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Architecture Library Overview
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Basic Components to define

Hardware modeling requires Architecture_Setup block

If using Traffic or other custom block to connect to a Bus, use the Device_Interface block in front
of the Bus port

o Also true for AXI, PCle and NoC

Processor block requires InstructionSet
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Parts of a System

Anything in Electronics Support

> Network > Power Table

> Protocols o Statistics and Report generation
o DSP o Traffic, trace, trigger, interrupt

o El;\(;liessor, memory, bus, cache and Exploration

L o Parameters
> Accelerators, Al pipeline

o Software task graph, trace file,
instruction sequence or software
code
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Electronics

Master
° Processor, DMA, Master-Generic

Non-Master

> Bus- Linear (AHB), Crossbar(AXIl), Switch and Network-on-chip(CMN600)
> Memory (SRAM, DRAM, Flash)

o Slave- Generic

Software

o Traffic, Workflow, Profile-driven, Trace-Driven, Generated profile



Architecture Library Overview

*Generate architecture with parameterized blocks
*Define hardware and software components

*Create proposed or derivative architectures in few
minutes

*Rapidly define application flow diagram and behavior

*Optimize architecture and functionality mapping
combination

Hardware Modeling Library

Interfaces and Buses
AFDX
AMBA
Audio_Video_Bridging
Autosar
CAM
Switched_Fthernet
Fibre_Channel
FlexRay
FireWire
Metwaorking
PCI
Rapid_IO
SpaceWire
TimeTriggeredEthernet
Wireless_Sensor




Hardware Architecture Exploration

MIRABILIS

* Size processor, memory, cache, bus & RTOS for target application(s)
* Select arbitration algorithms for switches, custom buses and controller
* Optimize pipeline flows, control operation and input stacks/queue

* Partition applications between processors, ASICs and on FPGAs

* Explore potential architectures against wide-range of traffic stimuli
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MIRABILIS

* Select or validate target architecture performance for application
execution

* Trade-off thread distribution across multi-core or multi-processor
systems

* Create stimulus models of the software to handoff to hardware design
teams

* Evaluate different arithmetic flow and coefficients for performance on
target architectures
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Assumptions

* Instruction list is for the timing, branch prediction and load/store operation only

* Behavior of the instruction is ignored except for branches and Load/Store operations
* Sequence of instructions is managed with the Reorder Buffer after the Execution Unit

* Pipeline is a single uninterrupted sequence
+/ Can send request to external devices but there are no intermediate queues

+/ Adding queues or special operations will have an impact on the cycle count. Intelligent
planning can minimize the extra cycles

* All instructions read from two registers and write to a third register

* Number of instructions per DS must be less than 4,000 to evaluate the performance
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Source of Data

*Microprocessor User’s manual

*Programmer Reference Guide

*Key information
+ Features

+ List of peripherals and interfaces
+/ Cache and memory

+ Pipeline

+ Instruction list by Execution Unit
+ Timing for each Instruction

+ List of Execution Units

+ Clock speed

v Minimum peripheral information- clock speed, width, FIFO buffer, line width, memory/cache size, burst
size(DMA and Bus), number of channels (DMA)
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Model Routing Table

* Provides connectivity information for the model

* Hello messages are sent by all masters and Slaves to add to the Routing Table
* Maintained in the ArchitectureSetup block

* Currently used by
/' Req-Ack, Linear, AHB and PCI buses

+/ Switches, Processor, DRAM and Cache

* Standard VisualSim hardware blocks get added to the Bus

* Custom blocks can be added by

+ Connecting the custom components to a Devicelnterface (HardwareSetup ->
Devicelnterface) which is in-turn connected to the Bus

+ Using the Utility Function- addDeviceToBus to enter the connectivity information for
this device in the Routing Table
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Analysis and Results

* Common Statistics for all devices
+ End-to-end latency and Task Delay

+ Throughput (MIPS or MB/s), Utilization (%), Task Delay
v Minimum, maximum, mean and standard deviation

* Processor
+ Individual statistics for Internal Caches, Execution Units, registers, Pipeline

+ Flush Time, Stall (%), Thread swaps and Context switching
+/ Detailed pipeline activity

* Cache
+ Hit-miss Ratio
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Configuring Hardware
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Architecture Setup and Device Interface

Arch_Setup is required

Library  Tree -No change required
Document A Edit parameters for Devicelnterface — Cl et
Model Setup ArchitectureSetup
Traffic A
Results Block_Documentatio... [#}[Enter User Documentati
File 10
Behavior
Mappers
Resources
L~
Power Architecture_Name: "Architecture_1"
_ Hardware Setup _
' @ ArchitectureSetup I0_Name: "IO_Name"
oy PEIONENEE](+———— Devicelnterface 10_Destination: "FId_Name_or_String" ]
+ i ClockAlign To 10_Command: . e Set field values here or
e TO BUS Fld_Name_or_String
3 TimingDiagram PO .
E VCDWriter Master I0_Instruction: "Fld_Name_or_String_or_None" keep default to use
I0_Bytes: " " 9 .nQ .
ProcessorGenerator - Vt _ Fld_Name_or_Integer existing field values
Cycle_Accurate_Processor Custom blocks to BUS/NOC I0_Priority: "Fld_Name_or_Integer"
Memory I0_Address: "FId_Name_or_Integer"
. L _ _or_Integer
| HardwareDevices 5 -Flip ports to change .

direction




|
Major Blocks and Location MRARLS

ARMB_Instruction_Set DigitalSimulator

ArchitectureSetup
Stats

Local_Bus
PowerTable
TimeDataPlotter2

A
v

Cortex_
System_Bus
Memory_Con h't_:njler CycleAccurateDRAM
1 »

DMA_Task_Scheduler — DRAM P
— 123‘33"&2&5 ]
- hd

Cortex_,

Four-cor,
Cortex /A53

N\

Not required

Behavioural_Flow

Lat_Calc2 TimeDataPlotter

proc_trigger Thread1_Part1
. .}
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Processor and L1 Cache

A_Instruction Use Processor DS

A_Variable TrafficReader

A | Cache Addr T ce Mode
A_D Cache_Addr F\

SR_Extend

A_Address
Check_Done? A_Command

Merge_Trace_to_DS
Cortex A

from_|_Cache

Task_Done Nex

e W W

TriggeredTrafic ~ ExpressionList TaskGenerator3

L {"add" -
"mov"} :
' A_Address
. A_InstruEtlon A_Command
Profile-based A_Variable
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Trace Input

Instruction array

Derived from

Instruction address array Processor Fast models

Data cache address array for Load and Store operations

| Cache_Address,A_Instruction,D_Cache_ Address
array,array,array

{"Ox1044c","0x10450","0x10454"},{"mov","mov","Idr"},{"0x00","0x00","Oxbefffe50"}




Edit parameters for Cortex_A — O pt Mlmll IS
M

Block_Documentation: [F|Enter User Documentation Here EEE“E“

Architecture_Name: Architecture_Setup_Name ‘ I O C ( ! : ; : ; O I

Processor_Name: Processor_Mamg U n |q ue N ame
Processor_Setup: W /* First row contains Coiumi Names. =
Parameter_Name Parameter_Value :

Processor_Instruction_Set: ARM_INSTR
NMumber_of_Registers: 32
Processor_Speed_Mhz: ClockRate

Key Parameters to modify

—l
—
—| > t
Context_Switch_Cycles: 4 /* switch between threads */
Instruction_Queue_Length: 128
= Tnstructions_per_Cycle: 2
. Number_of_Pipeline_Stages: 10 Libra
Requ"‘ed { Number_of_INT_Execution_Units: 5 i
Number_of_FP_Execution_Units: 1 Document A
\ROB_Size: 40 /* Re order Buffer size */
Number_of_Cache_Execution_Units: 2 /* I-cache and D-cache */ Mo
External_I_cCache: {} Traffic Instruction Set
=P txternal_D_Cache: {Outstanding_Req_Count=2} Results | ——
) S
File IO
Pipeline_Stages: ﬂ/* First row contains Column Names. wf Behavior
Stage_Name Execution_Location Action Condition ; Mappers
1_INSTRFETCH I_cCache instr  none ;
2_INSTRFETCH I_cache wait none ; Resources
3_INSTRFETCH D_Cache read none ; Power
4_DECODE none exec none '
4_RENAME D_Cache wait none ; Hardware Setup
—— 5_DISPATCH none issue 3 ; ProcessorGenerator
6_ROBL none exec none ; // Re Order Buffer Loading
6_IwW none exec none ; // Instruction Window & .
7_I1 none exec none ; // Instruction Issue Instruction_Set
8_EXECUTE ARM exec none ; B B Cache
9_EXECUTE ARM wait none ; L
10_STORE D_Cache write  none ; r g Easl;Generatc—r
= endor
Cycle_Accurate_Processor
Enable_Hello_Messages: E Memory
Processor_Bits: |64 — - HardwareDevices hd

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




:f] arm_isa_ab65_ae_gem>.txt - Notepad MIMBII IS
B

File Edit Format View Help

/* Instruction Set or File Path. */ dle]s]ifgln

Mnew Ra Rb Rc Rd Re Rf Rg Rh ; /* Label */ B |nStrUCtlon Set

ARM INTG ALU FPNEOSIMD LDSTR ;

/* Integer_add */ F-— tXECUtiOn U n itS

INTG INT 1 INT 2

5
ALU INT_3 INT_4 ; /*ALU Branch*/
FPNEOSIMD FP_1 3 /*Floating point/NEON/ASIMD instructions*/
LDSTR INT_S 3 /*Load/Store instructions*/
—
begin size config 3

Read 6 64 INT 5[1:163] ;

Lo L Datapath to D-cache

»

begin execUnit_config -
Queue Size INT 1 16 H
Queue_Size INT 2 16 -
Queue_Size INT_3 16 ; | Q
Queue_Size INT 4 16 o SS u e u e u e
Queue Size FP_ 1 16 :
Queue_Size FP_2 16 -
Queue_Size INT 5 12 :
end execUnit _config : _—
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Instruction Set

/ Name of the Exec Unit

begin INT_2

UL 5 ;
L — DIV 2 33 :
Instruction Name DIVU 2 33 ;
REM 2 33 : )
REMU 2 33 ; Latency Value is
end INT_2 ; .
Single (or)
Exec Unit begin FP_1 ;
Pt FL 2 : /*FP Load*/ Range
|NT/ Fs 2 . /*FP store*/
FADD 3 . /*FP Add*/
FP FSUB 3 . /*FP sub*/
FMUL 3 ; /*FP Mult*/
FDIV 17 ; /*FP Div*/
FCVT 5 ; /*Convert from Int¥*/
FCVT_W 5 : /*Convert to Int¥*/

end FP_1
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Bus Arbiter and Interface

Library Tree
BERavioF BusArbiter

Mappers
Resources
Power
Hardware Setup
ProcessorGenerator
Cycle_Accurate_Processor
Memory Device
HardwareDevices Port_1
- [ BusArbiter
- [ BusInterface
E DMA
- g DMADatabase
iE Bridge
iE Serial_Switch
- g, 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

Device
Port_3

Device
Port_4




Bus Arbiter

MIRABILIS

Edit parameters for BusArbiter2

¥

Block_Documentation:

Architecture_Name:

_explanation:

Bus_Name:

Bus_Speed_Mhz:

Burst_Size_Bytes:
Round_Robin_Port_Array:
Devices_Attached_to_Slave_by_Port:
Width_Bytes:

Arbiter Mode:

Required

List all devices connected via
this port. Index is in order of
name- Port_1, Port_2 etc

Split_Retry_Flag:
Enable_Plots:

Enter User Documentation Here

"Architecture 1"

HardwareDevices->BusArbiter

Cluster_Name+"_DSU_Cache_Bus" Unigue Name

Core_Speed_Mhz

100

{"Port_1", "Port_2"}

1"}, {"Device_2"}, {"Device_3"}, {"Device_4"}, {"Device_5"}, {"Device_6"}, {"Device_7"}, {"Device_8"}}

116,64} {Read, Write}

FCFS
[]




Cache- Key Parameters MIRABILIS

Edit parameters for |_Cache EEE nmn

Cache_Name: Core_MName+"_I_Cache" Unique name
Cache_Speed_Mhz: Core_Speed_Mhz E—
Cache_Width_Bvytes: 4

Cache_Size Bytes: I_Cache_Size_Bytes o
Block_Size_Bytes: Cache_Block_Size_Bytes

Hit_Ratio: 0.8 =

Loop_Ratio: 05 __J>_ Stochastic

Overhead_Cycles: 0 Extra cycle to match harware
Cache_Replacement_Policy: Pseudo-LRU Minimum Required field
Cache_Write_Policy: Write Back

Stochastic_or_Address_Based: | aoddress_Based

Miss_Memory_Name: Core_MName+"_1L2 Cache"

_ Optional but
Power_Manager Name: "none" J/*To analyse power, link the manager_n .
First_Word: true Increase accuracy
MNo_of_ Statistics: 2
Req_Buffer_Size: 16
Architecture_Name: "Architecture 1"
= i
Enable_Hello_Messages: __E'@ l:izgf"eratm
Output_Flow_Control: [ ] Cycle_Accurate_Processor
MN_Way_Associativity: 4 ';";[:;
Main_Memory_Size_KB: 2048 ﬁE Memory_Controller Ints ted Cache
Main_Mem_Start_Addr: 0 EE CycleAccurateDRAM
. - EE Integrated_Cache 2>
Fill_Buffer_Size: 10 E-E HMC
Cache_Type: I_Cache Used for stochastic ﬁ% HMC_Switch_Logic
VIPT Mode: I:I ﬁE DDR5_Module
- @hg HBM_Module
Input_Flow_Control: |:| E-E TLB
Debug: . EIE Cache_Coherence v




MIRASILIS
Memory Controller and HW DRAM

|| @ TaskGenerator
- Vendor
| Cycle_Accurate_Processor
Memory
</ﬁ§mmnry_mntmller
i e CycleAccurateDRAM
mﬁrgrated_lﬁache
- B HMC_Switch_Logic
- % DDR5_Module
- % HBM_Module

iE Cache_Coherence v




Memory Controller

MIRABILIS

Edit parameters for Memory_Controller — O

Architecture_Name:
Controller_Name:
Controller_Speed_Mhz:
Memory_Width_Bytes:
Bus_Width_Bytes:
Command_Buffer_Length:
Commands_in_a_Row:
Memory_Column:
Memory_Row:
Memory_Bank:
DRAM_Return_Cycles:
DEBUG:

_explanation:
Memory_Rank:
Burst_Length:
First_Word_Flag:
HW_DRAM_Name:
Power_Manager_Name:
Mfg_Suggest_Timing:
Extra_Timing:
DDR4_Timing:
Number_of_Samples:
DRAM_Type:
Number_of Ranks:
Number_of_Bank_Groups:

writeStats_to_File:

"Architecture_1"

i e
1000.0
4
4

8
10,9}
{10,24}
{25,28}
0

true
Hardware_Modeling->Memory->Memory_Controller
129}
4/%2,4, 8%
true

"DRAM"
"none" [* Default */

{16,16,16,32} /* tCL, tRCD, tRP, tRAS */

{0,2,1,1,3,1,0,1,0,30} /* DQSS, tWTR, tRRD, tWR, tRL, tWL , tDQSCK, tRTP, tHWpre, tFAW */
{6.0,4.0,5.0,6.0,4.0,5.0,30.0} /* CCD_L, CCD_S, CCD, RRD_L, RRD_S, RRD, FAW: units clks, except FAW ns */
10

> From vendor Datasheet

Look at JEDEC spec or
Datasheet




HW_ DRAM- DDR, LPDDR, GDDR
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Edit parameters for CycleAccurateDRAM

Architecture_Name:
HW_DRAM_Name:
HW_DRAM_Speed_Mhz:
Sim_Time:
_explanation:
Memory_Width_Bytes:
Burst_Length:
Mfg_Suggest_Timing:
Extra_Timing:
Retention_Time:
Enable_External_Data:
Address_Bit_Map:
Standard_Name:

Standard_File:

Power_Manager_Name:
Memory_Controller:
DEBUG:
State_Plot_Enable:
DRAM_Type:

Fine_Granularity_Refresh:

Fine_Granularity_Refresh_Tim...

