EENG 426/CPSC 459/ENAS 876

Silicon Compilation

Non-deterministic selections

Computer Systems Lab

http://csl.yale.edu/"rajit

Fall 2018

Yale AVLSI

Manohar EENG 426: Silicon Compilation Fall 2018 1/16



Arbitration

Consider the following CHP program:

*[[X — X7x
Y — Y?x
1;

Zlx

]

When X and Y are both true, we have to pick one of them and
execute the appropriate branch of the selection statement.

Arbitration is the mechanism that picks one of two alternatives,
deciding which alternative came "first.”
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An arbiter is the following process:

Arb(a, b, u,v) = *[[a — ut; [-al; ul
| b — vT; [=b]; v
1]

The process does a handshake on (a, v) and (b, v).
Suppose we try and write production rules:

aN—v — ut
—aVvv — ul

bA—-u — vt
-bVum— v]
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To make the circuit directly implementable, we flip the sense of
variables u and v.

aN_v — _ul
—aV-v — _ut

bA_uw— _v|
=bV-uwr— vt

= cross-coupled NAND gates.

What happens if both a and b go up at the same time?
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The signals will separate eventually; however, we don't know
how long it will take. It is impossible to have a circuit that
decides which input switched first in bounded time.

Prltime > t] = Ae™t/™

Note: the average time taken for signals to separate is bounded.

Since our circuits are asynchronous, we can wait until the
signals separate.
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The output of the cross-coupled NAND gate is connected to a
filter circuit that waits for the signals to be separated by a
threshold voltage.

(Note that the CMOS circuit is indeed weakly fair!)
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Arbitration

Simple example:

*[[A— X:A
|B—Y:B
1]

Handshaking:
x[[ai — xoT; [xi]; aoT; [—ail; xol; [-xi]; aol

| bi — yot; Lyil; bot; [=bil; yol; [—yil; bol
1]
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Arbitration

Introduce new variables v and v:

*[[ai — ; xoT; [xi]; aoT;
[—ail; ; xol; [=xi]; aol
| bi — pyol; Lyil; botT;
[-bi]; ;yol; [—yil; bol
1]

The idea is to introduce the output of the arbiter into the

handshaking expansion. The next step is to decompose the
arbiter out of the handshaking expansion.
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Process factorization

Idea: “factor out” an arbiter!

After process factorization:

*[[ai — [—ail;
| bi — [—bi];

1]
|
*[[u — xof; [xi]; aoT; i xol; [—xi]; aol
lv — yot; Lyil; bot; s yol; [—yil; bol
1]
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Manohar EENG 426: Silicon Compilation Fall 2018 9 /16



Process factorization

Production rules:

—=bo A u — xof
xi — aot

(boV)—u +— xol
-xi — aol

—ao A v — yoT
yi — bo?t

(aoV)—v — yol
-yl — bol
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Arbitration with multiplexing

CHP Program:

*[[A— S A
|B— S:B
1]

Decomposition:

*[[A— P; A
|1B— Q;B
1]
[
x[[P— S;P
1Q— S Q
1]
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Arbitration with multiplexing

Yale

Handshaking:

*x[[pi — sot; [sil; pot; [—pil; sol; [—sil; pol
Dgi —> sof; [sil; got; [=qil; sol; [—sil; gol
1]

Production rules:

pi VvV qi — sot siANgi — qof
—pi A —qi — sol (—gin)—si — gol

si A\ pi — pot

(—piN)—si — pol
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Negated probes

Consider the following CHP program:

*[[X NS — Sltrue, X
|-X A S — Slfalse
1]

This program determines the current value of the probe.
S determines when the probe is evaluated.

@ Why a thin bar?!
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Negated probes

Assuming the channels are passive, we get the following
handshaking expansion:

*[[Xi A Si — Sto?; [=Si]; Stol; Xot; [=Xi]; Xol
| =Xi A Si — Sfo?; [—Si]; Sfol
1]

Since the CMOS implementation of a two-way arbiter is weakly
fair, we can implement this HSE with the following:

*[[Xi — [Si]; StoT; [-Si1; Stol; Xot; [-Xi]; Xol
| Si — Sfot; [-Si1; Sfol
1]
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Negated probes

Introduce arbiter variables:

*[[Xi — [S5i1; Stot; [—Si]; Stol;
Xot; [=Xil; Xol
|Si — Stot; [-Si]; Sfol
1]

Apply process factorization:

*[[u — [Si1; Stot; [—Si1; Stol; Xot; [—ul; Xol
lv — Sfot; [-v]; Sfol
1]
Arb(Xi, Si, u, v)
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Negated probes

Reshuffled HSE:

*[[u — [Ei]; Etot; [—Ei]; XoT; Etol; [-u]; Xol
lv — Efot; [—v]; Efol
1]

Production rules:

ulN _XoANEi — _Eto] Xo — _Xo|

-_Xo — _Etot -Xo — _Xot
XoAv — Efol u— _ul
-v — Efo? —u — _ut

—_uAN-_EtoN—-Ei — Xof

_uN_Eto — Xol
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