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DVCON SystemRDL Importance and History

e An embedded system consists of Hardware and Software components.

e SystemRDL is a textual representation of Hardware-Software interface
consisting of addressable registers, interrupts, counters etc.

e History
— Created at Cisco, released as Accellera 1.0 standard.

— Version 2.0 released in Jan 2018
* Added Verification constructs, parameterization, data types etc.

e Reference:
https://www.accellera.org/images/downloads/standards/systemrdl/SystemRDL 2.0 Jan2018.pdf

e Support specification centric flow, automatically generate
— RTL bus interface

— Verification model
— C header and API

a@ — Documentation

SYSTEMS INITIATIVE
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IDesignSpec™ — Centralize Register Design/Verification from
a Golden Specification

IDesignSpec™ helps IP/SoC Design architects and engineers to create an executable specification for registers and automatically generate
output for SW and HW teams.

Specifications can
be written in MS
Word, MS Excel,

based industry
standard formats
such as
SystemRDL, RALF
Cr IP-XACT.

LibreOffice or text-

J

-~
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All above can be imported All of the above can

S E
S E
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All the following can
be generated

be source

J

3 party data

v @AS

All the following can
be generated

IDesignSpec captures \
simple as well as special

registers, signals,
interrupts, and
generates synthesizable
RTL, UVM model,
C/C++ Headers, HTML

or PDF. )
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Definitive definition :

In definitive definition we instantiate the component in a
separate statement. It is suitable for reuse.

addrmap top
regfi Ie {
reg(rD{ -f
regwidth =
field f1 {

hw = rw;
SW = rw;

}:
f1 field1[31:0] = 317h0;

3] @0X100 -

regg rpl reggrp Repeat value
} -

SYSTEMS INITIATIVE

regwidth

Bit information

Default value

Defining Components

Anonymous definition:
In Anonymous definition we instantiate the component in the

same statement. It is suitable for components that are used
once.

Describes the
component’s
purpose.

addrmap top{
regfile {
reg {
desc="“Specify the
Tield {} fieldl;

}Qreggrpld

register’’;

Default
regwidth = 32,
fieldwidth=1,

offset values = 0,
default value =0
sw=rw, hw=rw,

taken
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conrerenceanoexsmoN  The field component is the lowest-level structural component, it stores the bit information of a register .

Field ordering in registers
Definitive field definition:

field [#(field_parameter_instance |,

Field orderingin  Syntax

registers

field_parameter_instance]*)] field_instance_element |, _ e _

field_instance_element]*; IsbO field _type field _instance [high:low]

e.g. fieldf{}; msb0 field_type field_instance [low:high]

f f1;

Anonymous field definition: Y- B bits from

field {field_body} field_instance_element 2 down to O 29 down

[field_instance_element]*; ac:ldggap top{ c dggap top to 31

. . S ; ms >
ee:gg.. field { } f1, f2; rig{ld o Ao b reo{

. . P . - » ie A[3]= 37b110; Field {} A[3]= 3’b110;
field { } singlebitfield; // 1 bit wide, not explicit about position field {} B[15:8]: field {3 B[8:15]:
field { } somefield[4]; // 4 bits wide, not explicit about position 1 regA: 1 regA;
field { } somefield[3:0]; // a 4 bits field with explicit indices }; B 7 A

A

[ \ (_A_\

313029 28 27 26 25 2423 22 21 2019 18 17 16 1514 13121110 9 8 7 6 5 4 3 2

EO- - -00000000- .- -[110
| i ot 1-1-[-[-1-|-[.]-|-|.]-|-[-]olojojolojojolol. |- |- -] |- - -
_a@ - \ J

SYSTEMS INITIATIVE A B
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Software Access Properties

