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CSE 502:

Computer Architecture
Out-of-Order Schedulers
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DataCapture Scheduler
A Dispatch: read available

operandsfrom ARF/ROB, |-]
storein scheduler

A Commit: Missing operands m _
filled Iin from bypass

A Issue: When reagpperands
sent directly from scheduler
to functional units
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Components of a Scheduler

Method for tracking
state of dependencies
(resolvedor not)

| Method for

, choosing between
multiple ready
instructions
Method for notification competing for the

of dependency resolution same resource

Buffer for unexecuted
instructions
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0Schedul er Entrieso
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OReservation Stationso (RS)
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Scheduling Loop dvakeupSelect Loop

A WakeUp Part:

I Executingnsnnotifies dependents

I Waitinginsns check if altlepsare satisfied
ALT @& Sa3azinsturdtiqnS  dzLJé

A Select Part:

I Choose which instructions get to execute
A More than oneinsn can be ready
A Number of functional units and memory ports are limited
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Superscalar Schedul@dil of one entry)
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Interaction with Execution

Payload RAM
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Again, But Superscalar

i

Schedulecapturesvalues



Q\\\w Stony Brook University CSES502: Computer Architectur

Issue Width

A Maxinsns selected eachkycle igssuewidth

T Previousslidesshoweddifferent issue widths
A four, one, and two

A Hardware requirements:
I Naively, issue widtbf N requires N tag broadcastises
i/ Yy GaLISOAFTAT SE az2ys 27F

A E.g., a slot that only executes branches (no outputs)




Q\\\w Stony Brook University CSES502: Computer Architectur

Simple Scheduler Pipeline

A:| Select| Payload | Execute

DD

result |
tag broadcast broadcast:
enable |
B: Wakeu capture Capturel Select| Payload | Execute
on tag match ;
: tag broadcast
enable R
C: i Wakeug——caprre "1 Capture
Cycle | § Cycle i+1

Very long clock cycle
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Deeper Scheduler Pipeline

A- | Select| Payload

Execute

\tag broadca$:t

result
broadcast;

DD

. enable |
B: Wakeu —capture Capture
Select| Payload | Execute
\tag broadcas:;t \
. enabl |
C: Wakeup— gggturee » Capture
Select| Payload | Execute
\ ' \
Cycle | Cycle i+1 Cycle i+2 Cycle i+3

Faster, but Capture & Payload on same cycle
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Even DeepeBcheduler Pipeline

esult broadcast

.| Select » Payload » Execute | st
A . Y : and bypass
tag broadcast ; ;
. . enable A
B: Wakeu ~capture \\; Capture
Select » Payload \= Execute
C: Wakeu \ Capturel
tag match Wakeu |
on first tag match
operand on second | Select Payload
operand
(now Cisready) _ )
. : | No simultaneous read/write!
Cycle i Cycle i+1 . —— . C

®

¢

\ :=: Capture

Executg

Elei+4

Needsecondevel of bypassing
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Very DeefschedulePipeline @G

©

Payload | Execute @

A 4

A Select

y

A 4

B:| Select Select

Payload | Execute i 4 AA C andCA D must

be bypassed,
BA D OK without bypas§

\ 4

s

* AZB both Wakeu Capture

ready, only Select Payloa Execute

A selected, ; | | | |

B bids again: ' \ | |

D: e Wakeup—X: g e
Wakeu >

( Capture|
—Reayleae» Execute

Select

Cyclei | 1 | i#2 | 43 | i+4 | i+5 | i+6
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PipelineingCritical Loops

A WakeupSelect Loop hard to pipeline Reguar o Back
Scheduling to-Back

I No backto-back execute 6
I Worst-case IPC is Y2 é

A Usually not worstase © ®
I Last example had IP(C

Studies indicate 125% IPC penalty




