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OpenSTA is open source, meaning the sources are published and can be compiled locally. Derivative works are
supported as long as they adhere to the GPL license requirements. However, OpenSTA is not supported by a public

community of developers as many other open source projects are. The copyright and develpment are exclusive to
Parallax Software] OpenSTA does not accept external code contributions.
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vector ("LOOKUP_TABLE_1x1x5") {

FRVASINERE, ERGIHRESRMERER  © 0

index 2("0.900"); /* Output capacitance */
index_3("5.079e+00, 5.093e+00, 5.152e+00,

BER, EURSHIUNERESOTHASMEMER

values ("-5.784e-02, -5.980e-02, -5.417e-02,

E{Jia:é%o ) -4.257e-02, -2.184e-03");
o [EITIA IS
(A ENLDM/CCSEATTIERY | FRARIGES EEESES o .

timing ()
~ related__pin : "INP";
> 9 I I/ \ Q:I: timing_sense : negative unate;
I / ’n o rise_transition(delay template 3x3) {
index 1 ("0.1, 0.3, 0.7"); /* Input transition */
index 2 ("0.16, 0.35, 1.43"); /* Output capacitance */

1.43 */\

2 o values (/* 0.16 0.35 1
N /¥ 0.1 %/ "0.0417, 0.1337, 0.4680", \
() n 1 ' I /* 0.3 %/ "0.0718, 0.1827, 0.5676", \
/¥ 0.7 %/ "0.1034, 0.2173, 0.6452");
)
~
li
’ -

fall transition(delay template 3x3) {

= é index 1 ("0.1, 0.3, 0.7"); /* Input transition */
q index_Z ("0.16, 0.35, 1.43"); /* Output capacitance */
Y ~ N - values ( /* 0.16 0.35 1.43 */ \

/*0.1.%/ "0.0817, 0.1937, 0.7280", \

F210.3%/ "0.1018, 0.2327, 0.7676", \

/% 0.7 %/ "0.1334, 0.2973, 0.8452");
}
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v propagation(Slew, Delay, AT, RT)
v delay calculation (NLDM/Elmore, D2M, ECM, MD2M, CCS/Arnoldi)
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Fentti i) setup/hold 3 #i v v v
S FENLDM/EImore 2 v v v
SCHRFCCSHLYR AR Y v x v
S IS T S A A AR [ i v x v
X Fesdf b x x v
ocVv v v v
AOCV v 4
POCV X x v
% HL K307 & IRDrop 73t x X x
Hierarchy 7 #7 x x 2
Crosstalk /3 i1 v x x
clock gate /73 #T v x
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module conv; Speciﬁcations
reg [31:0] m[0:8192];
reg [12:0] pc; »
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always _———-——_._.____1___—
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-

AR REFED TR FESES

FCRATFESE,

Setup:slack=RT-AT
Hold:slack=AT-RT

m4 B R




iISTAS SR IE—EI R thiliRs
o BIEDITIIIRES | M FRIERZHTslackitEH AN AT B HIRES

P

Point

iSTA-04 |
AT B | i
45

INR2D1BWPA4OP1
D1BWPA0P!

(BUFF 3 OLVT)
(BUFFD 30P140LVT)

.0 0107520
OLVT) 0.0117 0.00 .0 076500 0326970
35P140LVT) 3 3 E 62 .0871530 1.6000000
.0415460 1.0765

&5 B Frapr ik & B



ISTARF7itE

&UEEEDB

def, .v. .sdc. .lib, spef3f4parser

SN
IREE
MIEERCRY, AIFFE. FERVITEL. 1S%ER —
(R
STAESF

ER{E

=RTERRNERTS A

—>{ KRR def / .lef, .sdctcl, .liberty, .verilog, .spef, .sdf H GDS ]
@ parsers
[ iEEDB |
STAETF
- HEzTree, BFS )
1 1
TR -l - EEFDA, B )
1 1
. FFERE 1 I- Bl Bl )
BRI E - g - LUT (NLDM, CCS) ]
1 1
]
LERIBTEELTE —: 2 :- -{ Elmore, Arnoldi, AWE ]
1 1
ERRFRE - o T =
1
- {_S/H, RR, PR MR MDP CGP, )
1
e o -
L 1 )
e - P
EORE
FAEL 8 ; !
( e ) 557 s ﬁ‘g‘gﬁﬁfwmﬂ | ]
= 1
1 N
( HasERCHY ) i s e It
v = |
( HIgEE ) i v |
) HEERRETslack I :
( mmwpsmsE I
] . . !
= 1
( tﬁﬁﬂﬂﬁlfﬂé‘ﬂ?ﬁ ] HERF B RS ] I

O EBSTAREFISTAR FE

BRI TR

e il



FisiE—: NLDM&EImoreiERfitEl

o NLDM(Non—Linear Delay Model)

Timing path FF2

Combingtional T A D Q— f_
logic — ) | C
CLK1 Ff
’7 ICOH
CLK2

> FAgEBITinput tran5|t|oniF|I|output loadEEE

NLDMZE3KENdeleyERVBEERATHEE, REEE, THRZMH
fRENAIE.

Z4 (0098, 0.03,0.227)
(0.098, 0.06, 0.234)
_af':'/"'i‘--
0.587,0.03,0.323) — i |
-,
~(0.587, 0.06, 0.329) i 2 - . . :
Z=A+B  X+C+»Y+D+X+1}
o S AL
0.05
1l 0.0 0.06 0.09 0.12 0.15
_ﬁ/ 2 2
N /
£
& g
i
=  1.07 = - s o

J

—cellZER}1=EY
BRSNSl BRI, EATHE, TSR

ainput transitionfloutput load,

pin (OUT) {
max transition : 1.0;

timing () {
related pin : "INP1";

timing sense : negative unate;
cell rise(delay template e
index 1 ("0.1, 0.3, 0.7")] /* Input transition */

index_2 ("0.16, 0.35,

values ( /* 0.16

/* 0.1 */ "0.0513,
/% 0.3 % "0.1018,
/% 0.7 %4 10,1334,

}

cell fall(delay templa
index 1 ("0.1, 0.3, 0.
index 2 ("0.16, 0.35,
values ( /* 0.16

/*0.1*/ "0.0617,
/*0.3*/  "0.0918,
/* 0.7 */  "0.1034,

}

1.4%"); /* Output capacitance */

0.35 1.43 */ \
0.1537, 0.5280", \
0.2327, 0.6476", \
0.29734 0.7252");

te 3x3) {

7"); /* Input transition */

1.43"); /* Qutput capacitance */
035 1.43 */ \

0..1537; 0:. 5280™,. "\

0.2027, 0.5676", \

0.2273; 0.6452") ;



FisiE—: NLDM&EImoreiERfitEl

° Elmore

[ShES

J

G IERTTREY

LMD RN —AE, ATLUREILSRIGERTER, BREIEAFERERTRI LR,

FF1

Timing path

CLK1

Combinational
logic

CLK2

~

Rl Rl 1

LWI“’WT“’W‘_E
o I Tw T8

rc tree model
T:n =C,*R,

FF2 .

