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Software Modeling
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Defining Software Functionality

*» At a statistical-level, a delay value for each function is sufficient to trigger the traffic on the
bus and the memory devices.

*»* At the hardware-level, an application-specific instruction allocation called instruction-mix
table provides an extremely accurate representation of a software task.

*» Annotate performance-intensive portions of the code and generate instruction trace during
execution. This last technique is good to test the architecture behavior for a benchmark or
set of benchmark. This is also good to evaluate how a piece of code will behave in a multi-
core environment.
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Mapping Behavior to Architecture

*SystemResources
v Mappers have cycles/time being fed to SystemResources
v/ Build a hierarchical SystemResource for emulating RTOS + Processor
Vv Extend SystemResource_Extend using the External_Port

*Computed time used as service time in Timed/Shared Queue
v'Queue + Server to emulate any processing resource

e Architecture Library
v Use SoftwareMapper, Script or Input Port to trigger processing in hardware
v/ Create hardware platform using Hardware blocks

e Using Script

V'Script has a Timed_Queue and wait for delays, Queue for action and Scheduler call
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Modeling Abstraction- Software-Level

® |Instruction Set Simulator provides the user the ability to load the Operating System and execute the
compiled code. This is a good solution for early software debugging. But it is not a good solution while
experimenting new architectures such as a new bus topology, different memory hierarchy, or processor
clock speed sizing.

e At the hardware-level, an application-specific instruction allocation called instruction-mix table provides
an extremely accurate representation of a software task.

® The application-specific instruction allocation technique is the most versatile and can be used for
software testing, hardware verification and architecture optimization.

® Using instruction-mix table method of software emulation, the designer can view the depth of the
pipeline identify the cause of a stall, power management algorithm impact, memory hierarchy
operation, performance slowdown of load/store requests, and cache coherency algorithm quality. The
simulation reports provide significant visibility into the architecture operation and allow for great

oitimization of the sistem throuihiut.
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7 _Task Nams um_Instr lype Pt ¥pe Fco ype Foo ype Pt lype Fct 77
My Task_1 500 INT 10 EFF 48 LoG 10 10 7 BRE’E'I 25 ;
e Each software task or thread has a number of  |&=i 2o Mt 1o Fb i tee 16 19 4 aem  ae |
instructions and percentage of different types of
Instructions. Instruction Mix Table for a Software Task

® Inthe case of My _Task 1, we have 10% of
integer, 48% floating point, 10% logical, 7%
load-store, and 25% brand instructions.

e This table is fed into a software generator block
that generates the instruction sequence based
on an intelligent algorithm.

e This sequence is used for the hardware testing,
thus providing a more realistic test of the
platform architecture.

® One can modify the task instruction mix and
study the impact on your architecture by simply
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Modeling Software Blocks

Delays through the hardware platform

UML or Flow Chart model of the software with profiles

Generate instruction sequence
> Synthetic or profile-driven

Link code execution with hardware model execution
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Modeling Results

* Software Tasks per Second (Min, Mean, StDev, Max)
* Software Deadlines Exceeded per Second (Min, Mean, StDev, Max)
* System Response Time vs. (Simulation Time, Histogram)

* System Throughput vs. (Simulation Time, Histogram)

* Hardware Efficiency (Utilization Summary)




Software-based engineering discipline which involves
o Modeling a system

o Simulating and visualizing its behavior under real-world operating conditions
o Refining its design through an iterative process

To be truly effective, it must include

o Task graph analysis

o Mapping of behavior to architecture

o Extremely accurate representation of a software task
o Generating timing, power and behavior correctness
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Solutions

Current solution
o Software is defined as a task graph, traffic, trace file and profile-based task generator
o Execute software on a device, FPGA or emulator

New solution
o Using GEMS5 to create a architectural prototype
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Network Modeling
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Overview of the Network Block MIRA:EIE'ELSE

Library

® Used to tune the parameters of a computer network, design N etwo rk |_| bra ry Location

the topology, develop new protocols and evaluate the

application of a protocol for an application : m
- @@= Ethernet_Traffic
Y . . . M E
Library provides the infrastructure to handle the routing, (& Layer Protocol Interfaces and Buses
Ethernet layer, fragmentation, retransmission, protocol - f@ Layer_Complete -> Networking
delays and network delays @ Layer_Table
-ﬁ NODE
° Library also offers the user the ability construct custom - @ MODE_Master
protocols of a particular layer of the protocol and use the B Routing_Table
- BfE Multicast

infrastructure to emulate the others :
- @ Switch_Four_X_One

B Switch One X Four
- @@ Checksum

° Multiple routing tables can exist in a single model - @ CRC

® Links can be connected or connection-less
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Fields Necessary for Network blocks

* Task Source : Source

* Task_Destination : Destination

* Task_Size : Data Size

* Task Layer : Overhead Size

* Task_Hop : Next Node or if going up/down, it lists this as Up.

* Task_Number : Uniqgue number over the whole model

* Task_Trace : Array of all the Nodes that this transaction goes through

“Task _Class” DataStructure consists of the fields necessary for networking
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Routing Table

* Provides information for the network Routing_Table

v Routing_Algorithm, Routing_Algorithm_Cost
Routing_Latencies, or Routing_Configuration

* Must be instantiated with Database

Edit parameters for Routing_Table — O *

Block_Documentation: Enter‘ User Documentation Here

Routing_Table: "Routing_Table"
Routing_Table_File: | Browse

Propagation_Constant_C: |1

Message_Mames: {Retry”, "Request”, "Acknowledge ™}

Message_Bytes: 118, 15, 16}

MODEs_in_Model:

Routing_Algarithm: Dijkstra -
Routing_Algorithm_Cost: | number of Hops o
Routing_lL atendies: {ength i=_zero i

| Commit | | Add | | Remove | |R5tme Defaulls| | Preferences | | Help | | Cancel
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Routing Table Block Parameters

* Routing_Table Name: Routing table name must be unique

* Propagation_Constant_C: This is a multiple of C where C is the speed of light. This
is used for computing the link delay based on
Distance/(Propagation_Constant_C*C)

* Routing_Algorithm: The default routing algorithm is the Dykstra algorithm. User
defined (i.e., custom) algorithms can be used as well.

* Routing_Algorithm_Cost: The type of cost function used in the determination of
path

* Routing_Latencies: Must be renamed to Distance Units
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Database

* Routing Table is defined pptabase

Edit parameters for Database - O *

*  Must have the same name as that of the

Block_Documentation: Egf| =.xm1, *.csv files abs or rel (./) path
R t' T bl BI k -- *.csv real columns set to number
OU lng a e OC Input_Fields == Lookup_Fields (num, type)
Qutput_Expr: match, match_last, match_all
-- match_all.field not allowed
Linking_Mame: T
fileOrURL: | Browse
Data_Structure_Text: J* Text Template or File Path.
First row contains Field Mames. */
ID Source_Node Destination_MNode Distance Speed_Mbps ;
0 Node_1 Mode_2 10.0 100.0 H
1 Mode_ 2 Gateway_3 10.0 100.0 H
2 Gateway_6& Mode_1 10.0 100.0 H
Input_Fields: "Source_Node”
Lookup_Fields: "Source_Mode”
Output_Expression: "putput = match™ /* FORMAT output = match. fieldb *f
Mode: Read o

Commit | | Add | | Remove | |Rstore Defauhs| | Preferences | | Help | | Cancel
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* Defines a basic Node within a large network
* Finds the next hop in the network using
Routing Table
* Can operate in Two modes
v/ Connected Routing Table Mode
/' Connectionless Routing Table Mode Edit parameters for NODE - boX
° Used NetWOI‘k Message f|e|d to |dent|fy REtry Block_Documentation: £ Enter User Documentation Here
and Drop
*  Two delays- Node_Name: "Node_Name"
V' Data Transfer on the link (Task_Size/Bandwidth) Routing Table flame: | "Roung Table_Name®
‘/ PrOpagatiOn Delay (DiStance/(Speed Of nght * ‘ Commit ‘ ‘ Add ‘ ‘ Remove | |Restu-re Defaul'ls| | Preferences | | Help | | Cancel

Propagation Constant)



MIRABILIS

Operation

* The data can arrive at the Node from the Layer or from another node.

