO II address map includes a 16 megabyte region labeled DIO |
Compatibility Address Space. As its name indicates, the contents of this region
are identical to that shown in Figure 10-2 for the DIO I address space.

Within the 16 megabyte DIO I address space is a two megabyte area allocated fc
external I/O. From the SPU workstation’s point-of-view, the workstation
interface is external I/O. The two megabyte space is divided into 32 sections of
64 kilobytes each. At boot time, the workstation interface responds within a
single 64 kilobyte section. After the SPU initializes the workstation interface, an
#::additional one megabyte interface window becomes available.

Figure 10-2 DIOI Address - |
Map ' o
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“igure 10-3 DIO II Address oure
Map

CACHED ADDRESS SPACE

U (3.5 GB) U
N M
20000000
AFFFFFFT UNCACHED ADDRESS SPACE
:;::iOOOOOO (486 MB)
FFFFFF

DIO COMPATIBILITY ADDRESS SPACE
(18 MB)
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10.2.2 Select Code Switches

Eight select code switches determine the physical address of the workstation
interface board. If the SPU uses a DIO I bus, then the most significant seler ¢
switch should be set to the logic zero position. If a DIO II bus is being usec a
the most significant select code switch should be in the one position.

Whenever the most significant switch is in the zero position, the least significant
five switches will be read to determine the physical address of the board. If the
most significant switch is in the one position, the least significant seven switches
will be read to determine the board’s physical address. DIO I bus interfaces
require a physical address range of 0 through 31, and DIO II bus interfaces
require a physical address range of 132 through 255.

When the SPU workstation asserts an address on the DIO bus, part of the

address is compared with the setting of the select code switches. If they match,
then the workstation interface board is the intended destination.

For DIO I bus implementations, the address comparator on the workstation
interface board has the most significant three bit positions hardwired for a value
of a:0T1. For an address match to occur, the three most significant bits (23-21) of

- the eight bit address must be 011 and the least significant five bits (20-16) must
" match the select code switches.

Switch
Setting

x = variable

MS = most significant
LS = least significant

Table 10-3 Select Code Switches for DIO II Bus

Switch
Setting

x = variable

MS = most significant
LS = least significant

Theory of Operation, First Edition
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10.2.3 Cara ID / Reset Register

The ID register specifies the card type. The register contains a primary and
secondary identification value. For the NWI, the primary iD is 15 and the
secondary ID is zero. Figure 104 illustrates the format of this register.

Figure 104 Card ID'a
Reset Register Format :
" D FRMT

6 5 4 3 2 1 0

Prilrlr)lary Secondary ID

[f the SPU executes a write transfer to the Card ID /Reset register, the
workstation interface board is reset to its initial power on condition.
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10.2.4 Card Size Register

The Card Size Register (offset 101H) specifies the total address space occupied by
the WI board. This one byte, read-only register will always contain a
hexadecimal value of 07 for the WI board. This value specifies thata totalc ™
megabytes is reserved in the DIO II address space. This register isignored . .
[-based systems.

The address space allocated to the workstation interface board differs for DIO I
and DIO II-based systems. For DIO I-based systems, the WI board is allocated 32
kilobytes of memory at boot time and an additional one megabyte after
initialization. For DIO [I-based systems, the WI board’s allocated address space
occupies eight megabytes at all times. Figures 10-5 and 10-6 show the WI
memory map for both DIO I and DIO-II-based systems. The memory map
assumes default values for the select code switch settings.

(DIO IT COnﬁgu:a”'”

" 043FFFFF

PBUS WINDOWS (4MB)

PBUS MAP and SCAN INTERFACE

WI LOCAL REGISTERS

RESERVED.

O3CFFFFF

03C00000
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Figure 10-6 WI
Memory Map (DIO I
Configurations)

007FFFFF

PBUS WINDOWS (1MB)

| 00700000

PBUS MAP and SCAN INTERFACE

WI LOCAL REGISTERS

006F0000
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10.2.5 Card Status and Control
The Card Status and Control register contains interrupt enable, interrupt request
and interrupt level select bits. Figure 10-7 illustrates the register format.

Figure 10-7 Card Status and

Control.Reégister Format
1.Reg STAT

7 6 o) 4 3 2 1 0

IE IR | ILVL1<1..0> | ILVL2<1..0> 0 0 |

The interrupt enable bit serves as a global interrupt enable for all interrupt
requests destined for the DIO II bus from the workstation interface.

The.interrupt request is a read only bit which reflects the state of the WI's
internal interrupt request. If both the interrupt request and interrupt enable bits
are set, the W1 asserts one of the DIO II bus interrupt request lines, IR3 through
* IR6. The particular interrupt request line asserted is determined by the interrupr
level select bits.

To clear:an ihterrupt requires writing to the register that originated the interrup:
«d ot by accessing the Card Status and Control register.

Table 104 Interrupt Levei
Binary Codes
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10.3 Parailel The parallel interface physicaily resides on the WI board and serves as an
interface interface between the SPU workstation and the CU board. On the CU board, the
parallel interface splits into two interfaces, one for the XP bus and the other for
the diagnostic hardware or scan logic.