Al q L TéT J Tag» =C,*R, + C,* (R, +R,)

*D_NET *5423 2.69358
*CONN

*1*14207:D I *C 21.7450 94.3150 1
*1*14205:D I *C 21.7450 90.4900
*1*14211:Q O *C 21.4900 83.8800 *D DFFQX1

*547:12722 0.202686 T R
*5116:10594 0.104195 —
19552 0.208867 dn

423:10107 *
3:10107 *5265:9483 0.0225810
9668 0.0443454

3:10107
423:10107 *5314:7853 0.120589

S ef —— > 7 *5423:1021 09:996 0.0293744
- p 8 #5423:10212 *5187:7411 0.526945
9 *5423:14640 *6577:10075 0.126929
10 *5423:10213 1.30707

s,
ll

*RES
1%5423:10107
2 %5423:10107

*5423:10212 2.07195
23:10106 0.340000
23:10211 0.340000
23:14640 1.17257
23:10213 0.340000
207:D 0.0806953
*14205:D 0.210835
*14211:Q 0.0932139

3
4
5
6
5
8
*




TS = CCS&ArnolidizER} e

e CCS (Composite Current Source) ——E 5 cel IZERTHERY
> BT BRI A E(E, "ILASRENZIFKiEcellfislewFIDelay,

________ FE1 . _Timing path FF2 pin (OUT) {
47 inati s timing () {
B ’,Q/ Com:)on;?ctlonal 2o Q— f— )TD related pin : "IN"-;
. Iccff output_current fall () {
CLK2 ’7 vactor ("TOOKUP TABLE 1x1x5") {
Ireference timel: 5.06; /* Time of input crossing
L/‘ threshold */
index 1("0.040"); /* Input transition */
index_2("0.900"); /* Output capacitance */
Voltage vs Time index 3("5.079e+00, 5.093e+00, 5.152e+00,
5.170e+00, 5.352e+00™);/* Time values */
1.2 /* Output charging current: */
11 values ("-5.784e-02, -5.980e-02, -5.417e-02,
1 -4.,257e=02, =2.184e-03") ;
0.9
— 0.8
e
a0 0.6
=05
= 04
0.3
0.2
0.1
0
3.115 3.12 3.125 3.13 3.135 3.14

Time (ns)




TS = CCS&ArnoldiZER} e

o Arnoldi—— EfEHHEELIERER
>[REEESTE, BIIWEArnoldilEsRrE, RENRGEMEY, SILAGe/NSZRUAERFER, HTnHELk
SORfETEWRRRMO e, TLURERSERERTZER,
__ 1p e . Combinational IR Ly ol Slage
CLK1 - el N a ’ e
B i -

CLK2 rc tree model

T T T 1T
T

f

*D_NET *5423 2.69358

*CONN

*1*14207:D I *C 21.7450 94.3150 dx(t)
*1*14205:D I *C 21.7450 90.4900 C
*1*14211:Q O *C 21.4900 83.8800 *D DFFQX1

=—-Gx(¢7)+ Bu(?)

*CAP
1*5423:10107 *547:12722 0.202686

2 *5423:10107 *5116:10594 0.104195 y(l’) —_— LTX(t) . ‘/ N
3 *5423:10107 *5233:9552 0.208867 - /e’
*5423:10107 *5265:9483 0.0225810

5*5423:10107 *267:9668 0.0443454 ] El
*5423:10107 *5314:7853 0.120589 1 1 G 0) I
-

4
6 E -
7 *5423:10212 *2109:996 0.0293744 A=-G Cb=G B
8 *5423:10212 *5187:7411 0.526945 Y/
9 *5423:14640 *6577:10075 0.126929 b x' %E(ﬁ \R ﬁﬁ)
10 *5423:10213 1.30707 L]

v H

‘RES KX VY
1*5423:10107 *5423:10212 2.07195 u : % YJI[J

2 *5423:10107 *5423:10106 0.340000
3 *5423:10212 *5423:10211 0.340000

T Va A
5423:10212 #5423:14640 1.17257 Vg = AV (W) Npveavy S . B i iﬁu )\%E lz$
5%*542, -

3:14640 *5423:10213 0.340000 vy I

4
6 *5423:10213 *14207:D 0.0806953 =
7*5423:10211 *14205:D 0.210835 1 O O | ':[ I ’—‘1 k
8%5423:10106 *14211:Q 0.0932139 L) y g E‘

*END

.spef —




ZIFSHE=: OCV

e OCV(On Chip Variation, & L{RZE) T

On Chip Variations, &Mt Hdie AR ERIZERT KL,
FERNEWMEAZE (PVT) 81&:
> ST ZR98EN;  (Process)
> (SEEERSEMBERE], mEEAME; (Voltage)
> ARNEREA—E, (Temperature)

o B{KRSCHL

ﬁﬁ)t'i%.iiset_timing_derate/fﬁ%\&% set timing_derate -net delay -early 0.915
deratelH, ISTAEITERTHIRIR, 28 set_timing_derate -net_delay -late 1.085

2 4 Z Az A - £ = set_timing_derate -cell_delay -clock -early 0.8845
iEE”{IHj'{vKappIijMEleerateiUEg set_timing_derate -cell _delay -clock -late 1.0395
{Ii[_E.Hj{EJ:Eo set_timing_derate -cell _delay -data -early 0.8195

set_timing_derate -cell _delay -data -late 1.0765



IS5 : AOCV

o FEk: MEFIELZHKMTH, EIFDITHERNIE KRR, X FEoTEEAEKD
K=, AOCV (Advanced On Chlp Variation) ¥Rz o LB B iF AR RS R k&
AREEMIZFELER T LU mAET T, BT oSHEEN FR A ERA R EINEL
EIDRE, Mﬁ'ﬁﬂz&\?f R T SRAVAT PR S

o AOCVHIFENEHKTR: R T FLERE (FWFEHEE) SHFBZEEREFYEIERERY

spec: -quiet t bn 28hp pl b p49p1401 t gep81v125c_ccs/*
=S5 S22 o= 28200222 4 CE-EC 67 68 69 70 71 72 73 74 75 76 77 78 79 80

ARa17] 1.986665 1.883740 1.081598 1.979181 1.677337 1.875298 1.873695 1.071947 1.076539 1.069021 1.867773 1.866438 1.065323 1.664137 1

1 196931 1 167524 1 153742 1 127582 1 172368 1 1800A7 1 184879 1 1A1R3R 1 AAL7IE 1 AGI7
.863134 1.062073 1.061164 1.860207 1.859379 1.85851@ 1.857752 1.056958 1.856261 1.855532 1.854888 1.854216 1.853619 1.852997 1.052441 1.851863 1.851344 1.8568e5 1.858319 1.049815 1.049358 1.848885 1.048456 1.248011 1.047606 1.047187 1.046804
1.046408 1.046045 1.845670 1.845326 1.044971 1.044643 1.844306 1.843994 1.843672 1.043375 1.043069 1.042785 1.042492 1.842221 1.041941 1.841681 1.041413 1.041164 1.840908 1.240668 1.848422 1.640192 1.039956 1.839735 1.839508 1.939295 1.839076

o BFZI: KElcell ERNFRIZNEERE, TaocvEKRFBILIZEREIKXKIETFRAIE,
apply B¥FREZ{ERarc_delay .



FistEi R Clock Gate Checks

o HHL%EFI‘]E'EE—)_L\(%R)S; Gate Cell) BHFERELD> T flip-flopAiclock pinAUEHEEIT A, BEBERUMH
PREINFE, M#EEERIgH, Mg JIEERTTIER T{FREENEL#HITClock Gate Checks,

Used as a
Gating pin clock for flip-flop
Gating signal \ / —{D Q
—Ip _O Bl N
2 | ———pCK
vy

oK Kﬁaﬂﬂw” e
>— Clock pin
K N CK

Clock signal




FistEi R Clock Gate Checks

e Clock Gate ChecksE#EHAIFLER

CLKA

UDFF0 \
—dD ) —1D Q_I_ —
UANDO | ; \' |
>CK | Gating signal A " S CK Gating signal | ! :
B ) (UANDO/A1) : |
| |
| |
| |

|
CLKA - |
Gating cell |
|
CLKB N Clock signal |
l/ Clock signal —
(UANDO/A2)
CLKB
0 5 10

e Setup checks: requires that the gating signal changes before the clock goes high.
e Hold checks: requires that the gating signal changes only after the falling edge of the clock.