* When it arrives from another node, it checks the Network_Message == Retry or Drop_Packet. In that
case, it checks whether the current node is the Source. If so, it sends it directly to the Layers. If it is not

the Source, it sends out to the next Hop. It does not send it to the Layers.
* If the Node cannot find the Next Hop to the Destination, it sends the packet back to the Source Node.
* If it comes from the Layers and a path exists, it updates Task_Hop and then sends it to the next Node.
* If it came from another Node, it sends it to the Layer.

* If this is the Destination, it immediately sends it to the Layer.
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Node Block Parameters NODE- Statistics
® Generated using
*Node Name: Name of this block. Required field v RegEX
and must be unique v NODE master
* Routing Table Name: Name of the associated * getBlockStatus("RT", "stats", 0) -> Returns subnet statistics for

routing table routing table domain

getBlockStatus("RT", "stats", 1) -> Returns routing table for routing
table domain

getBlockStatus("RT", "stats", -1) ->Resets the routing table statistics

getRoutingTableHop("RT","Node_1","Node_2") -> Returns the next
node hop, if there is no hop, then this RegEx will return "none"
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* Used to manipulate the operation of a network
from a central location NODE Master
v Add Link request_input -
v Remove Link _ sats output
v/ Recompute the Routing table dats_input
* Generates Statistics and current Routing table
Edit parameters for NODE_Master - ad X
Block_Documentation: [fEnter User Documentation Here
DISPLAY AT TIME — ————- 0.10 ng ------
Source, Destination,  Hop, Cost, Meters, Mbps
I I I I I I _ Routing Table Name: | "Royting Table Name”
Lateway_6", Node_1", Node_1", 1.0E-10, 10.0, 1.0E5 Lk S Do Dt B 'Src_FliDes_FIdIBW_FId,Dis_FId'
"Node_1", "Node_2", "Node_2", 1.0E-10, 10.0, 1,0ES | dwanic Routing: | New_Routing Tabe v
“NDdE—EH H “Gatewa}'—an H “Gatewa}'—an H l'l::]E_]-[]! 1[] '[]! l'GES ‘ Commit ‘ | Add ‘ ‘ Remave | ‘Rslore[]'efaulls‘ ‘ Preferences ‘ | Help | ‘ Cancel ‘
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Node Master Block Parameters

* Routing Table Name: Name of the associated routing table

*Link_Src_dest_Dist_ BW: Specifies where the block will get the link information

* Dynamic Routing: Specifies whether to add or remove a network link, or create a new routing
table




Layer Table

MIRABILIS

* Defines the characteristics of Protocol Layer

v Fragmentation
Vv Latency

v Queueing

Layer Table

Edit parameters for Layer_Table2 - O X
Block_Documentation: [#|Enter User Documentation Here
Layer_Table_Name: “Layer_Table_MName®
Layer_Mumber: 1
Layer_MBytes_Sec: 10.0
Layer_Frame_Size_Bytes: 128
Layer_Header Trailer_Bytes: |15
Layer_Queue_Size_Frames: |gaq
Layer_Retry_Probability: 0.01
Up_Retransmissions: 3
Up_Internal_Delay: 1.0
On_Internal_Delay: 1.0
Layer_Configuration: Internal_Delay o
Commit | | Add | | Remove | |RS|:OIE Deiaulls| | Preferences | | Help | | Cancel
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Layer Table Parameters

* Layer Table Name: Name of Layer, such as MAC (name must be unique)

* Layer Number: Number corresponding to layer, 1 through 7 valid
entries. Used internally be retry mechanism.

* Layer MBytes_Sec: Speed. This is the layer throughput in the upward or
downward direction in MBytes per second

* Layer_Frame_Size_Bytes: This is maximum frame size that can be
transmitted in the upward or downward direction

* Layer_Header_Trailer_Bytes: Header/Trailer Bytes for
Layer_Frame_Size Bytes

* Layer_Queue_Size_Frames: Queue length of upward or downward
flow. This length equates to sessions.
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Layer Protocol

* Used to define each layer of Network Protocol ds_dn_input ds_up_output
stack

r, Protocol.

* Each Layer_Protocol must reference one
Layer_Table block

dn_ext_output up_ext_output

* A layer block can add/remove the necessary ds_dn_output  ds_up_input
overhead bytes for header and trailers, delay the
block for the processing time, queue, force a retry,
and add custom logic and timing

Edit parameters for Layer_Protocol2 - a X

Block_Documentation: £f|Enter User Documentation Here

* Two delays
v/ Data Transfer delay

v/ Processing Delay (internal or external) Layer_Name: Layer Name”

Mode_Mame: "MNode_Mame™

Layer_Table_Mame: "Layer_Table_Name"

| Commit | | Add | | Remove | |R5tme Deiaulls| | Preferences | | Help | | Cancel |
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External processing

Layer Configuration parameter must be set to External

Delay in Layer Table MAC3 Delayd

2
Job,

Layer Complate?

Sends the data structure to the ports called
'up_ext_output' (going up the stack) and
'dn_ext_output' (going down the stack) to implement
the external delay

External process must be terminated with a

Layer _Complete block, which returns the packet to the
Layer Protocol block to resume either up or down the
layer stack

Internal Delays are ignored




Statistics for Layer Protocol
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* Generate statistics using the RegEX
v/ getBlockStatus("MAC_1","Any Value",
v/ getBlockStatus("MAC_1","Any Value",

v/ getBlockStatus("MAC_1","Any Value",
length

v/ getBlockStatus("MAC_1","Any Value",
length

function

"stats", 1,"Any Integer") - stats
"stats", -1,"Any Integer") - reset stats
"length", 1,Any Integer) — up queue

"length", 2,Any Integer) —down queue

DISFLAY AT TIME
{A_Layer
W_Layer_Table
ELOCK

DELTA

DS_NAME

Dn_MBps
Dn_Max_Delay
Dn_Max_Dccupancy
Dn_Mean_Delay
Dn_Mean_0Occupancy
Dn_Min_Delay
Dn_Min_0Occupancy
Dn_MNumber_Entered
Dn_Mumber_Ex1ted
Dn_StDev_Delay
Dn_5tDewv_0Occupancy
Dn_UtiTization

ID

IMDEX

TIME

Up_MBps
Up_Max_Delay
Up_Max_Dccupancy
Up_Mean_Delay
Up_Mean_Occupancy
Up_Min_Delay
Up_Min_Occupancy
lp_MNumber_Entered
Up_Number_Ex1ted

p_StDewv_Delay
Up_5tDewv_Occupancy

Up_UtiTization

—————— 4999 .99999999990 sec —

= "Ip2" ,

"LTZ2",
"Layer_IPF2",
0.0,
"Layer_Stats",
0.5200006032,
00000116,

.Q,

00000116,

.5,

00000116,

.Q,

25,

25,

0.0,

0.5,

0. 5200008032,

1,

o,

4999 . 9999999999 ,
0.52000052,
1.000001,
1.0,
1.000001,
0

1

0

[ e R L

.5,
.000001,

0.0,
0.5,

= 0.52000052%}
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Multicast

* Simulates Internet Multicast Protocol. Performs
Multicast and Broadcast

ar, Protocol

Multic
Module

* Spanning Tree algorithm for routing of packets

* The Signal that has to be multicasted must have
the Network_Message field with the name of the

multicast
VariableList
Network Message = “Multicast 1”7
Edit parameters for VariableList - g x
® Conflgu rat'ons for MUIt|CaSt must be done |n Block_Documentation: Ejf| Enter User Documentation Here 2

Variable List Block

Memory_Init_Text: J* Memory Initialize Template

Name Type value =
Multicast_List global {"Multicast_1","Multicast_2"}
Multicast_1 global  {"MNode_&","Node_5","Mode_7","Node_2", "Mode_3", "Node_4"}

