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Types of Studies
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Behavioral Studies

Behavioral Studies: When studying the behavior of a system, we might focus on functional
aspects such as how different components interact with each other to achieve specific tasks.
Blocks representing functionalities or modules within the system could be analyzed to
understand their behavior under different conditions or inputs.
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Architectural Studies

In architectural studies, the emphasis is on the structure and organization of the system. This
involves selecting appropriate components and arranging them to meet the system's
requirements while optimizing for performance, power, cost, etc. Components like processors,
memory, and interconnects are essential in architectural studies as they define the overall
system architecture.
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Network Studies

Network studies involve analyzing the communication infrastructure within a system, including
data flow, bandwidth requirements, latency, etc. Components such as interconnects, interfaces,
are critical in network studies as they determine how data is transmitted and routed within the

system.
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Workload Analysis

Workload analysis focuses on understanding the patterns of resource utilization within a system.
This includes analyzing the types of tasks or processes being executed, their frequency, and their
resource requirements. Traffic patterns and processing activities on components like processors
and memory are important considerations in workload analysis.
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Performance Analysis

Performance analysis involves evaluating the efficiency and effectiveness of the system in terms
of its speed, throughput, latency, etc.

Components such as processors, memory, and interconnects are analyzed to identify potential
bottlenecks and optimize system performance.




Event Driven Simulation




Discrete-Event Simulator and Block Execution
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initialize()
prefire() ]
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Models of Computation

DigitalSimulator

i

Discrete Event
Simulator Object

Timed Simulation

Untimed Digital

Synchronous Data Flow
Simulator Object

Untimed DSP Algorithms

MIRABILIS

Continuous Time

i

Analog Simulator
Object

Analog Simulation




Batch/Multi-core Simulation




Assemble a Model with Architecture and MIRABILIS
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Post Processor to run multi core ﬂaanasn

-
Library Tree
Document ~
Model Setup
Traffic
Configure Model | | Open Plot Index | | Combine Simulation Plots
Results
i ffp TextDisplay Software Design and Explora—
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Configure Model | | Open Plot Index | |CombineSimulationPlots

[ ]
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FAQS regarding batch simulation

1. How do we run a batch simulation by changing parameters that are not at the top level?
The Post Processor only recognizes the top level parameters. This is to make sure only the key or parameters of
importance are used. User has 2 options

DigitalSimulator

L T T T - B — 77T Tock_Speed_MHz'1.0e6)) "

Edit parameters for L2_Cache - (m] X - ResourceStatistics
3.

a.Bring the hierarchical parameters to the top level. This
can be done by creating new parameters at the top level o ﬁ

Cache_Speed_Mhz: (. L2_Cache_Speed_Mhz '\

. . . . Cache_Width_Bytes: o — )y —
and linking them to the hierarchical parameter. coescemm s SNww e | S
e : —
. ache_Size_Byte: 1048576 N Y~ scurateDRAM Power Plot
Block_Size_Bytes: o C— A
igh{ Cache_Type: D_cache ~ | s \ ¥l
Stochastic_or_Address Bas... address_Based - LPDDR Parameters
QU it Ratio: o8 & Sim_Time: 0.06
Loop_Ratio: - teDRAM2 ® DRAM_Speed_MHz 2400.0
) ® GPU_Clock_Speed_MHz 1500.0
Overhead_Cydles: 0 /* For read and write setit as array {Read,Write}, eq: {1,3}*/ Lz Te— god_MHz
Input_Flow_Control: ] = @ Processor_Speed_MHz 1200.0
Req_Buffer_Size: ‘150 | LPDDR ® Memory_Speed_WMhz 1000.0
Qumut Flow Conrol: ® ClockRate_Mhz 1200.0
- ® Router_Speed: 800.0
B Tomlousnding: [100 | | @ Dovice_Threshold: 50
N_Vay_Associativity: 16 | B @ NoC_Flit_Size_Bytes: 2048
Cache_Replacement_Policy:  pseudo-LRU o e
Cache_Write_Palicy: irite_Back o LPDDR
NINE /* Mandatory for L1 cache */ ~ ® GPU_Line_Size_Bytes: 40048
out DRAMA
a 3" ® Shader_Throughput: 10
1AM
w— Power_Manager_Name: “None" /=To analyse power, link the manager name =/ 00102
No_of_Statistics: 1 e
Arteris_NoC_Setu
Word_Access: First word o LPDOR —Seup
Total_Outstanding_Miss: 20 -
N_Hits_Before_Prefetch: 1 Function_Table
irclion
T Main_M Size_KB: - -

Tog b

] Add Remove Restore Defaults  Preferences Help Cancel IN11 Task_Plot
can AT




Continued....

b. Manually edit the batch script (Sim_Batch_Run.bat/.sh) which was created by post processor. We can configure
the parameters within hierarchical blocks or even block parameters by following the format shown below:

- Hierarchical Block Name.Parameter Name (Eg: -TG.Input_Rate)

DigitalSimulator
E i Ti D2,
Plotlvlanﬂ_aer e Execution_Time: 2.5 ExpressionList2 xTime_yData_Plotter

Lk @ Modelseed: seed(12345)
E _;&l;!f
o
|
TG

) ) Delay
ExpressionList " eExeguti. ..

Const

Edit pafameters for TG — O X
Block_Documentztion: Egt|Enter User Documentation Here
Input_Rate: 1.0
e —
l Commit l Add Remaove Restore Defaults Preferences Help Cancel




Continued ...

2. The post processor seems to only have options for Range and step. How do | specify discrete set of values?

For defining discrete set of values, user can define the values separated by comma in the “Range” and keep
“Step” as -1

‘Parameters - |

Parameter Mame Range Step

@ input_Rate 1.0,1.25,1.8,2.1 \/ -1 /

@ Execution_Time 1.5:2.5 0.5

[ ] Modelseed




Continued ...

