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Kon'nichiwa and Introduction

* Industry seems to be following a parallel path
with respect to:

Methodologies based test bench

Power Architecture, including Unified Power UPVM Bridge b/w UVM & UPF
Formats (UPF)

- Both are fundamental requirements to IP and
ASIC verification especially in the power saving
mobile world.

 Incorporating Power Architecture seems to be
more like an afterthought post Functional UPF 4 UVM-VIP
Verification, almost a fourth dimension to our Verification
strategy leveraging the test bench architecture.

« Leading EDA tools providers tend to have tools
with Functional Simulation with UVM switches
and a separate Low Power and Power Aware
strategies.

« It would be more efficient to do Methodologies
based Functional Verification and Coverage
along with Low Power Implementation.
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Our Primary Implementations (so far)

« DAC 2022 - “Low Power Classes as extension to UVM Package Library”
« DVCon INDIA 2022 - “Low Power Extension in UVM Power Management”

« DVCon Japan 2023 - “Integrating L1&L2 Cache for multi- Core UVM based
extended Low Power L|brar¥ Package’ (DVCon Japan 2023 - Z\H’-:?UVM/\—
ADIRIEHEEENTAT ) /1\wr—2la HLl&LZiH'J/:LO). =)

« DVCon Europe 2023 — “Unified Architecture of L1 L2 Cache with Low Power
Extensions for MultiCore UVM-based Library Package”

« DVCon Taiwan 2023 - "UVM-based extended Low Power Library package with
Low Power Multi-Core Architectures”

» Our past work’s are shows Implementation of the UPVM Library Packages for the
Power Validation.

* |[ntegrating the power strategies with in a UVM verification using the UPVM Library
Packages.
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Main ldea (A EB)

Open Source Standard for UPVM™ (UPVM™ DA —F ) —R I8 %)

UPVM is an emerging standard library for unified Power Verification™ within the SV/UVM environment for the
purposes of early-stage integration of power management and strategies (UPVMI&. SV/IUVMIRIERATO e
Power Verification® D= DFHLIMEES AT S THY . EHEBLHBROBRIAHEZBMELTLVET ) (along with
DUT Design/Verification) and has

a) astandard library package (#8#&54 751 /3w4—) consisting of SV Classes for power
management/strategies

b) amyUPVM templates wherein the Low Power Designer extends the Library Package Classes for the

DUT under consideration (BB HTH A F—DREFPODUTDSATSVIYr—SH5REMET S
myUPVMT>FL—)

C) astructured query based automation tool (&t T )R—X M BEIML*Y—IL) which generates an
intermediate file for the myUPVM templates to be populated configuring the power strategies for the DUT

d) Scoreboard (Ra77R—F) to validate the power strategies

e) generate a UPF file on compilation (A /S IILEBEICUPFIZ7AILEE KT %) and simulation of the full
SV Code.

The effort is to interleave Functional Verification Methodology and Power Architecture in SystemVerilog, like a
single existing and widely deployed methodologies-based platform, like UVM.
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UPVM Library Package (AA&FEIILITFIZHEYZET )

« The Low Power library is provided as in-built Test

Power Domain classes within a package =0

UPVM Package) as Extension to U [Scoreboard]

acka?e Library to be used by DUT designer

as part of the testbench. e

] ] ] ] | sequencer|

 Our implementation for Power Libraries are %;

for Power Domains, Ports, Supply Nets/Sets, | [BouTk nterracs Driver

Switches, States and Low Power Strategies. '

« These Power Libraries are offered as Base |
Class which s used within UPVM |
Scoreboard for Power Strategy Validation. |

DUT > 6LS

« UVM Power Classes for Device, Memory,| =% "= jE essE
Bus Interface for signals (AMBA AXI, ACE, k|
CHI, PCle, Wishbone) is now extended to 1 — — 4
Core, multi-Core, (ARM_ Core, Intel core, =—
Open_Source_core), Etc o
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UPVM SA4T35Y 18— [

