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About This Book

Purpose

The IBM RISC System/6000 POWERstation and POWERserver Hardware Technical
Reference — General Information Manual is one part of the six—part RISC System /6000
hardware technical reference manual. This manual should be used in conjunction with the
following RISC System /6000 hardware technical reference manuals:

Audience

IBM RISC System/6000 POWERstation and POWERserver Hardware Technical
Reference — Options and Devices (SA23—-2646)

IBM RISC System/6000 Hardware Technical Reference — 7012 POWERstation and
POWERserver (SA23-2660)

IBM RISC System/6000 Hardware Technical Reference — 7013 and 7016 POWERstation
and POWERserver (SA23-2644)

IBM RISC System/6000 Hardware Technical Reference — 7015 POWERserver
(SA23-2645)

IBM RISC System/6000 POWERstation and POWERserver Hardware Technical
Reference — Micro Channel Architecture (SA23-2647).

The information in this manual is for reference. It is intended for hardware and program
designers, programmers, engineers, and anyone else who needs to understand the
operation of the IBM RISC System/6000.

Related Information

PS/2 Monochrome Display 8508 Technical Reference (SA23—-2448)
60/120MB Fixed-Disk Drive Technical Reference (S68X-2314)

PS/2 5.25-inch External Disk Drive Technical Reference (S68X-2348)
4—-Port Multiprotocol Interface Adapter Technical Reference (S33F-5337)
X.25 Co—Processor/2 Technical Reference (S16F—1879)

3270 Emulation Adapter Technical Reference (GA23—-0339).
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Description

The RISC System/6000 unit is a second—generation RISC machine. Like earlier RISC
processors, the RISC System/6000 unit employs a simple register—oriented instruction set
that is completely hardwired, and features a pipelined implementation and an efficient
storage hierarchy. This enables the processor chip set to run an instruction almost every
cycle. Unlike earlier RISC processors, however, the RISC System/6000 unit employs several
advanced architectural and implementation features including separate instruction and data
caches, zero—cycle branches, multiple instruction dispatch, simultaneous running of fixed—
and floating—point operations, and overlapped running of register—register (RR) operations
and load and store commands. As such, the RISC System/6000 unit combines the simplicity
of a RISC instruction set with sophisticated hardware design techniques to achieve a short
cycle time and a low cycles—per—instruction (CPI) ratio. In a single cycle, four instructions
can be run simultaneously: a branch instruction, a fixed—point instruction, a floating—point
instruction and a Condition register logical instruction. Counting the floating—point
multiply—add instruction as two operations, this yields a peak run rate of five operations per
cycle.

Central Electronics Complex

The RISC System/6000 SGR 2564 and SGR 3064 processor chip sets central electronics
complex (CEC) contains up to eleven semi—custom chips: a fixed—point unit (FXU), a
floating—point unit (FPU), an instruction cache and branch processing unit (ICU), four data
cache units (DCU), a memory control unit (MCU), an input and output unit (IOU), and a clock
chip (CLK). Every memory board contains two data multiplexing modules and one control
module for interleaving. The SGR 2564 and SGR 3064 processor chip sets share the same
architecture. In this manual, SGR 2564 is used and applies to both the SGR 2564 and SGR
3064 processor chip sets. A block diagram of the SGR 2564 and SGR 3064 processor chip
sets is illustrated in Figure 1 on page 1-4.
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Figure 1. SGR 2564 and SGR 3064 Processor Chip Sets

The ICU contains a two—way set—associative 8K-byte instruction cache. It runs branch
instructions, Condition register logical instructions, and supports interrupts. In most cases,
branches cost zero cycles because the ICU looks ahead in the instruction stream and
removes branches from the stream. In a given cycle, the ICU can dispatch two instructions,
two to the FXU, or two to the FPU, or one to the FXU and one to the FPU, by way of the
I-bus shown in Figure 1. The floating—point unit contains a full 64—bit double—precision
floating—point data flow and conforms to the IEEE 754 binary floating—point standard with
software support. Floating—point instructions can run in parallel with fixed—point instructions
for maximum performance. The FXU contains the general purpose registers and the
arithmetic logic unit, and runs all fixed—point instructions. The FXU includes an address
translation and data protection unit that makes precise interrupts easier to implement with
minimal performance penalty. The FXU also provides the directories and control for the data
cache, and controls the running of both fixed—point and floating—point load and store
instructions.
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Four DCUs provide a four—way set—associative 64K-byte data cache, and form a four-word
interface to memory, a two—word interface to FPU, and a single—word interface to FXU.
DCUs contain error checking and correction (ECC) and bit steering logic. They provide the
data path for Direct Memory Accesses (DMA), and supply the path for I-cache (instruction
cache) reloads. The MCU contains the controls and configuration registers for system
memory. The MCU provides the data path between I/O and processor chip set for I/0
(Input/Output) load and store instructions. The MCU also interfaces to the ROM that
contains the system initialization code for the processor chip set (also referred to as the
initial program load read—only memory (IPL ROM)).