3. Batch simulation does not print out the system stats from all blocks like DRAM controller. How do we enable this?

When we configure the model using Post Processor, user need to enable “Save” option for the text displays and
plotters that are required.

Configure Model | | Open Plot Index | | Combine Simulation Plots

Postprocessor Configuration

Parameters 535

Plots &% -
«Time_yData_Plotker [ view B save '/ latency.plt \
TextDisplay [ view B save \/ frame_details.txt '

o
Java Path

|C:\Tools\Java2D ‘

Java Attribut...
| |

Classpath

| DATools\WisualSim\Vs_24100\VS_AR ‘

Ok




Continued ....

4. If we want to send statistics or any data to the system stats module globally, how do we do this?

Send the stats to Architecture Setup block

We need to have Architecture_Setup block in the demo model. We can send the statistics to the Architecture _Setup
block by using a RegEx called sendStatsToArchSetup(). The format is:

sendStatsToArchSetup(<Architecture Setup Block Name>, Statistics)

Edit parameters for ExpressionList = a X

Block_Documentation: [f'|/* Template to enter multiple RegEx lines*/
Result_A = MyRegExpression_A_or_None /* Expression 1 */
Result_B = MyRegExpression_B_or_None /* Expression 2 */
Result_C = MyRegExpression_C_or_None /* Expression 3 */
/* Add as many RegEx lines are required */
Expression_List Ve ‘I'erMate to enter multiple Regex lines*/ .
sendStatsToArchSetup("Architecture_1","Total number of requests = "+input.ID)
Output_Ports: output
Output_Values: input
Output_Conditions: true

1
Add Remove Restore Defaults Preferences Help Cancel




Debugging




|
Various methods to Debug a particu%lﬁAﬂBaL'iLsn

» Trace Tracking * Variable Dump
* Animation *  RegEx
* Listen to Port *  Script Debugging

* Listen to Block Data Structure Fields

* Listen to Simulator Plotters & Text Display
* Digital Debugger

* Error Messages
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Debugging Procedure
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During and End of Simulation

1. Error Message
o ldentify the block listed in the Error Description and the Block Highlight in the block diagram
view
o Review Possible Solution description to resolve

Listen to Block to see if the sequence of execution is correct
Listen to Port to see if the input and output field values are correct

Variable Dump block and see the values of the memory

A

View Command Line at the end of the simulation for the summary of total Simulator events,
synchronous event, asynchronous mix events, time taken and memory used
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Follow the Data Flow

If TextDisplays has no output
> Check the block before it and follow up with each prior block

o Listen to Port to check the output values

Make sure the transaction is arriving from the correct source and going to expected destination

Does the Transaction ID sequence make sense?

Any special Transaction flags set, indicating mode of operation that is inconsistent with current
block



MIRABILIS

dlelslijgln
Animate Execution
* To view the dynamic operation of the model Dijzmulm oo 1005
*  The Executing Block gets highlighted
* The time to highlight a block is in milliseconds : Sener TextDisplay

To Start Animation: E

Debug -> Animate Execution Jrefhs

To Stop Animation:

Debug -> Stop Animating Debug Interface Help

Listen to Simulator
Animate Execution
Stop Animating
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dlelslijgln
Text Display, Plotters, Statistics
* To graphically display and analyze data collected TextDisplay TimeDataPlotter
from the simulation. A
* Helps to detect any errors in the behavior — L4
- Statistics Generators - Generates statistics of all ResourceStatistics Statistics
resources and hardware blocks seatistic E I::-t
o

» Extracts the appropriate fields in the data structure fesourees

or the entire object and display them.
* Plotter - Latency, throughput, etc ArchitectureSetup
* Text Display — Entire Data Structure, any value

coming in the input port |
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Statistics to |dentify Behavior Errors

WHE_Bus_FPreempt_Buffer_Occupancy_in_Words_StDew = 0.0,

Resource statistics Architecture Setup
DISPLAY AT TIME - 100.00000000000 sec -1 PISELAY AT TIME | TTsoos 11.42860 ws —oooe
{BLOCK = "Resource_Statistics.(ueue", | AHB_Bus Delay Mean - 1.8E-8,
WHE_Bus_Delay_Min = 1.8E-5,
DELTA = 0.0, AHB_Bus_Delay_StDewv - 0.0,
" " WHE_Bus_I0s_per_sec_Max = 5249935 .6375032512,
D5_NAME = "Queue_Common_Stats", NHR Bus_T0s_per_sec_Mean — 524998 6875032812,
WHE_Bus_I0s_per_sec_Min = 524998 68375032512,
ID = 6, WHE_Bus_TI0s_per_sec_StDew = 0.0,
INDEH 1 WHE_Bus_Input_Buffer_Occupancy_in_Words_Mas = 8.0,
= WHE_Bus_Input_Bufter_Occupancy_in_Words_Mean = 3.4735363842105253,
b E t d _ WHE_Bus_Input_Bufter_Occupancy_in_Words_Min = 0.0,
umper_cniere = AHB_Bus_TInput_Buffer_Occupancy in_Words_StDev — 3.4084789176194,
: _ WMHE_Bus_Preempt_Buffer_Occupancy_in_Words_Mas = 0.0,
NUMbEF—EK1tEd - WHE_Bus_Freempt_Buffer_Occupancy_in_Words_Mean = 0.0,
Number REjECtEd = WHB_Bus_Preempt_Buffer_Occupancy_in_Words_Min = 0.0,

