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® Power becomes a primary concern

® Clock network is the major power

/0 pads 10%

emory 20%

Clock 40% Control 15%

Datapath 15%
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Telrghiie Lnleersity

® Clock gating

— Not all of the cells are active in a particular

cycle
— Shut down the idle cells could save the power
— (Clock gating is the most effective method to do
this by CLOCK IN
| . .
controll v “ed into the idle
cells [5k%]
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s T'slr'ghua Llnlmrslty

® Previous work on clock gating

— Activity—driven clock tree, TCAD’ 0Ol
— Zero—skew gated clock routing, ASPDAC’98, TCAD’01
— Activity—sensitive clock tree, ISLPED’02

— Power—aware clock tree planning, DAC’03, ISPD’04

— Activity—aware register placement, ISVLSI’07

® The drawbacks of these methods

— Focus on clock tree construction after placement
or at RTL

— Previous placers are not designed for gated clock
tree 16/4/2008 ISPD 2008, Portland, Oregon 5
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® The parent’s activity is OR—ing of its children

® Place the registers with similar activity patterns
closely

— decrease the clock tree wirelength and
capacitance

— decrease the parent’s activity
— shut off the clock signal more periods

® Activity rate is minimal != transition of control
signal is optimal

® To place the gating logics other than removing
overlap by ECO

® TY2¥®ntrol the clock™3Reyortiend Oregon 7



Motivation
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The relationship between activity and
transition
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® Qur design flow

[\Gate level netﬁ
b —

Activity and transition
. Initial placement
analysis

v

Gated clock tree Revised netlist
construction and including clock
routing network and gate logic

v

Gcremental placement

16/4/2008 ISPD 2008, Portland, Oregon 10




Our Contributions

® Propose a more reasonable design flow, taking
the gating

logics into placement, avoiding the optimal
positions of the

gates are occupied by other cells

FPe initial placement, we consider both the
loglca

¥510a1 information. Besides considering
the activity

31m11a£1ty of the registers, we also try to
minimize t

resultant transitions of the control signals

® Optififfize the clock™SK&W I Ifith lementing Zero
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Preliminaries @i

® (Cut—based placement paradigm - Capo

— A min—cut placer recursively partitions
each bin and its

associated hyper—graph at current level,
1ts objective 1s to

minimize the total weighted net cuts

[(Col, +Ci) p(i) + 0.5 (Col, +Cy) Py ] TV

® Power model

module

clock
||

—
enable fCg J_coli g C
—T 1 3
3
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Initial Placement @%gﬁ
® Objective:

— Clump the registers into a small area to decrease the

clock wirelength

— Pull the registers with the similar activity
patterns closely to reduce 1its

parent’s activity and the transitions of the

control signal

® Strategy:

- Capo 1s a minimal cut—-based placer, so we can add some
pseudo edges

between the registers we want to pull closely
16/4/2008 ISPD 2008, Portland, Oregon 15



1100011100

1000011100

0110000011

0111000010

® The pseudo edge’s weight is determined based
on

— w;, with respect to the partition level

- w,, with respect to the similarity of the activity

S

patterns

164903 with respect t6DthgpPotirdadions of the ééntrol



Initial Placement @

® The weight of w,
w, (level)=-3.0*level/20.0+W if level>T

— T: the partition level we start to add pseudo edge
— W: control the scope of w,

— T 1s determined based on the circuit scale

— For the beginning level, w, should be assigned a
relatively large

value to avoid partitioning the registers with the
similar activity

patterns to different bins

— For the last levels, the area of the bin is []§§>7

rekatayely small ISPD 2008, Portland, Oregon 17



Initial Placement @iz
® The weight of w,

C C
w, (regl, regZ):( regCl+ regz)* p(regl, reg?2)
average
p(regl, reg2) = P(regl.act(i) =0,reg2.act(i) =0) (0<i<act.size)
n-1 n
Average(bin) = 2 > > w,(regi, regj)

n* (n _1) i=1 j=i+1

— If regl and reg?2’s activity patterns are similar,
their parent’s activity

rate will reduce, and also they can share a common
gate

— Add a pseudo edge between every pair of registers
will affect the run

time of Capo, and it is no need if w_, is small

— 1151;4/ he similarity befE%ez@&,pl&%ai,o%&%nd regj 1s 1ar1%e,ﬂ :

than CoxAverage (bin),



Initial Placement @rFAe
® The weight of w,
w, (regi, regj) = trans( parA_ct(regl, regj))
act.size() -1