REFpb_T_REFab_F:
Refresh_Statistical:

Same_Bank_Refresh:

O X

"Architecture_1"

"DRAM"

— From vendor Datasheet

1000.0 <«—

1.0E-05
Hardware_Modeling->Memo
4
4/%2 4 8%
{16,16,16,32} /* tCL, tRCD, tRP, tRAS */

{0,2,1,1,3,1,0,1,0,16} /* DQSS, tWTR, tRRD, tWR, tRL, tWL , tDQSCK, tRTP, tHWpre, tFAW */
64.0E-03 /* 64.0 msec */

false

{{0,9},{10,24},425,27},{30}} /* col, row, bank, rank (min, max) Bit Position */ /

"none" /*reads DDR_Memory_Standards.txt */

Browse
"none" /* Default */
"™MC
false
false
DDR4 b
FGR_1x b
166.0E-09
true

frue

Look at JEDEC spec or
Datasheet

JEDEC & User-setting

false
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SRAM and Stochastic Memory

Library Tree

Behavior

Mappers

Resources

Power

Hardware Setup
ProcessorGenerator
Cycle_Accurate_Processor
Memory

iE Memory_Controller

iE CycleAccurateDRAM

iE Integrated_Cache

- @ HMC_Switch_Logic

- @% DDR5_Module

- @4 HBM_Module

iE Cache_Coherence
HardwareDevices

RAM

Architecture_Name:
Memory_Name:
Memory_Speed_Mhz:
Memory_Size_MBytes:
Access_Time:
FIFO_Buffers:
Refresh_Rate_Cycles:
Refresh_Cycles:
Memory_Address:

Controller_Time:

Enable_Hello_Messages:

Width_Bytes:
Memory_Type:
Refresh:

"Architecture_1"

"SDRAM_1"

250.0 » Required field

64.0

"Read 5.0, Prefetch 6.0, Write 7.0, ReadWrite 8.0, Erase 9.0" — ” In ns for one width access

32

16384

32

"/* Format: Min_Address,Max_Address. Example:201,300 */"

"Cycle_Time * 1.0"

field

4

SDR

tee  For SRAM, set to false

Activate & Overhead cycles
» Value is expression, variable or




AXI

Library Tree

..
=

Interfaces and Buses

AFDX
AMBA

- @% AMBA_AHB
- i@ AMBA_APB
% [
- % AMBA_AXI_16X16
% AMBA_ACE

Audio_Video_Bridging
Autosar

CAN

Corelink
Generic_NoC
Arteris_NoC
EthernetSemi
Fibre_Channel
FlexRay
FireWire
Netwarkina

AMVBA_AXI

Edit parameters for AMBA_AXI

Architecture_Name:

Bus_Name:

AXI_Speed_Mhz:
AXI_Cycle_Time:

_explanation:

Bus_Width:

Read_Threshold:
Write_Threshold:
Master_Request_Threshold:
Number_Masters:
Number_Slaves:
Threshold_Trans_T_Bytes_F:
Arbiter_FIX_1_RR_2_CUSTOM_3:
Slave_Speeds_Mhz:
Extra_Cycles_for_RdReq_WrReq_RdData_WrData:
Devices_Attached_to_Slave_by_ Port:
Master_First_Word_Flag:
Master_Throttle_Enable:
Slave_Throttle_Enable:

DEBUG:

Custom_Arbiter_File:
Custom_Arbiter_Path:
Fixed_Priority_Array:
Slave_First_Word_Flag:
Custom_Slave_File:
Ports_to_Plot:
AXI_Sync_Speed_Mhz:

MIRABILIS

— O )

"Architecture_1'}

"AXI_Top"

1000.1 Required

1.0E-06 / AXI_Speed_Mhz

Interfaces and Buses->AHB->AXI_Bus

8 Required
2 — Required
2 | Slave Ruffer

{2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2}

Master Buffer (Not required)
16 Speed up simulation. List last

8 connected number

true

1

1z, AXI_Speed_Mhz, AXI_Speed_Mhz, AXI_Speed_Mhz, AXI_Speed_Mhz, AXI_Speed_Mtheq uired LISt a” DeViceS

{0,0,0,0,0,0,0, 0}
3_2"},{"Device_3"},{"Device_4"}:{“D’E?mevice_ﬁ"},{"Device_?"},{"Device_&"}Ehrough eaCh Slave

true

{false,false,false false,false,false,false,false false false,false false false,false false false } If flow control suppo rt

{false, false false false false, false false false} for Master/5|ave device

false

"none"

"none"

15,16},{41,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16},{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16}}

true /* Not Active in Default Slave */

"none"

H{1,1}} /* 4dn,m},{}..} - nth master, mth slave */

AXI_Speed_Mhz




|
oCle MRARL

Library Tree
H T EthernetSemi .
Edit parameters for PCle_Bus - " Fibre_Channel
- | FlexRay
#- | | FireWire PCle_Bus
| Networking
Architecture_Name: "Architecture_1'] B =:C£ .
AL "PCle_1" _Can-becommon or array for each port in order starting from s eax
Number_of_Lanes: 16 /* Can be an array * . 2 . N *m\
_ / il top-left and continuing through top-right e
Slave_BuFfer. 512 ‘I"* Max BYtES @ Slave *'{ " PC[_RAD
. - i
Master_Buffer: 512 /* Max Bytes @ Master */ Rapid IO
. [+ | SpaceWire
_explanation: Interfaces and Buses->PCI->P(Cle_Bus B | | Tilelink
Header_Bytes: 16 /* 32 Bit Mode, includes CRC Bytes */ - TimeTriggeredEthernet
Number_of_Ports: {12, 12} /* Master, Endpoint Ports */ FH || Wireless_Sensor
BER: =T Required: List of all the Devices ¥ Gateway
Max_Payload_Size: . . - TSN_Switch
ax_Payload_Size: 64 /* Write, Read Data */ connected to each End-Point Full Library
Max_Payload_Req_Size: 128 /* Read Requests */ | UserLibrary v
Read_to_Write_Ratio: 0.5 /*0.0to0 1.0 ¥/ /
Devices_Attached_to_Slaves: )pamM_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_1 Required: Determines speed




DMA

Block_Documentation:

[#|Enter User Document

MIRABILIS

Library Tree Architecture_Name: " Architecture_1"
Behavior A DMA_Controller_Name: "DMA Controller 1"
Mappers I - =
Resources Memory_Database Reference: "None” | Jse |nput (none) or Database (Name)
Power DMA_to_Device_Cycles: or_None
Hardware Setup Device_to_DMA_Cycles: _or_None
ProcessorGenerator Channel_FIFO_Buffers:
Cycle_Accurate_Processor 5 .
peed_Mhz: -
Memory . DMA_Channels: 1 « ReqUIred
HardwareDevices — :
- @ BusArbiter Outstanding_Req_Count: L,1,1,1,1,1,1,1 Per channel, num sent before Ack
- B Buslnterface Width_Bytes: 4 ’
ﬁ DMA
-
i‘f Bridge /* Template to enter multiple RegEx lines*/
i‘f Serial_Switch input.A_Task_Name = "Activityl"
- g Switch N DMADatabase input.A_DMA_command = {"Read","write"} Sequence of items
Interfaces and Buses MADalba. . Input to input.A_DMA_Destination = {"RAM","Display"}
Full Library = DMA block input.A_Priority = irand(1,10) Index match
UserLibrary > : oC input.A_DMA_Bytes = {1024,1024} .
—— input.A_DMA_Channel = {1,1} Common Priority
input.A_DMA_Burst_Bytes = {64,64}
Linking_Name: "DMADatabase"
fileOruRL: Browse
Data_Structure_Text: [F|A_Task_Name A_Instruction A_IDX A_Task_source Burst_Word_size A_Task_Address A_cCommand A_Bytes A_Priority A_Destination |;
Activityl Load 0 SRAM 32 1 Read 32 0 DMA ;
Activityl Store 0 DRAM 32 1 Write 2 1 DMA ;
Activity2 Store 0 DRAM 32 2 Write 2 3 DMA ;
Sequence
o Send as
Operation  Destination oot Channel Transfer
. . urst size .
Match input fields Number Size
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Generic NoC (Other NoCs are similar

Library Tree

Interfaces and Buses

B | | AFDX

FE- | AMBA

- Audio_Video_Bridging
H | Autosar

- | CAN

M- | Corelink

E| , Generic_NoC

- @ Master_NIU
- % Slave_NIU

é.....ig wirE
iE MNoC_Setup
- Arteris_NoC
| EthernetSemi
H+ | Fibre_Channel
H- | FlexRay
M- FireWire
" Networking
.. PCI
| Rapid_IO
M- SpaceWire

NoC_Setup

All blocks required

* Use Master NIU when device is to left

* Use Slave NIU when device is to right

* Wire is optional for delay and power

* NoC Setup is just a hierarchical block
and inside blocks can be edited

Router
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Router, NIU and Wire

Edit parameters for Master_NIU
Edit parameters for Router
NIU_Name: "Core_1_NIU"
Frequency_Mhz: 1200.0 Processing Speed
q Flit_Size_Bytes: i
Router_Speed_Mhz: 2000 /* inMhz */ PrOCGSS|ng Speed 00 Regu;m o 4 [* 32 bits */
Node_Name: "R_"+x_val+"_"+y_val [* Do not Modify */ - - -
Power_Manager_Name: "Manager_1" U d f Etats_E:Iable. . D
)(_\.ral: 0 Se Or name ower_Manager_IName: "Manager_]_" . .
y_val: 0 and Mesh routin Output_Buffer_Size: 30 |nput is from Device
Topology: Mesh g Input_Buffer_Size: 30 Output is from NoC
. C ted_Device: i - i . .
No_of_Routers: 4 /* configure only in Loop Topology*/ Used with LOOp Topology UITECTEFRMERN G {} /* Optional - Device names Requ”-ed for ROUtlng
Priority_Enable: true
Stats_Enable: [] Edit parameters for Wire
Interconnect_QoS: Bandwidth_Limiter
No_Of VC_Per Port: 5 Match this with BW Stort Device.
Interface_Buffer_Size: 10 c d_D o R_1_11
i nd_Device: "R_1_2"
Bandwidth_Per_VC_MBps: {200.0,200.0,200.0,200.0,200.0,200.0} /*{"Nortt Bgndwidth is sum DelaylName: tart Device +* to * + End Device
Wire_Length: 1e-8
flipPortsVertical:
Commit | Add Remove Restore Defal _ﬂ_pp U false
_flipPortsHorizontal: | g)5e
_rotatePorts: 0
Clock_Speed_Mhz: | 7q0.0 PrOCESSing Speed
Wire_ID: 1

Wire_Width_Bits: 16

Repeater_Register: | { Number Of
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Architecture Setup and Device
Interface




MIRABILIS

Architecture Setup

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

> Routing

> Plotting
> Statistics

> Debugging for all the Hardware components There can be multiple architecture setup blocks
Each block must have unique name

8/18/2020
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Important Points for Archltectu e Setup

H VvisualSim Architect - Instructions Complete
~ The A_Destination
DISPLAY AT TIME —————— 0.00 ns —————- ‘ field will be the name
{A Destination ‘
. — of the

A _Hop )

1. Routing table Architecture,_Setup
A _Source

* No need to update this Table
e Use the Device list in the interfaces blocks to define the path to a Slave

e Used to create a connectivity topology between devices connected together
e Sends out “Hello” messages to determine node-to node connectivity

2. Plotting

e Use the output_plot port to capture statistics in a graphical view
* Need to Configure Parameter for the port to set the number of datasets

3. Statistics

e Statistics accumulated during simulation are sent out multiple times

3. Listener
* View debugging messages for all blocks




|
Routing Table Construction AR

- 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)

MIRABILIS DESIGN INC. 37
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Architecture Setup Configuration

8/18/2020

Edit parameters for ArchitectureSetup

Block_Documentation: @

Architecture__Name:

This block maintains the Routing information and generates stats|

"Architecture_ 1"

Routing_Table: @

Mumber of Samnlec-

¥ First row contains Column Names.

Source_Node
Processor_1
Processor_2
L2_cache
DRAM

DRAM
Port_MName_1
Port_Name_2
Port_Name_3
Port_Name_4
Port_Name_4

Destination_Node

L2_cache
L2_cache
DR.AM
Processor_1
Processor_2
L2_cache
DR.AM
L2_cache
Processor_1
Processor_2

Hop

Port_Name_1
Port_Name_1
Port_Name_4
Port_Name_1
Port_Name_3
Port_Name_2
Port_Name_4
Port_Name_2
Port_Name_1
Port_Name_3

Source_Port
bus_out
bus_out
output
output
output
output2
output2
output2
outputl
outputl

=

Statistics_to_ Plot:
Internal_Plot_Trace_ Offset:

Listen_to_ Architecture Options:

"Processor_1_PROC_Utilization_Min, Processor_1_PROC_Utilization_Mean, Processor_1_PROC_Utilizatic

2

Mone
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dlelslilg]n
Devicelnterface Block
* Can be used to define the Source Name, data size, command type and
destination for a Master
Devicelnterface

* Can be used to define the Device name on the Slave side

* Add the Master or Slave block to the Linear Bus, Bridge and AHB Buses
automatically

v Generate Hello Messages

+/ Eliminates the need for a RegEx functions or manually generate Hello message

* Map fields of other data structure formats to the corresponding fields of the
Processor_DS

* Used to connect only in the presence of the Linear Bus, AHB and bridge
blocks.

* Not useful with a single AXI or a single PCle



Hardware Statistics

MIRABILIS

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

10.1,

1.05689435,

1.45,

0.10969973,

24.55,

0.01500007,

3.1,

0.03489914,

50.2,

0.19330594,

49.55,

1.91E-07

Bus_1_Delay_Max

Bus_1_|0s_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,

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_IO_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,
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writeStats To File

ot : DigitalSimulator2
* Generates Statistics for all the blocks in the model :
at the end of simulation P
i Edit parameters for DigitalSimulator2 - ad X
. . . . . .
Writes into a Text File in the model directory P
digitalDebuggerExpr: "TNow = 0.0"
digitalDebugger: off -
startTime: 0.0
Queue Statistics 6.PPPPPRERERE sec stopTime: Infinity
|{B LOCK = "S5FR_S5rExtend_example.SystemResource_Extend”™, stopWhenQueuelsEmpty: i
DELTA = 8.8, writeStatsToFile:
DS NAME = "Queue Common_Stats"™, -
iD -1, checkAlFields:
TMNDEX =a, synchronizeToRealTime: 0
Number_ Entered = 7, § .
N meR esolution:
MNumber_Exited =1, 1E-12
Number_ Rejected =8,
Occupancy Max = 6.8,
Occupancy_ﬂ?an = 3.7777777777778, Commit | | Add | | Rermove | |Rt5tore DefauHs| | Preferences | | Help | | Cancel
Occupancy_Min =1.8,
Occupancy_StDew = 1.4748554623882,
Queue_MNumber =1,
TIME = 6.8,
Total Delay_ Max = 4.8,
Total Delay Mean = 4.8,
Total Delay Min = 4.8,
Total Delay_ StDewv = @.a,
Utilization Mean = B.8%
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Bus-Cache-RAM
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Bus Arbiter

Communication channel between master and slave devices
= Buses created using this block include AMBA (AHB and APB) and PCI

BushArbiter

Arbiter Mode supports im% output
—_— vpe: General
=  First Come-First Server ~€---- input

Type: General

F
= Round-Robin input
Type: General
= Custom

Request on the input Ports
= priority-based
= reordered on the arrival



MIRABILIS

Read Transaction

> Transaction arrives from master
= Stored in respective port FIFO buffer.

> Port informs the Bus Arbiter of the transaction
= When the bus is available, the Controller selects a Port, based on the arbitration.

»When the transaction is accepted for transfer

= the Data Structure is delayed by one cycle for the Address Control
= Packet fragmented to match Burst_Length

= Then the Data Structure is sent out with the delay = A_Bytes/width/Clock_Speed

> Return data fragments transferred to the master through the bus
= Number of cycles depending on the bus width, burst size, bus speed, bytes transferred etc.



Configuration

MIRABILIS

8/18/2020

Edit parameters for BusArbiter

Block_Documentation: ¥

Architecture_Name:

_explanation:

Bus_Name:

Bus_Speed Mhz:

Burst_Size_Bytes:
Round_Robin_Port_Array:
Devices_Attached_to_Slave_by Port:

Enter User Documentation Here

"Architecture_1"

HardwareDevices->BusArbiter

"Bus_1"

_» Unique name for BusArbiter

Names of all the ports with

Bus_Clock

100

{"Port_1", "Port_2"}

|{{"Devi|:e_1"}, {"Device_2"}, {"Device_3"}, {"Device_4"}, {"Device_5"}, {"Device_6"}, {"Device_7"}, {"

A

the Round Robin order

Width_Bytes: 4 ~
rbiter_Mode: FCES -
Split_Retry_Flag:
Enable_Plots: ]
Commit | ‘ Add ‘ ‘ Remove ‘ | Restore Defaults ‘ ‘ Preferences ‘ ‘ Help ‘ ‘ Cancel

Match port order to
connected devices

> Bus arbitration

MIRABILIS DESIGN INC.




MIRABILIS

Using Cache Block

<{———

DutputE {lli55 [Hit-Expression=—False}

Wb Reguest:
M A, Destinabion = DFEOA FRammes
A _Bytes =& Hydles FRomaindng + A Byles Saend

_WI:— Remainineg = 0
= "Wimihe” or ErmseT




MIRABILIS

dlels]i]g]n]
Emulate a cache in architecture mode
Cache
Handles Tvpel:ng;ﬂneral'"* l ----- ?ypzl:ng:;zeral
o Request Queuing Tw::u[;peur:er;"' e {.:I:;fptlar:]pGLgﬁeral
o Cache hit-miss evaluation Duﬁlﬂ
o Cache Prefetch, Read/Write Type: General

o Cache miss activity to the next level of memory

8/18/2020
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Operation

1. Queuing

= Receive a request to Read or Write
= |ncoming request processed immediately if the Cache is active, else placed in FIFO

2. Catch Hit-miss

= When a new request comes, the cache evaluates the Hit Expression
= A hit occurs

= |f the expression evaluates to a "true”
= |f a miss occurs

= The task sent to the Next_Miss_Memory block
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Configuration

Edit parameters for Cache — O X
Route the requests to the next level of
Block_Documentatio... [ |Enter User Documentation Here / memory to access when a cache miss
v occurs or a prefetch is requested
Architecture_Name: "Architecture_1" /
Cache_Name: "2 Cache" /
"DRAM" 7 Number of outstanding requests that
Cache Speed Mhz: |12 Cache_Clock —~7 need to be processed
Cache_Size_KBytes: 64.0 /
Width_Bytes: 4 / -
Words_per_Cache_Line: |1g /
: -
Cache_Address: "/* Format: Min_Address,Max_Address. Example:100,200 */"

rand(0.0.0,0) <= 095" 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 ‘

TIUTTEATT O A T T T T T —
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RAM

* Model different dynamic random
access memory technologies

* Executes a memory request, read or
write (instruction) and returns the
request to the source

* Memory - > RAM
* FIFO based scheduling

RAM
input DRAM 1° oufpui
output 2500 inputZ

g
&

45!
s
€3

Using RAM Block

Output/ Output2
Output

Write ar Ersse Respanss:
#_Destination= A_Source
A_Bytes= DRAM Width
A_Bytes =h_Dyses Remaining &
A Dyies Sent
A_Bytes_Sent= DRAM_Widih
A_Command = Read”

QOutput2

Qutput3

G

After First Word

trus &Laﬂ Word
p— M@
Falaa

Wiite ar Erass Raspanss:

A De=tination = Unchanged
A_Bytes= Unchanged
A_Bytes =f_Byles Remaming +

A_Byes_Sent
_Bytes_Remaining = 0
A Command = “Write™ ar “Erass-




MIRABILIS

ooooan

1. Operations of basic memory controller and memory array
2. Handles

° Pre-fetch

o Read input DRAM __ output?