FistEi R Clock Gate Checks

=1
o B{FEI
UDFFO CLKA
oy Wy W D g—
UANDO I i !
| \
. A ) : . | ‘
>CK | Gating signal B ) >CK Gating signal | ! ‘
CLKA - (UANDO/AL) | | |
Gating cell | ' :
|
CLKB N Clock signal ! | |
|
l/ Clock signal | ‘—
(UANDO/A2)
CLKB
0 5 10

>Liberty ParsersziFclock gating cellf8x/E1E;

>Build Graphfriciticlock gating cellfyclock _gate_enable_pinZlclock gate clock pingYarcz
i Clock Gate Checks;

>3RENZIKXgating pinfJarrival timefclock pinfirequired time, IEEEE®HEClock Gate
CheckspIRIRZAIER,



ZIHAFIE7S: Recovery&Removalfthr

e Recovery/RemovaloifrRigiTFETiEN/EMES S TME SR FLIR.

>RecoveryD i RIEREEMNERS ST F—IL/E  vroco -
BTG 2 88 BIsaIaalgEl L FF F— NEHIH N IE Rerovey i
B LIERE, RUTFSetuprath :
o l -
Z\ SR M= BT VEFOEDN e/
>Removalo T NEMUES, HEMSSHEET

Active clock edge

B TR RIS R BB U
removalERABHRESESERTIE, 2XUF

h o I d éj\dzﬁ ! Rer_:lli:.'nl '




SIEHSELG: Multicycle#r

IEER FoiréBalaunch

capture latchfHZE— T
MENNFIRERERK, &
Figitid<£ig&launch latc

atch#[

EER,

lig

=

NF(

capture latchfJsetup/hold

checksEZ T

EHARI SRk

BEidan<set multicycle pathr]
LI &Z EHID .

DFF]

. DFF2

—ID Q}— ZRIRiuER ‘— D Q}—
| /
| —
> -';j.K —p
launch latch capture latch
CLK
Setup
launch edge
—\_—_‘—\

\

\ Hold check

moved to launch edge™Setup multicycle =3

K\/x

Default hold
check

Setup
capture edge




ISTA: HRHAZAIAPI—EX{H

" ERH AT FEA

i

<, ISTAIRRMEL ¥ —ZFIAPI,

“oinod | “Type | rgument | Retum | escripion

LT EDAYIIEIZ T
readLiberty builder
readDesign builder

readSpef builder
readSdc builder
readAocv builder

file
file
file
file

file

self
self
self
self

self

read the liberty files.
read the design verilog file.
read the spef file.
read the sdc file.

read the aocyv files.



ISTA: HEALZEZAIAPI—IEiERCTree
Method | Type | Argument ____|Return ___|Description

makeOrFindR
CTreeNode

makeOrFindR
CTreeNode

incrCap

makeResistor

updateRCTreel
nfo

buildRCTree

initRcTree

resetRcTree

builder

builder

builder

builder

builder

builder

builder

builder

net, id

pin_or_port

node, cap
, Is_incremental

net, from_node,
to _node,res

net

spef file, kmethod

net

net

RctNode

RctNode

void

void

void

self

void

void

make RC tree internal node.
make RC tree pin node.

set the node’s cap

make resistor edge of rc tree

update rc info after make rc
tree

build RC tree according to
the spef file

init one rc tree

reset rc tree to nullptr



ISTA: MEAEZEZIAPI—IE{EStaGraph

Wethod |Type | Argument |Retun |Descripton

buildGraph builder void unsigned build the graph data
isBuildGraph builder void unsigned judge whether it has build graph
resetGraph builder void self reset graph

resetGraphData builder void self reset graph data



ISTA: HMEHAKERIAPI—SCIRIR
Wethod ___[Type _LArgument ____|Retum _|bescriptin _____

insertBuffer
removeBuffer
repowerinstance

movelnstance

writeVerilog

builder

builder

builder

builder

builder

instance_name
instance_name

instance_name,
cell name

instance_name
, update_level

, prop_type
void

void

void

void

void

file

insert buffer need to change the
netlist.

remove buffer need to change
the netlist

change the size or level of an
existing instance

move the instance to a new
location

write verilog file according to
the netlist



iISTA: HREFLEHIAPI—AIFEIEFIREN

Wethod |Type |Argument |Retum |Descripton

incrUpdateTiming  action void self incremental propagation to
update timing data
updateTiming action void self update timing data
setSignificantDigits action significant_digits self Set the significant digits of
timing report
reportTiming action exclude cell names self generate the timing report.
, iIs_derate

, iIs_clock_cap



iISTA: HRALZZFHAPI—IRERNFEEE
Mothod | Type |Argument |Return | Description

reportSlew
reportAT
reportRT

reportSlack

reportWNS

reportTNS

accessor

accessor

accessor

accessor

accessor

accessor

reportClockSkew accessor

pin_name

pin_name

pin_name

pin_name

clock_name

clock_name

src_clock pin_name,
snk_clock pin_name

double

std::optional
<double>

std::optional
<double>

std::optional
<double>

double

double

double

report the slew of the pin.
report the arrival time at a pin

report the required arrival time
at a pin

report the slack at a pin

report the total negative slack of
the clock group path

report the worst negative slack
of the clock group path

report the skew between two
clocks



ISTA: EMRARBWAPI—RERIFSER

Wethod |Type |Argument |Retum |Descripton

reportinstDelay

reportinstWorstArc
Delay

reportNetDelay

accessor

accessor

accessor

inst_name

inst_name

net name

double

double

double

report instance delay

report the worst arc delay for
the specified instance

report net delay



iISTA: ERHAHLZEZAIAPI—check cap/slew/fanout

Method _____|Type _____|Argument _|Retun | Descripton

checkCapacitance accessor pin_name void check the real pin cap and the
limit pin cap in liberty,
calculate the cap slack.

checkFanout accessor pin_name void check the real fanout nums
and the limit fanout nums in
liberty,
calculate the fanout slack.

checkSlew accessor pin_name void check the real slew and the
limit slew in liberty,calculate
the slew slack.



ISTA: HMR{EBEtcdGRS—HFLYRITE

o Y FFsdchaps

Socemd . lDeserpion

AllClocks

CreateClock
GetClocks

GetPins

GetPorts

SetClockGroups

SetClockLatency
SetClockUncertainty

Creates a collection of all clocks in the current design. You can assign
these clocks to a variable or pass them into another command.

Creates a clock object.

Creates a collection of clocks from the current design. You can assign
these clocks to a variable or pass them into another command.

Creates a collection of pins from the netlist. You can assign these pins
to a variable or pass them into another command.

Creates a collection of ports from the current design or instance. You
can assign these ports to a variable or pass them into another
command.

Specifies clock groups that are mutually exclusive or asynchronous
with each other in a design so that the paths between these clocks are
not considered during the timing analysis.

Specifies the latency of the clock network.

Specifies the uncertainty (skew) of specified clock networks.



ISTA: ER{ERAANtclaFS

o ZFFHYSACAn<Y

I

SetlnputTransition

SetlnputDelay
SetLoad

SetMaxCapacitance
SetMaxFanout

SetMaxTransition

SetMulticyclePath
SetPropagatedClock
CmdSetTimingDerate

Sets a fixed transition time on input or inout ports.

Defines the arrival time relative to a clock.

Sets the capacitance on the specified ports and nets in the current
design.

Sets maximum fanout for input ports or designs.
Sets maximum fanout for input ports or designs.

Sets maximum transition for pins, ports, clocks, or designs with respect
to the main library trip-points

Defines the multicycle path.
Specifies propagated clock latency.