The processor bus (P-bus) shown in Figure 1 on page 1-4 is used to send the address to
the MCU for D—cache (data cache) reloads (by FXU) and for I-cache reloads (by ICU). It is
used for |-cache translation look-aside buffer (TLB) reloads (by FXU), and for I/O loads and
stores (by FXU). The P-bus is also used for moves to and from special registers, (for
example, Segment registers, Link register, and Machine State register) between FXU and
ICU. The system I/O bus is used to transfer the DMA data between the IOU and system
memory by way of the DCU, and provides a path for I/O load and store operations between
the FXU and the IOU by way of the MCU.

The I/O unit contains an I/O channel control unit (IOCC) that generates the Micro Channel
interface. The IOCC uses the data stored in translation control word (TCW) and tag tables
for address translation and data protection during I/O operations.
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The RISC System/6000 deskside and rack models have a processor board with a processor
chip set and up to eight memory board connectors. The models with the SGR 2564 chip set
require that the memory boards to be installed in pairs. On models containing the SGR 2032
chip set, memory boards do not have to be installed in pairs. These models have separate
I/0 Boards with eight Micro Channel slots and separate Standard I/O Boards as shown in
Figure 3 on page 1-8. '

The table top RISC System/6000 models have a processor board with a SGR 2032 chip set.
The processor board plugs into the connectors on the system board. The system board also
has two memory board connectors and four Micro Channel slots as shown in Figure 6 on
page 1-17.
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Figure 2. RISC System/6000 Deskside and Rack Organization

The Micro Channel prime interface from the processor board, shown in Figure 2, is attached
to the I/0 Board where it is buffered (B) and feeds eight Micro Channel I/O slots. These I/O
slots can be occupied by Micro Channel boards such as file adapters, tape drive adapters,
LAN adapters (Ethernet or Token Ring), display and graphics adapters, coprocessors,
terminal emulators, and printer adapters. The I/O Board also contains the system 1/O
functions. One system 1/O function is the On Card Sequencer (OCS) micrmontrbllgr, which
initializes the processor chip set during IPL and controls the built-in self test (BIST
sequence. Other system I/O functions on the I/O Board are nonvolatile random access
memory (NVRAM) for configuration and error logging, operator panel interface for error
display, time—of—day clock, computer reset register, and system status and configuration
registers. The Standard I/O Board contains the interfaces and connectors to keyboard,
mouse, tablet, parallel printer port, diskette, and two EIA-232 serial ports. See the specific
system manual for the interfaces and connectors supported.
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Figure 3 on page 1-8 shows the physical layouts of the processor board, IO Board, and
Standard 1/0 Board. Shown on the processor board are the floating—point unit (FP),
fixed—point unit (FX), instruction cache unit (1), four data cache units (D), memory control
unit (MC), and one or two I/O units (I0U). In addition, the clock chip (CLK), and IPL ROM
are also shown. The clock chip has several crystal oscillators around it that vary in speed
depending upon the processor chip set. Five 1M-bit dynamic random access memory
(DRAM)s that make up the translation control word (TCW) and tag memory are shown at the
lower right hand corner. They are used by IOCC for address translation and data protection
during /O operations. Eight memory slots are shown on the right. The IPL ROM is next to
the MC chip.

The processor board also carries some Vendor Technology Logic (VTL) parts. The two
multiplexers (Mux) shown below the IPL ROM are used to multiplex 16 interrupt lines from
the 1/0 Board to 4 I/O unit inputs. The 64K bytes by 8 OCS ROM and two accompanying
latches are at the lower right corner. This ROM holds the test data for the On Card
Sequencer (OCS), which resides on the |/0 Board, and the latches are used to multiplex and
demultiplex the address and data lines.
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Figure 3. RISC System/6000 Deskside and Rack Processor board, 1/0O Board, and Standard I/O
Board.

