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Contents• Introduction
 • Registers & Factors Affecting Performance
 – Brad Kaus
 • Instruction Set & Addressing Modes
 – Rob Reinhold
 • Speed, RISC & Memory Map
 – Abhay Shah
 • Technologies Used & Role in the Marketplace
 – FJ Cotter
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Introduction
 • Early 1990’s creation of new POWER architecture
 • Need Performance, Production, & Low Cost
 • Changes:– PowerPC architecture had to permit a broader range of implementations that
 would work with low-cost controllers to high-performance processors, such as multiprocessors.
 – The design process had to be simple enough so that the microprocessors ran on a very short time cycle.
 – Minimize effects to avoid the disadvantages of aggressive superscaler implementations.
 – Introduce a 64-bit architecture to improve application performance. Finally, b
 – Be able to keep the increase cost of the new microprocessor at a minimum.
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Brad Kaus
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Registers
 • What is a register?
 • Types of registers.
 • Levels of registers.
 • Some of the registers found on the PowerPC.
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What is a Register?
 A register is a temporary-memory device used to receive, hold, and transfer data to be operated upon by a processing unit.
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Types of Registers.
 Computers typically contain a variety of registers. The two most common types of registers are:• General-Purpose • Special-Purpose
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General-Purpose Register
 General-purpose registers perform such functions as holding constants or accumulating arithmetic results.
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Special-Purpose Register
 • Special-purpose registers perform special functions, such as holding the instruction being executed, the address of a storage location, or data being retrieved from or sent to storage.
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Levels of Registers
 PowerPC processors incorporate two levels of registers:
 • Supervisor
 • User
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Supervisor-Level
 The supervisor mode of operation is used by the operating system and user mode of operation used by the application software
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User-Level
 • The user-level registers can be accessed by all software with either user or supervisor privileges.
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A Few Examples of User-level Registers
 • Condition register – Consisting of eight 4-bit fields this 32-bit register relays the results
 of such operations as, move, integer and floating-point compare, arithmetic, and logical instructions, as well as providing a mechanism for testing and branching.
 • General-purpose registers (GPR) – Consisting of thirty-two general-purpose registers, it serves as the
 data source and destination for integer instructions and provides data for generating addresses.
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A few examples of Supervisor-level Registers
 • Processor version register (PVR)– This is a read-only register that identifies the microprocessor
 version.
 • Machine state register (MSR) – Defines the microprocessor state by saving the contents within the
 microprocessor when an exception is taken then restores the contents when the exception handling completes.
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Factors affecting performance
 • New Features on the PowerPC microprocessor.
 • How the PowerPC microprocessor compare with the Pentium II.
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New Features
 • Three-register instruction format– reduces the number of instructions required for
 certain operations.– also allows the target register to remain distinct from
 the two source registers.
 • A second integer arithmetic and logic unit (ALU)– allows the microprocessor to execute two successive integer
 operations in parallel.
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Cont’d
 • Level 2 backside cache – advantage of having the Level 2 cache on the chip as oppose to on
 the motherboard, that requires the use of the system bus, is that it
 increases access time to the Level 2 cache. – the problem with using the system bus is that most PC’s use the
 system bus to access the Level 2 cache as well as the main memory, which in most cases results in conflicts.
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Cont’d
 • 64K Level 1 cache
 – 32K of instruction cache and 32K of data cache.
 – significant performance advantage over the previous generation of PowerPC microprocessors which only had an 8K Level 1 cache.
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Cont’d
 • 0.25-micron process– microprocessor consumes less power and runs cooler.
 – boost in performance.
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PowerPC vs. Pentium II
 • Quick Fact– Adobe Photoshop running on a 266-
 Mhz PowerPC G3 outperforms a 266-Mhz Pentium II by 1.5 seconds
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Rob Reinhold
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Instruction Sets
 5 catagories of instructions
 •Integer Manipulation
 •Floating Point Manipulation
 •System
 •Integer Memory
 •Floating Point Memory
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Instruction Sets
 27 Different types of instructions
 Example:• Floating-Point Arithmetic Instructions Instructions • Floating-Point Multiply-Add Instructions• Floating-Point Rounding and Conversion
 Instructions • Floating-Point Compare Instructions
 • Floating-Point Status and Control Instructions
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Instruction Sets
 Class ofInstruction
 Number ofTypes of
 Instructions
 TotalNumber ofInstructions
 IntegerManipulation
 4 49
 Floating PointManipulation
 5 35
 IntegerMemory
 5 56
 Floating PointMemory
 3 21
 System 8 46
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Addressing Modes
 •Real Addressing
 •Virtual Addressing
 •Segment Descriptors
 •Page Tables
 •Stored in buffer
 •Translation Lookaside buffers
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Abhay Shah
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Information about the 750 microprocessor
 • ”Now in copper."
