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Skew, Dynamic
Variability, Non-Convex Programming,

Lagrangian
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Motivation (cont.) ntel)

e

Balance power and timing in both clock and data
for better global solution.




Lagrangian Relaxation intel)

* Proposed by C. Chen et al

* Exploits the nature of timing constraints to
reduce complexity

* Efficient, suitable for industrial design flows
(standard library with Vt/sizing).
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Gate Sizing by LR (inteD)

Objective =z max(0, —slack,) + a X Z power,

nesSeqnout ceCells

Subject to:

" Vi € Inputs: a; = const;

Yu - v: a, + delay,_, < a,
Vs € Seq: slacks < cycle + ag o — A5 q — setups]
_ Vo € Outputs:slack, < cycle — a, — const,

Setup constraints
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Gate Sizing by LR

Initialize
Multipliers

4. Size Gates
Objective; = Ay X delayy, ., +
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Clock Formulations (intela)

as q + setups — ag o — cycle
< —slack;

Qs clk + delayclk%q = as,q

As,d AS;CI

Objectivey = -+ + 2 (AS,q = As,d) X Qg + @ XZ power,

SESeq ceClock
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Clock Formulations (cont.) intel)

aS’Clk — delay@iela}’vew + N a s

Objectivey = -+ + Zdelayg X Z(/ls,q = )

g€Clock S€ELeavesg

Leavqu
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Clock Gate Sizing Algorithm

Initialize
Multipliers

Size Gates

Update Timing

Multipliers
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DP Algorithm (i@

Objectivey = --- +Z power, + Zdelayg X Ag
ceClock g€e€Clock

* Set of solutions per tree node n
" solution, ¥ (cap,,o0bjy)

* Pruning criterion
" cap, = capy NAobj, = obj,
* (differs from minimal delay objectives)

Vi |
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DP Algorithm intel.

* Gate sizing:

" CaPpew = Cgate
. ObjneW — Ob] -+ C(pOW@Tgate =2 Adelaygate

* Solution merge:
' CAPnew = Cap; + capy

‘ Objnew = Objl T Objr
* Leaf nodes: ﬂ
: Sn 3 {<CTU O>}
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Additional Considerations (intel‘)

VA
H Input slews

Side-load « Approximation

Approximation
+

convergence

+
convergence

D

G. Shklover, ISPD '12




Additional Considerations (intele)

N XN X... |
Exponential k-Sampling
number of O(max(k,L)kN)
solutions

A
“Cooling”
Convergence , | |
° delay) — delay;*'| < R**!
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Experimental Results intel)

* Reference: Separate optimization
Data sizing for given clock schedule
* Timing-preserving clock sizing

Ve

* Test: Simultaneous clock & data sizing

Same objective as above, but clock and data sized
simultaneously




Experimental Results (intele)

Total Slack Leakage CIkDPwr Total Power

Block ref new ref new ref new ref new

blockl -0.038 -0.044 2.26 2.10 2.07 1.77 4.33 3.87

block2 -0.051 -0.015 1.80 1.77 1.38 1.36 3.19 3.14

block3 -2.387 -1.902 6.59 6.22 5.51 5.18 12.10 11.40

. _ _ _ _ _ _ —2

Total Slack Leakage CIkDPwr Total Power )7

Block new ref new ref new ref new 2

Total -6.02 -4.03 60.88 58.03 33.32 31.52 94.20 89.55 &

PDTOURS 0.0 7 ~O. 179 D.01 D. Z.o5U Z0 7.92Z 735

block9 -1.075 -0 6.49 6.24 f 0.89 7.44 7.12

Useful skew: better timing, 7. Natively balances
lower gate leakage 2. clock power vs timing
2.8

blockl4 | -0.168 -0.072 2.57 2.51 1.78 1.70 4.35 4.20
blockl5 | -0.062 -0.063 3.10 3.02 2.33 1.97 5.43 499 B

Total -6.02 -4.03 60.88 33.32 31.52 94.20  89.55
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Summary (i@

* Extend traditional gate sizing to simultaneous
clock & data optimization

* Benefits of global optimization

Balances between useful skew, clock power and
data power

* Future directions:
Extend optimization objective
* Topological changes
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Convexity
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Convergence (intela)

Block

block1
block2
block3
block4
block5
block6
block7
block8
block9
block10
block11
block12
block13
block14
block15

Total

Total Slack
cooling off cooling on
ggig ggig Convergence control eliminates
oeds 1B overshoot while optimizing
0036 piecewise linear objective.
-0.166 -0.160
-0.153 -0.064
0.126  -0.118 0
-0.224 -0.211
-0.693 -0.535
-0.185 -0.083
-0.662 -0.553
-0.102 -0.118
-0.073 -0.032
-0.055 -0.053
-0.130 -0.052
-5.29 -3.92
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