Adjusts the calculated cell and net delays by a specified factor to model
the effects of on-chip variation.



o #@5run ista.tclS4, WMBE

iISTA: ﬁnﬁﬁiﬁ‘ﬂﬁtclnp"v‘

=R

o IZ1TIZNH, BRI HFIRS:
o.rpt (3R WNS,TNS FIRtFER)

>asic to
>asic_to
>asic_to
>asic to
>asic_to

#h)

n.cap (flzEiEfIH

25)

o.fanout (IRSE1EGIRSE

)

n.trans  (FRSBEHIFEIRATIA])

o _hold .skew (3&Eholdt&E, FHIRTEMR

>asic_top setup.skew (RSsetuptE= FHIBTE R

)

et_design_workspace "/var/lib/jenkins/ysyx/"

read_verilog 1214/asic_top.v

set LIB_FILES { \
1101/11b/S011HD1P1024X64M4B0_SS_1.08_125.Tib \
1101/1ib/s011HD1P128X21M2B0O_SS_1.08_125.Tib \
1101/1ib/S011HD1P256X8M4B0_SS_1.08_125.T1ib \
1101/1ib/S011HD1P512X19M4B0_SS_1.08_125.7ib \
1101/11b/S011HD1P512X73M2B0O_SS_1.08_125.T1ib \
1101/11b/S011HDSP4096X64M8B0_SS_1.08_125.T1ib \
1101/1ib/SO13PLLFN_v1.5.1 typ.T1ib \
1101/1ib/SP013D3WP_V1p7_typ.1ib \
1101/1ib/SP013D3WP_V1p7_typl.1ib \
1101/1ib/scc0llums_hd_hvt_ss_v1p08_125c_ccs.lib \
1101/1ib/scc0llums_hd_lvt_ss_v1p08_125c_ccs.1lib \

1101/1ib/sccO0llums_hd_rvt_ss_v1p08_125c_ccs.1lib \

foreac h LIB_FILE $LIB_FILES { \
read_liberty $LIB_FILE \

22\ &

link_design asic_top

read_sdc 1214/asic_top.sdc
read_spef 1214/asic_top.spef

report_timing

run_ista.tcl



iISTA: timing reportf#isE
o asic top.rpt (#RE WNS,TNS FIRJFREZR)

[Eenerate the report at 2023-06-19T11:54:45

e
Endpoint

e L e
u@_soc_top/u@_spi_flash/ub_spi_top/shift/data_reg_34 :D CLK_u®_clk_XC 30.7017020r | 40.1711020 .0000000 | 9.4694000
u@_soc_top/ud_spi_flash/ub_spi_top/shift/data_reg_7_:D CLK_u@_clk_XC 30.7010500r | 40.1708440 .0000000 | 9.4697940
u@_soc_top/ub_spi_flash/u@_spi_top/shift/data_reg_114_:D | CLK u®_clk_XC 30.6965330r | 40.1707670 .0000000 | 9.4742340
u0_soc_top/ub_sdram_axi/u_core/addr_q_reg_10_:D CLK_u®_p1l1l_FOUTPOSTDIV .0010110r 3.5354060 .0063250 -0.4656050 . 2545369
u@_soc_top/ub_sdram_axi/u_core/delay_state_q_reg_2_:D CLK_u@_p1l1l_FOUTPOSTDIV .0193970r 3.5543930 .0063250 -0.4650040 .2961945
u0_soc_top/ub_sdram_axi/u_core/addr_q_reg_10_:D CLK_u®_p1l1_FOUTPOSTDIV .e01e110er 3.5382220 .0063250 -0.4627890 .4498388
u@_soc_top/u@_sdram_axi/u_core/addr_q_reg_10_:D CLK_ul_clk_XC .021%070r 10.2233020 .0094510 | 6.2013950 . 2545369
u@_soc_top/ub_sdram_axi/u_core/delay_state_q_reg_2_:D CLK_ul_clk_XC .0402930r 10.2422890 .0094510 .2019960 .2961945
u0_soc_top/uB_sdram_axi/u_core/addr_q_reg_16_:D CLK_ul_clk_XC .021%070r 10.2261180 .0094510 .2042110 .4498388
u0_soc_top/ub_spi_flash/ub_spi_top/shift/data_reg_2_:D CLK_u0_clk_XC .7698750fF .4061450 .0000000 .3637300
u0_soc_top/ub_spi_flash/u@_spi_top/shift/data_reg_120_:D | CLK u®_clk_XC .7697530f .4050820 .0000000 .3646710
u0_soc_top/ub_spi_flash/ud_spi_top/shift/data_reg_102_:D | CLK u®_clk_XC .7699230f .4051990 .0000000 .3647240
u0_soc_top/ub_sdram_ax1i/u_axi/req_axburst_qg_reg_0_:D CLK_u0_p1l1_FOUTPOSTDIV .7970260f .4106080 .0063250 .3864180
u0_soc_top/ub_sdram_axi/u_axi/req_hold_rd_qg_reg:D CLK_u0_p1l1_FOUTPOSTDIV .8211760f .4139360 .0063250 .4072400
u0_soc_top/ub_sdram_axi/u_axi/req_prio_q_reg:D CLK_u0_p1l1_FOUTPOSTDIV .8252400f .4136610 .0063250 .4115790
u0_soc_top/ub_sdram_ax1i/u_axi/req_axburst_q_reg_0_:D CLK_uil_clk_XC .8147960fF .4283780 .0094510 .3864180
u0_soc_top/ub_sdram_axi/u_axi/req_hold_rd_qg_reg:D CLK_uil_clk_XC .8389460f .4317060 .0094510 .4072400
u0_soc_top/ub_sdram_axi/u_axi/req_prio_q_reg:D CLK_uil_clk_XC .8430100f .4314310 .0094510 .4115790

(oo Mo No NoloNo N ol R S o ]
(olloNoNo NololoNoNol
[cllo oo NoNoNoNoNole el

CLK_u®@_clk_XC 9.0000000
CLK_u®_pl1_FOUTPOSTDIV -19.0360560
CLK_ul_clk_XC 0.0000000
CLK_u@_clk_XC i 9.0000000
CLK_u@_pl1_FOUTPOSTDIV i 0.0000000
CLK_ul_clk_XC i 0.0000000

spi_miso_pad (port) 8.0000000

u0_soc_top/u@_spi_flash/u0_spi_top/shift/data_reg_34_:D (DFCNQD1BWP40P140LVT) 0.0006225 1.0000000 | 0.0000000 | 30.7017020r
u@_soc_top/ub_sp1_flash/u@_spi_top/shift/data_reg_34_:CP (DFCNQD1BWP40P140LVT)

library setup time -0.0243050 | 40.25216020
clock uncertainty -0.08160000 | 40.17116020

data require time 40.17116020
data arrival time 30.7017020
slack (MET) 9.4694000




iISTA: timing reportfi#isE

e asic_top.cap (IREFHEHILEE)

[Menerate the report at 2023-06-19T11:54:48

-------- +

Remark |
-------- +

ud_soc_top/ud_spi_flash/ub_spi_top/shift/n682 |
ud_soc_top/ud_spi_flash/ub_spi_top/shift/U671:ZN 0.002r/0.002f ND3D1BWP35P140LVT/ZN |
ud_soc_top/ud_spi_flash/ub_spi_top/shift/n444 |
I
|
I

ud_soc_top/u0_spi_flash/u@_spi_top/shift/U357:ZN 0.000r/0.000f OAI211D1BWP40P146LVT/ZN
ud_soc_top/ud_spi_flash/u@_spi_top/shift/n337
ud_soc_top/ud_spi_flash/u0_spi_top/shift/U457:ZN | 0.035r/0.035f | 0.001r/0.001f | 0.035r/0.035f | ND3D1BWP35P140LVT/ZN

-------- +

clk_peri_20 | |
clk_peri_20 buf:Z | |
clk_peri_39 | |
clk_peri_39 buf:Z | |
clk_peri_52 | |
clk_peri1_ 52 buf:Z | |




iSTA: timing reportf#isE
o asic_top.trans (REIEGIEHERATE])

[enerate the report at 2023-06-19T11:54:47

osc_100m_out_pad |

ul_clk:XouT | 5.000r/5.000f -27.076r/3.448f PDXOEDG_V_G/XOUT
osc_25m_out_pad |

u@_clk:XoUuT |

ud_rcg/ud_pll_clk
u@_rcg/u@_pll:FOUTPOSTDIV | 0.267r/0.267f 0.267r/0.267f

I
I
5.000r/5.000f -27.067r/3.448f | PDXOEDG_V_G/XOUT
I
I




iISTA: timing reportfi#isE

e asic top hold .skew (#R&holdiEz FHIETEMRR}
e asic top setup.skew (RessetuptEm FAIRTEHMRRL)