© Write Rt 00 '"' P oo

° Refresh Type: eneray : T e Beneral

i«
. . output3
3. Applications Tyne: General

> ROM, RAM, SRAM, DRAM or SDRAM
> DDR, DDR2, DDR3

> SDR, QDR

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

8/18/2020
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ooooan
> Receive request for data or instruction
> Requests are queued and processed on Priority
. input DRAM __ output2
> Operatlons Type: General™ "> 'm seeeede Tyne: General
oUtput  geennnans oo input2
> Read Type: General v Type: General
. ¥

> Wr Ite Tvsz:ﬂGngeral

> Pre-fetch
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MIRABILIS

DRAM Features

* Speed

* Size

* Buffer

* Line width

* Memory width

* Access Time - Read, Refresh, Write, Erase, Read/Write,

* Banks

* Refresh

* Controllers - SDR, DDR, DDR-2, DDR3, QDR, RDR, custom
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Block Usage

* Synchronous Dynamic (SDRAM)

Double Data Rate (DDR, DDR-2, DDR-3)

Quad Data Rate (QDR) SRAM

Direct Rambus (DRDRAM)
Video DRAM (VRAM)

Synchronous Graphics RAM (SGRAM)

Pseudo Static RAM (PSRAM)

Disk Drive

NAND and NOR Flash



Configurations

MIRABILIS

DRAM_1*

250.0 Edit parameters for RAMZ - O .t
Block_Documentation: Enter User Documentation Here
Architecture_Name: “Architecture_1"
Memary_MName: "SDRAM_1"
Memory_Speed_Mhz: 250.0
Memary _Size_MBytes: 54.0
Access_Time: "Read 5.0, Prefetch 6.0, Write 7.0, Readwrite 8.0, Erase 9.0"
FIFO_Buffers: 32
Refresh_Rate_Cydes: 16384
Refresh_Cydes: 37
Memory _Address: "f* Format: Min_Address,Max_Address, Example: 201,300 =
Controller_Time: "Cycle_Time * 1.0"
Enable_Hello_Messages:
Width_Bytes: 4 v
Memory_Type: SDR e

Commit | | Add | | Remove | |R5tme Defaulls| | Preferences | | Help | | Cancel
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RAM configurations
Edit parameters for RAM _ 0 x
4

Block_Documentatio... [f |Enter User Documentation Here

_ Duration in cycles of the refresh
Architecture_Name: "Architecture_1" /

Memory_Name: "DRAM" /
Memory_Speed Mhz:  'pRAM_Clock /
Memory_Size_MBytes:  |g4

Access_Time: _Mhz, Write 1000.ofMemery_Speed_Mdente IDDD.DIMEW Mhz, Erase 1000.0/Memory_Speed_Mhz"
FIFO_Buffers: )
L
< Refresh_Rate_Cycles: g3g4 7
How the device know, Memory_Address: "[* Format: Min_Address,Max_Address. Example:201,300 */" 5 OUTRUT AT TIMF — 0.0 pg =-----
. Controller_Time: "Cycle_Time * 1.0" ) ’
the RAM is connected? [ Erable_Hell_essges - : {A Address Min Max = "/* Format: Min Address,Mex Address. Example:?
Width_Bytes: . » ¢ A Destination = "Architecture 1",
Memory_Type: HDR I 1 R A Hop = "output",
¢|A Instruction = "Hello",
7 A Source = "DRAM")

Commit | ‘ Add ‘ ‘ Remove ‘ ‘ Restore Defaults‘ ‘ Preferences ‘ ‘ Help ‘ ‘ Cancel
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Important Concepts

1. Controller Time
= Cycle Time = 1/Memory Speed Mhz
= 1.0 for SDR or 1/2 for DDR and quarter for QDR
Example: Cycle_Time * 1.0

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
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*A_Source
* A Destination
*A_Command
*A_Bytes
*A_Bytes Remaining
*A_Bytes_ Sent
* A Task Flag
Line : Incoming Data Structure does not contain one or more of the necessary fields:
{"A_Destination"}
Error_Number : DRAM_OO1A
Explanation : Add the required fields T1isted.




Read Operation

MIRABILIS

Input

A_Instruction_Reorder
A_Interrupt
A_Prefetch
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_Vardiahbles
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",

"Src",

1.0E-9,

16,

"Traffic",

0.0,
"Processor_DS",
1

1,

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 = 64,
A_Bytes_Remaining = &0,

= —sen ="

A_Command = "ReadD
E_hu : : ]

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

A_Hop = "DRAM_1",
A_TDx =0,

A_IDY =0,

A_I_Addr = 0L,
A_Instruction = {"ADD", "ADD"7},

1,

1%,

Output

DISPLAY AT TIME
{A_Addr_Ctrl1_Flag
A_Address
A_Address_Max
A_Address_Min
A_Branch

A_Bytes
A_Bytes_Remaining

22

A_Command
—

= "Write"

AU
A_Data
A_Destination
A_First_Word
A_Hop

A T D=

A_TDY

A_TI_Addr
A_Tnstruction
A_TInstruction_Reorder
A_Interrupt
A_Frefetch
A_Priordity
A_Proc_Return
A_Frotocol_State
A_Return
A_Source
A_Status
A_Task_Address
A_Task_Flag
A_Task_ID
A_Task_Mame
A_Task_Source
A_Time
A_Variables
BLOCEK.

DELTA

DS_MNAME

ID

"MyData",
"Generator'",
true,
"Bus_1_Port_2",
o,

o,

oL,

{IIADDII . IIADDII},
{1, 1, 1, 1, 1.
false,

false,

o,

_1,

"MyState",

_1,

"DRAM_1'",
"Bus_1_Fort_2_",
1,

true,

oL,

"Mame",

"Srct,

1.0E-9,

15,

"Traffic",

0.0,
"Processor_DS",
1,

1,

1,

1},

input RAM

DRAM 1"
3500

»
>

input output2

output input2

output

cymchymo




Write Operation

MIRABILIS

i) Input

DISFLAY AT TIME

{A_Addr_Ctr1_Flag = true,
A_Address = 0L,
A_Address_Max = 100,
A_Address_Min =1,
A_Branch = false,
A_Bytes = 256,
A_Bytes_Remaining =0,

L= e - R ——DE 0
A_Command = "Write" ,)
gl =l

A_Data = "MyData",
A_Destination = "DRAM_1",
A_First_Word = true,
A_Hop = "DRAM_1",
A_IDX =0,

A_IDY =0,
A_I_Addr = 0L,

A_Instruction
A_Interrupt
A_Prefetch
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_Name
A_Task_Source
A_Time
A_Variables
BLOCK

DELTA

DS_MAME

ID

{"ADD", "ADD"},
false,

false,

1,

-1,

"MyState",

-1,
"Generator",
"Status",

1,

true,

oL,

"Mame"',

"Src",

0.0,

15,

"Traffic",

0.0,
"Processor_DS",

Output

DISPLAY AT TIME — —————— 651.00 ns
{A_Addr_Ctrl1_Flag = true,

A_Address = 0L,
A_Address_Max = 100,
A_Address_Min =1,

A_Branch = false,

A_Bytes = 256,
A_Bytes_Remaining =0,

fe=PrTEC_oent
A_Command

2560,
= "Read", )

-1,

AT
A_Data
A_Destination
A_First_Word
A_Hop

A_IDX

A_IDY
A_I_Addr
A_Instruction
A_Interrupt
A_Prefetch
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_WVariables
BLOCK

DELTA

DS_MNAME

ID

= "MyData",

"Generator",
true,
"Generator",
0,

a,

oL,

{"aDD", "ADD"},
false,
false,

1,

-1,
"MyState",
-1,
"DRAM_1",
"Status",

1,

true,

oL,

"Name", |
"Src",

0.0,

15,
"Traffic",
0.0,
"Processor_DS",
1,

i) A_Task_Flag= True
RAM

input input DRAM 1" oufpul2
output ?Eﬂ_ﬂ inputd
output 0
-3
T
-
LX) L‘J
ii) A_Task_Flag= False
: RAM
Input > input DRAM 1" output2
output ?E-I]_I'.'F inputd
=
3
T
S
X
l output




MIRABILIS

Notes on RAM Block

Read Request
+ Accepts one request
+/ Returns the first word based on RAM Word width
+/ Delays internally for the remaining words 250.0
v Generates Controller time for the first word only
v Access_Time is based on A_Bytes

Write Data
+ Accepts each word/burst
+ Controller time for the first word/burst only
+ Access delay is based on the A_Bytes Sent field
+/ Standard output is to output3 at the end of all words

v If A_Task Flag == true, then sends to the Bus after the access time for the
last word

DRAM



Latency Computation & Statistics MIRABILIS
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Generate using Architecture Setup block
* Latency = (Number of words + Access cycles —1) *  DRAMDelay_Tine Max = 3.8E-8,
Memory cycle time  where, ORAN Delay_T1ne Mean = 2.3,
_ DRAM_Delay_T1ne_Min = 6.0E-9,
v/ Number of Words = Bytes sent/ Width Bytes DRAM_Delay_Tine_StDev - 1.56-8,
v Memory Cycle time = 1.0e-6 / Memory speed in Mhz DRAM Menory_Used_By_Processor_1 MB_Max = 0.003328,
DRAM Menory_Used_By_Processor_1_MB_Mean = 0.003008,
DRAM Memory_lsed_By_Processar_1_MB_Min = 0.00288,
DRAM Menory_Used_By_Processor_1_MB_StDev = 1.3424753256579E-4,
DRAM Menory_Used_By_Total_MB_Max = 0.003328,
DRAM Menory_Used_By_Total_MB_Mean = (0.003008,
DRAM Memory_Used_By_Total MB_Min = 0.00288,
DRAM_Menmary_Used_By_Total _MB_StDev = 1.3424753256579E-4,
DRAM_Throughput_MBs_Max = 632.0,
DRAM_Throughput_MBs_Mean = 752.0,
DRAM_Throughput_MBs_Min = 720.0,
DRAM_Throughput_MBs_S5tDev = 33.5618831414437,
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Timing Diagrams

B visualSim Architect - .Cache_DRAM.Timing_Diagram.Hardware_Arch_Compenents — O x

* Use Timing Diagram Block Fle Edit Specil Hel

Hardware setup -> Timing YOENFE
Dlagram . . I-Ilardwarel_Arch_Cf:-mponeqts | | T
REG W=
INT 1=
INT 2=
FP_1-
FP 2=
I1=
Dis
Jupuuuyuuduuduyuyypuguuy L2=
Cache =
, , | , , | | | | DRAM=«
Refresh =

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 Bus_CtrI_%
Sim Time (Sec) Bus_Dadil =

State
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Learn More by Reviewing Training Recordings

Watch Tutorials

- Training Part 1 (54 minutes):
https://www.youtube.com/watch?v=9JHcLmOw2-4

- Training Part 2 (65 minutes):
https://www.youtube.com/watch?v=LY-imgaSBwc

- Training Part 3 (42 minutes):
https://www.youtube.com/watch?v=3H7YaZOwrwg
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https://www.youtube.com/watch?v=9JHcLm0w2-4
https://www.youtube.com/watch?v=LY-imqaSBwc
https://www.youtube.com/watch?v=3H7YaZ0wrwg

MIRABILIS

Processor Modeling
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Processor Model

Cache SDRAM
Get Instruction Instsr?a::inn
Instructions Queue Read
—_— >
RTO ll.
' Reqgisters Cache SDRAM
4 Stage l
Pipeline <
Exec
Completion — — —
Queue
€
«— offf] < Write
> 9 ?
Instruction > —
Complete

Registers Cache SDRAM
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Multi-Processor Model

isters EDFHH:'I

/7 4 Stage
Fipeline

a-—*-—i *
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Instruction Set

* Divided according to their Execution Unit

* Names must be INT_x (Integer) and FP_x (Floating) where x is a number

* All required instructions must be in the Instruction_Set, distributed across the
Execution Unit list

* Execution Units are either Integer or Floating. Branch is Integer while Vector and
Graphics are Floating-Point

* Each line must have the Instruction Name, Minimum cycles, Maximum Cycles
(Optional) and ends with ;

* Minimum and Maximum cycles are used for those instruction with variable cycles



Edit parameters for Cortex_A — O pt Mlmll IS
M

Block_Documentation: [F|Enter User Documentation Here EEE“E“

Architecture_Name: Architecture_Setup_Name ‘ I O C ( ! : ; : ; O I

Processor_Name: Processor_Mamg U n |q ue N ame
Processor_Setup: W /* First row contains Coiumi Names. =
Parameter_Name Parameter_Value :

Processor_Instruction_Set: ARM_INSTR
NMumber_of_Registers: 32
Processor_Speed_Mhz: ClockRate

Key Parameters to modify

—l
—
—| > t
Context_Switch_Cycles: 4 /* switch between threads */
Instruction_Queue_Length: 128
= Tnstructions_per_Cycle: 2
. Number_of_Pipeline_Stages: 10 Libra
Requ"‘ed { Number_of_INT_Execution_Units: 5 i
Number_of_FP_Execution_Units: 1 Document A
\ROB_Size: 40 /* Re order Buffer size */
Number_of_Cache_Execution_Units: 2 /* I-cache and D-cache */ Mo
External_I_cCache: {} Traffic Instruction Set
=P txternal_D_Cache: {Outstanding_Req_Count=2} Results | ——
) S
File IO
Pipeline_Stages: ﬂ/* First row contains Column Names. wf Behavior
Stage_Name Execution_Location Action Condition ; Mappers
1_INSTRFETCH I_cCache instr  none ;
2_INSTRFETCH I_cache wait none ; Resources
3_INSTRFETCH D_Cache read none ; Power
4_DECODE none exec none '
4_RENAME D_Cache wait none ; Hardware Setup
—— 5_DISPATCH none issue 3 ; ProcessorGenerator
6_ROBL none exec none ; // Re Order Buffer Loading
6_IwW none exec none ; // Instruction Window & .
7_I1 none exec none ; // Instruction Issue Instruction_Set
8_EXECUTE ARM exec none ; B B Cache
9_EXECUTE ARM wait none ; L
10_STORE D_Cache write  none ; r g Easl;Generatc—r
= endor
Cycle_Accurate_Processor
Enable_Hello_Messages: E Memory
Processor_Bits: |64 — - HardwareDevices hd

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




MIRABILIS

Pipeline

* Match the pipeline specified in the datasheet

* Can handle address generation (one cycle delay), instruction fetch, instruction decode (wait for the
instruction return and one cycle delay), data fetch, execute, write back and unused stages (for a delay
or adding empty pipeline stages and

* Four columns

*Name is * AnyName- The numbers must be sequential and the last number must match the
parameter- Number_of Pipeline_Stages

* If using Actions- read, write and wait, Execution_Location is required

* For Action- exec, it can be none (if a cycle delay is intended), Execution Unit of this processor, another
processor or a SystemResource_Extend/ SystemResource

* Condition is currently not used



Examples of Pipeline usage

MIRABILIS

/ First row contains Column Names.

Stage Name

1 INSTRFETCH
2 INSTRFETCH
3 INSTRFETCH
4 DECODE

4 RENAME

5 DISPATCH

6 _ROBL

6_IW
7.1l
8 EXECUTE

9_EXECUTE
10_STORE

Execution_Location

| Cache_Name

| Cache_Name
D_Cache _Name
none

D_Cache Name
none

none

none
none
ARM

ARM
D_Cache Name

Action

instr
wait
read
exec
wait
issue
exec

exec
exec
exec

wait
write

Condition ;

none
none
none
none
none
3

none

// Re Order Buffe

none

N e e NMe Mo NMoe e

|" Loading

’

// Instruction Window

none

’

// Instruction Issue

none
none
none

)
)

’
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Processor Timing Diagram- Pipeline i
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:f] arm_isa_ab65_ae_gem>.txt - Notepad MIMBII IS
B

File Edit Format View Help

/* Instruction Set or File Path. */ dle]s]ifgln

Mnew Ra Rb Rc Rd Re Rf Rg Rh ; /* Label */ B |nStrUCtlon Set

ARM INTG ALU FPNEOSIMD LDSTR ;

/* Integer_add */ F-— tXECUtiOn U n itS

INTG INT 1 INT 2

5
ALU INT_3 INT_4 ; /*ALU Branch*/
FPNEOSIMD FP_1 3 /*Floating point/NEON/ASIMD instructions*/
LDSTR INT_S 3 /*Load/Store instructions*/
—
begin size config 3

Read 6 64 INT 5[1:163] ;

Lo L Datapath to D-cache

»

begin execUnit_config -
Queue Size INT 1 16 H
Queue_Size INT 2 16 -
Queue_Size INT_3 16 ; | Q
Queue_Size INT 4 16 o SS u e u e u e
Queue Size FP_ 1 16 :
Queue_Size FP_2 16 -
Queue_Size INT 5 12 :
end execUnit _config : _—
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Instruction Set

/ Name of the Exec Unit

begin INT_2

UL 5 ;
L — DIV 2 33 :
Instruction Name DIVU 2 33 ;
REM 2 33 : )
REMU 2 33 ; Latency Value is
end INT_2 ; .
Single (or)
Exec Unit begin FP_1 ;
Pt FL 2 : /*FP Load*/ Range
|NT/ Fs 2 . /*FP store*/
FADD 3 . /*FP Add*/
FP FSUB 3 . /*FP sub*/
FMUL 3 ; /*FP Mult*/
FDIV 17 ; /*FP Div*/
FCVT 5 ; /*Convert from Int¥*/
FCVT_W 5 : /*Convert to Int¥*/

end FP_1




MIRABILIS

Traffic Profile

* Using traces from ARM fast Models

* Using traces from GEM5 Model

* Generating instruction traces using a Task Generator in VisualSim

2/2/2021 MIRABILIS DESIGN INC. 84




MIRABILIS

Traces from ARM fast model

cpuB.INST: DEBUG_STATE=N PC=8xB888888885888268 OPCODE=Bxb86768a7 S5I7/E=8x84 MODE=EL2h ISET=AArch&4 PADDR=8x80880000833800268 NSDESC=8x81
PADDR2=8x88888888858088268 NSDESC2=8x81 N5=8x81 ITSTATE=8x88 INST_COUNT=8xB8888888887e1d3b LOCAL_TIME=8xB8888888822c7cf8

CURRENT TIME-0x000000133e561edd CORE_NUM=8x0@ DISASS="LDR w7, [x5,x7]"
B visualSim Architect - fast_Model_Trace_Derno.TextDisplay
Trace from ARM Fast Model
DISPLAY AT TIME ——em—o 0.0 ps -——----
{CORE_NUM = "0x00",
CPU_Action - "INST",
CPU_Name = "cpud",
. . . CURRENT_TIME = "Dx000000133e561edd",
Parsed and Read into VisualSim DEBUG. STATE _ e
DISASS = "LDRw7, [x5,x7]",
INST_COUNT = "0x00000000007e1d3b",
ISET - "AArche4",
< : : ITSTATE = "0x00",
{"LDR","EOR","UBFIZ","LDR", "EOR", "UBFIZ", "LDR 1 |Instr Min_latency_ps Max_Latency_ps LOCAL_TIME _ "0x00000000022c7cfo0",
" "EOR","B","CMP","B_NE","LDR","EOR","UBFIZ", > DR 10000 10000 MODE _ "EL2h",
LR IS R | o T—
» » » » » » » D] » NSDESC = "DID:L",
LDR","EOR","UBFIZ","LDR","EOR","UBFIZ","LDR", ;—EEFE ﬂiﬁg ﬁiﬁg NSDESC? = "0x01",
"EOR™,"UBFIZ","LDR","EOR","UBFIZ","LDR","EOR" | OPCODE - "0xb86768a7",
,"B","CMP","B_NE","LDR","EOR","UBFIZ","LDR"," 6 |CMP 10000 10000 PADDR - "0x0000000088000260",
EOR™,"UBFIZ","LDR","EOR","UBFIZ","LDR","EOR", 7 |B.NE 10000 10000 PADDR2 = "0x0000000088000260",

PC "0x0000000088000260",

- "0x04"}
2/2/2021 MIRABILIS DESIGN INC.



