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Agenda- Part 2: Modeling

= Basic Components for hardware modeling
= Performance, Power and Functionality
" Performance and power Metrics

" Library components and important parameters which affect
performance




Performance, Power and Functionality

= VisualSim provides an integrated solution for performance, power and functional
modeling

= The details regarding Power modeling have been dealt in a separate presentation
= The functional modeling aspect is covered in modeling the task graphs section

= The user can also perform functional verification by observing the input, output
values, checking for their correctness

= Custom algorithms or functional flows can also be define dusing the Script Block



Basic Components for Hardware Modeling

————eee—————



Architecture Library Overview

*Generate architecture with parameterized blocks Hardware /\/Iode/lnq lerary
*Define hardware and software components s
Library Tree
*Create proposed or derivative architectures in few Hardware Setup ~ Interfaces and Buses
O | [ = B ArchitectureSetup - | AFDX
mlnuteS ..... 5] De'-.ﬂcelnterﬁ:ce AMBA
. ] ] ] . . %W o Audio_Video_Bridging
°Rapidly define application flow diagram and behavior || ~ &% e | Autosar
Processor Generator :mm 4 Eth .

° imi i i i inc i Pr #- | Switched_Etherne
Optm_mze ‘archltecture and functionality mapping || - 2 Processor .| Fre, Chaond
combinaton | @ Cache - FlexRay

----- &% CydeAccurateCache Fireiire
..... &% TaskGenerator - | Metworking
- Vendar PCI
Memary B | Rapid_IO
""" i‘, A - SpaceWire
""" g Memmonry_Coninolier TimeTriggeredEthernet

Wireless_Sensor




Basic Components to define

1. Hardware modeling requires Architecture _Setup block - has the routing information of all hardware

blocks in the model

2. If using Traffic or other custom block to connect to a Bus, use theDevice_Interface block in front of the

Bus port.
o Also true for AXI, PCle and NoC

> Not required for Standard Blocks Like Processor

3. Processor block requires Instruction_Set

e DRAM_Speed: 250

~TimeLine_Usage_Plot
@ Bus_Speed: 250.0

ArchitectureSetup

Statistics
| ne

ArchitectureSetup Block gives
out statistics for all the
hardware blocks in the model

Use of Device Interface

Step3:

Instruction_Set

Processor

1

Stepl:

Step2:

Processor Blocks with
InstructionSet




Architecture Setup

All Bus and Hardware block must associate with Architecture Setup
This Block Handles ArchitectureSetup

> Routing

> Plotting
> Statistics

There can be multiple architecture setup blocks

» Debugging for all the Hardware components )
Each block must have unique name

Note: this Block can be used as it is after updating the Architecture_Name field
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Custom Routing Table Construction - in Architecture Setup

Format Sample:

Source_Node Destination_Node Hop Source_Port
Source Destination Next Block Out Port
Processor DRAM Port_1 bus_out

Add entries using RegEX

addToRoutingTable (Architecture_Name, Source_Name, Destination_Name, Hop_Name, Source_Port_Name)

Delete entries using RegEX

removeFromRoutingTable (Architecture_Name, Source_Name, Destination_Name, Hop_Name,
Source_Port_Name)

8/18/2020 MIRABILIS DESIGN INC. 9




Devicelnterface

Devicelnterface Block

* Can be used to define the Source Name, data
size, command type and destination for a Master

* Can be used to define the Device name on the

Slave side Block_Documentation: [¥|Enter User Documentation Here
* Add the Master or Slave block to the Linear Bus,
Bridge and AHB Buses automatically _
Architecture_Name: "Architecture 1"
v Generate Hello Messages _ =
A_Source: "CPU2"
v Eliminates the need for a RegEx functions or A_Destination: "Cache”
manually generate Hello message O BT T "A_Command"
. A_Instruction: " i " i
* Map fields of other data structure formats to the N Fd_Name_or_String_or_None iet f'zldfva::fs here or
. . ES: n n
corresponding fields of the Processor_ DS —B?_t _ A_Bytes eep aetault 1o use
A_Priority: "Fld_Name_or_Integer" existing field values
* Used to connect only in the presence of the A_Address: "Fld_Name_or_Integer"
Linear Bus, AHB and bridge blocks.
| Commit | | Add | | Remove | I:

* Not useful with a single AXI or a single PCle



Stochastic Components in the Library

————eee—————



Concept of System

Resource

Concept
o Split operation into two parts
° Behavior or mapper
o Resource (similar to Server)

Blocks
o Behavior: Mapper, SoftwareMapper, DynamicMapper
o Architecture: SystemResource_Extend, SystemResource
o Notify: SystemResource_Done

Multiple concurrent requests

o Send from Mapper (Behavior) to the SystemResource with the delay
information

o Can be static or dynamic reference

o Scheduler: First Come-First Serve, Round-Robin, Preemption, Non-
Locking

SystemResource_Done block

o Release appropriate SystemResource_Extend block by signaling the
completion of an external task

SystemR: SystemResource_Extend
ystemResource . o ot bk outout SystemResource_Done
= >Type: General "'}T}fpe: General
=3 task_plot = faskplot
Type: Double Type: Double
Architecture
Behavior
Mapper SoftwareMapper
‘ w—h output
'"Pu"-bi Type: General input *+» o nutput
Type: General wond ot Type: General Type: General
Type: Double

DynamicMapper

inpu i
Type: General

output
” Type: General

>
e nlat

Type: Double



Mapper to System Resource

Mapper blocks define the connectivity between the behavior flow and the architecture flow,
and within the architecture flow using a named connection

* The block takes the incoming Data Structure and send it to the Scheduler virtually

* This block can send a request to either the SystemResource or SystemResource_Extend.

$
)@
/
/ -,
/ P d A //
7 7’ |
s Request 7

Task _’ﬁ—'i—’ Task




SystemResource sl aLipt

= »Type: General
> task_plot

SySte m ReSO U rce Type: Double

Edit parameters for SystemResource - O X o :
This is the name of this
P W oreer o oot e A SystemResource block and is used by
=] Mappers, RegEx and other
SystemResource block to call this
block to execute a transaction.
Resource_Name: "Cpy" 4«
Next_Resource: "Fld_Name_or_String_or_None" -
Task_Context_Switch_Time: (.0
Round_Robin_Time_Slice: ~ 1.0F-3 Next_Resource is the name of the
Clock_Rate_Mhz: 500.0 \ next hierarchical System Resource,
Max_Scheduler_Length: 30 which can be SystemResource or
Time_Type: Relative Time SystemResource_Extend block.
Scheduler_Type: Relative Time
Add_Scheduler_Times_to_DS: ‘Nu_mber Clocks
< >
Commit | Add | Remove  Restore Defaul.. Preferences Help

Mirabilis Design Inc. 14




System Resource (Cont.)

Edit parameters for SystemResource

Block_Documentation: i

Enter User Documentation Here

Resource_Name:
Next Resource:
Task_Context_Switch_Time:

"CpU"

"Fld_Name_or_String_or_None"

0.0

Time the scheduler will devote to
/ each task for Round Robin

Application comparisons

Yes \ No

Yes No

Add_Scheduler_Times_to_DS:
<

Commit Add

Round_Robin_Time_Slice: 1.0E-3 N N
Clock_Rate_Mhz: 500.0 Processing No Yes
Max_Scheduler_Length: 30 Non-Blocking No Ves
Time_Type: Relative Time

Scheduler_Type: Scheduler_FCFS h

5cheduler FCFS

Scheduler RR
Scheduler_User 1

Scheduler_User 2

p—

of schedulers

Mirabilis Design Inc.

Set Scheduler type from the range

15




SystemResource_Extend
task output

"'}Tvpe: General

w3 taskplot - Double click to configure
Type: Double

System Resource Extended

B VisualSim Architect - Unnamed

File View Edit Graph Debug Interface Help
Bolecdbi@ala@B OO0 »m=e

Find:

Library Tree

Document
Model Setup
Traffic
Raociilte

Application comparisons e =

Preemption Yes No l

Hierarchical Yes No

Extende_d Task No / — \ |

Processing -

Non-Blocking No Vos ﬁ
~_ =

H L Type here to search

Mirabilis Design Inc. 16  Return




What is Mapper?

Connect behavior flow with architecture resources

= Takes incoming Data Structure and sends to Wapper output
Type: General

= SystemResource i"PLl---iri‘ A
= SystemResource_Extend blocks Type: General ’T plDﬂt '
. . . . g uounle
= Placed in the behavior flow where timed resources required .
= Consumes zero time, no queue, no arbitration

Edit parameters for Mapper3 _ O X Edit parameters for SystemResource — [ ><
~
. - Block_Documentation: [#|Enter user Documentation Here
Block_Documentatio... [ [Enter User Documentation Here
Resource_Name: — "cpyn
Mext_Resource: "Fld_Name_or_String_or_None"
<’Iﬁet_REurcE: CPU N Task_Context_Switch_Time: |gg
Tas TeT I —_— Round_Robin_Time_Slice: 1.0E-2
- . Clock_Rate_Mhz: 500.0
Task_Priority: Task_Priority_Fld_Int_Dbl_Expr Max_Scheduler_length: 20
Task_Time: input.time\ Time_Type: Relative Time
Task_Plot_ID: 1 Scheduler_Type: Scheduler FCFS
Add_Scheduler_Times_to_D... |:|
~
< >
| Commit | ‘ Add ‘ ‘ Remove ‘ ‘ Restore Defaults‘ ‘ Preferences ‘ | E—— | | Add | | E— | | F—— |

8/18/2020 MIRABILIS DESIGN INC. 17




Software Mapper

Hardware or Software Task issuer

input Pi w3 gutput
Type: General Type: General

= Sends tasks to SystemResource or SystemResource_Extend based on Target_Resource

= Block can either Queue incoming Data Structure or send to SystemResource immediately

Attributes to issue
the task to
System Resource

8/18/2020

Edit parameters for SoftwareMapper — [l X
BIock_Documentatio...I__“‘ﬁ' Enter User Documentation Here
J—
Target_Resource: n"cpy"
Task_Number: 2
Task_Priority: %)
Task Mean_Time: | scan_ proc_Time Lock out all other tasks from
Task_Spread_Time: Task_Spread_Fld_Int_Dbl_Expr . .
S ——, vy preempting this Task at the
Task_Distribution: j
Fixed (Mean) “ SystemResource
____  Task Tvoe: Task Now v
Task_Mutual_Exclusion: |ijg D) ~
e :
Add Remove Restore Defaults Preferences Help

MIRABILIS DESIGN INC. 18



[ vVisualSim Architect - file:/C:/VisualSim/VisualSim2340_64/V. . .I/System_Resources/Scheduler SW_02.xml — =
File View Edit Graph Debug Interface Help

Eal--dbhhea@eiHRo0 G »m=e
Find:| |
Library Tree
Document Test Model - Scheduler Digital
Model Setup
Traffic ® TASK: "SW"

Results '4;!5:';':"5"
File IO

Behavior l
Mappers Task Creation.

Resources TextDisplay

Power
Hardware Setup [;I'rafﬁc

ProcessorGenerator
Cycle_Accurate_Processor
Memory

HardwareDevices
Interfaces and Buses

PowerTable2

TimeDataPlotter

The PowerTable 1is updated with
xTimeyDataPlot the power consumed by the
SystemResource blocks.

Note that the Reg-Ex expression
regarding power_manager is used in the

Full Library ExpressionList block.
UserLibrary Trafilca Mapper3
PowerManager
- 3 tasks competing for the
;rafﬁc4 ExpressionList 1 Same resource

execution finished.
= = = 12:14 PM
- 4 - a 3 ~ /3
ﬂ £ Type here to search A & < 2/16/2024




Plots and Stats for Example Model 1

Tasks are not
concurrent

B VisualSim Architect - Scheduler_SW_02 xTimeyDataPlot - O X E visualSim Architect - .Scheduler SW_02.TimeDataPlotter - O X
File Edit Special Help File Edit Special Help
sDENAE s DEMFE
xTimeyDataPlot x1 02 Power Plot
2 3 | Top Scheduler Tasks = 2.0f linst pwr =
a5 i 7 av Wr =

:: 5t _ g 1.5 g p
€ £ 1.0] -
= ir B

o 05T i

C 1 1 1 1 1 0'0 1 1 1 1 —

0 1 2 3 4 5 6 0 1 2 3 4 5
5im Time SimTime

B VisualSim Architect - Scheduler SW_02 TextDisplay - o X r! VisualSim Architect - .Scheduler_SW_02.PowerManager - | X

DISPLAY AT TIME
{BLOCK

DELTA

DS_NAME

1D

INDEX
POWER_CONSUMED
TASK_ID

TIME
TIME_ACTIVATION
TIME_FINISH

TIME_IN_SCHEDULER

TIME_RELEASE
TIME_RESPONSE
Task_Latency
Time_Array

Time_In_Resource

Trace_Array

DISPLAY AT TIME

—————— 4.00000000000 sec ----

"Traffic2",
0.0,
"Header_Only",
l!

nn
N O
Ou
o
(=]

nn
[a8}

MNP NN RN B NN

COoOO0O0O0OO0

N
e w = w w .

