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Placement

« Placement in physical design

Floorplan

Placement CTS

Routing

Timing
DRC

« What placement means?

Gates

(Netlist)

g =

(Cells And Nets)

%

(Placement
Region)
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(Placement Result)



Placement Task

Design Planning is completed

Core areas defined

Macros are placed and “fixed”
Placement blockages defined
Power grid pre-routed

Task

o Decide the good location of standard cell,

Satisfy some constraints.

Objectives
o Wirelength, Z
o Timing, B

Routability, B]faZkiT%

Constraints
o Core region, Cell density, Pin density, Fence region, Row/site alignment, ...

Bad Placement

IEDA

Good Placement



Placement Steps IEDA

e Placement needs to promise that cells do not overlap and are assigned
to row/site

site site
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row{ row{
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Align to row/site Optimize timing

Spread out cell

—elminate overlap wirelength,

routability

Global Placement Legalization Detail Placement
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Placement Overview

IEDA

HPWL
(conventional)

Metric: linear vs.
quadratic wirelength
(net weighting)

Timing
(net weighting)

Global Placement Methods

Congestion
(cell inflation)

v

Simulated Annealing
(TimberWolf, Dragon)

! y ¥
Partitioning/Cluster Analytic/Quadratic/ Multilevel
(Capo) Force-directed (mPL)

Density based Cell shifting
(Kraftwerk, Aplace)

(Fastplace)
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A “2-point net” A “4-point net”
y=9 =2 .
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. Logic fanout
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o BRANLFIEMRZRIKEMESS (Simple Bounding Box Wirelength Estimator) :
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Bounding box model
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] L

Clique model Star model Steiner model
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Rig— M IEEERAYC A 1RE:

A “2-point net” A “4-point net”
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BERANFERSGIKEMERE (Simple
Bounding Box Wirelength Estimator) A “2-point net” A “4-point net”
o "Half-Perimeter Wirelength” (HPWL) y=5 y=5 o =
e Put the smallest box around all gates on 4| [ 4| |W |
net. S gl ! AX=4-1=3; LJ“""%’ Mt 'r
» Measure Width (AX) and Height (AY) of box. | AY=4-1=3. [2| |! I AY=5-1=4. [ 2| |, I
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HPWL = 7
HSLZIK = 9
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P2WWL IEDA
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ARG (HPWL) iEDA

()=max| — |+max| -—

e Easy to calculate,even fora multi-point net

e Always a lower bound on the real wire length
No matter how complex the final routed wire path is
you need at least this much wire to connect everything.
Aside: al/wiring,on big chips(and most wire on boards)is strictly horizontal &
vertical-no “arbitrary angles” for manufacturing reasons.

e Another reason HPWL is a good estimator.



ESaid S
e Start with a random placement:

Randomly assign each gate to a grid location.

e Apply random iterative improvement:
Pick a random pair of gates.

Swap their locations and evaluate the change in
wirelength.

If wirelength got smaller — accept the swap.
If wirelength got bigger — undo the swap.
Repeat until wirelength stops improving.

y=5 y=5 Neti L
4 |- 4 | / Net k
i ) ‘0
2 Net|j t k Gates 1,2 5 Net j
1 1
0 0
x=0 1 2 3 4 x=0 1 2 3 4

IEDA

// Random initial placement
foreach (gate Gi in netlist)
place Gi in random (x,y) not occupied.

// calculate initial HPWL

L=0

foreach (net Ni in netlist)
L = L + HPWL(Ni)

// random iterative improvement

while (overall HPWL is improving)
pick two random gates Gi, Gj
swap Gi and Gj
evaluate AL = new HPWL - old HPWL
if (AL < @) then keep the swap
if (AL > @) undo the swap




* It works ok....
« Small benchmark
« ~2500 gates + ~500 pins
« Placed in a 50x50 grid

« Graph shows “progress”
« Yaxis: L = Fpesn HPWL(NI)
« Xaxis: #swaps

* Yes, this ran for 8M swaps until
progress on L stopped

EJARH S

45K

40K

35K}

30K+

25K

L= Znets Ni HPWL(NI)

0 2e+06 4e+06 6e+06 8e+06 10e+06

# random gate swaps—>




IRILEK (SA)

e Start with the same basic algorithm:

Random initial placement
Swap two Random gates
Evaluate change in HPWL (AL)

IEDA

T=HOT; frozen = false
while (!frozen)
swap two random gates Gi, Gj
evaluate AL
if (AL < @) then
keep the swap
else

If wirelength improves, accept the change.

e But what if wirelength increases (AL>0)?
Evaluate annealing probability function
Choose a uniform random number (R)

between 0 and 1

If R<P then keep the swap.

e Whatis T?

