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1 Motivation

Based on the personal esteem of the author for Eitﬁﬁ‘cessors, and due to the fact that
the Al Mﬁ alliance resulted in the possibility for end users to pusehdesktop worksta-
tions having a PowerPC processor, the author has chosecotiisete architecture as it
is a suitable example, due to its broad availability in corrgoen to the well-known x86
architecture.

Moreover, the author itself is owner of a PowerPC G4 laptapmater, which ships with
a PowerPC 7457 processor, thus being a highly enrichingrtymity for widening the

knowledge of a powerful architecture which used to serve amikipurpose computer
design, from portable laptops to Apple Xserve rack-nodes.

Finally, the answer to a probable question about why not l@lﬂSSun’s SPARB is
simply a matter of availability. As it was mentioned abous bwning of a PowerPC
G4 computer by the author makes it easier to perform actgtd,tthus providing a real
feedback for the writing of this document.

2 History of the PowerPC in Brief

IBMH has always been behind behind the scene manufacturing @asachines, being
usually ahead of the rest of companies in the field of micropseors development, al-
though things are changing nowadays. Thus, near the ye#&, 1B® was positioning
its AIX® operating system on the market by the release of the PS/2 AiXion. Next,
in 1990, IBM released a new machine named System/6000, whashgiven the name
POWER, with which the saga of POWER computers started. POWERmiasmtioned

IRISC stands foReduced Instruction Set Computer.

2AIM is known as theApple-IBM-Motorla alliance, which was formed in 1991 as a cooperative work be-
tween Apple Computer, IBM and Motorola, in order to createmputing standard based on the PowerPC
architecture. [1]

3MIPS stands for Microprocessor without Interlocked PipelStages, and it is a computer architecture
developed at MIPS Technologies. Itis a RISC processor whahdeveloped at the beginning of the whole
RISC-concept history, by John L. Hennessy and David A. Pste

4SPARC stands for Scalable Processor ARChitecture, whialRESC processor designed by Sun Mi-
crosystems in 1985.

5IBM stands for the name International Business Machinep@uation, although usually referred as
Big-Blue.

6AIX stands for Advanced Interactive eXecutive, which is anixdbased operating system for being
run on IBM RISC computers.



acronym forPerformance Optimization With Enhanced RISC. [2]

This first POWER architecture had remarkable features -dsabtime- such as 8KB in-
struction cache (I-cache) and up to 64KB data cache (D-¢aohe floating-point unit
capable of performing floating-point multiply-add (FMA)siinuction per cycle, basic
built-in 3D capabilities, and much more. This processor wasgle of 800k transistors
in a single silicon chip and it was able to perform 30 milliohirstructions per second
(30MHz). Afterwards, several improved models followed thiet POWER processor,
including a multi-node architecture named SP1. [2]

Subsequently, in 1993, Apple, IBM and Motorola would creatéraproved version of
the old POWER, which supported higher frequencies of operatil was able to execute
up to three instructions per cycle. This would become thé FicsverPC of the history,
named PowerPC 601. Moreover, in the following months, IBMaskd an enhancement
of this processor under the name of POWERZ2. In this case, ther fiegtures were the
inclusion of a FPU (Floating-Point Unit) with two 64bit exdémon units, where floating-
point multiply-add instructions were executed within ogele. [2]

Between the years 1994 and 2000, IBM accounted for an impontamber of high-
performance processors, among POWER3 and POWER3-II| werear@DWER3 was
the first step towards the future, by unifying the PowerPCtard®OWER?2 architecture
in a new breed of 64bit computers, which was able to execuwdlbating-point multiply-
add instructions per cycle and included high-bandwidtrebiap to 256bit buses). How-
ever, POWER4 was about to come. [2]

POWERA4 was the processor that broke the 1GHz frontier, andsitneale of 174-million
transistor in a single chip. The PowerPC G4 architectureigrinciple, based on the
IBM’s POWER4 microprocessor, with slight differences. [2]

3 Anatomy of the PowerPC G4

3.1 Overview

Concretely, the PowerPC 7457 is a restricted 32-bit PowerR@ementation (with a
super scalar PowerPC core), which includes the followingrfeatures: [3, 21]



AltiVec technology (128-bit-wide vector execution unit)

Dual 32KB cache for data and instructions

512KB on-chip level 2 cache with a clock speed ratio of 1:1

High bandwidth bus (MaxBus, also compatible with the 60x bus)

Fully symmetric multiprocessing capability
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Figure 1: PowerPC 750 Overview, by IBM [4, 3].