_ Figure 10-8 provides a block diagram of the parailel interface.
terface Block Diagram

Figure 10-8 ° _;_rgllei:

parinfel

LM : \ >
- 'ADDRESS <23.0> / DATA

- and | ADBUS ‘
<180 o ADDRESS [<31.0> LeZ| g

[P

\ DATA <31.0>

XD<15..0>

<-T—

; cPU
Dlo ] 3
et A\ ) : UTILITEES
i = BOARD
BAS24*
BAS32
DTACK16*
e}
DSACK16*
.<
| DSicKaz”
<BERR‘ N T
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Differential drivers and receivers are used for each of the interface si
between the WI and CU boards. Data and address lines are multiplexed, which
reduces the overall number of wires.

Only the least-significant 24-bits of the address are passed to the CU board.
least significant two address bits are always zero, indicating an address ona
longword address boundary. Byte seléct and read/ write control signals are
supplied along with the 24-bit address.

Parity is checked on the incoming data read transfers and sent on outgoing data
write transfers. Parity is also included with the address transfers.

10.3.1 Data Transfer Sequence of Events
The sequence of events for a data transfer are listed as follows:

. Transfer 24-bit address, byte select signals, and read /write control signal.
:Send Address Strobe (AS signal). This serves as an address latch control
in the CU board
3. Transter the data (write operation) or tri-state the bus (read operation).
4. Assert the Data Strobe (DS).
- . 5.The CU acknowledges receipt of the data (ACK signal).

AS24* for:DIO I or AS32* for DIO IT

DS32* for DIO 11

Theory of Operation, First Edition Parallel Interface 10



10.3.2 Error Conditions
The CU board interface includes three error detection mechanisms:
® WI-to-CU Board Cable Interiock

* CU Error Reporting
* Parity Checking

An interlock signal is used to assure the integrity of the WI-to-CU board cable.
The absence of the interlock signal during a transfer will resuit in a DIO bus error.

The CU reports errors it detects to the WI board by means of the ERR signal. The
. types of errors that cause the CU to assert an ERR signal are described in the Bus
-+ Error Source Register (BSRC) bit definitions. Transfers that occur when the ERR

signal is being asserted resuit in a DIO bus error.

reéd cycles, detection of bad parity by the CU board will result in a DIO bus error.

Whenevcr a DIO bus error occurs, the SPU mlcropmcessor must read the Bus
Error Source Register (BSRC) to determine the source of the error. Figure 10-9
8 xl]ustrates the format of the BSRC register.

Figure 10-9 Bus Error Source
Register Format

3 2 1 0

DPAR<3..0>

Bit 6, ILOCK, indicates a:b_‘e'«df@af
board and the CU board.This bit
interlock signal is absent.

¢ an invalid address
e an incorrect transfer size (some transfers must be
* an aborted transfer due to a time out

‘ word boundary)

For more specific information about an error, the software must pou the CU
board. : i

Bits 3-0, DPAR, are set if a parity error is detected in data received from the CU
during a read cycle. Note that data parity errors detected by the CU on write
cycles cause the CU ERR bit to set. Parity errors can be simulated via the Parity
Error Force Register at offset 0x203.
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10.4 BPC There is a total of five Bay Power Controllers (BPCs), one in the bottom of each
Interfaces cabinet bay. Each BPC is responsible for controlling the Bay Power Supplies,

monitoring the bay-level environment, and handling communications with *he
Workstation Interface board.

A single cable links the BPC interfaces on the WI board to the I/O Bay. Inside th
[/0 Bay, the cable is broken into individual cables for each BPC.

There are five BPC interfaces located on the WI board. Each BPC interface
consists of three functionai units:

¢ Cable Interlock

¢ Serial Interlock

¢ Reset Control

0.4.1 Cable Interiock

The cable interlock assures the integrity of both the bundled BPC interface cable
that.runs from the W1 board to the /O Bay and the individual BPC cables that
interconnect the I/0 Bay with each BPC. Each BPC has its own individual
interlock signal. The signal loops back at the BPC and returns to an octal UART

on the WI board. If an interlock signal changes state, an interrupt is generated o
the W1 board and sent to the SPU workstation.

10.4.2 SeriglInterface
iakiinterface allows the SPU to send commands to any BPC and to receiv

may be used to reset the microprocessor located in each BPC.
the BPC microprocessor executes its power-up sequence.

BPC reset signal
After being .

Theory of Operation, First Edition BPC Interfaces 10-



10.5 Key Switch SPU and modem key switches on the C3800 SPU are used to select the operating

Interface mode for the SPU workstation and its attached modem. A definition of the
positions for these two key switches is provided earlier in this chapter in Tables
10-6 and 10-7. Execution of the operating modes of these two switches is a

function of the SPU software.

Table 10-5 S'PUsOpeﬁfaﬁhg Mode Key Switch Defintions

Switch P

OFF

Disables SPU and CPU access. This signals a power
shutdown to the CPU. Hardware on the workstation
interface board immediately resets the Bay Power |
Controllers (BPCs), which in turn reset their PPCs and
removes power from each board in the system. Moving
the keyswitch to one of the other positions does not
cause power to return until the SPU software
commands the BPCs to return power.

. LOCAL

Allows both CPU and SPU access. Same as using P
and "D on the C100 or C200 SPU Console.