T is the simulated temperature.

Start hot. Cool down

if (random() < exp(-AL/T))
accept swap
else
undo swap
if (HPWL still decreasing)
T = 0.9*T
else
frozen=true

Probability
of a move:

L




IRILEK (SA)

How well does this work?
Really well!

Final cost (end of moves @ each T

80 5

Many EDA algorithms -
use Simulated Annealing. :jg
Does it find an optimal b
solution?

No. But it" s good at avoiding 22;

6.3

local minima.

What happens if | run it again?

| will get a different answer each
time!

NOT how placers work today

N
\,

A LAY

T

10 100
Temperature

on log scale

-

annealing

|
|
. 6000 3

IEDA

Final cost
20000

18000
16000 3 /
14000 [
12000 3 [
10000

8000 3

000

Final cost !=0, = 61



Analytical Placement (22th75i%) IEDA

e Question:
Can we write an equation whose minimum is the placement?
If we have a cost function (such as wirelength) that is a function of the gate coordinates ( , ),

= (.)
where =( 1, ..., ), =(C1 21, )
T 0¥,
ox oy
Then we could find the minimum of f and this would be our optimal placement ( , ).

e Sounds crazy, but the answer is YES!
All modern placers are based on analytical placement.
We need to write the cost function in a mathematically friendly way.
Then, we can just differentiate and equate to 0!



Analytical Placement Objective Function (B#xiE%%) IEDA

Instead of HPWL, let’ s define a new A “2-point net” Quadratic wirelength
. =(3-1)* + (4-1)
wirelength model i SN =13
4 :
Quadratic wirelength: 3 y/%w}\
e 2-poing net ANERE L
1 *% BUT... what happens if your net
— — — 2 4 — 2 0 has more than 2 points in it?
(. )=C1= 2**+(1— 2)

What about a k-point net (k>2)?

Instead of one “real” net, replace with a fully
connected clique model.

So each gate on the net has a one-to-one A k=Sopolnt net. Clique model Quadratic satiniats:
connection with the other. ¥ '6 y=5 ;7 (1/3)[(4-1) + (5-4)%]
4 ol g 4 (| +(1/3)[(4-3)2 + (5-1)2]
Altogether k(k-1 )/2 nets 3 _o > 3 %,‘ %F_d +(1/3)[(3-1)2 + (4-1)2]
Compensate by weighting each net by 1/(k-1) 2 & 2 \ |/ +(1/3)[(3-1) + (4-3)7]
: : Er= 3 +(1/3)[(4-3) + (5-3)7]
One last point: # +(1/3)[(3-3)2 + (3-1)]
. . . 0 0 =sum of 6 weighted

Assume that gates are dimensionless points = 1 2 3 & = 1 B & & 2-point lengths




Analytical Placement Calculation iEDA

e Example of quadratic wirelength calculation:
2 gate point, each point has an unknown ( , ) coordinate, [0, 1].
3 nets, each net has a pre-assigned weight, (1, 2, 4)
2 pads, pads are fixed pins on the edge.

(1,1) (11/1)//1 4(x2-1)2 + 4(y2-0.5)2
4 47
; ‘/?\lu,o.s) 1 Z'LIJL‘EL 5 2
“ ./1 ] 2(x2-x1)2 + 2(y2-y1)
(0,0) (0,0)
\ 1(X1_0)2 + 1(y1_0)2

e Important:
There are no terms with  x
Therefore, we can separate and terms in the sum



Analytical Placement Calculation

e Now that we have an analytic expression
for the cost function, we can use basic
calculus to minimize it!