Figure 1 shows the logic organization and structure of thedPBC 750 Processor, which
is architecturally similar to the PowerPC 7457. As it can lepidted, there are two
floating-point execution units: FXU1 and FXU2. Furthermather characteristics men-
tioned above, such as a dual 32KB cache for data and instnscta 60x-compatible bus,
etcetera.



3.2 Functional Description

The PowerPC 7457 microprocessor is a CMOS copper-basedsgmcahich provides
eases for reducing the circuitry in size (thus requiring lesoling and less power con-
sumption) while delivering faster performance operati@n£]. Due to the limitations of
this paper, the detailed characteristics of the PowerPQC pd&cessor will be covered in
brief. For further information, please recur to the refeesiand sources of this document.
Please consider Table 1, which provides a comprehensiveipigsn of the processor’s
subsystems and their main features:

Subsystem Features

Power  ManagementDynamic power management and integrated thermal assis-
Unit (PMU) tance.
Instruction  Fetching Four instructions fetched per clock, two instructions dis-

and Dispatch Unit patched per cycle, 4-stage pipeline (fetch, dispatch,.grec
and complete).

Load-Store Unit One-cycle cache access, cache and \TI'LtBtructions ex-
ecution, alignment and number denormalization, hit under
reload instruction.

Fixed-point Execution One-cycle add, subtract, shift or rotate, hardware-based
Unit multiply/divide, thirty-two 32bit general purpose re@st.

Floating-point Execu+ Thirty-two 64bit floating-point registers.
tion Unit (FPU)
Memory Management 8 block address translation registers, fast-trap mechmahis
Unit (MMU) for software reload TLB, both big- and little-endian ad-
dressing support.

Cache Unit 32KB (32-byte line), 8 way set associative instruction-
and data-cache, copy-back and write-through data cache,
hardware-based data coherency.

Bus Interface Unit General purpose system configuration, 32-bit address and

64-bit data bus, on-bus parity checking, LSSBst reset.

Table 1. PowerPC 750 Functional Description [4, 3].

4 The Instruction Set

The PowerPC processor has three well-differentiateduostn classes:



e Branch instructions
e Fixed-point instructions

¢ Floating-point instructions

The PowerPC architecture is mostly binary-compatible withPOWER architecture, al-
though some instructions may vary. [6, 12]

4.1 Instruction Formats

In PowerPC, all the instructions are four bytes long and walighed. The bits 0 to 5
specify the OP code, whereas some instructions may havetandexi OP code (XO).
The remaining bits in the instruction define different fiedttsording to concrete instruc-
tion format. [6, 18]

Besides, instructions must be aligned. This means that #nmengf address of each data
item must be a multiple of four (word-aligned), thus exigtihe possibility for certain bits
in the item to be don't-care values, acting as padding. lerezfce to the byte-ordering,
PowerPC supports both big- and little-endian, when movwifigrmation from registers to
the memory, although big-endian is the default byte orderfPowerPC uses two bits in
the MSR which tell the byte ordering. [7, 95-100]

In spite the classification of instructions by type, they @yacally classified by class as
well. In PowerPC exist three classes of instructions:

Defined A normally defined instruction, with a known OP code.
Reserved Special-purpose instructions.

lllegal Unknown OP-code instructions, neither defined nor reserved

PowerPC has 17 different formats of instructions for optimg the compactness of the
execution performance. The most important and well knoven the I-Instructions
(for two-operand arithmetics), thB-Instructions (for conditional branching) and the
D-Instructions (for data copy). However, there are many different versafribese three
major presented sets, which have the goal of enriching apdowing performance in any
case, by creating a specialized way of executing certaia ofpnstructions.



