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Motivation for models

* Model usage for SoC design has many use cases
 No model is perfect
* Various abstractions

* SW development and SW driven testing
* Architecture analysis
* Power analysis

e Augmentation of HW tests with realistic stimulus
* Mixing abstraction levels

* Requirements for model-based platforms
* Fast availability and flexibility with limited resources
* Different host requirements
* Infrastructure tasks
* Tracing, logging, simulation control
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Example SoC platforms
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From IP to SoCs

MIPI PCle

B NPU Subsystem
Bl CPU Subsystem

VD
I Video Subsystem =
PCle Subsystem a o
Safety Subsystem r Hw
Cache Coherency e

e Common functional blocks
* Multiple instances
e Common infrastructure tasks
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Data Storage and Transport

Memory and Data Transport Issues Growing SoC Complexity — CPU, GPU Performance and Memory

* DRAM accesses kill performance and power

consumption =
* SoC architects must balance local data reuse vs. sharing ° R s otz il ons | CFCompung
within the chip and into the system O R e 1 ers)
— Closely coupled memories and internal SRAMs ad ESEW'I o 1000x
. o .O, ° i
— Common buffer RAMs (managed at software level) 10° o3 ég g8 ' bl
— Hardware cache coherence 10° ;;g@gc. e _
. . . . . §§ g¥o ; L2 Sln%lgijhre?fded
* Highly complex chips will have a mix of all of these 10t oo g W (ToPs)
— Recurrent neural networks (RNN) and other feedback networks can 10 .;,_.3' * 355000 GoDRs HBMaE
benefit from caches 102 2%t ‘/"5 .GDDRS HEM e
Coet o T 7 DDR{PD;:[:DR; .
* Paths between custom hardware elements must be ol .‘...--3-5 R T T T pose ™ %8 ons e
optimized ool i U ooR Loloe (GBIs)
— Bandwidth —wide paths when needed, narrower when not 1970 1980 1990 2000 2010 2020 2030
— Latency —focus on paths that constrain near real-time performance and “Fast validation of DRAM Proftocols ih Timed Speﬂr?nmgf?,gwbﬂ\ﬁﬁif ’agl,(ﬁérl\\jl\g\?g\zmg
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DRAMSys in a Nutshell

Simulation and Design Space Exploration of Modern DRAM-based Memory Systems:
* Which DRAM configuration?

* When to support DDR5 or LPDDR5?

* How to configure the memory controller?

* What is the system-level application behavior?
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DRAMSys Offers:

High-speed and flexible models of all standards
Fast and accurate design space exploration
Early identification of bottlenecks

Connection to cores (e.g. SystemC, gemb5, ...)
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 Setting up platforms
* |P in platform modeling
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Mechanisms for platform creation

 Commercial and open-source tools for platform creation
* License implications
* Abstraction level, host and IP support

* Manual maintenance of top level
e Capturing variety of use cases

* Meta data support for generation, configuration and analysis
* |IPXACT, RDL variations, abstract execution modeling

* Integration of open-source tools/libraries and Python
* Large eco system
* Planning required




System Composition using PySysC

* Python Binding for SystemC based platforms

* Composition of systems using Python scripts

» support for structural construction, simulation control and dynamic model
parametrization

* Leveraging cppyy library for C++ inspection

 Leverage broad availability of Python integrations
e Computational models using numpy/scipy/pandas
* Uls and cockpits using GTK, wxWidgets or Qt
 Visualization libraries like dash and mathplotlib




PySysC Example

1. Instantiation of a module

2. Instantiation of a
templated module

3. Named signal connection
4. TLM2.0 socket connection
5. Simulation run

from cppyy import gbl as cpp
from cppyy.gbl import sc_core

from pysysc.structural import Connection, Signal, Module, Simulation

# loading required libraries

# instantiating modules
clk gen = Module (cpp.ClkGen) .create("clk _gen")
initiator = Module(cpp.Initiator) .create("initiator")
memories = [Module (cpp.Memory) .create (name)
for name in ["memO0", "meml", "mem2",

router = Module (cpp.Router[4]) .create ("router")
# creating connections
clk = Signal ("clk")

.src(clk_gen.clk o)

.sink(initiator.clk i)

.sink (router.clk i)
[clk.sink(m.clk i) for m in memories]
Connection()

.src(initiator.socket)

