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Early-Stage power estimation
Current approaches

RTL and below

« Currently, power modeling is initiated at the RTL level

 Itis risky to neglect power in preceding steps

* At RTL level power modeling is applied individually to each IP
Q Efficient, BUT ...
O High top-level complexity and difficult verification

« Huge simulation time at RTL level

System level Gate
* Arough idea of what energy consumption might be

« Swapping between documentations and digging for information
(analytical approach)

* No tools available or standard methodologies for power estimation and
modeling at this level

* Impossible to verify if the chosen architecture is optimal (PPAC)

Transistor
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Overview of PWCIkARCH

O C++ classes and SystemC/TLM modules [1];
Developed in LEAT;
Q UPF-based high-level approach (TLM):

v Design elements (DE), power domains, power
switches, supply nets, Power State Table (PST).

O Added clock description [2]:

v Clocks, clock domains, DPLLS, Clock State Table
(CST),

v Power intent is built around the DEs.

v The Power Intent and the OPP Table allow us to test
power management technics automatically controlled
by a PMU (Power/Clock gating, DVFS).

O Functional model / Power intent separation;

U

v No intrusive power code - reuse and efficiency.
aParallel DYNAMIC Co-simulation;
a Continuously monitoring power consumption

accellera

Power domain
Clock domain
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DPLL
.Switch

PST PDO  PD1  PD2
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CPUON ONH ONL OFF

CST DPLLO DPLL1 DPLL2
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CPU_ON 1
ALL ON 600,4 600,4
DRC OFF 6004 600,4 2,2
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Overview of PwWCIKARCH
O C++ classes and SystemC/TLM modules [1]; ‘; Fur:ctional M(;del <> F'Jlower Inte;t ,;

Developed in LEAT;
O UPF-based high-level approach (TLM): Power Domain #1 \

U

v Design elements (DE), power domains, power Dual | Quad § IockDomam#l Clock Domain #2) | | @
switches, supply nets, Power State Table (PST). A72 | AS3 DE — VDD_MAIN
O Added clock description [2]:
v Clocks, clock domains, DPLLS, Clock State Table Clock Domain #3 )

(CST),
v Power intent is built around the DEs.

v The Power Intent and the OPP Table allow us to test
power management technics automatically controlled
by a PMU (Power/Clock gating, DVFS).

O Functional model / Power intent separation;

DE_Interconnect

Clock Domain #4 2\

Fower Domain #2| [Power Domain #3
1 HDE DRCOI &DE DRCll

v No intrusive power code - reuse and efficiency. N

QParallel DYNAMIC Co-simulation; \ < ' / \ /
o
0 Continuously monitoring power consumption VoD_ORCO” VDD_DRC1
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Modeling & Reusability

Application and Flow integration

The study is done on NXP i.MX8 SoC family platforms and the proof-of-concept was executed in three main phases:

Calibration and Inter-operability test Flow integration

Phase 1 Phase 2 Phase 3
SMin SMin SMin
1.MX8QM i.MX8QXP I.MX8nextGen

Calibration . What-if study «  What-if study

What-if ?tUdy . Correlation - Power estimation
Correlation

V&V of Power-aware IP models Reuse of Power-aware IP models

* Reuse of SystemC/TLM and Power models
 Reuse of testbench structures/modules

« Simplify development
» Optimize architecture and power strategy

» Reuse of verification strategy » Decrease significantly the time-to-market period

accellera
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Modeling & Reusability

Initiation of Modeling and proof-of-concept

Behavioral — functional modeling Behavioral modeling
ap p roac h ;:iass Parent: sc_module ;:Jais Parent: sc_module class Parent: sc_module
. . . class Child1: sc_module class Childl: sc ule
Q Careful choice of granularity & abstractions > (. R
57 . C@:} 1* Refinement 2™ Refinement
O Portability and functional accuracy =) =)
[ Basic skeleton modules for uniform structure Concl;, > class Child2: sc_module Tass ChIGE: sc.moduie
funcz(); R e

