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Power Model

Low power consideration at behavioral level
is more and more important when SOC (system on
a chip) generation is arriving. The main reasons
are (1). Low power consideration in low level is
time wasted especialy for power consumption

El

K % KL

large system will loss accuracy.

For SOC designs, most design teams will not
design all circuit blocks in the system by
themselves. Instead, they integrate many
well-designed circuit blocks caled intelligent
properties (IPs) and some self-designed circuit
blocks to build up the complex system in a short
time. While designing such complex systems, low
power is aso an important consideration because
of the increasing requirement of portable devices.
Therefore, designers have to estimate the power
consumption of their designs before the designs
are manufactured.

For estimating and decreasing the power
consumption at high-level design stage, an
IP-level power model is necessary. In this project,
we will build a IP-level power model which is
very simple and accurate.

B EEN -y
R R TR T A EES AL
%yﬁ@EF(ng&&ﬁéﬁm“@&
TE o iT10E k> TROH FPEETFHM
?%§$m4%tiaﬁmﬁﬁﬁ & o ¥
PO FEIRT R BAULAE B A L
(PDA) & & i f7» » o #£E B oL gd
WH g FhTp ookl (TR Fla { XL
o FWmY B FEd L E BT R
R vEMGFILBEDERFE T LR



4 & ;ﬁ’j—p: Y K AT E A L RE B s
v i3 A ;'x SR T H A R Bt K

Z
4
5k %Tm’%;‘é o fe H_» 4
2

d%@@
ELRP e iy ?p ¢ & RT-level -~ gate-level %
transistor-level iz Mk B 2 oo sn SR

4

1

’ﬂﬁ{%ﬁﬁﬁ

@&mﬂ%%ﬂiﬁﬁm‘%iﬁ—
e = ’)5 R 39 il Fa in
o 2o B OB S ¢ 5 Ae SOC(system
Pm&%z%arﬁ—ﬁmﬁ%
S qﬁf» IP(inteIIectuaI property)ﬁﬂ

sy A _ﬂ
Bk SR &

level) st & i3
FETREHRD o

Fl i kA P L > F] IP-level x4
FOP ARG S R B E PR ke
Aol A o LT Y s i S Bk R
@"'E""?Jﬂ—-r 0 I Sz gbadei ’fw'q']""gm%iéq* |PE'7’”J$;T}

1% ﬁ%] » 7 gL B3t FaE Lookup Table: iz

ﬁm Lookup Table ¥ %] & & £ i¢ * chiiyh 3l
2P 2% Aak o] 2 BEER 5 A A
Fg@ o = wr|7 e Lookup Tabledns + 3%
N BEEARIEFAR TR A A F 0 R
@ Lookup Table e+ -] & “E F & e 4o @ 3
foFREE AR EEARE ALY
P o

iR EY O RAPREHE - BLRY T
&wfﬁlf<ﬁmﬂ$ﬁWM5WWﬁgw@%
BB H PR SRR Y R

(power characteristic) > I % # # 5 i & % B

IP-level » 03] ehrt S e > ik Ppi%ad i =
- G HE S P A
PR EE AR

[P ez 8271 ¢ B 45 * E’fﬂﬁﬁ{é*%? e
ehrs F o = Lookup Table » Lookup Table
AR '%q'—?‘}i EL?E] FFEL o UK F e R
By 2 R B I A
%fr > Fm erféf; 97 Lookup Table » 3 = 3|7
BAEFUN ook A PF FE - Bopoa
chet FHCA 0 IR ER - B
5l Lookup Table ¢ & - i vt i 5 g 3% -
'ulrﬂ?};% SEAN ARAR [l S LI iéi—
Perpd F e~ Py LT = 46 - ﬁkj B
TEPN IV R Rk R
TR RSB R
E’ﬂﬁﬁﬂ?iﬂﬁﬁﬂﬁiam“ﬁé
H# o T o4 v 22 X & (Average Normalized
Error, AVGNE) [1], % & 4258 (1)(2)(3) o+
iy ~ 1 g 3 (Pl Hammming Distance)
T OB PR 5L 3 B (Internal Switching
Count) # % z£ #& % 3 § 7 7% (Zero-Delay
Charging and Discharging Capacitance) i
#ﬁwwmﬁ%%’£W%m$&@iﬁ?§
77 ﬁq‘r@ Bert SO 455 Bk oAl A
F] gt AN B (S #ﬂé *OR o

Ve ¢,/ L
R A A

ETTNS

o

E‘J*?Et
R
ﬁi%“‘

B -4 I Th SR o a2 Y
BT R R

[P-level # & #c%| vh— & Lookup Table =z 51
& o
aveng, = L8 81 By
2n+n I ~0 keo mavg Pavg
1 23—123—1
'Dcavg:W_a. aPCj,k (2)
Jj=0 k=0
2” 12” 1
Py == 3
2 Jj=0 k=0
EEPE S SR s pB = LORAEE LT
TRE2ZME NPT ud B ] FER R
A)iE 2 AR o ﬁ’f BiEAE & Logic-level

B o fi # O A~ ¥ (Grouping) %



1

+

\

-

Transistor-level & &ttt is - Fa
Mow Zf AT R R o A 2 AR

2

i

P * 7 B A #¥02 (Dynamic Grouping) s>
RO ABELEEERATES F Y E
Transistor-level H3EPFRE » @ 2 & $tpe F %
Al ko AP T a FIEA L ERD
Be® 2 HCE A A, o B A PR 2 R
’$¥—ﬁ%ﬁéiﬁﬂ%’ﬂwﬁﬁﬂ
3‘3-%] B A FHACR 2(a)
@¥:ﬁ%ﬁ@’&%%£%%uﬁ“;w

B E AT e R o

Random Input
Generator

Convergent?