MIRABILIS

Branch Mis-Prediction from Traces

INST: PC=8xBB8880885888862c OPCODE=8x54808168 S5I7E=8x84 MODE=EL1lh ISET=~AArched
PADDR=BxB888888858888862c NSDESC=8x81 PADDRZ=80xBB8888883888862c NSDESC2=0x81 N5=0x01
ITSTATE=8x88 INST_COUNT=8x888888888801888c LOCAL_TIME=8x8888888888841eba
CURRENT_TIME=8xB82000002eab7ab® CORE_NUM=8x88 DISAS5="B.HI ipcr+@x2c ; ©@xB80000658"

WAYPOINT: PC=8x000000005000002c ISET=AArchod TARGET=0x0000000050000658
TARGET_TISET=AArched TAKEN=N IS _COND=Y CDRE_NUM=BKBQ

INST: PC=8xB888888858888638 OPCODE=8x7188151+ S5IZE=8x84 MODE=EL1lh ISET=AArched
PADDR=Bx888888885880888638 NSDESC=8x81 PADDRZ=0xBBB8888838888638 NSDESC2=0x81 N5=0x01
ITSTATE=8x88 INST_COUNT=8x888888880801888d LOCAL_TIME=8x888888888885%f378
CURRENT_TIME=8xB20000082eaddf7/8 CORE_NUM=8x08 DISAS5="CMP wa,#3"

Branch Misprediction penalty is calculated from the timestamp values:

Here,

Total time taken for Mis predicted instr = int(0x000000002ead4f70) — int(0x000000002eab7ab0)
= 783110000 — 782990000 = 120000 picoseconds = 12 ticks
= 1 tick(instruction latency) + 11 ticks(branch penalty)
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Traces generated from GEM5

MIRABILIS

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

2888: system.cpu.icache: getBusPacket created ReadReq addr 8x448 size 64

2088: system.cpu.dcache: recvTimingSnoopReq for ReadReq addr Bxd48 size 64

2808: system.cpu.dcache: handleSnoop for ReadReq addr 8x448 size 64

2808 : system.cpu.dcache: handleSnocop snoop miss for ReadReq addr @x440 size 64

2888 : system.mem_ctrls: recvlTimingReq: request ReadReq addr 1888 size 64

2088: system.mem_ctrls: Read queue limit 32, current size 8, entries needed 1

2808: system.mem_ctrls: Address: 1888 Rank © Bank @ Row B

2088: system.mem_ctrls: Read gqueue limit 32, current size B8, entries needed 1

2888 : system.mem_ctrls: Adding to read queue

2088: system.mem_ctrls: Request scheduled immediately

2808: system.mem_ctrls: Single request, going to a free rank

2088: system.mem_ctrls: Timing access to addr 1888, rank/bank/row 8 @ @

2088: system.mem_ctrls: 28868,ACT2

2808: system.mem_ctrls: VISUALSTIM L0OG: Rank: @ Bank: @ SIZE: 64 ACT: @ READ: 137

2808: system.mem_ctrls: Activate at tick 2808

2888: system.mem_ctrls: Activate bank @, rank 8 at tick 2808, now got 1 active

2088: system.mem_ctrls: Access to 1888, ready at 46258 bus busy until 462586.
A46258: system.mem_ctrls: processRespondEwvent(): Some reqg has reached its readyTim
A46258: system.mem_ctrls: Responding to Address 1838.. A6258: system.mem_ctrls:
73258: system.cpu.icache: Handling response ReadResp for addr @x448 size 64 (ns)
73258: system.cpu.icache: Bleock for addr 8x448 being updated in Cache

73258: system.cpu.icache: Block addr 8x448 (ns) moving from state B to state: 7 (
73258: system.cpu.icache: Leaving recvTimingResp with ReadResp for addr 8x448
79888: system.cpu T@ @ _start mow fp, #O8 IntAlu D=BxBe
79888: system.cpu.icache: access for ReadReq addr 8x458 size 4

796888: system.cpu.icache: ReadReq (ifetch) addr 8x458 size 4 (ns) hit state: 7 (E
81888: system.cpu T@ @ start+d : mow 1r, #8 IntAlu D=8
81888: system.cpu.icache: access for ReadReq addr 8x4d54 size 4

816888: system.cpu.icache: ReadReq (ifetch) addr 8x454 size 4 (ns) hit state: 7 (E
82888 : system.cpu.dcache: access for ReadReq addr @x38de58 size 4

83088: system.cpu.dcache: ReadReq addr Bx8de58 size 4 (ns) miss

85888: system.cpu.dcache: getBusPacket created ReadReg addr B8x8dedd size 64
858808: system.cpu.icache: recvlimingSnoopReqg for ReadReq addr 8x8ded@ size 64
85880: system.cpu.icache: handleSncop for ReadReq addr 8x8dedB size 64

85880: system.cpu.icache: handleSncop snoop miss for ReadReq addr B8x8ded8 size 64

58 Address: 1888 Row:

e
Done

E) walid: 1 writable:
slsTalstalstalstalssistsls)

) wvalid: 1 writable:
(rsislalsisielolsialsisteals o)

Y wvalid: 1 writable:

a

1 readable:

1 readable:

1 readable:

1 dirty: 8 tag: @

1 dirty: 8 tag: @

1 dirty: 8 tag: @

2/2/2021
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Trace file Converted to VisualSim Format

TimeStamp Source_Dewvice Name Dest Device_Name Comment Command Address size
2000 cpu icache getBusPacket ReadReq 0x440 64 | < Cache and Memory
2000 cpu dcache recvTimingSnoopReq ReadReq 0x440 64
2000 cpu dcache handleSnoop-snoop miss ReadReq 0x440 64 stats
2000 mem_ctrls recvTimingReq ReadReq 1088 64
2001 mem_ctrls Responding to Address 1088 64
73250 cpu icache Handling response ReadResp 0x440 b4
154000 cpu dcache access WriteReq 0x8de50 4 \
Demo output csv
- - , - , - -
Time Stamp CPU_Core Instructions Execution_unit / fro m ge m 5 traces.
79000 TO mov IntAlu D=0x0000000000000000
81000 TO mov IntAlu D=0x0000000000000000
83000 TO ldr MemPBead D=0x0000000000000008
154000 TO str MemWrite D=0x00000000befffe54 A=0xbefffe50
156000 TO subi_uop IntAlu D=0x00000000befffe50 P .
158000 TO str MemWrite D=0x0000000000000000 A=Oxbefffedc ) Different cpu cores
150000 TO subi_uop IntAlu D=0x00000000befffedc stats
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Using Trace in VisualSim

MIRABILIS

TimeStamp Source_Device Name Dest_Device_Name Comment Command Address size
2000 cpu icache getBusPacket ReadReq 0x440 64
2000 cpu dcache recvTimingSnoopReq ReadReq 0x440 64
2000 cpu dcache handleSnoop-snoop miss ReadReq 0x440 64
2000 mem_ctrls recvTimingReq ReadReq 1088 o4
2001 mem_ctrls Responding to Address 1088 64

73250 cpu icache Handling response ReadResp 0x440 64
154000 cpu dcache access WriteReq 0x8de50 4
Time_Stamp CPU_Core Instructions  Execution_unit
79000 TO mov IntAlu D=0x0000000000000000
81000 TO mov IntAlu D=0x0000000000000000
83000 TO 1dr MemPRead D=0x0000000000000008
154000 TO str MemWrite D=0x00000000befffe54 A=0xbefffe50
156000 TO subi_uop IntAlu D=0x00000000befffe50
158000 TO str MemWrite D=0x0000000000000000 A=0xbefffedc
160000 TO subi_uop IntAlu D=0x00000000befffedc

B

DigitalSimulator

ARM Cortex A53 Processor System

@ Architecture_Setup_Name: "Architecture_1"

@ Processor: "Cortex_A53"

ExpressionList i VariableList
——— @ ClockRate: 1200.0 e ARMB_Ins
® SimTime: 5000.0e-6
Power Inst @ TrafficRate: 10e-6 D

PowerTable

ArchitectureSetup2

TextDisplay

Power Avg
BusArbiter

Read_GEM5_Trace )
Devicelnterface

These instructions read via TrafficReader as input to the
Processor block
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Using Task Generator Module

* More dynamic and distributed traffic profile can be generated

*“n” number of Software tasks can be defined

TaskGenerator

{Iladdl'l
: Ilmovll}

v

> >
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Relative Time(double) on
Task_Name Number_ Instructions({int] Type Pct Type Pct Type Pct Type Pct  Type Pct Type Pct Type Pct Type Pct  Type Pct
High Mapper 702 ALU 13 MDU 7 FPU 5 BU 1@ sSU 18 LU 15 PU 5 LSU 30 MU 5
Low_Mapper 568 ALU 17 MDU 11 FPU 18 BU 280 SU 4 LU 13 PU__ 7 LSU_ 14 MU 4
Sensor 4821 ALU 19 MDU 13 FPU 6 BU 16 SU |8 LU @ PU 5 LSU 24 MU 9
Read_Frame 3500 ALU 22 MDU 11 FPU 9 BU 8 su | 13 lU 18 PU 6 LsU 9 MU 4
Decode_Frame 428 ALU 31 MDU 12 FPU 8 BU 27 SU |e@ LU @ PU 8 LSU 11 MU 3
Video Post_Proc 964 ALU 13 MDU 7 FPU 4 BU 29 sU |17 LU @ PU 6 LSU 19 MU 5
Render Frame 355 ALU 17 MDU 18 FPU & BU 11  sU |3 U 18 PU 7 LSU 27 MU 9
Format_Conv 604 ALU 17 MDU 9  FPU 5 BU 21  SU |9 LU 8 PU 13 LSU 14 MU 4
Rotate_Frame 557 ALU 18 MDU 9  FPU 5 BU 21  SU |9 LU 8 PU 11 LSU 15 MU 4
Display 800 U 7 MDU 3 FPU 2 BU 5 SU | 17 LU 26 PU 2 LSU 35 MU 3
/ Y
y

Number of The Total Number of instructions are made up of instructions of

Software tasks instructions per different types. The percentages of each type of instruction is
task specified here.
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Task Generator - Config File

Desription Type (used below) Mnemonic List =/

Arith 1 ALU ADD 5UB H

Arith 2 MDU SMULH SDIV ;

Float FPU FADD F5UB FMUL FDIV FSOQRT FCVTL ;
Branch_Unit BU JMP IMP.6 JMP.1© IMP.14 ;

Shift Unit SU LSLV LSRV H
Logic_Unit LU AND ORR XOR ;
Mispredict Unit PU *1MP ;
LoadS5tore Unit LSU LDRSW STRB H

Move Unit MU MOV H

This type descriptor is used in the previous slide.

User can specify the percentage of each type of
instruction for each software operation

2/2/2021
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Technology-specific Hardware
Modeling
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DMA

* DMA block that represents a memory controller that sits between the Processor or bus
or Devicelnterace Block and the Memory bank.

* Receive requests directly from the processor block or from the Req port.
* Performs Sequential operation

* Channels operate concurrently

* Request fragments into Burst Size & each one is sent out as one task
*Delays are based on block parameters & no additional delay

* All fragments of Write must arrive to release channel

* Hardware Devices - > DMA

* Two ways to characterize the task operation of the DMA Block:
+/ Using Database
+/ Using Data Structure Fields
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DMA Block Notes

* A_Bytes_Sent = Bus_Width

* A_Bytes = Burst_Size or remaining Bytes
* Qutput Request has A_Task_Flag = true
* A_Command: Read returns as a Write

*A_Command: Write returns as a Read
* If Req port connected to non-Architecture block, then entry in Routing Table is required.

* A_Instruction must not have a # prefix
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DMA Block Diagram

Devices

False

Dropped

Return to Channel
Start next task

false

EEENS
Channel
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DA
°
Usin 2 Database W -
Block_Documentation: [7|Enter User Documentation Here
* Database Fields are:
Architecture_MName: “srchitecture 17
" A_Task_Name - ; e
VA |nStFUCtI0n <.Mm:ﬂ£ambase_Re&rean
V A_I DX DMA_to_Device_Cydes: 1
- Device_to_DMA_Cydes: 1
VA TaSk Source Channel_FIFO_Buffers: 10
S — i Speed_Mhz: Bus_Speed_Mh:
+ Burst_Word_Size oM Chanmels: —
" A_Task_Address (R 4 v
¥, A-Command ot [ e ][ e | s | e || |
Commit Add Remove Restore Defaults Preferences Help Cancel
v A_Bytes
" A_Priority

+ A_Destination

Database

e erle
I\

A_Task_Name A_Instruction A_IDK A_Task_Source Burst_Word_Size A_Task_Address A_Command A_Bytes A_Priority A_Destination
My_Task_1 LO_LDR 0 DRAM 126 1 Read 128 0 DA
My_Task_1 LD_LOR 1 DRAM 128 1 Read 128 1 DMA
My_Task_2 LD_LOR 0 DRAM 128 1 Write 128 1 DHA
My_Task_3  LO_LDR 0 Display 128 2 krite 128 3 DMA
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DMA Database Block Entry Example

Ext_Int
Ext_Int
Serial

Identifier :
Match Request
A_Task_Name

Load
Load
Store

Instruction:
Match Request
A_Instruction

Handle
many tasks
per Req

Ext_DRAM
Int_DRAM
Int_DRAM

Target device

32
32

Burst size is per
task

Channel Number

Operation

Data
transfer
size is
unique
per task

w =0

Priority for
queuing on
Bus and
others with
priority

DMADalabase

Target DMA
block




Using Data Structure
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* Fields necessary in Data Structure
v/ A_Task_Name
+ A_DMA_Command
+/ A_DMA Destination
v A_Priority
v/ A_DMA_Bytes
v A _Task_Address
+ A_DMA_Burst_Byte

DISPLAY AT TIME
{A_DMA_Burst_Bytes
A_DMA_Bytes
A_DMA_Command
A_DMA_Destination

= 64,

= {1024, 1024},

= {"Read", "Write"},
— {IIRAMII \ “D-iSFl-la.}"”},

A_Priority = 5,
A_Task_Address = 2,
A _Task_Name = "Activityl",

Dt

T&iit parameters for DMA - d x
Block_Documentation: [ Enter User Documentation Here
Architecture_Name: “Architecture_1"
DMA_Controller_Name: "DMA_Controller 1

~Wemory_Database_Reference: |mygne”
DMA_to_Device_Cycles: RegEx_or_None
Device_to_DMA_Cydles: RegEx_or_None
Channel_FIFQ_Buffers: Integer
Speed_Mhz: Double
DMA_Channels: 7
Width_Bytes: 4 >
Commit | ‘ Add | | Remove ‘ |Reslure Delaulls‘ | Preferences ‘ | Help ‘ | Cancel
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Example of DMA in model

ARME_Instruction_Sel  ArchileclureSetup

@ Processor_Speed: 100.0 Digital TimingDiag -
# | Cache Size: 8 —
#0_Cache_Size: 16 r¥ i

# Bus_Speed: 160.0 et | seePht | |

BusArbiter

& Sim_Tima: 1.0&3
o ModelSeed: seed(1234)

TaskGanerator

[llaﬁll
. "Mﬂ"-'"}

ExprassionlList

2
=
2
[
g
=

Triggered TrafficZ
I

—
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* The Architecture setup block generates statistics for DMA  [pma_T 0_per_sec_Max = 9.8E6,
v 10_per_sec : Input and output transactions per second DMA_TI0_per_sec_Mean = 9.77EG,
DMA_IO_per_sec_Min = 9.,74E&,
DMA_IO_per_sec_5tDev = 30000.0,
DMA_Throughput_MBs_Max = 156.8,
* The data structure coming out from dout port will be DMA_Throughput_MBs_Mean = 156.48,
having two added fields : DMA_Throughput_MBs_Min = 15&.16,
+/ Task_Latency ( which gives the latency for the task DMA_Throughput _MBs_StDev = 0.3200000000053,

completed )

v/ Task_Throughput ( which gives the throughput for the task
)

* DMA controller produces Traces

Task_Latency
Task_Throughput
Tinme_Array
Trace_Array

1.04716E-4,

3.738083216568E7,

{2.30001E-4, 3.05343E-4, 3.10456E-4, 3.10461E-4, 3.15593E-4, 3.15603E-4, 3.1987E-4, 3.19875E-4, 3.25012E-4, 3.25017E-4, 3.
{"DMA_Task_in", "DMA_Read_From_DRAM", "DMA_Read_Completed_From_DRAM", "DMA_Read_From_DRAM", "DMA_Read_Completed_From_DRAM"




MIRABILIS

Bridges and Switches

Bridge

Bridge

> Blocking
> Delay is variable based on data size and speed

> Single source<->Destination

Switch (Blocking)
> Single interconnect

> Single-cycle delay for Read and Multi-cycle delay for Write

Switch (Non blocking)
o Point-to-point mesh with multiple channels per wire

sg h:
o 4 connected Devices and can add more
sg h:

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

Serial_Switch (Non blocking)
> Point-to-point mesh with multiple channels per wire and multiple PHY per wire