Multicast_2 global  {"MNode_1","Node_5"}

| Commit | | Add ‘ ‘ Remowve | |R5tme Delaulls| ‘ Preferences ‘ | Help | ‘ Cancel ‘
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Networking Nodes

vooe (il vooe (jél
vooe [
NODE i NODE i

Routing_Table
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Connected and Connectionless Nodes

v v
M !
0.’1

\ A
o.:'

Connected —>“—> —»W—» Connectionless
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Network Node Layers

Network Jayer

[
Data Link  agesp
3
Physical ~W
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Network Node Layers (continued)

o
L

<

«

Functionality and Delay ‘ l

Network  (layes Jayer

Functionality and Delay

Data Link  agey Jayer

Physical _,W W—’
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Network Node Layers ( continued)

NN
W W

Vv OV IV
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Routing Algorithms

Shortest Path First -- Dijkstra Algorithm
o Static Routing

vooe (il vooe [l
vooe [
NODE i NODE i

Routing_Table
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Networking Library
Audio Video Bridging
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Audio Video Bridging Library

* Library of components that emulates the AVB operation at the Talker, Bridge and Listener
locations

* Works in conjunction with the existing Networking library
* Provides traffic generator, protocol additions, and statistics reporters

* Tested to meet the specification and experimental data

* Easily extendable for future enhancements
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Audio-Video Bridging- Standards MIRARLE

Supported

* |[EEE 802.1AS: Timing and Synchronization for Time-Sensitive Applications (gPTP),
* |[EEE 802.1Qat: Stream Reservation Protocol (SRP),
* |[EEE 802.1Qav: Forwarding and Queuing for Time-Sensitive Streams (FQTSS), and

* |[EEE 802.1BA: Audio Video Bridging Systems
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* Assemble a complete end-to-end automotive .
applications with multiple sub-systems, ECU AVB L bra ry
hardware, cameras and other devices connected
via AVB over Ethernet Library I Tree I
v Determine the network and the hardware = ] Networking N
configurations required to meet the latency, = E
throughput and power requirements T i &% StreamRP
* Assemble a network of recording equipment, EE AVE_Node
displays, projectors and other audio/video iE AVE_Bridge
equipment in a professional studio or concert hall. ' EE AVE Stats
v Configure the network architecture to ensure low- iE .ﬁ.'l.l'E_Hetl.n.'nrk Setup
latency and synchronized streaming operation iE A'I.I'E_E fig T_ b
_Config_Table
% Ethernet_Traffic |
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Using AVB Blocks- Rules to be Followed

* All rules of the Network Node blocks apply here
* AVB_Config_Tables and AVB_Setup are required blocks for all AVB Models

* AVB_Config_Table contains the Routing_Table block and the Link_Setup blocks. One
set is sufficient

* If using Ethernet_Traffic block to generate Ethernet traffic, then the Traffic Table is
sufficient. The Stream block is not required.

* Each Ethernet_Traffic block must have a unique Traffic table

* Each AVB stream must have a unique ID in the stream table.

* If using AVB streams, then all the blocks in the AVB_Config_Table are required.

* Bandwidth assigned to all Type classes on a link should not exceed link bandwidth

* All links at a bridge have the same bandwidth assignment for the Type classes
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Required Blocks to configure ﬂﬂﬂnﬂ n

the network, bandwidth
allocation. AVB attributes and

AVB Library Example
Audio-Video Bridging Ethernet Network E/
4 node network with Digital e BEACEES TABR O mamae
3 Talkers and 1 Listener PROCESS TABLES =====
Top-level parameters o 3 Network_Setup AVB_Config_Table
to ensure all blocks Parameters 2 T

-

# Sim_Time: 0.51

Use same names and
# Routing_Table_MName: *RT"

Simulation end time

 NelTG StreamRP Node1
Generates both
AVB _and Ethernet NelTG2 StreamRP2 N_uqez Bridge NodeS Stats Display Latency as a Timed
Traffic — e —> ' N [< ... plotand Histogram per
e ™» Stream terminating at this
NelTG3 StreamRP3  Node3 node.
: p _ Latency and Throughput
< P o= Statistics for all the Streams
Trace information for the
— / messages and transfers
Manages the v
H . Eth t
* Generation of Talker Advertise Connects the ernel
Traffic Shaping and

Nodes in a

* Handles algorithm to respond network and Clock Sync Messages




AVB Flow Diagram- Stream Reservation MIRABILIS

P d dlefs]ilgln
Talker Bridge 1 Bridge 2 Listener

Talk
er A Ve rtiSe ’

Link Delay

2\ed
Talkel Fal®

19

Link Delay

BW

/ Listener ready

Traffic Transmitting Avg Stream Traffic
Link Delay Naping

Link Delay
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Ethernet Traffic Shaping Algorithm

* Uses Leaky Bucket for AVB streams

* Bandwidth is for a fixed time period of 100 frames of 1500 bytes each
* Bandwidth credit assigned to each Type as a percentage of this period

* Each successful AVB stream is assigned bandwidth as a percentage of the Type bandwidth

* After the end of this period, bandwidth credit reset for all the types
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Ethernet and AVB- Traffic Shaping

* Requires the Stream, Type_to_BW and Class_to_Type tables

* Priority is higher for the higher number
* Queue for each Type
* Unassigned bandwidth kept in Type 8

* Period duration for ensuring bandwidth is 100 frames of 1500 bytes or 150,000 bytes
transfer time

* For a 100 Mbps, this is 12ms and for 1Gbps it is 1.2 ms

* Bandwidth allocated is reset at the end of the period.
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AVB and Ethernet- Traffic Shaping kg

Algorithm

* Starts with the highest Type with assigned bandwidth
* If bandwidth is available, a packet will be transmitted, even if the credit goes to negative

* If Packet Available, packet selection
v If Class A or B, then one of the AVB streams in the queue is sent out first

v If there is no AVB or it is not a Class A or B, then the head of the queue for that type is sent out

* If packet not available
v The scheduler does a best effort

v First it searches for a Class A and then a Class B AVB packet

v If no AVB is available, it goes through from 7 to O

v To ensure fairness, the next time, the sequence will start from 6-0,7 and so on
v Credit is not decremented in this case

* When packet is sent out, the scheduler moves to the next lower Type
* When Type 0 is complete, the scheduler goes to Type 8. This goes Type 7 to 0. The next time, the Scheduler starts from next lower one.

* When all credit has expired, the credit are reset for all the Types
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Codes

* AVB allocated bandwidth exceeds the threshold for the Class = 1

* Worst case Execution Time (WCET) is greater than 2ms for Class A and 50 ms for Class B =2
* Next Bridge has a different type for the Class Aor B =3

* Optional check where the listener has not buffer capacity =4 (Currently not used)

* Maximum number of Hops Exceeds 7 =5
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AVB Config Tables

* Link Setup- Associated with the Node and Routing activities

* Routing Table- Required for Routing between Network Nodes

* Traffic Table- Requires one per Traffic block in the model

* Stream- Required if AVB stream exists in the model

* Type_to_BW- Bandwidth allocation by type for Nodes and Bridges
*Class_to_Type- Class A and B assignment to a Type for Nodes and Bridges
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Networking Library
TSN, Gateway, Ethernet
Semiconductor Device
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Automotive Network containing TSN .