DCC W, WHE_Bus_Throughput_MBs_Max = 2.39993730000525 ,
WHEB_Bus_Throughput_MBs_Mean = 8.3999790000525 ,
Dccupancy_Mean = 20.0754716951132, AHE_Bus_Throughput_MBs_Min - 8.3999790000525,
! WHE_Bus_Throughput_MBs_StDew = 0.0,
ﬂccupancy_M1n = G.G, BLOCK = ".Processor_Power_model .Architecturesetup",
Cache_Delay_Time_M = 5.0E-8B,
Occupancy_StDev = 10.1402412546265, Cache Delay Time Mean _ cloE-s.
Cache_Delay_Time_Min = 5.0E-8,
QUEUE_NUMhEF = 1! Cache_Delay_Time_StDewv = 0.0,
_ Cache_Hit_Ratio_Masx = 100.0
TIME - lﬂﬂ'ﬂ’ Cache_Hit_Ratio_Mean = 100.0,
— Cache_Hit_Ratio_Min = 100.0,
Total_Delay_Max = 91.0182515545, Cache AT - %
Total DET&}I_MEEFI = 26.2911000907657, Cache_Memory_Used_By_MAC_ARMI_MB_Max = 9.56E-5,
- , Cache_Memory_lUsed_Bw_MAC_ARMS_MEBE_Mean = 9.6E-5,
TntaLDehy_Mm = 0.0, Cache_Memary_Used_By_MAC_ARMS_MB_M-in = 9.6E-5,
Cache_Memory_Used_Byw_MAC_ARMS_MEBE_StDew = 0.0,
TDT&T_DETﬂy_StDEU = 23.865?259325954, Cache_Memory_lUsed_By_Total_MB_Max = 9.5E-5,
[ ] Cache_Memory_lUsed_By_Total_ME_Mean = 9.6E-5,
UT1TTEHTTDH_MEHH = G.G} ?ache_ﬂemDry_gseq_?y_zutaj_mB_Mﬁn = ?.@E—S,
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dlelslijgln
. Traffic2
Listen to Port c—
Configure Ctri=E
* Displays each token passing through the port Customize Name
d to check whether the data is flowing through the particul Jeeumentztien }
» Used to check whether the data is flowing through the particular port Cend to Back ChileB
e If no data on the "Listen to Port" window , it indicates that the model did Bring to Front  Ctrl+F
not generate any output from that block. Listen to Port
e If there is no data, then one needs to check the ports, or virtual
. L. . . . INPUT AT TIME == 0.0 ps —————-
connections driving this block to see that they are being activated correctly. (BLOCK _ rarricr,
DELTA = 0.0,
e Helps to debug errors in connections, routing and conditional branches. e D e
INDEX =0,
*Usage e )
e Right click the required port and select Listen to Port rask satency A
lme_Array = Uy . T
Trace Array = {"Queue in", "Queue out"},
length = 1.976988372232¢6}
INPUT AT TIME  —==——— 1.9769883722330 sec -—————-
{BLOCK = "Traffic",
DELTA = 0.0,
DS NAME = "Header Only",
D =2

ﬂ
-



Listen to Block

ScriptZ

MIRABILIS

My hachine ”
»| 7 Listof E I___

Reas

e Gives more insight into the internal block operation

* Shows the sequence of execution, entry/exit, virtual

Send, threads
Support coverage
e All blocks except

e Hierarchical blocks
¢ instantiated hierarchical class

* Provides simulator level information relative to
methods being fired, and so on. Simulator information
is most useful for evaluating custom blocks in the
simulation environment.

* Right click on the block and select Listen to Block

Customize >
Customize Mame
Documentation >
Send to Back Ctrl+B
Bring to Front Ctrl+F
Sawe Block in Library

Listen to Block

Set Breakpoints

Conwvert to Class

Open Block Ctrl+ L
O pen Instance

Appearance >

DigitalSimulator

4o

Queues

ExpressionList2 TimeDataPlotter

Delay TexiDisplay

;;@ngth" i

H VisualSim Architect - .T1.ExpressionList —

File Help

Traffic ExpressionList
& 1
a ﬁ

IIpOC @ FOLC: LOpuc T U.U P

Token:

"rraffic”,
0.0,
"Header_ Only",

{BLOCK
DELTA
DS_NAME
D
INDEX
TIME

[=Rr=2"
D
=]

—

Expression (1): input.Priority = irand (1,5)
Result : 3

Expression (2): input.length = rand(1.0, 2.5)
Result 1.9769883722326
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Error Message

gl ator

ExpressionList2 TimeDataPlotter

Message

« Highlight Error Block ' e e —— it 3
* And Error Message

_ _ Queuas Delay TextDisplay
Traffic ExpressionList e he
rame alength”. ..
- ’ * | -
[ a
Const
#1 %
- r
Exception x

%

Block : T1.DigitalSimulator
Error : Problem firing next Event in Digital Simulator.
Exception: Event Time (0.0} is less than current Sim Time (5.0):
Block: .T1.Traffic

in .T1.DigitalSimulator

Dismiss | ‘ Display Stack Trace

Mirabilis Design Inc.
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Fields of the Data Structure

* Each Data Structure (DS) has header fields that

provide information as to its source, ID increment, ~ DISPLAYATTIME ~ ------ 0.0 ps ------
and time created. {BLOCK = "Traffic’,
* Traffic field list the originating block DELTA = 0.0,
. . D5_NAME = "Header_(nly",
* ID indicates the sequence of generation 10 _ 1
* TIME is a generation time stamp TNDEX - 0,
* These are valuable clues if a request does not TIME = 0.0}

arrive or arrives out of order.
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Time and Task Tracer fields

* Set of arrays that are updated with the name and time stamp every time the
Data Structure enters or departs a Resource or Architecture block.

Tne_Array = {0.0, 5.08-4, 5.06-4, 1.0E-3},
T1ne_In_Resource = 5,084,
Trace Array = {"Server_1n", "Server_out", "Scheduler_1n", "Scheduler_out"}}
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Memory Dump/Variable Dump

* This outputs the current value of all the global and
local variables in the model

Variable _ Dump

* The output is a data structure with each field
representing one of the memories.