The processor board carries a host of tie—up and tie—down resistors, and decoupling
capacitors not shown in Figure 3. There are also electromagnetic compatibility (EMC)
connectors that couple the chassis ground to board ground in order to minimize the
radio—frequency interference (RFI). Power connectors are shown at the right, and the I/O
Board connector is at the lower right corner of the processor board.

The I/0O Board is placed next to the processor board, and is attached to it by way of a
connector as shown in Figure 3. The I/O Board contains eight I/O slots and provides a
connector to the operator panel seven—-segment light emitting diodes (LEDs). The I/O Board
holds the OCS, system I/O, and a collection of additional VTL parts to implement its
functions.

The Standard 1/0 Board fits right behind the I/0 Board, and is attached to it through a
connector shown in Figure 3. The Standard I/O Board provides interfaces and connectors to
keyboard, mouse, tablet, parallel printer port, diskette, and two EIA-232 serial ports.
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SGR 2564 Processor Chip Set

As mentioned earlier, the SGR 2564 processor chip set implementation is partitioned into six
different semi—custom designed Very Large Scale Integration (VLSI) chips. The features of
the chips are summarized in the following subsections.

Fixed—-Point Unit
FXU decodes and runs all fixed—point instructions and floating—point load and store
instructions. Both fixed— and floating—point instructions go to the |-buffers of FXU and FPU,
and are run concurrently in FXU and FPU. In addition, FXU contains the address translation,
data protection, and D—cache directory units.

Its functions include:

Instruction decode. (Contains four instruction prefetch and two decode buffers.)
FXU and FPU synchronization logic.
Real-time clock and decrementer facilities.

Controls for floating—point load and store operation. Address generation and data cache
controls for floating—point load and store instructions are generated by FXU.

Register—to—register (RR) operations. The FXU has a register file that holds thirty—two
32-bit general purpose registers. The register file has five ports. Three ports are read
ports and two are write ports (3R,2W). The five ports can all be read and written
simultaneously. The hardware associated with the register file implements full bypass
(register forwarding) to eliminate hold—offs when two dependent operations (ops) follow
each other, and performs register tag allocation so that load operations do not hold off the
RR-ops as long as there are no dependencies.

Instruction runs. RR ops, fixed and floating load and store operations, interrupts, string
and character ops, and I/0 load and store operations.

Arithmetic-logic unit, shifter, and rotator.

Fixed—point multiply and divide operations implemented in hardware. Multiply takes 3 to 5
cycles and divide takes 19 to 20 cycles.

Address translation unit. Two—-way set-associative TLBs with 64 entries in each set.
Segment registers. Sixteen 32-bit segment registers.

Hardware TLB reloads. TLB misses are serviced by hardware that has significant
performance advantages over other RISC implementations where TLBs are reloaded by
software. FXU searches the Hash Anchor table (HAT) and Page Frame table (PFT), and
updates the PFT as required.

Data protection. Page protection and data locking are implemented in hardware.

Address translation for I-cache TLB reloads. When there is a TLB miss in ICU, FXU
brings the PFT entry from the memory, sends it to ICU over the P-bus, and performs the
required PFT updates.

Data cache control, directories, and least recently used (LRU) hardware contain a
four-way set associative data—cache directory with 128 entries in each set.

Store buffers. Data and address of one fixed—point store instruction can be held in this
buffer waiting for a convenient time to be put into the D—cache. In addition, there is a
four—entry pending store queue for floating—point store instructions.
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¢ Running floating—point load and store instructions.
o Request generation for data cache reload operations.

o Data cache operations such as cache line flush and cache line invalidate.

Floating—Point Unit
Unlike typical floating—point co—processor chips, the Floating Point Unit (FPU) is tightly
coupled with the rest of the processor chip set. FPU and FXU are equal—priority and
independent functional units. They receive the instructions from ICU at the same time and
run them concurrently. At a given cycle, a fixed— and floating—point instruction can be run
simultaneously. FPU has a full 64-bit double—precision data flow, runs floating—point
arithmetic ops (multiply, add, divide, subtract), performs conversion between single and
double precision, and synchronizes on floating—point load and store operations. FPU
conforms to IEEE 754 binary floating—point standard with software support and performs
IEEE 64-bit double—precision operations.