I o
ox 8y

O(x)=4(x, —1)2 +2(x, —x, )2 +1(x, —O)2

¥

GQa(x) =0+4(x, —x)(-1)+2(x)=6x,—4x,=0

x]

—Gi(x) :S(x2 —1)+4()c2 —xl)JrO:—4)c1 +12x, —=8=0
Xy

[6 —4}(le (0] x, =0.571
-4 12)\x,) \8) |x,=0.857

IEDA

“’y 4(x2-1)2 + 4(y2-0.5)?
1 2.\.(1 0.5)

\| 2(x2-x1)? + 2(y2-y1)?

1(x1-0)2 + 1(y1-0)2

O(v)=4(3:=0.5) +2(ys =) +1(3,~0)’
Q) _ 0.1 4(3 - )(-1) +2(n) =43~ 42. =0

M
(%y) =8(3, =05)+4(y, =3 )+0=—4y, +12,-4=0

(AEH) e
-4 12 )\y,) \4) |y,=0.429




Analytical Placement Calculation

e Observations:

Placement makes visual sense:

e All points are on a straight line.

e Placement minimizes spring weights.
e Bigger weight — Shorter wire

e Algebraically:

For gates, we get two equivalent
x matrices ( ) for two linear systems: [

4
1./2
(0,0) :

IEDA

‘\.g\.\\'\ ‘ % (1,1)

(1,0.5)

ale o)

G,:(0.571,0.286) | ( 6
G, :(0.857,0.429)

and  vectors represent Pad coordinates!




Building Analytical Network

e Recipe for success

Build connectivity matrix (C) as follows.

Build A matrix:

Build b vectors:;

Gk#(xi,yi)

(0 i=j
=C,,=¢ 0 nonet,
W net,
o1
e [ # ] i
=i Ci,j + Wipats = J
(0 no pad
Wit X pad (xwyiawi) 104 -1
- 0@ 0
0 no pad
= <
Wy, pad (x,¥,w,)

IEDA

diagonal
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5 Gate Example

- & = & 5 w < = o - o
ooooooooo

(0,1

10

0.5

0

=1 =10 ©

21

-1 =1

-1
13

-10 -1
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1 10 0 O

0

0
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Partition Placement IEDA

e What does a real quadratic placement look like?
o All the gates want to be in the same place!

e How can we solve this?
» Recursive Partitioning!

15t Quadratic Partition chip. Repeat partition Keep going until
Place (QP) Select which gates on other axis. the partitions are
Solve go in each partition. Solve 4 new small enough.
Solve 2 new smaller QP tasks.

smaller QP tasks



e Partition
Divide the chip into new, smaller placement tasks.
Divide it in half!

e Assignment
Assign gates into new, smaller region.
Sort the gates and distribute to each half.

e Containment
Formulate new QP matrix that

keeps gates in new regions.

Create “pseudo pads” -

e Every gate and pad NOT inside the partition R is modeled as
a pad on the boundary of R.

o Propagate the pseudo pads to the their nearest point on R
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Preliminaries IEDA

e Wire connection between cells greatly affects wire length, timing, power...

________________ O

O (A Net)

........... o

Steiner node

O ? J) (RSMT)

P W [

< s >

(Figure to illustrate timing path and net)

) oP 0l P (HPWL)

« RSMT: Rectilinear Steiner Minimal Tree p

« HPWL: Half Perimeter Wirelength



Modern Global Placement IEDA

e The global placement is modeled as a constrainted optimization problem.
Objective is total wirelength. Constraint is the density of each bin

()
()= |
is cell location, ( ) iswirelength, () istheareadensityin . o isdensity threhold
_ --------------- . -------- -‘E ononnonnononn
. ..... ' i RSMT | :
S, T o : :|> i
‘ : ; -------- HPWL -
Wirelength _ bin Density Model under bins

e The constrained optimization problem can be transformed into an unconstrained
optimization problem by using relaxation technique.



Wirelength iEDA

e Wirelength Calculation

wirelength

10

HPWL (target) .

® : i e RGMT
1



Wirelength Smoothing iEDA

s Log-Sum-Exp(LSE)
« Hrf SEFBSH, BFRAGHERE, LSBHRERENERE, ()<
» Weighted-Average(WA)

» Heh SRS, BFEDRRE, WARBRENLARR, ()

IA

wirelength
wirelength .
wirelength

HPWL (target) .