CPU ONLY

| Workstation the equivalent of just another terminal tied

Allows only CPU access. This makes the SPU

fo the operating system.

SECURE

SPU keyboard and mouse are mechanically disabled.
is pemuts the SPU to continue with output, but user
put is not possible. SPU software ignores the modem

Table 10-6 SPU Modem Key Switch Definitions

en if the modem key switch is in the SPU position.

'Switch Position:

OFF

SPU

CPU

to operating system negardless of SPU operatmg mode.

l Key Switch Interface 10-16
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The workstation interface board has a key position register that contains the
current position of both the SPU and the modem key switches. A key change
interrupt notifies the SPU if there is any change in the contents of the key
position register. If a key change occurs, the appropriate key change interru~ =~ ‘t
( bit 4 or 5; see Tables 10-5 and 10-9) is set in the Interrupt Status Register. A

the SPU detects the key change interrupt, the SPU software will read the key
position register to determine the new switch position.

Figure 10-10 illustrates the format of the kev position register.

Flguxe 10-‘10 Key. osuon

Register Formazf KEYPOS

MODEM KEY SPU KEY

. ths 7-4 contain a four-bit code that specifies the current position of the modem
- - key switch. Each bit represents one switch position; the bit with a zero indicates
~ the current switch setting.

Table 10-7 Key Position Codesi;

| OFF
|LOCAL
CPU Only
Secure

10.6 Printer The workstation interface board iric

6 : _a,-'s:érial printer interface to support a
Interface local SPU printer. A UART channel '

vided for this purpose.
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10.7 Utility and The Utility and Diagnostic Hardware consists of four registers that provide
Diagnostic utilitv and diagnostic capabilities to the workstation intertace. The four register

Hardware

are listed below and described in the text that follows.

e Miscellaneous Control Register
e Parity Error Force Register

¢ Loopback Data Register

e CU Address Register

-10.7.1 Miscellaneous Control Register
- Figure 10-11 illustrates the format of the Miscellaneous Control Register.

6 ) 4 3 2 1 0

@ | aoog|

R d| BPC4 BPCZ BPCO
EN | ONLYI eserve BPC3 |. BPC1

i it 7) determmes whether or not the WI board will respond to DIO
- Bus cycles that:map to the PBUS address space. When set, the WI board will
initiate @ transaction wi -’: the CU during such DIO bus cycles. When cleared,

all accesses. to: ihe CU include both an address and data
large portion of the SPU-to-CU interface logic.

BPC bit position will reset (an hold
release the respective BPC. Cur;
occurs.

icular BPC A loglc zero will
bits are set when a WI reset
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10.7.2 Parity Error Force Register

For diagnostic purposes, parity errors associated with the CU parailel intertace
can be forced using the Parity Error Force Register (PEFR). Both address and dat
parity errors can be forced separately (or both simuitaneously). In additior
parity errors can be soft logged. Soft logging results in an entry in the BSR\
without generating a bus error. Thus, system software can force parity errors
(and verify their occurrence) without generating entries in the SPU error log. Th.
format of the PEFR is illustrated in Figure 10-12.

PEFR
7 6 5 4 3 2 0
RES Egg'r ADDR | DATA FORCE<3..0>

Bit 6 is the Soft Log bit. When set, parity errors set the appropriate PERR bits in
the BSRG, but do not cause a bus error on the DIO bus. When cleared, parity

orce bit, controls the forcing of address parity errors. When s¢
XORed into the address and control parity on the CU interface

The 32-bit Loopback D
point in the data path;

auses selected data bytes and parity in
the LBDR to be updated. This regi tams the last data written. If a

bus error occurs, the contents of:

10.7.4 CU Address Register 3,
The CU Address Register (offset 0x214) isa:32-bit register facated in the addres:
path. Reading this register returns the address and contro] information from the
prewous read or write transacnon to/ from the CU board Thxs occurs without

Theory of Operation, First Edition
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Tvpical diagnostic use of this register involves performing address-only transfers
to the CU board followed by a read of the CU Address Register at offset 0x214.
This register always contains the address and control information of the last
transaction involving the CU board. If a bus error occurs, the contents of this
register may be retreived for analysis by executing a read operation.

10.8 Interrupt
Register Logic™

The CPU Utilities board can issue an interrupt to the workstation interface board.
The interface board is then responsible for asserting one of the interrupt request
lines, IR <6..3> *, on the DIO II bus. These interrupt lines are controlled by the

i interrupt enable (IE) bit and interrupt level (ILVL) bits in the card status and
. control register. The IE bit serves as a giobal interrupt enable for all interrupt
““requests destined for the DIO II bus from the workstation interface.