, 4.0},

.0,
SwW_in",

"SW_out"}}

{Scheduler_Sw
total

DISPLAY AT TIME
{Scheduler_Sw
total

.y DISPLAY AT TIME
{Scheduler_sw
total

DISPLAY AT TIME
{Scheduler_Sw
T total

DISPLAY AT TIME
{Scheduler_SW
total

—————— 5.00000000000 sec ---- V¥ || ¢

{c_Wait
{Average

0.0, CumuTative = ,
200.0, Cumulative

—————— 14.00000000000 sec ---

{c_Wait
{Average

0.0, Cumulative =
200.0, Cumulative

—————— 16.00000000000 sec ---

{c_Wait
{Average

0.0, Cumulative =
200.0, Cumulative

—————— 18.00000000000 sec ---

{c_Wait
{Average

0.0, Cumulative = :
200.0, Cumulative

—————— 20.00000000000 sec ---

{c_Wait
{Average

0.0, Cumulative =
200.0, Cumulative

>




Different Types of Schedulmg Algonthms in SvstemResource

B visualSim Architect - Scheduler SW_02.xTimeyDataPlot

File Edit Special Help

O N E
Task Plot
o 3 | Top Scheduler Tasks =
- ]
> 2 \
[1]
19
~ 1 s
0 C 1 1 1 1 1
0 1 2 3 4 5 6
Sim Time
Scheduler_FCFS
B visualSim Architect - .Scheduler_SW_02 xTimeyDataPlot — | X
File Edit Special Help
O R E
Task Plot
o 30 | Top Scheduler Tasks =
0
= 2 1
o
F - .
0 C 1 1 1 1 1
0 1 2 3 4 5 6
Sim Time

b 3=
Task Plot
3.07 1 Top Scheduler Tasks =
2.5T 7
a
= 2.0[ ]
¢
B8 151 ]
= i i

1.0
0.5" ‘ ‘ \'
U.D_I 1 1 1 ! 1]

0 2 4 6 8 10
Sim Time
FCFS+ Preempt — Start at different times with Context Switching- 1 Sec

B VisualSim Architect - .Scheduler SW_02.xTimeyDataPlot — O X
File Edit Special Help
g Q) =1] 1%
Task Plot
3 1 Top Scheduler Tasks = |

Task IDs
2

Sim Time




Example Model — System Resource Extend

Single Task to Four Resources
(1) Plot Resource Power for Task
(2) Generate *.csv Task Actiwvity

@ Resource_Mame: "Resource_1"

@ Resource_Time: 0.8

SystemResource

Resource_1_Plotter

A,
\

ExpressionList

DigitalSimulator

@ Resource_Name2: "Resource_2"
® Resource_Time2: 0.5

SystemResource2

Resource_2_Plotter

Y v

e Inst: 1

PowerTable

® Resource_Mame3: "Resource_3"
® Resource_Time3: 1.2

SystemResource__Exend

ExpressionList2 SystemResource_Done

Resource_3_ Plotter

TextDisplay2

~TimeDataPlotter

® Resource_Name4: "Resource_4"
® Resource_Time4: 0.6

SystemResourced

‘ Resource_4_Plotter
A

sl

Mapperd TextDisplay
E e — (] b Edit parameters for SystemResource_Extend - O =

2r
Block_Documentation: B Enter User Documentation Here L Block_Documentation: [F Enter uUser Documentation Here

ac

ve

ern
Resource_MName: Resource Name Resource_Name: Resource_MName3
Next Resource: ‘dem:ﬁctfsnngfufm' .1 Task_Context_Switch_Time: [g.0
Task_Context _Switch Time: p.o Round_Robin_Time_Skce: 0.1
Round_Robin_Time_Slice: 1.08-3 Clock_Rate_Mhz: 500.0
Clock_Rate_Mhz: 500.0 Max_Scheduler_Length: 0
Masx_Scheduder_Length: 30 Tene_Type: Relative Time ~
Time_Type: Relative Tine - Scheduler_Type: | Scheduler_MonBlocking_FCFS ~
Scheduler_Type: Scheduler_FCFS - Add_Sdheduler_Times_to_DS: =
Add_Scheduler_Times_to_DS: [

Add Remove Restore Defsults | Preferences Help Cancel

Remowve Restore Defaults

T -

Preferences

Help Cancel




MIRABILIS

dle]s]ilg]n]
tput
Edit parameters for Queues — input o
rejecl_oculpul
Block_Documentation: Enter‘ User Documentation Here
Block_Name: "Queue”
Queue_Number_Field: input.queue Provides the priority number M M, Transadin s
Priority_Field: input.priority] ————— . ; ) : pushed out
for reordering the queue. _ : : | accoding to the
Max_Queue_Length: 30 | : ! arbitration scheme
Number_of_Queues: 1 ol Qe ‘—"
Initial_Queue_State: First_Token_Flow_Through —* :
Queue_Reject_Mechanism: |Incoming_Token_Rejected x|y [ E
Queue_Type: - Set how the packets should - 5 : |
flow - | Transaction are sent  Transaction are :
! i%éﬁfg;};ugs Queue  3rranged as per priority i
Commit Add Remove Restore Defaul...  Preferences Help .

Queue N with Priority

Mirabilis Design-inc: 5 23 BEg)




Queue — First Token Flow Through MIRASBLIS

Time=100 msec

Time=700 msec

“Queue”
Packet
P1 Queue=
Processing_ Delay TextDisplay
Traﬁ'c set queue

Position= ﬂﬁj > >£ ”

Position=

Position=
- P2 Position=
Position=

Packet
—P3

Only first packet goes out without - P7
—_ any pop input. Other packets need Rejected

pop input



Queue - First token Enqueue MIRABILIS

* pop_input is required to send all the packets including the
first one

TextDisplay MNumber_of_Queues: Mumber_Of_Queues .
Trafic Initial_Queue_State: First_Token_Engueus v
s + Queue_Reject Mechanism:  Incoming Token_Rejected
Queue_Type: FIFO
Script
Scan_Trigger "MyMachine"
'E‘ + plIueue_name
LABEL.BEGIN




Multiple number of Queues MIRABIZIS

Internally, it look like this

Edit parameters for Queues = O *
. (11 ”
Block_Documentation: W Enter User Documentation Here Queue
Block_MName: “Ingress_Queue” -
Queue_Mumber_Field: input.Queus_Num POS -
Priority_Field: Int_Dbl_Expr_Mem Fid Ij) 0s= _m
Max_Queue_Length: 5
Mumber_of_Queues: 3 PO S= 3
Initial_Queue_State: First_Token_Engueue
Queue_Reject_Mechanism: Incoming_Token_Rejected . POS - 4
Queue_Type: FIFO _
Pos=5

Add Remowve Restore Defaults Preferences Help Cancel

pop_input value can be 1, 2 or 3




Queue Operation - Summary MIRA.BEIE"ELSE:

Data Structures are queued based on priority from high to low number
Data Structures in the queue are arranged based on FIFO or LIFO setting

Number_of Queues defines the number of parallel queues contained by a
single Queue block

 Queue Number Field selects the queue to place
* To pop a packet
— From the head of a queue, Queue_Number must be sent to pop_input port.

« When Maximum_Queue Length is reached, packets are Rejected based on
Rejection_Mechanism and sent to Reject output

« Based on initial Queue State parameter,

— Enqueue: First Transaction can be enqueued and wait for the pop

— First_Packet Flow_ Through: First transaction send without pop. After first packet, head of
queue sent if prior was acknowledged yvith pop




MIRABILIS

dJe]s]i]s]n
+ Define multiple {queues + time delay} server
» Active Resource P T
. input === Type: General
- DataStructures queued in FIFO or LIFO order Tyve:General | LERIF@F . reect outout
* Processing time is known in advance
* Provided along with the transaction to this block. it
. SLOT e ?
 Special operation mechanism — (MBI —
: . Incoming | : output port
* Models any slot-based architecture such as multiple T o— ;
virtual RTOS, TDMA etc. | order of Arrrival  Delay the incoming |
! Transaction and pop

! out !

Basic Timed Queue

28



MIRABILIS

(dlefs]igln]
Edit parameters for Server — L] X
Block_Documentation: Enter‘ User Documentation Here
Server has a special
Block_Name: "server” parameter called “Time
Queue_Number_Field:  input.queue / field” to delay head of queue
Priority_Field: input.priority ~ before sending out
< | lime_Field: inputtime >
Max_Queue_Length: 20
Number_of_Queues: 1
Queue_Type: EIES v Number_of Queues can be
. multiple in the Server as well
Commit Add Remove Restore Defaul...  Preferences Help Cancel

Mirabilis Design-inc: - Return




MIRABILIS

dlels]iloln
Edit parameters for Server - O X
e Queue_Number Field selects the queue
Block_Documentation: Eff|Enter User Documentation Here
e Queue is reordered based on Priority field
Block_Mame: “Saryer”
. Queue_Mumber_Field: input.Queue_Num
e Queue datain FIFO or LIFO based on Queue _Type | o s i
Time_Field: input.Dela
Max_Queue_Length: 3UPUtD :
. . umber_of_Queues:
o Delayed by Time_Field value at head of queue and | oo - —
sent out
| Commit | | Add | | Remove | |Restore Defaurts| | Preferences | | Help | | Cancel

e Packet is sent to reject output when
Max_Queue_Length reached




Performance and Power Metrics M'RA.BEEEL%

-Common Statistics
v End-to-end latency and Task Delay

v Throughput (MIPS or MB/s), Utilization (%)

v Minimum, maximum, mean and standard deviation statistics

v Power — Instantaneous, Average and Cumulative

v Battery — Current Capacity(Watt - Hr), Battery Life Remaining (%)

-Processor
v Individual statistics for Caches, Execution Units and Pipeline Stages

v Flush Time, Stall (%), Thread swaps and Context switching
v Listener for Real-Time pipeline activity

-Cache
v Hit-miss Ratio
v Requests, utilizationszevictionssprefet: atency and throughput




Hardware Statistics

Bus_1_Utilization_Pct_Max
Cache_1_Utilization_Pct_StDev
Processor_ 1 D _1 Utilization_Pct_Max
Processor_1_INT_1_Utilization_Pct_StDev
Processor_1 INT 2 Utilization_Pct_Max
Processor_1 | _1 Utilization_Pct_StDev
Processor_1_L_2_ Utilization_Pct_Max
Processor_1 PROC_Utilization_Pct_StDev
Processor_1_Pipeline_Utilization_Pct_Max
Processor_1 Register Rd_Utilization_Pct_StDev
Processor_1_Register_Wr_Utilization_Pct_Max

SDRAM_1_Utilization_Pct_StDev

1.91E-07

10.1,

1.05689435,

1.45,

0.10969973,

24.55,

0.01500007,

3.1,

0.03489914,

50.2,

0.19330594,

49.55,

Bus_1_Delay_Max

Bus_1_10s_per_sec_StDev

Bus_1_Input_Buffer_Occupancy_in_Words_Max

Bus_1_Preempt_Buffer_Occupancy_in_Words_StDev

Bus_1 Throughput_MBs_Max

Cache_1_Delay_Time_StDev

Cache_1_Hit_Ratio_Max

Cache_1_Memory_Used_By_Processor_1_MB_StDev

Cache_1_Memory Used By SDRAM_1_MB_Max

Cache_1_Memory_Used_By_Total_MB_StDev

Cache_1_Throughput_MBs_Max

Processor_1_ Context_Switch_Time_Pct_StDev

3.600004E-8,

634428.24721,

32.0,

0.0,

176.0,

1.499871E-8,

100.0,

8.455181E-5,

2.56E-4,

8.455151E-5,

116.0,

0.0,

MIRABILIS

Processor_1_D_1_ Hit_Ratio_Max
Processor_1_D_1_KB_per_Thread_StDev
Processor_1 |_1 Hit_Ratio_Max
Processor_1 |_1 KB_per_Thread_StDev
Processor_1 L 2 Hit_Ratio_Max
Processor_1_L_2_ KB_per_Thread_StDev
Processor_1_Stall_Time_Pct_Max
Processor_1_Task_Delay_StDev
SDRAM_1_Delay_Time_Max
SDRAM_1_Memory_Used_By_Processor_1_MB_StDev
SDRAM_1 Memory_Used_ By Total MB_Max
SDRAM_1_Throughput_MBs_StDev

DMA_10_per_sec_Max

DMA_Throughput_MBs_StDev

100.0,
0.0,
100.0,
0.0,
100.0,
0.0,
1.35,
2.9502E-7,
1.5E-7,
0.0,
2.56E-4,
0.0,
7.45E6,

3.463999999,



Analyzing Performance in VisualSim — Important Parameters
In Library Components

————eee—————



Hybrid Processor

————eee—————



Required

Number of
Pipeline
Stages is
important

{:

o

Architecture_Name:

Processor_Name:

Processor_Setup: W

Pipeline_Stages: 4

Enable_Hello_Messages:

Processor_Bits:

Unique Name

Board_Name /

Processor_Name 4

Parameter_Name
Processor_Instruction_Set:
Number_of_Registers:
Processor_Speed_Mhz:
Context_switch_Cycles:
Instruction_Queue_Length:
Number_of_Pipeline_Stages:
Number_of _INT_Execution_Units:

/* First row contains Column Names. w/

Parameter_value ;

ARM_INSTR

16 /* active registers being processed. total ri
Processor_Speed

200 /* switch between internal pipeline stages
100 /* This cab be assumed. Real ARM data ? */
5 /% after 5'th stage is implemeted */

2 /* 1 exection unit 1 coproc unit */

Number_of_FP_Execution_Units: 0 /* no particular FP units */
Number_of_Cache_Execution_Units: 2 /* I-cache and D-cache */

I_1: {Cache_Speed_Mhz=Processor_Speed, Size_KBytes=I_Cache_Size, Word
D_1: {Cache_sSpeed_Mhz=Processor_Speed, Size_KBytes=D_Cache_Size, Word

< >

/* Pipeline stages in ARM */
Stage_Name Execution_Location Action Condition ;

1_FETCH I_1 instr  none v /* Fetch #/

2_DECODE I_1 wait none v /* Decode */

3_DECODE none exec  hone ;/* Write ®/

3_DECODE none exec none i /* Read */

3_EXECUTE ARM exec none . /* Execute ARM instr */

/* 3_EXECUTE Co_Processor_Name  task VPU ; Execute MOVE instr */
4_MEMORY ARM wait none ; /* Wait for ARM dinstr */

/* 4_MEMORY Co_Processor_Name wait none 7 Wait for MOVE dinstr */
5_WRITE_BACK D_1 write none v /* Wait for Mem transactio
4 >
) v

Processor

Key Parameters to modify

Library Tree

Document A
Mo

Traffic Instruction_Set

R.esults T—
File 10

Behavior

Mappers

Resources

Power

Hardware Setup
ProcessorGenerator

B Instruction_Set

i [ Cache

EE TaskGenerator
Vendor

Cycle_Accurate_Processor

Memory

HardwareDevices

Outstanding_Req_Count is used
ernal Cache




Processor — Internal Cache Configuration

Edit parameters for ARM9

Block_Documentatio... [

Architecture_Name:
Processor_Name:

7

Processor_Setup:

7

Pipeline_Stages:

Enable_Hello_Messages:

Processor_Bits:

Mapping of ARM9 CPU architecture parameters to generic CPU
Please NOTE that this is not goldenized and is only for Demo purpose.