LSE, = y[ln( exp (£]j+ ln( exp(_x" jn HPWL, (V) =max
ice 7/ ice 7/ bIe

xi —x]‘ WA — lee 7/ __iee




LSE & WA

® Theorem: The estimation error bound of the WA model is

Xiax — X
OSgWA(Xe)g },( z‘[:lx — .H;ln) .
1+ ¢l %) /
X, = {x,;| v, € e} : a set x of coordinates associated with net e

e Theorem: The error upper bound of the WA model is smaller
than that of the LSE model:

Epa(X) S 6 (X,)=yInn

Error-rate comparisons

4
3.5

3

2.5

error (%) 2

LSE

[
10 15 20 25 30 35 40 45 50
number of variables

T T T T T T T

0 5

wirelength than the LSE model

IEDA

@ The WA model can achieve averagely 2% shorter total

Wirelength |Wirelength| CPU Time
Model
LSE 1.000 1.000
WA 0.980 1.066

@ The results show that WA outperforms LSE consistently




Wirelength Smoothing

W(x,y) = i — ;| + max |y —y;
HPWL W(xy)= ) (max |oi—a;|+ max |y —y)

net e
. l n n
quadratic 3> Dyl = x)* + 0 = y))
i=1j=1
7Y (log D exp(ar/v) +log > exp(—ax/7) +
Log-sum- c€E  wgee vpEe
oap log Z exp(yx/v) + log Z exp(—yr /7))
v €e 1A€€
L,-norm PO BEAIEIODERS RN ORI LRGBS I
ecE wvpc€e vpEe v €e v Ee
CHKS CHKS(x1,x2) = Vi —x)’ ;“" i sy

ZFI-E(}I'eXP(‘I: /I) Z[ EEI E‘Xp l/l)

Weighted- ZeeE( S, ce XP(@i/7) | Lo ceoxp(— 1/

1_41‘1€
average Yoce¥iexPWi/Y) YLy ce¥i exp(—v:/7)
ZUI‘EC exp(yl/ﬁ) Z[yie": exp(—yl/h’)

T.=VV. wlidiy

IEDA

wirelength Smooth, differential functions with 2 variables

4

CHKS




e Density Calculation

=)

Density

IEDA




Density Smoothing IEDA

e Bellshape Density

—IRFGE
BEERERE, ARTFHERR - s m

A
1

—> (.= (.) ")
()= (.) .) ()
(.) 1- 2 0< s7+
0 = - B
+ ot = ( -2 =2 ) S+ = S5+2
= 2 :_ - 2 0 7+2 -
- 22 2 = =4/ +2 ) +4 )

=2/( ( +4 )



Electronic Filed IEDA

e Electronic Filed
EEIZRELILIRTEE,
MTFETTEFF, BAFTFBEIBIL

r_’i [ densly bour?dary
P.(b,v) ! ®
i — O @)\ =-p
—> DC®® ® % o
©) A A A A @U@ X
©
(.= (.) () e >
0 1
) (=5 (=5 ()
| o< = —
+ + (,)=—20(,)
-~ - = = )= )
+
= | —O| 2 = (,)= (,)=0



Electronic Filed IEDA

e Electronic Filed

K K
. . B um pT
o EEARILIIRKAE Y(@,y) =YY aucos (3e) cos (7v)
—— u=0 p=0
o BEUt
[ demsiy boundary
S\ OO @\ =
pc |- ® 99 «/@) >
© 1 A e G N © Q)@ X
©
B Lo i e e e >
0

biai = || WCoy)dudy ~ ) drea, 0 bing (i)
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Modern Global Placement IEDA

B Min Wirelength Model

min ()
()= o
where is cell location, ( ) is wirelength,
( )isthe area densityin , o is density thredhold.
HPWL,, (v)=max|x, - x|
LSE, 7[ln(Zexp }rln[Zexp( D}
e
1
=2 (=5 ()
() - o)== (,)
)= 0,)
(,)= (,)=0
min ()= ()+ ()

« Nesterov Method or Conjugate Gradient



B T BEERRE

()
()+ ()