In additon to the CU board interrupts, there are interrupts that originate locally
o within the workstation interface board. Among these are: UART service
requests; BPC cable interlock connection errors, printer interrupts, and key
watch chang&s

Indunduat mterrupts can be enabled or disabled by means of the Interrupt
Enable Register located at offset 0x209. Upon receipt of an interrupt from the
waorkstation interface board, the workstation processor reads the Interrupt

S Request Register (ISR offset 0x20B) to determine the origin of the interrupt

Red together with status bits to generate mterrupt
ppropriate interrupt enable bit must also be set in the IE

The UART interrupts (bus 0-3) are gests from the octal UART. The UART
status registers must be read to determine what service is required. Such services
include transmit and receive opgrations, error. reporting, and detection of a bad
cable interlock. = gt 5

The SPU key change interrupt (bit4) is asse

whenever the SPU key switch
position is altered. G

The modem key change interrupt (bit 5): enever the modem key

switch position is altered.
Interrupt register bit 6 is reserved for future expansmn

Assertion of the CU interrupt (bit 7) indicates thatthe CuU requu'es service. In
response, the CU Interrupt Control Regxster w111 be polled to detertmne the cause

nothing in the workstatlon interface that can initiate this: mterrupt

Interrupt Register Logic 10-20
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Table 10-8 Interrupt Registers

Interrupt Reg ,
7 CU Interrupt ILVL2 Check CU interrupt statu:
6 Not used
5 Modem key switch has
changed
4 SPU key switch has
changed
3 Request for service, ports
and 7
2 Request for service, ports
and 5
11 Request for service, ports
and 3
0 Request for service, ports
and 1

Theory of Operation, First Edition
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Input / Output Subsystem

11

11.1

The basic components of a C3800 Series Input /Output Subsystem, which are
illustrated in Figure 11-1, consist of an Interface Adapter (IA), a high speed
channel, the PBUS, and the Channel Control Units (CCUs). This chapter focuses
primarily on the interface adapter, the PBUS, and the expansion port.

Information about the other components of the I/O Subsystem can be found in

the User Guide for that product.

7 2

QTSI I
MEMORY
BOARDS

.

7 CPU UTILITIES

1 BOARD

3

7

CCy:01

ccuoce ewos A

ns
e

CCU 04 ccu'oassl 1

!

CCU 08 cCu 07 ::
//,////7 &

% HIGH SP!ID%

/CHANNEL

1/0
SUBSYSTEM

Units to memory through the Crossbar. Both data and interrupts are handled by
the IA. Interrupt handling for the C3800 Series computer systems differs
significantly from the C100 and C200 Series computers. i
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Four separate PBUS interfaces and a newly defined I/0O interface, called the
Expansion Port, are supported by the IA. The PBUS is the general purpose
input/output interface bus. The Expansion Port (XP) is a fast, special purpose
input/output channel that provides a higher performance alternative to the
PBUS.

To the CCUs, the IA looks like the Peripheral Interface Adapter (PIA) used on
other CONVEX C-Series computers. To the Crossbar and memory, the IA looks

like a processor.

The Interface Adapter (IA) contains four major functional unts that are defined

11.2 Interface _
below. See Figure 11-2 for a simplified block diagram of the IA.

adapter

1/0 Channel Interface - contains the data path and control logic for
interfacing with the four PBUS channels and the XP channel.
2. Read Data Queue - provides temporary storage for data coming from
memory whose destination is an I/O channel.
Write Datii: Queue - provides temporary storage for /0 data destined for
‘memory.
4. Memory Interface - includes the Crossbar interface, read and write data
staging registers, and memory read request identification and tracking.

Figure 11-2 Interface adapter simplified block diagram:..

XP-t—p .
T0/FROM
EVEN XBAR
PBUS~at— -
1/0 :
CHANNEL MEMORY
PBUS2<g—pi  INTERFACE  INTERFACE
ol ———
T0/FROM
PBUS | <eg—p
| e  WRITE DATA QUEUE ODD YBAR
PBUS(-<ag—t
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11.2.1 Input/output channel interface

The I/0 Channel Interface contains the data path and control logic for
interfacing with the four PBUS channels and the XP channel. Most of the data
path resides on eight Channel Data Slice (CDS) gate arrays. Bus arbitration, state
machine, and control logic are implemented external to the gate arrays.

Each I/0 channel requires a 64-bit (plus an 8-bit parity) data path. There are
eight CDS arrays. Each CDS array contains an eight-bit (plus one parity bit) slice
of the data path for each of the five I/O channels.

The CDS array receives a system clock from the master clock logic located on the
CPU Utilities board. The CDS array divides down the system clock to produce
PBUS and XP clocks.

Parity checking is performed on all incoming write data as it enters the CDS

_array.

» ‘data path in each CDS array consists of three sections for each I/O channel:
write'data buffering, read data buffering, and a partial header holding register.

Write data buffering
There is only one level of buffering for write data from PBUS channels. As write
. ..data is received from a PBUS channel, it is immediately written into the write
data queue. Each PBUS interface is guaranteed one write cycle access to the write
data queue durmg each PBUS cycle.

Two levels of
level, whlch is

Partial header regi

The partial header register c
until the request can be fo,:5

than 16 long words, the requaﬁtls spli tiple 16 long word requests. The
partial header register holds the transfer: , the starting addrss and the

remaining byte count of the memory requiést. After the last request is forwarded
to the memory interface, the partial header register mes available to receive
a new header from the I/O channel interfa :

Theory of Opeartion, First Edition
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11.2.2 Read data queue

The Read Data Queue (RDQ) provides temporary storage for memory read data
that is destined for an 1/0 channel. Read queue arbitration logic controls the

flow of data from the RDQ to the PBUS and XP channels.