Board_Name

Processor_Name

/* First row contains Column Names. ®/

Parameter_Name Parameter_value ;

Processor_Instruction_Set: ARM_INSTR

Number_of_Registers: 16 /* active registers being processed. total reg = 31 */
Processor_Speed_Mhz: Processor_Speed

Context_Switch_Cycles: 200 /* switch between internal pipeline stages */
Instruction_Queue_Length: 100 /* This cab be assumed. Real ARM data ? */

Number_of_Pipeline_Stages: 5 /* after 5'th stage is implemeted */
Number_of_INT_Execution_Units: 2 /* 1 exection unit 1 coproc unit */
Number_of_FP_Execution_Units: 0 /* no particular FP units */

Number_of_cache_Execution_Units: 2 /*
I_1:
D_1:

I-cache and D-cache */
{Cache_Speed_Mhz=Processor_Speed, Size_KBytes=I_Cache_Size, Words_per_Cache_Line=8
{Cache_Speed_Mhz=Processor_Speed, Size_KBytes=D_Cache_Size, Words_per_cache_Line=8§

Micro Architecture details — Number
of Registers, ROB size, Number of
Registers

Hit Ratio by
default will be
0.99

_ ~4, Cache_Miss_Name=Cache}
Hit_Ratio=0.6, )Cache_Miss_Name=Cache}

AN

Mention next Level
Cache to be

/% Pipeline stages in ARM */

Stage_Name Execution_Location Action Condition ;

1_FETCH I_1 instr  none ; /* Fetch */

2_DECODE I_1 wait none v /* Decode */

3_DECODE none exec  nhone P /% Write ®/

3_DECODE none exec none i /% Read */

3_EXECUTE ARM exec none ; /¥ Execute ARM 1instr #/

/* 3_EXECUTE Co_Processor_Name  task VPU 7 Execute MOVE instr */
4_MEMORY ARM wait none ; /* Wait for ARM dinstr */

/% 4_MEMORY Co_Processor_Name wait none i Wait for MOVE instr */
5_WRITE_BACK D_1 write none ; /% Wait for Mem transaction */
32

accessed in case of
misses




. |
Processor Instruction Set Processor name M'RA.BEL'ELS.;’

File Edit Help
1 /* Instruction Set or File Path. */ . i .
. begin execUnit_config ;
- Queue_Size INT_1 16 ;
: Mnew Ra Rb Rc Rd Re g Rh ; /* Label */ Queue_Size INT_2 16 ;
. RISCDT FPNEOSTMD LDSTR ; . Queue_Size  INT_3 16 :
) Execution and Load Queue_Size INT 4 16 :
) . L Queue_Size INT_5 16 ;
Store Units within Queus Size FEP 1 16 |
7 ALU INT_1 INT 2 INT 3 ; /* Branch, Mul/Div, Simple ALU */f RISCV and the gueue_gize ::NPT_26 ]g
» FPNEOSTIMD FP 1 ; /*Floating point/NEON/ASIMD instructionfi*/ : ueue_size —~ ’
- , , corresponding Queue_Size INT_7 12 :
s LDSTR INT 4 ; /*Load/Store instructions*/ ) ] end execUnit_config .
Instruction groups -
they execute
12 begin size config ;
13 Read 5 128 INT 4[1:2] ; begin INT 1 PR e— \
1+ Read 5 64 INT 4[3:7] ; e ;
s Read 5 32 INT 4[8:16] ; _— ; Queue_Size
) . . 4 ; I
& Read 5 16  INT 4[17:18] ; v i Instruction Group  for each
17 Read 5 8 INT 4[19:20] ; ;?TRJR i i In tr t n
12 Write 5 128 INT 4[21:22] ; end  INT 1 ; Structio
1o Write 5 64 INT 4[23:27] ; begin P 1 ;% Group */ Group
20 Write 5 32 INT 4[28:35] ; o o "
. . FMUL 4 8
21 Write 5 16 sh ; ) 15
22 Write 5 8 sb ; end  FE_L
23 end size config ;
The entry FADD 2 ; means that the instruction "FADD" will take 2 cycles to complete execution (Without including the I_Cache
|nStI"UCt|0n Wldth |n bItS Ca access latency and pipeline transfer latency).
. _ - The entry FMUL 4 8 ; means that the instruction FMUL can take a random delay cycle between 4 and 8 cycles to complete
va O_CLLLSIE > execution.




MIRABILIS

E I f P . I .
Pipeline_Stages: [F|/* Pipeline stages in ARM */
stage_Name Execution_Location Action Condition ;
1_FETCH I_1 instr none ; /% Fetch */
2_DECODE I_1 wait none ; /¥ Decode */
3_DECODE none exec none 7 /F wWrite ®/
3_Read D_1 read none ; /*Read */
3_EXECUTE ARM exec none ; /¥ Execute ARM instr #/ 11
[[/* 3_EXECUTE Co_Processor_Name task VPU ; Execute MOVE instr */| \ ACOﬂdltlon can be
4_MEMORY ARM wait none /% wWait for ARM instr #/ i
/* 4_MEMORY Co_Processor_Name wait none ; wait for MOVE instr */ Sp@leled for
5_WRITE_BACK D_1 write none ; /% Wait for Mem transaction */ External Resource
\ Execution_Location can be:

1. Internal to the Processor (configured in
Processor_Setup)
2. External Resource (typically a System Resource Block )

There can be multiple rows for each pipeline
stage, but the last row number should be equal to
the Number_of Pipeline_Stages




DMA BLOCK AND ITS USA




PORTS AND HOW T0 CONNECT?

DigitalSimulator

ArchitectureSetup o SimTime: 100.0e-6

BusArbiter
TimingDiagram
Arch
State Plot
Buslntegface? RAM______
Traffic ionLi e
= ExpressionList i m 250.0 t
A

BusIntegface Devicelnterface2

Devicelnterface DMA

T

Task_Latency

A
b D \.‘yr

Expressionl ist3 Delay

I'é&i@gu

A

ExpressionList2 .
® TexDisplay Alternate between Idx 1 and 2 sequence was updated

Input Data Structure field
Traces

Statistics

Replaced pull-down with Tine

Task_Throughput
A
L_D "'1y,r

Feng

Aok

B EET=1 2 1=1 == | Bl [ .I'rl ot oL ... -
Type: General - "_ ) : *Type: General
Dout - | Ueuble L Din

Twpe: General

Type: General

reject
Type: General

Req port receives request from
the source (Traffic generator in
this case). It will be connected to
Devicelnterface

Ack port will have transactions
received with additional fields
like Time_Array, Trace_Array
useful for debug

Ack and Din are connected to
the output blocks via
Devicelnterface or directly

Dout carries response from
output devices like Memory.
Connected to Bus,
Devicelnterface or Memory
Dout will have Task_Latency and
Task_Throughpout as additional

fields
()



DMA — DEFINING ACTIONS USING DATRA STRUCTURE

Traffic
[

ExpressionList

Devicelnterface  DMA

ExpressionList2

iy

Task_Throughput

\ I A '._- y

Edit parameters for DMA

Block_Documentation: i

Architecture_Name:
DMA_Controller_Name:
Memory_Database_Reference:
DMA_to_Device_Cycles:
Device_to_DMA_Cycles:
Channel_FIFO_Buffers:
Speed_Mhz:

DMA_Channels:
Qutstanding_Req_~Count:
Width_Bytes:

Expression_List:

Input to
DMA block

Enter User Document

Use Input (none) while using data
structure and database name when

n NOI‘IE"

Architecture_1" using DMA database
"DMA_Controller_1"

RegEx_or_None Required

RegEx_or_None

Integer
Double
8

L1111 Per channel, num sent before Ack

4

[#/* Template to enter multiple RegEx Tines*/

input.
input.
input.
input.
input.
input.
input.

A_Task_Name = "Activityl"
A_DMA_cCommand = {"Read","write"}
A_DMA_Destination = {"RAM","Display"}
A_Priority = irand(1,10)

A_DMA_Bytes = {1024,1024}
A_DMA_channel = {1,1}
A_DMA_Burst_Bytes = {64,64}

If the user wants to define actions for the DMA from Data
structure fields, then above fields are necessary

L




USING THE DMA DATABASE

HardwareDevices
- @ BusArbiter
- @ BusInterface

- i m \ [ o

- g DMADatabase ™ "Double”
EIE Bridge

EIE Serial_Switch

- @ Switch

EIE Crossbar
EIE Crossbar_Setup
Interfaces and Buses
Full Library
UserLibrary v

DMA Controller Block

Linking_Name:
fileOrURL:

"DMADatabase"

Browse

Data_Structure_Text: [f|A_Task_Name A_Ipnstruction A_IDX A_Task_Source

Activityl Load 0 SRAM

Activityl Store 0 DRAM

Activity?2 Store 0 DRAM
Sequence

Match input fields

Burst_Word_Size A_Task_Address

A_Command A_Bytes

32 1, Read 32 0
32 1 write 32 1
32 2 write 32 3
Send as
B Channel Transfer

rst siz .

Dioleo12C Number Size

A_Priority A_Destination |;

DMA ;
DMA :
DMA ;

e



DMA — DEMO

MODELS AND RESULIS




MODEL SHOWCASING DS FIELDS AS WELL
AS DMA DATABASE OPTION

ArchitectureSetup

otk

@ SimTime: 100.0e-6

B

TimingDiagram

Arch
State Plot

[;rrafﬁc ExpressionList

Devicelnterface DMA

Bus Arbiter

DigitalSimulator

L

Busin ce2

RAM

RAM"
250.0

DevlcelnterfaceQ

Buslnt ace
Ex presci ionl ist3 Delay
2907 |
t=i

ExpressionList2

Task_Latency
l .JI.“__ ,

Task_Throughput

Model Location :

TextDisplay

DMADatabase

Alternate between TIdx 1 and 2 sequence was updated
Input Data Structure field
Traces

Statistics
Replaced pull-down with Tine

$VS/doc/Training_Material/Tutorial/Architecture/DMA/DMA_Demo_Model_Field_n_DB.xml

L




RESULTS FOR THE PREVIOUS MODEL

-x10

!
ul
L

Latency

3.07
2.57
2.0
1.57

1.07
0.5

¥ E BN E
Task_Latency
05 1.0 1.5 20 25 30
SimTime (s) x10™

x10 Task_Throughput

‘ Througﬂput {bps)
=k W = N Y -l D

05 10 15 20 25 3.0
SimTime (s) x10




CONNECTING PROCESSOR — DMA - DRAM

There is no graphical
output to the HW_DRAM

Plot. This is not used
in the model.
Processor- DMA to DRAM
Digital ARME_Instruction_Set  ArchiteclureSetup
9 TimingDiagr
# Processor_Speed: 1000
®|_Cache_Size: 8 o Arch
@D Cache_Size: 16 g Stake Plot
@ Bus_Speed: 160.0
@ Sim_Time: 1.0e-3
. Wb?_%ﬁ%ﬁ‘éﬂ seed(1234)
TaskG to
askeneratar ExpressionList «—__——— Cache
"Cache”
160.0
v
DRAM
TORAM
160.0
v
RmvHelloMsg  Load_Store SetTask Devicelnterface

TriggeredTraffic2
>

Database
'Dr.lADaIaha..

>

There are three peices required- DMA block, DMADatabase block
and the entry in the processor:

Memory_Database_Reference: DMADatabase,

where DMADatabase is the name of the Database block containing
the DMA Task activity

it is best to connect the DMA to one of the ports of the
processor either directly or via a Bus.

Model Location :
$VS/doc/Training Material/Tutorial/Architecture/DMA/Processor DMA.xml

e,




RESULTS FOR THE PREVIOUS MODEL

& E 5N E
Hardware_Arch_Components
: BMEJ_Rtg: N T 1 I : R.EG_R..
GE@E@E E-IEE E'h_l_ I|II|”|”|”|I:I|”|”|I |I|:|I||I||||||||I o REG W=
-4 Refresh| 1 INT 1=
'xin Latencv DRAM_ N 1 1 | n _
| | | [ ' ' Cachel 1 INT 2=
L 2 i INT 3
— 1.0] 1 Bl ] INT 4=
E E FP 3l 1 INT &
2 0.8 R - N 1 INT 6=
B el | INT_7[ 1 INT_7=
0.6 %H;_E: 1 INT 8
04| | INT 4[ 1 FP1
INT 31 l FP_2 =
. . . . . - L L e —— I 1=
I T T T I .
0.0 0.2 04 0.6 0.8 1.0 ALl I ———— T T D 1
S. T lf ) 10'3 Reg—R_ 1 | 1 | 1 I | L_2
mtime (s * 00 02 04 06 08 10 Caches

DRAM.»
Sim Time (5ec) Rafrakl




BUS ARBITER AND BUS INTERFACE
BLOCKS AND ITS USAGE




PORTS AND HOW T0 CONNECT

Library Tree
Behavior BusArbiter

Mappers
Resources
Power

Custom Scheduli ng Hardware Setup

can be Imp-lemented ProcessorGenerator
Cycle_Accurate_Processor

Memory
HardwareDevices
- i BusArbiter
- @ BusInterface
ﬁ DMA
- g DMADatabase
EIE Bridge
EIE Serial_Switch
- % Switch Port Names in order
Interfaces and Buses Port_1, Port_2....
Full Library Order match Device List
Userlibrary v Use any num of Interface

LABEL:BEGIN

Devicelnterface




KEY CO

— O] X
Block_Documentation: W Enter User Documentation Here
Architecture_Name: "Architecture_1"
_explanation: HardwareDevices->BusArbiter
Bus_Name: Cluster_Name+"_DSU_Cache_Bus" Unique Name
Required { Bus_Speed_Mhz: Core_Speed_Mhz
Burst_Size_Bytes: 100
Round_Robin_Port_Array: {"Port_1", "Port_2"}
Devices_Attached_to_Slave_by_Port: 1"}, {"Device_2"}, {"Device_3"}, {"Device_4"}, {"Device_5"}, {"Device_6"}, {"Device_7"}, {"Device_8"}}
Width_Bytes: {1664} {Read, Write}
List all devices connected via Arbiter_Mode: FCFS v
this port. Index is in order of Split_Retry_Flag:
name- Port_1, Port_2 etc Enable_Plots: ]

e



DEMO MODEL

DigitalSimulator

® Sim_Time: 1.0e-3 oy
ArchitectureSetup i
| B 132 Vi
Statistics TimingDiagram ® Input_Bytes: 3 Aoty N
. = [ ] Activity_Plotter
Arch Bus 1"+ Activit
E /* Plot_Acti M
A Stte Plot B /Pl s
Script
BusArbiter ] ) )
"MyMachine Custom Scheduling algorithms
LABEL:BEGIN|  can be Implemented using scirpt block

Traffic ExpressionList ., iosinterface

Traffic2
>

Write

Alternate Read and Write operation
Bus will perform one functionality at a time

Model Location :
$VS/doc/Training Material/Architecture/AHB_AXI/Bus_Arbiter Read_Write.xml



RESULTS FOR THE PREVIOUS MODEL

& ] ,E!
File Edit Special Help File Edit Special Help
¥ B = W = 0N HE]
Hardware_Arch_Components . Activity_Plotter
REG R = - .
Bus_Data" 1 REG W= BEE:E%E% o r ' 1
o ‘ INT 1=
g Bus Cirl[ 17 INT 2=
N TN =5
Refresh| 1 INT 4=
| INT 5 _ o
DRAME. . ] INT 6= Addr ROt . . j ]
00 0.2 04 06 08 1.0 INL.7=/ 0 1 2 3
INT B3 | -
Sim Time (Sec) FRig = | x10
& ]
Bus_1_Delay_Max = 3.2E-7,
Bus_1_Delay_Mean = 2.05E-7,
Bus_1_Delay_Min = 9.0E-8,
Bus_1_Delay_StDev = 8.5E-8,
Bus_1_TOs_per_sec_Max = 8000.0,
Bus_1_IOs_per_sec_Mean = 4000.0,
Bus_1_IOs_per_sec_Min = 0.0, | |
Bus_1_TO0s_per_sec_StDev = 4000.0,
Bus_1_Input_Buffer_Occupancy_in_Words_Max = 14.0,
Bus 1 Tnnut Buffer Occunancv in Words Mean = 4.5333333333333.