° 1E_EI=EIj] 5 /r_l_7\\5 I) (j:\ DUT EQE-I_% 7,3‘;7__ A |\ = | Scoreboard|
N TFO—gle LT 5 j% UVM Ny T —
v f“;fvg/l? ') @/inf\ Eﬁ)éﬁ"% —CJ\;";F/F%I I
4 /N Y — Y/ ) P A =S Monitor Sequencer
X ‘/aiztbﬂﬁéi\éhg(g:o = | q\ﬁ|
. \'*id)%azfj‘_')@%“ili\ EEI;’ \I\\\)(/f~ DUT : I Interface >|Driver
by BiRRYR Yy XAYF R 5
HIEERRELTVES .
. %hép?{:@h:if 75)5 ) ‘(i ﬁ%P%/%%i% | .
/N IR E | b 75N ’
55 R CRE A ER R e T |
e« TN j A, XERYYAEFEERANR 4V 2 — BT — ﬁf
7 x4 A (AMBA AXI. ACE. CHI. PCle. — i AL | <
Wishbone) @ UVM X2 2 A H., a7, < _
W F 137 (ARM_Core ,. _Intel_core . D
Open_Source core) % & ICHhsRsfALE L 1=,
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Automation WITH aUPVM™

Python-based tools

Interactive query-based tool which works with the Power Designer to
identify UPF Power Management and Strategies

Hierarchy Chart generator from DUT/TB directory based modules and
Instance of modules

Smart guides to ensure
* Elements are within scope

« Power Domains listed for Nets, Switches, Retention, Isolation, Level
Shifters

Generates an internal format file for myUVPM automatically, which in turn
generates UPF
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aUPVM — Implementation ((BA&EERIZRTT, ))

Step-by-Step Automation for Power Verification with Functional Correctness:

Stage 1: Hierarchy Analysis with Python Script

* Initiate the process of employing Python-based tool to analyze the design hierarchy with and
set_directory.

« Extracted Hierarchy guides the selection of set design_top and set _scope, influencing power
domain decisions.

Stage 1 ,-T-| * Hierarchical Analysis + The Code Management constructs for load_upf and save_upf is incorporated.
me- Stage 2: Implementation of Power-Saving Strategies within the Python Script
« Implementing power domains, ports, supply sets, and power-saving strategies like retention,

Stage2 | [ {onementation isolation, and level shifters.
« Automation scripts remain pivotal, ensuring optimal power configuration throughout the design.
Stage 3: Reading the Python intermediate file outputs in SystemVerilog

Stage 3 * Validation * In this stage the SystemVerilog myUPVM modules interfaces with UPVM SV library, reads the
python generated internal format output file and collects the data to customize myUPVM template

modules.
Stage 4 " o Inegradon wih « Scoreboard will compare the library data and analyse to see if any power contradictions are

Low Power EDA present.

Tools Stage 4: Automation Resumes for UPF File Generation

« Generate a custom UPF file based on the extracted data.

Stage 5: Integration with Low Power EDA Tools

* Culminate the Process in Stage 5 by integrating the SV generated UPF file with Low Power EDA
tools where then continues the journey for UPF post synthesis and backend layouts.
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aUPVM - B3

HBRED EFEMEZBA-ENREDRATYIT NARTYT D BEENL:

Stage 1: Python RHYFMZKBFERB S
«  PythonR—ZRDYV—ILEHERALCERFBEEZ 25T 0RZMIaL . set_directoryZ{#FEAL

F9,
. . HHEINT-FEREIL. set_design_top & set_scope MEREZHARL, EBREFAML DREIZEE
Stagel =~ [  ° Hierarchical Analysis % = i-g—:-j—
Eae « load_upf $&U save upf DaA—FEBEENEHAFTNTHNET,
Stage 2 E * Power Strategy Stage 2: Python AU ATHOEREHERRDOERE
ST e tmlemaaton . E?,%Jgpr R—b, BREYr BLURE, 8. LR D78 BEDEBHEKEEEL
Stage 3 .-Vaﬁdation « BEERVUTHIEALLTEETHY ., REtERITHI>TRELGERBRERIALET .
Stage 3: SystemVerilog T Python 774/ /ILH hZEFHA IS
0 + UPF File Generation o CZODOEERETIX. SystemVerilog myUPVM £V a1—JLIE UPVM SV SATI)EAR—DTTAR
Stage 4 * and Dtegraion it L. Python TERSN:=RBHXOHAT7MILERARY., T—2FRELT myUPVM T
Tools jl/ I“ :E‘/:L—}l/’féjJZ’)'l'?’fZ ngij—

o ROATHR—KRIESA4TI) T—3%LBL. EHDFENEETINEINEZRTLET .
Stage 4: UPF 274 LA R D B i1 BB

o HHEINT—REDNTHREL UPF J7MILEERLET,
Stage 5: {EHEBHEDAY—IL LD E

o RT—Y 5 TlX.SV THERENT=- UPF J74/LEIEE S EDA Y—ILEFEELTTOERESE
TL.FD#% UPF RRFERENVIIUR LAT7 OO TORE#REGELET,
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Evidence: aUPVM Query Based Tool