The RDQ contains the following functional units:

¢ Two independent 2K-location by 36-bit queues (called MS and LS RDQs)
e Multiple address counters for writing data into MS and LS RDQ

e Multiple address counters for reading data from the MS and LS RDQs
Multiple fill-level counters for tracking the degree of fullness of the MS
:and LS RDQs

The RDQ's structure is similar to that of the C3800 Series memory subsystem.
ike the memory subsystem, the RDQ has two independent, 36-bit halves (32
its and 4 parity bits). In the memory subsystem these two halves are

dto'as even and odd; in the RDQ they are labeled MS RDQ (for even
words) and LS RDQ (for odd memory data words).

'I'hereilsoneMSRDQandoneLSRDQforeachI/Ochannel Since there are five
1/0 channel m't'e'rfac&s, there are five MS RDQs and five LS RDQs. The five MS

. RDQs are implemented using 2K-location by 9-bit self-timed RAMS, as are the
- LS RDQs: The 2K-location RAMs are divided into eight sections, each containing

256 locauons Each1/ O channel is allocated one section.

Separate addras&s_ called head pomtexs) are required for writing data received

RDQpan' Referred to as a tail point
eight-bit counters. There i is.one: tail- pomter address counter for each1/O channel.

BothMSandLSRDQsarenea ‘the:
long word (72-bits) transfers to the l/A

interface has an MS RDQ fill-level coumer and an[:S RDQ fill-level counter. The
fill-level counter is incremented when data is writtert'into the RDQ and is
decremented as data is read from the RDQ. i

The RDQ has one read and one write cycle for each sysv cycle Reads take
place during the first half of a system cycle and wntes occur durmg the second
half. :

11.2.3 Wirite data queue

The Write Data Queue (WDQ) provides temporary storage. for:1/0: data that is:
destined for memory. Write queue arbitration logic controls the flow of data from

the PBUS and XP channels into the WDQ.

Interface adapter 114
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The WDQ contains the following functional units:

e One WDQ for both even and odd word data

* Five address counters for writing data into the WDQ

¢ Five address counters for reading data from the WDQ

¢ Five fill-level counters for tracking the WDQ's degree of fullness

Both the PBUS and XP channels send write data in long word transfers (72-bits).
The WDQ is organized to accept long word writes into the RAMs. Unlike the
RDQ, which is implemented as two 36-bit wide buffers, the WDQ is one 72-bit
wide buffer.

Each I/0 channel interface is allocated its own WDQ for buffering I/O write
data destined for memory. Thus, there are five WDQs implemented in
2K:location by 9-bit self-timed RAMs. Within the 2K-location RAMS, each I/0
chaamel is assigned one 256K-location section as its WDQ.

“ Each I/Q.channel uses a separate eight-bit write address counter to access its
WDQ. Write addresses are called head pointers. As write data is received from
the 170 channel device, the head pointer is used to address the next sequential
RAM location in the WDQ. After each WDQ write, the head pointer is
incremented by one in preparation for the next write operation.

#: Each I/Ochannel has a separate eight-bit read address counter that is used for
WDQ read access. ‘Read addresses are called tail pointers. The memory interface
te operations of the I/O data stored there. These are 72-bit (long
ns. After each read operation, the tail pointer is incremented

word interface.

In addition to the data paths, the XDS gate arrays also contain even and odd
word address and control Crossbar interfaces. v :

Theory of Opeartion, First Edition Interface adapter 11-5



Each XDS gate array includes a 24-location by four-bit FIFO for staging 1/O
channel IDs and memory error /status flags. An ID tag is generated for each
memory read request that originates from an I/O channel. The ID tag is stored in
the FIFO and used to identify returning memory read data.

The XDS FIFO also stages error status and flags associated with each read
request. The XDS gate array checks for PCM address violations. If a PCM
violation is detected, the read request associated with the violoation will not be
sent to the Crossbar. The PCM error indication is stored in the FIFO and used to
terminate the I/0O channel handshake after all previously requested read data

v”I’headdrssandﬁllcounbersusedbytheReadand Write Data Queues are
_physically located in the XDS gate arrays. Refer to the previous sections that
“ describe the Read Data Queue and Write Data Queue for a functional description

: xeaddatanemmmgﬁommermryTwostagmgreglstersbufferumnungmad
" memory data that is enroute to the Read Data Queue (RDQ). The memory
interface also exercises control over writing this data into the RDQ. Specifically,
i the memory: interface controls selection of the correct RDQ head pointer (write

" address) and generates increment controls for both the head pointer counters and
the filllevel counters.

; I/OdatadestmedformemoryfromtheWnbeDataQueue
Thxscontmlmdudesa::

11.3 Arbitration The Interface Adapter contains
ones are the arbiters located in:

are listed belowand described i

e Read Queue Arbiter
o Write Queue Arbiter
e Port Arbiter

11.3.1 Read queue arbiter:
The memory interface controls writing incomirig memory data into the RDQ,
and the read queue arbiter controls reading th m:the RDQ.
written into the RDQ, the read queue arbiter ig notified. 1 :':read queue then
controls read access of the RDQ for subsequent transfer of the data to the
appropirate 1/O channel. PBUS I/O channels are granted:read access every
PBUS cycle. The Expansion Port is granted access only n read access:is not
required by one of the PBUS I/O channels. il

The purpose of the read queue arbiter is summanzedas follows:

¢ Control RDQ read access and assure that read data can: beremrned on all .
four PBUS I/0 channels every PBUS cycle.
¢ Minimize read data return latency through the Interface Adapter.
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¢ Maintain an adequate throughput rate at the Expansion Port even when
all four PBUS I/O channeis have active data returning.