TILELINK AND ITS USAGE




PORTS AND HOW TO CONNECT?

1. Source (master devices that request data) like Processor and DMA (standard blocks) have to be connected to the master
ports via TileLink_Client (Library -- > Interfaces and Buses --> Tilelink --> TileLink_Client)

TileLink_Client2
Memory _Controller CycleAccurateDRAM

TileLink_Manager Intggrated_Cache
320068z 3200Mhz
' " R'E:,.rtes

—_

TileLink_Client3 TileLink




CONTINUED

2. If the Master device 1s designed with simple library block (as logic) then user has to

include Device Interface block to provide the interface with master.

Saript
"Traffic_Gan

b LABELBEGIN | —
inputA_Comm

TraMicd

ExpressionListiE

1 ¢

Seript2
"Trafic_Gen

p._‘_'LAEIEL.ﬂEGW
inputA_ Comim ‘

Traffich
| .

TaudDisplay

Dandcakilgrfaced

TileLink_Clientd

Deviceinterfacal

TileLink Clients

TileLink

FAN
DRAM 4*
29010

RiE

[FAM_ &
2500

TikeLink_Managerd

TilaLink_Managars

4

TileLink_Managert
DRAM &

2300

4




CONTINUED

3. If the TileLink Client is connecting to another BUS like PCle or AMBA-AXI, then the user has
to use a Bridge ( Library --> HardwareDevices --> Bridge)

TileLink_Manager CycledccurateCache

Y — m

) L
RISC"."!] — i L
! TextDis

TilsLink

TextDis plays

PCle_Bus
ExpressionLists . '
Devicelnierface Bridge TileLink Client3
E % > D5_xTime_yData_Ploter
£ T [ ANy
P vl
4y A
TendDisplayt T T
1 oeR
1 I
- 1 I
B R

L




Client_Speed: 1000.0

Release_Threshold: 5

Architecture_Name: "Architecture_1"

No_Of_Retry_FirstBurst: |3

Commit Add Remove
TileLink_Name: "TileLink"
TileLink_Speed_Mhz: 1000.0 . TileLink_Client
TileLink_Cycle_Time: (1.0E-6/TileLink_Speed_Mhz) Requlred J
Bus_Width: 8 . L . .
Number. Masters: . refers to how many times a TileLink client will attempt to
Number Slaves: : send a burst of data to a target device before giving up
Slave_Speeds_Mhz: {TileLink_Speed_Mhz, TileLink_ ink_Speed_Mhz, TileLink_Speed_Mhz, TileLin and retrying the transaction.
Extra_Cycles_for_RdReq_WrReq_RdData_WrData: {g 0, 0,0, 0, 0, 0, 0}
Devices_Attached_to_Slave_by_Port: {{"L2","SDRAM_1"},{"SD¥AM_2"},{"SDRAM_3"},{"SDRAM_4"} {"SDRAM_5"},{"SDRAM_6"} ]
Master_First_Word_Flag: true
DS false Manager_Name: "Manager1" A.].]. the
Ports_to_Plot: {1,1} /* master n, slave m, 0 disables */ Manager_Speed: 1000.0 f].e].d.s are
Managers_Attached_to_Slave_by_Port: {{"Manager1"}{"Manager2"},{"Manager3"},Y'"Manager4"},{"Manager5"},{"Manager6"},{"Ma Architecture_Name: architecture 1" ~
Architecture_Name: TileLink_Name: "TileLink" Requ1red
Commit Add Remow:
Commit Add Remove Restore Defaults Preferences Help Cancel -

TileLink Manager

TileLink Block .
From Architecture Setup

s



DEMO MODEL

. atabase i o -
DigitalSimulator ArchitectureSetup RISC-VISA g'l’ @ 5im_Time: 100.0e-3
Slals, g >
@ \View_Stats: frue

RISCV TileLink_Client

Expressionlist

Traffic TaskGenarator
= " TileLink
Traffic2 TaskGanerator?  ExpressionList2
= madd"” ] RISCV2 TileLink_Client?
T DRAM
T L 1
S
Traffica TaskGeneratord  pupressionList3 | riscva TileLink_Clientd ek 1T
TaskGeneralord  Esxprassionlistd
II’“""“ s RISC\A TileLink_Clientd
v
TexDis play? DS_xTime_yData_Plotiar
7 Al
»-— "
ExpressionListh  ExpressionListd Latency Plot
——

Model Location : $VS/demo/Bus_Std/TileLink Models/TileLink RISCV_SoC_Approach.xml

e,




PLOTS FOR THE PREVIOUS MODEL

@ ) = e 1 s
DS_xTime_yData_Plotter

GrantAck Master[
@ =) 1= e e e

in-E Latency_Plot
I 1 RISC V 000 .
i RISC_V_0o04 .
Relose Deto Slvel |1 i | RISC_V_0003 -
— |RISC_V Qo002

Latency (Sec)
— [J L 4= o

ProbeAck Data Master| | 1] 1] 1]

ProbeAck Master 1 i

GrantAck Slave[ 1 , . . . | .

O robeAGkSlavel L N L 0.00 002 0.04 0.06 008 0.0
AcguirePerm| 1 ] (] Simulation Time (5ec)

AcquireBlock [

Acquire_Master | | | |
TileLink_Master_1_Clk_Sync[

0.0 0.5 1.0 15
Simulation Time (Sec) x10

Timing Diagram for TileLink Bus showing the
messages that were sent during the transactions




STATS FOR THE PREVIOUS MODEL

CYCLES_PER_INSTRUCTION
DELTA

DS_NAME
FP_1_Max_Buffer_Size
FP_1_Usage_Pct

Number_Entered 145,

ID = 15, Number_Exited 145,
INDEX =0, Occupancy_Max 3.0,
INT_1_Max_Buffer_Size = 2, Occupancy_Mean 0.5896551724138,

_ Occupancy_Min 0.0,
INT_1 Usage Pct = 3.6585365853659, Occupancy._StDev 0.5877161099728,
INT_2_Max_Buffer_Size = 22, Total_Delay_Max 3.0E-9,
INT_2_Usage_Pct = 21.6124661246612, Total_Delay_Mean 1.0896551724786E-9,
INT_3_Max_Buffer_Size =1, Total_Delay_Min 9.9999999947364E-10,
INT_3_Usage_Pct = 1.6260162601626, Total_Delay_StDev 3.0888545764435E-10}
INT 4 Max Buffer Size - 78 {BLOCK "TileLink_RISCV_SoC_Approach.TileLink.TileLink_Channel_D",

- - - ’ DS_NAME "TileLink_Channel_D_1",

INT_4_Usage_Pct

6.7945205479452,
0.098333333338,
"Processor_DS",
5,

= 6.029810298103,

= 100.1355013550135,

{BLOCK
DS_NAME

"TileLink_RISCV_SoC_Approach.TileLink.TileLink_Channel_C",
"TileLink_Channel_C_4",

Number_Entered 124,
INT_5_Max_Buffer_Size =0, Number_Exited 124,
INT_5_Usage_Pct = 0.4065040650407, Occupancy_Max 1.0,
MHZ_PROCESSOR = 500.0, Occupancy_Mean 0.5,
MIPS_IN_PROCESSOR = 73.5850007560032, Occupancy_Min 0.0,
Pipeline_Stall_Pct = {5.4878048780488, 1.69376693 %225”‘33;3"5;; Y 2000000 12084E5
Processor_Total_Stall_Pct = 0.8130081300813, Tota]ZDe] ay:Mean 1.0000000000004E—9:
ROB_Stall_Pct 0.0, Total_Delay_Min 9.9999999947364E-10,
Stall_Fetch_Pct 0.0, Total_Delay_StDev 2.4812421759788E-17}
Stall_Load_Pct 0.0,
TIME = 0.098333333338,
TIME_IN_PROCESSOR = 2.9761500000003E-6}

Channel wise Occupancy and

Processor Stats Delay for TileLink

@



AXI BLOCK AND ITS USAGE




PORTS AND HOW T0 CONNECT? . 4

Digital Simulator

ExpressionList3

2N
{"add"
mov"}

ExpressionLists

uProcessor

uProcessord

# Processor_Speed: 566.0

e |_Cache_Size: 8

e 0_Cache_Siz=: 16

# Bus_Speed: 800.0

® Sim_Time: 0.5e-3

» ModelSeed: seed(1234)

# ModelName: "Multi-Level _AXl_Bus"
® Memory_Speed: 600.0

# Enable_Plots: rue

Model Setup

AMBA_AXIS DRAMZ

DORDRAM®
E00.0

DRAMI

wessionLis® p, ieainterface

"
essionLisiy, ouT
te.. .

messionListd

DMA

Devicelnterface?  DMAZ
[ TMAJO R

ressionLists, ouT2

zssionList10

Devicelnterfaced DA
CHIA 1D

.._-J

DRAM

'DDRORAMI®
600.0

— DRAM2*
S X
 —

Model Parameters

Support 16 masters and 8 Master Slave
Connections Connections
S]'a'ves input 1-16 output 1-8
Master and slave ports can be Tz DI
increased if it is required. Eg: D
AXI_16_x16 block "y
stats_out

Master and Slave Ports :
* Port type — Multi Port (input and output in a
single port)
* Port data type — general
e Support only 2 wire connection per port (input
and output)
Input ports: Accept read/write requests from
master devices and forward read/write respons to
master devices
Output ports: Forward read/write requests to slave
devices and accept read/write response from slave
devices.
Stats_out: provide debug messages during the
simulation if “DEBUG” parameter is set.
Plot_out: Not used in the current version.

e



KEY CONFIGURATION

Bus_Width: 8
. Read_Threshold: 2
« AXI Speed Mhz: Bus speed in Mhz T ,

* Bus_Width: Width of the AXI Data and response yer request Threshold:
channel

* Read_Threshold: Total number of outstanding reads
in each slave ports.

* Write_Threshold: Total number of outstanding writes
in each slave ports if A _Task_Flag is true.

« Master Request_Threshold: Input queue size of

12,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2}

master ports. - Device_Attached_to_Slave_by Port:
Arbiter_FIX_1 RR_2_CUSTOM _3: 1 List of slave devices connected in
Slave_Speeds_Mhz: 1z, AXI_Speed_Mhz,AXI_Speed_Mhz, AXI_Speed_Mhz, AXI_Speed_Mhz, AXI_Speed_Mhz}
Extra_Cycles_for_RdReq_WrReq_RdData_WrData: {0, 0,0, 0,0, 0, 0, 0} eaCh S]'a've port
Devices_Attached_to_Slave_by_Port: 2 2"} {"Device_3"},{"Device_4"}{"Device_5"},{"Device_6"},{"Device_7"},{"Device_8"}}  ® Arblter_FIX_I_RR_Z_CUSTOM_3:

Arbitration algorithm for multi master
single slave cases. (fixed priority uses

Fixed_Priority_Array parameter)
©



DEMO MODEL

Architecture Setup

TextDisplay
E};” DigitalSimulator

e Sim_Time: 1.0e-3 -j'r‘;a;';*

@ View_Stats: true

Traffic ExpressionList2 AMBA_AX

Devicelnterface

npy_PIot

Late

Throughput_Plot
\ t .-f-\'\_"lr-fi

Model Location : $VS/demo/memory/Cache_Demo.xml

L




RESULTS FOR PREVIOUS MODEL

VisualSim Architect - .Cache_Demo.lLatency_Plot = O X

File Edit Special Help |
3 BN E

x10-7 Latency_Plot

9

&

-ﬁ 0.5

ﬂ | -

0.0 0.2 0.4 0.6 0.8 1.0
X107

arl ihrarne

| Simulation_Time(5ec)

VisualSim Architect - .Cache_Demo.TextDisplay = O

| | | r— I h— =

{AXI_Top_Master_1_Read_Data_Bytes
AXI_Top_Master_1_Read_Data_MBps
AXI_Top_STave_1_BW_Utilization_Prct

39744,
39.744000039744,
1.9872000019872,

AXI_Top_STlave_1_Read_Data_Bytes 39744,
AXI_Top_Slave_1_Read_Data_MBps = 39.744000039744}
{AXI_Top_Slave_1_Rd_Threshold_Usage = 1.0,
AXI_Top_Slave_1_Rd_Transactions = 621}
{DS_NAME = "AXI_Top_Master_Read_Queue_1",
Number_Entered = 621,

Number_Exited = 621,

Occupancy_Max = 1.0,

Occupancy_Mean = 0.4995970991136,
Occupancy_Min = 0.0,
Occupancy_StDev = 0.4999998376708,
Total_Delay_Max = 8.000000000126E-9,
Total_Delay_Mean = 7.9871382636669E-9,
Tntal Nalawv Min =N N




CHI BLOCK AND ITS USAGE




PORTS AND HOW T0 CONNECT

AMBA ACE
w e . <=2
<-==> <—==>
1sArbiter <> <m——>
Master Slave
Connections Connections
AMBA_ACE input 1-16 output 1-8
- L-==> C===>
<-==> <--->
<-==> <===>
Memornyontrg_Iler CycleAccurate DRAM |
usArbiter2 Memory Eopg;;o 1eﬁ 4 DRAM P g
3200402 >- > 32;)03»3;5‘ stats_out
v < v
=‘

Snti‘[aGGQ PEZ_LA1

* Support existing AMBA AXI protocol.
 Coherency can be enabled for specific masters
» If coherency is not enabled for any master, bus acts like
a AXI bus and performs non coherent data transfer
 Coherency channels will not be used.