Properties Description Dynamic
rclr Clear on read Yes
rset Set on read Yes
onread Read side-effect Yes
woset Write one to set Yes
woclr Write one to clear Yes
onwrite Write function Yes
swwe Software write-enable active high Yes
swwel Software write-enable active low Yes
swmod Assert when field is modified by Yes

software (written or read with a set or

clear side effect)
swacc Assert when field is software accessed Yes
singlepulse The field asserts for one cycle when Yes

written 1 and then clears back to 0 on
the next cycle. This creates a single-cycle
pulse on the hardware interface

reg registerl{

field {3} fld1,fl1d2;

field {
hw = rw;
SW = rw;
onread
onwrite
swacc;

} fi1d3;
field {
hw = r;
SW = w;
singlepulse;

} fld4;

rclr;
woset;

}:

addrmap myAmap{
registerl regl;
regl.fldl -> swwel

regl.fld2 -> swmod

};

true;
true;

10
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Property Description Dynamic
we Write-enable (active high) Yes
wel Write-enable (active low) Yes
anded Logical AND of all bits in field Yes
ored Logical OR of all bits in field Yes
xored Logical XOR of all bits in field Yes
fieldwidt | Determines the width of all instances of the field. This Yes
h number shall be a numeric. The default value of fieldwidth
is undefined
hwclr Hardware clear. This field need not be declared as Yes
hardware-writable
hwset Hardware set. This field need not be declared as Yes
hardware-writable
hwenable | Determines which bits may be updated after any write Yes
enables. Bits that are set to 1 will be updated
hwmask Determines which bits may be updated after any write Yes
Eﬂﬂﬂffﬂf‘ﬂ enables. Bits that are set to 1 will not be updated
SYSTEMS INITIATIVE

Hardware Access Properties

reg registerl{

field {

fieldwidth = 5;

yfldl,fld2,f1d3;

field {}Ff1d4;
field {}f1d5;

¥

addrmap myAmap{
regl,reg?2;

registerl
regl.fldl
regl.fld2
regl.fld3
reg2.fldl
regl.fldl;

}:

>
->
>
>

we
wel

= true;
= true;

anded = true;
hwenable =

11
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conrerence ano exriamion A register is defined as a set of one or more SystemRDL field instances that are atomically accessible by software at a
given address.

Definitive register definition
[external] reg_name [#(parameter_instance [, parameter_instance]*)] reg regl {

reg_instance_element [, reg_instance_element]™* ; f:]eld {
. . oge W=W;
Anonymous register definition SW=rwW:
reg {[reg_body]} } fieldl;
[external] reg_instance _element [, reg_instance _element]*; };
) o reg some_intr {
Register Instantiation into three forms: field {
: o hw=w;
Reglste_r - Description SW=rW:
forms } Field2;
internal all register logic is created by the SystemRDL compiler for ¥
the ifstantiat%on (the defaul\‘z form)y i addrmap foo {
some_iIntr eventl;
external the register/memory is implemented by the designer and external regl regl;
the interface is inferred from instantiation alias eventl some_intr
eventl for _dv;
alias Alias registers are used where designers want to allow };
alternate software access to registers. SystemRDL allows
designers to specify alias registers for internal or external
Eﬂﬂﬂflﬂ!‘ﬂ registers

12
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Properties Description Dynamic
regwidth Specifies the bit-width of the register No aRd[d)Irrrrllap top {

(power of two) reg regl{
accesswidth | Specifies the minimum software access Yes errextbus = true;

width (power of two) operation that may be regwidth = 32;

performed on the register flﬁ\,l\,dz{rw-
errextbus The associated external register has error No SW = rw;
input }_} fid;
intr Represents the inclusive OR of all the No ex1,:ernal regl regl @0x0;
interrupt bits in a register after any field };
enable and/or field mask logic has been
applied
shared Defines a register as being shared in No

different address maps

SYSTEMS INITIATIVE




2020
OV T Memory Component

CONFERENCE AND EXHIBITION

A memory is an array of storage consisting of a number of entries of a given bit width. The physical memory implementation is
technology dependent and memories shall be external.