11.3.2 Wirite queue arbiter

The memory interface controls reading I/O data destined for memory from the
WDQ, and the write queue arbiter controls writing that data into the WDQ. The
write queue arbiter allocates write access cycles as write data is received by the
five I/O channels. Priority is given to PBUS I/O channels. Data from a PBUS
channel is always accepted for WDQ write access, unless the WDQ is full.

The purpose of the write queue arbiter is summarized as follows:

¢ Control WDQ write access so that write data can be accepted from all
four PBUS I/0 channels every PBUS cycle.

Minimize the number of write data staging registers needed between the
/O channel interface and the WDQ.

* ¢ Maintain an adequate throughput rate at the Expansion Port even when
alkfour PBUS I/0 channels are generating write transfers.

11.3. 3 Port arbiter
_ The port arbiter controls the selection of 1/0 channel interrupts and memory
" requests for serwce by the memory interface. Interrupts have a higher priority

E':ple Interface Adapters. Each IA supports

11.4 Interrupt
and its associated CCUs) and the other for

handling

occurred in one operation.: ‘More specifi
the device that posted the interrupt:
receiving device. In the C380¢ Series
(or four) separate operations.

end of the interrupt sequence
an acknowledgment fromthe
Hing and acknowledgment are three

11.4.1 CPU-to-CPU interrupts%'

follows:

1. A CPU posts an interrupt by sending a SND Xtransfer to theTrap
Control Register (TCR). The TCR is semaphme protected regxster
located on the CPU Utilities (CU) board. i

2. Once posted, the CU forwards the interrupt to the complex’s Global
Pending Register and clears the TCR semaphore bit.:

Theory of Opeartion, First Edition Interrupt handling 11-7



3. The CU board’s Trap Dispatch logic transfers the interrupt to the targeted
CPU’s Local Pending Register by way of a dedicated point-to-point bus.
When thetaxgetedCPUadmowlegathemtezmpt with TRAP_COMP,
the Global Pending Register is cleared and made available to accept
another trap or interrupt.

11.4.2 CPU-to-CCU interrupts
CPU-to-CCU interrupts are handled in a three-step process, which is outlined as
follows:

1. A CPU posts an interrupt by sending a SND_X transfer to the Trap
- Control Register (TCR). The TCR is a semaphore protected register
_ located on the CPU Utilities (CU) board.
: Once posted, the CU forwards the interrupt to all the Interface Adapters
in the system by way of dedicated point-to-point trap buses. After all
IAsacknowledgethemtexmptmthTRAP COMF, the CU clears the
. . Each A acknowledges receipt of the interrupt on
behalf f the targeted CCU and does so before the targeted CCU
“actually gets the interrupt. All IAs in the system accept the interrupt
without knowing whether it is intended for one of their local CCUs.
“iii 3. Each IA inthe'system forwards the interrupt to their respective CCUs. At
“ . this pointthe IA still does not know which CCU is the target. If the
interrupt is not acknowledged by one of its local CCUs, then the IA
_._assumes that the interrupt was intended for a remote CCU attached to
““‘another IA.

o

1143

handled in a four-step process, which is outlined as

g

ptcycle Once granted, the CCU drives its

11.5 PBUS The C3800 Series I/0 subsystem may h
Each A supports up to four PBUSes

cycle. All PBUS transfers are either to or from the Interfat:e Adapter with bus
arbitration performed by the IA. Transfers between CCUs are not support_ed
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11.5.1 PBUS transfers

All transfers begin with a CCU request to be the next PBUS master. When the IA
grants the bus to the requesting CCU, that CCU will drive a header transfer on
the PBUS. All other CCUs on the bus should have their PBUS interfaces tristate
until they ask for and are granted the bus. The bus cycle immgidately following
the header transfer is unused.

The header provides information about the specific transfer type being
requested, the transfer byte count, and the starting address of the data to be sent
or received. Figure 11- 3 illustrates the header format, and Table 11-1 lists the
transfer types and their associated transfer codes. The transfer code appears in
bits 4240 of the header.

V)| 0

Byte Count:

| Reserved 351 Reserved Starting Mdress

Table 11-1 PBUS transfer types

Njocojn|wx|[w]|Nn|—=|o E=

check the channel buffer available sngnaf bo detenmne whether the CCU is able to
accept the data. If the signal is detected, the IA will drive the data longword on
the PBUS. After the last data longword is u'ansferred the LA will remove that
CCU’s grant signal and the transfer is complete. :

11.5.2 PBUS data path
The PBUS data path consists of those lines used by the CCUs to send header
transfers, send write data, and receive memory read data.

Theory of Opeartion, First Edition
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Figure 114 PBUS data format -

When the A selects a new CCU as the bus master, the first transfer from the CCU
is expected to be a header transfer. Header transfers are used to initiate the
transfer type specified in the transfer code.