witch, Gateway and CAN Buses

CAN

Top Parameters b e FRam patatarg Grandmaster Clock parameters
Bus S smes i o Siom Ay 100 =Gk Smo_porios 1003
i e Bl L oaaian
Qe e ey e T e S o
* 1lbitand 29 Database @ — n e
bit : .
BW allocations = S
*  Powercalc Time Aware Shaper - y| «  Each
*  Bus off specifications e Linked to
o Data Frame, Signal vs Message routing h a feature
Remote ki . Ease of
frame, evaluation
Overload Sogilaa
Frame, Error g 1-'=’._E Library provides various
Frame N - S e B types of schedulers
is 2 _:“‘ l ETH_Trafic_Generator2 \ Gateway
Entire end to end Cairodist CA_Node12
system can be —— «  |EEE 802.1Q
assembled in a go ¢ Ethernet as backbone compliant
* Provides the T * IEEE802.1(TSN) - WFQ
support for sy 2z . TAS «  WRR
TCP/IP or UDP Con nosars Carneses ] e *  Redundancy « DRR
+ Usercan ST :.':j——c..:_ .Ci;f:,——‘:i’;f *  Credit shaper +  Strict Priority
configure each Can_sidats S B N h e e BW checks «  FCFS
Layer as per :..‘: _._'..: :...:::..: oo | ::i.m: Do
their — ¢ RRPriority
requirement
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Standards supported Automotive library

IEEE 802.1Qbv
IEEE 802.1Qbu
|IEEE 802.3br

IEEE 802.1Qca

. CAN Aand CANB
. Data Frame
. Remote Frame
. Overload Frame

IEEE 802.1Qcc . Error Erame
|EEE 802.1Qci . BusOff
IEEE 802.1QCB . Manual/Automatic Restart
IEEE 802.1Qch : P.owe'r Calculation

. Filtering

IEEE 802.1AS . Fast Data rate



TSN Stats Generated
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valuation of an Error in the TSN Scheduler

B VisualSim Architect - .TSN_Model_Demo_6.TimeDataPlotterd — O *

Nal=TC

File Edit Special Help
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CAN Bus
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Document.

Model Setup

Traffic

Results

File 10

Behavior

Mappers

Resources

Pawer

Hardware Setup

ProcessorGenerator

Memory

HardwareDevices

Interfaces and Buses
AFDK
AVBA
Audio_Video Bridging
Autosar

= CAN

89 CAN_Eth_Brdge
Switched_Ethernet
Fibre_Channel
FlexRay

Frelre

Networking

P

Rapid_10
SpaceWire
TimeTriggeredEthernet
Wireless_Sensor
- EEEB02Q
FullLibrary
Userlibrary

Different parameters for toggling between functionalities
Drop down menu for selecting 11 bit or 29 bit

Filtering DB can be modified to select required messages
Manual or Automatic restart can be selected just by checking

the box

L K2

CAN Bus Modules can be
accessed simply by going into
the CAN folder

We just have to drag
and drop them on the
window

CAN_Node

CAN_Bus.

CAN_Nodes

T e

CAN_Node6

——

CAN_Node?

> — <
< — >

CAN_Node8

> — <
-« — >

Edit parameters for CAN_Bus

Messages_08: 5]

Fitering_DB:

Power_Manager_Tabie:

MSCAN_T_Marual_F._Auto:
Manual Reset Flag_Name:

e ]

terfces and Buses->CAN->CANBus|

00

0

u]

s

w0

Name D DLC Cycle_Time StartBit Length Initial_Value Minimum Maximu

Carspeed  ox608 4 1 8 1 o "

Diagnostics 0608 4 b} s 4 by br
ode  Owes 4 o s 4 10 [T

Engforce  0:06 4 30 s 4 b} 01

Choforce 018 4 15 F 10 0

Crrorcode  Oxiss 4 3 - 0 o I

Gear. oots 4 3 s 4 10 [

ShiftRequest 0:268 & s s 4 0 0o 1

e oot 4 2 I 10 o

<

Name Address Wessage 10 DLC Cycletine StartBit Length Initial Valu

SCU1 oxeoo Absbata oxc08 8 50 : %

ECUZ OGO GearBoxInfo  0x068 4 S PR

ECUS  0x60 Enginedata 0005 4 50 5 4

ECU4 0x603 EngineDatalEEE Ox618 4 25 16 4

CUs  oxeos E 3 s 2 4

ECUE  OxG0s W-Engin: oo 4 S 3

U7 0x606 Iomition Info 068 4 50 0 4

ECUS 0x607 EngineTemp 0x316 4 25 90 4

< >

0

ECU7 {"WioEngine

ECUS {"Ignition_Info"} ;

/* Name------- ating Stat

|Architecture_Block Active Standby Bus_Off Suspend Idle Existing OFfs

Power £CUL 10 00 00T 0.0 0.0 Standdy

Poner ECU2 i1 00 000 0l0 Standby Standby,

Poner ECU3 12 00 000 0l0 Standby Standby,

Power_ECU4 1.3 0.0 0.0 0.0 Standby Standby

Power_ECUS 1.4 0.0 0.0 0.0 Standby Standby

Poner ECUS is 00 000 0.0 Standby Standby)

Pover ECU7 s 00 000 0l0 Standby Standby,

Power_ECUS 1.7 0.0 0.0 0.0 Standby Standby

< >

1.0E-3 /= Cyde _Tme muit %/

[ =

@

[u}

none”

aid || Remove | [RestoreDetats| | Prefernces e Concel
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Ethernet Switch — Semi abstract

CPU

DMM i+ FMC + FEM »-

LﬂDphan Port

WLAN_LU

Inpt Queue L2 POLICE L2 FORW

- -
-

VL_POLICE  VL_FORW

Store and Forward or Cut Different Policing Different shapers of interest,
through can be schemes of interest can Different Scheduling algorithm
implemented here be implemented here like WRR can be selected here
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Block Diagram

Gateway

TSN Compliant TSN Compliant
Switch Switch




VisualSim Model

MIRABILIS

CAN_Node3

CAN_Mode5

CAN_Node7?

—

L —
P —a »
> "
e —

CAN_Node4

y —]—r o« aw
< e — >

CAN_Node6

CAN_MNode8

TSN_Switch

_EtherFrames

o Sim_Time: 2.0 Layer_Table DigitalSimulator Routing_Table
Switeh_Config_DB - Gateway Config DB o TCP_Header Length: 20 se-
@ Num_Connections: 100 === w
@ TCP_No_Of_Retries: 5 default-5;set between 1-32*/ D
o MTU: 1500/ bytes*/
CAN_Bus
CAN_Bus2
CAN_Node
> CAN_Nodeg CAN_Node10

TSN_Switch2
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Gateway

Protocol

» Translation

Software

Unpack Ingress Routing l Pack Egress

Software Buffer computation

Software Buffer
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VisualSim Gateway Overview

Danvice Inberfscedd

) o
Device_Inierface?

Davice_Ineraceis

1 G S (8 =1
Davica_Interfaced & COW_Mame: "GW1" & Sw_Details: Sw_NameProo_ G . = . Devica_Intarfaca1s
& Gateway Speed Mhz 10000 Routing_Sw230 —
& Ingress_Buffer_Size: 30 Packing_Sw200:

UnPacking_Sw200;
& Egrass_Bufler_Siza: 30

® Scan_Rale: 1.0e-8

Dunvice_Interfaces

Device_interface17

Crossbar_Delay Cale Routing_Com putation Routing
Davice, Inferfaca " :Duaua_SlM_ldan! Crossbar_Delay Diel Routing_Dialay -G Dawce_Intaraca g
3 Fveus_Sior | b CoupDel e, T T
“To_. A= swDelsls08 — (Deafingalion_ r ‘ -
LABELBEGIN L.

Dievice_Interface? Devica_intarfaca19

Desica_Interlsced

Device Inlarlscezd

eveniFlag
Devoe_Intarfacad Deviee Interfacal]
——
Davice_Inferface10 Device_Inierfoed2
_mitl_Port
Device_intarface 11

Devica Inefaca3

L =
Davice_Interacel
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TSN compliant Ether switch design

TCP IP Protocol —Transport Layer

Security Protocols

3

TSN Scheduler

Physical Layer



Visua

Sim Mode|
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DE_Farmat Sync_Signal_Transfer
Switch Named ] D pe O
Swilch_Mode_In Swafch Emie "ETH_Sync Switch_Mode_Out
* hmr;:'mg_f LABEL -BEGIN| ’_h
2 85505 SEND (output,

TCP_UDF,
& Switch_Name: "SW1"
- T'C P_I_ID P & Mode MName: Switch_MName+" “+intarface_Namea
# Interface_Name: "ETHOD" DigitalSimulator
& Switch_Speed_Mnz 100.0

# Rouling_Table_Mame: "Rouling_Table®
® Interface_Speed_Mops: 1000
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Integration
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Hardware in the loop - Goals

*Create a test case where synthetic traffic generated from VisualSim Environment is sent to the
external Hardware and use the response from the external hardware as input to the VisualSim
environment.