O Adapted for continuous refinement

Communication — confiqurable interfaces:

Communication interfaces modeling

O Separation — remove protocol-related code payiag payoad
J ENEETN
from behavioral model (e N /\”\N\
. . . puata Al { pData A
L Reusable communication interface module (AT) % |

y Bridge Module T \_)/ ¥ Target Module

O Protocols declared externally in derived specs Initiator Module <™

( Create and test protocols without code
modifications S | ‘ : :
O Modeled AXI interfaces oiior D'@‘G : [ 1
v Abstractions — only features influencing - ' ‘
the DUT power consumption |

q
¥ FWCbProcess() B b
0O

o © O
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Modeling and Reusability

Initiation of Modeling and proof-of-concept

Behavioral — functional modeling Behavioral modeling
ap p ro aC h class Parent: sc_module class Parent: sc_module class Parent: sc_module
{ {
Q Careful choice of granularity & abstractions J— o e (oo i s mode
_processl{); >
5no . < @:jl. = 1% Refinement 2™ Refinement
Q Portability and functional accuracy — -
1 Basic skeleton modules for uniform structure < TaeS I ICT, C ToauTe e
func2(); l class Eleml: sc_module

O Adapted for continuous refinement

Communication — configurable interfaces: e :
Communication interfaces modeling

O Separation — remove protocol-related code pafoad__ payioad
from behavioral model [ /‘hﬁy\ D

1 Reusable communication interface module (AT) » | L o

L Protocols declared externally in derived specs

( Create and test protocols without code
modifications

O Modeled AXI interfaces

v’ Abstractions — only features influencing
the DUT power consumption

Initiator Module \«/“)/ Bridge Module T \_)/ YV Target Module

i FWCbProcess() B
AXlinit B init By i8 AXltarg
(hannel enl ActionThread{)

%o()()
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Modeling and Reusability
SM Functional/Power (i.MX8QM and i.MX8QXP)

We have created the Switch Matrix power model following the UPF separation of concerns semantics.

/ Functional model / Power model
TOP Power Domain

TOP Cluck Domain
f « PD O Power Domain Bﬂ —

/

¥ Switch Matrix L 5 > [ s s Em
Group A . - . GroupX - - e Iack Domain A IOl:k Domaln A Iock IJomaln An Iock Domain X0) [Clock Domain X lock Domain X
. DE_RESIZEO DE RESIZEl DE nssmzn DE RESIZEO ||| DE_RESIZEL DE_RESIZEn I
Resizer Reslzer | Resuer | Resizer Resizer Resizer } | . H
. : : : lock Domain
DE QDSD DE_ :\051 D QOSn | DE qoso | ]| pE_aos1 | | [LLE00sn
Clock Domain Ain+1 Clock Domain Xn+1 DE_Master
P . N | e || s N [ 3 el DE_LITILE_ARBITER | DE_LITTLE_ARBITER
Qos Qos ‘ Qos ’ Qos ‘ Qos Qos
\ y \_ y y. \ AN 4 [ clock Domain H
[ Little Arbiter ) ) Little Arbiter DE_BIG_ARBITER
I W T T

I 3 1 1 3

Power Domain #1
Power Domain #2°,  /Power Domain #:
lock Domain DRCO|

) T \ — DE_DRCO | oeL /
DRAMCtrlO l DRAMCtrl1 l \ e +swo ‘mu /
// \\ — % voo_ore

« PMU - manages power/clock states during simulation * Power intent (QM)
and connects functional and power models. >25 Design Elements

a
. e O >20 Clock Domains*
 Master — Eliminates power related code from initiators O 5 Power Domains
and controls OPPs. Q

2 Power Switches
accellera
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Modeling and Reusability
SM Functional/Power (i.MX8QM and i.MX8QXP)

We have created the Switch Matrix power model following the UPF separation of concerns semantics.

