Problem: design heat sink
for power hungry.chip.

IRk active masks; out: temperature.
Tiry & measure is net an option.
Simulationthas highreemplexity.

Design specific (reconfiguralsle)
hardware forecomputing heat flow.




Heat Equation

iT(x z,t) = ¢ d2+d2+d2
a0 i’ &7 dZ

p(x,y,z,t) 1s the external heat power.

jT(x,y, z,t)+ p(x,y,z,t)

dT 2
— = ¢V I'+P
dt
» Thermodynamics » Chemical kinetics

» Electromagnetic fields + Hydrodynamics
» RC circuits » Neutron diffusion
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Laplace Equation
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Solve in 3D: /T _ .
Linear: at
P(x,y,z,t) = > qo(x-k)o(y-1)o(z-m)o(t-n),
e - S g x by bz -me-n,

B L g ynn+0(x)0(r)0(2)0(1)
7 g3\X, )V, 2, Y

Isotropic: 9:(x,y,z,t) = g(x,2ct)g(y,2ct)g(z,2ct)

d d

(E—Czalxz)g(x,t) = 9(x)o(¢)
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Solve |4 . 4, . - axe()

in 1D: di  2dx’

g(x,t) = 0 for t<0, /‘\
g(x,0) = 0(x) fort=0, ot
g(x,t) =
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Discrete Model

1

I (n+J1.)At (’”f)m‘
qglk,n) = —— T (x,t)dxdt
AxAt = e

2

1 (n+1)At UH%)A
q k, n-—+ 1 e
( ) AxAt

nAt (k—%)Ax

At

qglk,n+1) = q(k,n)+ch2(q(k+1,n)—2q(k,n)+q(k—l,n))

j T(x,t+ At)dxdt

Ax® =

2¢c At

1

2

qglk,n+1) = —(q(k —-1Ln)+qg(k+ l,n))
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Finite Elements -

space

dT d’T| ™
_ — C >
dt dt
Ax> = 2cAt
qglk,n+1) = %(q(k—l,n)+q(k+l,n))
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Discrete Solution

3 B 1
ar - _ CdZT =0 = 1THo
dt dt 1 1
H(Z) — 5(\/;+Tj
Ax? = 2¢At -
p H(z) = l(z+2+lj
q(k,0) = 0, 4 z
qglk,n+1) = %(q(k—l,n)+q(k+l,n))
(o )
1) = k,n)z*"*t" 1
00 = 2, atkn: gem) = —| i
2
O(z,t) = 1+§(zl/2+2_1/2)Q(z,t) 2
kZ
gkn) ~ —=—e ¥
27N
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Numerical Errors

(o ) 1
1 1 2Td(64, 2x)
g(k,n) = Y n—k /{//F ; ﬂ“ e
. 2 ) 0.15 I
y K | Te(16,%)
atbm) = —ex A1
2nn

a1 T — ram
' | d(16x)

0e -+

ManLandh L,
AV \E\ﬁ& |

ZTa(64d,2x)-Td(16x)

Ta(16,x)-Tc[16x) -
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Finite Elements: 2D

1 __ I 1 __» 1 2 1

| "
X,),t) = = H, (x,y)t"
O(x,y,t) 1—tH,(x, y) ’% , (X, )

_ 1 x |y, 1
H,(x,y) = 4[\@+\/;+\/;+\/Ej
H,(x,y) = HMXH(y) = H(y)H(x)
H)' (x,y) = H'X)H"(y) = H"(y)H"(x)
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Image Convolution
Image convolution: 2D

T~ +2T° + T
+2T° +4T7%° + 2T
+T T+ 2T + T

1
7-n0+02 - 1~
16

3 load, 1 store, 8 add, 6 shift = 18 operations + 10 registers

Separable convolution: 1Dx1D

12 1 1
2 42| =1 21] ® |2
12 1 A

2x(1 load, 1 store, 2 add, 2 shift) = 12 operations + 3 registers
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System Architecture

Software |- BioV = xyz | Hardware
* Update: in-place
e SPU)
RAM * Does not touch pixels!
« Controls transfers: DMA, 1/O
D

* Regular pipe-line

* Pseudo-random generator data

« Bandwid

 Heat sources
 Heat sinks
 Heat mirrors

* At best: 2dV cycles/At

9/17/99

ol
E—T

2D

Digital Systems VI — Jean. Vuillemin@ens.fr 12



L] [ 2
Limit &L= TP (mroeD
[ ] L]
Conditions T~ 0 (roed. ol
o
Method of Images % 0. (ry2)eDUB
| 1 |
1 11 11
—1 0 1
e Heat mirror 1 2 | 0 1 2 1
1
Heat sink L2l
cat Sin 4 4 4
1 g | 14 8 1
+1 | — —
16 16 | 16 16 16
 Heat source 1 10 31 44+1 31 10 1
64 64 64 | 64 64 64 64
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Energy Invariant | - [ sGrzoddde

2

1 o =
l = — | e #dx
1 \/27Z'f j—w
qglk,n+1) = E(q(k—l,n)+q(k+l,n)) n
|
1 = — _
A n—k

2

How to split a bit?

 Truncating induces an energy leak, proportional to volume, and time!
e Each deterministic split induces parasitic stable solutions!

« Random walk solves the Heat Equation.

* Solution: Random Split!
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Data Path
Design =

Pipeline :*

Random
split =
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][] showrb: Design.tb _- B[
uIT Close | New | X-Sern | | > | 2> ltag 777aeck: +1 |

mulator

. Sam pg o
Interference

| 16 bits

-

<_
* Pseudo-random generator:
« CRC 64 bits
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