 • Current microprocessor speeds:
 • 333 MHz, 350 MHz, 366 MHz, and 400 MHz
 • Significantly higher clock speeds
 • Lower power consumption
 • 32-bit architecture
 (www.chips.ibm.com/products/ppc/overview/).
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Motorola PowerPC 750 RISC Microprocessor Architecture Three layers to architecture
 User Instruction set architecture Describes the Base level instruction set Describes the User level registers Defines the Data types Describes the Floating point exception model Describes Memory models for a uni-processor environment Programming model for a uni-processor environment
 Virtual environment architecture Describes the memory model for a multiprocessor environment Defines cache control instructions Describes other aspects of virtual environments
 Operating environment architecture Defines the memory management model Describes the Supervisor-level registers Defines the Synchronization requirements
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The objective of the Architecture:
 • “The primary objective of these architectures [is] to be sufficiently simple so that implementations could have a very short cycle time, which would result in processors that could execute instructions at the fastest possible clock rate.”
 • If the objective is met, the processing time would be minimized; therefore, greatly increasing the processor speed.
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Feature CategoryArchitecturallyDefined/MPC750-Specific
 Feature
 2 32 bytes of effective address2 52 bytes of virtual address
 Address ranges Architecturallydefined
 2 32 bytes of physical addressPage size Architecturally
 defined4 Kbytes
 Segment size Architecturallydefined
 256 Mbytes
 Range of 128 Kbyte–256 Mbyte sizesBlock addressTranslation
 Architecturallydefined Implemented with IBAT and DBAT registers in BAT
 arraySegments selectable as no-executePages selectable as user/supervisor and read-only orguarded
 Memory protection Architecturallydefined
 Blocks selectable as user/supervisor and read-only orguarded
 Page history Architecturallydefined
 Referenced and changed bits defined and maintained
 Translations stored as PTEs in hashed page tables inmemory
 Page addressTranslation
 Architecturallydefined
 Page table size determined by mask in SDR1 registerArchitecturallydefined
 Instructions for maintaining TLBs (tlbie and tlbsyncInstructions in MPC750)
 TLBs
 MPC750-specific 128-entry, two-way set associative ITLB128-entry, two-way set associative DTLBLRU replacement algorithm
 Segmentdescriptors
 Architecturallydefined
 Stored as segment registers on-chip (two identicalcopiesMaintained)
 Page table searchSupport
 MPC750-specific SupportThe MPC750 performs the table search operation inhardware.
 Figure 1:http://www.mot.com/SPS/PowerPC/teksupport/teklibrary/manuals/750um.pdf
 Memory Use:
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Memory Map
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FJ Cotter
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Technologies Used
 • The laptop’s design incorporates many power saving features but one of the more innovative is the thermal assist unit (TAU) which allows sophisticated thermal management for high-performance portable systems.
 • Previous microprocessors measured the case temperature with an external sensor.
 • Solved by monitoring junction temperature through use of an on-chip thermal sensor and programmable control logic.
 • The two enables a thermal management implementation tightly coupled to the processor, for improved performance and reliability.
 • The TAU provides thermal control by periodically comparing the PowerPC’s junction temperature against user-programmed thresholds, and generating a thermal management interrupt if the threshold values are crossed.
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TAU Block Diagram
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Technology Used
 • advanced technology 0.25-micron manufacturing process
 • Around 1990, structures with dimensions of 1.0 microns were made available (Maxfield)
 • 1998, PowerPC has decreased this size to 0.25 microns and containing 6.5 million transistors
 • processor was recognized for performing Photoshop tasks in record time, and dramatically improving raster image processing (RIP) speeds
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Role in Market
 • Combination of Speed, Multimedia Capabilities, and Power Reduction
 • Play off-the-self DVD movie titles
 – DVD-ROM drive and an MPEG PC Card
 • "IBM and Motorola have achieved an excellent combination of high performance and low power with the PowerPC 750 microprocessor," said Linley Gwennap, editor of Microprocessor Report. "Its design advantages translate into outstanding application-level performance."
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Roll in Market
 • This processor delivers 30 to 60 percent better performance than previous PowerPC microprocessors for Macintosh, Mac-compatible and UNIX systems.
 • Enables customers to build powerful systems that take advantage of leading-edge multimedia and graphics applications.
 • Its high performance, low power consumption, advanced multimedia, and DVD player are all enticing features in the market place.
 • According to Macworld’s Buying Advice, “The new PowerPC is a good step forward for a product that was already at the top of its class and performance. For some high-end users, the DVD alone will justify buying a new PowerPC and passing your DVD-less notebook down the company food chain.”
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