/ Functional model \ /

p[) N TOP Power Domaln
initiator Je Initiator | Initator initiator [ Initator | Initator |
{ / a PD 0

¥ ¥ Switch Matri> L 5 >

T Group A T ; T GroupX 1 ; : .,,:LL Clock Domain Al IOl:k Domaln A Iock IJomaln An Iock Domain X0) [Clock Domain X lock Domain X
" DE_RESIZEO DE RESIZEl DE nssmzn DE RESIZEO || || DE_RESIZE1 DE_RESIZEn I
Resizer Reslzer | Resuer | Resizer Resizer Resizer | ——l e .
’ : ’ : - lock Domain
DE_QOS0 DE_Q051 DE QOSn DE QOSO DE_QOS1 DE_QOSn l
Q Q ‘ D\ I A=
Clock Domain Ain+l CIock Domain Xn+1 DE_Master
oeu DE_LITTLE_ARBITER DE_LITTLE_ARBITER

(T (CIockDomaInH W

)/

'S N ~ - - - CECCTE TR p ey . ~N 'a - N
Qos Qos ‘ { Qos ’ Qos ‘ Qos Qos
" \ ) G ) |

AN 4

C Little Arbiter ] T Little Arbiter
1 1 I 1 I Iy

I 1 3 T

DE_BIG_ARBITER

Big Arbiter

Power Domain #2), /Power Domain #:

l Power Domain #1

lock Domain DRCO|

O T . <=3 |_DE_DRCO | oru !
\ PD_drc0 rc /
\ DRAMCtrl0 DRAMCtrl1 \ L #5w0 P /

// \\ B 0 VDD_DRC

Considering the separation between the functional and power models, we can easily
change and/or reuse them together or separately.
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Modeling and Reusability
First model calibration — i.MX8QM

O Model created in parallel with the development of
the QM SoC (medium to final production phase).
O Available important silicon measurements.
O Initial parameters estimated from measurements:
1. Estimated current for each unit with/without traffic;
2. Extracted capacity and leakage resistance;
3. Initial activity factors relative to the estimated
capacity and leakage resistance:
O Active unit with traffic = 1.0;
O Active unit without traffic = 0.7;
O Inactive unit = 0.
0 Refined using Physical data:
0 CPM, Cell count, toggle rates, ...

Total power equation:

2
Pt=qfClVdd® + —~
Rleakage

\ Y J K )

Dynamic Static

Current [mA]

Initial silicon power measurements curve

CPU makes
DRAM accesses
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Modeling and Reusability
.MX8QM Simulation results — I\/Iemcopy & D|splay Refresh

- Two major testcases: Memory copy With power management ~ —— |

Without power management =

0 Memcopy: o & . : i
.IlllulIIlI:IlIIll]IIlHIII[IIIIl:lIIlIIIIIIHIIIll:IIlIIIIIIIlIIIILIIlIlllIIIIJIIIIHIIIMIIIIIIlIIlllllllllllﬂlllllllllll\

Spikes due to 4k interleaving
One DRC is always active

» Sequential memory accesses (16 bytes data); / [ Clock gating |

. . . . ' ’ DRCs 10 down |
> 4K interleaving for memory optimization. , ’ 2 '

QDisplay refresh:
> One frame of transactions (= 259200 trans); L —
> Pixel size 32 bits with frequency 138.5 MHz;
> Refresh rate 60Hz (Frame rate 60fps);

> 1 Active traffic generator;
> 256KB/1MB DRC/LPDDRA4 read accesses;

Power [mW]
| .

1 Voltage scaling

With power management

| D|Sp|ay Refresh Without power management

- Observations: L EEEELE L LEEEER L LEEEER R LEEEEL L LEELE R LR ELECER P LEEEE AR ELECLERRLEEEEC AL LEELE R LR ELEEC AT LR ELE R R L
Q Power savings using power management.

Periodic actlvatlon cycles

Power [mW]

aQMemory activity observation.

