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Outline

» Part 1. The Petrify Method

— Overview of the Petrify synthesis flow
— Specification: Signal Tranistion Graphs
— State graph and next-state functions
— State encoding
— Implementation conditions
— Speed-independent circuits

» Complex gates

» C-element architecture
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Signal Transition Graph (STG)
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Token flow
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Next-state functions
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Gate netlist

X=Z[(x+Yy)
y=2z+X
Z=X+Yylz
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Design flow
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SG with
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l Logic decomposition
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STG for the READ cycle
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Choice: Read and Write cycles
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Choice: Read and Write cycles
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Choice: Read and Write cycles
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Circuit synthesis

» Godl:

— Derive ahazard-free circuit
under a given delay model and
mode of operation

ASYNC2003 - Tutorial on Petrify Method and Tool 15

Soeed independence

» Delay model
— Unbounded gate / environment delays

— Certain wire delays shorter than certain pathsin the
circuit

 Conditions for implementability:
— Consistency
— Complete State Coding
— Persistency

ASYNC2003 - Tutorial on Petrify Method and Tool 16




Design flow

-
Specification
(STG)
l Reachability analysis
State encoding
SG with
CSsC
l Boolean minimization
Next-state
functions
l Logic decomposition
Decomposed
functions
l Technology mapping
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STG for the READ cycle
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Binary encoding of signals

lIDSE:
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Binary encoding of signals
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Excitation / Quiescent Regions
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Next-state function
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Karnaugh map for LDS
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Design flow
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Reachability analysis
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Concurrency reduction
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Concurrency reduction
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Sate encoding conflicts
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CSC+
Q @

Sgnal Insertion
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Design flow
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State encoding
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Complex-gate implementation

LDS=D +csc

DTACK=D

D=LDTACKIdsc

csc = DS [{csc+ LDTACK)

ASYNC2003 - Tutorial on Petrify Method and Tool 30

| mplementation conditions
—
» Consistency

— Rising and falling transitions of each signa
aternate in any trace

» Complete state coding (CSC)
— Next-state functions correctly defined

» Persistency
— No event can be disabled by another event
(unless they are both inputs)
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| mplementation conditions

» Consistency + CSC + persistency

J

» There exists a speed-independent circuit
that implements the behavior of the STG

(under the assumption that ay Boolean function
can be implemented with one complex gate)
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Persistency
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| mplementation with C elements
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* S(set) and R (reset) must be mutually exclusive
e Smust cover ER(z+) and must not intersect ER(z-) 00 QR(z-)
* Rmust cover ER(z-) and must not intersect ER(z+) [0 QR(z+)
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Assumethat R=ac has an unbounded delay
Starting from state 0000 (R=1 and S=0):

at;R-;bt+;a;ct+;St;d+;

|

R+ disabled (potential glitch)
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generalized C elements (gC)
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Speed-independent i mplementations Synthesis exercise
] ]

 Implementation conditions
— Consistency
— Compl ete state coding
— Persistency

e Circuit architectures
— Complex (hazard-free) gates
— C elements with monotonic covers
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ASYNC2003 - Tutorial on Petrify Method and Tool a4




Synthesis exercise
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Synthesis exercise
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A simple filter: specification

)
A, R, IN
y:=0;
loop
X := READ (IN); fi
ilter
WRITE (OUT, (x+y)/2);
y =X,
end |OOQ ] l @
AOLIt ROUIOUT
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A simple filter: block diagram

+ ————> OUT

IN X g "2 —
= RlIA Rl A R [As
A control [ R

out

*x and y are level-sensitive latches (transparent when R=1)

* +is a bundled-data adder (matched delay between R, and A,)
* R,, indicates the validity of IN

* After A+ the environment is allowed to change IN

* (Rou-Aoy) control a level-sensitive latch at the output
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A simple filter: control spec.