Definitive memory definition
external mem_name [#(parameter_instance [, parameter_instance]*)] RDL

mem_instance_element [, mem_instance_element]* ;

mem Fixed mem #(longint unsigned

word_size = 32, longint unsigned

memory _size = word_size * 4096) {
mementries = memory_size/word_size ;
memwidth = word_size ;

Anonymous memory definition
mem {{[mem_body]} external mem_instance_element |,

mem_instance_element|* ; 1 -
Properties Description Dynamic
mementries The number of memory entries No
memwidth The memory entry bit width No

SW Programmer’s ability to read/write a memory Yes

SYSTEMS INITIATIVE
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CONFERENCE AND EXHIBITION

» A register file is as a logical grouping of one or more register and register file instances.
» The only difference between the register file component (regfile) and the addrmap component is an addrmap defines
an RTL implementation boundary where the regfile does not.

Definitive Register File Definition
[external | internal] regfile_name [#(parameter_instance [, parameter_instance]*)]

regfile_instance_element [, regfile_instance_element]* ; regfile fifo rfile {
: : .. reg {field {} a:;} a;
Anonymous Register File Definition reg {field {} a:} b:
regfile {[regfile_body]} 1:
[external | internal] regfile instance _element [, regfile_instance _element]* ; regfile top regfile {
: — . external fifo_rfile fifo_a;
Properties Description Dynamic external fifo rfile fifo b[64];
alignment Specifies alignment of all instantiated components | No _ sharedextbus;
in the associated register file };

sharedextbus | Forces all external registers to share a common bus | No addrmap top{

errextbus For an external regfile, the associated regfile has an | No top_regfile top_regfile;
error input j

15
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» An address component map (addrmap) contains registers, register files, memories, and/or other

address maps and assigns a virtual address or final addresses.
» Specifies RTL module boundary

Definitive Definition
component new_component_name [#(parameter_definition [, parameter_definition]*)]

{[component_body]} [instance_element [, instance_element]*];
Anonymous Definition

component {[component_body]} instance _element [, instance_element]*;

Properties Description Dynamic
alignment Alignment of all instantiated components in the address map No
sharedextbus Forces all external registers to share a common bus No
errextbus The associated addrmap instance has an error input No
littleendian Uses little-endian architecture in the address map Yes
addressing Controls how addresses are computed in an address map No
rsvdset The read value of all fields not explicitly defined is set to 1 if rsvdset is True; otherwise, | No
itissetto O
rsvdsetx The read value of all fields not explicitly defined is unknown if rsvd-setX is True No
E@ mshb0 Specifies register bit-fields in an address map are defined as 0:N versus N:0 No
B e IsbO Specifies register bit-fields in an address map are defined as N:0 versus N:0 No
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addrmap top{
errextbus;
rsvdset;
reg regl {
field {
} fld1[31:20];
field {
} fld2[7:5];
};
reg reg2 {
field {
} T1d1[32];
};
regl regl @OxO;
external reg2 reg2 @0x4;
};

(accellera)
vsreus 17
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* “Signals” creates ports, at the block or chip level, and connect certain internal design signals to the external world.
e User can choose what gets connected to these signals and where these signals are used in the generated RTL using properties

Keyword Description Dynamic
' Chip
E— signalwidth Width of the signal No
sync Synchronous to the clock of the component Yes
’ - Block1
| . | Signals ~_____________
Signals (ref) | : (Bror Interrupts) 7 async Asynchronous to the clock of the component Yes
(Error Interrupts) I . ' 9 P

1 1
] i
1
glin i ' cpuif_reset Default signal to use for resetting the software Yes
r .RI ] i interface logic. This parameter only controls the
_ | i | | interf f ted sl
Signals (ref) | . Slggalst : I CPU interface of a generated slave
(ErorReser) : . : T ] i field_reset Default signal to use for resetting field Yes
A F - Nomalreg : - o o
- I implementations
o
1 1
i i active low Signal is active low (state of 0 means ON) Yes
1 1
1 1
beemeeeee- : active high Signal is active high (state of 1 means ON) Yes
resetsignal Reference to the signal used to reset the field Yes