Do want to set this path - Enter

import os ython Automation
import os.path Code

import re

import sys

import traceback

from collections import OrderedDict

def set path upf directory(file name):
try:
with open(file _name,'a') as f:

path = compatible_input(os.getcwd()+"\n"+" Do you want proceed with this path (yes/no)? ")
if path == "yes™":

path = os.getcwd()

f.write("[set_dir]:UPF_DIR "+path)

if path == "no":
pa = "/home"
pal = []
directory = ""

print("Enter the Full Path where do you want:"+"\n")
while True:
print("Available Directories in this path:

+"\n"+pa)

3ased Automation

Provide the UPF version : 2.0

accellera 2024 / 08 / 29
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Do you to Tind Directory with in
Do you want to go back = Dir'ctu' er goto
Insert the Directory from the list
Jhome/sgopisrinivas/Workspace/PA
§?§¥%b1; Dit'cturlcg in_thi path: BRNERG through
Jhome/gopisrinivas/Workspace/PA Bltectories
wisualizer
cluster
tool example

: <space/PA/PCle_latest ‘ Available modules:
5 Dl{':‘:'ct::nr}.r Contains Fhe ‘r‘:;:ur [I)z:_‘lgn Files (yes/no): yes pcie rx Listing out
n Verilog Files Found in this Directory ] i , hierarchical
b /pcie
°_t , . , stance for Power
pcie top /fpCle T _r= omain Elements
pcie recelver nalyzing SV files /pcie_rx/
Eif-ﬂ_p & Printing the /pci
C1E_phy esign Hierarch fpcie
pcie byte unstrip 9 J 4 pcj."‘f'—r .
pcie_phy cdr fpclie_
pcie block align /pcie B
PB_‘ uter /pcie rx/phy rx/cdr/s2p
astic_buffer /pcie rx/phy rx/de
- 10x8 /pcie rx/phy rx/pf
-~ /pcie rx/dll
pcie dll pcie tx
mlgt@mwntﬂ fpcie_txfphy_tx
pcie | ph r ie tx/phy tx/pf tx
JPCle TX/pnyY TX/pT_1TX
3 /pcie tx/phy tx/strip
pc 1-_ph _|:=25 /pcie tx/phy tx/p2s
pcie tlp tx /pcie tx/tlp
/pcie tx/dlp
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aUPVM UPF Strategies integration

Do want to set this path - Enter yes:

Do you to find Directory with in path - Enter goto:

Do you want to go back one Directory - Enter goback: yes

/home/gopisrinivas/Workspace/PA/PCIe

pcie upfl.upf

pcie.upf

pcie latest2.upf

pcie latestl.upf

pcie latest.upf

pcie final.upf

pcie latest3.upf

No more UPF files are Available

Enter the file Name from the list:
Available Power Domain in this file

t out the UPF
Files

Enter the file Name from the list: pcie latestl.upf
Available Power Domain in this file
System Verilog Files Found in this Directory

Match Found: The Power Domain Elements Present in this Design

Element in UPF File: pcie tx
tching Power
omains with
rrent Design
Hierarchy

Design Hierarchy: pcie tx

Match Found: The Power Domain Elements Present in this Design
Element in UPF File: pcie rx

Design Hierarchy: pcie rx

System Verilog Files Found in this Directory

System Verilog Files Found in this Directory

System Verilog Files Found in this Directory
System Verilog Files Found in this Directory
The Load UPF File Successful

tching Power
ymains Failed

rtl top.upf

The Power Domain Elements are in not Matched with the Current Design:

accellera 2024 /08 / 29

SYSTEMS INITIATIVE

upf version]:2.8
top]:pcie top
scope] :peie top

pd]:PD PD PCIE TOP;
pd]:PD PD PCIE PHY COR;[elements]:pcie rx/phy rx/cdr;

pd]:PD PD PCIE RX;[elements]:pcie rx;[supply]:primary;[supply]:backup;
nd

5

VM output file
Ipdut

]:PD PD PCIE TX;[elements]:pcie tx;[supply]:primary; [supply]:backup;
et dir]:UPF DIR /home/gopisrinivas/Morkspace/PA/PCIe latest