The FPU functions include:

o Accumulate instruction (A X B + C) is the key feature of the FPU. The multiply and add
operation is run with a single round and with the same delay as a multiply or an add. This
reduces the instruction path length by combining two instructions into one and provides
exceptional floating—point performance. Due to the 64-bit data flow, the FPU can run a
double—precision multiply, add, or accumulate every cycle. The multiply—add operation, by
only rounding the final result and producing the full 105 bit intermediate product, provides
significantly enhanced precision.

¢ Register renaming is used to increase the overlap of the running of floating— and fixed—
point functional units. This allows floating—point load and store operations to be run
independently from the floating—point arithmetic operations and makes it possible to carry
on load operations to a target register of a floating—point instruction while the
floating—point operation is still going on. This is done by remapping the target register to
one of the remap registers. As a result, the FXU can perform floating—point load
operations without having to wait for previous floating—point arithmetic operations to be
completed.

o Thirty-two architected 64—bit floating—point registers, six rename registers, and two divide
registers.

o Hardware divide.

e The leading zero anticipator avoids the full delay of a leading zero detector. This provides
overlap of addition and normalization.

Instruction Cache and Branch Processing Unit
The ICU contains a two—way set associative 8K—byte I-cache with a line size of 64 bytes.
The ICU processes branch instructions and Condition register (CR) logical instructions.
Then, it removes them from the instruction stream and dispatches the rest of the instructions
to fixed— and floating—point units. In most cases, fixed— and floating—point units receive an
uninterrupted instruction sequence and do not see the effect of the branches. This is
referred to as zero—cycle branches. Usually, unconditional branches cause no delay in the
pipeline. Conditional branches that are not taken (fall-through) also have no penalty
because ICU dispatches the branch—not-taken path to FXU and FPU before figuring out the
outcome of the branch. Of course, the branch—not-taken path instructions are cancelled if
the conditional branch is taken. The branch-taken path is fetched from the I-cache arrays
but is not dispatched to FXU and FPU. Conditional branches that are taken may delay the
pipeline by 0 to 3 cycles depending on on how much earlier the Condition register was set.
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The compiler tries to move the condition code setting instruction far enough ahead of the
conditional branch to minimize the conditional-branch penality.

The ICU performs the following functions:

o Instruction caching. Contains a two—way set associative 8K-byte cache, directories, and
hardware to support a Least—Recently-Used (LRU) replacement algorithm.

e Instruction address translation. Contains a two—way set associative translation look-aside
buffer (TLB) with 16 entries in each set.

¢ Instruction fetching. A maximum of four instructions can be fetched from the cache arrays
in a single cycle.

e Instruction dispatching. Dispatches a maximum of four instructions per cycle: two
instructions internally to branch and condition—register units and two instructions
externally to FXU and FPU.

¢ Branch run with zero—cycle branches.
« Condition register logical instruction run.
¢ Interrupt control.

¢ Manipulation of architected registers.

Data Cache Unit
The SGR 2564 chip set has a four-way set associative 64K-byte of data cache divided into
four data cache chips of 16K-byte each. The cache-line size is 128 bytes and the cache is
implemented as a store—back cache to minimize the memory bus traffic. (When the data is
stored in the D—cache, it is not sent to memory. The data is written into memory only when a
dirty line is replaced.) DCU supports fixed— and floating—point load and store operations, and
provides a path from memory for I-cache reload and DMA operations. D—cache provides bit
steering and ECC for load and store, I-cache reload, DMA, and memory scrub operations.
D-cache directories, LRU hardware, dirty-bit information, and TLBs are in the FXU.

The main features of the DCU include:

¢ The collection of four D—cache Chips has a four-word interface to system memory for
high—-bandwidth cache reload and store—back operations.

* Separate data interfaces to FXU (1 word) and FPU (2 words).