> Basic block contains for 16 device connections. Can be expanded
> Single-cycle delay for Read and Multi-cycle delay for Write

L. 3
9D on
=0
= 0
[ S
n o
EEpE
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AXI BUS

* Suitable for high bandwidth and low latency Designs
* Enable high frequency operation without using AMBA, AKX
bridges
* Supports 16 Masters and 8 Slave Ports
* Provides Statistics
* Arbitration Algorithms
+/ Fixed Time Slot
+ Round Robin
" User Algorithm
* Loops every cycle
+ Test for available requests
+ Test of Read Threshold and Wait Flags




. MIRABILIS
AXI Bus Block Diagram- aoonnn

Read/Write Request Channel

There is a separate set of Read Request

and a separate set of Write Request.
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Eoonon
AXI Bus Block Diagram- AXI Bus Block Diagram-
Read Data Channel Write Data Channel

A A A




AX| Bus Block Diagram: MIRABILIS

Read Flow Write Flow

elayss 0 0 Variaple  Min: 1 0 0+ Min:0 Delays® 0 Variable Min: 1 0 0+
s Ananie Mazx: variable Max: Variable :. | Max: variabl

e S
I ey

Event for next Request Yasg

Start Data Transfer
Uzing same token

1 - :
Delays» 0+ L Min:0 (Size-Width) 0

(Speed) Max: Variable (Width*Speed)

0 alze-VVah 0 0+ 0 Return Token Return Token after
Delays > (WidihSpeed)  (Speed) fo WMasfer write i complefe




AXI Bus Block Diagram:

Arrays

MIRABILIS

Master Outstanding- Read
° Array starting from master # 0O

Master Outstanding- Write
o Array starting from master # 0

Slave Threshold- Read

> Array starting from Slave # 0

Slave Threshold- Write
> Array starting from Slave # 0

Configuration

Interfaces and Buses ->AMBA -> AMBA_AXI

Edit parameters for AMBA_AXI4

Architecture_Mame:
Bus_Mame:

AXI_Speed_Mhz:
AXI_Cyde_Time:
_explanation:

Bus_Width:

Read_Threshold:
wWrite_Threshold:
Master_Request_Threshold:
Mumber_Masters:
Mumber_Slaves:
Threshold_Trans_T_Bytes_F:
Arbiter_FIX_1 RR_2_CUSTOM_3:
Slave_Speeds_Mhz:

Extra_Cydes_for_RdReq_WrReq_RdData_WrData:

Devices_Attached_to_Slave_by_Port:
Master _First_Word_Flag:
Master_Throtte_Enable:
Slave_Throtte_Enable:
DEBIIG:
Custom_Arbiter_File:
Custom_Arbiter_Path:
Fixed_Priority_Array:
Slawve_First_Word_Flag:
Custom_Slave_File:
Ports_to_Plot:

“Architecture_17

“AXI_Level 27

Bus_Speed

1.0E-06 / AXI_Speed_Mhz

Interfaces and Buses-=AHB->AXI_Bus

8

8

8

42,2,4,2,2,2,2}

2

true

1

Mhz, AXI_Speed_Mhz,AXI_Speed_Mhz, AXI_Speed_Mhz, AXI_Speed_Mhz, AXI_Speed_Mhz}

{0, 0,0, 0,0, 0, 0, O}

{{DDRDRAM™}, {DDRDRAM2™}, SDDRDRAMS™}, {Device_4"3}

true

{false, false, false, false, false, false, false, false, false, false, false, false, false, false, false, false}

{false, false, false, false}

false

“none™

"none”

15}%,41,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16},11,2,3,4,5,5,7,8,9,10,11,12,13,14,15, 16} }

true f* Mot Active in Default Slave =/

"none”

40,0} /* master n, slave m, 0 disables =/

I Commit I | Add | | Remowve | |R5h:-le Deiauhsl | Preferences | | Help | | Cancel
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How to Connect?

DigitalSimulator

RAM
Traffic ExpressionList Devicelnterface AMBA_AX] 'SORAM, 1°

[=
2 y 2500
N =
X
TextDisplay : Integrated_Cache
X . B
<] -
X
I w
Traffic? ExpressionList2 .
= — Devicelnterface2 Devicelnterfaces

<

. TextDisplay2

-

ol | | | | e

—

A




Statistics
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* Master/Slave combination

+ Queue number 1 for Master 1 to Slave 1
+" Queue Number 2 for Master 1 to Slave 2
v Read Request and Write Request

*  For each master
+ Read Data Channel and Write Data Channel
+ Queue number is the port number

* List of overall statistics

+ Number_Entered

+ Number_Exited

+ Occupancy_Max/Min/Std_Deviation/Mean
+ Total_Delay_Max/Min/Std_Deviation/Mean
+ Utilization_Mean

DISFLAY AT TIME
{AXI_1_Master_1_MN_0OverFlows
D5_MNAME

DISPLAY AT TIME

1AXI_1_Master_1 Read_Data_Bytes

AXI_1 Master_1_Read_Data MBps
AXI_1_Slawve_1_Read_Data_Bytes
AXTI_1 _Slave_1 Read_Data MBps
AXI_1_Slawve_2_Read_Data_Bytes
AXTI_1_Slave_ 2 Read_Data MBps
DS_MNAME

DISPLAY AT TIME

{AXI_1_Slave_1_Rd_Threshold_lUsages = 2.0,

AXI_1_STlave_Transactions
D5_MNAME

DISFLAY AT TIME

{Ax1_1 Slave_2_Rd_Threshold_Usage = 1.0,

AXI_1 Slawve_Transactions
DS_MNAME

DISPLAY AT TIME
{BLOCE

DS_MAME
Mumber_Entered
Mumber_Exi ted
Occupancy_Ma:
Occupancy_Mean
Occupancy_Min
Occupancy_StDew
Total_Delay_Max
Total_Delay_Mean

S0,
"AxI_1_Detected_OwerFlows"7}

—————— 20000000 us —————-
= 21855,

= 109.28,

= 20832,

104.15,

= 1024,

5.12,

"AXI_1_Rd_Wr_MBps"}

—————— 200.00000 us —————-

=54,
"AXI_1_Slave_l1_Rd_Threshold"}

—————— 200.00000 us —————-

32,
"AXI_1_Slave_2_Rd_Threshold"}

—————— 200.00000 us —-———=—-—
"ART_Bus . AXI_BusZ?.Master_1l.Master"
"Master_Transactions_1",
719,

716,

3.0,

0.5519163763065 ,

0.0,

0.5492359152205,

3.285E-7,
3.6423988842399E-8,
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* Ports_to_Plot parameter- { master number,
slave number }
B visualSim Architect - Simple_AX|_Bus.DS_xTime_yData_Plotter — O X
* Connect DS_xTime_yData_Plotter to plot out sDERMHE
t . . . DS_xITime_leata_Pllotter . . .
por
ot save_ 1w word v N
» Configure The plotter to — AL i L
¥ Field Trace Name - Plot_Name oot o s INNIRNNNRARNRERARNRERRACRRERIRANINNN
. lave d Addr| ]
" Field_Y _Value - Plot_Value A sve L RAA
Vv Field_Color - Plot_Color SN 1111111
"  Field_Offset - Plot_Offset 1 Master 1 i synel ﬂlﬂﬂlllﬂlﬂllﬂlﬂﬂlﬂlﬂlﬂllﬂlﬂﬂlllﬂﬂﬂlllﬂlﬂlllﬂlﬂlllﬂlllﬂﬂlﬂlﬂﬂﬂmﬂ _
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
* Plots the transaction between the Selected 10

master and slave



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

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

o Ifitis 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.

o Ifitis 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.

o 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.

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

Integrated_Cache
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Integrated Cache Configuration

Key Configuration parameters:

v Cache_Speed_Mhz: Speed of the cache in Mega hertz, which is
used to calculate the cycle time. Eg: 1000.0 (1GHz)

v Cache_Width_Bytes: Word size in cache, cache will transfer this
bytes of data in single clock cycle. Eg: 8 (8 bytes or 64 bit)

+ Cache_Size KB: Overall cache size in Kilo Bytes Eg: 64

v’ Block_Size KB: Cache will be organized as blocks of memory
based on this size. Eg: 1

v Loop_Ratio: Loop ratio used in stochastic mode to represent
repetition of same instruction fetching. Eg: 0.2 (between 0 to 1)

v Overhead_Cycles: Overhead delay of the cache block Eg: 1

v First_Word: If it is true the response will be returned, when the first
word of the requested size is fetched. Otherwise, the response will
be returned at the end of requested words
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Integrated Cache Operation

*Command : Read_Instr
v/ Read_instr is used only for instruction cache.

+ Check hit or miss, if hit, number of cycles will be delayed based on A_Bytes
and send it out.

v If it is a miss, it will put the request in the buffer, single cycle for request
generation will be performed and send it to next level memory.

*Command: Read_Req / Write_Req
+ These commands are used only for data cache.

+ Check hit or miss, if hit number of cycles will be performed for read and write
« If the cache is in write_through it will sends the data to the next level cache at the same time.

 If the cache is in write back, it will just update the current cache block. If read request comes
to the same address, whole block of data will be updated to the next level cache.

* Command: Read / Write

+ Cache will consider the request for the data cache and process the
cycles of delay based on the A_Bytes.
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Integrated Cache connection

Input Ports

> to_cache: Request going in to the cache, it can be connected to a
processor or device interface through a bus.

o Expected fields: A_ Command, A_Source, A_Destination, A_Priority, A Bytes, A_Task_Flag,
A | Addr, A_ D _Addr

o fm_cache: Response from the cache after the hit occurs in the data.

Output Ports

o to_next_cache: Request going to next level cache or memory in the case of

a miss or an update(Write through or write back). It can be connected to
next level memory through a bus.

o Expected_Fields: Cache_Event, Block_No, A_Command, A_Source, A_Destination, A_Priority,
A Bytes, A_Task Flag, A_| _Addr, A_D_Addr

o fm_next_cache: Return Data from the next level memory.



Integrated Cache Statistics

MIRABILIS

Number of Statistics samples can

be generated during the simulation

time using the parameter
“No_of_Statistics’

dle]s]i]gln]

M VvisualSim Architect - .Cache and_mem.L2_Cache Statistics — ] X
A

DISPLAY AT TIME —————- 500.2795000 us ------
{A_Hit_Ratio = 93.2203389830508,
A_Miss_Ratio = 6.7796610169492,
A_Prefetch_Ratio = 0.0,
A_Read_MBs = 0.181248, |
A_Read_MBs_per_Second = 362.4960072499201, !
A_Total_MBs = 0.193536, 5
A_Total_MBs_per_Second = 387.0720077414401,
A_Write_MBs = 0.012288,
A_Write_MBs_per_Second = 24.57600049152,
BLOCK = "L2_Cache",
Buffer_Occupancy =0,
DS_NAME = "Header_Only",
ID =1,
Number_Entered = 177,
Number_Returned = 177,
TIME = 5.ﬂDZ?95E—4,|
Utilization = 12.1845002436899} o




MIRABILIS

Integrated Cache Debug messages

User Regkx Exception:

Block allocation in |I_1 is incorrect, check Block_Configuaretion parameter

Cache size configuration should match with the number of blocks

allocated.
Block_Configuration: [#|"/+ cache configuration */
Cache_Allocation No_of_BTlocks No_of_I_Blocks No_of_D_Blocks ;
Proc_1 16 {2,20} {0,0} "



Memory Controller

MIRABILIS

Write Data

Write Data
Controller

Write Data
Buffer

Write Data

Command/Address

Cmd / Addr
Controller

Command
Buffer (N)

Memory
Controller

Address

Write Response

Write Response
Controller

Write Response
Buffer

Standar
d
State
Machin
e

Read Data

Read Data
Controller

Read Data
Buffer

Read Data




Memory Controller MlRAEBEL'-ELS,,
Algorithm State Machine

Read_to_Write

Sequential Sequential
Write_to_Read
Rea Writ
d e
Done First
Write
First Done
Read
Idle

Consistent with JESD 209 LPDDR, Aug 2007



MIRABILIS

Memory Controller

* Oversees the operation and perform handshaking with the
HWDRAM

* Oversees the sequential Read/Write operation and Holding the
request when the DRAM is busy Memory_Controllar.. 4sta 1o mem
_wr_data_fm_bus : ,.zn:l:-:lsﬁa_fm__mﬁm

e Data Structure Fields Used:
v/ A_Address_Min

v/ A_Address_Max

v A_Command

v/ A_Bytes

v/ A_Bytes_Remaining
v/ A _Bytes_Sent

d_data_wr resp o bus

hc:tﬂ_tu_mam
ctd fm meam
* — —

SAlEnR



MIRABILIS

Memory Controller

* Constructed as 7 individual blocks for easy understanding

* Data Structure Fields used
v/ A_Address_Min, A_Address_Max, A_Command

v/ A _Bytes, A_Bytes_Remaining, A_Bytes_Sent

* Arbitration Algorithm
+ First Come-First Serve provided as standard algorithm

+/ Custom algorithm add as a separate script file

* Processing Arrays (Accessible Externally)
v/ Command Type, Bank and Page Address, Data Structures

*A_Command is suffixed with Memory transition
+/ Read_Sequential, Write_Sequential, Read_Precharge, etc.



Statistics of Memory Controller

MIRABILIS

Read MBs per Second:

Total Read command processed by memory
controller as number of Mega Bytes per second
Read IOs per Second:

Total 10s that the block can handle for one
second
Wr_10s_Per_Second, Wr_MBs_per_Second

DISPLAY AT TIME
{BLOCE
Command_Queuwe_Count
Command_Queuea_Max
Command_Queuese_Mean
Command_Queue_Min
Command_Queue_5tDew
DELTA

DS_MNAME

D

INDEX

Fead_Bytes
Fead_I0_Count
Read_I0Os_per_Second
Read_MEs
Read_MEs_per_Second
Read_Remowval_Position
TIME

Total_Bytes
Total_Delay_Mas
Total_Delay_Mean
Total_Delay_Min
Total_Delay_StDew
Total_Entered
Total_Exited

Total _I0_Count

Total _I0s_per_Second
Total_MBs
Total_MBs_per_Second
Total_Refresh_Pct
Total_Remowval_Position
Write_Bytes
Write_TI0_Count
Write_I0s_per_Second
Write_MBs
Wrdite_MBs_per_Second
Write_Remowval_Position

—————— 100.00 ns —————-—
"LPDDR_Mem_Ctrl1",

S,

1.

D000

5
o]
5
o
™

VM_Memory_Controller_Stats'",

= O
a [lu ow
i}

2.903909030902909ES ,

1.28E-4,

4554 .545454545454,

{. 0, 0, 0, 0, 0, O, O, O, O,
1.0E-7,

128,

3.5E-9,

1.5E-9,

5.0E-10,

1.2247448713916E-9,

00000

2.9032039030203903ES ,
1.28E-4,
4554 .545454545454,

0.0,
{8, 0, 0, 0, 0, 0, 0, O, O, O,

O

0
0.0,
0.0,
0.0,
io0,

, o, 0o, 0, 0, 0O, O, O, O,




Cycle Accurate DRAM —

MIRABILIS

Key Features

*Bank Address Decoder
v Bank, Row, Column

*Page Address Decoder

*Timing accuracy
+ Extensive list of access types for read and Write

*Types of Read and Write
+ Sequential, non-sequential, Random Burst, Multi-row

*Refresh per Bank
+ Maximum time between refresh

v Types: Sequential, After N Idle Cycles, Deadline
* Power using RegEx

e Statistics
+ Command Profile, Power Profile, Memory State Profile

port 1. GycleAccurateDRAM
part_2 port_3
DRAM
frm_ctr 1000 Hbvz rnt_4
to_ctd 4 Bytes
o 1



HW-DRAM Statistics

MIRABILIS

* Provides the number of cycles taken by
each process in the memory block

* The port named “port” gives the
statistics

DISPLAY AT TIME

DRAM Setup:
tRRD Cycles:
tCL Cycles:
tRAS Cycles:
tRCD Cycles:
tRF Cycles:
tRL Cycles:
thWl Cycles:
tWtR Cycles:

D055 Max Cycles:
DQSS Min Cycles:
tRTF Cycles:

13
32
13
13
11

JE N i S N

Bank Select

Col Address Strobe
Fow Address Strobe
Row Col Delay

Row Frecharge

Fead Latency

Write Latency
Write to Read

D055 Max Cycles --
DOSS Min Cycles —-

Bidirectional Data Strobe
Bidirectional Data Strobe




MIRABILIS

How to connect ?