SYSTEMS INITIATIVE
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addrmap top {
signal{activelow;async;Tield reset;} pci_soft reset;
signal{async;activelow;cpuif reset;} pci_hard reset;

reg PCIE_REG BIST {
regwidth = 8;

field {
hw = rw;
SW = r;

fieldwidth = 4;
} cplCode [3:0];

field {
hw = rw;
SW = rw;

fieldwidth = 1;
resetsignal = pci_hard_reset;
} capable [7:7]=0;
}:
PCIE_REG_BIST PCIE_REG_BIST @0x0;
}:

‘accellera

SYSTEMS INITIATIVE 19
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Instance Alignment Addressing Modes

Address allocation operators
a) @ expression : Specifies the address for the component | Addressing Modes:

instance. a) Compact : Specifies the components are packed tightly
b) += expression : Specifies the address stride when together while still being aligned to the accesswidth

instantiating an array of components (controls the parameter

spacing of the components). b) Regalign : Specifies the components are packed so each
c) %= expression : Specifies the alignment of the next component’s start address is a multiple of its size

address when instantiating a component (controls the c) fullalign : The assigning of addresses is similar regalign,

alignment of the components). except for arrays.

20

SYSTEMS INITIATIVE



2020

DESIGN AND VERIFICATION™

DV OIN

CONFERENCE AND EXHIBITION

Offset (@)

addrmap top {
reg rl1 {
fleld { } f1[3:0];

r1 regl[4] .

};

SYSTEMS INITIATIVE

0x4

0x8

0OxB
0x10

Stride (+=)

addrmap top {
reg rl {
field { } f1[3:0];
s
1 regl[4] @0x4 += 10 3>
}:

0x4-0x7

OxE-0x12

0x18-0x1B

0x22-0x26

21
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* It specifies the components are packed tightly together.

addrmap bl1{
addressing = compact;
reg {
regwidth = 8;
field {
} fid[7:0];
} regl;
reg {
regwidth=64;
field {
} f1d1[63:0];
} reg2;
reg {
regwidth = 32;
field {
} f1d2[31:0];
} reg3[20];
}:

SYSTEMS INITIATIVE

0x0 -0x0

0x1-0x8

0x9-0xc

22
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multiple of its size

addrmap bi1{
| addressing = regalign;

reg
regwidth = 8;
Tield {
} fid[7:0];
} regl;
reg {
regwidth=64;
field {
} f1d1[63:0];
} reg2;
reg {
regwidth = 32;
field {
} f1d2[31:0];
} reg3[20];
}:

SYSTEMS INITIATIVE

0x0-0x0

0x8-0xf

0x10-0x13

It specifies the components are packed so each component’s start address is a

23
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e The assigning of addresses is similar regalign, except for arrays.
e The alignment value for the first element in an array is the size in bytes of the whole array (i.e., the size of an array
element multiplied by the number of elements), rounded up to nearest power of two.

addrmap_bl{ 0x0- Ox0
addressing fullalign;

reg {
regwidth = 8;

field { 0x8-0xf

iegegl’ 0x80-0x83
regwidth=64;
Tield {
} f1d1[63:0];
} reg2;
reg {
regwidth = 32;
field {
} f1d2[31:0];

3 resC

SYSTEMS INITIATIVE 24
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conrerenceanDExHiBTION o |t encloses a set of constant named integral values into the enumeration’s scope

enum Enuml {

Syntax: An enum component definition appears as follows. xﬁt% - 22(1)
enum enum_name { encoding; [encoding;]* }; 1 - ’
enum Enum2 {
VAL11 = 3"hO ;
. . . VAL22 = 3°hl ;
Enumerator references shall be prefixed with their VAL33 = 3°h2 -
enumerated type name and two colons (::), }o:
e.g., MyEnumeration::MyValue. property MyUDP { component = addrmap ; type = Enuml;};

addrmap top {
reg some_reqg { field {} a[3] :; } ;

addrmap {
o ] MyUDP = Enuml::VALl1 ; // Allowed
Keyword Description Dynamic some_reg regA :
. regA.a -> reset = Enuml::VAL2 + Enum2::VAL33;
enum It encloses a set of constant named integral no } submapl ;
values into the enumeration’s scope addrmap { |
encode Binds an enumeration to a field. Yes reg {
field {

hwclr=longint®” (Enuml::VAL1) ==
longint® (Enum2::VAL1l);
} b;

