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The speakers and Ivan know everything there is to know about the
- CFPP. That must be something Ivan knows.
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- @ Sproull Pipeline Processor.
lf‘ {! Each stage communicates only with
Decode stages above and below it in the pipeline
and with memory or computing devices
3 -attached to the pipeline. At the bottom of
| cache retumn the pipeline a program counter inserts instruction
@ ca u addresses. The instruction fetch process converts
S 7P & these addresses into instructions that flow upward
o through the pipeline while results flow down.
| fetch Instructions carry source data values with them,

obtaining values from the downward flowing results of
previous instructions. The register file at the top of
the pipeline holds the results of previous instructions
that have passed through it.

Sun Microsystems Laboratories, Inc. October 1993
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Outline

Concurrency specification techniques
Weave

Simple snippets

Naked transitions

Examples

Examples from counterflow pipeline



Specification techniques

e State machines

e Traces, trace sets, trace structures
a, ac, aca, acagc, ...
Regular expressions
(ac)* U (ac)*a
Prefix closure
pref (ac)*

e Commands
concatenation: R;S

union: RUS
intersection: RNS
repetition: *[R]

projection: RIA
selection: RIS

weave: RIS



Weave: R||S

e  Synchronize on shared symbols
With no shared variables, get all interleavings

¢ Operation on traces, trace sets, or trace structures

Join: pref (*[a;c] || *[b;c]) or pref *[ (a|b); c]



Concurrency

e State machines usually explode
need to couple simple machines

e  Petri nets

express conditions on occurrence of an event
I-nets: transition = event

Join: pref *[ (alib); c ]



Snippets

e DPetri nets, related by a weave
e  Usually drawn as disjoint nets

Join:

Note that transitions within a net do not imply
synchronization.

Toggle: pref *[a;b;a;c]

r——-’

a
b
<




Naked transitions

e  Firing rule for Petri nets says naked transition is
always enabled

r ...no FSM
a I, IT, ra, ITr, ITa, rar

But

R

Expresses environment and module constraints
separately. We have found this to be a very valuable

property of snippets.



Example: RGD arbiter
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Example: Decision wait

Snippets reveal generalization to N-input
pref *[ (r0]|d);a0 | (r1f|d);al l...]
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Example: Bundled data FIFO

C x

Amplifiers with keepers

Switches a,b,c
a+ = close switch a
a— = open switch a




Example: Bundled data FIFO
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Example: Counterflow pipeline stage interface

Stage

Al? X PR?
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| State diagram of five-wire
arbiter in the cop.
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Latch Control Circuits

Ian W. Jones
5 November 1994
Sun Microsystems Laboratories

© Sun Microsystems, Inc. All Rights Reserved



Outline

e Micropipeline FIFO

e Latches

 FIFO Control Circuits:
— Medium capability
— Low capability
— Full capability

(M)

(S)
(XXL)
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Micropipeline FIFO Control Circuit
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Features we would like:

e Four phase data latches
e Announce Ro as soon as new
output data are available

¢ Observation by Charlie:
Latching does not change the
validity of the data, but
unlatching does



Outline

e Micropipeline FIFO
e Latches
e FIFO Control Circuits:

— Medium capability (M)

— Low capability (S)
— Full capability (XXL)



Ro Ao DATA out

Y S l[

=
Control
circuit G Latch
Ri Ai Data in
G+
G-
L

L+ causes latch to go opaque

G+ announces latch is opaque

L- causes latch to go transparent
G- announces latch is transparent



Interface behaviour: 2-phase signals
Ai Ri - Ao Ro

Latch behaviour: 4-phase signals

L+ G+ L- G-

Initiate latching: Initiaté unlatching:
Vg T
Data captured: New output data available:

' Ri Ri

Data flow
and storage:

Ro Ro
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Ri Ai

Note:

G+ must not
happen before
Ro

-0

Data Latches

Medium Capability Latch Control Circuit
(aka Simplified Charlie Box)
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Outline

e Micropipeline FIFO
e Latches
e FIFO Control Circuits:

— Medium capability (M)
— Low capability (S)
(XXL)

— Full capability



Additional circuit constraint: L+ follows Ro

L+ Ro

Additional environmental constraint: G+ before Ao

i.e. Receiver must be slower than the latching process.

Ao G+
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Low Capability Latch Control Circuit
(aka Oversimplified Charlie Box)
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Outline

e Micropipeline FIFO
e Latches
e FIFO Control Circuits:

— Medium capability (M)
— Low capability (S)
(XXL)

—~ Full capability

16 .



Ro Ao DATA out
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Control S
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L L

L+ causes latch to go opaque

W+ announces latch is no longer transparent
S+ announces latch is opaque

L- causes latch to go transparent

S- announces latch is no longer opaque

W- announces latch is transparent



Interface behaviour: 2-phase signals

Ai Ri Ao Ro

Latch behaviour: 4-phase signals

L+ W+ L- W-

Initiate latching: Initiate unlatching:

New output data available: -

Ri

Ro Ro

Data flow Ri
and storage:

18



Permit the latching
process to be aborted

Acknowledge input data either
when the data are captured

or when the acknowledge is
received from the next stage

2 tokens permitted



20 .



: \ R Note:
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