A faster STG?
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The SG

req,ack,REQ,ACK:

Drawn by draw_astg

INPUTS: r,A
OUTPUTS: aR 3

Note reverse colors

Drawn by write_sg & draw_astg

req,ack,REQ,ACK:




Extra states inserted by petrify

Rearranged STG

— req+ REQ+ «—

ACK+
c2-
RlEQ'

ACK-

c2+

Initial Internal State: cO=c1=c2=1

The Synthesized Complex Gates Circuit

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

[al] = a (csc2 + csc0) + cscl';

[R] = csc2 (cscO (a + r) + R);

[csc0] = cscO (cscl' + a') + R' csc2;
[cscl] = r' (cscO + cscl);

[csc2] = A' (cscO' (cscl' + a') + csc2);

:
The new State Graph...
,
9
Technology Mapping
INORDER = r A a R csc0 cscl csc2;
OUTORDER = [a] [R] [csc0] [cscl] [csc2];
[0] =R'; # gate inv: combinational
[1] = [0]" A" + csc2'; # gate oail2: combinational
[a] csc0' + [1]; # gate sr_nor: asynch
3] cscl'; # gate inv: combinational
4] csc0' csc2' [3]'; # gate nor3: combinational
(5] 4]' (cscl' + R"); # gate aoil2: combinational
[R] = [5]"; # gate inv: combinational
[7] = (csc2' + a') (cscO0' + A'); # gate aoi22: combinational
[8] = csc0'; # gate inv: combinational
[csc0] = [8]' cscl' + [7]'; # gate oail2: combinational
[escl] = A' (cscO + cscl); # gate rs_nor:  asynch
[11] = R'; # gate inv: combinational
[12] = csc0' ([11]' + cscl'); # gate aoil2: combinational
[esc2] = [12] (r' + csc2) + r' csc2; # gate c_elementl:asynch

The Synthesized Gen-C Circuit

INORDER = r A a R cscO cscl csc2;
OUTORDER = [a] [R] [cscO] [cscl] [csc2];
0] = csc0' cscl (R' + A);

1] = csc0 csc2 (a + 1);

2] = csc2' B;

[

[

[

[R] = R [2]' + [1]; # mappable onto gC
[4] = a cscl csc2';

[csc0] = cscO [4]' + csc2; # mappable onto gC
[6] = r' cscO;

[cscl] = cscl r' + [6]; # mappable onto gC
[8] = A' csc0' (cscl' + a');

[csc2] = csc2 R' + [8]; # mappable onto gC
[a] = a [0]' + cscl'; # mappable onto gC




Petrify Environment

draw_astg
e

Petrify

¢ Unix (Linux) command line tool
- petrify -h for help (flags etc.)
. petrify —cg for complex gates
- petrify —gc for generalized C-elements
- petrify —tm for tech mapping
. draw_astg todraw
- write_sg to create state graphs
¢ Documented on line, incl. tutorial
— See /ust/local_linux/async/doc/petrify

A safer STG?
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A safer STG?

The safer STG is a serial circuit

— req+ —— REQ+

l

ack+ «——— ACK+

req- —— REQ-

L— ack- «—————— ACK-

INORDER = r A a R;

OUTORDER = [a] [R];
[a] = A;
[R] = r;

regq—————— REQ

ack—— [ ACK

Yet another STG?

——req+ ———» REQ+ «——

° l l °

ack+ ACK+

l l
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l |

L— ack- «———— ACK- —




Yet another STG?

Output Handshake First

— req+

ack+

reg-

L— ack-

l

ACK+

REQ-

ACK-

REQ+ «——

Still a serial controller

Synthesis

INORDER = r A a R csc0;

OUTORDER [a]l [R] [cscO];

[a] = csc0 A'; # gate
[R] = r csc0'; # gate
[2] = A' (csc0' + r'); # gate
[cscO] = [2]'; # gate
a A

r R

and2_1:
and2_1:
aoil2:

inv:

combinational
combinational

combinational

combinational

A different STG

——req+ ———» REQ+ «——

.l/l.

Redundant, l l
will be ignored
by petrify

req- REQ-

T |

L— ack- ACK-  —




A different STG

Synthesis

INORDER = r A a R;

OUTORDER = [a] [R];
[al = R;

[1] = A";

[2] = r' A;

[R] = R [2]' + [1]; # mappable onto gC

DR = R(Ar’)’+A’r = R(A’+r)+A’r = A’r + RA’ +Rr

A

—4C)1=R

Latch Control

reg—— I REQ
Data-less fifo:
ack— “— ACK
regq—— —— REQ

Latch: ack— ] —— ACK
e ;
Enable 1 Enable=0
[ transparent

—
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Constraints on sequence of events

» Must keep input data available until after it
is latched

* Assume input data available only when
req=1

* Once ack+, req- (and input data invalid) can
follow very fast

* Lt+ before ack+

Latch Control: STG Fragments

— regq+ req+ ACK- | | reg- ACK+ REQ+ «—
Y l \ / \ / l [ ]
ack+ REQ+ REQ- ACK+
reg- Lt+ Lt- REQ-