AQSpikes coming from the interleaving
between the two memories + passing
transactions power consumption. ——a W = e a  a

‘P’me[ns]
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Modeling and Reusability
Correlations — Baylibre ACME

e Key State 1 (KS1): System idle

* Key State 2 (KS2): Leakage measurement for tester
* Key State 3 (KS3): System idle with display

* Key State 4 (KS4): Stream/Memcopy

Total Power [mW)]

E
£ |I|||I|I|||| . . g . . .
T I || ‘ Power (mW) i.MX8QM Hardware units | Silicon/Simulation power correlation
2
[=] .
= SM dynamic power 85-99%
5 (1)
s8838838333 SM static power 85-90%
EYENEZSE8EE 2 DRCs dynamic power 85-90%
(=T T = A I T-T - - - I B
2 DRC:s static power 90-96%
R ENREEgRR YR aE s agNEErE R RCERERES Total power 88-92%

Stream/Memcopy (Blue) and Display ON (Orange) measurements

accellera
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Modeling and Reusability
Correlations — LabView" & NI DAQ”

LabView NIDAQmx data acquisition model

v

¥ 9
fiz3] C:\Users\nxf44782\Desktop\
,,j&o LabViewProjects\
Voltage Graph g iMX8QXPandQM-PowerMeas\

Continuous Samples |

amples per second

f memcopy.lvm

Samples per loop iter

Volt;age Chart

1Kl 1
LDl
= B
h

nnn| H -
Al Voltage ¥/ Sample Clock ¥ =
1Chan NSamp K »

Memory copy (Up) and Display ON (Down) measurements — : -
Deviseio N | WiteTo

Power Graph Dev1/ai0 m I Power Chart
L Y\ =] Measurement
File
- Current p Signals
Shunt resistor value ""B b Comment
y I 003 x| b DAQmx Task
2 -1 — = Power  Power Graph ———
I B £ § Current Graph
: £ . bzl GEB|  overchar
i 3 Esaceel 3
I o > ' : e
I Current Chart
1 ' dt
] [ [ 1 [ 1 [ 1 [ [ 1
0.1 02 03 04 05 06 07 08 09 1 L —— blizz] Number of data points
Time 37N 3717148368 3717148370 3717148372 3717148374 3717148376 3717148378 371714838‘
......... : P
Powe:Graph oeit/eid BRI ower Chan o/ I | ' Ll -
M ) Current loop iter count

[ STOP

123 LrrLl
L

Amplitude
Amplitude

D e S T S I S S
0 01 02 03 04 05 06 07 08 09 1
Time

(2022
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Modeling and Reusability
Interoperability & IP-reuse: from i.MX8QM to i.MX8QXP

The functional, power, and IP-specific libraries of reusable units we created allowed us to easily model other platforms.

AXI Little Arbiter SM (top)
m AXI Big Arbiter -

Reusable Power model units Reusable Testbench-specific units

Simple Target LPDDR4 memory | Display traffic generator
CPU module Genertic traffic generators

Simple protocol interfaces | AXI protocol interfaces -

PMU  Master module Powerlntent

PowerManagement

| e i MX8QXP:
I-M;(B&@Mm =T .LMX8OQXP - One LPDDR memory (no interleaving);

- Less subsystems;
- Less Groups and Sequence paths (in SM);
i - Lower frequency and supply voltage;

) [ = | i - Less Clock domains:
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Modeling and Reusability
Test the interoperability & IP-reuse — i.MX8QXP

Total Power [W] Memory copy — Total Power [W]  Display refresh

Dynamic Power —— — I I D T p
" static Power —— namic rower
Tatalr;nwer — DRC IO dOWﬂ y StatIC POWer

/ Total Power il

SM+DRC activations
DRCI0 Down |

| \ / Static power
/ Power gating

s _

1 | 1 1 | 1 1 1

. 7000 0
Time [ns] 0 2x10% 4x10® 6x10° 8x10® 1x107 1.2x107 1.4x107 1.6x107 1.8x1
Time [ns]

Power [mW]

Power [mW]

L
00000 200000 300000 400000 300000 600000

* Execution of the same use cases — slightly different behavior.
* Lower power consumption (hidden scales) due to the single memory structure

* Reuse the already available components including the power intent.
» Reconfigured them (without changing their code).
* Total power correlation of about 90%.
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Modeling and Reusability
Interoperability & IP-reuse: from i.MX8QM to i.MX8nextGen

Reusing the same approach and combining the reusable units, we modeled the three generation i.MX8 SoC platforms.