.sink (router. target socket)
[Connection ()

.src(router.initiator socket.at(idx))

.sink (m.socket)

for idx,m in enumerate (memories) ]
# run simulation
sc_core.sc_start()

## (1)

"mem3" ] ]

## (2)

## (3)

## (4)

## (5)
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Meta data

* Structural information
* |PXACT as largest standard
* Needs tools for management
* Some simplified formats can be useful

* Register information
* |PXACT and various RDL variations exist

e Tools for management of input and output of formats
* Documentation, SW access, verification

* Execution modeling
* Formally specifying common runtime functions like boot or security setup

DESIGN AND VERIEICATION ™
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Build System

 CMake based build system

e Supports conan.io for 3rd party packages (even SystemC and CCl are
available this way)

e Supports Windows and Linux (various compiler versions)

e Supports OSClI as well as SNPS PA, CDNS Xcelium, and MINRES RAVEN
SystemC transparently

* Integrates Verilator, doxygen, clang-format, and clang-tidy




Parametrization with CCI

* Core concept is the pairing of
parameters and brokers

G specify preset value (overrides default)

e Parameter creation and direct
access

registration, initialization

request

cci broker if
parameter

untyped access

* Parameter lookup and access via
a handle cci param( untyped) handle & o N —

typed access (SystemC module, tool, etc.)
cci param typed handle

* (Sub-)system packaging and
integration using local brokers el pazan

specify default value
parameter owner

(SystemC module)




Logging

* Unifying logging aids model analysis and debug
 Common formatting for post processing
e Common information like timestamps and module names
e Common logging levels

* Dynamically enable/disabling for logging mechanisms
* Hierarchical enable/disable

* Filtering of log generation




Productivity Libraries

e Common elements should be
modeled on top of common
classes

* Registers, Memories, etc.

* Efficient for stubs or preliminary
implementations

* Common infrastructure tasks i -
should be modeled on top of e mmsoRe ERROR (H9G1D, "

"Oops something bad happened”) ;

CO m m O n C I a Sse SINRES Technologies GmbH Confidential tjita'llu

J/7 Example scml unsigned int parameter

[ ) Logging scml_property<unsigned inty scmlUIntParam;

A/ Example scml bool parameter.

e Pa ra m etrizatio n scml_property<bool> scmlBoolParam;

static const char* MSGID “MY SIM”;
void my module::some thread (N
SC_REPORT INFO (MSGID, “Startimy();

A/ Example scml double parameter.
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Tracing

* Flexibility is paramount
* Huge runtime impact
* Ties into parametrization
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Demo

 Setting up some example configs
* Hierarchy viewer
* Config interaction
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Common functionality

* Traffic source
* CPU models
* Workload execution
* Trace replay

* Traffic sink
* DRAM modeling
e Register modeling

* Transport
e Coherent and non coherent traffic support
* Cache levels
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DBT-RISE based Platform

Open-Source Infrastructure for Dynamic Binary Translation (jit compiling) for ISS

Core Specification

Core DSL
RISC-V: ~ 500 LOC

Generated C++
RV32IMAC: ~ 6k LOC

Target specific C++
RV32IMAC: ~ 1.5k LOC

DBT-RISE
~ 5k LOC

system environment/test bench

DBT-RISE-TGC ISS
Platform Spec.

h‘ SystemC Platform
Model
(2025
y DESIGN AND VERIFICATION ™
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DBT-RISE RISC-V VP -

File Edit Source Refactor Navigate Search Project Run  Window Help
= - H @ Bin B ENDRR PSS OiBrOrRi®mO v

45 Debug 53 I L i ¥ = 8 ||kevar S(é]'o Bre it Reg
» [c] dbt-riscv hello gdbserver [C/C++ Application]
[c] RiscV-test (HW) [GDB Hardware Debugging]

¥ i Thread¥Suspended : Step) 0 il
factorial() at henc 12 0x20400b3c - result 1
o = main() at hello.c:21 0x20208Gbc
[ ————
GJ o5 JoptFreedomsStudio/SiFive/riscve4-unknawese|f-gec-20170612-x86_64-linux-centos6/bin/riscve4-unknov Name i
- » = Details:10
o (g :IE”O.C b } [8 start.s [ tim2_recorder.h @}a, mplex.cp o3 =] Ty
Decimal:18
@© vint factorial(int i){ ———
9
' ] volatile int result = 1; & Debugger Console 2 E&RIBE~=08
1 for (int ii = 1; ii <= i; ii++) {
m 2 result = result * ii; RiscV-test (HW) [GDB Hardware Debugging] /opt/FreedomStudio/SiFive.
D 3 } _(gdb) _start () at bsp/env/start.5:8
o 4 return result; la gp,  global pointers
5
6 } =| Temporary
19 ntf("Hello world!\n");

kpuj.r_lt 1, main () at hello.c:19 H

18- int main() {

Ha nrintF00UaTTa wnrldivn) .