*Two modes of operation:
* Once we press a dedicated button on FPGA, constant SRAM values are read out

* Otherwise, a normal Read operation is done

*Plots for Read and Write throughput as well as for the data value



Block Diagram

Traffic Rate =
600 MHz

Data Size = 16 2 S
Bytes

Traffic Rate =
650 MHz

Data Size = 16 5 _ Connection to FPGA
Bytes

Traffic Rate = :
750 MHz 3 s

Data Size = 16
Bytes

Traffic Rate =
800 MHz d C
Data Size = 16
Bytes

AXI Bus speed = 800 MHz
Bus Width = 8 Bytes
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in VisualSim

Hardware in the loop

Architecturesetyp  D'9italSimulator
# Bus_Speed: 400.00 —a
® Sim_Time: 40.0E-06 ctu.. éﬂ’m’
e ModelSeed: seed(1234) E i
e AX| Burst_Length: 16 |
® Struct_Def: Transaction{int A_Bytes; int A_Command;int index; int A_Data}
@ Throughput Calc Period: Sim_Time/1000
TG _AXI

(22 B
-~
-

AMBA_AXI

‘Latency
A [k Expressionlist
‘\!J

- 4

xpressionlyst2

TG_AXI2

(s B
-
-

TG_AXI3

-

-

TG_AXI4

[ 22 B
-
-

L 4

Create_Statisticscr ossbar

rimv_Hello

B &

D5_xTime_yData_Plottpr

@ Architecture_Name: "Architecture_1"
® Bus_Name: "AXl_Top"

e Confroller Speed_Mhz 800.0

® Memory Width Bytes: 4

® Bus_Width_Bytes: 8

® Mfg _Suggest_Timing: {2,7.3.14}

® Memory Bank: {10,12}

& Command_Buffer_Length: 8

® Delay Histo_Length: Command_Buffer_Length * 8

& Memory Width: 4 pulses
e Memory_Speed: 1333.0 .

Variablelist

Clk
[

slave
format_D5S

&

Data_toPlot Data_Values

L A_‘x.:

TextDisplay

getDS_frm_Mem

4

»

‘Throughput'riui_Trigger Throughput_Calc

Throughput
ﬂ.\
V
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Purposes of the Integration
GEMS5 users

o Extend research to cycle-models of the processor, cache, bus and memory

VisualSim users
o Test processor models with instruction sequence from real code execution

VisualSim provides

o Fully tested and commercially supported models of processor cores, cache, buses
and memories

1/18/2021 MIRABILIS DESIGN INC. 65
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What is GEM5

Provides instruction set simulators for ARM, RISC-V, GPU, Power and x86
> Load Linux/Windows/Android and execute the compiled software code.

o Verify the correctness of code behavior on the target instruction set, not on a specific core
Simple branch predictor provided, not match vendor implementation

Unlike Fast models, GEM5 has an experimental platform with templates for caches, buses, memory
and branch prediction

o User can customize the processor and peripherals to create proprietary version

Does not provide a specific processor core implementation
o Code execution is identical for ARM v8.1A in ARM Cortex A53, A72, A76 and A78

Common usage
o Academic research and teaching purposes

o Software development

1/18/2021 MIRABILIS DESIGN INC.
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Advantages & Disadvantages with GEM5

Advantages
° Large user community

o Support for ISS from ARM v8, Power, x86, RISC-V and GPU(AMD)

Disadvantage
o Lack of support

o Accuracy has not been tested
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VisualSim with GEM5

Goal

> Execute software code on an emulated hardware system

° Test the software against the full system
o Current focus is performance and power of the full system
° Future focus is correctness of action

> Triggered the right device or sent data to the right interface
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VisualSim-GEMDS5 Integration

Two modes of operation

Mode 1: GEM5 Wrapper
° Generate batches of requests to cache and memory

o GEMD5 executes the code and wrapper feeds the addresses to VisualSim model

Mode 2: Trace File
o GEMS5 writes the list of instructions and addresses to a file

> VisualSim reads the file using TrafficReader and provides this as input to the VisualSim Processor block

1/18/2021 MIRABILIS DESIGN INC. 69
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Mode 1: Wrapper

gemsS Simulator VisualSim Model

- [
m Fh! ) Diarenellbnk 0 o cios
(Run simulation t

for N cycles)

L1l Lih h = "
Cache| flach= I'I'lEﬁllﬁ!l'!j- e T | PowsarTa raturebioriel
== x| =e
Y | Named pipe e
\ Gem5Wrapper

(Simulation finished

& results ready]
Store Load
Shared File initg] ‘ }
simulation iaitary et simulation stE;EE
results results

<time, acoess type, addr> |
lime, access type, addr>

Fig. 2. An overview of gem5 and VisualSim integration
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VisualSim GEM5 Wrapper Parameters

Edit parameters for Gem5Wrapper

Block_Documentation: [ Enter User Documentation Here

GemSWrapper Double click on the block , init: £ )
o to edit the pipePathPrefix . . L )
%Qé - pipERathPrei [ /home/tom/Documents/development_gem5/gem5/gems-stable W
. step: h 1
firingCountLimit: [ NONE 1

Commit : Add - Remove : Restore Defaults | Preferences | Help . Cancel

. ——

User has to provide the path to the GEM5 directory where gemb5 build is done

1/18/2021 MIRABILIS DESIGN INC.
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Mode 2: Traces generated from GEMS5 — in shared file Oooooo

ﬁnFo: Entering event gqueue @ B. Starting simulation...

2888: system.cpu.icache: getBusPacket created ReadReq addr B8x448 size 64
2088: system.cpu.dcache: recvTimingSnoopReq for ReadReq addr 8x448 size 64
2808: system.cpu.dcache: handleSnoop for ReadReqg addr 8x448 size 64
2808: system.cpu.dcache: handleSnocop snoop miss for ReadReq addr @x448 size 64
2888: system.mem_ctrls: recvlTimingReq: request ReadReq addr 1888 size 64
2088: system.mem_ctrls: Read queue limit 32, current size 8, entries needed 1
2808: system.mem_ctrls: Address: 1888 Rank © Bank @ Row B
2888: system.mem_ctrls: Read gqueue limit 32, current size 8, entries needed 1
2088: system.mem_ctrls: Adding to read queue
2808: system.mem_ctrls: Request scheduled immediately
2808: system.mem_ctrls: Single request, going to a free rank
2888: system.mem_ctrls: Timing access to addr 1888, rank/bank/row 8 @ @
2088: system.mem_ctrls: 2888,ACT2
2808: system.mem_ctrls: VISUALSIM LO0G: Rank: 8 Bank: 8 SIZE: 64 ACT: 8 READ: 13758 Address: 1888 Row: B
2808: system.mem_ctrls: Activate at tick 2808
2888: system.mem_ctrls: Activate bank @, rank 8 at tick 2808, now got 1 active
2088: system.mem_ctrls: Access to 1888, ready at 46258 bus busy until 46258.
A46258: system.mem_ctrls: processRespondEwvent(): Some reg has reached its readyTime
46258: system.mem_ctrls: Responding to Address 1888.. 46258 : system.mem_ctrls: Done
73258: system.cpu.icache: Handling response ReadResp for addr 8x448 size 64 (ns)
73258: system.cpu.icache: Block for addr 8x448 being updated in Cache
73258: system.cpu.icache: Block addr 8x448 (ns) mowing from state @ to state: 7 (E) walid: 1 writable: 1 readable: 1 dirty: © tag: ©
73258: system.cpu.icache: Leaving recvTimingResp with ReadResp for addr 8x448
79888: system.cpu T@ @ _start mon fp, #8 IntAlu D=BxBegoaaeaoeapaaoe
79888 : system.cpu.icache: access for ReadReq addr 8x458 size 4
79888: system.cpu.icache: ReadReq (ifetch) addr 8x458 size 4 (ns) hit state: 7 (E) walid: 1 writable: 1 readable: 1 dirty: @ tag: @
81888: system.cpu T@ @ start+d : mon 1r, #8 IntAlu D=Bxbegoaoeaoeasaaoe
81888: system.cpu.icache: access for ReadReq addr 8x454 size 4
8168868: system.cpu.icache: ReadReq (ifetch) addr 8x454 size 4 (ns) hit state: 7 (E) walid: 1 writable: 1 readable: 1 dirty: 8 tag: @
83880: system.cpu.dcache: access for ReadReq addr 8x8debB size 4
83888: system.cpu.dcache: ReadReq addr Bx8de58 size 4 (ns) miss
85888 : system.cpu.dcache: getBusPacket created ReadReq addr 8x8dedBd sirze 64
85888 : system.cpu.icache: recvliimingSnoopReq for ReadReq addr Ox8dedld size 64
85880: system.cpu.icache: handleSncop for ReadReq addr 8x8dedB size 64
85888: system.cpu.icache: handleSncop snoop miss for ReadReqg addr Bx8ded8 size 64