* Full Library ->Model-> Utility-> Checkers->
Variable_Dump
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Regkx

* Provides status and visibility into resource and
hardware blocks in the execution flow.

V'readAllVirtual( ) - Provides the List of virtual Blocks in the model.
Vv readAllIMemory( ) - Provides a output of all local and global memories and their current value.

Vv getBlockStatus( ) - The statistics for the blocks are generated using the getblockStatus RegEx
function with the type, length, stats etc.,

v getResourceActivity( ) - Used to access the information in the database block. It returns an
array of the current queue length of the resources listed in the named column.
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| “MyMachine® dle]s]ifgln]
p| /" List of E >

Script Debugging

*Right Click on Script -- > Customise -- > Configure
*This will list down the parameters

Edit parameters for Script — [ x
Block_Documentatio... [f|[Enter User Documentation Here
Block_Name: "MyMachine"
Optional_Parameters: [f| /% First row contains Column Names. =/
Parameter_Name Parameter_value
Path VS/User_Library
Read_File none
Save_Files false
Profile_File none
Listen_to_File none
Duplicate_Input true
Profile o]
Maximum_Loops 1000000
Block_Reference Block_Name
Port_oOrder_Array {"input"}
Add_scheduler_Times_to_DS false
Single_Cycle:
Breakpoint: |1.D |

Commit | | Add ‘ | Remove | ‘ Restore Defaults| | Preferences ‘ | Help | ‘ Cancel |
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Script Tracer

* Enables the capture of execution of multiple Scripts from
one location and the content is written to a field.

ScriptTracer

* Helps to check the interaction between scripts and if the .
sequence of execution of instructions is correct. denipt Fracen

* Data is written into a file called VisualSimTraceLog.txt which
can be seen under users/user folder/.VisualSim/
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dle]s]ifgln]
* Provides a sequence of execution for the T
SEIeCted SImUIatlon. : Edit parameters for DigitalSimulator — O »
* Integrated with Digital Debugging utility in dusbomercrly
o e . igitalDebuggerExpr: "Thiow == 0.0
the Digital simulator. dotabebuoge: o S
startTime: Off
* This window displays the usage statistics, e —
current block execution, and model chedealFes:
. . synchronizeToRealTime; O
summary information. tmeResoltons 512
° Debug - Listen to SimUIator | Commit || Add || Remove ||R5tme[)eiauhs|| Preferences || Help || Cancel

Debug Interface Help

Listen to Simulator
Animate Execution

Stop Animating




Digital Debugger parameters

* Off — Disables the Debugging Mode

* Pause — Turns the Debugger to Stop at every block in the model Flow. Provides summary at the end
of Simulation

* Run — Records the order in which each block is fired in the model. Provides summary at the end of
simulation.

* Summary Only — Generates the List of all the blocks at the current level of simulation and the levels
below

For each Block
v/ Records the number of time each block is fired in the model

v/ Average execution time for each firing
v/ Total time spent in each Block
VIt also lists the Blocks that are not executed in the model




Pause and Resume

* Saves the simulation data, events and status in a file
* Handy to debug simulations that run for a large period of time.
* User can analyze system behavior at various points in the simulation.

* User can pause at a timestamp and analyze the system response and continue simulation step by step from that point
onwards.

* The system can be analyzed for required functionality and also helps the designer to identify if the crucial tasks are
being executed within the deadlines.




Verification
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_atency Measurement and identifying the  #7°%%¢

nottleneck

Using Time Array and Trace Array :

1. The Time_Array gives the timestamps at which the packet reached a particular Block and the Block names
are given by the trace array.

2. This information can be used to identify latency bottlenecks

3. The same information can be written to an excel and this process can be automated using a Script block

ITdSK_1rnrougripuc = L. MUVOOLL/FI1L00CT,

Throughput_Array = {8.5235818963176E6, 1.536E8, 3.072E7},

Time_Array = {0.011111111111, 0.013382363603, 0.013382363603, 0.0151844229, 0.0151844229, 0.0152844229, 0.0152844229,
Time_In_Resource = 0.0,

Trace Array = {"DMA_Task_in", "DMA_Task_Done", "Read_DMA_in", "Read_DMA_out", "Blockl_in", "Blockl_out", "Block3_in", '
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Case Study — latency Induced bandwidth loss

Packet ID Block1 Block 2

0 1ns 2ns
1 2ns 2ns
2 4ns 2ns
3 8ns 2ns

4 16ns 2ns
5 32ns 2ns

Block 3
1.5ns
1.5ns
1.5ns
1.5ns
1.5ns
1.5ns

Block 4
3.7us
3.8us
3.5us
3.6us
3.2us
3.1us

=  Consider a flow where the packets travel from Block 1 to Block 4.

= Although most part of the Latency seems to be due to Block4, Blockl has a linearly increasing latency.

= The Packets are getting buffered at Block 1 itself without being immediately transferred to the next nodes.

= There is a possibility to achieve a better throughput if can transfer the packets without buffering, depending on the
destination data size, processing speed and buffer size.
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Power Verification

Using Power Log from third port of power table— explained in Power Modeling PPT

Using the VCD Dump obtained by executing the systemVerilog testbench generated out of
VisualSim in an EDA tool that supports systemVerilog.