[upf file]:/home/gopisrinivas/Morkspace/PA/PCIe/pcie latestl.upf
[upf file]:/home/gopisrinivas/Morkspace/PA/PCIe/pcie. upf

[upf file]:/home/gopisrinivas/Morkspace/PA/PCIe/pcie upfl.upf
[upf file]:/home/gopisrinivas/Morkspace/PA/PCIe/peie final.upf
[ports]:VDD1;VSS1,vDD2;Vs52

[nets]:RX Pur;[donain]:PD PD PCIE RX

[nets]:RX Gnd; [domain]:PD PD PCIE RX

[nets]:COR Pur;[domain] :PD PD PCIE PHY (DR

[nets]:COR Gnd; [domain] :PD PD PCIE PHY (DR

[nets]:TX Pur; [domain]:PD PD PCIE TX

[connect _net]:RX Pwr;VDD1,RX Gnd;VSS1,COR Pur;VOD2,CDR Gnd;VSS2
[create supply sets]:COR SS; [function]:power,COR Pur;[function]:ground,COR Gnd
[associate supply set]:COR SS;[handle]:PD PD PCIE PHY COR.primary

DVCON
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UPVM Package Libraries & Leveraging in myUPVM

package upvm pkg; “include "upwvm.sv"
VM Package module myUPVM;
class upf version; Library import upvm pkg::*;
int fd;
string line;
string st;

class my upf version extends upf version;
string array[$];
function new(string filename,string array[$]);

§tring substring; //Reading line for set scope
1nt fi}“fdfa; fd = $fopen(filename,"r");
string version[$]; fd w=¢fopen("./pcie.upf","w")

fd:a:Sfmpen[“.fp:ie.upf“,“a“];
function string version fun(string filename,string array[$]);
//Passing the value for upf version 1f not passed in lpdut file
rE?unlarrayﬁmE back(); if(line.substr(@,13)=="[upf version]:")
endfunction begin
endclass for(int i = 14; i <=(line.len());i++)
begin
class set design top; if(line.getc(i) == " ")
string design top; begin |
int fd: - substring=st;
string line; :?:E
str?ng tp; begin
string top module; st={st,line.getc(i)};
int fd a; end

accellera) 2024108129 12
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do begin
$fgets(line, fd);




Power Strategies Validation & UPF creation

accellera) 2024108129 13
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class scoreboard;

create power domain PD PCIE TOP
create power domain PD “Tx -elements { pcie tx } A\
-supply {primary} \
-supply {backup} \
create power domain PD RX -elements { pcie rx } \
-supply {primary} \
-supply {backup} \
create power domain PD TXPLL -elements { pc1e tx/phy tx/pll }
create power domain PD PHY -elements { pc1e rx/phy }
create power domain PD CDR -elements { pcie rx/phy/cdr }
create_ﬁupply_net Pwr -domain PD - TX
create supply net Gnd -domain PD TX
create supply net PwrTxpll -domain PD TXPLL
create supply net GndTxpll -domain PD TXPLL
create supply net Pwr -domain PD PHY
create supply net Gnd -domain PD PHY
create supply net Pwr -domain PD CDR
create supply net Gnd -domain PD CDR
create supply net sw out -domain PD PHY
connect supply net Pwr -ports {VDD1}
connect supply net Gnd -ports {V551}
connect supply net PwrTxpll -ports {VDD2}
connect supply net GndTxpll -ports {V552}
add port state PST1 \
-state {NORMAL 1.0} \
-state {SHUTDOWN ©.8} \
-state {0OFF 0.0}

oreboard for
er Strategies
idation & UPF
ile Creation

2ated UPF File

my upf wversion upf ver;
my hirearchy c my hy;

my set design top msdpll;
my set scope ssp;

my create power domain my crt pd;

my create supply port my crt sp;

my create supply net my crt sn;

my connect supply net my cnt spyn;

my set domain supply net my sdsn;

my create logic net ¢ my crt lg nt;

my add port state my aps;

my create pst my crt pst;

my add pst st my apst;

my set retentionm c my srnt;

my set isolation c my sit;

my set level ﬂhlfter C my sls;

my power 5w1tch c my pwr stch;

my supply sets my ss;

my load upf c my ldupf;

my assoclate supply set ¢ my asoclat ss;
my add power state c my apwrs;

my set dir c my sd;