KEY CONFIGURATION

Fixed_Priority_Array: 115,16},{1,2,3,4,5,¢
Slave_First_Word_Flag: true /* Not Active
Custom_Slave_File: " n . .
— Lis of coherent masters in an
Ports_to_Plot: {0,0} /* master n,
Coherent_Masters: 1,2} , Aarray.
AXI_Sync_Speed Mhz: 1000.0 Empty array is acceptable, and

Add Remove Restor it implies none of the masters

are coherent




DEMO MODEL

Architectu_reSet.np
Stats_
This model describes the usage of cache coherence block in a
snooping architecture (ACE bus based network)

BusArbiter

Traffic

ExpressionList

Req_Queue Devicelnterface

Proc_1_Latency

Expressionl]istd

@ Architecture_Setup_Name: "Architecture_1"
e ClockRate: 1200.0
® Sim_Time: 1.0e-3

e View_Stats: true

AVBA_AXI2

Bus Arbiter2

;’rafﬁcz Req_Queue2

ExpressionList2

PE2_L1

Proc_2_Latency

ExpressionL]st3

DigitalSimulator

3y

N‘Iemory_Contrgler CycleAccurateDRAM
Hemory Eg'ﬂﬁﬁ(’ e—og DRAM P
Jz00MBz .‘ ' 323908,;1255 ‘
v « \ 4

Model Location : $VS/demo/Coherency/Snooping_Protocol.xml (2340 version)

raca,




RESULTS FOR PREY

L]

10US MODEL

fle_Edt_Specil_elp Conerence. Cache. Procs LA MissRatio - 16.6233766233766,
; oherence_Cache_Proc2_ iss_Ratio = . .
QB@E@E Coherence_Cache_Proc2_L1_A_Read_MBs = 0.030112,
-7 Coherence_Cache_Proc2_L1_A_Read_MBs_per_Second = 60.2240012044¢
(10 Proc_1_Latency Coherence_Cache_Proc2_L1_A_Total_MBs = 0.033856,
= 150 f ' f ' "4 |Coherence_Cache_Proc2_L1_A_Total_MBs_per_Second = 67.7120013542¢
o Coherence_Cache_Proc2_L1_A _Write_MBs = 0.003744,
: 1.0 ] Coherence_Cache_Proc2_L1_A_Write_MBs_per_Second = 7.48800014976,
= ! Coherence_Cache_Proc2_L1_FiT11_Buffer_Occupancy =0,
g Coherence_Cache_Proc2_L1_Input_Buffer_Occupancy = 0,
g 0.57 I\"\"l i Coherence_Cache_Proc2_L1_Number_Entered = 770,
0.0 | 800 1707 i G S S o e 0 (e Coherence_Cache_Proc2_L1_Number_Returned = 770,
! _ Coherence_Cache_Proc2_L1_Snoop_Invalidates = 147,
0.0 0.2 0.4 0.6 0.8 1.0 Coherence_Cache_Proc2_L1_Snoop_Requests = 259,
Coherence_Cache_Proc2_L1_Snooped_Count_per_Device = {1},
Simulation Time(sec) X10-3 Coherence_Cache_Proc2_L1_Snooped_Devices = {1},
= Coherence_Cache_Proc2_L1_Utilization = 1.7432000348639}
& N {Coherence_Cache_L2_Home_A_Hit_Ratio = 0.0,
File Edit Special Help ;Co:erence_CacEe_LZ_Home_A_M'isg_Rat'io = 100.0,
T Coherence_Cache_L2_Home_A_Read_MBs = 0.008192,
GE@EEE Coherence_Cache_L2_Home_A_Read_MBs_per_Second = 16.3840003276¢
-7 Coherence_Cache_L2_Home_A_Total_MBs = 0.008192,
k10 ° _ Proc_2 latency . Coherence_Cache_L2_Home_A_Total_MBs_per_Second = 16.3840003276¢
3 ;Coher‘ence_Cache_LZ_Home_A_Wr'ite_MBs = 0.0,
o, 2r 1 Coherence_Cache_L2_Home_A_Write_MBs_per_Second = 0.0,
. T Coherence_Cache_L2_Home_FiT11_Buffer_Occupancy =0,
E HCoherence_Cache_L2_Home_Input_Buffer_Occupancy =0,
a1ir 1 Coherence_Cache_L2_Home_Number_Entered = 128,
| 3 Coherence_Cache_L2_Home_Number_Returned = 128,
0 Coherence_Cache_L2_Home_Snoop_Invalidates =0,
Coherence_Cache_L2_Home_Snoop_Requests =0,
0.0 0.2 0.4 0.6 0.8 1.0 Coherence_Cache_L2_Home_Snooped_Count_per_Device = {},
_3 Cnharanrae Carha 1 2 HAame Snnnnad Nevirec = f1
Simulation Timelsech xi0 —

e,




BRIDGE BLOCK AND ITS USAGE




PORTS AND HOW T0 CONNECT

) —

-, 20n_m
e ModelS
o ModelN

Timinali

Device -> -> Device
Connections <- S <- Connections

Blocking
Delay is variable based on data size and speed




KEY CONFIGURATION

Architecture_Name: "Architecture_1"
Bridge_Name: "Bridge" Unique Name . . .
[ . 000 q ~______» Bridge synchronization clock
Bridge_Width_in_Bytes: 4 . -
—
Overhead Cycles: : Width of the bridge

Bridge_Sync_Speed_in_Mhz: Bridge_Speed_in_Mhz

Add Remove Restore Defa




DEMO MODEL

ARMI_Instruction_Set DigitalSimulator Cache @ Processor_Speed: 100.0
i . —— e | _Cache Size: 8
— : o™ 166.0 @ Bus_Speed: 166.0

There is no HW_DRAM in this
modeT.
SoftGen

® Sim_Time: 10.0e-3
® ModelSeed: seed(1234)
® ModelName: "Multi-Level _AX]_Bus"

® Enable_Plots: true

ExpressionList ARM

AMBA_AXl4

DRAM3
DORDRAM"
166.0

TextDisplay

Bridge2

. uProcessor = ™~
SingleEvent ExpressionList2 a; = 7

i

DRAMS

uProcessor2 DRAM1"
166.0

TimingDiagram

| Arch |
State Plot

e,

Model Location :
$VS/doc/Training Material/Architecture/bus/AHB_AXI/AHB_AXI Bus.xml ‘




RESULTS FOR THE PREVIOUS MODEL

B VisualSim Architect - AHB_AXI|_Bus.Latency.xTime yD... | VisualSim Architect - AHB_AXI_Bus.TextDispl...
File Edit Special Help DISPLAY AT TIME  =—==-—- 5.0000
5 = | =2|| {AHB_Bus_1_Delay_Max = 2.93497000000
-5 9 BDD@D AHB_Bus_1_Delay_Mean = 1.10009304503
¢10 xTime_vData_PlDtterz AHB_Bus_1 Delay_Min = 2.40959999999
' T AHB_Bus_1_Delay_StDev = 8.59632801205
| Latency (5) = |AHB_Bus_1_T0s_per_sec_Max - 1.5632E6,
AHB_Bus_1_IOs_per_sec_Mean = 1.5632E6, I
J AHB_Bus_1_TI0s_per_sec_Min = 1.5632E6,
AHB_Bus_1_TIO0s_per_sec_StDev = 0.0,
. AHB_Bus_1_ Input_Buffer_Occupancy_in_Words_Max
AHB_Bus_1_Input_Buffer_Occupancy_in_Words_Mea

AHB_Bus_1_TInput_Buffer_Occupancy_in_Words_Min
0.0 02 04 0.6 o8 1.0 AHB_Bus_1_ Input_Buffer_Occupancy_in_Words_StD

2 AHB_Bus_1_Preempt_Buffer_Occupancy_in_Words_M
x10 AHB_Bus_1_Preempt_Buffer_Occupancy_in_Words_M
" |AHB_Bus_1_Preempt_Buffer_Occupancy_in_Words_M

VisualSim Architect - AHB_AXI Bus.TimingDiagram....  — O X

AHB_Bus_1_Preempt_Buffer_Occupancy_in_Words_5S
File Edit Spedal Help AHB_Bus_1_Throughput_MBs_Max = 15.632,
o —=| AHB_Bus_1_Throughput_MBs_Mean = 15.632,
3 B@E@E AHB_Bus_1_Throughput_MBs_Min = 15.632,
AHB_Bus_1_Throughput_MBs_StDev = 0.0,
Hardware_Arch_Components AHB_Bus_2_Delay_Max — 4.21680000006
- ] REG R = |AHB_Bus_2_Delay_Mean = 2.50208150059
E 3 REGT‘N' AHB_Bus_2_Delay_Min = 2.40959999999
= . i AHB_Bus_2_Delay_StDev = 3.98220717599
i 1 INT_1=® . aug Bus_2_I0s_per_sec_Max = 6.355E6,
r 1 INT 2= "AHB_Bus_2_IOs_per_sec_Mean = 6.355E6,
o 3 INT 3 AHB_Bus_2_TIOs_per_sec_Min = 6.355E6,
E 3 INT_"-I-' EAHB Bus_2_IOs_per_sec_StDev = 0.0,
o , ; , , E — AHB_Bus_2_Input_Buffer_Occupancy_in_Words_Max

INT & |AHB_Bus_2_Input_Buffer_Occupancy_in_Words_Mea
00 0.2 04 06 08 1.0 INT &= AHB_Bus_2_ Input_Buffer_Occupancy_in_Words_Min

AHR Rinie ? Thnn+r RufFfFar Neriinancvy in Warde S+D

5im Time (Sec) INX1G 2 _

Q




SWITCH BLOCK AND ITS USAGE




PORTS

AHB_Lite

dch
SystemBus

Blocking
- Single interconnect

- 4 connected Devices and can add more

- Single-cycle delay for Read and Multi-cycle delay for Write
Non blocking
- Point-to-point mesh with multiple channels per wire

- Basic block contains for 4 device connections; Can be expanded
- Single-cycle delay for Read and Multi-cycle delay for Write

AND HOW TO CONNECT

. Device

Connections
Al A
| V|V

isch
. -> ->
Device <- <- Device
Connections -> -> Connections
<- <=

DA A
| V|V

Device
Connections

®




KEY CONFIGURATION

Architecture_Name: "Architecture_1"

Switch_Name: "Suwitch” . ]

Speed_Mhz: 100.0 / Width of the switch

Width_Bytes: 4

Blocking_Mode: false

—explanation: Hardware_ModeIing—>Bus_SwitchN

Overhead_Cycles: i i
L 1 Blocking or non blocking mode

Address_Bits: 32

Switch_Levels: 3

Switch_Prefix_Name: "Sywitch” Unique Name

Switch_Devices_to_Ports: (f"Device1"},{"Device2"},{"Device3"}




DENMO MODEL

® Sim_Time: 100.0e-3

ArchitectureSetup
® Memory_Speed_MHz 48.0
Hardware_Stats
= ® Bus_Speed_Mhz 48.0
@ Processor: "ARM_CortexM0"
‘ ® Processor_Speed: 48.0
DigitalSimulator e View_Stats: true

This model describes the implementation of Cortex-MO processor board using hybrid processor.

Trans_Source Processing AHB_Lite RAM B
= | _RAM_1"
TaskGenerator 48.0
! =
{"add" | E
,'mov" ¥

Trans_Source2 Processing2
Proc_Preempt

W’ h,
Flash

nl SystemBus

e 1|
\J
AY AY

/* Task_Pree

Model Location :
$VS/doc/Training Material/Architecture/Processor/Cortex_MO/ARM_CortexM0_Demo.xml

e



RESULTS FOR THE PREVIOUS MODEL

g I
File Edit Special Help File
L E=I

;__LD-S Latency

o M ' M [m n n

8 e -

' LN
5 £,
E 67 I =
" 4] I

0.00 0.02 0.04 0.06 0.08 0.10
Simulation Time (Sec)

b

Edit Special Help

S Jisl) =11 05l e
MIPS_Plot
. . .
4t
5t
2|

0.00 0.02 0.04 0.06 0.08 0.10
Simulation Time (Sec)

&

Processor_Bus_lhroughput_MBs_Mean = 0.82,
Processor_Bus_Throughput_MBs_Min = 0.808,
Processor_Bus_Throughput_MBs_StDev = 0.012,

TIME = 0.1}

DISPLAY AT TIME  —-===-- 100.0000000000 ms ------
{DS_Name = "Switch_Stats",
Switch_ARM_CortexMO_Port_Max_Buffer_Occupancy =1.0,
Switch_I_RAM_1_Port_Max_Buffer_Occupancy = 1.0}

®




CROSSBAR BLOCK AND ITS USAGE




AND HOW TO CONNECT

DigitalSimulator ArchitectureSetup

_ T — « Master devices can be connected
L to the top multi ports of the block
» Slave blocks can be connected to
. the bottom multi ports of the
o N oo N  The packet can reach a slave
o ooog oo o o ooo oo o . . . .
0o o o ' 00 oo I device that is in different
e crossbar by hoppmg through the
T m E s f crossbar according to the
R — configuration in Crossbar_Setup
O @ Isiis [ block.




KEY CONFIGURATION-CROSSBAR

S — vy Width of the crossbar
Architecture_Setup_Name: "Architecture_1"

Speed_Mhz: Crossbar_Clock_Speed_MHz

Width_Bytes: 4 Crossbar QoS — Rate Regulation or
Crossbar_QoS: Rate_Regulation

- Bandwidth limitation
Buffer_Size: 100

Enable_Flow_Control: l'

Enable_Hello_Message_Forwardin... u .
Arbitration_Algorithm: I Buffer Size — Max number of frames that

Routing_Option: Interleave can be stored at the port interface

Routing option — Address based or
interleave (detailed configuration in
Crossbar_Setup)




KEY CONFIGURATION-CROSSE

AR SETUP

Crossbar_Routing_Table: W Crosshar_Name Port_Name Conhnected_Crosshar_Name Connected_Crosshar_Port Port_Bandwidth_Mbps
cxl Slave_1 X2 Master_1 0 ;
cx1 Slave_2 X2 Master_2 200.0
[@¢] Slave_3 X3 Master_1l 200.0
cx1 Slave_4 X3 Master_2 200.0 , e .
o Slavez o e e Specifies the Crossbar routing and
cx3 Slave_3 x4 Master_3 200.0 . . .
7 et = e s bandwidth configuration
X4 Slave_2 CX5 Master_2 200.0 ;
CX4 Slave_3 CX5 Master_3 200.0
X4 Slave_4 CX5 Master_4 200.0
CX5 Slave_1 Wired DRAM_O 200.0
X5 Slave_2 Wired DRAM_1 200.0 ;
CX5 Slave_3 Wired DRAM_2 200.0
X5 Slave_4 Wired DRAM_3 200.0
Crossbar_Settings_Table: [F|Crossbar_Name  Port_Address
cx1 {41,434 43,43, 43, 43, 43, 43, 48 435 43, 43, 43, {3, {3, {"0x00", "0x0000000050000"} , { " 0x00000f
cx2 {{},1}. 4}, 43,43, 43 . {3, €3, 13, €3, 43, 43, 4. {3 43 43 43 £, €3 . {10 41, 41, 03, {3, {3 43
S S SR B B Bl
L H ? L H L L H L L ? L H L L H X L X H X 1 2 1
cX5 o400 0800800000 00.4.0.0.0.0.0.8.0.0.0. Specifies the addressing parameters

and interleave settings

@



DENMO MODEL

Model Location :

CX2 e

vdec

Display

DigitalSimulator

@ Sim_Time: 10.0e-3

@ Crossbar_Clock_Speed_MHz 500.0
@ LPDDR4_Clock_Speed_MHz: 1600.0
@ Debug_Enable: false

@ Enable_Packet_Trace: true

Stats

0o Ooo0odg 0o o d

CX3
o oOooo oo o
>
0 o oo g
Cx4 MM M
0o o oo d O
o o o
CX5

$VS/demo/NoC/Crossbar/20220527 5M_4S CX Demo Model 17.xml

ArchitectureSetup

P System_State

This model describes the data transfer over multiple crosshar
P for different device in an SoC to the memory devices.