PLL_Next_State[3:0]
PLL_Change_State

power_clk

PLL_Set_State[3:0]

Case 1: VCD can be used to verify whether the Block is switching it’s PowerState as expected and also the
delay between tranisitons due to capacitance



MIRABILIS

Power Veritfication - Power State Coverage

200,000,000 400,000, 000 600,000, 0

PROC_Next_State[3:0]
PROC_Change_State
PROC_Set_State[3:0]
power_clk
PLL_Next_State[3:0]
PLL_Change_State
PLL_Set_state[3:0]
G3_Next_State[3:0]
G3_Change_State
G3_Set_state[3:0]
G2_Change_State
G2_Next_State[3:0]
G2_Set_sState[3:0]
CLKMUX_Next_State[3:0]
CLKMUX_Change_State
CLKMUX_Set_State[3:0]

Case 2 : VCD can be used to verify whether the test case is covering all the possible States for a given domain/block. This
is important because for the verification to be complete, all the power states with their power consumption and
transitions have to be verified.

In this particular case, we can notice that the test case does not cover the states 3,4 and 6.



Requirements




Diagnostic Block — Add Design Constraints

Software Design and Exploration

Diagnosfic
@ Sim I;'gf 100.0e-6 VariableList
® CPU1_Clk_Speed: 400.0 i e 10 _Clk_Speed: 120.0 s
o @ Process_MNode _nm: 3
1) {I ,Df;'i!f o \View_Stals: false inst_pwr _var
e Bus1_Clk_Speed: 200.0| "Busl"

b
I - @ Run: 1

® App1_Exec: {I0","CPU1","DSP","I0"}
& App2_Exec: {"IO0""DSP","CPUZ2" "I0"}
e App1_Time: {14,220,100,12}
® App2_Time: {17,67,120,12}
o Power_Active: {CPU1_Clk_Speed*0.35,CPU2_Clk_Speed*0.35,05P_Clk_Speed*0.5Bus1_Clk_Speed*0.2 Bus2_Clk_Speed*0.2}
| b- o Power_Standby. {CPU1_Clk_Speed*0.1,CPU2_Clk_Speed*0.1,DSP_Clk_Speed*0.05 Bus1_Clk_Speed’0.01,Bus2_Clk_Speed*0.01}
@ Bus2_Clk_Speed: 200.0 "Bus2" Statistics
TexDisplay2
Lo

Fratistics lzpDrt
FScheduler |
@ CPU2_Clk_Speed: 400.0 ﬁ ﬁo DSP_Clk_Speed: 600.0 [ MartHesasrce
Architecture

Software Tasé( Description
Source xpressionigadkq transfer transfer2 task3 fransferd  taskd

&
App%"lo" H"Busl ‘ *"CPUI H"Busl ‘ *"DSP“ H"Busz ‘-+ Io"

@ Bridge_Clk_Speed: 200.0

TexdDisplay

app1_lat_var App1_Task_Latency

A
/|

HistogramPlotter

il

app2_lat_var App2_Task Latency
!/\
i ﬁ '

Source2  ExpressionliaRS transferd  taskB transfers task? transferd task8
=

App .J—+.w"m" H"Busl.‘ .ﬁ-"nsp" H"BusZ .‘.bﬂt"CPUE'H"BuSZ .‘.#"10"

Model Location:

MIRABILIS

$VS/demo/Software Devl/software _methodology/software tasks w_Power Requirement_Batch.xml




Requirements/Design Constraints Input

Diagnostic

inst_pwr_var

Software Design and Exploration

L_‘#. 10_Clk_Speed: 120.0

® Sim_Time: 100.0e-6 wariablelist
® CPU1_Clk_Speed: 400.0 9

= Process_Mode_nm: 3
® view_Stats: false

T

w1 £T

Bus1_Clk_Speed: 200 ) . ) )
@ Busi_tlk_sSpae Edit parameters for Diagnostic

ekrid Block_Documentatio... [ |[Enter User Documentation Here

® Bus2_Clk_Speed: 200.

= CPUZ2_Clk_Sg Requirements File: /

R /Requirement_List.cswv
Architecture

Browse

L Output Folder:
Software Tasgk De -/ Browse
App b Activate:
| Commit | | Add | | Remove | | Restore Defaults | | Preferences | | Help | | Cancel |
E transferd tas ks transfe trans fert taskB “Talal]

UisssRS ki rS task? Express, i
S
App H\W"Busl.| ~oLosp bt Bus2 | el ~cPuz paf "Bus2 | w10

!

tware_methodology/Requirement_List.csv

app2_lat_var App2_Task Latency
A
]

Design Constraint Example

B VisualSim Architect - file:/C:/VisualSim/VisualSim2340_64/V. .

File Edit Help

MIRABILIS

1 BLOCK,METRICS,CONSTRAINT,CONSTRAINT VALUE,STATISTIC TYPE, REFERENCE
> Global,avg power,<,0.8,Mean,

3 Global,inst power,<=,1,Max,
2 Global,appl latency,<,1.70E-06,Max,
Global, app2 latency,> ,1.50E-06,Max,

Ln

VARIABLE




Requirements CSV — How to Populate? MIRABIZIS

Min, Max, Mean

A | (s] | LW | L | C | r | a /
BLOCK  METRICS CONSTRAINT CONSTRAINT VALUE  STATISTIC TYPE REFERENC ABLE (Average)’ A”
Global  avg power < 0.8 Mean (|nStantaneOUS)
Global inst_power <= 1 Max
Global eTelatency < 6.00E-05 Max Values are Supported
_Global MIPS > 1.00E+02 Max

 >Constraint can be any of

these options

| v

1. If Using Variables that are manipulated Script/ExpressionList, 1. All the Variables can be
declare them as Global variables within the Model and use used here
“Global”’ for BLOCK Column

2. Only Latency, Buffer
Occupancy and Utilization are
supported

2. If Using Standard Block, add the Block name under
BLOCK




Requirements Output

CSV Path :
<Model_path>_results

B Select a model file. X

Look in: ‘ software_tasks_w_Power_Requirement_Batch_results ™ [f = "