VCLP Result

<Verdi:Container:1>

Fle View Schematic Tools Window

g g‘ ?\ W ‘| [» x 10ps

set DESIGN TOP pcie top
set REPORTS DIR ./reports

set search path

set link library .

analyze -f sverilog -vcs list.f

elaborate TOP}
# LOAD UPF
load upf ${DESIGN TOP}.upf

accellera 2024 / 08 / 29
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egration with Low

2ower EDA Tool

Power Domain
Full Name
Current Scope
Elements

Available Supply Nets

Available Supply Sets

PD_CDR.primary.power PD_CDR.primary.ground

PD PCIE TOP
PD PCIE TOP

pcie_top

pcie_ top

Gndl Pwrl

PD_CDR.primary PD_PCIE_TOP.primary
PD_PHY.primary PD_RX.primary PD _TX.primary
PD TXPLL.primary SS NET1

Level Shifter Strategies

Repeater Strategies
Isolation Strategies
Retention Strategies

Power Switch Strategies

Connections
Primary Supply Set

Power Domain
Full Name
Current Scope
Elements

Available Supply Nets

Available Supply Sets

-- Power -- -- Ground --
PD_PCIE_TOP.primary.power PD_PCIE_TOP.primary.ground
PD_PHY

PD. PHY

pcie_top

pcie_rx/phy

Gnd Gndl Pwr Pwrl sw_out

PD_CDR.primary PD_PCIE_TOP.primary

PD_PHY .primary PD_RX.primary PD _TX.primary
PD TXPLL.primary SS NET1

Level Shifter Strategies

Repeater Strategies
Isolation Strategies
Retention Strategies

Power Switch Strategies

Strategy = P51

Supply Nets : Pwr,

Connections
Primary Supply Set

Power Domain
Full MName

Current Scope
Elements

S B G et e e b b

sw_out

== Power -- -— Ground --
PD_CDR.primary.power PD_CDR.primary.ground

PD RX
PD_RX

pcie_top
pcie_rx

P R Ve

D

ND Vi
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Conclusion (f&af)

- UVM + UPF

* Industry seems to be following a
parallel path with respect to:

- Methodologies based test bench

- Power Architecture, including Unified
Power Formats (UPF)

* Incorporating Power Architecture seems
to be more like an afterthought post
Functional Verification, almost a fourth
dimension to our strategy leveraging the
test bench architecture.

 Learn UPF

 Validating and Debugging Low Power is
truly complex.

accellera 2024 /08 / 29
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« Advantages of UPVM™
OOPS-based (OOPSN—X)

Low Power, now within SV/UVM environment
which Power Verification Engineers already
know ((XBEEN. ENRIMET O =TMNY T
[ZH] > T\ ASVIUVMIRIEN)

Power Verification is UPF-based.

No need to learn UPF Constructs. (UPFiBE %
FABLE>IHY FHA)

Verification/Validation at early-stage whilst
verifying the UVM. (UVM % #&REE L 72 A% 5 #) 5 B
P& THREL/AREL)

Lower learning curves to learn Low Power

tools, since the Library has python scripts to
automate myUPVM

UPF generation and integrate with tools for
verification (UPFD4A K & REEY —IL & DIES)
at RTL, GLS and GDSII as per IEEE standards.



SUMMARY

 As the needs for smaller and Low Power Aware designs needs
Increase doing the Power Architecture Strategy, especially the
Verification as an afterthought post Functional Verification may lead
to _l(Jjn\I/yanted respin's detrimental to costs as well as time to market
guidelines.

* Bringing in Power Verification at an earlier stage will bring down the

Ejota_l time f?r inC%rEera}ltgihggc DOW% =sl_lgrat%gjle%_ %Sglting*;géfﬁ& shOﬁtJe;
esign cycles. Y PE CE&8 J]FREl or 8 - .
] d;}gfz&)%)/r:\.?r%ﬁ'aﬁ ‘%Efﬁﬁé;l?\ EFT A2 L RKiE _\E'L,%%?Tmi

5

o)

* Proposed in-built Power Domain Classes as UPVM Package as
Library for Devices, Memories, Bus Interface cores using Power

Management Architecture & UPF Constraints may be implemented
to include Power Domain in UPVM.
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Arigato Gozaimasu!

e Silicon Interfaces-
e Info@siliconinterfaces.com
« www.Sslliconinterfaces.com
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