{ + :>OUT
IN ! X e B Y S—

R] [A, RI [A, R [A,

n—f control [= Rou

A simple filter: control impl.
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Control: observable behavior
— —
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Following dides borrowed from Ran
Ginosar, Technion (VLSI
Architectures course) with thanks
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Generalized C Element

b @72 set(z) =ab

reset(z) =b'c'
c
b reset c—
4‘:{3 z bﬂ

set

a a—

DYNAMIC (Pseudostatic)

STATIC

From Ran Ginosar’s course

ASYNC2003 - Tutorial on Petrify Method and Tool 53

STG Rules

-

 Any STG:
— Input free-choice—Only inputs may control the choice)
— Bounded—Maximum k (given bound) token per place
— Liveness—every signal transition can be activated

o STG for Speed Independent circuits:

— Consistent state assignment—Signals strictly alternate
between + and —

— Persistency—Excited non-input signals must fire,
namely they cannot be disabled by another transition
» Synthesizable STG:

— Compl ete state coding—Different markings must
represent different states
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* We use the following circuit to explain STG
rules:

req ———» 1 REQ

ack «—— ACK
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1-Bounded (Safety)

» STGissafeif no place or arc can ever contain more than
one token

» Often caused by one-sided dependency

- —_—-—

4 0) S,
req+ —— ack+ i REQ+—— ACK+ —
Z ack- <— reg- ZACK- +«—— REQ-+—

STGisnot safe;
If left cycle goes fast and right cycle lags,
then arc ack+ - REQ+ accumulates tokens.
(REQ+ depends on both ack+ and ACK- 2»
Possible solution: stop left cycle by right cycle
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Liveness

» STGisliveif from every reachable marking,
every transition can eventually be fired

O, reset- — reset_ok- —s()——sreq+ — ack+ ——

ack- +«—req- «——

* TheSTGisnot live:
» Transitionsreset, reset_ok cannot be repeated.
» But non-livenessis useful for initialization

Consistent state assignment

» The following subgraph of STG makes no
sense;

—— at+ —— at+ —

ASYNC2003 - Tutorial on Petrify Method and Tool 57 ASYNC2003 - Tutorial on Petrify Method and Tool 58
Persistency Complete Sate Coding
) )

» STGispersistent if for all non-input transitions once
enabled the transition cannot be disabled by another
transitions. Non-persistency may be caused by arbitration
or dynamic conflict relations — STG must have places

.— REQ+ —— ACK+ —
Z ack reg+ \®/ Q
o

req- +—— ack+ — ACK- +—REQ- «—

STG isnot persistent:
there is a place between reg+ and ack+ in which atoken
isneeded in order to fire REQ+ . Sothereis some sort of
nondeterminism — either REQ+ managesto fire before ack+ or not
Possible solution: introduce proper dependence of the left cylce
on the right one (e.g., an arc from req+ to REQ+, and from REQ+ to ack+)
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» STG hasa complete state coding if no two different
markings have identical valuesfor al signals.

req,ack,REQ,ACK: P
0000 11000, 1010
— ack- 5 reqt " REQ+—— ACK+ ——
1

0100 : 1 1011

1
—— req- < ack+ +=——IACK- +— REQ-+—
1100 \ 1000/’ 1001

N =

cdab oo 01 11 10

00 o QT Disaster!

01

11

10 4 60




Complete Sate Coding

» Possible solution: Add an internal state
variable

req,ack,REQ,ACK x:
7N
1100001 10100
— ack- o req++—REQ+—— ACK+—

/ /
-/

X- X+

/

—— reg- < ack+ 1ACK- REQ-
11001 10001
\ - 4
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Afaster STG?

)
* Doesit need an extravariable?
req+ REQ+ «——
@) O
ack+ ACK+
reg- REQ-
L ack- ACK- —
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STG specification in .astg format

. model sinple_buffer

.inputs r A

.outputs a R

. graph

# | eft handshake (r, a)
r+ a+

a+ r-

r- a-

a- r+

# right handshake (R A)
R+ A+

A+ R-

R A

A- Rt

# interacti on between handshakes
r+ R+

A+ a-

.mar ki ng{ <a-, r +><A-, R+>}
.end
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Drawn by dr aw_ast g

INPUTS: A
OUTPUTS: aR
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req,ack,REQ,ACK: _ req,ack,REQ,ACK: _
0110 1111 1001
- F*‘ ﬁr- F !ﬁa+ F - + - F !ﬁa+ F
\( 0111 1101 1000 \< 0111 1101 1000
a - - Jar R ar Ny
0011 0101 1100
R = A T
- a o
1001
R at
CSC-conflict states are
highlighted
65 66
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Rearranged STG The new Sate Graph...

