Lecture 8 ARM Processor Organization

¢ First ARM processor developed on 3 micron technology in ‘83-'85

¢ This course is mainly based on the ARM6/7 architecture developed
between ‘90-'95.

¢ Digital Equipment Corporation (now Compagq) developed the
StrongARM processor which has a very high performance.
¢ Recent developments are: ARM8 and ARM9E (1999), and a ARM

processor without clock - the asynchronous AMULET from U. of
Manchester (Steve Furber’s group)

Internal Organization of ARM
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Internal Organization of ARM (con’t) Pipelining

+ Data register holds read/write data e s &3
from/to memory

+ Instruction decoder decodes
machine code instructions to
produce control signals to datapath -

+ In single-cycle data processing
instructions, data values are read on
the A-bus & B-bus, the results from
ALU is written back into register
bank

¢ PC value in address register is
incremented and copied back to r15
and the address register - this

allows fetching new instructions ﬁ ﬁ
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¢ ARM uses a 3-stage instruction pipeline
< Fetch: fetch instruction code from memory into the instruction
pipeline
< Decode: instruction decoded to obtain control signals for the
datapath ready for the next stage

< Execute: instruction “owns” the datapath - register read;
shifting; ALU results generated and write-back

¢ Results for each stage stored in registers

¢ The consequence is that the clock period is much shorter than
without pipelining

instr. code | Inst. Fetch Decoder Datapath
Logic Logic Execution
clock
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Pipelining (con’t)

1 | fetch | decode | execute |

2 | fetch | decode | execute |

3 | fetch | decode | execute |
instruction

-

time

+ Atany time, 3 different instructions may occupy each of the the 3-
stages of pipeline

+ It may take three cycles to complete a single-cycle instruction.
This is said to have a three cycle latency

¢ Once a pipeline fills, the processor completes a single-cycle

instruction every clock cycle. Therefore the throughput is one
instruction per cycle.
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Datapath activity during data processing
instruction

SUB 10, rl, #128 LSL#3 ;r0:=rl-128*8 I

address register

o Subtract instruction — one operand is a ‘
constant

¢ Constant 128 encoded in instruction Rd PC
passes through barrel shifter to produce | registers

128*8

¢ ALU operates on the operands and writes
the result back to register r0

¢ PC value in address register is
incremented and coped back to r15 and
the address register
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