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VSP: Cadence Virtual System Platform
Virtual prototype

Create new IP blocks (tlmgen)

Software
Provide access to processor models

(ARM Fast Models, Imperas) Using virtual prototype for
Assemble the IP blocks into a running embedded software

virtual prototype Testing embedded software
Work with virtual prototype inside the prototype

(configuration, simulation,
debugging)

Analyze performance of
architecture and embedded
software
2015
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tIimgen tool

* Generates TLM module templates with memory mapped
registers

* Helps to avoid common errors as nhaming inconsistencies,
register overlapping, and illegal register accesses by the
software

* Speeds up development time

There are two forms of input data:

» simple register definition language (simpleRDL)
> IP-XACT XML
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RDFfile — Register Description File

It is input data for timgen on simpleRDL language

It consists of:
* description of registers: fields and register banks

EREGISTEE_BANK dmaRegs |

® po rts Specification /*Regiater bank definition*/f

5IZE = Oxddc:
f/Hame of the busporl generated

* parameter specification et of re-coescrmes araes

BUSPORIWILDTH = 32;

REG DMA ARFR SIZE R4 |
/* Begister description */ REG [MAL REGICNS 12 STATUS  0x10 ;
RCCESS = ng: REG DMA REGIONS 34 STATUS  0xl14 ;

REGWILDTH = 327
RESET - 0x0000; REG DMA_START_ADDR R1  Ox2% ;

REG DMR RREA STZE R1 Oxde

FIELD { ACCESS = pj; } DMA_ARER SIZE R4 [31:0]; REG DMZ START ADDR R2  0x70 ;

! REG DMA ARER STZE RZ 0x94 ;
REG SpF_PORT_MODE_VC_PARAMS { - - —

/* Regi - BREG DMx START ADDE R3 OxbE ;
egister description */ — — —

RCCESS = z: REG DMR RREA STZE R3 Oxde

REGWIDTH = 32; REG DMR START ALDDE R4 0x100 ;

RESET = 0x0000; REG OMA LREAL SIZE R4 0x124 ;

EEG SpF_PORT_MODE_VC_PAREMS Oxled ;

FIELD { ACCESS = H
o REG SpF_PORT MODE VC TSLOTS L 0x214 ;

FIELD [ RCCESS = gur

VC_LNUM [7:0]:
VC_THROUGHEUT [15:8];:

S

FIELD { RCCESS = pw; } VC_PRICRITY [18:14]; REG SpF PORT MODE WVC TSLOTS H  Ox244 ;
FIELD { ACCESS = py; } VC_WORK EN [19:13]; REG SpF_FPORT_STATUS VC1 0x294 ;
FIELD { ACCESS = py; } CREDIT_OVERFLOW [20:20];: BEG INCORRECT VO INFO  Oxdld -

FIELD [ RCCESS = gur DATL OVERFLOW [21:21];

) } 2015
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Result of tIimgen using

TLM-2.0 module template was generated for "DMA"

dma
|
4 4 4 4 4 4
doc test SIc Inc cfg build
K_H ¢ ~ AL — -~ A — ~ A N F A= ~
dmatex | gma hwtest dma_bank.cxx dma.h dma.conf dma build.sh
dma_base_tim2.cxx dma_bank.hxx dma_model.conf.internal Ma-Puld:s
¢ dma_tim2.cxx dma_base_tIm2.hxx
systemc dma.cpp dma_reg_defs.h
N dma_reg_defs_const.hxx
- D dma_reg_desc_macro.hxx
dma_test.cpp dma_register_class.hxx
dma_test.h dma_standard_headers.hxx
dma_test tlm2.cxx dma_tim2.hxx
dma_test_tIm2.hxx platform_type_defs.hxx
tlmz_teSt_bUIld.Sh DESIGNANDVERQIFQ»]1§ON'“
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Benefits of timgen

* Input data format is simple and clear

* You can add new sockets, classes, threads and processes
to template

* |t provides classes for register description
* It decreases time for IP block development

* It helps to avoid common errors as naming
inconsistencies, register overlapping
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SimVision for debugging code

* Breakpoints can be created in objects, functions, processes
* Step-by-step simulation and debugging

 Waveforms

* Viewer of the variables, data members, call stack, processes

[, Saurce Browser 1 - SimVision [../dma_hwiest/systemc/dma_test_tim2.col

(=) M

= Waveform 1 - SimVision
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W Ogen_ve
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sc_nain.s 562
sc_main.s

sc_main,s|

55
wonains| | [ =

B Sthread_sendDatalnChannel sc_nain, s =
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Performance Analyzing (1/3)

e Static information about your SystemC design
* Simulation run-time information (dynamic)
* More than 10 performance metrics: throughput,

TLM response status, read/write accesses, bytes transferred ...

