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Why Transience / Fluctuation Minimization ?

s To reduce power supply noise
s To reduce cross-talk and electromagnetic noise

s To increase battery efficiency

s To increase reliability



Related work
(Energy efficient scheduling using voltage reduction)

® Chang and Pedram 1997 — Dynamic programming

® Johnson and Roy 1997 — ILP based MOVER
algorithm using multiple supply voltages

® Lin, Hwang and Wu 1997 — ILP and heuristic for
variable voltages (VV) and multicycling (MC)

® Mohanty and Ranganathan 2003 — Heuristic based
using multiple supply voltage and dynamic clocking



Related work
(Peak Power efficient scheduling)

Martin and Knight 1996 — Simultaneous assignment
and scheduling

Raghunathan, Ravi and Raghunathan 2001 — data
monitor operations in VHDL

Shiue 2000 — ILP based and modified force direct
scheduling for peak power minimization

Shiue and Chakrabarti 2000 - ILP model to
minimize peak power and area for single voltage




Dynamic Frequency?
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DCU uses clock divider strategy

More details:
*Ranganathan, et.al.

*Byrnjolfson and Zilic




What is our approach?

Adjust the frequency and reduce the supply
voltage 1n a coordinated manner to reduce various
forms of dynamic power while maintaining
performance, through datapath scheduling during
behavioral synthesis.



Target Architecture

FU, 3.3¥
- MNo
Level Level
| Converter Converter
FU, 5.0¥ FU, 2.4¥

L Each functional unit has one register and one multiplexer.

U The register and the multiplexor operate at the same voltage level as that of the
functional units.

WLevel converters are used when a low-voltage functional unit is driving a high-
voltage functional unit.

dOperational delay of a FU : (dgy; + dy T dree T Aeony)-

Reg

Assumption

s Time for voltage conversion is equal to time for frequency change.

“*Controller has a storage unit to store the cycle frequency index (cfi.).



Frequency Calculation from Delay Model

m [et d, be the delay of a control step c. Then, the base
frequency (f,..), the cycle frequency index (cfi.), and the
cycle frequency f, are

i = Lde/dE" | 7 f base
ﬂf c T |7 2T -‘ 2 f-l: — {:f':lc
1/ frmin
fl'.'l'-llﬂﬂ — {L ll;fj JJELJIr

= Where,d;""= minimum (d,) for all ¢, L,= number of allowable
frequency levels, n 1s an integer chosen such that cfi_ 1s closest
integer greater than or equal to [d./d;""]

s The scaled down operating frequency of a functional unit can
also be calculated using the same formulae 1if d_ 1s replaced
with the operational delay of a functional unit.



MPG Minimization

Aim: to provide ILP-based model to minimize mean
gradient of the power profile of the DFG over all control
steps.

Two different design options: MVDFC and MVMC

The mean power gradient (MPG) 1s modeled as mean of
the cycle-to-cycle power gradient.

MPG serves as a measure of the total power fluctuation of
the DFG over all the control steps.

MPG is a non-linear function due to presence of absolute
function.

Non-linear programming may be more suitable, but will
result 1n large space and time complexity.



MPG Minimization: Modeling

Background Material
For a set of n observations, Xx;, X,, X3, .....X,, {rom a given

°o e n,

distribution, the sample mean (which i1s an unbiased estimator
for the population mean, p)is m= 1/n 2. x..

The observation-to-observation gradient 1s defined as Ax, =
XX -

The mean gradient of the observations 1s given by MG = 1/n
% XX .
We model the power gradient for control step ¢, PG_, as the

absolute difference of cycle power P_ from the previous cycle
power P_ ;.

The mean power gradient MPG is the mean of the PG, over all
control steps.



MPG Minimization: Modeling ...

Power gradient for a cycle c, PG, defined as the absolute
difference of cycle power from previous cycle power.

PGC :|Pc B Pc—l |(for all c =2 to N)
Peak of the power gradients PG,: Maximum of power
gradients of all control steps.
PGp = maximum (PGC) - |Pc - Pc—l |(for all c =2 to N)

Mean power gradient MPG: Mean of the power gradients of all
control steps.

MPG = ﬁZ;;gPGc
N
— ﬁZc:2|Pﬂ_Pc—l|

NOTE: The complete description 1s obtained after inserting the
capacitance, switching, etc. parameters as done in the previous
chapters.




MPG Minimization: ILP Formulation

MVDEC Design Scenario

» Objective Function: Minimize the MPG for the whole DFG over
all the control steps.

Minimize : w7 SN, |P.— Py

The absolute 1s replaced with sum and the appropriate constraints.
Minimize : ﬁ Z;—g (P + P._1)

Subject to : Power gradient constraints

After simplification Minimize : ﬁ Ef_}l P.+ P+ Py

Subject to :  Power gradient constraimnts
e N-1
Mimmize (NL_I) zc—:g Z'EE!'I#.:U Zu Zf Ii1ﬂ,w,fP{C.5“1JJ-in v, f} T EfEIr},v E.;-_J Ef Ii.ll..r;,fp[csmiaﬂ*. /)
t Zz’EFk,v Zv zf 'T‘?':Nav,fp{cswﬂ v, f)

Subject to :  Power gradient constraints




MPG Minimization: ILP Formulation ...

d The Uniqueness Constraints, Precedence Constraints,
Resource Constraints, and Frequency Constraints are also
formulated.

1 Power Gradient Constraints : To eliminate the non-linearity

introduced due to the absolute function introduced as, for all c,
2<=c<=N,

'.) _: } _: ‘/" _:-Tt',c,v,f * P(Coupisv, f)

iEFk"L u jF

T TTT?ﬂ—lﬂf*Pffﬂﬂun“ .-rj {P(_T

7‘:__,"_']_ 1] L

1 NOTE: The unknown PG is added to the objective function
and minimized alongw1th it.



MPG Minimization: ILP Formulation ...