¢ D-cache reload buffer (CRB). A 128-byte CRB implemented across the four DCUs
receives data from memory, IPL , FXU, and FPU. A load operation can read data from
CRB if the data is from a line that is not yet loaded to cache arrays but is in the CRB. A
fast load—through path that bypasses the cache arrays is provided from the memory bus
to the FXU and FPU to minimize the load operation delays. Unlike simpler cache
implementations, which do not have a CRB, the SGR 2564 processor chip set does not
have to wait for the entire cache line to be brought from memory before it can access the
data required by the load instruction that caused the cache miss. This makes long cache
lines practical, which in return improves the D—cache hit ratio.

o Store—back buffer (SBB). A 128-byte SBB implemented across the four DCUs accepts
data from D-cache array or directly from CRB and passes it to system memory.
Store—-back buffers improve the performance because the data cache arrays are not kept
busy during the store—back sequence. The entire line is loaded in parallel into the SBB,
and the data is sent to the memory over the memory bus in 8 cycles. The DCU can
service the processor chip set during these cycles because the arrays are freed up by
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SBB. In addition, the store—back data can be left in the SBB and stored back later if a
higher priority memory access is pending.

¢ |—cache reload buffer (IRB). This receives data from memory or IPL ROM, and sends it to
the I-cache. The data from system memory is processed through ECC and bit—steering
logic. This buffer is also used for memory scrubbing.

¢ |/O DMA buffer (IOB). Buffers the data between system memory and I/0. The DMA traffic
goes between DCU and IOCC by way of the system 1/O bus.

e ECC (single-bit correct, double-bit detect) and bit—steering logic for incoming and
outgoing data from and to memory including D— and I-cache reload, DMA, and memory
scrub operations.

Memory Control Unit
The memory control unit (MCU) is the central system controller. The MCU controls the
interface between D—cache and system memory, oversees DMA operations between
memory and the IOCC, provides a data path for I/O loads and stores between the processor
chip set and IOCC, forms an interface to the IPL ROM, and controls memory scrub
operations.

The main features of the MCU are:
e Drives all control lines to memory.
o Controls DMA operations between IOCC and system memory.

¢ Controls memory interface to DCU. MCU informs DCU where the incoming data should
go. The MCU also directs the unloading of DMA and |-cache buffers.

o Controls the memory scrubbing. MCU generates the addresses and records any memory
errors DCU detects.

¢ Controls reading and writing of bit—steering registers.

e Contains the Bank Configuration registers, which indicate the size and starting point of
each bank of system memory.

¢ Provides a data—path for I/O load and store operations between the processor chip set
and IOCC.

o Performs arbitration for the memory bus.
* Provides an interface to initial program load read—only memory (IPL ROM).

o Collects external interrupts from the IOCC, decrementer, power supply, and system
memory.

I/0 Unit
The I/0 unit (I0U) contains an I/O channel controller (IOCC) that generates the Micro
Channel Prime interface. The data interface between the processor/system memory and the
I/O unit is by way of the two—word wide system I/O bus. The Micro Channel has a one-word
address bus and a one—word data bus. The IOCC supports an I/O architecture geared for
performance, robustness, and error recoverability. The Micro Channel architecture supports
streaming data, address and data parity, and synchronous exception reporting functions (I/O
load and store commands cause precise interrupts like regular load and store commands).
The main function of the IOCC is to transfer data between system memory and adapters on
the Micro Channel. The processor unit can transfer data to and from the adapters using 1/0
load and store operations, and the adapters can transfer data to and from system memory
using DMA. The IOCC supports both DMA bus masters and DMA slaves. All data transfers

1-12 General Information Manual



support address protection mechanisms to provide data security. Up to 15 DMA channels
and 16 levels of interrupts are supported by the IOCC. With the new streaming data mode,
multiple data cycles can be transferred within one bus envelope. This amortizes device
selection overhead across the entire packet and nearly doubles the performance for large
data bursts. Precise 1/0O load and store interrupts improve error recoverability.

The main features of the IOCC include:

¢ Interface to System I/O bus and Micro Channel.

o Programmed I/O (PIO) operations to and from the following address spaces.
- System memory space

Micro Channel I/O space (I/O adapters)

Micro Channel memory space (memory on the Micro Channel)
IOCC space

Architected IOCC registers

Tag and TCW RAM.

¢ |/O load and store operations are performed with or without alignment and with a
protection mechanism. Protection is provided by TCW for system memory and limit
registers for I/O devices.