Memory_Controllgr . 4at 10 mem 1 CycleAccurateDRAM

port_3
DRAM
1000 Mz n_4
4 Bytes

it

rd_wr_data_fm_bus

rd_dala_wr resp o bus

=1

o
iR
(]
[T




Configuration

MIRABILIS

Memory Controller

HW-DRAM

Edit parameters for Memory_Controller — >
Architecture_Name: “Architecture_1"
Controller_Name: "LPDDR™
Controller_Speed_Mhz: 1000.0
Memory_Width_Bytes: 4
Bus_Width_B = 4
Command_Buffer_Length: |z
Commands_in_a_Row: a
Memory_Calumn: 0,9}
Memory_Raow: {10,24}
Memory_Bank: {25,238}
DRAM_Return_Cydes: a
DEBUG: true
_explanation: Hardware_Modeling-=Memory-=Memory_Controller
Memory_Rank: 29}
Burst_Length: 42, 4,8%
Wm\
HW_DRAM_Name: "SORAM" )
MW Default *f
Mfg_Suggest_Timing: {16,16,16,32} [* tCL, tRCD, tRP, tRAS =/
Extra_Timing: {0,2,1,1,3,1,0,1,0,30} /*DQSS, tWTR, tRRD, tWR, tRL, tWL , tDQSCK, tRTP, tHWpre, tFAW =/
DORA4_Timing: {6.0,4.0,5.0,6.0,4.0,5.0,30.0} /* CCD_L, CCD_S, CCD, RRD_L, RRD_S, RRD, FAW; units dks, except FAW ns =/
Mumber_of_Samples:
DRAM_Type: P
MNumber_of_Ranks: i
Mumber_of Bank_Groups: |2 i
writeStats_to_File: false

Commit

| | Add | | Remove | |Rmore Defaults| | Preferences | | Help | |

Cancel

Edit parameters for CycleAccurateDRAM — O >
Architecture_Mame: “Architecture_1"
HW_DRAM_Mame: “SDRAM™
HW_DRAM_Speed_Mhz: 1000.0
Sim_Time: 1.0E-05
_explanation: Hardware_Modeling->Memory->=HW_DRAM
Memory_Width_Bytes: 4
Burst_lLength: 4f=2, 4, 8%
Mfg_Suggest_Timing: 116,16,16,32} /= 1CL, tRCD, tRP, tRAS =/
Extra_Timing: {0,2,1,1,3,1,0,1,0,16} /= DQSS, tWTR, tRRD, tWR, tRL, tWL , tDQSCK, tRTP, tHWpre, tFAW =/
Retention_Time: 54.0E-03 /* 54.0 msec */
Enable_External_Data: false
Address_Bit_Map: {40,9%,410,24},{25,27%,{30}} /= col, row, bank, rank {min, max) Bit Position =/
Standard_Mame: “none” f*reads DDR_Memory_Standards. ot =/
Standard_File: |
Pow = “none™; Ueruult;‘L
Memory_Controller: “LPDDR™ f* Default *D
D false
State_Plot_Enable: false
DRAM_Type: DDR4 Rag
Fine_Granularity _Refresh: FGR_1x i
Fine_Granularity_Refresh_Time: |55 0E-09
REFpb_T_REFab_F: true
Refresh_Statistical: true

Commit | | Add | | Remowe | | Restore Defaults | | Preferences | | Help | | Cancel




W DRAM- Timing Parameters MIRABILIS
Name  Descripion

tCL CAS Latency time

tRAS Active to Precharge delay

tRP DRAM RAS# Precharge

tRCD DRAM RAS# to CAS# Delay

tWTR Minimum time interval between end of WRITE and READ command

tWR Minimum time interval between end of WRITE and PRECHARGE command

tRRD Minimum time interval between successive ACTIVE commands to different banks

x Cycles Time between Read to Read or Read to Write for non-consecutive or non-sequential access to the same row in
a bank

tDQSS Deviation from the clock for a Write operation

tRL Read latency between the request and the actual output of the first bit

WL tWL=Write Latency between the request and the actual output of the first bit

tDQSCK 1

tRTP Read to precharge

tHWPre Time between the request and the actual precharge. This is a hardware limitation.

_



CycleAccurate DRAM:
Same Row Read Timing

MIRABILIS

CycleAccurate_ DRAM:
Random Read Timing

1st Request at starting

Sequential or Consecutive Burst
(same row)

Non-Sequential or Non-Consecutive
Burst
(Same row but not immediate word)

Bus cycle

+ tRRD (if switched)

+ tRAS

+ M_Cycle * 1st word

+ M_Cycle * Remaining Word

Bus cycle

+ tRRD (if switched)

+ M_Cycle * 1st word

+ M_Cycle * Remaining Word

Bus cycle

+ tRRD (if switched)

+ xCycles + tCL

+ M_Cycle * 1st word

+ M_Cycle * Remaining Word

New Row Burst

Multi-row or row crossing
Burst

Read following a Write

Bus cycle

+ tRRD (if switched)

+ tRP (Active to Active) + tRAS
+ M_Cycle * 1st word

+ M_Cycle * Remaining Word

Bus cycle

+ tRRD (if switched)

+ xCycles + tCL (if non-sequential, else ignored)
+ M_Cycle * 1st word

+ M_Cycle * Remaining Word on current row

+ tRP (Active to Active) + tRAS

+ M_Cycle * Remaining Word

Add tWTR



MIRABILIS

CycleAccurate DRAM: Write Timing
e  Tmm

Sequential or Consecutive Burst Bus cycle

(Following another Write) + tRRD (if switched)
+DQSS (75% to 125% of 1 cycle)
+ M_Cycle * Number of Words

Non-Sequential or Non-Consecutive Burst Bus cycle
(same row following Read or Write) + tRRD (if switched)
+ xCycles + tCL

+DQSS (75% to 125% of 1 cycle)
+ M_Cycle * Number of Words

Random Burst Bus cycle

(Follow Write) + tRRD (if switched)
+ tRAS + tRP (Active to precharge)
+ tWR (Write to Active)

+DQSS (75% to 125% of 1 cycle)
+ M_Cycle * Number of Words

Random Burst Bus cycle

(Follow Read) + tRRD (if switched)
+ tRAS + tRP (Active to precharge)
+ DQSS (75% to 125% of 1 cycle)

- + M_Cycle * Number of Words -



MIRABILIS

—|— ° ] D [
VicualSim Architect - .DuaI_Channel_DDR.CycleAccurateDFLAM.State_BiDir_PIotter — O % VisualSim Architect - Multi_AXI_to_Memory_Access.CyclefccurateDRAMZ State_BiDir_Plotter - ] X
. . . File Edit Special Help
File Edit Special Help
: =)
QE@E@@ ¥ EN/HE

State_BiDir_Plotter

State_BiDir_Plotter

| DRAM_Bank_4[
DDRO Bank_3
DDRO Bank 27
DRAM Bank_2[
DDRO Bank 17

DDRO Bank Of ' HT
DRAM Bank 0T .
DDRO_BiDir_Bus| | | | | | | | | | | ' DRAM BIDIr Bus| J|,||_,“H[’||,“““HH“’HHJH|J"N “ “ H “ “ “ “ H “ H “ “ H “ H “ “
0 2.5

00 05 10 15 20 25 30 35 40 45 | |

: 0.0 0.5 1.0 1.5 2, . 3.0 3.5
x10 X10-7




Memory Controller Signals and Delays
Read following by Write

Memory Controller Trace Plot

|5 5] 8 o] 2
L |
HEREEEEN |

LU |

Read_Sequential [ | | i

tRCD [ =
tRAS \—1 | 9

Read_Cycle [

WR_Cycle [

Write_Cycle [

Write_Sequential

a 5 10 15 20 25 30 35 40 45 50 a5 g0 G5 70 74
Mumber of Clocks
I tRAS I tRP I tRCD I Read= I Write= I tWR + I
tRL + tDQSCK tWL + tDQSS tHWPre

+ Word/(2*Clk) + Word/(2*Clk)




Memory Controller Signals and Delays
Write following by Read

1
Memory Controller Trace Plot lDJElEJEJEJ
oL ool " LIl ]
WTR_Cycle [ .
Wirite_Cycle ™ | | | | | | | | |
Write_Sequential [ =
Read_Sequential [ | I—‘
tRCO[ 7
L J
tRP
tRAS [ L .
5 10 15 20 25 a0 35 40 45 a0 55 f0 fi5 70
Murmhber of Clocks
I tRAS I tRP I tRCD I Write= I tWTRI Read= I
tWL + tDQSS tRL + tDQSCK
+ Word/(2*Clk) + Word/(2*Clk)
| tRP |
BL/2 to
I next
Precharge




Memory Controller, CycleAccurate DRAM
Banks and Bi-Directional Bus- Read Operation

B VisualSim Architect - .Processor 11 D1 L2 Memory 1.Timing Diagram.DS, xT... aiEhIES

Eile Edit Special Help

5] =] ] | 2

HW_ DRAM Bank and Bus Activitf

SDRAM_Bank_0[ ‘ ‘

SDRAM_BIDir_Bus|

LFPDDRE_Ctrl_Read [ , Ca \ ‘ \ \ \ \
1.20 1.2'5 1.30 1.35 1.40 1.45 1.50
|Sim_T|me yalil

tRP tRCD tRL Data
+tRt




MIRABILIS

Power Modeling




MIRABILIS

Purpose

Design with energy as one of the key decision factors

Get early feedback on the power requirements and system limitations
Set the requirements and golden references for the system implementation

Explore the power from end-to-end

Determine the system scalability with power as key consideration




MIRABILIS

VisualSim Power Technology

Comprehensive power solution
° Generation, storage, consumption and management

Graphical entry for all definitions
o States, transition and state change logic
o Complex expression that can incorporation switches, area, LDO efficiency, Frequency and Voltage

o Battery charging mode
Database of pre-defined battery data
Application at the system, sub-system and semiconductor levels

Variety of applications- automotive, multimedia, avionics and space, industrial and
semiconductor



RAB |
Reason for Early System Level PowerlVI RADES

Exploration

Power-based problems are one of the primary causes of costly re-spins
o Heat dissipation

° Low battery life
o Lackluster power-performance trade-off

Peak power consumption
o Determines the cooling, heat sink and other mechanical enclosure designs
° Energy usage, heat dissipation

Map the battery life and power consumed for variety of use cases and workloads
Role of overclocking and power consumption in failures

Understand where the power is being consumed in the system

Modeling of communication, computing and Scheduling 136




MIRABILIS

Concept of VisualSim Power Technology

Based on system model activity and state change logic

. ) : Functional - Timing and Resource
Covers task-based power, transitions, management logic :  Portion : Portion :
Incorporate the hardware, software and network Function 1 > Timing 1
Looks at each of the entities in detail . Enetion 2 o[ Timing 2 R
o Generation from multiple sources- wind, solar, motor, '
steady, custom Function N [ Timing N
o Storage- looks at various types of batteries

. . ) ) Block Functional and Timing Diagram
o Consumption at various rates by multiple devices and

different clock speeds
Gt gt

° Management based on time and custom logic
Block Power Mode Diagram
Generate power profile for downstream test

Reports are average, instant, battery life, usage,
comparison between input, available and consumed

Power is now an integral part of Architecture Exploration



MIRABILIS

Power Table

* Used to analyze the power consumption, battery
discharge, dynamic system changes, power state
changes of the devices which impacts the system timing.

PowerTable

* Enables to design application-based power schedulers
and make trade-offs between performance and power
consumption including battery drain.

* Outputs the instantaneous, average and State_Change

information of top level and the other powerTable
located in hierarchical blocks.



MIRABILIS

Library Blocks Supported

Library components

* System_Resource , System_Resouce_Extend

* Server

* Channel

* Custom Device- Single

* Custom Device-Multiple instances of same block

System-level libraries

* Processor

* Cache

* Bus Controller

* HW-DRAM, RAM
* AXI Bus , AHB/APB




MIRABILIS

Operation

* When the operation state of a device changes (idle, standby, wait, and busy), the power level
goes to the new state

*There is a delay to go to the new state called State Transition delay. The transition delay is
denoted by t OnOff

* The power level of a state can be changed dynamically changed using asynchronous state
change parameter or RegEX function

* Any number of devices can be associated with a single powerTable block



Configurations

Power Table configurations
- PowerTable block-> Configure

-Unigue name for this Power Manager. Can be name + instance number

Block_Documentation: m This is the Excel spreadsheet import. The power
information is maintained here.

-Manager_Setup parameter :

Manager_Name: “Manager_1"

v Architecture block : Lists the devices supported by power-table ===« = = emm e s v e

ice Power States------ =---- Operating States------ State Transiti Speed -=Exist-- */
Architecture_Block Standby Active Wait Idle Existing OffState OnState t_OnOff Mhz Volts 3
Scheduler_sw 10.0 4.0 1.0 0.0 Standby Standby Active 1.0E-6 1000.0 1

Browse

v Power States:
< Active: Power consumption when device is processing a task=°" T T e
+ Standby: Power consumption when device is idle
<+ Wait: Power Consumption when device is waiting for a responge=-==-ww=w= —
< Idle: Power consumption during Off state of the device

v Operating State: e
< Existing: Initial state of the device
OffState: Off state of the device
< OnState: Active/ON state of the device

v State Transitions

- -

Commit Add Remove Restore Defaults Preferenc e Help Cancel

R
L X4




Example model

Three software task scheduled on single processing resource

File View Edit Graph Debug Interface Help

MIRABILIS

-~ EBl--¥bi@aRQ#RO0G/»=e

Library Tree
Document
Model Setup
Traffic
Results ResourceStatistics Parameter and Simulator PowerTable
He IO Statistic DigitalSimulator Instantaneous_Power
Behavior for - _(,\
M!DDQ"S Resources i . i— -‘\ >
Resources Disp_Fast ® TASK: "SW W \ i\l
Power ﬁg“ -
Hardware Setup 1 > 3
hefuderin 0 Scheduler + Resou 1
Memory
HardwareDevices xTimeyDataPlot
Interfaces and Buses [
Ful Lbrary ’\ﬁ
UserLibrary —
Soft Task : ) : G .
EEREE ey This VisualSim simulation model evaluates the performance of three software tasks
Traffic Mapper scheduled on a single processing resource. The scheduler and the processing
b resource are emulated by the block in the model labeled- Scheduler 5W. The initial
scheduling algorithm will be the First Come First Serve (FCFS5). This models shows
the basic operation of the scheduler. Notice the separation of the software tasks
from the Scheduler. The name in Mapper determines the assignment of the tasks to
the Scheduler.The output ports of the Scheduler are used for pleotting tracking.
o= &
-':'._L:tl : : .
g Traffic3 Mapper3d
- b
e




VisualSim plot

Top Scheduler tasks

MIRASIL

IS

Traffic Rate= 10 sec

JEEINFE

Top Scheduler Tasks =
Task 3" | |

T2 110N rn

List of Software Tasks

Task_1~ =

-0.05 0.00 0.05 0.10 0.5 0.20 0.25 0.30 0.35 040 045 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 095 1.00
Simulation Time x10'

Traffic Rate= 5 sec

List of Software Tasks

XTimeyDataPlot

Task_3 ™ ™ |

Task 2 =0 N ron

Task_{

JOENHE

Top Scheduler Tasks =

-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 045 0.50 0.55 0.60 0.65 070 0.75 0.80 0.85 0.90 0.95 1.00
Simulation Time

x10

Traffic Rate= 3 sec

xTimeyDataPlot

Task 3"

—
2
=
>

List of Software Tasks

Task_1-

¥ ] M 1]

j Top Scheduler Tasks =

000 005 010 015 020 025 030 035 040 045 0.50 0.55 0.60 0.65 0.70 075 0.80 0.85 0.90 0.95 1.00

Simulation Time

x10




VisualSim plot

Power plots

MIRABILIS

Power plot with traffic rate= 10 sec

VisualSim Architect - .Scheduler_SW_FCFS.Instantaneous_Power

File

Edit Special Help

- X

x10

2 Instantaneous_Power

& BR[|
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Power plot with traffic rate =3 sec

File Edit Special Help
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Power Table configurations continued

e Default states are Active, Standby and Wait. User can add any number of additional states.For adding new
states: Power Table-> Manager_Setup-> Power states column-> add the additional state and its
corresponding time. List of States must be prior to Existing.

e Async_State_Change window is used if the block changes its state asynchronously. The format is
"<Device_Name> <State> <Time_or_Expression> <Next_State>".

e Expression_List can be used to define the logic and declare the values that can be used elsewhere in the

PowerTable. The format for using Expression_List is "<Name> <value or expression> ;
e Similarly the user can set the configuration of other blocks by:
Right click on the block-> Customize-> Configure
e Doubt on the working on any block? Right click on the block-> Documentation-> Get Documentation




MIRABILIS

Power Modeling Usage

* Hardware library and schedulers
+ No model construction required

* Custom blocks including accelerators
v Use the expression and variable to change the power values

+ Define custom power states

v/ Use the Time_State to define movement from one state to another,
especially for inactive states

v/ Use the Power RegEXx functions to change state or modify power
level

* For model operations

+ Cycle-by-cycle table of instant power state of all devices
(powerManager)



|
Example model for hierarchical power b "

table

Top level of the model

File View Edit Graph Debug Interface Help
B~ ¥hfaa@a|/@#ZO00C »m=e
fina]

* Power Table can be built hierarchically e S
* Top Level Power table is connected to the Low level -
Power Tables. =1

For example, this top tower table will contain all the
power tables in the below hierarchies. & — w

These 3 levels can be viewed by:

From top level of the model :
Rack 1-> open block Architecture_1_Processor_1_Rack_1_Board_1_Se

board1-> open block ction_1_SubSection_1

B« l&bhiaa@aAl#EO0O0C »r=e

section1-> open block = ==




Power table for hierarchical

eThe processor, memory and bus
are present in architectural block
column since the model contains
three devices. So each power
table of each subsection will
contain these three architectural
blocks.

e By enabling the “state plot
enable” parameter and the
setting in digital simulator, it will
create a GNU plot image, which
contains much larger amount of
information.

Edit parameters for PowerTable

Block_Documentation: 0 This i
'For‘m ation is maintained here

the Excel spreadsheet import. The power

Manager_Name "Manager_"+Rack_Instance
fileOrURL: Browse
Manager_Setup: W /* Power_Table. First row contains Column Names, expressions valid for entries except Device Name.
Device N Power States------ ----- Operating States- -State Transitions--------- --5peed-- --Exis
Architecture_Block Standby Active Wait Idle E:ﬂshng D‘F‘FState OnState t_On0Off Mhz Volts :

Architecture_1_Processor_1_Rack_+Rack_Instance sdy 300.0 0.0 0.0 Standby Standby  Active 0.0 1000.0 1.0

Architecture_1_Rack_1_Bus 70.0 300.0 0.0 0.0 Standby Standby Active 0.0 1000.0 1.0

Architecture_1_SDRAM_Rack_1 70.0 300.0 0.0 0.0 Standby Standby Active 0.0 1000.0 1.0

Delay_to_Change_State: [[f|/* Delay_to_Change_State. First row/contains Column Names, expressions valid for entries except Device Name.

where S¥ate to same State can extend a Power State

-------- Device Name------- -- t------Expression------Next--- "/
Architecture_Block Time State
Architecture_1_Rack_1_Bus 1.0e-3 Idle
Expression_List: F|/* First royﬁﬂta-ins Column Names.
Rgferenc Expressiol "/
Name value H
Cyel 1.0E-6 / Mhz
sdy 70.0"1.5/2.5
Battery_Units: Mill_Watts
State Plot Enable: [l
: Add Remove :Restou Defaults Preferences Help Cancel




Power table for hierarchical continued

® The expression list row is useful for defining variables. For example, when the processor has to go to standby
state, a variable name is found in the standby column. The value of this variable “ sty” is read from the
expression list.

e The “delay to change state” row is for power management. For example the Bus is in standby state for more
than 1 ms, then it is put to Idle state. The “state” column gives the state in which the block is present. The
“Time” column tells how long the bus can stay in standby state, if the time is exceeded, then the “Next” column
gives to which state the bus will be going to. For example here it is Idle state.