It is useful for finding performance bottlenecks!

SYSTEMS INITIATIVE

statistics for inmitiator: spf_frameGeneratorContr_0.txDataGenerator_1l.socket_dg_crb_data_i_0

start time 0s
end time 1 ms
delta time 1 ms
total read transactions 0
total write transactions 57
total bytes read 0
total bytes written 58368

Transaction Responses:
TLM_OK_RESPONSE
TLM_INCOMPLETE_RESPONSE
TLM_GENERIC_ERROR_RESPONSE
TLM_ADDRESS_ERROR_RESPONSE
TLM_COMMAND_ERROR_RESPONSE
TLM_BURST_ERROR_RESPONSE
TLM_BYTE_ENABLE_ERROR_RESPONSE

throughput 58.37 MB/sec
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Performance Analyzing(2/3)

Resource usage —>
CPU and Memory

[T /fhome/matveeva/DMA_TerminalNodeV6/test/dma_hwtest/systemc/ncprof.out - matveeva®194.226.199.26 - Editor - .. [

= @ 9 BB . & | Encoding~ [ Color~ &5 @

ncsim: 14.10-p001: (c) Copyright 1995-2014 cadence Design Systems, Inc.
Linux Localhostl 2.6.32-71.el6.x86_64 #1 SMP Fri May 20 03:51:51 BST 2011 x
mode]l name:Intel(R) Xeon(R) CPU X7560 @ 2.27GHz
cache size:24576 KB
Resource usage (from beginning of simulation to the time of this output):

Memory Usage - 28.0M program + 89.7M data + 1.0M profile = 118.7M total
CPU Usage - B.5s system + 3.6s5 user = 12.1s total (1.5% cpu)

profiled Intervals:
#start #s5TOp
[1] 0 NS ToO 101504 NS

[ EINR-] i & #E |Encoding - [|Color~ {&¢ @

Most Active Modules (behavioral)

%#hits #hits #inst name

SystemC Summary Counts (329 hits total)

%hits #hits #inst_  name

shm event (0.0% of total)
i 1 scother (sckernel)

Stream Type Summary Counts (5962 hits total)

%hits #hits #inst  name
88.6 5280 [ ] outside engine
4 1

Change file enceding

99.7 328 [ ] systemC process execution (5.5% of total)
23. 76 scuserProcess ([tx_data_generator_type]spf_frameGeneratorcc
22.8 75 scUserProcess ([tx_data_generator_type]spf_frameGeneratorCc
16.7
14.9
14.3
3.6 12 scuserProcess ([selector_4_typelspf_port_0.port_output_0.se
2.7 9 scother (sckernel) =
0.3 1 scUserProcess ([creditbuffer_type]lspf_port_0.port_output_0.
0.3 1 scUserProcess ([dmaq_s»e'lector‘_#l-_t),!;:naﬁJ
0.2 1 scuserProcess ([dma]dma.b2nb_thread_2)
0.3 1 scUserProcess ([creditbuffer_type]spf_port_0.port_input_0.c
3 1 scuserprocess ([creditbuffer_typelspf_port_0.port_input_0.c
0.3 1 ] systemC

Run-time distribution

55 scUserProcess ([tx_data_generator_type]spf_frameGeneratorcc

49 scuserprocess ([tx_data_generator_type]spf_frameGeneratorcc O re S O u rC e S e We e n
47 scUserProcess ([tx_data_generator_type]spf_frameGeneratorCc

dma. spf_DMas4_0.thread_ p rO C e S S e S
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Performance Ana