¢ Handles data to and from DMA slaves.

e Handles data to and from DMA bus masters.

e Address translation for load and store operations and DMA bus masters.
¢ Handles I/O interrupts.

¢ Supports various IOCC commands such as enable and disable DMA, DMA device buffer
flush, lock, and time delay.
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SGR 2564 Processor Pipeline
Because of the complexity of the pipeline, various instruction buffers, hold—off conditions,
and the special cases, there are many possible variations and exceptions in the way an
instruction can be run in the RISC System/6000 unit. With that in mind, a typical pipeline for
a register-to—register (RR) operation could be constructed as follows:

------ ICU------p---------FXU----------

I-Cache |[Instruction|instruction| Execute | Write

Access Dispatch | Decode Back
(ICA) (DSP) (DEC) (EX) (WB)

In the first cycle, ICU reads the cache array, then in the dispatch (second) cycle the
instruction is partially decoded to see if it is a branch, and non-l-cache instructions are
dispatched to FXU and FPU. At the third cycle, FXU decodes the instruction, accesses the
register file, and latches up the values read from the register file at the Arithmetic Logic Unit
(ALU) input registers. In the execution (fourth) cycle, the ALU operation takes place. Finally,
the result is written back into the register file in the fifth cycle.

A typical pipeline for a load is as follows:

------ IcU------p----- FXU------94--DCU- 9--FXU--
I-Cache |[Instruction|instruction| Execute |D-Cache| Write
Access Dispatch | Decode Access Back
ALU | TLB
DIR

In the first half of the execution cycle, the ALU operation takes place and the virtual address
is calculated. In the second half of the execution cycle, TLBs are accessed to determine the
real page number and, in parallel, the D—cache directories are accessed to see if the data is
in the cache. In the fifth cycle, data cache is accessed and the data is shipped back to FXU
or FPU where it is latched in a register. And in the sixth cycle, the data is written into the
register file.

The floating—point arithmetic operation pipeline is as follows:

------ ICU------p-------cccccccccccccccccce-FPY--------cccccceccn--
I-Cache |Instruction| Predecode| Rename |Instruction | Execute-1 | Execute=2 | Write
Access Dispatch Decode | (Multiply) (Add) Back

There is a synchronization cycle before the decode operation, and the floating—point
arithmetic operations (multiply, add, accumulate) take two cycles to run.
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Because the RISC System/6000 unit is pipelined, all these operations are overlapped as
shown in the following illustration, and all the hardware resources are utilized to their full
potential.

Cycle
1 2 3 4 5 6 7 8
Instruction
1 ICA| DSP | DEC| EX wWB
2 ICA DSP | DEC| EX WB
3 ICA | DSP| DEC| EX | WB
4 ICA DSP| DEC| EX wB

As mentioned earlier, the pipeline is not as simple as described in the preceding text
because ICU contains I-buffers and can read up to four instructions per cycle from the
cache array. I-cache can dispatch two instructions per cycle to FXU and FPU. In addition,
both FXU and FPU contain their own |-buffers. ICU looks ahead and runs branches such
that they are in effect taken out of the instruction stream.
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SGR 2032 Processor Chip Set

The SGR 2032 processor chip set is a cost—reduced version of the SGR 2564 processor
chip set. The SGR 2032 processor chip set is shown in Figure 4.

I-Cache Reload E
ew ”
(W) i e
— FPU 5 E o
| |DCU| | r
| [ y
ICU ! !
I-Bus (2W) —» — g
] ]
] Dcu lM—Bus o
] ]
—» Fxu ! R -
@w) : d
I 7 J s | |
P-BUS (1W) L™
l System I/O Bus
(2w)
RoM[—*| Mcu [
System /0 Bus (2W)

oy ¢——

TCW
RAM

Micro Channel
Figure 4. SGR 2032 Processor Chip Set

The major differences between the SGR 2032 processor chip set and the SGR 2564
processor chip set are as follows:

e The SGR 2032 processor chip set has only two DCUs rather than four.

¢ Fixed—- and floating—point data buses are dotted together. DCU provides a two—word bus.
Because FXU has only a single-word data interface, it is tied to only half of the bus. DCU
manipulates the data accordingly when FXU is using the bus.