Figure 2 represents an example of an I-Instruction, whi@s #wo-operands arithmetics,
the instructioradd, whose OP code is 31.

K3 D A B OE 266 Rc
0 5 6 10 11 15 16 20 21 22 30 31

Figure 2: PowerP@ddx Instruction Format [7, 346-552].

As it can be seen from Figure 2, the first 6 bits (0-5) define tiReddde, as usual in
PowerPC architectures. The D-operand is the destinatitimeafesult, whereas A and B
are the operands of the instruction. Thé and R fields are used for defining which

special register may be affected or not by the result, suthea€ondition Register or the
XER Reqgister.

4.2 Addressing Modes

PowerPC, as common as in other processor, presents sevgebivaferencing data in
instructions, which may be classified by the type of insiarcaccordingly [9, 43]:

e Load and store instructions

— Indirect

* 16-bit displacement to be added to the base register
x Replacement of the base register with the new address
— Indirect indexed

x Reference to base and index registers
* EA contains the sum of the contents
e Branch instructions

— Absolute
— Relative
— Indirect

e Arithmetic instructions

— Direct (operands in registers)
— Immediate (operands in the instruction)
— Floating-point must be always used by direct and not imntedia



5 Memory Organization

The PowerPC architecture has a built-in Memory Managemaeiitt (MMU) which al-
lows to address up to 4096 Mbytes (32-bit physical spaceRq%-270]

5.1 Memory Model in Brief

The PowerPC MMU supports for demand-paged virtual memohychvenables the ex-
ecution of programs larger than the size of the physical estdible memory. Virtual
memory uses the concept of virtual address space, whichlrauatger than the physical
address space, where the address translation flow fromt38-hi 51-bit virtual space
(performed by the MMU).

The main memory is divided by the MMU into regions (addresacsg of 256Mbytes)
and blocks (address spaces from 128Kbytes up to 256Mbyfibs)virtual memory seg-
ments can be divided into 4K pages. The operating systemeregste a page descriptor
(Page Table Entry -PTE-), which is then used by the MMU toqenfthe translation to
the physical address.

5.2 The PowerPC Registers Set

The PowerPC architecture can be divided into three orgtaoim levels of registers:
the user instruction set architecture (UISA), the virtualimnment architecture (VEA)
and the operating environment architecture (OEA). Powgn€ides register-to-register
transfers for all instructions, however register-to/framemory are performed only using
the specific load and store instructions. All the registees32-bit long, except for the
floating-point registers. [7, 55-71]

Operands are accessed from general-purpose registers)@&RRoating-point registers
(FPRs). The PowerPC provides 32 general-purpose regi8&fkating-point registers,
a 32-bit 4-fields-divided condition register (CR f), a floating-point status and con-
trol register (FPSCR), a XER register which tells about overdloarries and data bytes
transferred in load/store instructions, a link registeR)lused for branching and a count
register (CTR) appropriate for looping situations. [7, 53-71
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5.3 Special Registers

The OEA registers set level encloses a wide variety of sugp@rlevel registers which
are briefly depicted subsequently.

e Configuration registers

— Machine state register (MSR): defines the processor state.
— Processor version register (PVR): read-only identifier efihocessor.

e Memory management registers

— Block-address translation registers (BAT).
— SDRL1 register: specifies the page base for virtual memorglaton.
— Segment registers (SR): contain the segment descriptors.

e Exception handling registers

— DSISR and data address register (DAR), for handling alignmen

— SPRG registers for the use of the operating system.

— Save and restore registers (SRR0 and SRR1) for program intemupt
— Floating-point exception register (FPECR).

e Other registers (include timing, data breakpointing, atmeofeatures).