Set chart options to show

simulation results

] TLM Analysis 1 - SimVision

=

File Windaws Help cadence
Brouze,,, | File: rhomesmatvesvas/THA_TerminalModeV6/test/dma_hutest/systemc/hiztogram_BT_BW_chartl,chrt Refresh | Print | Zoomt |
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selector 3.0

port_input_0
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_p53_crb_SignSendCredit_i #heket_pSl_crb_data_i 0
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selectar_1_0

spf _DhAs4_0
portSelectord_4

Socket
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8
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=
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port3electordobket_pSd_crb_SignFormationTrailerFraeeket053_S56_cemokdt jofh TIMA_SignConfirmationTransctionData t_|

port_input_0
creditBuffer_0
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}( SimVision: Create a TLM Analysis Chart

histogram™

I Tatal Reads

I Total Writes

I Total Accesszes

| Bytes Read

- Bytes llritten

I Bytes Transferred
I Throughput.

Chart Mame:

Chart Type:

rHetric
I TLH_B¥TE_EMABLE_ERROR_RESPONSE
I TLH_BURST_ERROR_RESPONSE

I TLH_EOHHAND_ERROR_RESPOMSE

| TLH_ALDRESS_ERFOR_FESPOMSE

| TLH_GEMERIC_ERROR_RESPOMSE

I TLH_IWCOMPLETE_RESPONSE

I TLH_OK_RESPONSE

Clear Metric Choices

Period: I

- Use memary map
Select TLH sockets for the chart:

I 1]

Socket. names: |

Cancel |

Plots with
required
parameters
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First results:

Performance Testing of SpaceFibre ports
for Streaming Data

accellera . DVCON
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Streaming via SpaceFibre port

To test performance of SpFi ports for streaming we used traffics:

* Video: SVGA RGB 60Hz, 1.42Mbytes, accepted latency < 16 ms

* Audio: Kodec G.711, 160 bytes, 0.05 packet/ms, accepted latency < 100 ms
* Sensor data: 1Kbytes, 50 packet/ms, accepted latency < 5 ms

* Control data: 260 bytes, 0.02 packet/ms, accepted latency < 0.1 ms

* Background: 1Kbytes, 25 packet/ms, accepted latency — not defined

Network Memory Controller #1

Sensor data
Control data

Tx Traffic

generator#l1

—>

Audio

Tx Traffic Video
generator#2 — »

Background data

Output SpFi
port #1

Output SpFi
port #2

1.25 Gbit/s

1.25 Gbit/s

SYSTEMS INITIATIVE
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Network Memory Controller #2

INPUtSPFi o Ry Unit #1
port#l ——»
InputSpFi .
port #2 » RxUnit #2
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SpaceFibre port model

Port consists of input and output interfaces

Port includes:

* Virtual Channels (VC) with 1Kbytes buffers for data storage
* Medium Access Controller multiplexes output data and provides QoS
* VC de-multiplexer distributes input data between VCs

Sensor data

OUTPUT SpFi port #1

Tx Traffic control data

\J

VC1 buffer

generator packground

VC2 buffer

» \/C3 buffer

Medium Access

@ Link

§ ﬁ
5125

S | | Gbit/s

INPUT SpFi port #1

VC de-

mulitplexer

VC1 buffer —»

VC2 buffer — RX Unit

VC3 buffer —»

SYSTEMS INITIATIVE
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What is SpaceFibre QoS?

Medium Access Controller provides QoS:

v'Sheduled: time is separated into max 256 time-slots during which VC can be
scheduled to send data

Video frame 1 Video frame 2
>
~N Time
Slots for
Slots for VC5 other VCs
- 16 ms >

The current time-slot is indicated by broadcast time values

v Priority: 16 priorities. VC with high priority will be entitled to send data first

v'Bandwidth Reserved: determines the limitations of the link utilization by VC

Problem: SpaceFibre limits amount of priorities and time-slots

aceellera o DVCON
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Schedule Compaction: Priority + Scheduled QoS

Wasted

i me- Size of video f bandwidth
If VC scheduled in the time-slot ze ofvideo frame S — <~

does not have data to send, T N | audiotlAudio2

Other VCS are permltted to use Slot 182 | Slot 183 | Slot 184 | Slot 185 | Slot 186 | Slot 187 | Slot 188 | Slot 189 | Slot 190
the wasted bandwidth —_— —‘——>
- Time
| Slots for sending

video frame

In general case, VC shall
VC5, priority = 14 (high) ~ VC4, priority = 15 (| o
oy (high) ey (low) compete with others