} other_shared reg ;
accellera) y subman? -

SYSTEMS INITIATIVE } ; 25
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» All definitive component types, except enumerations and constraints, may be parameterized using
Verilog-style parameters.

reg myReg ﬂ(longint unsigned SIZE =32){
regwidth = SIZE;
field {
} data[SIZE - 1]; Parameter
¥ used
addrmap myAmap {
myReg reg32;
myReg reg32_ arr[8];
myReg #(.SIZE(16)) regl6;
myReg #(.SI1ZE(8)) reg8;
}: —

Parameter
override during

instantiation

SYSTEMS INITIATIVE
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. REIE struct configlP {
Syntax: A struct definition appears as follows. boolean Regl is. present:

[abstract] struct struct_name [: base_struct_name] boolean Reg2_is_present;

REIT };
{{member_type member_name;}*}; struct configTop {
configlP IP1;

L figIP 1P2;
Deriving structures };CO” "9 ’

i . addrmap ip #(configTop t
A struct declaration may derive from another struct by eq Fr)l 2 ( gTop ©){

specifying the base struct’s name after a colon (:), ispresent = t.IP1.Regl_is_present;
field {}T1;
struct base_struct { };
bit foo ; reg rz2{
}o: ispresent = t.IP2.Reg2_is_present;
' field {}f1;
struct derived_struct : base_struct { }s )
longint unsigned bar ; rliri;
} r2 r2;
}:

addrmap top {
ip #(.t(configTop "{IP1l:configlP"{Regl is present:true},
IP2:configlP"{Reg2 is present:false} } ) ) ipl;
ip #(.t( configTop"{IPl:configlP"{Regl is present:false},
IP2:configIP"{Reg2 is_present:true} } ) ) ip2;

struct final_struct : derived_struct {
// final_struct®s members are foo, bar, and baz.
string baz ;

¥

accellera)

SYSTEMS INITIATIVE 27
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Dynamic Assignment
e When a property is assigned
after the component is
instantiated, the assignment
itself is referred to as a

dynamic assignment.
Syntax:
instance_name ->

Property Assignment

CONFERENCEANDEX*HBWI /ﬁ“\#

SystemRDL Default
Value for Property type

Property Assignment

Syntax:

property _name[=expression];

property _name [= value];

e A specific property shall .
only be set once per scope.

efault Property

Assignment
A specific property

Syntax

default value shall only
be set once per scope.

default value

default property_name [= value];

* Property takes its

reg {
default name ="def

name”;
field T _type {
name = ‘“other name’;
};
T type T1;
— T1->name = Dynamic |

Assignment’’;

} some reg;

reg {
default name ="def
name” ;
field f_type {
name = ‘“other name”
};
T _type T1;
fl->name = “Dynamic

Assignment”’;
} some reg;

reg {

default name ="def
name’;
ic —Ttype {

name = ‘“other name’;
3
T type T1;
fl->name = “Dynamic
Assignment”’;

} some reg;

reg {

default name ="def
name” ;

field T _type {
name = ‘“other name”’;
we,

¥

T type T1;

fl->name = “Dynamic

Assignment”;

} some reg;

