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Motivation

® Network-on-chip (NoC) is one of the most important
features in today’s computer architecture.

® Modeling and characterization of global interconnect is very
important.

® The deep submicron (DSM) technologies make it possible
to build high speed and high density global buses.

® Shrinking feature size leads to severe random variations in
circuit parameters.

® The goal of this paper is to optimize the interconnect
capacity by Geometric Programming (GP) under
parameters variations.
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Global Bus Structure (1/2)

® The global bus is modeled as a RC network:
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® The calculation of R, Cc and Cg follows PTM (Predictive
Technology Model) [,

[1]. Predictive TechnoP gy Model Website. [Online]. Available:
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Global Bus Structure (2/2)

® Deterministic transfer function:
H(s)=(G+sC)'B

® G: conductance matrix
® C: capacitance matrix
® B: input-output relationship

® Considering process variations, G and C matrices are
random with deviations from their nominal values:

H(s)=(G+sC)'B




Deterministic Capacity Model

® Output signal:

Py
® BER (Bit Error Rate):

Pey = p(Oll) — P(Vl <Vd) Peo = p(1|0) — P(Vo >Vd)

® Channel Capacity:
C= F( Py peo) @max | (X,Y)
® The capacity is deterministic.




Robust Capacity Model

® Considering parameter variations:

A pdf / |:| 1(s) = (é1+ Sél)_lB

|:| 2(s) = (é2+ Séz)_lB

|:| 1(s) = (é1+ Sél)_lB \

|:| 2(s) = (é2+ Séz)_lB
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Ho(s) = (Go+ SCO)_l B

H o(S) = (éo+ séo)‘lB

® Pe€'s are variational:
P = f(vvi’di’ti’h’weff , Leff)

® P€'s are not deterministic, so is the channel capacity:
C:r(vvi’di’ti’h’weﬁ’l-eﬁ)
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Robust Optimization Model

® Communication capacity optimization problem:

maximize C
Subject to p, <P

spec

Xin S X <X o
variables X =(w,t,d,h,W,;, L)
® finds the optimal nominal parameter values.
® maximizes the capacity with parameter variations.

® a BER constraint specified by the designers.
® upper and lower bounds for parameter variation.

® Standard GP formulation is required.




Standard GP Form

® Standard GP optimization problem:
minimize f_(X)

Subject to f.(x) <1, 1=12,...m
h(X)Zl, | :1121-"’ P
variables X

® The objective f,(X) is posynomial.
® The inequality constraints are posynomials.

® The equality constraints are monomials.
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Objective Formulation in GP

® Formulates the objective into GP form:
maximize C < minimize - C

® Converting a signomial objective into posynomial form:
® separates positive items and negative items:

minimize - C = f,,(X) - f,(X)
® introduces two slack variables:
f01(X) o foz(x) < U
fo(X) SU, < Tip(X) 4,
® translates into GP forms:
minimize U,
Subject to u;'f,(X)+u, >1
utf, (X)<1




Constraint Formulation in GP (1/3)

® Constraint function with parameter variations:

posy fitting K

p.=f(X) = D g d*t™h"WiLk <P
k=1

Spec

X=X+5X EE)  F(X)= f(X+5X)

® Use first-order Taylor expansion to further expand:
f(X+6X)=f(X)+V f(X)gx +6X - X)

_f(X) Zm(sx < Toee

® \We need to formulate the varlatlonal constraint into
deterministic function.




Constraint Formulation in GP (2/3)

® Variational constragint function:

f(X)+<V (X),0X> < P

%(X)+max{<V %(X),&X >}£ P,

!

spec

ec

® UE (Uncertainty Ellipsoid) :
Xo={ X, +P"2u| |ul <1}
® P is the covariance matrix.
® |ul| is 2-norm of u.

3(1\ X = Xe- X, =P




Constraint Formulation in GP (3/3)

® Howtogetridofu:
1/2
f(X)+max{<V f(X),P u>}£ P

Cauchy-Schwarz %,
Inequality
<ab> < |a]-[b|

f(X)+[V f PY2|Ju| < P,

® More slack variables to eliminate the p¥2 item.




Resulting Model in Standard GP Form

Minimize u
Subject to €% 'w ¥ed Ve MoV
NP | Wy Tyt <
AP WAL 44+, <P,
& Phr > <1
¢ Pg1,” <1
Xon SX<X

vaiables X=(wt,d,hW,L)uy,u,r,r,
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A Simple Example (1/2)

I . _/
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(w, 1) (w, 1)

® For this circuit, the channel capacity is:

VVO.Ol7| 0.008

o '[0'355 ho.344

® Thus, the optimization problem is formulated as:
VVO.017|0.008

t0.355h0.344
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A Simple Example (1/2)

® Formulated into standard GP form:
Minimize u
> t0.355h0.344u2

Subject to € PO °'°°8uzl <1

0.1415wW> 0.1415wW>>®

t 0.4089 h0.2307| 0.0319 + t 0.4129 h02339| 0.0435

+0L 4L < T
@ Par, > <1
T -2
2 P¢2r2 Sl
® Four slack variables u,, u, and ro, r, are introduced.

® Two slack vectors ¢1 and ¢2 are introduced.
® Covariance matrix is required.




