Pacallelism

Parallelism: execute multiple operations simultaneously

Some Types

--- Instruction-Level Parallelism ===> execute multiple instructions from same job (ILP)

--- Data Parallelism ===> operate on multiple data items from same job (SIMD, MIMD, SPMD)

--- Thread-Level Parallelism ===> execute multiple jobs but same program

--- Task-Level Parallelism ===> execute multiple jobs, multiple programs
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CR limited by slowest path.

--- Other, faster units could
be clocked faster.

--- But cannot because of
slow path.

--- Faster units waiting/idle.
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Amdahl's Law says attack the common case.
Every instruction faster w/ increased CR.

--- MULT chopped into k fast pieces.

--- More cycles for MULT, but faster CR.
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--- idle hardware in LAUNDRY unit
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For combinational logic:
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— We can't get the answer faster, but
' @ are we making effective use of our
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F & G are “idle”, just holding their outputs
stable while H performs ite computation
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The results assoclated with a particular inpit data
moves diagonally through the diagram, progresdgg
through one pipeline stage each clock cycle.
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Bad pipelini'l_g
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OBSERVATIONS:

* 1-pipeline improves neither
LorT.
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Pipellned Components

Flpelined systems can be
hierarchical:

* Feplacing a claw
combinational companent
with a k-pipe verslon may
Increase clock fraquancy

* Must account for new

plpeling stages In our plan
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Control Structure Alternatives
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Data Dependency Graphs and Pipelining

--- Entire algorithm is dependency graph

--- Data-Flow: nodes fire when inputs ready
--- Multiple jobs

--- High throughput

--- |Is parallelism as high as possible?

--- Does timing depend on data?
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Making 4n-bit multipliers from n-bit
ones: 2 “Induction steps”
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1-cycle MIPS processor

--- Harvard Architecture (two memories)

--- clocking PC initiates cycle
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Single Cycle Processor Performance

* Functional unit delay
— Memory: 200ps
— ALU and adders: 200ps
— Register file: 100 ps

e

= /0 sec

Instruction Instruction Register ALU Register Total
Class memory read operation write
R-type 200 100 200 100 600
load 200 100 200 200 100 800
store 200 100 200 200 700
branch 200 100 200 500
jump 200 200

e CPU clock cycle = 800 ps = 0.8ns (1.25GHz)
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Class memory read operation memory write
— 45% ALU
= 25% loads
R- 200 100 200 100 800
7~ 10% stores type
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° store 200 100 200 200 ( 700
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Pipelining Load jw

e Load instruction takes 5 stages
— Five independent functional units work on each stage

¢ Each functional unit used only once
— Another load can start as soon as 1°t finishes IF stage

— Each load still takes 5 cycles to complete }l }/ Jf b
— The throughput, however, is much higher wihen all 3 K.) ¢e o 5‘}
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W\&X out pipelin_g?
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