28
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needs attention

Keyword Description

intr Interrupt, part of interrupt logic for a register

posedge Interrupt when next goes from low to high

negedge Interrupt when next goes from high to low

bothedge Interrupt when next changes value

level Interrupt while the next value is asserted and maintained
(the default)

nonsticky Defines a non-sticky (hierarchical) interrupt (not locked)

enable Defines an interrupt enable; i.e., which bits in an
interrupt field are used to assert an interrupt

mask Defines an interrupt mask ; i.e., which bits in an interrupt
field are not used to assert an interrupt

haltenable | Defines a halt enable (the inverse of haltmask); i.e.,
which bits in an interrupt field are set to de-assert the
halt out.

haltmask Defines a halt mask (the inverse of haltenable); i.e.,
which bits in an interrupt field are set to assert the halt
out

sticky Defines the entire field as sticky; i.e., the value of the
associated interrupt field shall be locked until cleared by
software (write or clear on read)

SYSTEMS INITIATIVE

Interrupt

* Interrupt is a signal generated and sent to the processor by hardware or software indicating an event that

addrmap block _name {

reg Statusl {
regwidth = 32;

field {
hw = rw;
SW = rw;

onwrite = woclr;

} FId[31:0] = 32"ho;

}:
reg Status2 {
regwidth = 32;

field {
hw = rw;
SW = rw;

onwrite = woclr;
intr;

} FIA[31:0] = 32"ho;

}:
reg Enablel {
regwidth = 32;

field {
hw = rw;
SW = rw;

onread = r;
onwrite = w;

} FIA[31:0] = 32"ho;

¥

reg Maskl {

regwidth = 32;
field {
hw rw;
sw rw;
onread = r;
onwrite = w;
} FId[31:0] = 32"h0;

};

Statusl Statusl @0x0000;
Status2 Status2 @0x0004;
Enablel Enablel @0x0008;
Mask1l Mask1l @0x000C;

Statusl.FId -> enable = Enablel.Fld;
Status2_.FId -> mask = Maskl.FIld;

Ay,
Cl



5000 Counter

DESIGN AND VERIFICATION™

e A counter is a special purpose field which can be incremented or decremented by constants or
DVCON . petial purp Y
CONFERENCE AND EXHIBITION dynamically specified values.

Keyword Description addrmap block name {
reg incr_reg {

counter Field implemented as a counter. regwidth = 32;
incrvalue Increment counter by specified value. field {
hw = na;
decrvalue Decrement counter by specified value. SW = rw;
incrsaturate Indicates the counter saturates in the incrementing direction. (_:ounter ?
incrvalue = 2;
decrsaturate Indicates the counter saturates in the decrementing direction. incrsaturate = 15;
: : : — incrthreshold = 10;
Incrthreshold | Indicates the counter has a threshold in the incrementing direction. } FId[31:0] = 32°hO:
decrthreshold | Indicates the counter has a threshold in the decrementing direction. };
reg decr_reg {
decrwidth Width of the interface to hardware to control decrementing the counter externally. regwidth = 32;
incrwidth Width of the interface to hardware to control incrementing the counter externally. i E Id {
W = na,
threshold This is an alias of incrthreshold. SW = rw;
. . . counter;
saturate This is an alias of incrsaturate. AL
decrvalue = 2;
underflow Underflow signal asserted when counter underflows or wraps. decrthreshold = 10;
: decrsaturate = 5;
overflow Overflow signal asserted when counter overflows or wraps. } FId[31:0] = 32"hO;
incr The counter increment is controlled by another component or signal (active high). i }; )
INnCr_reg Incr_reg @0x0000;
a decr The counter decrement is controlled by another component or signal (active high). decr_reg decr_reg @0x0004;
*-._____-.F-'
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00 HDL PATH

DESIGN AND VERIFICATION™

DV 1\ * Byspecifying an HDL path, the verification environment can have direct access to memory, register, and
CONFERENCE AND EXHIBITION field implementation nets in a Design Under Test (DUT).