S~
& console m}g Tasks 2 Problems (3 Executables [J Memory % | Bk BE = =
dbt-riscv hello gdbserver [C/C++ Application] /home/developer/git/DBT-RISE-RiscV/build/bin/riscv.sc (29.10.17, 14:45)

SystemC 2.3.1-Accellera --- Oct 5 2017 23:33:54
Copyright (c) 1996-2014 by all Contributors,
ALL RIGHTS RESERVED

- 14:45:29.822 INFO [ 0 s]1 (I703) tracing timescale unit set: 1 ns (simple system.vcd)
B Transaction Recording has started, file = simple_system.txlog
14:45:29.884 INFO [ 0 s] reset pending interrupt: 0
14:45:29.885 INFO: Start at 0x20400000
14:45:57.000 INFO [ 18 ns] reset pending interrupt: 0
14:46:01.081 INFO [ 802 us] i simple system.i uart® transmit: 'core freq at 134375014 Hz
14:47:16.501 INFO [ 811 us] i_simple_system.i_uart® transmit: 'Hello world!

Writable

SmartInsert 22:35

& | I &
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Dated  Anakhe Gehe zu  [mttellungen jaile

DBT-RISE - Plugins

e Existing Plugin infrastructure o
& FIUS T — —

* For example: e — Cwme N\ o
* |nstruction Tracing :

NOTYMOUS AAMESPICeE) Qe kb —
HNomEmous namespace)-key .. M e —— T -
ANOMYMoUS Namespace) key . Bb

{anormymous ramespaceorunf) b

II.UL.

o

M LANOMMOUS AIMespICcelrun. . b
1 W {anonymous namespacel-vyi.. b
. . . . 248 I (AN0MyMmous famespace)ow..  bb
* Coverage Visualization with e.g. Icov ey
Z e ': : [T
{g LCOV - coverage, inds - Relle-mworid eflo.c — Mariils Tuc -
HH M M | 1 W
* Profiling with kcachegrind |« - '
| . s O30
< (o] D MenmcratevalegTGCAP-Itemalscriptahtming 's 153
: ' LCOV - cod e -
e Cycle Annotation | e e “H "
| Current view: 10p tevel - hello-workd « hollo.c tsercs / functinns) 1m vo
| Test: coverage.info ' .
Date: 2022.02-1%5 07:59:21
L[] L[] | | ] Vg
* Register Dumping Y r
Mlode <14 19 0x DO0001120 w 5 S
1 O 000001 160 W,
Aufgenvfene  Aufnfgraph | Alle Audgenufenen  Aofruferkarts Maschinencode
. '
it Tactorialiion 41 Calgring 0wt 265234 [1] - Gesamitkosten flr Ausgefhrte Instruktion: 613 953 005019
-
1 Wlstile 1M reselt = 1)
M for (im 14 = 1; 1; See) |
M it - rens Rt )
]
1 reterm resvity {
1)
o It T rec (it AN
» LR )]
11 e 1
" ot ('ﬂwnll'lx recis-1N
Wi
it sainl)
e
1 SluintS2 41(0PT0_CTRL ADORCFI0 30F SEL) &e ~DOFS WARTE MASK;
1 38 TlulntdD 4110FI0 CTRL ADORLPID I0F [A)  |» DOFO GARTO MASK)
3 volatile im resslt » facterial (0
i volatile 1M resndt_rec = fac rec €
11 PrAMTCFacterial is W, reselt)
) 3 pristf"Ind of execetion”);
3:
1
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DBT-RISE - Integration

s — T — * ¢ Works in any TLM2

e . ~ based tool
— g S environment, e.g.