Statistics

* Instantaneous Power (port)
> This outputs the instantaneous power of all the devices listed in the Manager_Setup field.
* Average Power consumed (port)

> This outputs the average power consumed so far during the simulation.
* Power Dissipated (port)
* Instant (powerCurrent) and total power consumed (powerCumulative) by device

> Cumulative- This is the accumulation of all the energy from all the devices listed in the PowerTable's
Manager_Setup table.




Listen To Block

B visualSim Architect - .Multi-Core_DVFS_Design.PowerTable2 — | =
File Help
dewvMNames a7 [sScheduler_0, Scheduler_1, Scheduler_2, Scheduler_3] o~
Column CArchitecture_Block) "Scheduler_0"
Column {Standby) "Standbwy_Power"™
Column CActiwe) "Actiwve_ Power"™
Column Cwait) 0.0
Column (TdTed o. 0
Column CExisting) TStandby™
Column {offFstate) "Standby"
Column (OnState) "Actiwe™
Column CE_Oonof 2 Z.0E-9
Column (Mh=2 1000 O
Column (Wolts) 1.0
colMNames (Schedulsr_0) [standby, Actiwe, Wait, Idle, Existing, OFffState, OnState, t_0OnOf+, Mhz=z, Volts, c_Standk
+Express {sScheduler_od) [standbyw_Power, Actiwve_Power, null, null, Standbw, Standbw, Actiwve, null, null, null, nu
Column Carchitecture_Block) "Scheduler_1"
Column (Standby) "sStandbyw_Power "™
Column [Aactiwe) Tactiwve_ Power™
Column Cwait) 0.0
Column CIdTed o. 0
Column CExisting) "Standby™
Column (ofFfFstate) "sStandby™
Column (OnSstate) Tactiwve™
Column t_Oonof+) 0. OO
Column (Mhz) 1000, O
Column wolts) 1.0
colNames {Scheduler_12 [standby, Actiwe, Wait, Idle, Existing, OffState, OnState, t_Onoff, Mhz, Wolts, c_Standk
+Express (Scheduler_172 [standby_Power, Actiwve_Power, null, null, Standby, Standby, Actiwve, null, null, null, no
Column CArchitecture_Block) "Scheduler_2"
Column {Standby) "Standbwy_Power"™
Column CActiwe) "Actiwve_ Power"™
Column Cwait) 0.0
Column (TdTed o. 0
Column CExisting) "Sstandby™
Column (OfFfFstate) TStandby™
Column (OnState) "Actiwe™
Column CE_Oonof 2 G.0E-9
Column (Mh=2 1000 O
Column (Wolts) 1.0
colMNames (Schedulser_2) [standby, Actiwe, Wait, Idle, Existing, OFffState, OnState, t_0OnOf+, Mhz=z, Volts, c_Standk
+Express {Scheduler_23 [Standby_Power, Actiwe_Power, null, null, Standby, Standby, Actiwve, null, null, null, nu
Column CAarchitecture_ _Block) "sScheduler_3"
Column (Standby) "sStandbyw_Power "™
Column [Aactiwe) Tactiwve_ Power™
Column Cwait) 0.0
Column CIdTed o. 0
Column CExisting) "Standby™
Column (ofFFstate) "Standbw"
Column (OnsState) Tactiwve™
Column t_Oonof+) Z2.0E-8
Column (Mhz) 1000, O
Column wolts) 1.0

[standby, Actiwe, Wait, Idle, Existing, OffState, OnState, t_Onoff, Mhz, Wolts, c_Standk
[standby_Power, Actiwve_Power, null, null, Standby, Standby, Actiwve, null, null, null, no

colNames {Scheduler_33
+Express (sScheduler_30

Scheduler_o {actiwve="Active_Power™, Scheduler_0", Awverage=0.0, Cumulatiwve=0.0, C
Scheduler_1 {Actiwve=""Actiwve_ Power™, Scheduler_1", Awverage=0.0, Cumulatiwve=0.0, C
Scheduler_2z fTAactive="Actiwve_Powesr", Scheduler_2", Average=0.0, Cumulatiwve=0.0, C
Scheduler_3 {Actiwve="Actiwve Power"™, Architecture_Block Scheduler_3", Awverage=0.0, Cumulatiwve=0.0, C
wrapTime = 0.0319999999
Existing Scheduler_0 (Standby)
on State Scheduler_0 (Actiwe)
off State Scheduler_o (Standbyw)
Set Power Scheduler_0 (Standbyw) = 1.0E-5
Existing Scheduler_1 (Standby)
on State Scheduler_1 (Aactiwe)
OfFf State Scheduler_1 (Standby)
Set Power Scheduler_1 (Standby) = 1.0E-5
Existing Scheduler_2 (Standbw)
on State Scheduler_z (Actiwel
Off State Scheduler_z (Standby)
Set Power Scheduler_2 (Standby) = 1.0E-5
Existing Scheduler_3 (Standby)
an State Scheduler_3 (Actiwe)
Off State Scheduler_3 (Standbyw)
Set Power Scheduler_3 (Standby) 1.0E-5
S Tt a1 Inditial Power a.0E-5 I

updatePower (Scheduler_0, Actiwe)
Scheduler_0 (Standby==Actiwe)
-

(N




PowerTable RegEx Function MIRABILIS

Function & Argument Type(s) Description Example
p p

powerCumulative
("ARM Power Manager",

powerCumulative

. : Gets the cumulative power
(String power manager name, String

consumed for a device.

block name) "Architecture 1 Bus 1")
powerCurrent Gets the instantaneous power powerCurrent

(String power manager name, String as a double value for the ("ARM Power Manager ",
block name) device. "Architecture 1 Bus 1")
powerManager Gets the complete power powerManager

(String power manager name) table. ("ARM Power Manager ")
powerUpdate Updates the current power powerUpdate

(String power manager name, String state of the block. LHS value ("ARM Power Manager ",
block name, is the new power state of the "Architecture 1 Bus 1",
String power state) block. "Standby")

powerUpdateN Updates the current power

(String power manager name, String state of the powerUpdateN

block name, Smart_Timed_Resource ("ARM Power Manager ",
String power state, block. LHS value is thenew  "STR Queue", "Standby",2)
integer Queue Number) power state of the block.



* powerManager( )
v/ Gives the power statistics for all the details associated with the Power Table as an array

DISPLAY AT TIME ------ 10.10 ns ------

{Architecture 1 AHB Bus = {c Wait = 0.0, Cumulative = 2.5-10, Average = 0.825, Time = 1.0E-8, Standby = 25.0, OffState = "Standby", Architecture Block =
“Architecture 1 AHB Bus”, Active = 100.0, Idle = 0.0, NewState = "Active”, ¢ Standby = 2.5E-10, ¢ Active = 8.8, OnState = "Active”, ID = 1, Wait = 0.8, Volts = 1.9,

¢ Idle = 0.6, Current = 0.1, t On0ff = 0.0, Mhz = 1000.8, Existing = "Active'},

Architecture 1 DA = {c Wait = 0.0, Cumulative = 8.0, Average = 0.0, Time = 0.0, Standby = 50.0, (ffState = "Standby", Architecture Block =
“Architecture 1 DMA", Active = 150.0, Idle = 0.0, NewState = "Standby”, ¢ Standby = 0.9, c Active = 0.8, OnState = "Active”, ID = @, Wait = 0.8, Volts = 1.8, ¢ Idle =
0.0, Current = 0.05, t On0ff = 0.8, Mhz = 1000.0, Existing = "Standhy"},

Architecture 1 DRAM = {c Wait = 0.0, Cunulative = 0.0, Average = 0.0, Time = 0.0, Standby = 50.8, OffState = "Standby", Architecture Block =
"Architecture 1 DRAM", Active = 150.8, Idle = 0.8, NewState = "Standby", c Standby = 8.8, c Active = 0.8, OnState = "Active”, ID = 0, lUzit = 0.8, Volts = 1.6, ¢ Idle =
0.0, Current = 0.05, t On0ff = 0.8, Mhz = 1000.0, Existing = "Standby"},

Architecture 1 MAC ARM = {c Wait = 0.0, Cumulative = 1.0E-9, Average = 0.1, Time = 1.0E-8, Standby = 75.0, 0ffState = "Standby", Architecture Block =
“Architecture 1 MAC ARM9", Active = 200.0, Idle = 100.9, NewState = "Active”, c Standby = 8.8, c Active = 8.8, OnState = "Active”, ID = 3, lait = 100.8, Volts = 1.0,
¢ Idle = 1.6E-9, Current = 0.2, t On0ff = 0.8, Mhz = 1000.8, Existing = "Active'},

total = {Average = 0,225, Cunulative = 2,25E-9, Time = 1.0€-8, Current = 0.4}}

* stateChange( )
v/ stateChange(power_manager_name, Device name, Operating State, New State Name)

+  Dynamically changes the state of a device to a new state
v It is similar to the function of Delay to_Change_ State parameter




MIRABILIS

Battery

Used to capture
o Rate of consumption

> Impact of continuous charging
o Lifecycle loss due to power spikes and thermal shock
o (Experimental) Heat and Temperature

Types of batteries support
o Battery database support NiCd, Li-lon, NiMh, LdAcid

Activities modeled
o Charging- SOC threshold, Turbo charge, all input charge
o Discharge- From the PowerTable
o Lifecycle, discharge



Battery Block MIRABILIS

Battery_Name: "Battery_1" Requires Unique name HERmE o
BatteryProfileFile: Battery_Database_Battery 1.txt Default database provided
Battery Selection: ion Select battery type
customCharging: ] Default charging is the value arrive. Click to Custom
50C: 80.0/*in percentage*/ State of Charge for charging to resume.
TurboCharge: ] Enable Turbo charging
Turbo_Charger_Table: [ 1D percentage ChargeHour ;

Ay 25 15

g ]5_80 igo Time taken to get to each level of charge. Similar

to phone battery chargers

plot: []
SimTime: 100.0e-3
resistance: 1.2e-3 [* in Ohm */ l Experimental; For Temperature
Current: 1.35 /*in A */ and heat computation
Temp_Coeff: 0.0000328 Note:
Temperature: 75 Power generated when not charging is wasted.
Heat_Capacity: 5700 User can add items to the database

—_—

Edit the instance to add the new batteri tiies



MIRABILIS

Block Ports

ChargeFromGenerator_Port y

, \ » Consumption_Input_Port
SimulateShocks_Port « Battery /

Time_Energy_Har%sterJ
N

UpdateCapacityVariable

‘ Time_Based PGS

Traffic
>

ShockPct

~ ChargeRemaining_Port

PowerTable

anager
Send Instant Power

Consumed Details




MIRABILIS

Reports

Heat Display- experimental

Input charge- Total charge arriving vs charge consumed

Peak Energy Available- Design capacity on total capacity; Total Charge Capacity is the available
charge

Power Consumed- Ignore

Battery Life Remaining Percentage- Reduction in battery life overtime as a result of spikes,
thermal shock

Available Battery Charge- Ignore



MIRABILIS

Power Generator

Time-Energy
o Constant Power Source

> File Based

o Time Based

Motor-Energy
o Motor Based Power Generation

o Wind Based Power Generation




MIRABILIS

dle]s]ifaln
UseTraceFile: false /* boolean enables mode */ Using Trace file from
Trace_File_Name: /* file name */ existing system
UseTimeBased: false /* boolean enables mode */
Time_Based_Duration: 10.0E-03 /* time seconds */ Using Time-based
Time_Based_Charge_Setup: [ | /* Time-Based Charge Profile */ 1. Duration is the period
ID StartwHR EndwHR Efficiency PercentTime ; 0 f
1 0.0 50.0 100.0 150 : 2. Setgp has Aoft_lme in the
2 20.0 20.0 100.0 50.0 ; Period of each time
3 20.0 0.0 100.0 15.0 ; i
: e e SaR: e ; Charge can.lncrease o!'
reduce during the period
4. Efficiency is amount of charge
converted
UseConstant: true /* boolean enables mode */ Constant output at
ConstantChargeCapacity: 500.0 /* charge rate in Watt-Sec */ the set rate
SimTime: 1.0




VI

Use_Wind_Turbine:
Wind_Turbine_Setup: W

row:
k:

Cp:
Use_Motor_Generator:

Motor_Charge_Setup: W

SimTime:

|
otor-Energy Settings kg -

false

/* Wind_Turbine Charge Profile */

ID Duration Speed Efficiency ;

1 4.0 3.728  95.0 ;

2 4.0 4.970  97.0 ;

3 4.0 5.592  100.0  ;

4 4.0 6.213  100.0 ; Compute the Wind Power based
5 4.0 4.970  97.0 ; - -

e 40 1319 950 ! on air speed and efficiency

1.0/*Rotor Radius in meter®/

1.225/*air Density*/

0.000133/*Constant*/

0.40/*Maximum Power Coefficient®/

true

/* Motor-Generator Charge Profile */

ID RPM Duration chargecapacitywHR Efficiency ;
1 0 10.0 0.0 100.0 ;
2 2500 10.0 55.0 100.0 ;
3 2500 10.0 55.0 100.0 ; Motor based on RPM
4 4000 10.0 105.0 100.0 ;
5 4500 10.0 110.0 100.0 ;
6 4000 10.0 105.0 100.0 ;
7 2500 10.0 55.0 100.0 ;
8 2500 10.0 55.0 100.0 ;
9 0 10.0 0.0 100.0 :

1.0




POWER ANALYSIS AND MANAGEMENT

COMPARISON




MIRABILIS
VisualSim Model of a Single Core A53

DigitalSimulator

yxro e I

e Architecture_Setup_Name: "Architecture_1" * Clock Rate = 1300 Mhz
® Processor: "Corlex AS3" VariableLict ARME_Insiruction_Set

rapiells . .
® ClockRate: 13000 ﬁ m * Pipeline type = In-Order
e SimTime: 250.0e-5 ARMvE

Powerlnst ® TrafficRate; 10e-6

* Pipeline Stages =7

ArchitectureSetup2

TexiDisplay * Cache = 64 KBytes of I-Cache and

BusArbitar

|‘ * D-Cache = 256 KBytes of L2 Cache

Businiefface

. i
= .

Buslntefface? AR

- 1300.0

Task Generator




MIRABILIS

dle]s]ijg]n]
B VisualSim Architect - ARM_Cortex_A53.Power_Inst — O ot Visual5im Architect - ARM_Cortex_AS53.Power_Avg - O >
File Edit S5Special Help File Edit S5pecial Help
& DW= b Y =1 C1jr
Power Inst Power Avg
0257 . 0257 r
E 0.200 . E 0.207
% 0.15 T % 0.151
0.107 T 0.10
0.05[ | 0.057
. | | | . | 0.00[ | | | | | |
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
Simulation Time (Sec) x10™* Simulation Time (Sec) x10™*




Results comparison

MIRABILIS

Frequency Max Power Real System Power | Delta percentage
observed

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 -7.77%

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



RABI
2 cases of Power calculation within -

VisualSim

e CASE 1 : Modules which support Power calculation with preconfigured power states:
* Processor - Preconfigured architecture

* Server, Channels etc — Architecture is defined using these building blocks

e CASE 2 : Custom Modules
* Custom Power states

* Custom Architecture
* RegEx functions are used to define the power profile of a module
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Designs using CASE 1 modules

PREDEFINED POWER STATES




Model SoC Architecture and
Map the MPEG Application

MIRABILIS

Bus
Topology

Processor

Memory
Controller

Library Tree Scenarios\ Top Level Parameters Simulator rgine
 Document emeees
Model Setup Scenario (1) : e application (traffic model) ® Board_Name: "Streaming_Board”  DigitalSinfulator  y,iopierjst @ Bus_Name: "TORFLEVEL_AXI
{r:sﬁ Scenario (2) : HW-SWagartitioning (rotation algo)  Select_Scenario: 2 . » /0_Spead_|
File 10 ®Sim_Time: 0.02 ;W, e Architecture_Jiame: Board_Name
“3ehavior
apbpers .
AMBA_AX
%&0'}"’035 HW Architecture  power Usage Mem Select
ﬂarc?ware Setup ) n_selec SDRAM Bus H d
processorenarator SingloBvert Eypressiont ARM_SUBSYSTEM ] Activit araware
RTL Modelina E Yoo —
Mlemory Power Parcent Memory_Sel...| pp—— and Statistics
e eDerce: L o Accelerators
_ntlolar‘ufaoes and Buses | ; oW AGC -9
Full Librarv ; Y — h
UserLibrarv MOVE_Instructioh_Set PR as S Ncgbt
Powe r PowerTable2 : to Lo
> I TFOWHN """ | : ArchitectureSetup . Utilization
management | |
g I Inst_Power  ARM9_Instructign_Set
A [ [ . | TexiDisplay
o ' ouT4
ExpressionList2 "TimedPlotter
Foossull
SW Architecture Scenario 1
DynamicMapper
Traffic TaskGeneralor g oo Call_func .
(3 {"add" e FunctionA_Call_Rate: 5 /* 5->10%/
‘.m:ﬂ DynamicMapper2
: use case A application layer driver layer | |
== = = soees t
i i : ® Select_Partitioning: "SW* /* HW, SW */ parfitioning ——
Seenario 2 | canaate | Use Cases
Sensor Read_Frame Decode_Frame Video_post_proc Render_Frame Forrnat_cnn{v Rotate_Frame | display ANALYSIS_PLOT_SW
use case B | |
! 1M
1 1

Specification, demonstration and exploration using a single model




MIRABILIS

Evaluations and Decisions

@] Avg_Power_Plot_1_Avg_Power_Plot_2.plt — O X @J Analysis_Plot_1_Analysis_Plot_2.plt
Eile Edit Activity File Edit Activity
AvgPowerPlot X1 04 ANALYSIS_PLOT_SW
1.0 F=—— « | 257
[ ]
0.5/ 2.0
15[
0.0 | | | | . |
0.0 0.5 1.0 1.5 2.0 0.5 1.0
x10°2
@J Power_Percentage_1_Power_Percentage_2.plt — O * @J Power_Usage_1_Power_Usage_2.plt
File Edit Activity _[ie Edit Activity
-3
Power Percent x10 Power Usage
15 i
3
10 7 5 |
N | 1 |
1 1 1 1 0 1
0 1 2 3 4 0 1 2 3 4




MIRABILIS

Results after adding power management

B visualSim Architect - Power_Perf_example.InstPowerPlot — O » | Delay_to_Change_State: @ S* Async_State Change. First row contains Column Mames, expressions
File Edit Special Help Device Name------- ------------Time State--------- wf
yEENEE | ScheduTer 1t Fegine " Teiindby  1iomy e MRS
InstPowerPlot

1.0 L—f#\_,/\/\,\, ——— ——

0.8f ,
= The Added power management algorithm can be read as: If
5 0.6 1 the HW_Engine is in Standby state for more than 1.0 msec,
§ then move the device to Idle state

0.4

0.2§

0.0|

00 02 04 06 08 10 12 14 16 18 2.0
Simulation_Time (Sec) }n::ii:l-2
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Designs using CASE 2
modules

CUSTOM POWER STATES




MIRABILIS

Analog + Digital system designs

FPGA

n s
Hd77 Ut

LY

S PowerTable

This system model models the system level abstraction of high frequency radio.
The system 1is broadly classified in to three subsystms, namely; Ethernet Interface,
Zync 7000 FPGA for modulation and de-modulation, AD9371 or AD9361 as transceiver and RF module.