After the initial header transfer, all subsequent PBUS transfers are data transfers.
Data transfers always consist of 64 bits of data and they are either data write
transfers or data read transfers. Data write transfers originate from a CCU and
are destined for memory. Data read transfers originate from memory and are
distined for the CCU that requested the data. Figure 114 shows the format for

~ 64-bit data longwords sent across the PBUS.

63

The 64-bit data bus uses standard CONVEX byte ordering. No rotation or
alignm’ent of data is done by the IA; this is solely the responsibility of the CCU.

Data. signals are labeled Px DATA<63..0>. Since the IA supports four PBUS
interfaces, Px represents any_one of the four buses.

are:Jabeled Px_PAR<7..0>. The number, 7.0, specifies
which data: parity bit is associated with. Whenever the data bus is being
usedk;bansfermfom\auon;éthepantyonaubytesofthebusmustbecormct
Parity on the bus shou!d mtbechecked when information transfers are not
taking place.

Parity is correct when itis eve.n, that is, the
and its parity bit must be even. This.co;
will have bad parity. ;

m of the logical ones in a data byte
n is used so that a floating TTL bus

11.5.3 PBUS control path
The PBUS control path consists of
arbitration, data path handshake, and P
signals are identifed in Table 11-2 and:described in the étext that follows the table.

lme used:b :PBUS devices for PBUS

PBUS 11-10
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Table 11-2 PBUS control
signals

. EachCCUhasxtsowndxsaeterequesthnethatxtassertstoaskthebusarblter

- for permission to use the PBUS. Initially, a CCU may assert a PBUS request only
when the PBUS grant signal is not active. After assertion of a PBUS request, the
grant signal will become active; the grant signal will remain active for the

duratxon of the transfer kaemse the request sngnal mustbeactlve fortheentu'e

1153.2 PSUSgranf i
Each CCU receives a discrete grant signal from the PBUS arbiter. Only one grant
can be active at any given time. A.round robin arbitration scheme is used to

determine whlch CCU becomes hils master whenever there are multiple
requests.

transfer cycle, and it ends when the

The assertion of a gran sngné_l
. The'bus aribiter may deactivate the grant signal

grant signal is no longer active
at any time. :

11.5.3.3 Buslock -
This function is not supported by the
is terminated in the CCU backplane.

Series Interface Adapter. The signal

11.5.3.4 Header
The header signal is asserted by the’ bus arblter dlmng the bus clock in which it

signal immediately follows the clock cydem which thegrant signal was
asserted. Normally, this signal is not used by the :Us;'itis pnmanly for use
during system debug.

Theory of Opeartion, First Edition PBUS 11-11




11.53.5 Data vaiid

This signal is asserted by CCUs during memory write transfers and by the IA
during memory read transfers. It indicates that valid data has been placed on the
PBUS. This signal is valid only when both the request and the grant signals are
currently active. This signal may be modulated during a transfer sequence if the
data source cannot sustain transfers at the full PBUS rate.

1153.6 Memory butfer available

The IA asserts this signal during a memory write transfer sequence to indicate
when it is ready to accept data. The simultaneous assertion of request, grant,
Px_DVAL, and Px_MBAY constitutes a memory write information transfer cycle.
“This signal may be modulated during a memory write transfer sequence if the
memory subsystem cannot accept data at the full PBUS rate.

5.3.7 Channel butfer available

‘The CCU asserts this signal during memory read transfers to indicate when it can
accept dafa from the IA. The simultaneous assertion of request, grant, Px_DVAL,
x_CBAV constitutes a memory read information transfer cycle. If the CCU

v tacoeptdataattheﬁxllPBUSmte the Px_CBAV signal may be modulated

ytheCCUdunngamermryreadu'ansfersequence.

St 11.5.3.8 Busonor
“ The LA uses the bus error signal to notify a CCU that a transfer error has been
detected Thedetaxlsoftheerroraxekeptmthe[Aandamnotretumedtothe

11.6 Expansion
port

The XP may be used with the High nce: J
The HiPPI must be physically located adjacent board slot in the same
backplane as the IA. ) ;

11.6. l XP and PBUS dm‘erenc

11.6.2 XP transfer types
The XP supports the following transfer types:

* Memory Read
® Memory Write
e Test and Set

e Test and Clear
e [/O Read

¢ Memory Scrub
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11.6.3 XP header fransfers

Memory requests are initiated by the XP device using a header transfer. They
contain a 32-bit starting address, a two-bit encoded transfer type, and a 16-bit
byte count. The format of the XP header is identical to the format used for PBUS
headers.

11.6.4 Expansion port interface signais

The expansion port interface signals are divided into four groups: data bus, data
handshake, error status, and interrupt bus. These signals are listed in Table 11-3
and defined in the text that follows the table.

