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Gol Components

Y(lo, pn) = (l1,n)
Y(lo, qn) = (o, n)
Y(ly,n) = (lo, pn)
Y(h,n) = (lo,gn)

¢(lo,n) = (I, pn)
o(li,n) = (l,qn)
@(lo, pn) = (lp,n)
(b, gn) = (l1,n)

d(l()9 <O’ n)) — (lla n) w = ()
d(lp, (i + 1, n)) = undefined
Aot = (o, 0, )) c(lo, {pi,n)) = (Iy, i, n))

lo, {(qi,n)) = (I», i,
o(lo, i, ), m)) = (L, <0, {j,n))) EEI(I) éz’q,ln;l)» = Ezi Zmn 2))

e sy, <, Gy = (o, G, ), n)) ey, i, n)) = (lo, {qi, n))
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Standard Gol Interpretation

O|Nx:Arx:A O|Nx:A;—Fx: A O|NAFAXM: A—oB

X X — Au .
—( - sl
O|NA#N FMN: B ©O|l—-+M:A O|NA#A" + let !xbeNinM: A
— AN/ M Nr—
A#N — A#N — 7|,

:rE]lM_

r_ L
J ;J ;)
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Geometry of Synthesis

I'-F:0 — 0 AFM:0
I''AFFM:0O

' M:6 I'-N:0
FI-(M,N):H’XH

— Elimination

X Introduction

FM:G®D —T'
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Imperative constants in GoS

| R1

DI

R2

D2

R

| D

>

seq . I — com ® com = com

| RI

>

'FORK }

DI

R2

>

A

D2

R

| D

>

par : I — com = com = com

while : [ — bool ® com = com
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Features of GoS
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Features of GoS

¢ finite state IAMs (cf Gol)
e esp.thediagonal 6:G— G® G

¢ synthesizable in hardware
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Features of GoS

finite state IAMs (cf Gol)
e esp.thediagonal 6:G— G® G

e synthesizable in hardware
“atomic” tokens (cf Gol)
e “routing” deduced from context
timing independent
e compatible with asynchronous (GoS || @ MFPS ‘10)
e compatible with synchronous (RA @ Concur ‘10)

full functional interface
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Limitations of GoS

> Ol [T ™

| RI

S| =T

DI

R2

D2

K N
] R |

| D

skip : [ — ¢
par : [ — com = com = com

ff(skip)) : c=c—c

parcc. com — com

Can’t be implemented finite-state.
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Solution: systematic replication

(A Az fz|| fz) (Ae.cl|c)
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(A Az fz|| fz) (Ae.cl|c)
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Solution: systematic replication

(A Az fz|| fz) (Ae.cl|c)

N

()\0162.61 ‘ ‘62)
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Solution: systematic replication

(AfAz. fr||fz)(Ac.cllc)

N

(Af1foAm1200374. fr122|| fo3zs)(Acica.c1]|c2)
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Type-directed transformation

Identity

r:0F1:0
'-M:0
D,x:0"-M:0
D,z:0,y:0F M0
C,x:0F Mlx/y): 6
D,x:0"-M:0
' M\Xe. M0 — 0
'-M:0—0 A o
' MN :6
' M, :0;
T'F (M, Ms) : 61 X 6

Weakening

Contraction

Abstraction

Application

Product

'-M+«0— 0 I"'EN:0
F)F/I_MN:H/
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Type-directed transformation

Identity

x:0Fx:60
I'EM:0
Dx:0FM:0
D,x:0,y:0+ M 0 Finets
ontraction
C,x:0F Mlx/y): 6 D0, y:0" - M:0
Dz:0'FM:6 Doz: 0™ Mz /y] : 0

Abstraction

Weakening

Contraction (new)

I'FXe.M:6 — 6 T M:0" — 6o I"E N -0

Application (new)

F|_M9—>9 F|_N(9 Application F,TL‘F/I_MNIQI
'-MN:0
Fl‘Mi:@f,; I'-M:@6 HSQ/

T F (M, M) : 01 x 05 | roduet T'FM:6f

Subtyping

THM:0— ¢ "' N:0
O.T'F MN : ¢
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Step 1: Inferring bounds