THIRHR RS

—IRIERH CG ITiERNFREREINEE 1 iz, Polak-
Ribiere 75/ ZRTEHBKAS ZRIRIERAEHEX, SH
eEERKRRS, Bk EEAE. WRERKTEHELR. (£
E@’ YEHEZR (GSS) RHPK., ZRNENRAIFHEES 5
TIEARE T RE IR, MCCREETEZIRX
1‘$E’\JJ‘£1’CEHQ SUE. CG RBEIRERERIRERERILIL

fdsaRr R, CG aUSEiR,

Nesterovix

5 CG AiEE, Nesterov 5 ENEE—MHEEFIE
S F AR/ NNEERFRA. 2 E2H, uhERE, v
ReERE, B_{T@ILitE, Lipschitz constant 35154
K. #iRuk+1 115 3 TETIRSEMR vk HITEH.
FHYN S ak+ 1ESE4TERT, MFHNSERVK+17ESE
S{TETFRUFISEaEHT. Nesterov/sEE—FTELEAL
R ERNMAEL, B SIASERINESEEH.
ENFENRRER T EREE NERZNEE&/IMER
i, e itd R NE R K.

IEDA

ALGORITHM 1: CG-Solver at kth iteration

Input: initial solution vy,

objective function f;, = f(v;) maximal and minimal search interval a7 and a“"

Output local optimal solution v,

: gradient vector V f, = V f(v},)

T (v fr—
Polak-Ribiere parameter 8, = max { W O}
search directiond, = -V f, + frdp_1
steplength a;, = GSS (vy, fi, di, af™, aj™™)
new solution v, 1 = vi + azd;
return v,

Algorithm 2. Nesterov-Solver at kth iteration

Require: major solution uy, reference solution v;, optimization parameter a; and ob-

= f(¥).

jective function fj

Ensure: new solutions u;| and v

1:

5

gradient vector Vf;, = Vf(v;)

steplength oy = argmax { fy — f (Vi — &V fi) > 0.50||V fi||*}
o

new solution uz| = vy — o4V f

parameter update ay | = (1 +4/4al + 1) /2

new reference solution vii 1 =g + (g — 1) (Ug] — Wg) /ag+1
return ug, |
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o Tetris

o ETRAUOEZ, BHRETRBXEINCEEHT

, WXFIFNBEITE— IR

e Abacus

o ETISHIK, HTetrisBIEM ESHBIEISEIERN

RIS THYR A RTINS

140000

120000

100000

80000

(=
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|:> 60000 -
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140000

EERYILL

IEDA

| part metrics ] abacus tetris |
global placement HPWL 10127910 10127910
legalization HPWL 10426323 13168231
detail placement HPWL 9901517 10928985
detail placement STWL 10637190 11674987
maximum STWL 431085 415325
total movement 795829 8705103
maximum movement 5684 218214
average congestion 0.8215 0.8134
total overflow 49 49
peak bin density 1 1
legalization runtime (s) 0.0667 0.0064

120000

140000

100000 1

40000 -

20000 1

_,..ﬂu~_...._.__w_..__.__._~u._b
o
! A izl

04

B Ammb pdetn LR LR

o

20000 40000

Abacus

60000 80000 100000 120000 140000

® iEDA3ERE: https://ieda.oscc.cc/train/practice/algorithms/al.html
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https://ieda.oscc.cc/train/practice/algorithms/a1.html

Tetris IEDA

n EMEE:

WA A R R IRFIL TH), R e | el

—TREB R — 1 S AR IRE . N - ——
mﬁmLa@¢mmﬁﬁm—¢,#h@$nmxo
(a) Global Placement (b) Tetris. Total Movement: 3.752

s AFE:

TEERR: ATENEERTRER

ITHEEBIIRR: IEEFAITH ORI S s EERR

BEbAR: BENMEXES KD EERABEE a5, REIEE, BERRERIFHNER, B2k
1{0 Qﬂ:%i}(%



Abacus IEDA

m Abacus:

Algorithm 1: Our legalization approach “Abacus”

Sort cells according to x-position;
foreach cell i do

B X ET A B ik R A AR F 1 THE Y, .
kESRISEEE, BT ATNMRERTIER il B A
E-S_Léiﬁﬂl‘:l?_.l__; ﬁi¢ﬁ'P§lE’\]iﬁ‘éiﬁ]¥o z Insert cell 7 into row r;

PlaceRow r (trial);

Determine cost c¢;

if ¢ < Cpest then cpest = €, Thest = 73
Remove cell ¢ from row r;