— parAct (regi, regj) gets the parent’s activity
pattern of regi and reg]

— trans(act) gets the transition of the control signal
e.g. regl: 10110001 reg2: 00010010
= parent (regl, reg2): 10110011

=» transition probability of the control signal: 4/7
® The resultant weight w

w(edge(regl, regj)) = w (L) * (aw,(regi, regj) + 5(1-w(regi, regj)))

16/4/2008 ISPD 2008, Portland, Oregon 19



Gated Clock Tree Construction

® Node merging
dis(i, J) =a T (D(1, J))+ Ba(L(1, ]))
1

=0€[d. (%=X 1+lyi—y; DI=> Physical
M o information
1 .
+p[1-——(C, +C,) p(1, J)] = Activity
Ctot l formation
(a)

® Gate moving

| I
(b) (©) (d)

16/4/2008 ISPD 2008, Portland, Oregon 20



Gated Clock Tree Construction

Algorithm: Clock Tree Construction

Require: a set of sinks {n;
repeat

for each pair of n;, n,

end for

o pick the pair n;, n; whose dis(nj, n;) is
minimum

merge these two nodes and generate parent n,
remove node n;, n;
push n, to nodes set

until only one node is left in nodes set

16/4/2008 ISPD 2008, Portland, Oregon 21



® /ero skew clock routing based on the DME

algorithm /K
b a b
A

a
ﬁ (c) (d)
Ty Ll

| A
C, Coli— ¢, C,
LA
s
__Colz CI T C

V2 2 T
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Incremental Placement

® Integrate the gated clock network into
previous database

— change the +Placed attribute of the registers to
+Fixed

— add the gating logics into the database and fix
them

® The key of our incremental placement

— try to preserve the gated clock network we
optimized before and

remove the overlaps of the gating logics with the
other cells

1emisimize the overheewsosobrusdgred nets wirelemgth

nm/] N AATYT A\ AN I‘\NI‘\'I‘I/'\I‘“‘_
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® Comparison results of our algorithm with

IWQ\Z gorith Clock Clock Power | #Gate | Clock Skew
t m Wirelength (sec)
s1488 ref 11362. 50 8. 17E-5 2 1.62E-11

s15850 ref 1. 85E6 0. 005795 38 2. 02E-8

s39932 ref 5. 61E6 0. 007507 99 9. 57E-8

s38417 ref 5. 48E6 0. 027230 121 5. 17E-8

s38584 | ref |  4.99E6 0. 012993 8. 09B-8

Ave 0.91 0. 94 0.90

16/4/2008 ratio 25




Circui | Algorithm HPWL Signal Slack (ns)
t Power
s1488 ref 1. 90E6 0. 003160 0. 891

s15850

ref

s30932

s38417

s38084

—16/4/2008

Average
ratio

2. 53E6

1. 05

0. 018373

1. 03

0. 348

1.81E6 | 0.014851
5.63E6 | 0.064018 12. 80

26




® (Clock nets and signal nets trade off by

d 3.3+ 0T HPWL- D.o22
pseu 0O €& "clockWirslangth™ —
“signal Powar —=—
i ‘chodePower o A 002
\ | .
2.56+07 . '
1 o6
2] 2e4+07 | -
E 4 ool g
o
=
1.52+07 [ 4 o012
18407 b 4 o
-4 C.00B
S 06 ) [
1 . =-~i;|._d_-——}|: y * ——=g Q.006
2 4 4 3 G T B g
T
T l clock nets wirelength and powdr
ﬁ

HPWL and signal nets powe}‘ @
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Conclusions and Future Work @
® (Conclusions

— Activity pattern plays an important role in gated clock
tree construction

— Activity aware register placement is effective for gated
clock tree to

reduce power
— Transition of the control signal could not be ignored

— Clock nets power and wirelength Vs. signal nets power
and HPWL

® Future work
— Gating logic planning during placement

— Powemo¥s. performance isédeobasytagloesggn timing, et ad.)
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regl:
reg2:
regd:
reg4:

1000011100
0111000010
1100011100
0110000011

a) nl:
1111011110
n2:
1110011111

b) nl:
1100011100



