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--- Duplicate and switch: PC, PSR, RegFile, Stack, Private data
--- Copy/Save/Restore state
--- Shadow registers, renaming

--- TLB content (separate page tables? or shared?)
--- hardware switch: thread ID labeled (TID)

--- MULTIPLE THREADS from MULTIPLE PROCESSES: PID + TID

--- Larger state to consider (page tables, file and 10 tables and buffers) O S .
--- Page Tables P

--- File and 10 tables and buffers
--- TLB and Cache content hd /kn own t
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Tagging by PID-TID
--- Multiple issue by thread

--- Context switch
--- per pipeline stage?
--- fill/drain?

--- Scheduling
--- by dataflow
--- independent threads
more ==> parallelism



Single threaded execution

Multi-tasking

---- Multiple concurrent execution
(not simultaneous)

---- Memory shared but separate (virtual)

---- CPU time-multi-plexed
--- cooperatively, pre-emptively, 10

---- Process context switching
drain/fill (pipes, caches, TLB, ...)

---- Extract ILP from single stream

---- Unused issue slots
---- pipeline bubbles/stalls

SMP, Symmetric Multi-Processing
---- Context switch per CPU

---- Simultaneous execution

--- multiple programs/processes/threads

---- ILP extracted per process
--- double silicon resources
--- same NOP density
==> Could speedup be > 27?

P
Prosum(: rogramR

ProjrmB

SESEE  ZZ|MEM
ceu {:ro»f\'-enx ----- 11
'Fe+c\v\J'Trac cuLej L = CPU
PfeJiZ‘“:'GV\I 0-0 ~ = 15508 width = Y
sched ul{nJ , renswnt E.Wnlm--j'//,- NOP
CPY back-end Eggggi

p|'pes,comw|'»+ E <__ ml\}es

iv\s"'( U(TL'(MS
Single-threaded CPU

Credits:

Introduction to Multithreading,
Superthreading and Hyperthreading
By Jon Stokes

w MEM

Single-threaded SMP



Multi-Threaded (Superthreading) TY

---- Goncurrent process scheduling
--- process context switching
--- cooperative, pre-emptive, ...

---- Single process, multiple thread execution

---- Time-multiplexed thread scheduling
--- from same thread
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---- Instructions issue from single thread

CPU

--- thread context switch

- in HW —sii
- per stage >y IC thresd
-- across stages Issue.
---- Execution slots filled <\
--- due to stalled threads é
--- filled from non-stalled threads = SLmre contexT
--- Lower density of NOPs - across shjes

Superthreaded CPU

SMT, Simultaneous Multi-(Hyper)-Threading

---- Concurrent Processes
--- context switching

---- Thread context switching
--- independently on different pipes
--- issue from multiple threads simultaneously

---- Average ILP = 2.5, empirically
--- max single-thread issue = 4 (here)
--- combined ILP ==> 4 .
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