lllllll

e B | Platform Architect

- | J * Plugins allow
R = tailored integration

------

2. Mevregen B Ottt | Pararwter [ftar - Memury Map Tabin | Merrwory Mags  Comsbrard (6er  Comviie




DBT-RISE - Backends

¢ Ba Cke n d d efi n es MIPS over Amount of Dhrystone lterations
execution speed sackend
* Each curve shows a : .
different backend ; -

* Speed is measured as
MIPS as function of
iterations over

MIPS

benchmark Dhystone .
* JIT techniques o
optimize SW sections 0
which are executed e S W —

Dhrystone Iterations
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Traffic generators

* Trace based models
e STL reader

* Traffic profile models
* Task based modeling
* Queue based modeling
e ATP profile reader

 Template based generators
e Similar to VIP approach




Transport models

* PV model - typically relatively simple
* Prevent events; DMI; time quantum
* Registers regions
* Hooks to functionality like firewalls

* AT model - high impact on latency and BW analysis

e CA model — detailed and slow




Mix of transport models

NoC Interconnect IP enables low power, high performance and safety
Pl Domain ( ASILC)

= 1 x Cache Coherent Interconnect —
Image Recognition Control

8 % N h | Quad Cortex-A53 x 2 = ICortex =2

= X Non-coherent Interconnect -
Core0 Corel DSP DNN (DCLS)

— 8 NoC instances and all of them Core2 | Core3 || x 4 U'I 2 HSM
use Resilience up to unit A A A A 0
duplication. Ncore FlexNoC FlexNoC

— Separation for Sl (Safety Island) v v

RAM | 1I/O
i) L {) {)
FlexNoC 1MB
{)
LPDDR4 Work| | 1SP x 2ch I | Video | [MISC
7~
x 2ch I?::; Video In I/F Cutes L2 DRAM Bandwidth : 25.6GB/s
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Multi-NoC diagram

sensor ethernet modem display DSP codec GPU camera
—
multimedia
NoC
Main NSP
NoC
l NSP cpPU
other v |
SRAM targets memory memory memory
g interleaving interleaving interleaving
and reorder and reorder and reorder
buffers buffers buffers
\ %mory
NoC
LLC LLC
scheduler scheduler
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DRAMSys in a Nutshell

Simulation and Design Space Exploration of Modern DRAM-based Memory Systems:
* Which DRAM configuration?

* When to support DDR5 or LPDDR5?

* How to configure the memory controller?

* What is the system-level application behavior?

FEEEE R
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DRAMSys Offers:

High-speed and flexible models of all standards
Fast and accurate design space exploration
Early identification of bottlenecks

Connection to cores (e.g. SystemC, gemb5, ...)
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DRAMSys Open Source Model

* Open source: DDR3/4, LPDDR4, Wide I/O
1/2, GDDR5/X, GDDR6, and HBM2

 Commercial/academic licenses: DDR5,

LPDDR5, HBM3, Trace Analyzer tool B ransys
* New standard models will be open-sourced
when a level of maturity is reached Thanks to our Key Partners:
* Customer-specific consulting, modifications @
rambus

and developments

Mercedes-Benz

ARTERISIE




The DRAM Device / Operation

Wordline

Bitline

J—Iﬁcess Transistor

—— Storage
Capacitor

512x512

Row Decoder

Bank

— — —
3] 9] 3]
© © °
o o o
O () O
(0] () (]
o o o
2 2 2
e e e
(o2 [ o2

Column Decoder & SSA | Column Decoder & SSA | Column Decoder & SSA | Column Decoder & SSA

Column Decoder & SSA | Column Decoder & SSA | Column Decoder & SSA | Column Decoder & SSA

Sub-Array

[ i3pRag moy

19p029(] MOY
19p023(q MOy
19p029(] MOY

Using Sub-Arrays for efficient wiring

Bank parallelism, but banks share data and command bus

E.g. Samsung DDR3,
by Chipworks
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PSAs

DRAMSs Basic Operations

BO

- III|III

SSAs —— 1

B2

B4

B6

(e.g. 8B)

X8

Important DRAM Commands:

ACT: Activates a specific row
in a specific bank (sensing into
PSA) [tRCD]

RD: Read from activated row
(prefetch from PSA to SSA and
burst out) [tCL + tBURST]

PRE: Precharges set LWL=0
set LBL=VDD/2 [tRP]

REFA: DRAM cells are leaky
and have to be refreshed
[tREFI & tRFC]
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JEDEC Standard: e.g. Timing Dependencies

CLK
CMD
ADR

DATA

trc = trAs + trp

T
\_j' \__J

tcop
\/_\_:"\

trCD

Timing
dependencies
must be
fulfilled by the
DRAM
controller




DRAMSys Architecture

* Based on SystemC TLM?2,
compliant with TLM-AT coding

Channel Controller Style
i  Flexible SW-Architecture to
2 : .
s s = B — support various JEDEC DRAM
2= i standards (e.g., DDR4, LPDDRA4,

GDDR6, HBM, ...)