Table 11-3 XP b” mterface signals

XP data bits
XP parity bits

XP data handshake signals

XP channel buffer available
XP device write data valid
IA memory buffer available
IA read data valid

XIOP-NIA.CBVF_AVL

| XIOP-NIA.WRT_VAL
NIA-XIOPMBVE_AVL
-I’.RD _VAL

XP device bus request
IA bus grant

XP error status signal

IA bus error

XP interrupt bus signals

XP interrupt vector bus

XP device x interrupt request

IA interrupt grant to device x
IA interrupt valid

11.64.1 XP data bus:
The XP data bus consists of ¢  lines and their assodiated byte parity. The
bidirectional data bus provi ‘path for transfemng write data, read data, and

control information betw: Pen an Xpd ‘the

There are eight parity bits, one te of write or read data. Correct parity
is odd; that is, the sum of all logical ones in:adata byte and its associated parity
bit should equal an odd value. Parity cl g occurs forall data bus read or
write transfers (both data and header transfers). Patity: checkmg does not occur
when the data bus is idle.

11.6.4.2 XPbusdafahmdshakes&gnafs :
There are six XP bus data handshake signals; they aredeﬁned in the text that
follows. g

XP channel buffer available
The XP channel device asserts this signal during memory mad operaﬁons to
indicate when it can accept data from the IA.

Theory of Opeartion, First Edition
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XP device write data valid
XP devices assert the write data valid signal during write transfers to indicate
that valid data is being driven on the XP data bus.

IA memory buffer available
The IA asserts this signal to indicate when it can accept data from the XP.

IA read data valid
. The IA asserts the read data valid signal whenever it drives valid read return
~data on the XP data bus.

XP device bus request
TheXPdeviceassertsthissignaltorequ&stpermissionfmmthebusarbitermuse

'ThefIA:usathxss:gnaltotellanXPdewcethatatransfermorhasbemdeﬁected

11644 XPinterrupt bus
“There are four interrupt vector bus signals; they are defined in the text that
follo‘w&»

Inten'upt vector bus

IA interrupt valid
This signal will be active durm g
interrupt vector to the XP device.

that the IA sends a valid
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Power Subsystem

12

The C3800 Series power subsystem uses a distributed power architecture. Input
AC power is rectified into unregulated DC and then distributed to DC-to-DC
converters that are physically located dose to the load.

The control and monitoring of power and environmental functions is also
distributed. Rather than cabling all control and sense lines to a central processor,
each load supply contains its own local processor. In addition, each bay contains
a processor to concentrate communications to all loads within the bay and to

. control and monitor bay-level functions.

The mayor units of the C3800 Series power system are illustrated in Figure 12-1
» and described in the text that follows.
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Figure 12-1 C3800 Series Power Subsystem
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12.2 Input AC Each bay has an independent power cord for power input from the customer’s
Power AC power source. The only exception is the central cabinet; it receives 300 Volts
DC directly from the I/O Bay and therefore has neither a power cord nor a Bay

Power Unit. .

1237 Bay Power The BPU chassis is physically located at the bottom of the bay and contains all
Umf (BPU) . the front end power filtering, rectification, and bay-level control and
communication hardware. Specifically, the BPU includes the following:

¢ Input Power Harmonizer (IPH)
¢ Bay Power Controller (BPC)
¢ From one-to-six 2.5KW Bay Power Supplies (BPS)

2.3.1 Input Power Harmonizer
Jnput Power Harmonizer brings AC input power into the BPU and
distributes it to the Bay Power Supplies, the Bay Power Controller and the
“. blower motor. An important feature of the IPH is the fact that it contains all the
* components required to configure the power system for either domestic or
international AC power.

. 12.3.2 Bay Power Supply (BPS)
" . There are from one-to-six Bay Power Supplies. The number of BPS used is
- configuration dependent; that is, dependent on the number and size of the loads
the bay. generates 2 5KW ofunregulabedSOOVDCthatxsdxsmbuted

provides the mountmg and
DC-to-DC converters, whx

voltage power buses.

(CCUPP)
12-1) is the CCUPP It contains up

123.4.1 Channel Control
The first type of power pallet load (see

backplane and provides power thmugh coppér planes in the CCU backplane to
the CCU connectors.

12.3.4.2 logic Board Power Pallet (LBDPP)
The second type of power pallet load is the LBDPF. It contains up to 14 power
bricks that provide DC voitages to the logic board attached to the power pallet.

In addition to DC power there are sense lines, EEFROM interface lines; -
temperature sensors, and ID address information that interface to the logic board.
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12.3.4.3 Crossbar Power Pallet (XbarPP)

The third and last type of power pallet load is the crossbar power pallet. It holds
the power bricks that provide DC power to the crossbar boards. There are two
identical crossbar power palletsmthesyst%x?ne provides power to three
crossbar boards, the other to the remaining’ crossbar boards. Foreplane
jumper boards provide interfacing between the pallet and the crossbar boards for
DC power, EEPROM interfaces, and ID address information.

12.3.5 Power Pallet Controller

All power pallets are controlled by a PPC. The PPC is a common controller that
lugs into any of the power pallet load types. It has an on-board processor that
communicates by way of a serial link to the Bay Power Controller of the bay
vhere the pallet resides. The main functions of the PPC are:

ower system failure detection and shutdown
* Workstation Interface (W)

Al bays communicate to the system console through separate serial links that
connect each bay’s BPC to the system console interface (sometimes called the
-:workstation interface). The system console is a free-standing workstation that

provides the system bring-up function, system monitoring and error logging,

and system dlagnostlcs mbe;face to the system. The system console receives
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