[7, 55-94]

5.4 Stack Specifics

The PowerPC uses a stack which grows from higher to loweresdds. The specialty of
the PowerPC stack is that it is only managed by the stackgmintthout a frame pointer,

which provides a fixed-size stack. Such stack pointer isimedceneral-purpose register,
the GPR1, typical of RISC processors. Furthermore, there@oedicated instructions
nor specific addressing modes supporting the stack, so ibhaes used manually by the
programmer using the GPR1. [10]

The lack of dedicated stack pointer enhances performancedoging the access to mem-
ory. Then, alink register (LR) is used to hold the returnindrads from a subroutine call,
where the SRRO and SSR1 registers are used for the programiersepi0]
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6 Interrupts and Timers

6.1 Timer Functionality

The PowerPC G4 uses a time base register, which is a 64-b#teegvhose purpose
Is to count ticks, depending on the driving frequency of thecpssor implementation.
The time base register consists of two 32-bit parts, the TBith¢ Base Upper bits)
and the TBL (Time Base Lower bits). Thereof, as the time basestexgcounts with

an increment of one every tick, the TBU is incremented by ohemthe TBL reaches
0OxFFFFFFFF.[7,596-597]

| TBU | TBL |

Figure 3. PowerPC Time Base Register, by IBM [12, 67].

Analogously, there exists a real-time clock (RTC) for the PGR\#Echitecture which en-
sures that certain amount of counts is done in a given pefitiche, such as a guarantee.
However, the very PowerPC G4 does not implement an RTC ,itaatli hence the TB
(time-base register) does not guarantee the exact pdtiogi@ccuracy. For instance, the
POWER RTC ensures that one count is done within the exact tih@addi instructions,
whereas the TB cannot be guaranteed in a similar fashiobB9g-597]

When the time base register overflows, there is no explicification as such. Never-
theless, PowerPC G4 provides mechanisms for generatingtemupt when the driving
frequency is updated and for finding what is that frequertays tallowing the operating
system to estimate time base calculations and timestanmesagens. [11, 37-39]

As a supplementary approach, the PowerPC G4 processoidgs@decrementer, which
is a register updated at the same rate as the time base réegigpelated. When the decre-
menter is supposed to go below the value zero, an exceptifiredswhich acts as an
interrupt for timing purposes. The decrementer is a 324dgister containing a signed
integer, whose values can be read into the general purpgstens using the instruction
mfdec Rx. [12, 67-69]
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6.2 Interrupts

As in most platforms, the PowerPC G4 processor providegakewechanisms for inter-
rupting the system, offering two different models, one fodeved interrupts and another
one for unordered interrupts. The PowerPC G4 processorsnaria coherent way, so
that the interrupting mechanism must respond to a modelraftspnization. Therefore,
the save/restore registers SRRO and SRR1 are used by the hafdwhre purpose. [12,
51-52]

Consequently, SRRO is set to point to the following instruciamich has all preceding
instructions completed, and where all the instructionscwifiollow after the one pointed
by SRRO are uncompleted. Furthermore, the instruction pbibjethe SRRO may be
completed or not. The PowerPC G4 supports four differerg tyfpinterrupt sources: a
system reset, a machine check, an external interrupt or remeater exception (timer
interrupt). [12, 51-52]

The MSR flag may be set to zero, meaning that the hardware etehplgnores the ex-
ternal and decrementer interrupts. In PowerPC, all intésrape considered of precise
nature, except the Imprecise Mode Floating-Point Enablexftion type Program Inter-
rupt. Moreover, for interrupt processing purposes, theiiinterrupt vector associated
with each type of interrupt, which keeps the list of instros to be executed when the
concrete interrupt takes place. Then, when an interrupirsgcthe processor state must
be saved in certain registers and the execution is resuntad atterrupt vector location
where it was stalled. [12, 51-54]

Briefly, the event of interrupting provokes the SRRO to be loasl#ld an address of exe-
cution dependent on the type of interrupt. In addition, tHeRVis modified so that certain
properties are affected in the hardware while treating tkeriupt. The PowerPC G4 in-
cludes a wide set of interrupt types for any general-purgofvare platform, where the
most common interrupt types arsystem reset interrupt, machine check interrupt, data
storage interrupt, data segment interrupt, instruction storage interrupt, instruction seg-
ment interrupt, external interrupt, alignment interrupt, programinterrupt, FP unavailable
interrupt, decrementer interrupt, system call interrupt, trace interrupt and performance
monitor interrupt. [12, 51-80]

Note: The PowerPC G4 interrupt facilities is something worthy &fbrther described
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in a technical paper. However, the constrains of this docirde not allow for detailed
documentation about each type of interrupt available irPiverPC G4 processor.