e - - - e a o, -

1/18/2021
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Model 2: Trace file Converted to VisualSim Format

TimeStamp Source_Device_Name

2000 cpu
2000 cpu
2000 cpu
2000
2001
73250 cpu
154000 cpu

Time Stamp  CPU_Core
79000 TO

81000 TO
83000 TO
154000 TO
156000 TO
158000 TO
160000 TO

1/18/2021

icache
dcache
dcache
mem_ctrls
mem_ctrls
icache
decache

Instructions
mowv

mowv
ldr

Dest_Device Name Comment

Command Address size
getBusPacket ReadReq 0x440 64 < Cache and Memo ry
recvTimingSnoopReq ReadReq 0x440 B4
handleSnoop-snoop miss ReadBReq Oxz440 64 stats
recvTimingReq ReadReq 1088 b4
Responding to Address 1088 64
Handling response ReadResp 0x440 b4
access WriteReq 0x8de50 4 \
Demo output csv
— / from gem5 traces.
Execution_unit
IntAln D=0x0000000000000000
IntAln D=0x0000000000000000
MemRead D=0x0000000000000008
MemWrite D=0x00000000befffe54 A=0xbefffe50
IntAln D=0x00000000befffe50 P .
MemWrite D=0x0000000000000000 A=0xbefffedc ) Different cpu cores
IntAln D=0x00000000befffedc stats

MIRABILIS DESIGN INC.
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Mode 2: Using Trace in VisualSim

DigitalSimulator

ARM Cortex A53 Processor System

TimeStamp Source_Device Name Dest_Device_Name Comment Command Address size ‘
2000 cpu icache getBusPacket ReadReq 0x440 64 - ;ﬁ;!f
2000 cpu dcache recvTimingSnoopReq  ReadReq 0x440 64 ® Architecture_Setup_Name: "Architecture_1"
2000 cpu dcache handls:lSr:oop—snoop miss ReadReq 0x440 64 @ Processor: "Cortex_AS3"
2000 mem_ctrls recvTimingReq ReadReq 1088 o4 ExpressionList VariableList
: @ ClockRate: 1200.0 )
2001 mem_ctrls Responding to Address 1088 64 ARM8_Ins
73250 cpu icache Handling response ReadResp 0x440 64 @ SimTime: 5000.0e-6 —|
154000 cpu dcache access WriteReq 0x3des0 4 Power Inst ® TrafficRate: 10e-6
PowerTable ArchitectureSetup2
TextDisplay
Power Avg
Read_GEM5_Trace )
Devicelnterface
- - - -
Time_Stamp CPU_Core Instructions  Execution_unit
79000 TO mov IntAlu D=0x0000000000000000
81000 TO mov IntAlu D=0x0000000000000000
83000 TO ldr MemRead D=0x0000000000000008
154000 TO str MemWrite D=0x00000000befffe54 A=0xbefffe50
156000 TO subi_uop IntAlu D=0x00000000befffe50
158000 TO str MemWrite D=0x0000000000000000 A=0xbefffedc
160000 TO subi_uop IntAlu D=0x00000000befffedc

These instructions read via TrafficReader as input to the
Processor block
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Linking GEM5 to VisualSim

Application
(Web, Map, Youtube, etc)

Lib
————
OS or System SW Platform
ARM/u
ISA
GEMS VisualSim
Csx:llteer ARM i_ ______________
) /J rs |[ LCD
e / KEY
-Em \ |
: A Touch
/:/’ / Screen
| |
1 —
:L"L “’ WiFi
:N ‘T Speaker
Memory — Mic
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Representative Example on VisualSim

Hardware Platform on VisualSim

NAND Flash (256 MB)
+ DDR SDRAM (128MB)
Samsung MCP
K5E2G1GACM
e T 4 LCD
S - Wi-Fi I LCD Sharp
I | —’ ”
| Power AMP |  Transceiver | Controller —Pt 3.2" TFT
R B RV R Aaliothis)
[y [
Capacitive
Touch Screen Touch
[/ ==== Controller
Battery | Power 1 Synaptics 1007A Screen

| Management |

35H00106-01M —  Qualcomm
1150mAh j_ _PM7sa0 1 Key Board
YVYiVY
< MSM7201A
Qualcomm
ARM11@528MHz
ARM926@274(modem)
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How this works

VisualSim triggers the software to execute

GEMS5 executes for a time duration
Output the addresses, service time and the time stamp

GEMS5 can be triggered on a fixed schedule like realttime software or can be triggered after the
operation is completed in VisualSim

VisualSim
Trigger @ CLK ElEE 18
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Debug Software in System Context

elc1@ubuntu: ~/gem5/gem5-ptolemy-master/gem5-stable_2015_05_03

File Edit View Search Terminal Help
ebuild fARM/sim/eventg.cc
1

J// handle action

if (l!event->squashed()) {
J/ forward current cycle to the time when this event occurs.
setCurTick(event->when());

event-=>process();
if (event->1sExitEvent())
assert(!event-=flags.isSet(Event: :AutoDelete) ||
levent->flags.isSet(Event: :IsMainQueue)); [/ would be silly
return event;

}
} else {

event-=>flags.clear(Event: :Squashed);
}

if (event-=flags.isSet(Event::AutoDelete) && !event-=scheduled())
delete event;

e ./configs/example/interactive se.py --cpu-type=TimingSimpleCPU --cpu-clock=1GHz --sys-clock=1GHz --caches --11i size=16kB --11d size=16kB --
mem-type=DDR3_1600_ x64 -c .. /MiBenc|RFIieliEV=pE-1-TuVANe{-10])]] -dct int -progressive -opt -outfile ..jMi_Benchjce
kill () at ../sysdepsfunix/syscall-template.S:79
(gdb) n
GlobalEvent: :BarrierEvent::process (this=0x5555584a52808) at build/ARM/sim/global_event.cc:136
(gdb) f
#0 GlobalEvent::BarrierEvent::process (this=0x5555584a5288) at build/ARM/sim/global_event.cc:136
(gdb) n
(gdb) n
EventQueue: :serviceOne (this=this@entry=0x555558498320) at build/ARM/sim/eventqg.cc:229
(gdb) p event
$1 = (Event *) 0x5555584a5280
(gdb) Il
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Integrate Debugging and System Analysis

File Edit

(gdb) f
#0
(gdb) n
(gdb) n

\fioaar
View

h Termin
mem-type=DDR3_1600_ x64

al Help
e T T ventQueue : :serviceOne

EventQueue: :serviceOne (this=this@entry=0x555558498320) at build/ARM/sim/eventq.cc:229
(gdb) p event

$1 =
(gdb) ¢

Continuing.

iteration

iteration:

iteration

iteration:

iteration

iteration:

iteration

iteration:

iteration

iteration:

iteration

iteration:

iteration

iteration:

iteration

iteration:
iteration
iteration:
iteration
iteration:
iteration

o]

2

3

4

5

6

7

8

9

16 finished

(Event *) @x5555584a5280

finished
1
1
2
finished
3
finished
4
finished
5
finished
6
finished
7
finished
8

finished

finished
9

finished
10

File Edit Special Help

DRAM_Temp

VisualSim Architect - .gem5_demo10.DRA...