¢ In the SGR 2032 processor chip set, the D—cache line size is 64 bytes (half of the SGR
2564 processor chip set D—cache line size).
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e DCU sends the data to reload the I-cache over the system I/O bus rather than having a
dedicated |-cache reload bus to ICU.

o The processor chip set has a two—word memory interface rather than a four— word
interface. As a result, the SGR 2032 processor chip set requires a minimum of one
memory board and the SGR 2564 processor chip set requires a minimum of two memory
boards. The minimum memory configuration for the SGR 2032 processor chip set is a
single 8M-byte memory board.

The SGR 2032 processor chip set and the SGR 2564 processor chip set use the same
chips. There are no new part numbers. A mode pin tells FXU, DCU, and MCU if the system
is a SGR 2032 processor chip set or the SGR 2564 processor chip set.

RISC System/6000 Table Top Model
The RISC System/6000 table top model uses the SGR 2032 processor chip set as shown in
Figure 4 on page 1-16. Figure 5 shows the processor board and Figure 6 shows the system
board for the RISC System/6000 table top model.

FPU FXU ICU
CLK DCU DCU MCU IoU
1 ] L1 I LN

Figure 5. RISC System/6000 Table Top Processor Board
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Figure 6. RISC System/6000 Table Top System Board
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Description

This chapter describes the document conventions, a general systems overview, instruction
formats, and memory addressing.

Document Conventions

The following conventions are used throughout the RISC System/6000 document:

Quadwords are 128 bits, doublewords are 64 bits, words are 32 bits, halfwords are 16
bits, bytes are 8 bits

All numbers are decimal unless specified in some special way
b'nnn’ means a number expressed in binary format

x‘nnn’ means a number expressed in hexadecimal format

n x b'0’ means n zeros

n x b'1' means n ones

(RA|0) means the contents of register RA if the RA field has the value 1-31, or the value
0 if the RA field is 0

(Rx) means the contents of register Rx

(FRx) means the contents of register FRx

X(p) means bit p of register or field X

Xp means bit p of register or field X

X(p—q) means bits p through q of register or field X

X(p..q) means bits p through q of register or field X

Xp-g means bits p through q of register or field X

—(RA) means the one’'s complement of the contents of register RA
4,11, 11, ... means a field that is ignored by the hardware

The symbol || is used to describe two fields that are appended or concatenated to each
other. For example, 010|]111 is the same as 010111.

All bits in registers that are reserved are 0 on read and can be either 0 or 1 on write
2" means 2 raised to the nt" power

Field i refers to bits 4 x i to (4 x i) + 3 of a register

Positive means greater than 0

Negative means less than 0

Instructions are assumed to be non—privileged unless stated otherwise in the instruction
description.
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Systems Overview

The processor or processor unit contains the sequencing and processing controls for
instruction fetch, instruction execution, and interrupt action. The following classes of
instructions can be executed by the processing unit.

» Branch processor instructions, described on page 2-20
o Fixed—point processor instructions, described on page 2-31
o Floating—point processor instructions, described on page 2-114.

See Figure 7 for a representation of the logical partitioning provided by the IBM RISC
System/6000 architecture. The processing unit is a word—oriented fixed—point processor and
in a doubleword—oriented floating—point processor. The RISC System/6000 architecture
uses 32-bit word-aligned instructions and provides for byte, halfword, word, and
doubleword operand fetches and stores between system memory and a set of 32 general
purpose registers (GPRs), and between system memory and a set of 32 floating—point

registers (FPRs).
Programmed le l
Fixed-Point
Processor
—>
Branch ‘
Processor — GPRs
XER MQ Dat
CR SRRO C:cahe
LR SRR1
CTR MSR
— Floating—Point L_’l
Instruction Processor
Cache
FPRs
FPSCR
Main Memory

|

Direct Memory Access

Figure 7. System Architecture View
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Instruction Formats

D Form

B Form

| Form

SC Form

All instructions are 4 bytes long and are located on word boundaries. Thus, whenever
instruction addresses are presented to the processing unit (as in branch instructions) the two
low—order bits are ignored. Similarly, whenever the processing unit develops an instruction
address, its two low—order bits are 0.

Bits 0 through 5 always specify the opcode. For XO—form instructions, an extended opcode .
is specified in bits 22 through 30. For all other X—form instructions, an extended opcode is
specified in bits 21<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>