Streaming video Audiol, Audio2 for sending data based

... |slot 182 | Slot 183 | Slot 184‘Slot 185 | Slot 186 | Slot 187‘Slot 188 |Slot 189 | Slot 190 | . on the priority

, two traffics are assigned Time
Schedule Compaction — to one time-slot

The Rule: vC5 must have higher priority than VC4 to guarantee that VC5 will
be entitled to finish sending video frames. Then VC4 can send audio data

IIIIIIIIIIIIIIIIIIIIIII
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SpFi port performance testing (1/4)

Situation: port #2 was disabled. All data was passed through the
port #1

Network Memory Controller #1 Network Memory Controller #2

Control data

Sensor data
Background data Overload!

Tx Traffic  ———— Qutput SpFi q Input SpFi —L Rx Unit #1
—_—
generator#l __ port#l port#1 ——»

Video
Audi
. ; Input SpFi
Tx Traffic Output SpFi X > put op Rx Unit #2

generator #2 port #2 port #2

Latency, ms
14

Result: sensor data were delayed =
for too much time, because the link

was occu p|ed by 3 video traffic. Z Max acceptable latency = 5 ms
Sensor latency — unacceptable .
° |
AER8AZSNAE32528385598885883887388 packets
2015
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SpFi port performance testing (2/4)

SpaceFibre Solution: use Schedule Compaction to get delivery latency
determinism

Latency, Ms \ax acceptable latency = 5 ms

Result: all data were delivered with

4

acceptable latencies

3

2,5

2

1,5

But there is problem —idle virtual channel: ",
not transferred max possible amount of

sensor data "eBRRSRIRISBEARALABRERHEE & packets
Idle time Reason: video VC priority is not
VCS, priority =1 —»r—<= VCI, priority =1 higher than sensor VC priority —>
Streaming video seeer | Sad schedule compaction doesn‘t
.. Slot 182 | Slot 183 | Slot 184 | Slot 185 | Slot 186 | Slot 187 | Slot 188 | Slot 189 | Slot 190;> Work > Idle tlme
_Slots for sending —_— Time
video frame via VC 5 2015
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SpFi port performance testing (3/4)

Our solution: use Schedule Compaction with Adaptive Data Streaming Service

ADSS can dynamically change VC priorities and time value that defines the
current time-slot. It removes the limitations of priorities and time-slots.

Result: 1) noidle virtual channel 2) more time-slots for scheduling: from 256 to 512

The increment of transmitted sensor dataisup to 2.7%
Transmitted Scheduli Hod
d , b 00 cheduling methods
sensor ;t: Mbytes 29.3% 29,7%

B SpaceFibre Scheduled and Priority QoS (SPQ), 256 time-slots
7,4

- m SPQ + Shedule Compaction with dynamic priorities (DP), 256 time-slots

7_\_\_\_\_\_\_\_‘_‘-‘_\_‘"-——_
7 SPQ + dynamic time-slots (DT), 512 time-slots
6,8

—

—

66 —_  MSPQ+DP+DT, 512 time-slots

6,4

2015
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SpFi port performance testing(4/4)

The increment by 2.7%: is it a small result?

It’s good result for spacecraft, because the reliability was improved!

Result depends on traffic and schedule: > Packet size: 1.33 packet/ms

» Packet rate: 260 bytes
Transmitted _\ /_
sensordata, Kbytes . .
175 : The increment of transmitted sensor
170 — datais up to 10.5%
165 D
Scheduling methods
160 - B SpaceFibre Scheduled and Priority QoS (SPQ),256 time-slots
155 - T
150

B SPQ + Schedule Compaction with dynamic priorities, 256 time-slots

SPQ + dynamic time-slots, 512 time-slots
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Conclusion

OVP technology and
SystemC/TLM 2.0 languages Cadence VSP Software

N /

They allowed to perform simulation of the
Network Memory Controller project
and to analyze performance of SpaceFibre ports
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Thank you for attention!

Questions?

Feel free to contact with me

e-mail: ilya.korobkov@guap.ru
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