Generate the report at 2023-06-19T11:54:49

Clock: CLK u@_clk_XC

T
Clock Pin

S
u0_soc_top/ub®_n1ic400_bhus/u_cd_hs_peri/u_ib_nic400_axi4_sdram_1ib_m/u_maskcntl/reg_mask_r_reg:CP (DFCNQD1BWP40P140LVT)

ud_soc_top/ub_sdram_axi/u_core/active_row_g reg_2 11 :CP (DFCNQD1BWP40P140LVT)
u0_soc_top/ud_n1icd400_bus/u_cd_hs_peri/u_1ib_n1i1c400_axi4_sdram_ib_m/u_maskcntl/reg_mask_r_reg:CP (DFCNQD1BWP4GP140LVT)
u@_soc_top/ub_sdram_axi/u_core/active_row g _reg 1 4 :CP (DFCNQD1BWP40P140LVT)
u@_soc_top/ub®_nic400_bus/u_cd_hs_peri/u_ib_nic400_axid4_sdram_ib_m/u_maskcntl/reg_mask_r_reg:CP (DFCNQD1BWP40P140LVT)
uO_soc_top/ud_sdram_axi/u_core/active_row_q_reg_2_ 4 :CP (DFCNQD1BWP40P140LVT)

o o e e e e o e e e L e L e o e

—————— — +
——————

D Q
Clock
definition [¥s ﬁ
/ |/ D Q
PLL,
Y N CK
I / M
= S Clock skew [+— |
Clock source
| N ! .
| i | s
S ]
' |

Clock latency



g

o iISTAEEREEZIF S EATclirSHsdcanS, BIBUT

TclFEE/Eread verilog. link design. read liberty, read sdc. read spef. report timing
sdcJsRE) & create clock, create generate clock, set multicycle path

o ISTAERZEEEIN F SMIERNTREE S, 2iF 5 SMBESTRIL
, BT

Slew, Delayit&, ®#ENLDM/Elmore, CCS/ArnoldifFix
EHEEF: slew, delay. clock, data arrive time, data require time

B EER2ROHT: setup/hold. removal/recovery, multicycle path, clock gate, AOCVZs

o RFKitkl: IRFEE., HifE
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@ ISTA key technology




Key technologies in STA

e Accuracy

e Performance

Cell delay

Interconnect delay

Crosstalk 7R |
Miller capacitance et

CPPR (Common Path Pessimism Removal)

clockpathl + data_path_max — clockpath2 + setup < clockperiod
clockpathl + data_path_min — clockpath2 — hold = 0

Graph propagation and traversal

e Delay calculation model acceleration

e GPU
o Al

<79>



Path delay calculation

e Cell delay

Cell Delay Net Delay
e NLDM |
e Interconnect delay N e
e First order moment model o
. CLK]l =
e Elmore delay metric e —
e Second order moment model (K2 =
e D2M delay metric GATE =

e ECM delay metric
e MD2M delay metric

e High order model

e Arnoldi delay metric

< 80>



Cell delay calculation

e NLDM (Non-Linear Delay Model) pin (OUT) |

max_transition 2 e i

e LUT (Look-up table) reiated pin : "INEL"

timing sense : negative unate;

: : cell rise(delay template 3x3) ({
o Liberty file (.1ib) index 1 ("0.1?'*0.3,}90.7"*); /* Input transition */

. . . index 2 ("0.16, 0.35, 1.43"); /* Output capacitance */
e Linear mterpolatlon values ( /* 0.16 0.35 1.43 %/ \

o g aw  Yp.0518, 0,158, 0598807 %
e Index 1: Input transition /¥ 0.3 %/ "0,1018, 0.2327, 0.6476", \
- /* 0.7 */ "0.1334, 0.2973, 0.7252");

e Index 2 : Output capacitance ;

cell fall(delay template 3x3) ({
index 1 ("0.1, 0.3, 0.7"); /* Input transition */
index 2 ("0.16, 0.35, 1.43"); /* Output capacitance */
values ( /* 0.16 0.35 1.43 */ \
/* 0,1 %/ "0D.0617, 0.1537, 0.5280", \
/* 0.3 %/ "0.0918, 0.2027, 0.5676", \
/* 0.7 */ "0.1034, 0.2273, 0.6452");

[1]J. Bhasker and R. Chadha, Static timing analysis for nanometer designs: A practical approach. Springer Science & Business Media, 2009. <81>



Elmore delay metric

e Elmore delay metric
e Update downstream capacitances of each node

e Update delay from root to each node

e C(Characteristics

C¥  CY

e Simple closed form expression -

in
delay root.. =

A simple RC tree network

e Fast computation speed
e First moment of the impulse response

e Errors are pronounced for near-end nodes
e Resistance shielding is less dominent for far-end nodes
e Upper bound on delay

[2] EImore W C. The transient response of damped linear networks with particular regard to wideband amplifiers[J]. Journal of applied physics, 1948, 19(1): 55-63.

[3] Alpert C J, Devgan A, Kashyap C. A two moment RC delay metric for performance optimization[C]//Proceedings of the 2000 international symposium on Physical design. 2000: 69-74.
< 82>



D2M delay metric

e Delay with 2 moments

e Step 1: Calculate Elmore delay

e Step 3:

e As simple and fast as the Elmore delay metric
e Significantly more accurate than Elmore
e Remarkably accurate at the far end of RC lines

e Ignore resistance shielding

[4] Alpert C J, Devgan A, Kashyap C. A two moment RC delay metric for performance optimization[C]//Proceedings of the 2000 international symposium on Physical design. 2000: 69—24

83 >



ECM delay metric

® Effective capacitance metric

® Downstream capacitance is modeled by an Stepl: | Yi(s) = y1.i5+ 2482 + Y383 + - --
effective capacitance insteads of the sum of l Calculated with the three moments
capacitances y2. Y2 .
St€p22 Ry = — 3’7’ , Cn = yz,z ;v Cni=y1,i— Chk
. . . . i 371
® Consider resistance shielding =
l Effective capacitance
R, R, R, R, Ry
Step3: Ceff = Oﬁ2 (1 — e_EDi/Ti)
v CGY
- l Effective load capacitance
i i — l i St€p42 Clegr = U +Ohiie
Icm' Icﬁ AC Icni Iceff
Effective capacitance computatiaon based on a reduced model.
[5] Kashyap, C. V, C. J. Alpert, and A. Devgan, “An” effective” capacitance based delay metric for rc interconnect,” in IEEE/ACM International Conference on Computer Aided Design. ICCAD-2000. IEEE/ACM Digest of Technical Papers (Cat. No. 00CH37140), pp.

229-234, IEEE, 2000.

Formulated in a taylor series

<84 >



ECM delay metric

® Expression
Dpcom = 2ien (Bi* 2 Ciefy)
® Same form as the Elmore formula
® Same complexity as the Elmore delay
® More accurate than Elmore delay

® Do not require the computation of multiple moments

< 85>



MD2M delay metric

® Modified delay with 2 moments

-
m
Dypaov = —A=1n2

mz

® where jand , are the modified first two moments of the impulse response. Utilize the effective capacitance of

the downstream capacitances from node 1 to substitute the sum of downstream capacitances.