Reusable Power model units Reusable Testbench-specific units
-

PMU  Master module Powerintent QOS | AXILittleArbiter | Group | SM(top)
m AXI Big Arbiter -

CPU module Genertic traffic generators
POW&YManagement Simple protocol interfaces | AXI protocol interfaces -

I.MX8nextGen
— S
'— —
\ [ initiator J§ initiator | [ initiator JJ Initiator |
¥ i i witch Matrix = 4 3 |
uuuuuuu o | Resizer | | Resizer iz Srouex i iz
\ /
[iitistor J Initistor | itistor [ ace Cccolo oc
riitcuMaty _ O — B ittle Arbites
o —
H Big Arbiter

Big Arbiter

~ 1 Little Arbiter ] Little Arbiter ] — . ___ [— e ]
Big Arbiter - e iy - I !
DRAMCtrl0 I DRAMCtri1 I ‘ Big Arbiter I
DRAMCtrl I <
DRAMCtrlO DRAMCtrl1 I

accellera
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Modeling and Reusability
New I.MX38 SoC generation

Fetched lines m Fetched ""?5 i.MX8QXP v
~. \r :

h it e
Xt I t e
! 0.5X
! = 0.76X .
£
A @ o i.MX8QXP
' w 0.53X L ) i.MX8nextGen
[mWwW] ) ) ) I [mW] | T
[ns] 2x10%  4x10® 6x10° 8x10° 1no’ l.zno’ uno’ 1.6:107 1.8x10 [ns] 2x10° 4x105 6x10° ano“ 1x107 12x107 14x107 1. 6x107 1.8x1 ~
Fetched lines
L=
 i.MX8nextGen il
— : Display Refresh: i.MX8 platforms comparison - Energy
otal Power we
| \
0.8X

[mW]111111|| |||||11[1|11

[ns]

Display Refresh: i.MX8 platforms comparison — Total power
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Modeling and Reusability

Interoperability & IP-reuse: Deliverable example

Combination of Functional + Power models.

PWCIKARCH provided as compiled library (not _ '
open-source). J I

As libraries or source files. 3

Powerintent and PowerManagement files are ’E_Op-h
configurable header files. T
TrafficGenZ* display_traffic;
* Replaceable Master module (user defined iPmodelp_inst;

power management strategy). e

» Certain flexibility on “open” information.
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Conclusion

For initial development when functional IPs were available:
- .MX8QM PwCIKARCH adaptation (first effort) — 2 week — 1 person

New platforms modeling with reusable blocks:

- .MX8QXP functional model + verification — 1-2 days — 1 person

- .MX8QXP PwCIKARCH adaptation + verification — 1 day — 1 person

- .MX8nextGen functional model + verification — 3-4 days — 1 person

- .MX8nextGen PwWCIKARCH adaptation + verification — 2-3 days — 1 person

QTotal — 3-4 weeks and 1 person for the integration and initial analysis of a power-aware reusable
IP in 3 different high-performance SoCs

APrevious publications (related to this study):

« A. Genoy, L. Leconte, F. Verdier “Mixed Electronic System Level Power/Performance Estimation using SystemC/TLM2.0 Modeling and PwCIkKARCH
Library”; DVCon EUROPE, Virtual, 27th =28t October 2020.

« A. Genov, A. Ben Ameur, F. Verdier, L. Leconte “Timing-Aware high-level power estimation of industrial interconnect module”; DVCon EUROPE,
Virtual, 27t —28t October 2020.
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Thank you!
Q&A

&
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