L




RESULTS FOR THE PREVIOUS MODEL

& | B | &
File Edit Spedal Help | File Edit Specal Help | File Edit Special Help
BRI 1=1] )il = & [E =5 W | =] & [E = W =
:;:';._1’43_IEi End_to_End_Latency_Plot :ﬂ.ﬂz Avg_Throughput_MBps_per_Master ﬁhﬂoughput_MBps_per_Master_per_Frame
S a4l | DMA. Z DMA - | | ol MW Aaatmmentseme | DMA .
= 3 1 GPU . 5 1 GPU « "g'_ GPU «
£ 5l 1 ARM . & ARM . | £ 5ct 1 ARM .
B [w) ] [ B
T oqr 1 Vdec . = Vdec « | 3 Iiﬂ i Vdec .
Wl | Display - | & 0.0] e | Display £ 0.0 | Display
00 02 04 06 08 1.0 ~ 00 02 04 06 08 1.0 00 02 04 06 08 1.0
- d . . . -2
_ Simulation Time (Sec) x10 2 ] Simulation Time (Sec) x10 2 Simulation Time (Sec) x10
| |
'CX1_S'Iave_lﬁ_Avg_Bandwidth_MBps = 0.0, = = — Thmm—T TR
CX1_Slave_16_Peak_Bandwidth_MBps = 0.0, Trace = {"CX1_Master_2_in", "CX1_STlave_2_out", "CX2_Master_2_1in", "CX2_Slav

CX1_STave_1_Avg. Bandwidth_MBps 233.5815429710858, Time = {0.0099997361691, 0.0099997421691, 0.0099997421691, 0.0099997481691,

CX1_Slave_1_Peak_Bandwidth_MBps = 8.1380208340875E6, L
CX1_Slave_2_Avg_Bandwidth_MBps 400.5859375040059,

DISPLAY AT TIME =—=——m- 9.999874000000 ms ------

CX1_Slave_2_Peak_Bandwidth_MBps = 8.1380208334993E6, Master = GPU Slave = DRAM_1 ::::

CX1_Slave_3_Avg_Bandwidth_MBps = 0.0, JAddress = 372999L o o o
CX1_Slave_3_Peak_Bandwidth_MBps = 0.0, Trace = {"CX1l_Master_2_in", "CX1_Slave_2_out", "CX2_Master_2_1in", "CX2_Slav
|CX1_S1ave 4 Avg Bandwidth MBps = 0.0, |Time = {0.0099997976727, 0.0099998036727, 0.0099998036727, 0.0099998096727,
f'Y; Clawva A Daal RanduwdAdA+h MRre - N N ﬁ

@






PORTS Al

End_To_End Latency

M

Routeﬂ
’ -

RN_pArrayPath3
Delay R*Z‘
P »
+ g- == P snE

R &1

lay5 DElay4

R 2

Delayd

3

—

| - o . 7 b
Route N Route
> Id 1 > >
— > r S
HNI2
HN_ArrayPath  Cache_Slice

CycleAccurateDRAM

Memory_ContrcillerE
Memory Control1eg 4
LPDDR DRAM P
3200M8: 3200 Mh
- —p
v < v

D HOW TO CONNECT

Device -
connection <-

To Adjacnet -»
Router <=

Latency
A

RN_gerayPath
-»  Network
<- Connection

NetworkConnection <-
|
RMNI

. Network

Connection <-

To Adjacent

Router
| A
v
.Fi <- To Adjacent
- ->  Router
: <- Device
-> connection
| A
v
To Adjacent
Router
HM_ArrayPath
. Network -= -> Cache
Connection <- <- Block
HNI
From Network -> HNI
SNF2
== H -= Memory

<- Dewvice

_—




KEY CONFIGURATION

Router RN Array Path, RNI, HNI and SNF

L P ] Number of

VC size and Device_Threshold: | 1000 Virtual channel
Ingress_Buffer_Size:  [Ingress Buf device interface TrafficRate: 10.0 * 1.0/Frequency \ .
VC_Buffer_Size: VC Buf queue size Interface buffer size
Router_Address: "R_1 1"
Router_Frequency: Router_Frequency
Node_Name: "R_1 1" Router
o : /’ i HN Array path
Router_Coordinate: 1,1} Coordinates Y P

Router_Queue_Length: |gqp
Width: 8

\ Router Width in Next_Device: "Cache_L3" —_ HNF CaChe name

Frequency:
aaw bytes w0t
Flit_Size:

o4
Num_Queues: 16

Source_Address: "HNF 1"
Device_Threshold: gg
View_Plot: )




DEMO MODEL

4
® SimTime: 50.0e-6 'PIS:
@ Device_Thres hold: 50 .‘a
® Flit_Size: 32 L
® Bauter_Frequensy: 00,08
o cy: 100 ek iaha
dih_Byies: 4 -
& Controller_Spesd_hhz S00.0
“ ,
& Ingress_Buf 10 Databased Database?
- Buf 1000 rHN_CEE MHLER"

S os e

» Ve _Stats: frue

® Oabug_Fialds:

End_To_End Latency
Y

RN_JrrayPathz

Model Location : $VS/demo/networking/Noc/NoC_Demo_Updated.xml

Digital

WariahleList

ResourceStalislics

ArchitechiureSatup Router Stals

Buffer Stats

dMamory_Controlier? CymleAccurataDRAM

HN_AmayPslh  Gache_Slice

e,




RESULTS FOR PREV

File Edit Special Help

Input Buffer Occupancy_North

Router 1 1
Router 1 2 .
1
21

Router 2
Router 2

File Edit Special Help

Input Buffer Occupancy_West

Router 1 1 «
Router 1 2 -«
1o
2 Y

Router 2
5 Router 2

[

ile Edit Special Help
FOE N

nput Buffer Dccupancy Dewcez

41 ﬂ 1Router 1 1=
a JH\, TRouter 1 2=
Router 2 1=
Router 2 25

win

ML

o = |
GE@E@@ File Edit Special Help

10US MODEL

| File Edit Special Help E
- ile Edit Special Help
S =] Cips ] = P : .
yEOENFE
Input Buffer Occupancy East 10.5 S T e e
Router 1 1 . . nc_To_tnd Latency
Router 1 2
Router 2 1
Router 2 2 .
1 }(10_5'
, x10™
a B@E@@ VisualSim Architect - .NoC_Demo_Updated.Route... — O X
Total_Delay_StDev = 3.3686109904403E"
Input Buffer Dccupancy South Utilization_Mean = 31.4150012566001
107
Router 1 1 « prspiay AT TIME 0 oo 49.999998
5 Router 1 2 . |{{BLOCK = "NoC_Demo_Updat:
0 Router 2 1 . |DELTA = 0.0,
0 1 2 3 4 5 Router 2 3, ?S_NAME : 6(’Jueue_Common_St.
x10™> |TNDEX =0,
- Number_Entered = 424,
QE@EEE Number_Exited = 424,
Number_Rejected =0,
Input Buffer Occupancy Device Occupancy_Max = 20.0,
|Occupancy_Mean = 6.3584905660377,
Router 1 1 . Occupancy_Min = 0.0,
o Router 1 2 - |occupancy_StDev = 5.4143218172249,
I 'I'I'I"!i Router 2 1 - |Queue_Number =1,
Router 2 2 . T™™8 = 4.9999998E-5,
0 i 3 4 5 Ieeeeeee—

®




ARTERIS NOC BLOCKS AND ITS USAGE




HOW T0 CONNECT?

To Adjacent

Router
| A
v
. Swi .
Device -> « < To Adjacent
connection <- P -> Router
] Router i
ArchitectureSetup To Adjacnet -> : <- Device .
DigitalSimulator - -> connection
Router <
TexiDisplay
[ 1 o NoC_Setup . | A
[ P v I
L ® NoC_Speed_Mhz 500.0 To Adjacent
o Flit Size Bytes: 4 Router
PE_1 Masler NIU4 Swi Wire15 Swi
s e lirct » = Memory_Controlk CycleAccurateDRAM
1 % N Slave NIU3 mory_Confroller  CycleAccura
Router | Router Hesary Contral ' “ig— pRAM P
b - 3200082 .‘ > ]Exoonmzas‘ WST&F_NlU
PE1_Throughpfit v < \ Master -» <- Network
| Device <- -> connection
L Vi et ef2
PE1_Latency ' . |
’A‘ i ire14 ra13 LAY
L\ Latency Throughput
PE 2 Master NIU5 Swidh Swi
| 3
Router Router
u ‘ N Slave_NIU
PE2_Throu :u}‘ M Network <= 'f -> Slave
| o connection -> <- Device
“"\'\vj
PE2_Latency
Y
Wire

to Router <- <4be <- from Router

s




KEY CONFIGURATION

Switch (Router)

Router_Speed_Mhz:
Node_Name:
Power_Manager_Name:
x_val:

v_val:

Topology:

No_of Routers:
Priority_Enable:
Stats_Enable:
Interconnect_QoS:
No_Of_VC_Per_Port:

Bandwidth_per_Port_Mbps:

Interface_Buffer_Size:

NoC_Speed_Mhz

"R_"+x_val+"_"+y_val /* Do not Modify */
"none"

1

1

Mesh

4 /¥ configure only in Loop Topology*/
true

Bandwidth_Limiter

1

£200.0,200.0,200.0,200.0,200.0,200.0} /*
500

Add Remove Restore

1

Router
Coordinates

Device Interface
and Virtual Channel
Buffer Size

NIU_Name:
Clock_Speed_Mhz:
Flit_Size_Bytes:

Request_Buffer_Size:

Reorder_Buffer_Size:

QoS_Mode:
Architecture_Name:
Input_Flow_Control:

Bandwidth_in_MBps:

Start_Device:
End_Device:
Delay_Name:
Wire_Length:
_flipPortsVertical:
_flipPortsHorizontal:
_rotatePorts:
Clock_Speed_Mhz:
Wire_ID:
Wire_Width_Bits:

Repeater_Register:

Power_Manager_Name:

NIU (Network Interface
Unit)
"Core_1_NIU"

NoC_Speed_Mhz
Flit_Size_Bytes

e

60 }\
MNone

"Architecture_1"

Flit Size in bytes

Request and
response queue

false
200.0 size
Add
Wire
R2.2 Router
"R_2_1" t
Start_Device + "_to_" + End_Device connections
1e-8
true
false
180
NoC_Speed_Mhz Wire ID if power
! —” enabled
16 \
1 . . . .
A— Wire width in bits
1
Add Remove



DEMO MODEL

ArchitectureSetup DigitalSimulator

mlq,m@i”'ay 'I"'T'NOC =
I - @ NoC_Speed_Mhz 500.0 -

o Flit_Size_Bytes: 4

Memory_Conftroller CycleAccurateDRAM

Memory Control e,

LPDDR DRAM
3200MBz 3200 Mhz
8 Bytes

PE2_Throughput

Ay
\UII'

PE2_Latency
—> Jr-“\'\.\i 7

Model Location : $VS/demo/NoC/Arteris/Noc_Arteris Demo.xml

L




10US MODEL

RESULTS FOR PREY

= -

File Edit Special Help | File Edit Special Help NIU_Core_1_NIU_01_Request_Throughput_MBps = 25.88800001
EZ C NIU_Core_1_NIU_02_Response_Throughput_MBps = 49.88400002
ey =] c4

5 \3 EIJJJJ 2 6 @ BDD@E NIU_Core_1 NIU_03_Read_Request_Initiated = 789,
0 PE1 Latenc )?3‘0 PE1L Throughput NIU_Core_1_NIU_04_Read_Response_received = 779,

;Hl' = y a — : 9 p. NIU_Core_1_NIU_O5_Write_Request_Initiated = 20,

o) ::E- NIU_Core_1 NIU_06_Write_Response_received = 0,

- 2 1 I~ 10 NIU_Core_1_NIU_07_Total_Read_Request_Bytes = 50496,

E = ' NIU_Core_1_NIU_O08_Total_Write_Request_Bytes = 1280,

a 1 J E- 0.5 NIU_Core_1_NIU_09_Total_Request_Bytes = 51776,

ﬂ o NIU_Core_1_NIU_10_Total_Response_Bytes = 99768,

. . . 3 0.0 NIU_Core_1_NIU_11_Minimum_End_to_End_Latency = 2.787368E-¢€
E NIU_Core_1_NIU_12_Maximum_End_to_End_Latency = 2.6272005E-

0.0 0.5 1.0 1.5 2.0 3 [ 0.0 0.5 1.0 1.5 2.0 3 NIU_Core_1_NIU_13_Request_Buffer_overflow = 0,
Simulation Time (sec x10 . - . = INIU_Core_1_NIU_14_Packets_Waiting_in_Request_Buffer =0,

- ( ) ~ - Simulation Time (sec) x10 NIU_Core_1 NIU_15_Packets_Waiting_in_ROB_Buffer = 0}

= {Arteris_NoC_R_1_1 Throughput_MBps = 63.2686614990234,

i e ol ile it Specdi alp Arteris_NoC_R_1_1_Utilization_Pct = 98.2201968,

File Edit Specal Help File Edit Special Help A o TNoC R 11 R > 1 Th h B > 37120001¢

| —=Arteris_No to_R_2_1_Throughput_Bps = 2.
& ) =] 0] ) 3 EBIMIFE 5 ceris NoC_R_1_2_Throughput_MBps = 49.3698120117188,
-5 5 Arteris_NoC_R_1_2_Utilization_Pct = 97.56155725,

10 PE2_Latency x50 PE2_Throughput , Arteris_NoC_R_1_2_to_R_2_2_Throughput_Bps 2”4 870400021 1

@ -'E Arteris_NoC_R_2_1_Throughput_MBps = 37.3516082763672,

o, ] —

= 2f =

2 = 1 DISPLAY AT TIME  —————- 1.9999999910 ms ------

81 £

H B 7 g\ RS SR L L L LSS RS W'I re Th rou ghput FhEhAdh A hhhdk

I I | o 0 g R_2_1 to R_1_1 = 1.5454000069543E7 Bytes_per_sec

0.0 0.5 1.0 1.5 20 L R_1 1 to R_2_1 = 2.3712000106704E7 Bytes_per_sec
3 = 00 0.5 1.0 1.5 2.0 3 R_2_2 to R_1_2 = 3.062000013779E6 Bytes_per_sec

Simulation Time (sec) x10 i | Simulation Time (SEC) %10 R_1_2 to R_2_2 = 4.8704000219168E7 Bytes_per_sec




CMN600 BLOCKS AND ITS USAGE




PORTS AND HOW TO CONNECT

v
XP
Device > ) YA g <- To Adjacent
connection <- XP P -> Router
To Adjacnet -» : [ <- Device
@ \iew_Plots: true RMN_F_Proc3 Digital Router <- Y A -> connection
| A
ok v |
RN_F_Proc T To Adjacent
Router
h XP
Wire
XP SNF to Router <- «{ge <- from Router