FEEEE

-dct int -progressive -opt -t
GlobalEvent: :BarrierEvent::process (this=0x5555584a5280) at build/ARM/sim/global_event.cc:136

GlobalEvent::BarrierEvent::process (this=0x5555584a5280) at build/ARM/sim/global_event.cc:136

27.00003T
27000021

27.00001 [
27.00000

0 1 2 3 4
=10
AMB_Temp

27.0003[ ' ' ' ' 1
27.0002 [ 1
27.0001 [
27.0000 | | |

0 1 2 3 4

-3

B A=) =1 i

DRAM_Power

File Edit Special Help

40010

4.0005 |

yEENE
AMB_Power
0o 05 10 15 20 25 350

<1072
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Enhancements
GEMS

> Multi-core with different software on each core
o Add RISC-V and GPU models
° Trigger software instances as opposed to full program

> Add support for more debuggers
Provide services to develop new ISS
Integrate ARM Fast Models

SystemC package to add processors like CEVA and Tensilica
> Using existing SystemC integrate



Integration with SystemC

* Full Library -> Hardware Language -> SystemC -> SySte m C m O d e I - Exa m p I e

SC_Sim
*  Provides timed interface between VisualSim and Digital SC_sim
SystemC EXOR gate implemented with four Nand gates. [ L?E' }Iff [ LII’E' }Iff
* Timed interface - Synchronization between
VisualSim and SystemC simulator SingleEvent
Edit parameters for SC_Sim - O * L
Quiput

Block_Documentation: [ Enter User Documentation Here

Time_Base: SC_NS e Slﬂ glEEVEﬂE

timeResalution: 1.0
Start_Time: 0.0 AL
Stop_Time: 100.0

Interface_Routing:

— Commit Add Remove Restore Defaults Preferences Help Cancel



Verilog_Sim

5

Integration with Verilog

* Full Library -> Hardware Language -> Verilog-

> Verilog_Sim Venlog mOdE|- Example

*  Provides timed interface between Visualsim

and Verilog
* Timed interface - Synchronization between DE Simulator  Verilog_Sim
. . . . @
VisualSim and Verilog simulator x i’” )}
Edit parameters for Verilog_Sim - a *

Text_DisplayBuffered)

Block_Documentation: Ef|Enter User Documentation Here

Transaction_Source Processing DS_Expression Number_to_String i String_to_Number SequencePlotter
&

Time_Base: Verilog_N5 e

timeResolution: 1.0

Start_Time: 0.0

Stop_Time: 42.0

| Commit | ‘ Add ‘ | Remove | ‘Rslme Deiaulls‘ | Preferences | ‘ Help ‘ | Cancel |
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Version Control
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Version Control

*  Version Control and VisualSim Architect

v/ Library Structure and Self-Contained Classes

* Issues in Version Control
v/ Consistent library structure (for a given design)
amongst all team members

V' Self-contained classes
*  One potential self-contained library structure

Vv Icons
v/ Components
v/ Designs

*  Self-contained classes
v/ Must only contain references to internal constructs (e.g., parameters, Variables, virtual

connections, etc.)

v/ Must NOT contain references or have dependencies on external parameters, variables,
virtual connections, etc.



Version Control and VisualSim Architect
Custom Icons and Library Structure

e — VisualSim Architect - lcon editor for Satellite_Dish
[E]&][~]-][¥[®[8][a[a[E[a][Al[5#]
Find:

& T
i el
i
& i
& p
o r
i P
@ P:

S
AFA Y

Edit parameters for image

.3. Source. ../lcons /Satellite_Dish.gif { Browse )
(_ Cancel ) (_ Help ) C Preferences J (Restore Defaults) (_ Remove ) C Add J ( Commit J
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Version Control and VisualSim Architect Aannnn

Version Control using SVN

* Step 1: Create a new repository

v/ cd /var/svn
v/ svnadmin create repos

* Step 2: Import local tree of data for the first time

v/ svn import <Path to MyProject>
file:///var/svn/repos/<MyProject>-m “initial import

14

* Step 3: Checkout MyProject

V' svn checkout file:///var/svn/repos/<MyProject>
<MyProject>

*  Other commands

V' svn diff
v/ svh commit
v/ svn update
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Version Control Using CLASSPATH

*Select the Master Directory and the Working Directory
v The Working directory would typically be on the desktop or local to the user.

v The Master directory will be central and accessible by all users.

* Update VS_Model_Library setting in the VisualSim.bat and VisualSim.sh.
v Make sure to enter the working directory first and then the Master directory

(before) set VS_Model_Library=%INSTALL_PATH%\User _Library

(after) :: For Working Directory setting

set WORKING _PATH= C:\Users\MYName\Desktop

:: For Master Directory setting

set MASTER _PATH=C:\Master

:: For adding Working Directory first and then the Master directory

set VS_Model Library=%INSTALL PATH%\User Library;%WORK_PATH%;%MASTER _PATH%



Continued

*Now create a class Blockl and store in path below the Master Directory. The file will
called Blockl.xml. An example of the Ilocation would be <<Master
Directory>>/Levell/Block1.xml

v'Note: One caveat is that the class hierarchy structure in the file system structure must be
identical from the base of the relative path of the Working and Master settings in the
VS_Model_Library. The class must not be an absolute folder definition.

° |t means that location of Block 1.xml should be

<<Master Directory>>/Level1/Blockl.xml

<<Working Directory>>/Level1/Block1.xml




Continued

* Now create Model A and Instantiate Class Block1.
* Save this model anywhere.
* Now copy Block1.xml to the <<Working Directory>>/Levell/Blockl.xml.

* Now re-open the model. Open Block of the Class and you will see that it references the Working
Directory file.

* Now edit the class Blockl.xml in the Working Directory.

* When the Edit has been completed, copy the Blockl.xml in working Directory to Master
directory and delete the class in the Working Directory.

* Now open the model. You will see that the Class references Master directory location.
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|2 Java - Eclipse Platform

L

Ay

Alt+Shift+N »

Create a new Java project —

Open File... 4 Project..
Close Culew | §9 Package
Close All Ced+Shift-W | @ Class
Save culrs | O | Interoce
Save As... (6] | Gz
Save All Culishinss (& |Annotation
et &9 Source Folder
15 Java Working Set
Move.. [ Folder
| Rename... 2] -
il s = Untitled Text File il
| Convert Line Delimiters To e umiTestCase
Print... CuleP | T Task
!
Switch Workspace v |9 EBample.
= < Other.

| Properties Alt+Enter

Exit

—— — . e——
= New Java Project

Set p roj e Ct n a m e a n d J R E Create 2 Java project in the workspace or in an external location. B

Project name:  VisualSim

J D K ] 6 Contents
. . Create new project in workspace

Create project from existing source

Directary: | C\Users\pavelfworkspace32\Visualsim Browse...

JRE

Use defauit JRE (Currentiy jdid 6.0°33 Configure JREs..

Use a praject specific JRE: jdk1.6.0 33

Use an execution environment JRE: | JavaSE-1.6

Project layout

Use project folder as root for sources and class files

Create separate folders for sources and class files Configure default..

Working sets
[~ Add project to working sets

Working sets Select..