MVMC Design Scenario

¢ Objective Function: Following the same steps as in the
MVDEFC case 1n terms of decision variables we write,

Minimize : (_Ngzl) Eﬂ;l Eie}a'k_,ﬂ 2 v yé,w,£1{1+1..=-11;—]_]P(Gsiui, v, f)
+ Zie‘".ﬁ:,ﬂ E'U Zf yii'*-f'.]--.]-P{CSﬂ}i?‘”! f]
+ Zief"ﬁ:,ﬂ E'U Z_f yi1ﬂ1N1_ﬁU'P[CS1u-E_, ?.’1, f}

Subject to : Power gradient constraints

» The Uniqueness Constraints, Precedence Constraints, and
Resource Constraints, and are the same as before.

*» Power Gradient Constraints : To eliminate the non-linearity
introduced due to the absolute function introduced as, for all 1,

2<: 1 == N’ Z"':'Ef"k:u EU Yiwl(I+L; v—1) * P[Gﬁufi:”afdk}
= DoicFy, 20 Yiw (1-1),(1+Liw—2) ¥ P(Cowis v, far) < PGy




MPG Minimization: Results

Notations used in describing the results

MPG g : the mean power gradient (in mW) for SVSF operation

MPGp : the mean power gradient (in mW') for MVDFC operation

M PG : the mean power gradient (in mW) for MVMC operation

Pog : the peak power consumption (in mW) for SVSF operation

Py . the peak power consumption (in mW ) for MVDFC operation

Pt : the peak power consumption (in mW') for MVMC operation

FP,s . the average power consumption (in m W) for SVSF operation

FP.p : the average power consumption (in mW) for MVDFC operation

FPyr . the average power consumption (in m W) for MVMC operation

Ts : the critical path delay (1n n.s) for SVSF operation

Th : the critical path delay (in n.s) for MVDFC operation

T . the critical path delay (in ns) for MVMC operation

PDPg : the power delay product (in n.J) for SVSF operation

PDPp : the power delay product (in nJ) for MVDFC operation (= Py * Tp)

PDP . the power delay product (in nJ) for MVMC operation (= Py * Tar)

AF . pereentage peak power reduction for MVDFC operation (= m’—t%ﬁ’ﬂl * 100)
APy : percentage peak power reduction for MVMC operation (= —@ * 100)
APDPp  : percentage PDP reduction for MVDFC operation (= {PDI;ED Ij: Dﬁ”j + 100)
APDP;,; : percentage PDP reduction for MVMC operation (= \PDP A5 I‘i:fp M), 100)

Number of Voltage Levels = 2 (2.4V and 3.3V)
Number of Frequency Levels = 3




MPG Minimization: Results ...

R1: Multipliers (2 at 2.4V and 1 at 3.3 V) ALUs (1 at 2.4V and 1 at 3.3V)

R2: Multipliers (3 at 2.4V) and ALUs (1 at 2.4V and 1 at 3.3V)
R3: Multipliers (2 at 2.4V) and ALUs (2 at 3.3V)

MPG Estimates (imI}) Peak Power (%) | Average Power (%o) PDP (%)
MPGg | MPGp | AMPGp | MPGy | AMPGy | AF,, | AR, | AFp | AF,y | APDFp | APDFy

1 2 3 4 3 ] T i d 10 11 12
e | 842 211 7494 3.96 2022 73.61 ( 72.80 1291 54 .58 0
x| 84! 211 1494 391 2910 j361 | 2083 | 7280 11.56 3433 I
p| 84) 206 13.33 117 14.23 1361 | 472 | 711! 30.68 33.36 I
fl| 426 1.11 73.94 3.53 17.14 73.61 ( 1347 13.63 52.24 0
1| 642 1.72 7321 454 2028 7361 | 4722 | 1347 12.93 52.24 0
r| 426 1.0 1465 3.00 29 58 361 | H80 | 7218 47! .22 I
i | 8.6 191 63.89 441 48.43 65.74 | 3148 | 6833 18.78 52.24 0
i | 8.6 12 13.83 1! 08.34 1361 | 4720 | 7296 3013 349 6l I
r| 426 108 14.63 2 10.19 1361 | 4720 | 7134 3413 .11 I
h| 849 283 66.43 3.53 5842 65.74 | 3148 | 6926 32.53 46.09 0
a| 8.6 114 144! 452 120 1360 | 4720 | Til% 30.14 33.06 I
1| 426 1.06 .12 1.63 61./4 1333 | 4535 | 71 14.64 3083 I
a | .66 1.4 14.20 19} 4841 /3,38 I 14.00 1200 39 4] I
r| 2.66 1.46 1420 3.00 4100 1334 I 14.00 10.44 39 4 I
fl 366 1.4 1320 197 73 13.02 I 11.33 18,84 3720 I

Average Results 1341 47.10 7250 | 2741 | 7238 2441 34,13 0



MPG Minimization: Results ...
MVDFC Vs MVYMC % Reduction

Power MVDFC MVMC
Peak Power 72.50 27.41
MPG 73.42 47.10
Average Power 72.38 24.41
Energy (PDP) 54.13 0.0




MPG Minimization: Power Profile for RC1
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MPG Minimization: Power Profile for RC2
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MPG Minimization: Power Profile for RC3
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Conclusions

Proposed an ILP formulations for scheduling
for two scenarios:
= MVDFC
= MVMC
Proposed approach optimizes power gradient,
peak power, average power
Dynamic Frequency Clocking is a better alternative
to multi-cycling, for power optimization

THANK YOU!!