RM_F_Proc

-=  Metwork
<- Connection
yrlired HNF
“ i re8 . Network =
F 3

Connection =-

RMI

. Network -=
Connection <-

RN_F_Proc2 XPE‘ XP4
[ Wire6 RNI HNI
XP res J Connection <- HNI
SMNF
HNI HNF 1 . Network -» =
:m Connection <-

s




KEY CONFIGURATION

Ingress_Buffer_Size: 1000

VC_Buffer_Size: 10
Router_Frequency: Router_Frequency
Node_Name: "R_"+x_val+"_"+y_val

Power_Manager_Name: "Manager_1"

J

Single_bit_error_ratio: g4

Double_bit_error_ratio: g >

XP (Router)

Size of Virtual Channel and
device interface queue

/v Bit error ratio

VLAN_Q: 4 — » Number of VC
x_val: 1 7
y_val: 1

Stats_Enable: ()

' Router Coordinates

Wire

RNF, RNI, HNI and SNF
Pt No of VC in the router

VLAN_Q: 4/*Total number of VLAN_Q available
Device_Threshold: Device_Threshold — ] .
TrafficRate: 10.0* LO/Frequency Device buffer size
Address_Low: 0
Address_High: 1022
Random_Address: Ise/*true for generating random addr re ..
Request_Priority: AP AL HH,AM,L are the available o.—— Packet Priority
QoS_Regulator_Mode:  pgpe
HNE Flit_Size: Flit_Size —> Flit size in bytes

Flit_Size: Flit_Size

Num_Resources: 50/*Total number of resources available for POCQ*/ HNF in put Queue

Source_Address: "HNF_2" size

Device_Threshold: Device_Threshold

Power_Manager_Name: "Manager_1"

SLC_SIZE_KB: 256 ————> HNF cache size

View_Plots: (-]

| VLAN_Q: 4/*Total number of VLAN_Q available*/

Start_Device: "R_1_2"
End_Device: "R 1 1" .
, . == Router connections
Delay_Name: Start_Device + "_to_" + End_Device
Wire_Length: 1e-8
_flipPortsVertical: | trye

_flipPortsHorizontal: | f3)ge
_rotatePorts: 180

Clock_Speed: 200e6 )
R : ___—» Delay cycle for fllti)

Wire_ID: 2



DEMO MODEL

® View_Plots: true

Parameters

RN_F_Proc3 Digital

PowerTable

Power_Plot

RN_F_Proc

o HNF_Qos_Register_Value_Selection: Generic
o Power_Mode: Dynamic_Retention

@ SimTime: 200.0e-6

® Device_Threshold: 50
® Flit_Size: 32
@ Router Frequency 800.0e6
e Frequency: 100.0e6
Databases
— LOg—File Database
— " <
——
: H == :l ’
Database6 Database?
Plots LA ’-IEF_ 5 R
rT VariableList ==
Database8 Database3
HN_Uaizbz . » EE
RN_F_Proc2 >1 s :} : ;

Model Location : $VS/demo/NoC/Corelink/CMN600_with A77 DDRS5.xml

Q




RESULTS FOR PREVIOUS MODEL

€ € B visual
File Edit Special Help File Edit Special Help _File Edit Special Help
O EN R E OB N HE b J =) )
%0-6 Latency «10° Throughput X103 Power_Plot
lo T T T T T T ] I T T T T T T T T T
5 4 RNF 1. 15| instant =
& 3 TRNF 3 a | I | 5t 1 Avgs
= ar 1RNF 2 .
S L ] i 17 7
c 1 [ 0.5
% 0 Y AR S S BN 0.0 | | | L1 0] | | |
g0 05 10 15 20 25 3.0 . 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
5 | = x10"

Simulation Time ( Seconds ) x10° x10




PCIE BLOCK AND ITS USA




PORTS AND HOW T0 CONNECT

Library Tree

#F T Ethernetsem
- Fibre_Channel
#- | FlexRay

M- | FireWire

- Networking
2|4 Pa

i ﬁE PCI

# | PCI_RAD
Rapid_IO
SpaceWire
Tilelink
TimeTriggeredEthernet
Wireless_Sensor
Gateway
TSN_Switch

Full Library

UserLibrary

PCle_Bus
Ty
- Jx T >
S - 4
MAD AM Master > f® p f > Slave
D atabase DR —— Device <- O ¢ B <- Device
Connections -> ® I @ -> Connections
HeR
< f
- —_
jx x4
<= bY T <~
|
v
msg out

Master and slave ports are multi
port connections.

Msg_out: provides debug
messages of PCle

Stats_out: not used in the current
version




KEY CONFIGURATION

Edit parameters for PCle_Bus -

Architecture_Name: "Architecture_1'
BNl "PCle_1" mmon or array for each port in order starting from
Number_of_Lanes: * * . . o

16/ Can be an array */ top-left and continuing through top-right
Slave_Buffer: 512 /* Max Bytes @ Slave */
Master_Buffer: 512 /* Max Bytes @ Master ¥/
_explanation: Interfaces and Buses->PCI->PCle_Bus
Header_Bytes: 16 [* 32 Bit Mode, includes CRC Bytes */
Number_of_Ports: {12, 12} /* Master, Endpoint Ports */ ) ) _
BER: 1 Required: List of all the Devices
Max_Payload_Size: 64 /* Write, Read Data */ connected to each End-Point
Max_Payload_Req_Size: 128 /* Read Requests */
Read_to_Write_Ratio: 0.5 /*0.0to 1.0 %/

Devices_Attached_to_Slaves: yraAM_3"},{"Dev_4"},{"Dev_5"},{"Dev_6"},{"Dev_7"},{"Dev_8"},{"Dev_9"},{"Dev_10"},{"De

Root_Complex_Flow_Control: {false,false false false false false false false false,false false false, false,false false false}

Endpoint_Flow_Control: {false,false false false,false false false,false false false false false false,false false false}
Enable_Plots:

Bit_64_Mode:

NumOfRetry: 4

Timeout: 6E-6

PCle_MBps: PCle_Gen_t Required: Determines speed

Q




DEMO MODEL

ArchitectureSetup VariableList @ SimTime: 1.0e-3 DigitalSimulator
@ Bus_Speed: 200.0
@ Arch_Setup: "Architecture_1"

@ Enable_Plots: true

This model describes the usage of DMA with the PCIe Bus.

DMADatabase DRAM
alp : 0
== EI PCle_Bu DRAN

Traffic ExpressionList ) DMA
Device hterface ; Devicelnterface2  P€lay
p— ¥10Q.0e-9. . .
=t

mHMOT
[ 2| 2 2t e | | HHEHH

[ 1 e B ]

\ 2 4

Model Location : $VS/doc/Training_Material/Architecture/bus/PCle/PCle_ DMA.xml

L




RESULTS FOR THE PREVIOUS MODEL

& ] ) |
File Edit Special Help [File Edit Special Help | File Edit Special Help
3 & BN E o Y= BN RE
2 - R -
%_0 . Thro!.lghput_PIottf_-r | 30 3 Latency_Plotter :'xm E Latency
g 12f 1 pe1e B 1.0] ' i g 14[] ' i
= 107 RC2= & | -
g 0 S 2 (LI
Fa =18 C I
& | | | | ] Rcas 9§ g0l | 1 g o8
J 0.2 04 06 08 1.0 Egg 00 05 10 0] H ‘ ‘ | H H ‘ | ‘ ‘
~ - . . -
Sim Time (sec) Ri : Sim Time (sec) x10 | 0.0 02 04 D06 08 1.0

B visualSim Architect - .PCle DMA.PCle Bus.Thro... — O B VisualSim Architect - .PCle_DMA.PCle_Bus.Activity_Plotter -3
o . e _ Sim Time (sec) x10
File Edit Specal Help [File Edit Spedal Help
g o E= Wk E o EE Nk E
E Throughput_Plotter2 Activity_Plotter

T T T T T [ i
g | RCl= Slave Port 4 = L R L A
E 90 | RC2 = Slave Port 17 i
5 &0/ RC3 =
& &8 RC4 =
3 : : = RCS Master Port_1°- |
E 0.2 0.4 0.6 0.8 1.0 RCE= 00 01 02 03 04 05 06 07 08 09 1.0

Sim Time (sec) REd Sim Time (sec) 1073




PCIE6.0 BLOCK AND ITS USAGE




PORTS AND HOW T0 CONNECT

Arteris_NoC . RAM . - PCle6_Bus ->
EthernetSemi Devicelnterface PCle6 Bus (E — - 0 O <-
Fibre_Channel = DRAM 1 Master - g O 0 i -> 51 ave
FlexRa | 2000.0 Device <- <- Device
¥ ] [y .
FireWire s 4 Connections -> 0 O -> Connections
' S [1 [¢ _ 0O 0O -
Networking H 1 ) O 0O ->
PCI )X L D‘:{ RAMZ - ~
C @ (] 11 . —— <- v <
ﬁ'g PCl E ﬁ DRAM2" ) |
ﬁ‘f PeLX U [ 2000.0 V
- E'E Devicelnterface2 debug port
.ﬁ": —— i Debug Display
5 PCL_RAD =
N Master and slave connections
paceWire

use multi port for input and
output.

Debug_port: provides debug
message of the PCle6 bus




KEY CONFIGURATI(

N

Maximum request size of a packet

Architecture_Setup_MName: "Architecture_1"
PCIe_Switch_Name: "PCle_Switch”
Max_Read_Reqg_Size_Bytes: 4006
Flit_Size_Bytes: 256
Murnber_of_Lanes: 16 < Number Of La nes
Buffer_Size_Bytes: {4096,4096} //Rx, Tx
Overhead_Cycles: 0
Devices_Attached_to_Ports: lev_4"},{"Dev_5"}{"Dev_6"},{"Dev_7","DRAM","Reg"},{"Dev_8" "Dev_11"}{"Dev_12"}} .
Enable_Debug: oo Maximum bytes that can be
BER: - i
L0e-11 stored in Rx and Tx buffer
NurmOfRetry: 4
Timeoutz 6E-6

Enable_Master_Flow_Contraol: D

Enable_Slave_Flow_Contol: [ List of Devices connected to each
Replay_Buffer_Size_Bytes: 1024 Of the pOFt

Mumber_Of_Successive_Acks: |3
Enable_Selective_Ack: frue
Enable_Hello_Msg_Forwarding: | +ye

Add Remove Restore Defaults  Preferences Help Cancel




DEMO MODEL

DigitalSimulator

ArchitectureSetup

TextDisplay

@ Enable_Debug: false
e Sim_Time: 1.0e-6

e Enable_Plots: true

PCI6_SWITCH_2x2_DEVICE INTERFACE MODEL.

Traffic ExpressionList Devicelnterface RAM
B>

| PCle6_Bus =
5o
TextDisplayd rl O
extDispla X ]
i S 543 RAM2
- E]i DRAM2"
Traffic2 ExpressionList2 2000.0
>

Devicelnterface2
!_J Debu-giDisplay

TextDisplay3

Model Location : $VS/doc/Training_Material/Architecture/bus/PCle6/PCle6_Device
Interface2x2 base model.xml @



RESULTS FOR THE PREVIOUS MODEL

&)

TClC _OWITLCT_FTeIlc_OWTCCl_ruTl C_IZ_TA_TTOPS - uU.v,
PCIe_Switch_PCIe_Switch_Port_1_Drop_Count = 9372,
PCIe_Switch_PCIe_Switch_Port_1_Rx_MBps = 88152.08815208815,
PCIe_Switch_PCIe_Switch_Port_1_Total_MBps = 178252.17825217824,
PCIe_Switch_PCIe_Switch_Port_1_Tx_MBps = 90100.0901000901,
PCIe_Switch_PCIe_Switch_Port_1_to_Port_8_Max_Latency = 1.23986E-7,
PCIe_Switch_PCIe_Switch_Port_1_to_Port_8_Mean_Latency = 1.1238603392:
PCIe_Switch_PCIe_Switch_Port_1_to_Port_8_Min_Latency = 4,538E-9,
PCIe_Switch_PCIe_Switch_Port_2_Drop_Count = 9961,
PCIe_Switch_PCIe_Switch_Port_2_Rx_MBps = 88684.08868408868,
PCIe_Switch_PCIe_Switch_Port_2_Total_MBps = 178844.17884417885,
PCIe_Switch_PCIe_Switch_Port_2_Tx_MBps = 90160.09016009016,
PCIe_Switch_PCIe_Switch_Port_2_to_Port_7_Max_Latency = 1.24181E-7,
PCIe_Switch_PCIe_Switch_Port_2_to_Port_7_Mean_Latency = 1.0468030285:
PCIe_Switch_PCIe_Switch_Port_2_to_Port_7_Min_Latency = 4.738E-9,
PCIe_Switch_PCIe_Switch_Port_3_Drop_Count =0,
PCIe_Switch_PCIe_Switch_Port_3_Rx_MBps = 0.0,
PCIe_Switch_PCIe_Switch_Port_3_Total_MBps = 0.0,
PCIe_Switch_PCIe_Switch_Port_3_Tx_MBps = 0.0,
PCIe_Switch_PCIe_Switch_Port_4_Drop_Count =0,
PCIe_Switch_PCIe_Switch_Port_4_Rx_MBps = 0.0,
PCIe_Switch_PCIe_Switch_Port_4_Total_MBps = 0.0,
PCIe_Switch_PCIe_Switch_Port_4_Tx_MBps = 0.0,
PCIe_Switch_PCIe_Switch_Port_5_Drop_Count =0,
PCIe_Switch_PCIe_Switch_Port_5_Rx_MBps = 0.0,




INTEGRATED CACHE AND ITS USAGE




Integrated Cache

Integrated Cache can be used as L1(Instruction and/or Data), L2 and L3 cache in both stochastic and
cycle accurate mode.

Stochastic Mode:

o

o

Hit or miss of input request will be determined by the instruction hit ratio/data hit ratio.

If it is a hit, request will be processed and response will be returned to the source. If it is a miss, request
will be sent to next level cache or memory to fetch whole block of data, while the request is waiting in
the buffer,.

Address_Based Mode

o

Hit or miss of the input request will be determined by the availability of the requested address in the
cache.

If it is a hit, request will be processed and response to the requested address will be returned. If it is a
miss, whole block of address range will be fetched from next block of memory and the request waiting
in the buffer will be processed.

Flow control:

o

User can run the model either with flow control or without flow control. By default block will be used in
without flow control.

Input flow control can be achieved by including a field named “Event_Name” in the input data structure
and a TIMEQ to trigger the next request. The next request will be triggered only when the data is
processed by the cache.

Output flow control can be achieved by setting the “Output_Flow_Control” parameter as true.