@ < Back Net> | [ Fnsh | [ Cancal




Eclipse Debugger Setup

Set proper order of libraries. The

Configure all necessary libraries sources should be on top.
~ T— T— — —— 5 —— - — ——
= New Java Project =S 2= New Java Project S
Java Settings ) _ Java Settings _ _
Define the Java build settings. Define the Java build settings.
| £ Source I = P'n:rjecisl = Libraries | . Order and Elcpr.:rrtl | # Source | =" Projects | = Librari5| % Order and Export |
JARs and class felders on the build path: Build class path order and exported entries:
. 'E divagjar - CA\VisualSim12\Ws AR [ Add JARSs... ] (Exported entries are contributed to dependent projects)
[ E:t mdi.jar - CA\VisualSim12\WS_AR [H = visualSim,/src | Up |
b e welocity-1.4.jar - ChAVisualSim123WWS_ARMib [ Add External JAR=... ] [] = JRE System Library [jdk1.6.0_33] [ = I
— . - . - - - T == _ i = = W
[ |£ :r:llzcn-mty—dEp-LTi.ﬂi.JarLi-dEi\:;u;gl?llmlz‘ﬂufﬁ_hﬂ‘d|b [ Add Variable... ] I E I;d :d'd‘af (é:?sualliniiiz_ii
[ Systern Library 5.0_ [ diva,jar - C:\WisualSim _
| [ Add Library... ] I [ @ velocity-1.4 jar - C\WVisualSiml2W5s_ARM b [ Top I
= @ velocity-dep-1.4.jar - C\WisualSiml2WWs_ARM b
1 | AddClass Folder... | | ty-dep-14 [ Bottom |
| | Add External Class Eolder... | | ( — |
| |
[ Edit... | | DeslectAl |
[ Remowve ]

@ < Back Next > | Einish || Cancel @ Mot [ Enish ][ Cancel
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Update VisualSim start script

* Add compiled classes to the class path
v/ set CLASSPATH=<path to complied classes>;%CLASSPATH%

* Prepare Java debug settings

V' set dbg=-Xdebug -Xnoagent -Djava.compiler=NONE
-Xrunjdwp:transport=dt_socket,server=y,suspend=n, address=<debug
port>

* Modify java command
V' java %dbg% ... VisualSim.ModelBuilder.ModelBuilderApplication
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Eclipse Debugger Setup

r ™
= Properties for\l'isuaﬂrl' EIEM
type filker text Java Build Path T

Path to compiled classes is full path to Resource B Sowce | 3. Priesi ]| mh Lisaies | P Orderan B

Builders

“Default output folder” et pouree ol on Dul pat |

[ VisualSim/src l Add Folder...

I+ Java Compiler
1> Java Editor I Link Source... l
I Javadoc Location I

Project References Edit...

* Run the VisualSim using the script. | | RurDebug et [ oo
Task Tags ||
Validation

* Javais listening on debug port. |
Debugger is able to attach to the |
port. |

for source folders
|~
< Default output folder

VisoaiSiendsin [ Browsse... |

@ [ ok || canca ||




MIRABILIS

Eclipse Debugger Setup

ra Java - Eclipse Plaﬁu__ T_ - T - Elﬁu1

Setup debug configuration |/fe & tige seach prject [Ron] Window _ticp
nEIERE ﬁ'ﬂ'(% Run Ctrl+F11 Loy - ﬁ

1% Pack [ T2 Hiera |5 Navi = % Debug AL = B[ H TaskList 52 =0

<=’|<‘}==:>|o‘- Run History 4 Ij@E'|Ei"'v

b 22 VisualSim | Run As b
Run Cenfigurations...

Find: kALY

[£% Uncategorized l
Debug History 3 I

Debug Configurations...

O Qutline &3 =0

All Instances... Ctrl+5Shift+ N An outline is not available.
Watch

. Inspect Ctrl+Shift+1
I (§) | Display Ctrl+Shift+D
|| | Execute Ctrl+U
Force Return Alt+5Shift+F

e~ =0

Step Into Selection
Resource Path Location  Type
Teggle Breakpoint Ctrl+Shift+B

Toggle Line Breakpoint ]
I Teggle Method Breakpoint
bl 7 Toggle Watchpoint

n} VisualSirm Remowve All Breakpoints

%s,  Skip All Breakpoints y
fars

_—————— = .
S R P - : nooa
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* Choose Remote Java Application. You can use ® pebug onigureson SN [ T S
default settings. Port should correspond to create. manage. and run configurations o
<debug port> in Java debug options.

Attach to a Java virtual machine accepting debug connections

OB x| B3~

Mame: VisualSim

* Click Debug type filter text = e
] Java Applet Drorect
| 3] lava Application Eroje

Jur JUnit Visualzim Browse...

4 @ Remote Java Application

|£\ﬁsuﬂlﬁim| Connection Type:
Juy Task Context Test Standard (Socket Attach) v]

Connection Properties:

Host:  localhost

Port: 8000

[] Allow termination of remote VM

Apply Rewvert

Filter matched 6 of 6 items

@ ( | Debug }[ Close |

= >
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F B
= Debug - Vi ISi terfa lockjava - Ecli Platfo E=HaaE
Now you can debug the code |2 - Vaiiiitinietueodins-Edeedtom [ — e .
File Edit 5Source Refactor Mavigate Search Project Run Window Help
Fﬁ' : E %g:vﬂ"{%v @B‘Qn' f@_ﬁ" .leﬁ}"“- - T & T @ﬁ?ﬂehug aJJava
ﬁ[}ebug pcy e [ g | U %l _TS?' o ¥ T O ed= variables &2 9 Breakpointﬂ k@~ —0O
1#® Thread [AWT-EventQueue-0] (Suspended (breakpoint at line 20 in Bloc = || Name Value
f SC_Module(Block).<init> (C.or.nposi'teEnti't_.y, Stri|f1g] Iin.e.' ZCI- D o this 5C_ Module (id=71)
= SC_Module(LegacyBlock).<init> (CompositeEntity, String) line: not @ container TypedCompositeActor (id=114)
: f 5C_Module(SCBlock).<init> (CompaositeEntity, String) line: not avai ® name "stagel" (id=118)
= SC_Module.<init> (CompositeEntity, String) line: not available
= NativeConstructorhccessorlmpl.newlnstanced(Constructor, Object = o
1 a4 | T | 3 q 3
I
7] Block,java &3 = O|[ 5= Outline 32 =0
_ o _ _ IEE CIER W o T
I public Block:Cor]lp051teEnt11:'y container, 5tring name) throws Illegalhct1onExciD & VisualSim.interfaces n
; SUper (container, name); = import declarations =
i 9" Block
[l = Frn P Block(CompositeEntity, 51
I * Preinitialize this actor. © . preinitialize()
| =/ s P o initialize() i
|| 4 m 3 4 mo | 3
|
[l & console i3 @Tasks} = B~rf~=0
Mo consoles to display at this time.
H
H

EQ Writable Smart Insert 20:1
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VisualSim Model

e Sim_Time: 2.0 Layer_Table DigitalSimulator Routing_Table

Switch_Config_ DB Gateway Config DB o TCP_Header_Length: 20 N I{se )

= @ Num_Connections: 100 ' === il
® TCP_No_Of_Retries: 5 /"default-5;set between 1-327/ S
® MTU: 1500/ bytes*/
CAN_Bus
CAN_Bus2
CAN_Node CAN_MNode2
: Gw CAN_Node9 CAN_Node10

[_. < CAN_Frames
X L..]

CAN_Node4
L e e S
« —L >

CAN_MNodeb

> —
< »—

CAN_Node7

— >

CAN_Node6

~—>

«

— >

CAN_Node8

—

TSN_Switch2
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VisualSim Model

® Sim_Time: 2.0 Layer_Table DigitalSimulator Routing_Table
Switch_Config DB Gateway Config_DB o TCP_Header Length: 20 se
@ Num_Connections: 100 ) — M
@ TCP_No_Of_Retries: 5 "default-5;5et between 1-32%/ A
® MTU: 1500/ bytes*/
CAN_Bus CAN_Bus2
CAN_Node2
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g T -
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CAN_Node3 CAN_Node4 Workload? G410 ay Interface_Unit
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Datacenter modelling — Block diagram
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