® As simple and fast as the D2M delay metric
® Significantly more accurate than D2M
® Remarkably accurate at the far end of RC lines

® Consider resistance shielding

< 86 >



High order moment delay metric

Algorithm 1 Arnoldi Algorithm

Parematers extraction, Modeled Input: 4,0
as RLC/RC circuit, KVL/KCL Output: V, H
G.x(t) + C.i(t) = B, u(t 1: Compute vy = ﬁ = = . R
N ( ) v ( ) ; ( ) 2: for j =1 to qdo Gw + SC‘” .’13(3) o Bm’U,(S)
y(t) = Ia(t) it ,
z 3:  Compute w; = A-vj T
:1: for i il ’;0 j do g(s) = waii(s)
l 5: hij = v ~w;
6: wW; = Wy — f-’,jj * Vi
7. end for . _
Laplace transform g S e 0l Dl Hy(s) = g(s) _ Ef (éx N sé’w) 13’;
9: Break and return u(s)
(GIB + SCw)ZB(S) = Bwu(s) 10:  else
y(s) = LEx(s) i {'1:;_: Ufj"j”'z
’ LT g
[ ] 13 end if Reduced order system
14: end for

Transfer function
“ 1. Match ¢ moments for gth-
Hf(s) — % — Lf(Gz + scw)—le — OI'dCI' apprOleatlon

u(s) — - - —

i Moment: = 2. Numerical stability
3. Passivity preservation

A, =G,'C,, R,=G,'B, R, R, R, R, R

T

Hy(s) = L (I+ SAw)_lRw

Original circuit system Vin

[8] Odabasioglu A, Celik M, Pileggi L T. PRIMA: Passive reduced-order interconnect macromodeling algorithm[J]. IEEE TCAD, 1998, 17(8): 645-654. o7
<87 >



Elmore metric — First order moment

Transfer function i X

!
ZEZ; = IT(G, + sC,) ‘B,

| =0
Hj(s) =

where the kth coefficeint of 4(s), is called the & moment.

v

A, =G,'C,, R,=G,'B,
H¢(s) = LE(I + sA,) 'R,

For the impulse function d(t), its Laplace transformation is 1. The
transfer function is also the impulse response at the port. For impulse
function h(t), after Laplece transform and Taylor expand

i) = /0 " st h(t)dt

l For ideal delay element’s transformer function is
Taylor expansion h s =e”
dh s
hs = T == | 0= 1
=0

< 88 >



Model order reduction methods

Model order reduction

/\

Moment-matching

Machine rlearning

T

Explicit moment
matching

e

Implicit moment
matching/Injection

Lanczos
block Lanczos

Arnoldi
block Arnoldi




Crosstalk noise calculation ® The impedance at node 1, satisfying the following

7R O
Aggressor - Rat Raz 399 A 1
e :
! l\./ v V V ‘T\\ Vv | Vin
D i Cai  Cat— ) ~Cas % % —% @ Then at node 2, we have
777 7777 7777 i 7777 Vagg
T — 2
R RN T S S —
| N——VV\— | T e 2t o——
| L 1o L Avi Rz ng R, Z>  (Z1+R,) R. + -
i Cv1 ] ve — v3 A /\ A . A AN ’ x//\v/\w_vllwlse sCr,
7 o 77 | L L YL .
Victim - = ® Denote the s-domain voltage at node 2 by , , then
Zy
Va(s) = 7o+ 1 + Vagg(s)-
2t 500
tr . . .
i D~ | ® The output voltage in the s-domain is
(@) Y N e b iy o noise, .
Vmax [~~~ ~75
L & _ SOL
L : Vout(S) —_ V2(3) * R _1 .
€ -I_ SCL
Vdd or GND . . .
Vagg T ® Substituting ;, ,and 5 into , we have
' fLwidth !
Rd I 1
(b) Rs = —L Re Vout : ; Z2 ]./SCL
—— —E 1 ' i Vout(s) — 1 : . Vagg(s)
C,—L C:J— J—a ‘ : > ZQ—"(SC ) R€+1/SCL
el L ey ta 2 ; T
= = = time 2
_ a28" + Q18 (8)
— . a
$3 + bas? + b1s+ bo 99
[9]Cong J, Pan D Z, Srinivas P V. Improved crosstalk modeling for noise constrained interconnect optimization[C]//Proceedings of the 2001 Asia and South Pacific Design Automation Conference. 2001: 373-378.

[10]Takahashi M, Hashimoto M, Onodera H. Crosstalk noise estimation for generic RC trees[C]//Proceedings 2001 IEEE International Conference on Computer Design: VLSI in Computers and Processors. ICCD 2001. IEEE, 2001: 110-116.



Crosstalk noise calculation

® For the aggressor with saturated ramp input with normalized o
— 1 and transition time

0<t<t,
t > tr.

t/t,

Vagg(t) = { 1

® [ts Laplace transformation is

1s indeed a first-order approximation of

e 1 T v — ! o e
U ) ot Ll Tl SR
S B »
to 1435 tot+t/2

® Noise Width: Given certain threshold voltage

1— e %t
o

Vagg(s) =

® Using dominant-pole approximation method

_te(L—e %)
Vage(3) = G D)

® Computing the inverse Laplace transform, time domain waveform

1 — g7 t/tv)

fa ( 0<t<t,
La (¢~ (t=tr)/bo

—g Wy §»4,

Vout (t) = {

_(1 . e_tr/tv)

r

Umax —

level , the noise width for a noise pulse is
defined to be the length of time interval that
noise spike voltage is larger or equal to

(te — trvt)(et""/t” — 1)]

tg — t1 == tvln [
tq"/ut

VUt = 'Uma:n/z

1 — 6—2t1n/t1_; ]

twidth = t2 —t1 =t + t,ln [m
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@ Al for interpolation

® [nstability of the extrapolation

® Uneven distribution of difference points

elec A

+ L _Bad fit |

Linear
Extrapolation

\ »

0! time

elec A

Linear
Interpolation

4

. ”
time

elec

[ Good fit

elec

.\\
~0 |
time
.+ L _Good fit
A
1\
\
Lo
g1
Pk
) \
¥4 .
\
NN \
Interpolation _
time g



@ Timing path delay calibration

® Our goal:

® Machine learning model
® [ower-order moments delays which are efficient
and easily computable

® More accurate results in a acceptable short time

Comparison-iSTA_PT

Path delay

—— Elmore
- D2M

— ECM

—— MD2M

—— Deviation

—— Ratio
Prime Time

Path id

o o
=} o
o @

load capacitance
g
n

—— load_cap_ista
load_cap_pt

0 2

4
node id

—— in_out_slew_ista
in_out_slew_pt

175
150
_ELE
5 1.00
3075
0.50
025
0.00

Net delay
o
e

—— cell_delay_ista
— cell_delay_pt
—— cell_delay_ratio

10 15 20
node id

node id

—— net_delay_ista_elmore
—— net_delay_ista_d2m
—— net_delay_ista_ecm
—— net_delay_ista_md2m
~—— net_delay_pt
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Overall Flow

(Training circuits [Test circuits ]
[ Path delay or
Cell related ) net delay
features +| Padding [—> g Machine
, enhancer a Output
Wire related N , 2 model ratio
features | Padding —| &
ﬁ Label Multiply

Basic features
extracted by
internal STA tool

i

Path delay or net delay

extracted from
commercial STA tool

Path delay or net delay

extracted from
internal STA tool

Overall flow architecture.

® Features extraction
® iEDA-1STA internal tool
® Label extraction
® Prime Time
® Model selection
® Transformer+ResNet
® Feature enhancer
® Resistance shielding
® Effective capacitance
® ECM. MD2M
® Trick
® Ratio of ground truth to

traditional methods

<95 >



Features and Label Selection

® Timing path delay learning

. . .
® Feature selection Label selection

®
® Input slew
® [ oad capacitance o —

® Output slew

PDyey = f (Si, SPyss, CT,CP, S,,Cy,PDrg) (9

® Signal polarity

Cell type

—— Path delay from PrimeTime
Path delay from traditional methods
——- Ratio of PrimeTime to traditional methods ‘

N
=)

o
® Cell port name
o

Arrive time

5 &
<
= |
—
____—
__—
>

==
é

—

Path delay or ratio
-
N ’

® Cell delay

=
N

® Wire delay 10

0 20 40 60 80 100
Path id

® Elmore delay The distribution of 100 paths delay of design “aes cipher top”. The
pathdelay curves are marked in blue (PDr1) and orange (PDIE),
respectively. Andthe curve marked in green represents PDp1/PDIE.