* For RTL-like accuracy a custom
TLM protocol (DRAM-AT) is used

Channel Controller

(2025
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Custom TLM Protocol

* Simulation speed can be increased by reducing the number of events
* Clock signal has the highest event generation rate

* Do we need to simulate ea erate cycle-accurate
results? BEGIN_ACT END_ACT

CLK
RIM oo

ADD

e Simulation of state changes is sufficient, idle clock cycles can be skipped!
e Large event reduction at low memory access densities

(2025

DESIGN AND VERIEICATION ™




DRAMSys Simulation Speed

10000

e Simulation of only the
Important events

e Speedup from 4x to 10.000x
depending on trace density

DRAMSys TLM

1000

Loop Based 1 e Average speedups depend
1 e on applications
RTL as Baseline * Typical values: 400x

1E07 1E06 1.E05 1E-04 1E03 1E02 1EO01  1.E+00 ® 100% RTL ACCUFaCV

Memory Access Density




Modeling peripherals using SCC

e scc::tim_target
* the target socket to connect to

* Does address decoding and
forward to register

SC_register

/
get

SC_register

® SCC::SC_register
e Takes arbitrary data types

* Provides means to register
callbacks

\

tim tar

SC_register i
ndexed

* scc::sc_register_indexed
* Array of registers

_SYSTEMS INITIATIVE



Multi-NoC diagram

sensor ethernet modem display DSP codec GPU camera
—
multimedia
NoC
Main NSP
NoC
l NSP cpPU
other v |
SRAM targets memory memory memory
g interleaving interleaving interleaving
and reorder and reorder and reorder
buffers buffers buffers
\ %mory
NoC
LLC LLC
scheduler scheduler

e CodaCache sweet spetr————————e
| DDR | DDR
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Demo

* Running demonstrations with mix of DBT-RISE + FlexNoC
* Traffic generator + Ncore + FlexNoC + DRAMSys

* Traffic generator + CodaCache + FlexNoC + DRAMSys




Agenda

* Motivation

 Setting up platforms

* |P as part of platforms

* Performance analysis and visualization
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Analysis of results

* The goal of model simulations is the result analysis

* Type of analysis depends on accuracy of model
e LT model focuses on SW execution (instruction profiling)
* Latency, bandwidth with AT models
* Cache and DRAM statistics
* RTL/verilated simulations are precise, but tracing can be challenging

e Common, open-source formats for tracing are important
e VCD, FST for signals
* Transaction tracing
* No standard format; SCC contains SCV and LWTR formats

* Reuse of frameworks for visualization, post processing and dashboarding
e Dash, mathplotlib

(2025
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Custom TLM Protocol

Input of RESP

Channel REQ |REQ REQ REQ REQ | RESP REQ RESP RESP RESP

Controller ]

) WR t
ks o RD
B ACT RD WR RD
£ (s aa» . -k
S .
@ < > * < > < > ( < > 3
§< : trRRD tRL tBL RD to WR IWTR %
1] v
?_ ACT RD RD PRE ACT RD >
e DS @@
= \ g A —
< I A4 . < 4 .
@)
troD Row Hit LRp Row Miss
s @ — @O o @ &
Data Bus

Timein(ns) O 5 10 15 20 25 30 35 40 45 50 55 60 65 /0 /5 80 85 90 95 100 105 110 115 120 125 130
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Trace

Analyzer

Evaluate Traces

& 13-fr_fcfs-MICRC Test

& 13-fr_fcfs_bankw
& 14-fr_Ffcfs-MICRC
& 14-fr_fcfs_bankw

18-fr_FfcFs-

REQ

RESP -
Bank 15
Bank 14
Bank 13
Bank 12

Bank 11

MICRON_4Gb_DDR4-2400_8bit_A-am_highPara 18-fr_fcFs-MICRON_4Gb_DDR4-2400_8bit_A-am_highHits