An hdl_path_slice or hdl_path_gate_slice can be put on a field addrmap blk def #(string ext hdl path = “ext block™){

or mem component. It can be used when the corresponding hdl_path = "int_block™ ;
N . reg {
RTL or gate-level netlist is not contiguous. hdl path = { ext_hdl_path, ".externl reg” } :
Syntax: field {
_ . hdl path _slice = *{ "fieldl"” } ;
hdl_path = "path"; s f1
hdl_path_gate = "path"; } external external_reg ;
H _ gn n ] "k, reg {
hdl_path_slice = ‘{"path" [, "path"]*}; hdl path = "int_reg" -
hdl_path_gate_slice = ‘{"path" [, "path"]*}; field {
hdl path _slice = *{ "fieldl” } ;
Property Description Dynamic AL
} internal _reg ;
-
hdl_path Assigns the RTL hdl_path for an addrmap, Yes addrmap top_{" L
reg, or regfile ndl_path = "TOP™ ; " v\ :
blk _def #( .ext_hdl_path(ext_block0™)) int_blockO ;
hdl_path_slice Assigns a list of RTL hdl_path for a field or Yes int_blockO -> hdl_path = "int0" ;
mem blk _def #( .ext_hdl_path(ext_blockl1l™)) int_blockl ;
int_blockl -> hdl_path = "intl" ;
hdl_path_gate Assigns the gate-level hdl_path for an Yes }:
addrmap, reg, or regfile
hdl_path_gate_slice Assigns a list of gate-level hdl_path for a Yes
field or mem
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DESIGN AND VERIFICATION™

IDVI N ¢ Aconstraint is a value-based condition on one or more components; e.g., constraint-driven test
CONFERENCE AND EXHIBITION . . . .o .
generation allows users to automatically generate tests for functional verification.

Definitive definition

constraint constraint_component_name
{[constraint_body]}; constraint max_value { this < 256; };

constraint_component_name constraint_inst; enum color {

red = 0 { desc = " color red ";};
green = 1 { desc = " color green ";};
};
Anonymous definition reg registerl {
constraint {[constraint_bod field {
. {l _bodyl} ¥ limit[0:2]= O;
constraint_component_name; Field {

max_value max1;
} f1[3:9]= 3;
Tield {
encode=color;
constraint{this inside{color::red,color::-green};}rgl;

constraint_disable Specifies whether to disable (true) Yes ] + T2[10:311;

or enable (false) constraints }: )
addrmap constraint_component_example {

registerl regl;
registerl reg2;

arrﬂﬂhﬁa reg2.f2.rgl->constraint _disable = true;
};

SYSTEMS INITIATIVE

Property Description Dynamic
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SR TSRT Structural Testing

CONFERENCE AND EXHIBITION

1) dontcompare : This is testing property indicates the components read data shall be discarded and not compared
against expected results.
2) donttest : This testing property indicates the component is not included in structural testing.

“i1fndef CLASS top rl

“define CLASS top rl

addrmap ‘top{ class top_rl extends uvm_reg;

reg rl{ 2 N f
dontcompare; uvm_object _utils(top_rl)
Tield{ - -

}} fldi; virtual function void build(Q);

ré r2{ this.fldl = uvm_reg_TfTield::type id::create("'fldl"™);
dgnttest- this.fldl.configure(this, 1, O, "RW", O, 17d0, 1, 1, 0);
Field{ th|s-fld1.set=compare(UVM_NO_CHECK);

}:!’ fldl; _ ) dontcompare
’ . class top_r2 extends uvm_reg;

rl r1 @OxO; = = _ -

r2 r2 @0x8: uvm_object_utils(top_r2)

}: )

virtual function void build();
this.fldl = uvm_reg_fTield::type id::create(""fldl™);

this. fldl.confiqure(thi 1. O, "Rw'", O, 1°d0, 1. 1. 0O):
Etfﬁﬂ@ﬂﬂ uvm_resource_db#(bit)::set({"REG::", this.get full name()},
SYSTEMS INITIATIVE "NO=REG=TESTS" ? 1 ’ thi S) > 33
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CONFERENCE AND EXHIBITION

e Perl snippets shall begin with <% and be terminated by
%>; between these markers any valid Perl syntax may
be used.