The key rules are for contraction
IMx:0",y:0+M:0»C
Cox:0"F Mz/y]: 0" » [T =T An >ni + no

and application

F|—M:(9]f—>(92>O A|_N:(91),>C,

' A'FMN:0,» |A<A|AT=T'|A
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Example

A f(f(z))

g : (com"® — com)"7 - g : com" — com p ny > 1 x:com™ Fx:compng > 1

f:(com™ — com)™ I f: (com" — com) B ng > 1 g : (com" — com)"7 x : com" F g(x) : com B ng > ng - ng

f:(com™ — com)™, g : (com" — com)™, x:com™ - f(g(x)):com P ns >ni-n7r Aneg >ni Ang >nj-ng
f:(com™ — com)",x:com™ - f(f(x)): com B na > ng + ns

FAfAx.f(f(x)) : (com™ — com)" — com™ — com) B true

Ng 2 Na+ns Ans > n1-nyAne 2 ni1 Ang = ni-ns
ANng >ng-NgAng>1An7 >1Anyg > 1

(n1 = 2)

UNIVERSITYOF g ¢
BIRMINGHAM &,




UNIVERSITYOF g ¢
BIRMINGHAM &,




Solving the system

e system is decidable and effectively solveable

e not all programs can type
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Solving the system

system is decidable and effectively solveable
e not all programs can type
“minimal” solution can be found

‘assume” bounds must be provided

® ‘guarantees” are inferred

generic solutions seem impossible
Aq.(Ag.g(Ax.g(qx)))(Ab.(Ak.((k(Au.w))(Al.((kb)
(At.(I(t skip)))))))(Av.Aw.wv))

m n n
: (com” — com” — com) — com,

which types only it m < 1. UNIVERSITYOF 4 !
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Step 2: Serialization

PFM:06,=T1'+M :6, 0, < 05

['= M : 60 = I' - subtypey 4, (M') : 02

Doz 0, y: 072 M:0x - - -
I:>F’,:131:6’1,...,a?n1 :91,y1:91,...,yn2 . 01 |—M/:92

D,z : 0772 = Mz /y] : 6-

|:>F/,£E1I(91,...,£L‘n1_|_n21E|_ -
M[:En1+1/y1] "o [$n1+n2 /yn2] : 02

FI—M:9711—>6’2I:>F’|—M’:9_717“—>6’2
A|_N:(91I:>A/|_N/:91

F,TLAFMNQQ —
= AL Ay B MU(NT[AL/AT]) - (NT[A, /AT]) 2 62
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Serializing constants

newvar : (var" — com) — com

= newvar, : (var" — com) — com

= newvar, : (var — --- — var — com) — com.
N\ e

n times

new x in C & newvar (Ax.C)

new3 x/, x2,x3 in C & newvar3. (Ax/.x2.x3.C)

UNIVERSITYOF g ¢
BIRMINGHAM &=




Example

g : (com? — com) - g => g : com — com — com | g r:com' -z 2 :comF

f: (com? — com)! - f g : (com? — com), z : com? I g(x)
= f3 : com — com — com F f3 > g : com — com — com, x1,x2 : com - g(x1x2)

f: (com? — com)!, g : (com? — com)?,z : com* - f(fz) = f3,9,9' : com — com — com, z1,x2,x),xh : com F f3(gr1x2)(9' T} xh)

f: (com? — com)3,z : com* - f(fz) = f3, f1, f2 : (com — com — com) — com, z1, T2, x|, x} : com F fs(fizx)(fozx)

Az . f(f(x)) = F Afsfofizizax]zs. f3(fizix2)(for)xs)
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Comparisons

f : com' — com.

Az f(fx):(com'—com)*—com'—com = \f1 faz.f1(fax)

Az fx; fx:(com'—com)' —com'—com = \fz.fx; fx
Afz. fz|| fz:(com'—com)’—com”—com

—> Af1[2T1Z2. [121; [222
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Comparisons

M. fx||fx
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Conclusions

GoS: functional interface synthesis

e focus on the interconnect

many h/o programs can be mapped to hardware

includes imperative and concurrency primitives (par, sem)
e can also handle control (exceptions)

timing-model independent

compiler to HDL (prototype, target FPGAS)

serialization akin to Kfoury’s linearization

recursion (ongoing, with A Smith, S Singh)

pipelining (ongoing, with A Smith)

CBYV, het’'geneous computing (ongoing, with H Thielecke)
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