Recent Items

Desktop

Documents

This PC

é

—

Network

% Bridge.SystemResource_Stats

g Bus.SystemResource_Stats

% Bus2.SystemResource_Stats

% CPU1.SystemResource_Stats

% CPU2.SystemResource_Stats

E Diagnostic_Stats_Script Non-Array software _tasks w_Power Requirement Batch
% DSP.SystemResource_Stats

% |0.SystemResource_Stats

E PowerStats_software_tasks_w_Power_Requirement_Batch_Manager_1_Hier

M software_tasks_w_Power Requirement_Batch_Manager 1

File name: ‘:_NDn-Array_software_tasks_w_Power_Requirement_Batch.csv ‘ Open

Files of type: ‘ All Files v ‘

B VisualSim Architect - file:/C:/VisualSim/VisualSim2320_64/V. . re_tasks w_Power Requirement Batch.csv

File Edit Help

MIRARN |S

1

2

10

Variable Tracker,
Model : software tasks w Power Requirement Batch,

Input file : Requirement List.csv

BLOCK, VARIABLE ,MEASURED VALUE, CONSTRAINT, CONSTRAINT VALUE,STATISTIC TYPE,RESULT,
Global,appZ latency,1.5394000000000009E-6,>,1.5E-6,Max, True,

Global,inst power,0.8720000000000055,<=,1.0,Max, True,

Global,avg power,0.5780769047248477,<,0.8,Mean, True,

Global,appl latency,1.7196999999999964FE-6,<,1.7E-6,Max,False,

Failing Case :
BUS1 Clk_Speed= 200,
BUS2 Clk_Speed = 200

B VisualSim Architect - file;/C:/VisualSim/VisualSim2320_64/V. . re_tasks w_Power_Requirement_Batch.csv - O

File Edit Help

1

2

3

w

Variable Tracker,
Model : software tasks w Power Requirement Batch,

Input file : Requirement List.csv

BLOCK, VARIABLE ,MEASURED VALUE,CONSTRAINT,CONSTRAINT VALUE,STATISTIC TYPE, RESULT,
Global,app2 latency,1.524500000000002E-6,>,1.5E-6,Max, True,

Global, inst_power, 0.8740000000000002,<=,1.0,Max, True,

Global,avg power,0.586196889703679,<,0.8,Mean, True,

Global,appl latency,1.6348000000000068E-6,<,1.TE-6,Max, True,

Passing Case:
BUS1 Clk_Speed= 400,
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Conduct Parameter Sweep

—Mode
—Modes

$CLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 1

FCLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 2 -resultpath ./ | -Bufferl Threshold

$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 3 -—resultpath ./ | -Bufferl Threshold -Mode -T3201 CCLE_MHz 400 .fLarge Radar System pp.xml

%Glhss:PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 4 -resultpath ./ | -Bufferl Threshold -Mode -T8201_CCLE MHz 400 .[Large Radar_ System pp.xml
3
&
7
a8

-resultpath ./ | -Bufferl Threshold 1 1

& 1

1 2

& 2

%CLASS PATH% VisualSim.actor.gul.VisualSimBatchModeSimulator -run -resultpath ./ | -Bufferl Threshold 1 -Mode 3 -TS201_CCLE MHz 400 .fLarge Radar System pp.xml
B € 3

1 1

G 1

1 2

-T3201_CCLE MHz 400 .fLarge Radar System pp.xml
-TS201_CCLFR MHz 400 .f{Large Radar System pp.xml

SCLASS PATH%® VisualSim.actor.gul.VisualSimBatchModeSimulator -run -resultpath ./ | -Bufferl_ Threshold -Mode -T3201_CCLE_MHz 400 .fLarge_Radar_ System pp.xml
%CLASS PATH% VisualSim.actor.guil.VisualSimBatchModeSimulator -run -resultpath ./ | -Bufferl Threshold -Mode -TS201_CCLE MHz €00 .[Large Radar_ System pp.xml
$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run -resultpath ./ | -Bufferl Threshold -Mode —T35201 CCLE MHz €00 .fLarge Radar System pp.xml
%GLASS:PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 9 -resultpath ./ | -Bufferl Threshold -Mode -T8201_CCLE MHz 600 .[{Large Radar_ System pp.xml

—Mode
—Mode
—-Mode
-Mode
—Mode

$CLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 26 -resultpath ./| -Bufferl Threshold
FCLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 27 -resultpath ./| -Bufferl_ Threshold
$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 28 —resultpath ./| —-Bufferl Threshold
%Glhss:PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 29 -resultpath ./| -Bufferl Threshold
%CLASS PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 30 -resultpath ./| -Bufferl Threshold

-T8201_CCLE MHz 1200|./Large_ Radar_ System pp.xml
-TS8201_CCLE MHz 1200|./Large_Radar_ System pp.xzml
-T3201 CCLE _MHz 1200|./Large_Radar System pp.xml
-T8201_CCLE MHz 1200|./Large_Radar_ System pp.xml
-T5201 CCLE MHz 1200|./Large Radar System pp.xzml

FCLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 10 -resultpath ./| -Bufferl Threshold € -Mode 2 -TS201_CCLE MHz 600 |/Large_Radar System pp.xml
$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 11 -resultpath ./| -Bufferl Threshold 1 -Mode 3 -T3201 CCLE MHz £€00 |/Large_ Radar System pp.xml
%Glhss:PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 12 -resultpath ./| -Bufferl Threshold € -Mode 3 -TS201_ CCLEK_MHz 600 |/Large Radar System pp.xml
FCLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 13 -resultpath ./| -Bufferl Threshold 1 -Mode 1 -TS201_CCLE MHz 800 |/Large_Radar System pp.xml
$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 14 -resultpath ./| -Bufferl Threshold € -Mode 1 -T3201 CCLE MHz 800 |/Large Radar System pp.xml
%Glhss:PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 15 -resultpath ./| -Bufferl Threshold 1 -Mode 2 -TS8201_ CCLEK_MHz B00 |/Large Radar System pp.xml
FCLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 1€ -resultpath ./| -Bufferl Threshold € -Mode 2 -TS201_CCLE MHz 800 |/Large Radar System pp.xml
$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 17 -resultpath ./| -Bufferl Threshold 1 -Mode 3 -T3201_CCLE_MHz 800 |/Large_Radar System pp.xml
%CLASS PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 18 -resultpath ./| -Bufferl Threshold € -Mode 3 -TS201_ CCLEK_MHz 800 |/Large Radar System pp.xml
$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 19 -resultpath ./| -Bufferl Threshold 1 -Mode 1 -TS201 CCLE MHz 1000|./Large Radar System pp.xml
%GLASS:PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 20 -resultpath ./| -Bufferl Threshold & -Mode 1 -TS201_ CCLE_MHz 1000|./Large Radar_ System pp.xml
#CLASS PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 21 -resultpath ./| -Bufferl Threshold 1 -Mode 2 -TS201_CCLE MHz 1000|./Large_Radar_ System pp.xml
$CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 22 -resultpath ./| -Bufferl Threshold € -Mode 2 —-TS201 CCLE MHz 1000|./Large Radar System pp.xml
%GLASS:PATH% VisualSim.actor.gui.VisualSimBatchModeSimulator -run 23 -resultpath ./| -Bufferl Threshold 1 -Mode 3 -TS201_ CCLE_MHz 1000|./Large Radar_ System pp.xml
FCLASS PATHY VisualSim.actor.gui.VisualSimBatchModeSimulator -run 24 -resultpath ./| -Bufferl Threshold € -Mode 3 -TS201_CCLE MHz 1000|./Large_Radar_ System pp.xml
'CLASS PATHS VisualSim.actor.gui.VisualSimBatchModeSimulator -run 25 —resultpath ./| -Bufferl Threshold 1 -Mode 1 -T3201 CCLE MHz 1200|./Large_Radar System pp.xml

B € 1

1 2

& 2

1 3

& 3

Different parameter combinations based on the
configured ranges are generated and simulated




Diagnostic Block — Requirement tracker ouhﬂlﬁﬁlﬂ!ilﬂsn
Darameter sweep

Name Type Size A B C D A B C D E F G
£3] Diagnostic_Stats_Script_Mon-Array_Large_Radar_System_pp_1.csv Microsoft Excel C... 1KB 1 |Run Number Requirement_1 - stFlowlatency Requirement_2- mtFlowlatency RESULT ; 2:35:' ‘r:et\::IIoAvitzten MEASUEZ[;’I‘;&;; ESNSTRAINT CONSTRAINT’W;L;J:Z ;TQTISTICWPE Rﬁﬂg
@ Diagnostic_Stats_Script_Mon-Array_Large_Radar_Systern_pp_2.csv Microsoft Excel C... 1KB 2 3 Global stFIowLatenc:rv 0:002359959 = 0:003 Max TRUE
@ Diagnostic_Stats_Script_Mon-Array_Large_Radar_Systern_pp_3.csv Microsoft Excel C... 1KB 3

@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_d.csv Microsoft Excel C... 1KB 4

@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_5.csv Microsoft Excel C... 1KB 3 ° —

@ Diagnestic_Stats_Script_Non-Array_Large_Radar_System_pp_6.csv Microsoft Excel C... 1KB 6 R u n n u m b e r 1 9 C I OC k

@ Diagnaostic_Stats_Script_Non-Array_Large_Radar_System_pp_7.csv Microsoft Excel C... 1KB 7 1 1

@ Diagnostic_Stats_Script_Mon-Array_Large_Radar_Systern_pp_8.csv Microsoft Excel C... 1KB 8 freq u e n Cy at 1000 M H Z Sat I Sfl ed
@ Diagnostic_Stats_Script_Mon-Array_Large_Radar_Systern_pp_9.csv Microsoft Excel C... 1KB 9 t h e p e rfo r m a n Ce re q u i re m e nts
@ Diagnestic_Stats Script Mon-Array_Large Radar System_pp 10.csv Microsoft Excel C... 1KB 10 9 PASS PASS PASS

@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_11.csv Microsoft Excel C... 1KB 1 We h a d Set .

@ Diagnestic_Stats_Script_Non-Array_Large_Radar_System_pp_12.csv Microsoft Excel C... 1KB 12

@ Diagnestic_Stats_Script_Non-Array_Large_Radar_Systern_pp_13.csv Microsoft Excel C... TKB 13 ° Si n ce t h e fre q u e n Cy Wa S

@ Diagnostic_Stats_Script_Non-Array_Large_Radar_System_pp_14.csv Microsoft Excel C... 1KB 14

@ Diagnostic_Stats_Script_Non-Array_Large_Radar_System_pp_13.csv Microsoft Excel C... 1KB 15 1

@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_16.csv Microsoft Excel C... 1KB 16 15 PASS PASS PASS I n C re a Se d fro m 600 M H Z’ th e

B3] Diagnostic_Stats_Script_Mon-Array_Large_Radar_System_pp_17.csv Microsoft Excel C... 1KB 17 16 PASS PASS PASS tota I p Owe r CO n S u m pt i O n We nt
@ Diagnestic_Stats_Script_Non-Array_Large_Radar_Systemn_pp_18.csv Microsoft Excel C... 1KB 18

£3:] Diagnostic_Stats_Script_Mon-Array_Large_Radar_System_pp_19.csv Microsoft Excel C... 1KB 19 u p Wh i | erunn i ng th e Syste m at
@ Diagnostic_Stats_Script_Non-Array_Large_Radar_System_pp_20.csv Microsoft Excel C... 1KB 20 19 PASS

@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_21.csv Microsoft Excel C... 1KB 21 20 PASS 1000 M H Z

@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_22.csv Microsoft Excel C... 1KB 22 21 PASS .