10 end

11 Insert Cell i to row 7pest;

S RETHEE, ROBHORF, S5 12 | PlaceRow rye (fnal):
RANEEENAHE, SRESTE, RETS. 1 end

5. FREMEETetrisBEKEFH -

6
5 7 RS 6
1 4 = 1 K \Vi 4/ 7
- | ' 3 5
3 < ™
(a) Global Placement (c) Abacus. Total Movement:

2.915
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Figure 2: Examples of LCP based multi-deck standard cell legalization. (a)

global placement result with a fence region. (b) faulty legalization result ob-

tained using a Linear Complementary Problem with a fence region.
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Optimal region for detailed placement JEDA

e Optimal region = target region for moving a cell in detailed placement

e Given by the x and y medians of all nets

Given nets j=1...n, with bounding box coordinates x;(l), x;(r), y;(l), y;(r), order all
x' s and find the median; order all y’ s and find the median
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Fig. 2. Optimal Region.



Detailed Placement

Detail Placement
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Modern Global Placement Model
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Interconnect Delay IEDA

* The problem

You place the logic it puts the pins at a certain distance apart
You route the wires, each wire has an input-to-output delay
Where does the delay come from? How accurately can we predict this delay?

How efficiently can we model this delay for use in layout or synthesis or STA?

V3

1.
v



Wire Resistance IEDA

* Most popular interconnect model used in layout applications
* First: Interconnect - Circuit

<ﬂ> Metal wire has resistance=R
. to current flowing down its length
Physics: R=p L/WH
\9\ ASIC: R=rL/W
&fo We control
Metal \(@ L, W of a wire

height d
Silicon current




Wire Capacitance iEDA

Metal wire has capacitance to silicon
substrate, with insulator between

Physics: C=g¢ WL /d

<ﬂ> ASIC: C=cWL
We can control
L W, L of wire
S
xO I etal
NS / .
Metal & insulator
& B
silicon

height d

curren

Silicon




Model

» Typical circuit model: TT model (“pi” model)

Accounts for the resistance R and the capacitance C of wire segment

IEDA

Symmetric (note: split capacitance in two halves); small model, only need 2 numbers

curr

L
L
(8
\@
eta \Q‘o
Silicon

nt

height d

R=rL/W

-

v

<@

C = (1/2) cWLI —

C = (1/2) cWL



Model IEDA

* Big idea: Replace every straight wire segment with pi model

(] g /
uj = ,

10 O

Each wire

e
E'WZI segment creates
ﬁi < <& itsgown RC circuit
=t
WA PWALT
3 3



RC Tree IEDA

- Simplification: Recall a rule from basic circuits (or physics)

Parallel capacitors can be replaced by 1 capacitor with Z Ci

c1l_c2l_cal _ | c1+c2+c3
A St 3

O [ . RC Tree

$ 13

+
+

T

+



Delay Graph IEDA

 RC Tree general form
« A tree of resistors (no loops); capacitors “hanging off” all intermediate tree nodes

« Root of tree is where signal is input; Leaves of tree are the driven outputs

RC Tree:

drawn as a c e
RC Tree: graph
drawn as a o -

circuit




Driver & Load IEDA

« Missing circuits detail: need to model driver, driven gates
* Voltage source + resistor as input at root (this models driving gate)

« Capacitor as load at each leaf (each models a driven gate)

V=1| e
t=0

Driving input

Driven load



ElImore Delay IEDA

* Do this:

« Set 7=0; walk down path of resistors from Root to Leaf where you want delay

« Ateachresistor, do 7=7+R ) (all capacitors downstream)
+  “Downstream capacitor” = any C that is reachablé in tree below this resistor

Example: at Ri=2
resistor in our RC tree,
the term we would

add to Elmore delay 7
on a tree walk through Ri
=2 X (2+1+1+1+3)




ElImore Delay IEDA

 Example:
« Set 7 =0; walk down path of resistors from Root to Leaf where you want delay
« Ateachresistor, do 7=7+R* ) (all capacitors downstream)

+5(1+2+1+1+3+1)
+2(2+1+1+3+1)
+4(1+3)
+1(3)

= 45+16+16+3

=80




Path Delay IEDA

 What about interconnect delay?