<96 >



Experiment result

® As for the slow corner, the performance of our model with feature enhancer in terms of average rRMSE values are
1.1% and 2.5% for trained designs and unseen designs,which are reduced by 1.55 X and 10.48 X compared with
model trained without feature enhancer, respectively.

----- Random Forest
LightGBM

—— w.o.Feature enhancer

—— w.Feature enhancer

4000

3000

Path number
g
o

1000

A9 BN 6.5 532303123 kS 01 9 0043 \dadyha9104118499093729375157671 191920351
Relative error distribution(%)

Error distribution of different models on unseen circuit “gcd”

Dk Accuracy of slow comer (rRMSE / AAE (ps)) Accuracy of fast corner (rRMSE / AAE (ps))

RF LGBM woFE | wFE | Ratioy | Ratiog Ratiog RF LGBM woFE |  wFE | Ratio; | Ratiog Ratiog
picorv32 0.008/ 8.10 0.007/5.06 0.016/23.02 0.007/5.61 1.14/1.44 1.0/0.90 2.29/4.10 0.007/2.60 0.008/4.88 0.021/18.83 0.012/11.14 | 0.58/0.23 [ 0.67/0.44 | 1.75/1.69
Teain jpeg_encoder 0.075/170.66 0.069/147.85 0.015/29.83 0.014/22.86 5.36/7.47 4.93/6.47 1.07/1.30 0.039/25.38 | 0.039/24.28 0.033/23.76 0.032/22.10 | 1.22/1.15 | 1.22/1.10 | 1.03/1.08
aes_cipher 0.046/83.10 0.046/84.09 0.022/30.48 0.018/20.37 2.56/4.08 2.56/4.13 1.22/1.50 0.023/25.46 | 0.023/23.46 0.018/22.70 0.017/21.68 1.35/1.17 | 1.35/1.08 | 1.06/1.05
ibex_core 0.138/1053.81 | 0.128/977.36 0.007/37.81 0.007/37.88 19.71/27.82 | 18.29/25.80 1.0/0.998 0.022/25.0 0.021/19.19 0.023/32.36 0.021/25.83 | 1.05/0.97 1.0/0.74 1.10/1.25
Average 0.032/84.75 0.030/77.80 0.017/26.54 0.011/13.20 2.91/6.42 2.73/5.89 1.55/2.01 0.019/17.45 0.019/16.06 0.022/23.97 0.018/19.16 1.06/0.91 1.06/0.84 1.22/1.25
Test riscv 0.029/125.04 0.019/79.94 0.133/559.52 | 0.027/119.70 1.07/1.04 0.70/0.67 4.93/4.67 0.021/59.01 | 0.020/54.10 | 0.058/164.08 | 0.015/39.57 1.40/1.49 | 1.33/1.37 | 3.87/4.15
ged 0.028/23.33 0.025/20.75 0.361/286.60 0.022/18.88 1.27/1.24 1.14/1.10 16.41/15.18 | 0.025/20.39 | 0.025/19.43 | 0.128/109.95 | 0.019/13.98 | 1.32/1.46 | 1.32/1.39 | 6.74/7.86

Average 0.0286/89.75 0.021/59.41 0.212/464.84 0.025/84.72 1.14/1.06 0.84/0.70 10.48/5.49 0.022/52.24 | 0.021/48.02 | 0.070/154.59 | 0.016/35.08 | 1.38/1.49 | 1.31/1.37 | 4.38/4.41
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(3 Wire delay learning

® Wire delay learning

® Feature selection ® L.abel selection
® olden
Port name @ __olden
Basic features Resistance vy
Capacitance Choose the ratio Daolden/Daveg of golden wire delay Dcolden to
Elmore delay average wire delay Davg of the four methods above as the
Feature enhancer 1 label
D2M delay abel.
Elmore delay
Dpred = f (DEitmore; Dpam, DEcm, Dupanr, D avg)
D2M delay
Feature enhancer 2
ECM delay Where Dyred 1s the predicted wire delay.
MD2M delay

<98 >



Experiment result

® Experiment 2 — Wire delay learning

® Designs from 4t integrated circuit EDA elite challenge, based on 28nm technology.
® our model achieves an average rRMSE values of 0.4% for trained designs and 3.3% for unseen designs.

3 . Accuracy of multi-corners (rRMSE / AAE (ps)) :
Design | Net |Wire path—pr——7opM T woFE | wFE; [ wFE; | FE, | Ratio; | Ratio; | Ratio; | Rafio; | Ratiog | © ‘untime ()
Group( [53599| 99465 [0.033/0.87]0.021/0.81 | 0.218/8.70 {0.023/0.48 [0.005/0.21]0.005/0.19| 6.6/4.58 | 4.2/4.26 | 43.6/45.79 | 4.6/2.53 | 1.0/1.11 69.7
Groupl [53599| 100227 |0.035/1.04]0.021/0.89| 0.195/9.28 {0.026/0.56 | 0.005/0.23|0.005/0.23 | 7.0/4.52 | 4.2/3.87 | 39.0/40.35 | 5.2/2.43 | 1.0/1.0 57.9
Group2 (53599 | 98871 [0.033/1.01]0.020/0.91 | 0.199/8.79 |0.023/0.56|0.005/0.24 [ 0.004/0.23 | 8.25/4.39 | 5.0/3.96 |49.75/38.22(5.75/2.43|1.25/1.04 65.4
Train Group5 (53599 | 98460 [0.037/1.39]0.022/1.11(0.191/10.20|0.023/0.70 | 0.004/0.30|0.004/0.28 | 9.25/4.96 | 5.5/3.96 |47.75/36.43|5.75/2.50| 1.0/1.07 479
Group6 (53599 | 99539 |0.034/1.25]0.021/1.09|0.195/10.25 [ 0.023/0.68 | 0.004/0.29 | 0.004/0.28 | 8.5/4.46 |5.25/3.89|48.75/36.61|5.75/2.43| 1.0/1.04 47.8
Group7 [53599| 98429 |0.033/1.01]0.021/0.91 | 0.202/8.64 |0.022/0.54 |0.005/0.24|0.004/0.22 | 8.25/4.60|5.25/4.14| 50.5/39.27 | 5.5/2.46 |1.25/1.09 65.0
Group8 (53599 | 99353 [0.032/0.75]0.022/0.71 | 0.248/9.01 |0.023/0.40 |0.005/0.16|0.005/0.16 | 6.4/4.69 | 4.4/4.44 | 49.6/56.31 | 4.6/2.5 | 1.0/1.0 67.9
Group9 (53599 | 98413 [0.036/1.09]0.022/0.94 | 0.207/8.78 |0.023/0.54|0.005/0.23 [0.004/0.21 | 9.0/5.19 | 5.5/4.48 |51.75/41.81(5.75/2.57|1.25/1.10 67.1
Average 0.034/1.05{0.021/0.92| 0.207/9.21 {0.023/0.56|0.005/0.24 [0.004/0.23 | 8.5/4.57 | 5.25/4.0 [51.75/40.04 (5.75/2.43[1.25/1.04 61.1
Test Group3 [53599| 100413 |0.094/3.760.076/2.92| 0.205/9.84 0.083/2.20{0.042/1.91|0.032/1.61|2.94/2.3412.38/1.81| 6.41/6.11 (2.59/1.37|1.31/1.19 59.6
) Group4 [53599| 97956 |0.090/3.15]0.074/2.45| 0.211/9.50 [0.090/1.86|0.042/1.58|0.033/1.39|2.73/2.27|2.24/1.76| 6.39/6.83 |(2.73/1.34|1.27/1.14 62.2
Average 0.092/3.46 (0.075/2.69| 0.208/9.67 [0.087/2.03|0.042/1.75| 0.033/1.5 [2.79/2.31(2.27/1.79| 6.30/6.45 |[2.64/1.35|1.27/1.17 60.9
50000
----- Random Forest -+++= Random Forest
LightGBM LightGBM
20000 —— w.o.Feature enhancer —— w.o.Feature enhancer
—— w.Feature enhancer_1 40000 —— w.Feature enhancer_1
— w.Feature enhancer_2 —— w.Feature enhancer:2
@ 15000/ ——— Feature enhancer_2 a —— Feature enhancer 2
Qo L 30000
g IS
| = 3
£ 10000 <
s < 20000
[« ©
(a1
5000
10000
JS—
30400 00 20 10 O 50 40 30 40 40 o0 (O 40 50 4O O (O 40 O o0 O 4O 00 o o e o e e e e e s 5 o s o s o e o e
Relative error distribution(%) 5T AT AT BT BT 27 27 AT AT 07 00 07 AT AT T 3T 3T T AT AT %
Relative error distribution(%)
Relative error distribution of different models and features on Relative error distribution of different models and features on trained

unseen benchmark “Group4”. benchmark “Group5”. <99 >
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Future work for iSTA