—
T

Logic-Leve
: - —
Simulation
. Table Entry
(VerilogrXL) Real Power Calculation

— i
Transistor-Level
CDC Vdues Simulation for
“» Non-Converged
h 4

Group
(PowerMill) Group Info.
Dynamic Grouping S and
- Lookup Table

L AR .

30 1

® Iteration 1
20 -
3
1; ____________________________

Q N group 3
L 2 s-t-t-e % ______ 5
10 - e N group

----- -~
o * group 1
0 ‘
0 5 10 15 20

|0 J OSSR S
o iteration 1 at group 7
T G L2
A
Q 20 pmmmmmmmmmmmmm e
§ ———————————————————— A—————-—
2 Amost?
______________ oo _______.
O 10T +
-___._...._o_x -------------------
oLAasars e group 1,
0 5 10 15 20

B20b): & & A H¥ 2 H
ﬁi@’ﬁﬁﬁﬁ$ﬁﬁﬁﬁﬂib
Bt 0 R0 A YR RE AR B

B AP ATEE G aIE R F

~

| W

Monte-Carlo Simulation # 3% » & 3 ;%
@ {75 A HE A E L R PR S e B
I E S BT E > - Lip BER S I
T35 & Monte-Carlo ##™ @ Sicar > &
(AN S R VA Wmﬂiﬂ w B R
Transistor-level sz » 55 + =
[ sYREhas 22t ;S A - P

g

FER o BB BAIE 2 o B4

Grouping: according to CDC

Group 3

Average power Average power Average power Average power
of group 1 of group 2 of group 3 of group 4
CDCLJ.ZCDCH1 Pavgj.
CDC:CDCiip |Pag2
CDC.3:.CDCiyz |Pag 3
CDC_4:CDCiig |Pag g
B3 = o A gt 2 b
BREAFY ATRRY Far X R e

B4 507 0 300 2 S e (@0)F 5 - 0 F A
#] ISCAS 85 17 benchmark 7 8253 % 40 1 #7

;IJ )



P n+P

i out _of _ range

— =l
P, avg ~ I N (4)
& é
IDaut of range O 1 g 2 (CD C CD C)
- ,_1 é CDC, - CDC1 g 0
k€ ® P-P 0 u
+8 6P+ é 2_ vl = (cDC - CDc)
18 CDC, - CDC,, A

...................................... (5)

—

Logic-Level
Circuit Description

Logic-Level
Simulation
(Verilog-XL)

Average Power
Calculation

Average |,

P
oWt Lookup Table

e

q\gﬂ 4; DTN ﬁ@iﬁﬁg\l

Circuits C432 C499 C880 C1355 C1908 C2670 C3540 C5315 C6288 C7552
Table Size 63 45 75 51 42 90 65 103 107 103
PowerMill I (UA) 56.135| 149.718| 106.480| 161.386| 144.083| 261.945| 340.913| 611.173| 4841.000| 830.832
g % Time (Sec) 3072 8626 5826 9494 7649 14667 19017 33918 290751 43169
% 3 I (UA) 57.083| 148.698| 103.818| 158.006] 141.921| 253.659| 327.412| 598.521| 4722.450| 816.488
o § 1D Teble Time (Sec) 234 70.3 46.2 65.9 54.5 1125 114.9 205.4 388.5 267.3
Error (%) 1.69 0.68 2.50 2.09 1.50 3.16 3.96 2.07 245 1.73
PowerMill I (UA) 13.243 34.493 38.119 38.270 50.477 6.402( 191.720 20.911) 351.290 68.626
o 3 Time (Sec) 690 1958 1773 2163 2417 479 9347 1275 19385 3631
% § I (UA) 13.971 33.468 37.153 37.456 53.483 5.923] 192.283 20.703| 355.533 70.526
© § 1D Teble Time (Sec) 19.7 61.9 39.4 57.2 48.6 84.9 105.1 159.3 257.6 210.5
Error (%) 5.50 2.97 2.53 213 5.96 7.48 0.29 1.00 1.21 2.77
PowerMill I (UA) 71.436] 167.103| 118.619| 182.053| 169.728| 286.910| 374.463| 669.812| 5014.680| 975.568
o % Time (Sec) 4050 9496 6786 11007 9460 16789 21914 38744 309071 52882
% (%_ 1-D Table I (UA) 66.274| 161.111| 114.371| 178.741] 162.510] 282.068| 361.522| 652.722| 4820.264| 936.464
Time (Sec) 24.4 71.8 475 68.4 56.4 117.1 117.3 210.9 398.3 279.3
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Average Error (%) 4.80 241 2.87 2.01 3.90 4.11 2.57 1.87 251 2.83
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