« Can still use delay graph: model each wire as a “special’ gate that just has a delay

Pl=3 A=1.2

Max Path Delay=1.6 +2+1.5+3+1.8=9.9 Min Path Delay=1+3 +1.8=5.8



Delay Optimization IEDA

* Do people really use this delay metric? Yes!
« Timing verification

« Can use this to give realistic wire delays, post layout, for final STA

Pl o AN — . FO
—
Pl o —owwm

* During placement
« Estimate wire shape (eg, a simple Steiner) you can get very quick delay estimate

« Analytical placers use to adjust weights on wires, coerce critical wires to be short



Delay Optimization IEDA

e Interconnect has a huge impact on chip speed
Cannot ignore delays caused by the electical properties of real wires

e Layout tools responsible for part of timing guarantee
Upstream tools determine levels of logic, gate count, fanouts, etc
Physical design tools responsible for how long the wires end up
All of these impact wire length and distribution

e Individual wires are today modeled as complex circuits
RC tree is the most useful model;
Elmore delay is easiest to compute
There are sophisticated estimators beyond Elmore
Can use for both verification, and for layout optimizations (eg clock)



Timing-driven Placement IEDA

e Challenge | |
o Cells change greatly in the early stage E,_g_ | =
o May cause new timing violations to appear || 7 iy
o Cells aggregate, affecting the congestion

Slack -
improvement via | T

AL U

critical path
shortening /
straightening |-

I D |

e Problem description
e Total Negative Slack (TNS),

e Worst Negative Slack (WNS)
e Get timing metrics from the timer to adjust cell coordinates

e Methodology

o Net-based approach: Annotate the timing critical path information to the net level to
empower the critical net, which can be easily adapted to all wire-length driving placements.

o Path-based approach: According to the timing, a series constraint is added, and the position
of the cells is updated by solving the mathematical programming.

o Differentiable methods: Smoothing process of timing propagation process, and the timing
metrics are added to the target of global placement.



Timing-Driven Placement IEDA

e Timing-driven placement based on
Virtual Route

o Tries to place cells along timing-critical

paths close together to reduce netRCs and
meet setup timing

o Net RCs are based on Virtual Routing (VR)
estimates




Timing-Driven Placement IEDA

e Standard cells are placed in “placement rows”

e Cells in a timing-critical path are placed close together to reduce
routing-related delays —Timing-Driven Placement

Timing-critical cells placed together



TDP: Estimating Rnet and Cnet Before Placement IEDA

Statistically Based Wire Load Model (WLM)
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Congestion IEDA

e Congestion occurs when the number of required routing tracks exceeds the number
of available tracks.

o Congestion can be estimated from the results of a quick global route.

e Global bins with rOUting - =max[0, (demandi,j—capacityi,j)]

. = demand; j / capacityj

Global Bin Global Bin Edge o= ( — )
Overflow on each edge =
{ Routing Demand - Routing Supply ﬁ JV”\
0 (otherwise) i
- 20/23 S
Total Overflow =Zoverflow : i Nets crossing the
all edges =  global routing cell
Global T or v (GRC) edge per
routing grid = Sl available routin
Routing demand = 3 i frdc g
Assume routing supply is 1,

overflow=3-1=2.

F~_

Il
Il

Routing tracks

| 11
||||||
||||||

C__NEC__3N




Congestion IEDA

o IRITRVAMRIEARRIE APAMMETALHNEEFIEEER, SHhEAIE L
. XfrzRpowerfdroutabilityf2H T #BIHEE. Rl 4ERYRIn] LAERE
Bﬂﬁxuj%r‘ 1ZIel A B g ELHM\%?EEE#E’J_;E CIESS A=

) BHEEFHAEITHE.

——————————————

L Global routing ¢

Congestion map



Placement Issues with Congestion  7EDA

e Issues with Congestion

o If congestion is not too severe, the actual
route can be detoured around the congested
area

o The detoured nets will have worse RC delay
compared to the VR estimates

o In highly congested areas, delay estimates
during placement will be optimistic.

e Not routable or severely congested
design
e Itis important to minimize or eliminate
congestion before continuing

» Severe congestion can cause a design to be
un-routable




Congestion Evaluation

e Existing Methods:

e Static methods: Cell Density, Pin Density

provide limited information, like pin density, and
are fast but less accurate in representing
congestion.

e Constructive methods: Run Global Routing
offering high accuracy but can be slow due to
router limitations.

e Probabilistic methods: RUDY

analyze wire density distribution, balances
evaluation speed and accuracy but makes
unrealistic assumptions that limit precision.