@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_23.csv Microsoft Excel C... 1KB 23 22 PASS L4 Arc h Itect Ca n eva I u ate

@ Diagnestic_Stats_Script_Non-Array_Large_Radar_Systern_pp_24.csv Microsoft Excel C... 1KB 24 23 . .

@ Diagnostic_Stats_Script_Non-Array_Large_Radar_System_pp_23.csv Microsoft Excel C... 1KB 25 24_ d Iffe re nt p roce SS I n g

@ Diagnostic_Stats_Script_Non-Array_Large_Radar_System_pp_26.csv Microsoft Excel C... 1KB 26 25 PASS PASS PASS .

@ Diagnestic_Stats Script Mon-Array_Large Radar System_pp 27.csv Microsoft Excel C... TKE 27 26 PASS PASS PASS res O u rces - DS P VS Fa b r I C
@ Diagnestic_Stats_Script_Mon-Array_Large_Radar_System_pp_28.csv Microsoft Excel C... 1KB 28 27 PASS PASS PASS . .

@ Diagnestic_Stats_Script_Non-Array_Large_Radar_Systerm_pp_29.csv Microsoft Excel C... 1KB 29 28 PASS PASS PASS VS CO res VS AI TI IS If t h ey

£3] Diagnostic_Stats_Script_Man-Array_Large_Radar_System_pp_30.csv Microsoft Excel C... 1KB 30 29 .

B3] Parameter_Sweep_Overall_Resultsalsx Microsoft Excel W.., TKB 3 30_ have Strl nge nt power

thresholds

Overall Results — We can identify the simulation runs which meet the
requirements and select the right configuration after considering cost vs
performance trade-offs

Requirements being evaluated for each simulation
run in the parameter sweep




Accuracy
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VisualSim Accuracy (Performance-level)

Deficit RR-based Router
o (Simulated vs. expected)

° 100% for throughput, latency & algorithm
° Input and output rates matched

MPEG Encoder on Tl DSP (Software model)
o Customer Feedback

° 100% matched DSP utilization
° 98% of time for end-to-end latency
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VisualSim Bus Accuracy (PCl

Burst 64 Actual VisualSim Accuracy
Data 256

Latency 216 us 1.97 us 91.29%
Throughput 107 MBps 111.3 MBps 95.92%
Burst 32 Actual VisualSim Accuracy
Data 128

Latency 1.20 us 1.06 us 88.33%
Throughput 96 MBps 102 MBps 93.75%
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VisualSim Power Accuracy (Architecture-level)

Power Consumption
o MPEG Il running on ARM 7

> Tested on Samsung KS32C50100

> With SRAM, accuracy was 86%
o Actual= 217 vs. VisualSim=188 mW

> With internal Cache, accuracy was 89%
o Actual=180 vs. VisualSim=199 mW
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ARM Cortex M4

Run Detail ARM Model - Latency VisualSim Model - Latency | Delta (%)
(Cycles) (Cycles)

M4 with AHB Cache —2KB  [E{e/:¥! 150121 0.232

M4 with 0 wait state SRAM [R:ZYEL 81293 3.5

M4 with 4 wait state SRAM [WE[EX! 333203 12.2
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ARM Cortex A53

T S T S

5.94ms 6.425ms 7.55% Integer processing

MM 12.084ms 11.863ms 1.08% Most load operations with
random addresses

MM _st 13.984ms 14.65ms 4.5% Most store operations with

random addresses

Test System

Xilinx Ultrascale+ Zynq® UltraScale+™ XCZU9EG-2FFVB1156E MPSoC running on the ZCU102 board
Specification: 4 core ARM Cortex A53 at 1200Mhz; 32KiB i-cache; 32KiB d-cache, 1MiB L2; 2GB DDR4
DRAM 2400
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Comparing Power for ARM Cortex A53

Simulated Power Real (Measured) Power Delta percentage

500.0 Mhz 0.037 W 0.038 W 2.63%
600.0 Mhz 0.053 W 0.051 W -3.92%
700.0 Mhz 0.073 W 0.080 W 8.75%
800.0 Mhz 0.097 W 0.090 W -71.77%
1000.0 Mhz 0.157 W 0.159 W 1.25%
1100.0 Mhz 0.193 W 0.188 W -2.65%
1200.0 Mhz 0.233 W 0.227 W -2.64%
1300.0 Mhz 0.277 W 0.269 W -2.97%

Source: Anandtech.com

Over 97% accuracy



Comparing different Cores- DhryStOneMlRAanla!iLSn

ARM Cortex A53 ~ 56,66,000 0.0055846 ~ 1039
ARM Cortex A77 ~44,78,000 0.0011795 ~ 3960
RISC-V u74 ~ 60,58,000 0.007726 ~ 797

Processor MoP Hit MoP Mean 11 Mean D1 Mean L2 Mean DSU Hit DSU Mean
Ratio Latency Latency Latency Latency Ratio Latency

ARM Cortex - - 99.97 1.93E-09 99.98 2.02E-09 18.75 9.33E-08 - -

A53

ARM Cortex 99.90 1.75E-09 67.22 6.25E-08 99.96 7.32E-10 14.19 1.82E-07 6.96 2.05E-09
A77

RISC-Vu74 - - 99.98 4.15E-09 99.98 1.86E-09 39.58 5.25E-08 - -



I
Cycle Accurate Vs Stochastic DRAM b S

Accuracy Comparision

Cycle Accurate DRAM Stochastic DRAM “

Min Max Mean Min Max Mean Min Max Mean

Flow_Latency 0.00236  0.009408 0.005789 0.00227 0.010197 0.005833 2% 8% 1%
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