18-fr_fcfs_bankwise-MICRON_4Gb_DDR4-2400_8bit_A-am_highPara

>
>
v

commands are clockaligned
commandbus slots are used once

phase transitions are valid

timing constraits on the same bank hold
row buffer is used correctly

activate to activate holds

activate to activate on same bank holds
nactivate window holds

read to read holds

write to write holds

write to read and read to write hold
read holds dll constraint after sref

commands are clockaligned
commandbus slots are used once

phase transitions are valid

timing constraits on the same bank hold
row buffer is used correctly

activate to activate holds

activate to activate on same bank holds
nactivate window holds

read to read holds

Run tests

i

Message:

All tests passed !

Calculate Metrics

18-fr_fcfs_bankwise-MICRON_4Gb_DDR4-2400_8bit_A-am_highH 5 »

Transaction Value Valu
I I I I I I I I v 125357
Timespan 19671545 ns 1967
A A AA Channel 0
WV WY \TAVERY, Bank 12
Bankgroup 0
Group by ’ va—\ 7 Row 514
Go to AA A ANLAAL Column 53
Select -V Address 0x10106b80
Viva© 4 Burstlength 8
eecueqery e 5006040 00006000400 et
fRSIEEemnen 208 LD BB B AN NG v Phases
Export to SVG VU WV VV VU VWV Begin End
ae m HE REQ [249600] 19671549 ns 1967
PRE [249602] 19671550 ns 1961
e S — ACT [249607] 19671564 ns 1967
WR [249610] 19671577 ns 1961
RESP [249613] 19671594 ns 1961
10
Jav-— |
<
I— 2
Evaluate Traces Evaluate Traces
k2]
AN ﬂ & 13-fr_fcfs-MICRC Test dwidth b
o ) CPU Bandwidth in Gbps
& @ 1347 Tcrszbanky Calculate Metrics 404 ik
L | & 14-fr_fcfs-MICRC — | =
i 14-fr_fcfs_bank: g
N & ks banky Calculate metrics | | Export to CSV 5304 |
v 13-fr_fcfs-MICRON_4Gb_DDR4-2400_8bit_A-am_highPara )
I average response latency in ns: 84.3 ] £ 201 P ~ n . R
median response latency in ns: 37.6 g | Ly o N wwwe
E_| number of activates: 16454 I_H_ g 104 —— CPU + GPU (SMS-SJF)
number of precharges: 108546 © CPU + GPU (STVQ)
J— accesses per activate: 2.1 | - @ 0
Active time (%): 6.79003 . y y y y .
Time in PDNA (%): 27.334 0 200000 400000‘ 600000 800000 1000000
| lime in PDNP (%): 23.5452 | Time [ns]
Time in SREF (%): 42.3307 - ' '
v 13-fr_fcfs_bankwise-MICRON_4Gb_DDR4-2400_8bit_A-am_highPara B GPU Bandwidth in Gbps
average response latency in ns: 126.1 4 — 61
mediagn respponse latencyyin ns: 37.5 E | —— A L b L CEU LM IF)
number of activates: 15623 k= LU A | S L B BRI CPU + GPU (STVQ)
number of precharges: 15614 9 41
accesses per activate: 2.2 ~ s
Active time (%): 1.00676 = g 2]
Time in PDNA (%): 4.56337 [ iy 0
Time in PDNP (%): 3.38575 1 5
— Time in SREF (%): 91.0441 — R
14-fr_fcfs-MICRON 4-24 S ighl . ' y g ' .
e :a;er?'ecsigns_:g?;r?gﬁn js_‘;%-fs‘t-A am_highpars 0 200000 400000 600000 800000 1000000
modisoresoancalstanalinne. 2040 - Time [ns]
X F D F
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Waveform based analysis

* Correlation against RTL models for accuracy justification

e Requires performance point comparison

e Often VCD like DB as main result of RTL simulations

* Waveform Analysis Language (WAL) to the rescue
* Information under: https://wal-lang.org/

* Allows post processing from signals to derive performance values or
transactions




Process Satisfaction & Target Usage

Self Checking Testbench
Scenario also defines real time constraints
Allow verifying the achieved QoS