L ack- ack+ ack- ACK-

Latch Control: Combined STG

— req+ > REQ+
° l / Lt+ l °
ack+ 7 ACK+
req- = REQ-

| e
L
L ack: ACK-




Latch Control: Combined STG

Acut-

INORDER Rin Aout Ain Rout Lt;

OUTORDER = [Ain] [Rout] [Lt];

[Ain] = Lt;

[1] = Aout' Rin;

[2] = RAout Rin';

[Rout] = Rout [2]' + [1]; # mappable onto gC

[Lt] = Rout;
SR = R(Ar’)’+A’r = R(A’+r)+A'r = A'r + RA’ +Rr

A

r . =R

MUX Control

* So far all examples are doable “by hand”

¢ A deceptively simple example:
Control for 4-phase bundled data mux

Handshake MUX | |

Inodata — > H

\ ' > OutData
no In1Data !
Out >E ! - H

In1

<

cil InOReq — =]
In0Ack ~<——

s OutReq
IntReq —— =] [<—— OutAck
IntAck <—— :

Gl GliReq CliAck sl

4-phase Bundled-data Mux

* We have already drawn this (dual-rail control):

X

y
— ctl.f
X - z ctl.t
A
I x-ack
x-req
ctl ctlf
ctl.t
y-req
y-ack
ctl-ack
Easier to start with the dual-rail control 35

The environment

¢ Four independent environments (rCf, rCt share aC)
* Must not specify any dependency by mistake:

r0+ r+ o> rCf+ > rCt+ R+
o e . . . ,
a0+ al+ aC+ aC+ Af
0- - | fCh- . rct R
a0- al- - aC- - aC- A-

In0 In0 Ctl.f Ctl.t Out 36




The control

* A+ must precede a0+ or al+ (make sure data
passed through and were captured)

¢ In0 and In1 handshakes must be made MUTEX
* Choices are matches with Merges

— T
rCt+ —sr1 +\ " al+ rCt-\
M R --»AC+ ®
rCf+4>r0+{ e rCt-
> a0+

——* Duplicate arrow

O Input Free Choice 10
(O Controlled Choice
O Merge 38
mux.gc
* Replicated transitions:

R+, R+/1

¢ Inserted state variable to
retain In0 vs. Inl info

Compact state graph

Mux Control Synthesis

INORDER = r0 rl rCf rCt A a0 al aC R csc0 cscl;

OUTORDER = [a0] [al] [aC] [R] [cscO] [cscl];

[0] = r0 csc0;

[al] = cscl rl;

[2] = cscl (A + csc0);

[3] = rCt' rCf' cscl';

[aC] = aC [3]' + [2]; # mappable onto gC
[R] = a0' csc0' cscl r0 + cscO cscl';

[6] = a0' cscl A r0 + cscl' rl A';

[7] = aC (x0' + a0);

[csc0] = cscO [7]' + [6]; # mappable onto gC
[9] = xO A' + csc0 A;

[10] = r0' esc0' rl';

[cscl] = cscl [10]1' + [9]; # mappable onto gC
[a0] = a0 r0 + [0]; # mappable onto gC




Another Mux (4p ctl, bd) (Fig 6.24)

SG for the Fig 6.24 mux

All-bundled Mux Synthesis

INORDER = InOReq OutAck InlReq Ctl CtlReq InlAck InOAck OutReq
Ctlack csc0;

OUTORDER = [InlAck] [InOAck] [OutReq] [CtlaAck] [cscOl;

[InlAck] = OutAck csc0';

[InOAck] = OutAck cscO;

[2] = CtlReq (InlReq cscO' + InOReq Ctl');

[3] = CtlReq' (InlReq' cscO' + InOReq' cscO);

[OutReq] = OutReg [3]' + [2]; # mappable onto gC

[5] = OutAck' csc0;

[CtlAck] = CtlAck [5]' + OutAck; # mappable onto gC

[7] = OutAck' CtlReq';

[8] = CtlReq Ctl;

[csc0] = cscO [8]' + [7]; # mappable onto gC

Following slides borrowed from Jordi Cortadella, UPC

A simple filter: specification

A, R, IN

in fin

y:=0;

loop
x :=READ (IN);
WRITE (OUT, (x+y)/2);
yi=x

end loop

Ao R OUT




A simple filter: block diagram

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
*(R,,,A,,) control a level-sensitive latch at the output

A simple filter: control spec.

ouT

R+ R+ R+ R+ R+
| | | | |
A+ A+ Ay+ A+ Ayt
R,I“ R!- ¢ R!- Rl R,
/\l )!— ylv' ;If A<|m| 50

in”

A simple filter: control impl.

R A A, R R, A

L y Y 1

Rou
R+ R+ I{}+ R+ Ryt
| | | | |
At A+ Ay+ A+ At
R UL N I
S L L

Control: observable behavior

R A, AR R, A,

ity

Rlll+..-‘\uf

A-—R-
R+ /\ Rz " A
T4y TSR —AT

S Ro—AS

A+=—R +=—A+—R  +=——A +——7z+=——R -—A

out

—R+

out”
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