Posynomial Fitting Result (1/3)

® The relationship between communication capacity C and
the geometric parameters.

3
C= Z Ckl . Wakltbkl d My, hnklw Piq qul

G a0 Dl Mo N Pado

k1:1 0.058 0.8906 1.0534 0.7870 0.9452 0.2087 -0.2747

k1:2 0.058 0.9089 0.8496 0.8109 0.7328 0.1895 -0.2747

k,=3 0058 1.1451 0.8021 0.6964 0.7611 0.1688 -0.2747




Posynomial Fitting Result (2/3)

® The relationship between error probability and the
geometric parameters:

3
pe _ Z Ckz ] Wakzt% d M, hnkZW Pk, qu2

_ Colac Do lmo N Podo

k,=1 00787 -0.2242 -0.1554 04345 -0.2424 11642 -0.4942

k,=2 00787 02970 -0.0985 -0.0257 -1.1651 -1.0235 0.1727

k2:3 0.0787 -0.5210 0.9972 -0.3799 0.7566 -1.7016 0.3541




Posynomial Fitting Result (3/3)

® The comparison of capacity generated by Monte-Carlo
simulation and that by posynomial fitting:
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Fitting Results on ISCAS Circuits
B A T R T T A

0.0542 0.0543 0.0572 0.0557 0.0170 0.0170 0.0377 0.0190 0.0737 0.0533
0.0542 0.0543 0.0572 0.0557 0.0170 0.0170 0.0377 0.0190 0.0737 0.0533
0.0542 0.0543 0.0572 0.0557 0.0170 0.0170 0.0377 0.0190 0.0737 0.0533
-0.4912 -0.4041 -0.0830 -0.4376 -1.0179 -1.0745 -0.7625 -1.3418 -0.3262 -0.5552
-0.5390 -0.3684 0.0617 -0.4795 -1.2549 -0.8886 0.7386 -1.2385 -0.3937 -0.3263
-0.4652 -0.3783 0.0678 -0.4024 -1.4898 -1.0841 -0.7493 -0.9636 -0.2482 -0.6264
-0.4504 -0.7878 -0.0411 -0.5337 -0.9958 -1.6494 -0.3728 -1.1074 -0.3651 -0.5600
-0.3959 -0.7702 -0.0410 -0.5271 -0.8728 -1.1704 -0.8717 -1.0696 -0.3577 -0.4677
-0.5719 -0.5081 -0.0285 -0.5121 -1.2031 -0.8219 -0.7846 -1.1500 -0.4263 -0.4636
-0.7463 -0.6669 -0.0709 -0.5507 -1.0752 -0.6566 -0.5917 -1.1810 -0.6731 -0.6031
-0.2827 -0.4014 0.0734 -0.5965 -1.1607 -1.1059 -0.5992 -1.3141 -0.5602 -0.5790
-0.6069 -0.5354 0.0778 -0.4431 -0.8472 -1.0403 -0.7751 -0.9822 -0.6747 -0.4310
-0.5430 -0.5580 -0.0620 -0.3671 -1.2120 -0.9397 -0.8879 -1.1503 -0.8414 -0.3874
-0.4874 -0.4542 -0.0689 -0.6759 -0.7573 -0.9212 -0.5013 -1.2699 -0.7494 -0.4835
-0.4150 -0.3072 -0.0436 -0.5372 -0.9588 -1.3188 -0.6621 -1.2014 -0.7699 -0.5852
-0.2069 -0.2744 0.5739 -0.0988 -0.5881 -0.5185 -0.3982 -0.6557 -1.3331 -0.1252
-0.1660 -0.5393 0.5484 -0.1084 -0.7120 -0.5732 -0.3573 -0.8963 -1.2701 -0.0992
-0.1968 -0.3483 0.4895 -0.1386 -0.8703 -0.6156 -0.5313 -1.1825 -0.6941 -0.1162
0.7785 0.7017 0.9947 0.7937 2.0873 2.2756 0.7580 2.3855 3.7865 0.6102
0.9914 0.8046 1.2464 0.8307 2.1327 2.0087 1.1471 3.1161 2.5294 0.8028
1.0955 0.8565 1.2215 0.5926 1.5581 1.6363 1.5164 1.6179 3.5287 0.9548




Optimization Results on ISCAS Circuits

-- C499 C880 C1335 | C1908 | C2670 | C3540 | C5315 | C6288 | C7552

12999 1.3000 0.7000 12999 12548 12438 1.0426 1.0545 12231 1.2165
12999 1.3000 12999 12360 12446 12519 12312 12492 12124 12184
12652 1.3000 0.7044 1.2/47 12520 1.2040 1.0717 12322 12249 12341
12737 13000 1.2/93 1.2/91 11653 12560 1.2097 1.0246 1.27/02 1.7680
0.7000 13000 0.7000 1.1449 11741 12006 12680 1.2397 1.2409 1.0906

12999 0.7000 0.7083 0.7000 0.7159 0.7114 0.6907 0.7816 0.7963  0.7008




Conclusion

® A theoretical optimization framework of global
Interconnect channel capacity considering geometric
parameter variations.

® A statistical interconnect communication capacity
model under parameter variations.

® A GP (Geometric Programming) based capacity
optimization methodology.
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