D(e) _

C(e) 4

IEDA

(RUDY Conceptual Figure)

i=1

is the number of nets,
——is the congestion value of each GRC ,

)
)

( ) is the capacity of GRC ,
() is the overlap area ratio
and the GRC

between

i W L(i) X Width(i) x Overlap(i)
BBoxArea(i) X C(e)



Routablity-driven Placement IEDA

e Challenge

Cells change greatly in the early stage of placement
Difficult to balance performance and evaluation
Increasing wire length and timing damage issues

e Problem description

Common evaluation metric: Total Overflow (TOF), Maximum Overflow (MOF)
Routablity-driven placement adjusts the cell position according to the congestion map

e Methodology

Evaluation: Static, probabilistic, constructed, and network methods. At present, the
commonly used methods are the probability method and the construction method

Optimization: Adjust the density to indirectly optimize congestion, and directly integrate
congestion items to participate in optimization



Congestion-driven Placement IEDA

e Congestion Reduction

o The tool tries to evaluate congestion hotspots and spread the cells (lower
utilization) in the area to reduce congestion.

o The tool can also choose cell location based on congestion, rather than wire-

length.
: ! p——
(channel capacities:2)
Unroutable Layout

A
K
w0
L

elanaienes e




Global Route (GR) for Congestion Map 7EDA

* GR assigns nets to specific
metal layers and global
routing cells (GRCs)

= The detailed router will follow
GRCs path

* GR determines if each GRC global route
along a path has enough wire
tracks for assigned nets —
* If not enough wire tracks, :
GR reassigns metal layers :

()I C;FQ(: EH:CX3|(1"1€ﬂ)/
L 1 \ \
virtual route

X congested area




Optimization Methods iEDA

e Indirect Congestion Optimization via Density ® Direct Congestion Representation in Objective

Tuning Function .
. ® Smooth Net Congestion:
o Cell Inflation: . X )
. . ® mn ; + , (- )+3 (- )
e Temporarily enlarge congested grid cells. ® Smooth Pin Density:
e Key considerations: which cells to inflate, ® min ; + , ( — )+ 4
direction, and amount. ® Congestion Weighting on Wirelength:
o Threshold Density Adjustment: o =  max - + max -
e Decrease the density threshold of congested e =1+ -, =1-(C - )

grid cells, such as based on pin density

corrections. , , ,
(Comparison of Strategies for Cell Inflation Methods)

Cell C d Grid Inflated A H
e 3 eneestedin e A Cell Selection II)r.rfIatl.on Inflation Rate
irection
| a— .
Simple
O,
. - SimPLR 2011 e 97 Mogt Congested Horizontal Weighting
Grids E .
unction
. . . . Horizontal/  Simple Piecewise
- ‘ - - .| Hizppls AIE Al Gangesizel G Vertical Function
Top 10% Most Congested . .
(a) Before Cell Inflation (b) Cell Inflation (c) After Cell Inflation POLAR 2014 Grids Unspecified Fixed at 10%
(The process of cell inflation) RePlAce 2019 All Congested Grids Unspecified Sl;Eﬁ:’:Itlir;enar



Strategies to Fix Congestion IEDA

Modify the floorplan:
Mark areas for low utilization.
Top-level ports
Changing to a different metal layer
Spreading them out, re-ordering or moving to other sides
Macro location or orientation
Alignment of bus signal pins
Increase of spacing between macros
Add blockages and halos
Core aspect ratio and size
Making block taller to add more horizontal routing resources
Increase of the block size to reduce overall congestion
Power grid
Fixing any routed or non-preferred layers



Congestion vs. Timing-Driven Placement /EDA

> TIMING

m Cells along timing critical Path delay
increased
paths can be spread apart
to reduce congestion

m These paths may now
violate timing

= | = [ = ] o] I =7 ]

Small timing violations can be resolved later by
incremental logic optimization.




Conclusions IEDA

Placement

Placement Techniques

Wirelength Estimation
SA
Quadratic Placement

Global Placement
Wirelength Smothing, Density Smothing, Gridient Optimization

Detail Placement
Legalization, Detail Placement

Timing Driven Placement
Congestion Driven Placement
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