Ethernet Interface can send information either with a fixed data rate or variable
data rate. Data rate can be configured using the parameter Data_Rate with values
{10,10}, where first value has the Minimum Data Rate and the second value has
Maximum Data Rate.
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I
Power RegEx functions used in kg

ExpressionlLists

UpdateADSE1PowerLewel

UpdateADSE 1 PowerLevel7

-t

Analag_Oul

-

UpdaleADSE 1 Powerle w2

G

- UpdateADo61 PowerLevels FIRT HE15 HE1§ HB17 DACI

BBLPET 2ndLPF3

‘

UpdaleAD961PowerL evelq Anslog Outz Settin g

- to

UpdateAD961PowerLeveld

BBLFPF8 ZndLPF4

.

Standby
state

Setting

to Active ADC HB_3 HE_2 HE_1 FIR2 Update ADSE 1 Powereveld
UpdateADEE1 PowerLewel5
state

B

:

UpdateAD9E1 PowerLevel 10

UpdateAD96 1 PowerLewell1 |_Out2

Anatog Jn2  UndateADIG1PawerL avels

é

UpdateAD9E 1 PowerLewall2 O Ol




MIRABILIS

P [able Definition RegEx functi
Manager_Setup: EF /% Power by Battery_Units, File (*.txt, *.csv, *.uml) or text below.
—————————— Mame------------  -——----———-Power by S5tate----------  --Transition-- */
Architecture_Block Active Standby Wait Idle Existing Off5tate OnState t_Onoft Mhz Volts ;
AD9371 1.1 0.5 0.2 0.1 standhy standhby Active Cycle_t 1000. 0 1.0 :
Zywng7 000 3.8 2.4 1.2 0.1 Standby  Standby  Active Cycle_t 1000.0 1.0
AD93E1 2.0 0.2 0.5 0.01 Standby Standby  Active Cycle_t 1000.0 1.0
£
RegEx functions used Description

powerUpdate("Manager_1","AD9361","Active")

The module defined by the name of “AD9361” in
powerTable “Manager_1" is moved to “Active” State

powerUpdate("Manager_1","AD9361","Standby")

The module defined by the name of “AD9361” in
powerTable “Manager_1" is moved to “Standby” State

2/2/2021
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Statistics

B VisualSim Architect - .SDR_with_AD9361_AD9371 V — O > | B VisualSim Architect - .SDR_with AD9361 AD9371 V2.FPGATimeDataP.. — O P
File Edit Special Help File Edit Special Help
yEEIN R E yE = W=
-7 .
— Instantaneous_Power x10 TimeDataPlotter
% I |Average « | 3.3| |
E 4 Instant « |— 3.0 1
. Lo |
g 2T - 3 25
£ g > 2,01 1
C 1 1 1 1 1 1 | — E 1 5 | A
00 05 1.0 15 20 25 30 35 % '
: : : -7 1.01 I
Simulativon Time (Secs) x10 0.5t |
B VisualSim Architect - Power_Statistics - O X 00 | |
~
Device Name: AD9361 1.0 1.5 2.0 2.5 3.0 3.5 7
Cumulative: 0.0 Joules (Watts-Seconds) simulation Time (SECE) %10
Average : 0.0 watts
——————————————————————— DISPLAY AT TIME ------ 71.0980 ns ------
LDPC Buffer Requirements: 57388.0% 8
Device Name: AD9371
Cumulative: 2.5587480006346E-7 Joules (Wat |[DISPLAY AT TIME  —-=—--- 137.4440 ns ------
Average : 0.7352724139755 Watts RS Coder Buffer Requirements: 61504.0 * 8
——————————————————————— DISPLAY AT TIME ------ 137.4440 ns ------
Interleaver Buffer Requirements: 61506.0 * 8
Device Name: total
Cumulative: 1.515274799995E-6 Joules (Watt |DISPLAY AT TIME  —===——- 208.5420 ns ------
Average : 4.3293565714143 Watts Super Framer I Channel Buffer Requirements: 83232.0
——————————————————————— DISPLAY AT TIME ------ 208.5420 ns ------
Super Framer Q Channel Buffer Requirements: 83232.0
Device Name: Zynq7000 o
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Control System Design — state machine

MIRABILIS

task
* quard: task -- 2
GULPULE Gut = "Slesp Lo Wakeup”
sot: tasklut = 2

guard: task == 1
set: taskQur =

autpu

guard: task == 12
autput: out = " Low Power Hode to Sleep”
set: taskiur = 12;

cycles = newPowerLeve] {“Manager.
state = powerlpdate( Manager_1°

ard: task == 4

CuTpuT: out = “Low Power Mode Ta ReadData”™
met: taskOut = 4

quard: task -- 8

oulpul: oul = "Transeit Lo Low Power Mode"
sat: tasklut - 8

puard: task == &

‘output: out = “Readlata to Advertise™
SeT! TaskiuT = §

guard: task == 7

output: cut - “Afvertize to Transmit®
set: tasklut = 7

2/2/2021

guard: task ==3

t out = "Wakeup to Low Power Mode”
ST Taskut = 3

wakeup_and_peprocessing

guard: task — 5

AUTPUT! QUT = "Low Power Mode to Recedve”
set: taskDut = §

guard: task == 9
AuEpUE: aut =
ser: Taskiut = 9

quard: task == 10
output: gut = "Receive
et raskDur = 10

Advertise to Receive Data®

taskOut

» cycles: 1.0E-7

& Resource_Name: "Scueduler_BT
® state: 1.0E-7

guard: Task =

output: aut = “Ack to Low Pomer Mode”
set: easkDut = 11

11

Bluetooth

module in loT
Demo model

MIRABILIS DESIGN INC.



MIRABILIS

Power Table Definition

Manager_Setup: @Ar‘ch‘itectur‘e_ﬁ]uck Standby Wait Idle Existing Off5tate O0OnState t_On0Off Mhz Volts :
Architecture_1_Device_l_ARMCortexM0O &.0e-3 3.0e-3 0.0 Standby  Standby  Active 0.0 100.0 1.0 ;
Architecture_1_Device_1_Bus_1 100. 0e-3 po.0e-3 0.0 Standby  Standby  Active 0.0 100.0 1.0 :
Architecture_1_Device_1_SDRAM_1 10.0e-3 10.0e-3 0.0 Standby Standby  Active 0.0 100.0 1.0 :
Device_1_LP_Bluetooth (0.9*0.9e-6) 0.0001 0.1 Standby Idle Active 0.0 100.0 1.0 :

Expressions and equations are used to
define the power state values
Expression_List: @ f* First row contains Column Names.
———————— Reference--------  -—————————————Expressijon----------—-- */
Mam Value ;
Cycle_t 1.0E-6 / Mhz | .
ProcPwr Processor_Speed®12.5e-2 H
BusPwr Processor_Speed * 3.5e-3 H
MemPwr Memory_Speed * 1.0e-3 :
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Usage of RegEx functions
Active_Count +=1
if(Power_Flag){ Enable/Disable Power
powerUpdate (Power_Manager _Name, Master_Act_Power, "Active") Change state

TIMEQ ("Master_Processing", port_token, 0, AXI_Cycle_Time) Delay

Active_Count = Active_Count -1
if(Power_Flag && Active_Count == 0){

powerUpdate (Power_Manager _Name, Master_Act_Power, "Standby")
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VisualSim Architect - .|oT_Model_3_Modes_V6.Device.Device_1_Aver.. — O x VisualSim Architect - .loT_Model_5_MNodes_V6.Device.Device_1_Instant_Power — O >
File Edit Special Help File Edit Special Help
B FI =11 il YO E N E
Xiﬂ-z Device_1_Average_Power Device_1_ Instant_Power
S0 | | | | - SRS SV N VR O PP SO S
0.157
— 2'5 1 —
E 2.0 i E |
E Lol | E 0.10
| | |8
1.0 0.05[
057 7
G-D | | D-DU L L U rr La Lol Ls
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Simulation_Time (Sec) Simulation_Time (Sec)
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Aging of devices

B VicualSim Architect - Regbx_Power_model.Ave_Pwr — | -
File Edit Special Help

& == As time passes, the

power efficiency goes

E:é 0.4 ||||||||||I|||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII { Instant - F(’j:"\:’venr Toanks'zfnr:;[;
:"l ' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|"""l"||||||||||||||||||II|||||||||||||||||||||||||||I|| HHH“”“HHHH“HH“N devices for the same
2 020 "'""""|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||""|”|NHHm“HHWW“HN _ B
8 n'n T T T U U0 I
0.0 0.5 1.0 1.5
Sim Time (Sec) ::-::1':14
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values

e Simulation_Time: 1.0 /* Seconds */
@ Clk_Transition_Time: 1.0e-6 /* Seconds */

DigitalSimulator g v/ Transition_Time: 1.0e-6 /* Seconds */

e LBV: {3.0e-11,4.5e-11,7.0e-11}

i e Voltage: {1.0,1.1,1.2}
4 @ Switch_Leakage: {1.9e-10,3.5e-10,6.0e-10}

@ |_act: 6.0e-9 . .
,Database3 o fix val: {1.96-9,350-96 0e-9) ~ prauarielist
= ——] @ NDP: 6.0e-09
—==1p

PowerTable2 RegEx functions used Description
_Sl?ﬂabi@base
'-I | powerManager("Manager_1") Reads the current power Table
configuration for all devices
L ol defined
|
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Power Table Configuration

II—I
Manager_Setup: @ /% Power_Tahle. First row contains Column Names, expressions wvalid for entries except Dewvice MWame.
———————— Device Name------- [==-—---9-Power 5tates------ -----Operating StEtEs-----=- -----------stdte Transitions--------- --5peed-- --Exist-- */
Architecture_Block OFF Sleep Active Standby | G2 G3 IDLE ON Wait Existing 0Offs5tate 0OnState t_0On0ff Mhz Wi
PLL PLL_OFF 0.0 1.0e-10 0.0 0.0 0.0 0.0 PLL_ON 0.0 OFF OFF Active 5.0e-9 100.0 1.0
CLEMUX CLE_OFF CLE_STeep 1.0e-10 0.0 CLE_GZ2 CL 3 0.0 0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0
PROC PROC_OF 0.0 1.0e-10 0.0 PROC_GZ P _G3 PROC_Idle 0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0
G2 G2_0OFF GZ_Sleep G2_Act 0.0 0.0 L0 0.0 0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0
G3 G3_0OFF G3_Sleep G3I_Act 0.0 0.0 0.0 0.0 0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0
£ ~ >

New power states added to satisfy the
requirement
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State Values are dynamically calculated

Expression_List

7

F* First row contains Column Names.

G2_0OFF
GZ2_Sleep
G2_Act
G3_OFF
GI_Sleep
G3_Act
PROC_OF
PROC_G2
PROC_G3
PROC_Idle
PLL_ON
PLL_OFF
CLE_STeep
CLE_G2
CLE_G3
CLE_OFF

MName

———————————————————————————————————— EXpPress T 0R——————— == ——mmm e
Value

GZ_S*switch_Leakage(GZ_V)*GZ2_Vin ;

Clk*G2_Vin*NDP*G2_Vin+GZ_ATLBV(G2_V) "G2_Vin+GZ_5"Switch_Leakage(GZ_V)"G2_Vin ;

Clk*G2_NVin*NDP*GZ2_Vin+GZ2_A*LBV(GZ_V)*G2_Vin+G2_5"Switch_Leakage(GZ2_V)*GZ_Vin ;

GI_5"Switch_Leakage(G3I_V)*G3_Vin ;

Clk*G3I_Vin*NDP*G3I_Vin+G3I_A*LBV(G3_V)"G3i_Vin+G3i_5"switch_Leakage(G3_V)"G3_Vin ;

Clk*G3_Vin*NDP*G3I_Vin+G3_ATLBV(G3_V)"G3_Vin+G3_5"5witch_Leakage(G3_V)*G3_Vin ;

PROC_S*Switch_Leakage (PROC_V)*PROC_Vin ;

clk*PROC_V1n*NDP*PROC_V1n+PROC_A*LEBV({PROC_V) *PROC_Vin+PROC_S5*Switch_Leakage(PROC_V) *PROC_Vin ;

C1k*PROC_V1n*NDP*PROC_V1 n+PROC_A*LEBV (PROC_V) *PROC_Vin+PROC_S*5Switch_Leakage (PROC_V)*PROC_Vin ;

C1k*PROC_Vin*MDP*PROC_V1 n+PROC_A*LEBV (PROC_V) *PROC_Vin+PROC_S*Switch_Leakage (PROC_V) *PROC_Vin ;

I_act™1*PLL_Vin ;

fix_val (PLL_V)*PLL_Win ;

I_act*1*CLKE_Vin ;

I_act*1*CLKE_Vin ;

I_act*1*CLE_Vin ;

fix_wval ([CLE_V)*CLK_Vin ;

2/2/2021

Each expression uses parameter values and global variable values which are
modified during the simulation which gives us a dynamic power profile
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File

.

Edit

m Architect - .Power_N

2.Report.Instantanecus_Power — O X

H visualSim Architect - Power_Statistics

Special Help

3.2
3.0
2.8
2.6
24
2.2
2.0
1.8
1.6
1.4
1.2
1.0
08
0.6
04

0.2
0.0

Power Consumed (Watts)

NEECER

1 Average .

Power Statistics

Average Power:
Minimum Power:
Maximum Power:
Total Power:

1.4013270277909E-8 Watts
0.0 wWatts
3.10635E-8 Watts

1.4005481185801E-8 Joules (Watts-Seconds)

Instant .

ResourcePowerStatistics

Name: CLKMUX
Cumulative: 4.
Average HEE.

Joules
Watts

3818374999965E-9
3818375000009E-9

Name: G2
Cumulative: 1.
Average  : 1.

7624685574997E-9
7624685575014E-9

Joules
Watts

Name: G3
Cumulative: 1.
Average HE .

7624685574997E-9
7624685575014E-3

Joules
Watts

Name: PLL
Cumulative: 4.
Average I

3818374999965E-9
3818375000009E-9

Joules
Watts

Name: PROC

02 03 04 05 06 07 08 09 1.0
Simulation Time (Sec)

0.0 01

Cumulative: 1.

Average : 1

7213435574997E-9
.7213435575014E-9

Joules
Watts

(Watts-Seconds)

(Watts-Seconds)

(Watts-Seconds)

(Watts-Seconds)

(Watts-Seconds)

00
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Impact of capacitance

* PowerTable can also show the impact of capacitance (delay to reach a certain power level)

* PowerTable has a column called “t_OnOff”, which can be used to specify the time it will take to
reach the peak power level once the change of state has been made.

Manager _Setup: @'

ite Transitions--------- --Speed-- --Exist-- */

ON Wait Existing OffState OnState plilGEi Mhz Volts :
PLL_ON 0.0 OFF OFF Active 5.0e-9 100.0 1.0 -

0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0 -

» 0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0 :

0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0 :

0.0 0.0 OFF OFF Active 5.0e-9 100.0 1.0 :

€ >
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Power unit— W, mW, uW
Battery_Units: I";i_Watts :.--
State Plot_Enable: Micro_Watts
Milli_Watts

Pulldown option for the user —in power Table
If Micro_Watts is selected, then all state values entered
will be in Micro_Watts
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Creating States for all Devices includi 'EAEL-E

Wires

/* Power_Table. First row contains Column Names, expressions valid for entries except Device Name.
where "Scheduler_" or "STR_" + BlockName; Processor, Bus, DRAM = Architecture_Name + " _" + BlockName

-------- Device Name Power States------ -----Operating States------ --toActive-- --Speed-- --EX|st-- */

Architecture_Block Standby Active Wait Idle Retention Existing OffState OnState t_OnOff Mhz  Volts ;
Architecture_1 LPDDR 70.0 300.0 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;
RAS_Power_SDRAM 70.0 300.0 0.0 0.0 10.0 Standby Standby Active Cycle_.t 1000.0 1.0 ;
RRD_Power_SDRAM 70.0 300.0 0.0 0.0 10.0 Standby Standby Active Cycle_.t 1000.0 1.0 ;
Read_Power_SDRAM 70.0 300.0 0.0 0.0 10.0 Standby Standby Active Cycle_.t 1000.0 1.0 ;
Write_Power SDRAM 70.0 300.0 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;
ACT_Active_SDRAM 70.0 100.0 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;
ACT_Standby SDRAM 30.0 300.0 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;
WTR_Power_SDRAM 30.0 300.0 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;
Architecture_1 L3 Cache 70.0 Partial_Power_Val 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;
RNF 70.0 Partial_Power_Val 0.0 0.0 10.0 Standby Standby Active Cycle.t 10000 1.0 ;

RNI 70.0 Partial_Power_Val 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;

HNF 70.0 Partial_Power_Val 0.0 0.0 10.0 Standby Standby Active Cycle.t 10000 1.0 ;

XP 70.0 175.0 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;

Wire_Power 70.0 175.0 0.0 0.0 10.0 Standby Standby Active Cycle.t 1000.0 1.0 ;
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/* Delay_to_Change_State. First row contains Column Names, expressions
valid for entries except Device Name.

where State to same State can extend a Power State

Architecture_Block State Time State ;
Architecture_1 L3 Cache Standby 100.0e-9 Retention ;/*
Functional Retention mode */

RNF Standby 5.0e-6 Idle ;
HNF Standby 5.0e-6 Retention
Wire_Power Standby 5.0e-6 Idle

U

’
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