MIRABILIS

Integrated_Cache




Required Parameters

« QOutstanding Requests

* Number of Outstanding
misses and prefetche

« Number of Hit before
Prefetch

Cache_Name:
Cache_Speed_Mhz:
Cache_Width_Bytes:
Cache_Size_Bytes:
Block_Size_Bytes:
Cache_Type:

Stochastic_or_Address_Based:

Hit_Ratio:
Loop_Ratio:
Overhead_Cycles:
Input_Flow_Control:
Req_Buffer_Size:
Output_Flow_Control:
Total_Outstanding:
N_Way_Associativity:
Cache_Replacement_Policy:
Cache_Write_Policy:
Inclusion_Policy:
Miss_Memory_Name:
Power_Manager_Name:
No_of_Statistics:
Word_Access:
otal_OQutstanding_Miss:
N_Hits_Before_Prefetch:
Main_Memory_Size_KB:

Architecture_Name:

Add Remove

MIRABILIS

- d X a

Cluster_Name+"_L2_Cache"

12_Cache_Speed_Mhz

L2_Cache_Width_Bytes

L2_Cache_Size_Bytes

Cache_Block_Size_Bytes

D_Cache ™
Address_Based v
0.8

0.2

0  /* For read and write set it as array {Read,Write}, eqg: {1,3}*/

[l

16

[]

10

8

Pseudo-LRU v
Write_Back v
NINE /* Mandatory for L1 cache */ w
Next_Level_memory_Name

"None" [*To analyse power, link the manager name */

cast(1,Number_of_samples)

First_Word ™
10

1

4%1024*1024

Architecture_Setup_Name

Restore Defaults Preferences Help Cancel




Integrated Cache Statistics

Number of Statistics samples can
be generated during the simulation
time using the parameter
“No_of_Statistics’

MIRABILIS

B VisualSim Architect - .Cache_and_mem.L2_Cache_Statistics —

DISPLAY AT TIME
{A_Hit_Ratio
A_Miss_Ratio
A_Prefetch_Ratio
A_Read_MBs
A_Read_MBs_per_Second
A_Total_MBs
A_Total_MBs_per_Second
A_Write_MBs
A_Write_MBs_per_Second
BLOCK

Buffer_Occupancy
DS_NAME

1D

Number_Entered
Number_Returned

TIME

Utilization

—————— 500.2795000 us

= 93.2203389830508,

6.7796610169492,
0.0,

0.181248,
362.4960072499201,
0.193536,
387.0720077414401,
0.012288,
24.57600049152,
"L2_Cache",

0,

"Header_Only",

1,
1/7,

177,
5.002795E-4, |
12.1845002436899}




STOCHASTIC CACHE AND IT'S USAGE




MIRABILIS

ooponn
Stochastic Cache
Emulate a cache in stochastic architecture mode where
addresses are not available- Used with hit=ratio
Cache
Handles Typei;ng;nneral'“} -Cacha_1' ----- :!I:y'pcl'alijtgz:lzeral
o Request are Queued L Y * Sve: General
o Measures actual Cache hit-miss ratio Tyngtgéﬁ »
o Cache Prefetch, |
o Read/Write

o Cache miss activity to the next level of memory




MIRABILIS

Configuration

Edit parameters for Cache — O X
[ Route the requests to the next level of
Block_Documentatio... {3 [Enter User Documentation Here / memory to access when a cache miss
A occurs or a prefetch is requested
Architecture_Name: "Architecture_1" /
Cache_Name: "2 Cache" /
"DRAM" 7 Number of outstanding requests that
Cache_Speed_Mhz:
Cache_Speed aeieopes e |2 Cache Cock " need to be processed
— Cache_Size_KBytes: 64.0 /
IS hecessary Width_Bytes: 4 P
Words_per_Cache_Line: |qg /
z -
Cache_Address: "/* Format: Min_Address,Max_Address. Example:100,200 */"

rand(0.0.10) <= 0.9 ! Expression for the cache hit using RegEx
Enable_Hello_Messages: Ianguage.

* true, then the task had a cache hit
‘ ‘ ‘ \ \ ‘ ‘ ‘ * else a miss occurred.

Commit Add Remove ‘ ‘ Restore Defaults‘ ‘ Preferences ‘ ‘ Help Cancel

TIOTTATTO A T TR T T —




STOCHASTIC MEMORY AND IT'S USAGE




Stochastic Memory

>
Edit parameters for RAM — O X
Block_Documentatio... [ [Enter User Documentation Here
Architecture_Name: "Architecture 1"
Memory_Name: "SDRAM_1"
Memory_Speed_Mhz: 250.0 _ H H
o[22 » Required field
Access_Time: "Read 5.0, Prefetch 6.0, Write 7.0, ReadWrite 8.0, Erase 9.0"
FIFO_Buffers: i
e » In ns for one width access
Refresh_Rate_Cycles: 16384
Refresh_Cycles: 2
Memory_Address: "/* Format: Min_Address,Max_Address. Example:201,300 */"
Controller_Time: "Cycle_Time * 1.0"
Enable_Hello_Messages: H
ol selb Hess Activate & Overhead cycles
Width_Bytes: 4 - \
Memory_Type: SR = Value is expression, variable or
Refresh: true f
ield
Commit | | Add ‘ ‘ Remove | | Restore Defaults ‘ ‘ Prm%‘-’\l-lelp ‘ ‘ Cancel

For SRAM, set to false




MIRABILIS

(dlefs]igln]
1. Models the memory controller and memory array
2. Handles
> Read
o Write DRAM
o Refresh T',-'pei'.nGp;nnerm ““““ > :-'Smm_"—t SRS = Typglz-ltg::'nzeral
o Erase . n_uéput . 2500 e input2
ype: General : Type: General
3. Applications outiu

Type: General

> ROM, RAM, SRAM, DRAM or SDRAM

> DDR, DDR2, DDR3

> SDR, QDR

> VRAM, Direct Rambus, PSRAM, SGRAM
> NAND and NOR flash




MIRABILIS

Important Concepts

1. Controller Time — Scheduling + Activation
= Cycle Time = 1/Memory Speed Mhz

2. Access Time

= Access time for Read, Write, Prefetch and Erase is in nanoseconds
Example : Read 1000.0/Memory_Speed Mhz
= Default value
= Read 5.0
= Prefetch 6.0
= Write 7.0
= ReadWrite 8.0
= Erase 9.0




Read

Input

Operation

DISFPLAY AT TIME —  —————— 5.00 ng —-————-—
{A_Addr_Ctrl1_Flag = true,
A_Address = 0L,
A_Address_Max = 100,
A_Address_Min =1,

A_Branch = false,

A_Bytes = o4,
A_Bytes_Remaining = &0,

= amcT=T5] —

<A_C0mmar‘|d = "Read'D

e , "

AT T

A_Data "MyData",
A_Destination "DRAM_1",
A_First_Word true,

A_Hop "DRAM_1",
A_TDX a,

A_IDY o,

A_I_Addr oL.
A_TInstruction {"apo", "ADD"Z},

A_Instruction_Reorder
A_Interrupt
A_Frefetch
A_Priority
A_Proc_Return
A_Protocol_State
A_Return
A_Source
A_Status
A_Task_Address
A_Task_Flag
A_Task_ID
A_Task_MName
A_Task_Source
A_Time
A_Vardiables
BLOCK

DELTA

DS_MNAME
TN

{1, 1, 1, 1, 1,
false,

false,

a,

_1,

"MyState",

_1,
"Generator",
"Bus_1_Port_2_",
1,

true,

oL,

"Mame",

"Spct,

1.0E-9,

15,

"Traffic",

0.0,
"Processor_DS",
1

1,

1,

1%,

Output

Request goes as a Read,
Response returns as a Write

Request goes as a Write,

Ack returns as a Read

DISFLAY AT TIME
{A_Addr_Ctrl1_Flag
A_Address
A_Address_Masx
A_Address_MAain
A_Branch

A_Bytes

A_Bytes_Remainin
| E T T

A__Command
P —

[ W e
ora

Oho

O T =

A_Data = "MyData".
A_Destination = "Generator",
A_First_Word = true,

A_Hop = "Bus_1_Port_2",
AT = 0,

A_TDY = 0,

A_TI_Addr = 0L,
A_TInstruction = {"aDpD", "ADD"}.
A_TInstruction_Reorder = {1, 1, 1, 1, 1.
A_TInterrupt = false,
A_Preftetch = fTalse,
A_Priority = 0,
A_Proc_Return = -1,
A_Protocol_State = "MyState",
A_Return = -1,

A_Source = "DRAM_1",
A_Status = "Bus_1_Fort_2_",
A_Task_Address =1,

A_Task_Flag = true,

A_Task_ID = 0L,

A_Task_MName = "MName",
A_Task_Source = "Src",

A_Time = 1.0E-9,
A_Variables = 15,

BLOCK = "Traffic",
DELTA = 0.0,

D5_MNAME = "Processor_DS",
ID - 1,

1,

1,

1},
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PORTS AND HOW T0 CONNECT

HW_Architecture
DMA2

AE

SRAM Buffer Global Network_director

Ei I Async
FIFO

DeCompression

Compression RelLU

ﬂ = * The On chip network (pink
surface) is designed as per
the Mask R-CNN
specification
* The Task Graph in the

Scheduler

Offchip_Bus

bottom defines the
behavioral flow for software
and trigger the hardware
devices.

Behavioural Flow - Mask R-CNN

layerSet

Input_Images field set Write_to DRAM

-
-

FeatureMaps

layerSetd FC_Layers

layerSet2 RPN

layerSetd

RolAlign Output Generale
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KEY CONFIGURATION

Block_Documentatio... W

Linking_Name:
fileOrURL:

Data_Structure_Text: [

Input_Fields:
Lookup_Fields:
Qutput_Expression:
Mode:

Behavioural Flow - Mask R-CNN

Input_Images
=

*.xml, *.csv files abs or rel (./) path
-- *.csv real columns set to number
Input_Fields == Lookup_Fields (num, type)
Qutput_Expr: match, match_last, match_all

-- match_all.field not allowed

"Shape_Parameters_ MRCNN"

Browse

Layer H_W R_.S E_F C M U m n e p q r t difmap_gb_allocation
3

FMAPS 32 28 32 6 4 9% 1 7 16 1 1 2 15872
RPN 28 2 14 32 6 1 64 1 27 16 2 1 1 3891
ROIALIGN 14 3 10 64 16 1 64 4 13 16 4 1 4 7168
FCLAYERS 14 2 5 64 16 1 64 4 13 16 3 2 2 10752
CONV1 32 3 28 32 6 4 9% 1 7 16 1 1 2 15872
POOL1 28 2 14 32 6 1 64 1 27 16 2 1 1 3891
CONV2 14 3 10 64 16 1 64 4 13 16 4 1 4 7168
POOL2 14 2 5 64 16 1 64 4 13 16 3 2 2 10752
DECONVL 32 3 28 32 6 4 9 1 7 lée 1 1 2 15872
CONV3 28 2 14 32 6 1 64 1 27 16 2 1 1 3891
DECONV2 14 3 10 64 16 1 64 4 13 16 4 1 4 7168
CONV4 14 2 5 64 16 1 64 4 13 16 3 2 2 10752

w0~

field_set Write_to DRAM
'-.- L}

"Layer"
"Layer"
"output = match" /* FORMAT output = match.fieldb */
Read
Add Remove Restore Defaults Preferences Help Cancel

layerSet2

PreProcessing layerSet FeatureMaps

Each of the layers are defined as
different tasks in the task graph and the
dependency between them is modeled.
A database is used to list the
layers/functions and the parameters
associated with them.

These will be used to determine
the number of Multiply Accumulate
(MAC) operations corresponding to
each layer/function

layerSetd

FC_Layers

Output_Generated PostProcessing ExprassionlList Task_Done
R — €




DEMO MODEL

@ N_baich: 1/balch size of 3D fmaps ® View_All_Stals: rue happ:"a'"e‘ersz ArchitectureSetup
® Global_Buffer_Size_Bytes: 108*1024 @RuN: 1 :ﬂ
® DMA_Burst Bytes: 2047 g > Sys‘?.m_smts
o Num_PE: {1214} @ Power Enable: e @ Enable_Extensive_Debugging: false
@ Enablé_Data_Pruning: true -
AE

HW_Architecture

ﬁ i I Async
FIFO

SRAM Buffer Global_Network_director |

DeCompression

Compression

RelLU

Offchip_Bus

DigitalSimulator

Script

“zero_count

TIMEQ("Eo.
dx=0

ExpressionList

Behavioural Flow - Mask R-CNN

Input_Images field set Wi  DRAM — ——
= - r._. I
b

layerSetd FC_Layers
] 3

layerSet FeatureMaps layerSet3
N S—

Output_Generatpd Task_Done
——— N

o

Model Location : $VS/demo/DNN/DNN_Model Mask R CNN.xml
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DISPLAY AT TIME ------ 2.4109638626960 sec ------
= 2.409963862696 seconds => 0.4149439813099 fps

Mask R-CNN has completed excution - total Tatency

&
File Edit Special Help
R =1
Power_Plot

T 10(
o
g5

ol

0.0 0.5 1.0 1.5 20 25

. Simulation Time (5ec)
VisualSim Architect - DNN_Model Mask_R_CNN_CP... — O

File Edit Special Help

¥ [ em ]

>|(10_3 Off_Grid_Memory_Access_Latency
E . T T : ‘
L1070
ol
e
£ 057
5
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Simulation Time (Sec)
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RESULTS FOR THE PREVIOUS MODEL

{AXI_Top_STave_1_Rd_Threshold_Usage =9.0,
AXI_Top_Slave_1_Rd_Transactions = 1351}
{AXI_Top_STave_1_Wr_Threshold_Usage = 1.0,
AXI_Top_Slave_1_Wr_Transactions 19}
{DS_NAME = "AXI_Top_Master_Read_Queue
Number_Entered = 840,

Number_Exited = 840,

Occupancy_Max = 1.0,

Occupancy_Mean = 0.4997022036927,
Occupancy_Min = 0.0,

Occupancy_StDev = 0.4999999113174,
Total_Delay_Max = 1.0000000383315E-8,
Total_Delay_Mean = 9.988109395259E-9,
Total_Delay_Min = 0.0,
Total_Delay_StDev = 3.4462251483088E-10}
{DS_NAME = "AXI_Top_Master_Read_Queue
Number_Entered = 511,

Number_Exited = 511,

Occupancy_Max = 5.0,

Occupancy_Mean = 0.9676787463271,
Occupancy_Min = 0.0,

Occupancy_StDev = 0.9037593693443,
Total_Delay_Max = 5.9999999999861E-8,
Total_Delay_Mean = 1.5439453125112E-8,
Total_Delay_Min = 0.0,
Total_Delay_StDev = 9.393328231545E-9}

{DS_NAME =
Number_Entered =
Number_Exited =
Occupancy_Max =
Occupancy_Mean =
Occupancy_Min =
Occupancy_StDev =
Total_Delay_Max =

= OQOQORKww®

'AXI_Top_Master_Write_Queu

.0,
.4666666666667,

.0,

.4988876515699, 1
.000000016127E-8,

e,
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