7 Special Features: AltiVec

AltiVec, although usually known also a&locity Engine, is a native vector extension em-
bedded in the PowerPC G4 (and other processors), which dgghe functionality by
adding a 128-bit vector execution unit able to work in palahd coherently with the ex-
isting PowerPC fixed-point and floating-point registersergfore, G4 processors are able
to perform up to 16 operations in one cycle period, which ghhi suitable for multime-
dia streaming and vector graphics calculations requirigh-bandwidth data transfers.
[13]

The vector execution unit therefore works in parallel witle tvhole G4 processor, be-
ing able to allocate vectors of 4, 8 or 16 elements long, déipgron the data size. The
operations defined for this vector unit are SIRJRAnd hence operations are performed at
once on several data elements in a single instruction. litiaddthe vector execution unit
includes a set of 32 128-bit registers where the data for li¥e& operations is stored.
In fact, the velocity engine provides an extension of thérutdion set for the PowerPC
architecture in order to facilitate the data processingteanusferring from a to its vector
storage registers. [14]

In contrast to the classical PowerPC RISC instruction togpglthe velocity engine pro-
vides an instruction anatomy consisting of up to three soaperands and an unique des-
tination operand, where all operands must be vector regidievertheless, the store/load
instructions may have a different structure, accordindpéirtnature and purpose, as well
as other few instructions with immediate addressing inetlid the instruction itself. [14]

Finally, it is of interest to mention that the AltiVec techagy introduces a set of 162
new vector instructions which may be classified in severaligs according to their pur-
pose: intra-element arithmetic operations, intra-eldmen-arithmetic operations, inter-
element arithmetic operations and inter-element noinaetic operations. [14]

By and large, SIMD stands for Single-Instruction Multifdata in Computer Engineering.
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8 Conclusions

Among this paper has been mentioned and remarked severaidsaf the PowerPC G4
RISC processor that are considered primary and of importandenterest. Moreover, it
has been spotted several times along the document thatris&aios of this report were
narrowing and, therefore, crucial details have been somestomitted in favor of abstrac-
tion and summarization.

Nevertheless, the PowerPC G4 processor has been roughdyedoon its main features
and wise conclusions may be evaluated after the analysksediethnology available in
this type of architecture. First, and as it was presenteldeabéginning of this paper, the
PowerPC G4 has been one of the most interesting alternativhe x86 architecture be-
tween 2000 and 2004, delivering the power of a RISC processoitie enhancement of
vectorial parallel processing (AltiVec). In fact, the x8pessor had to match this pace
by introducing SS@ for SIMD calculations.

In terms of performance and consume, PowerPC G4 procesawvestypically tent to
be of lower frequency and faster internal buses, which adveignotes high-performance
while keeping a low consume. Nonetheless, it is noticeabl® the contents of this doc-
ument that the PowerPC G4 processor may become more conopgberdram than any
other CISC processor, architecturally speaking. This cerigyl yields an argument for
the performance boost and the obviousness of lower freiggmoeaning less consume.

Aside, and turning to the results of the paper overall, thia@uis somewhat satisfied
about the acquired knowledge on the PowerPC G4 processavevdo, this paper only
presents some major points of the PowerPC G4 which need ttubied and discussed
further, in order to fully understand the PowerPC architextand G4 design as a whole
and its internal behavior and implementation. Thus, thb@us looking forward to fur-
ther tamper with such processor and discover which imprevescould be added to this
document in order to write a new revision with more technatgthils and observations.

10SSE stands for Simple SIMD Extensions, and it is a CPU-sideniglogy introduced in Intel architec-
tures in 1999.
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