. o
— reg+ REQ+ «— ~., T ,;;7;'__-7--‘*_*__—----:———._..
:Ll AéK+ ’
0O Cl- 0
| |
ack+ c2 .
l rto
reg- -
} | |
cl+ A(l:K-
c%— o c2+
L— ack- cO+ E—
Initial Internal State: cO=cl=c2=1
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The Synthesized Complex Gates Circuit Technology Mapping

INORDER = r A a R cscO cscl csc2;
OUTORDER = [a] [R] [csc0] [cscl] [csc2];

I NORDER = 1 A a R cscO cscl cscz; 2] - fol" A + csczs ¥ oate oAz conbinati ona
OUTORDER = [ a] [ R] [ CSCO] [ CSCl] [ CSCZ] ; [a] = a cscO' + [1]; ' # gate sr_nor: asynch
[3] = cscl'; # gate inv: conbi nat i onal
[a] = a (CSC2 + CSCO) + cscl' ; [4] = csc0' csc2' [3]'; # gate nor3: conbi nat i onal
[5] =[4]" (cscl' + R); # gate aoi 12: conbi nat i onal
[R] = csc? (CSCO (a + r) + R), [R =1[5]"; # gate inv: conbi nat i onal
. . [7] = (csc2' + a') (csc0' + A); # gate aoi 22: conbi nat i onal
[ CSCO] = c¢scO (CSCl + a ) + R CSCZ; [8] = csc0'; # gate inv: combi nat i onal
_ ' . [csc0] =[8]" cscl' + [7]"; # gate oai 12: conbi nat i onal
[CSCl] =T (CSCO + CSCl) ’ [cscl] = A (cscO + cscl); # gate rs_nor: asynch
—_ 1 ' ] 1 . [11] = R; # gate inv: conbi nat i onal
[CSCZ] = A (CSCO (CSC]' ta ) + CSCZ) ! [12] = cscO'" ([11]' + cscl'); # gate aoi 12: conbi nat i onal
[csc2] =[12] (r' + csc2) +r' csc2; # gate c_el enent 1: asynch
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The Synthesized Gen-C Circuit

INORDER = r A a R cscO cscl csc2;
OQUTORDER = [a] [R] [cscO] [cscl] [csc?];

Petrify Environment

write_sg '7@% petrify

[0] = cscO' cscl (R + A);
[1] = csc0 csc2 (a +r);
[2] = csc2' A
[Rl = R[2]" + [1]; # mappabl e onto gC
[4] = a cscl csc2'; draw_astg @
[cscO] = cscO [4]" + csc2; # mappabl e onto gC
[6] =r" cscO;
[cscl] = csclr' + [6]; # mappabl e onto gC I
[8] = A cscO' (cscl' + a');
[csc2] = csc2 R + [8]; # mappabl e onto gC @
[a] = a [0]" + cscl'; # mappabl e onto gC
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Petrify References
. .

 Unix (Linux) command line tool

« petrify —h for help (flagsetc.)

« petrify —cg for complex gates

e petrify —gc for generalized C-elements
e« petrify —tm fortech mapping

« draw _astg todraw

* Wite sg tocreate state graphs

* Documented on line, including tutorial
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» Seethe attached Practical Exercise manual
for various design examples using Petrify
commands

» Additional references:

— Petrify and all documentation can be downloaded from:
http://www.lsl.upc.es/~jordic/petrify/petrify.html

— J. Cortadella, M. Kishinevsky, A. Kondratyev, L.
Lavagno and A. Y akovlev, Logic Synthesis of
Asynchronous Controllers and Interfaces, Springer,
Berlin, 2002, ISBN3-540-43152-7
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