7

Source: Arteris FIexNoC,/I;nerna

& L. Scenario result: /import. GamingQos_architecture.stepl_le_4.000.ScenarioResult X]

€' Process I * Queue |r Scen. [nitiator |_ﬂ Scen. Target | =+ Target Mcdell
Columm— ———————
Clr| @(&-\
Row &
&

2] " > A &
£ Clr| \,}\& . \é\b g & §
&/ &P N

M Process_CPUD 0 D.-"o; 27.1 % PASS 74.56 MB/s

Brrocess CPUL 0% 265% PASS 72.64 MB/s

0
0

Process_CPU2 | 0.0%| 25.2% PASS 70.08 MB/s
0

.PI’GCESS CPU3 0% 2B.0 % PASS 659.12 MB/s

Process_DispRd0 100.0 % 69.2% FAIL 222.7 MB/s

MProcess_DispRd1 100.0 % 69.2 % FAIL 222.7 MB/s

100.0 % 100.0 % PASS B80.54 MB/s

Process._DispWr 100.0 %  100.0 % PASS  320.6 MB/s -

M Process_DispScan

BWProcess Eth 0.0 % 100.0 % PASS 201 MB/s

M Process_Image 70.0% 36.1% FAIL 819.2 MB/s

.PI’OCESS Modem CPU 60.0 % 48.9 % | FAIL 53.12 MB/s

100.0 % 42.6 %  FAIL 128 MB/s

M Process_Modem_Data

BWrrocess Sata | D.0%  41.0% PASS 92.16 MB/s

' Process | Y Queue |r Scen. Initiator |'ﬂ Scen. Target J 1y Target Model l

—Column
Y — >
Row n
2 & )
Clr o @ 6¢$°
T

$° >/, . &
X DR IR IR IEIE S

EDramModel 21.2 % 15.4 % 0.0 % 18.6 % 1.0 % 43.8 % &
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Dashboards

* Trace analysis output
can be used by open-
source visualization
tools like dash

* Python libraries allow
simple analysis and
even simulation control
interfaces

Dash - Mozilla Firefox x

i Dash x | +
c @ 1270018050 « @ ella L@ =1 e
£ Most Visited @ Getting Started ) clang-format configurat... L

= 0

Value

NCore3 ArchSim L LN

&l bl

NCore3 ArchSim simulation results.
Latency per Interlace Utilization per Interface Bandwidth per Interface
me

Latency in cycles

MR pp0.09ns. . [300,00ns, . 400.00%s. . 500,000 O0.00ns, . D0.00ns . D

0

MCored Archsim GUI

n
Sim simulati
a Scamario Flle scratehvoyokjiworkarsanoored/por va/losls/ogoss.T

. e

| AnalyTs Paform ance

]

64375 uslsys_oii ! STR 5iZe= 3 max USed= O average= 0O
64375 uslsys_oii ¢ NCRE 5ize= 7 max used= 0 average= 0O
64375 uslperf_estimator ! constr & elab Time: 0.1317735
64375 uslperf_estimator : simularion time: 748155
f4375 us1Systenc : Finished, there were @ errors and @ warnings
: Reading SCU Tile input Archsim.txlog
: readsCy took 3.B6 sec
: Sorting transactions based on stream and phase
: sortTx took 7.15 sec
calaulating latencies
: calaulatelatency took 0.82 sec
: Dutput Transaction trace files
: printTrn took @.03 sec
: Dutput performance trace files
: printPerf took B.02 sec
: print performance summary as CSY to Archsim.cse
: generate performance summary as Python structure
: printcs¥ took 8.02 sec
: S04 analyzer took overall 11.10 sec
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Demo

* Running demonstrations of DRAMSys
* FlexNoC Analysis

* Waveforms

* Dashboard
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Open-soure offerings |

e SystemC Components Library (SCC)
https://github.com/Minres/SystemC-Components

* PySysC: Python bindings for SystemC, adopted by Accellera
https://github.com/Minres/PySysC/

e CoreDSL: a language to describe ISAs for ISS generation and HLS of
RTL implementation
https://minres.github.io/CoreDSL/



https://github.com/Minres/SystemC-Components
https://github.com/Minres/PySysC/
https://minres.github.io/CoreDSL/

Questions

* Finalize slide set with questions slide
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