® Crosstalk calculation and prediction
® Timing windows-multi aggressors
® Crosstalk delta delay
® Crosstalk prediction
® Miller capacitance
® NLDM provides a single capacitance
® Ignores the Miller effect
® CCS - provides two different pin capacitance
® Relationship between variables of different stages
® Relationship between physical and electrical variables

® Relationship between electrical and timing variables

<101 >
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RIS

Tcl/Python GUI
APZE "
Zirss MAERE RBfTELR
AR FELFEREES T St SRR
= : 1Y ( d) -
s || oot TSI R Lo
N : 2 Report
= T ETFRFE (time-based) iR
| ReernsgiteE | A1 et
toggleit& Test
| FExmsEmite ||| EFe@EE (dock :
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A SSEREHRRRIE =

FEFWEADAEOE CUsaLlssEdE)
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NHEEE

EHHE
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BRESE
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BN EASERE, OfF
SRR, LHEBERE, BR%
R

> BEEILEIE: IEREIERERNE
B, BIEENEEREE—
B M D ATAERIREY, A
LUERE Brparser, THHFEER
FEVCDAYIZEN

> IFEER: FLAHNER, I
ST ER . L FIZEER
RINFETTEE AN & RKINFRT
&

> BRZEE: {Z{#C++FIPython
%—3E0 (PYBIND) .
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fitTVCDX

LETEFE - R :
. Flex & Bison AT SHIMEVCDSCHERZ * Glich&LiE

o JRBBSAIFSCHEHE K 1ZE « ZEEVCD Parser
o FTIESAIFXHRERINAVERE R XXH

ST EEENEIR

|
netlist

LIB
SPEF —— ¥

vs | msimmmmn le—

BTNt

S

=

s

A ;?

= T M

l Toggle ?SPE*‘I oy
=

18

g2

v

Toggle#ISP
EfE R
value_change_dump_detinitions ::=

{ declaration_command } { simulation_command }

declaration_command ::= \VVCDFile Ij] %':E.H-%*ﬁik

declaration_keyword

[ command_text ]
IR HTIR SRR

.
|
|
|
|
|
|
L e
|
|
|
|
|
|

$end
simulation_command ::=
simulation_keyword { value_change } $end VCDScope
| $comment [ comment_text ] $end
| simulation_time
| value change
declaration_keyword ::= VCDSIg nal
$comment | $date | $enddefinitions | $scope | $Stimescale | Supscope
| $var | $version
simulation_keyword ::=
$dumpall | Sdumpoff | Sdumpon | $dumpvars
simulation_time ==
# decimal number
value,cha;lge e VCDSignalHash VCDTimedValue
scalar_value_change
| vector_value change A > I * T Qﬂ:
scalar_value_change ::= Q I | I y b4 < n A
value identifier_code =
value ::= VCDTime VCDValue
0|1 |x|X|z|Z
vector value change ::=
b binary_number identifier code I I

| B binary_number identifier_code
| r real_number identifier_code
I e o L VCDBIt VCDBitVector VCDReal
identifier code ::=
{ ASCII character }
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netlist
LIB
JSPErj— Yemmmrmem . -
SDC 5
Voo | EaEm e B
- (Y nY AN sl . S AaA S | Ha
« Toggle: {55 RAIATEIAEIEHIREL 1. #R#Bdurationit EFIISPSToggle; i l o | B
] i =1
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=5 T EIZ EIRS0E 1 BB =R i i
. _ |
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'S I
- T T Sl LI | f&ﬂ?SZ{tF_, Piznetlist — sta graph ->vertex +
I PwrDataBucket | | PwrDataBucket 1 PwrDataBucket I WIre xxx -> net
! L | | i ! e IR b
' - EE T &FE 1T ® i |
: j | r L : power graph Vertex
I + 11
| |
E@g : ;F’Jé < EESTeE : :;Eg-< [EEE1 : : GES e : Driver Vertex Vertex
FRTHE I I |VCD , |
: * : : * | : + : Vertex
I e Il - I t snk
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R T R s B e - [t X SIANEEFE IER M Togg | eFISP
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DATA 5 @ ik

‘;‘ 7 Pz=1-(Pa*Pb)

Pz=1-(1-Pa)*(1-Pb)

CLOCK S CK

M {FsEEURER

|
netlist
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BITIRE
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| SRR
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[
TFEM T, o A i !
' ToggleF1SP
leakage power () { ei WiB]ij;?évl—ﬁ : ELiEiER
value : 42.2; . A —
}
Teakags_power () { I meETR b ERIAmR
value : “26 s ) power down_function : “!VDD + VSS“; *
when : 'AL1 1A27; related power pin : VDD;
} related ground pin : VSS; IhEED TR SIS
leakage power () { internal power () {
value : 33.0: related _pin : “A";
when : “!A1 A2”"; power (template_2x2) {
} index 1 (“0.05, 0.1"); /* Input transition */
i anie r () { index_2 (0.1, 0.25"); /* Output capacitance*/
SanaRE_se values ( /* g.1 0.25 */ \
value : 27.0; /* 0.05 */ ~0.045, 0.050", \
when : “Al !'A2"; I* 0.1 */ "0.055; 0.0567");
} }
leakage_power () { }
value : B82.7: }

when : ‘Al A2"; XA F BT A Flpin, 250 7HE A #STh#E
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API5tclap S

@ =5 BERTREWAP
I T

buildGraph FIREIPW B B4 45 44
readVCD fEHTVCD L
buildSeqGraph MR P o B
checkPipelineLoop Kl PipeLine ¥4 %
levelizeSeqGraph XTI P BT B AT 7 4%
propagateToggleSP 7£ B A& fToggle 5 SPEE
calcLeakagePower THRIR IR
calcInternalPower THRE N BRI
calcSwitchPower THEIT R T
analyzeGroupPower o3 M DR

reportPower B DO AEAR
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ei H F H P Bitelin 4

read_verilog

link_design

read_liberty
read_sdc
read_spef

report_timing
read_vcd

report_power

2 A netlist 304
XHE [fInetlistta) 2 2%
# Aliberty
B Asdc
B2 A\ spef

3 AT AR i timing

B Aved

AT AR A power

netlist 3 {44
Tz 44
libSC A 44
sdc3 44
spef 3 {14

y
ved 344
-top_name vcdTii Zinstance,

BEE ATV
7

read_verilog asic_top.v
link_design asic_top
read_liberty $LIB_FILE
read_sdc asic_top.sdc
read_spef asic_top.spef

x

read_vcd test.vcd -top_name
top-i

7
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4. B&{E1EEend vertex

Thread 1 proﬁ)agate start .
vertex1 to gnk, count
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start clock '
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latch count 1
Ci/ task pool
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start clock
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check Thread 4 wait
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start clock
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'
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