* Any SystemRDL code outside of the Perl snippet
markers is equivalent to the Perl print 'RDL code' and
the resulting code is printed directly to the post-
processed output.

e  <%=SVARIABLE%> (no whitespace is allowed) is
equivalent to the Perl print SVARIABLE.

 The resulting Perl code is interpreted, and the result is
sent to the traditional Verilog-style preprocessor.

reg myReg { <% for( $i = 0; $i < 6; $i +=2 ) {
%> myField data<®%=$i%> [<%=31+1%>:<%=%1%>]; <% } %>
};

SYSTEMS INITIATIVE

Directive Defining standard Description
‘define SystemVerilog Text macro definition
"if Verilog Conditional compilation
‘else Verilog Conditional compilation
‘elsif Verilog Conditional compilation
‘endif Verilog Conditional compilation
“ifdef Verilog Conditional compilation
“ifndef Verilog Conditional compilation
"include Verilog File inclusion
"line Verilog Source filename and number
‘undef Verilog Undefme text macro

reg myReg {

myField dataO [1:0];
myField data2 [3:2];

};

myField datad4 [5:4];
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addrmap BlockA {
name = "BlockA Address Map";

reg RegAl {
regwidth = 32;
field {
hw
SW

rwr
rwr

desc = "Hi I am field of register A";

} FA1[31:0] = 32'h0;

“include "BlockA.rdl"
“include "BlockB.rdl"
"include "BlockC.rdl"

addrmap top {

éddrmap BlockB |
name = "BlockB Address Map":

reg RegBl {

desc = "I am register BLl.":
regwidth = 32;
field {
hw = rw;
SW = TW;

} FB1[31:0] = 32'hO0:

}?

Including Multiple File

IDSBatch Output:

ﬂﬂﬂfﬂ@ﬁ? }.Blockc BlockC

SYSTEMS INITIATIVE

name = "top Address Map":

BlockA BlockA @0x000;
BlockB BlockB @0x500;
@0x1000;

PM
PM
PM
PM
PM

PM

PM
File(s)
Dir(s)

addrmap BlockC {
name = "BlockC Address Map";

reg RegCl {
regwidth = 32;

field {
hw = rw;
SW = rw;

} FC1[31:0] = 32'h0;

}i

-

15,481 BlockA.v
16,525 BlockB.v
16,518 BlockC.v
10,202 ids_top_amba_aggregation.v
9,855 top.v
56,573 bytes

334,284,574,720 bytes free
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SystemRDL editor is available as a part of IDS-NG

User can write input SystemRDL file in the editor

Keywords are highlighted which makes effective code visibility

Auto completion of components is also possible (e.g. bracket, semicolon completion)
The tool indicates syntax error for every line, simultaneously, while writing the spec

The tool also provides keyword hinting, and it can also hint to the component names
used within the file during instantiation or dynamic assignment.

At the end, the entire input file can be checked for compilation and syntax errors
Suggestions for error resolution are also provided

User can check and generate the input file as well from the tool

Evaluation Request : support@agnisys.com

36



DESIGN AND Vg_l;;N'"

DVLCOIN

CONFERENCE AND EXHIBITION

UNITED STATES

caccellera

——

SYSTEMS INITIATIVE

SystemRDL Editor — Contd..

B I

n

& x x'| - -

|l ezamz=||

] | ] | Search.

| DashBoard | new.rdi” X |

1
2~
3
4
5
(5]
7~
8
9
1e
11~
12
13
14
15
16
17
18
19
20
21
22
o 23
24

addrmap dbg_regs {
name = "dbg registers.”;
desc = "dbg registers.”;
display_name = "dbg regs %d";

reg wr_reg{

regwidth = 32;
default hw=r;
default sw=rw;
field{

hw=r;

SW=rW;
JWR_REG[31:0] = ©;

.
2

wr_reg cO_wr_regé
c8_wr_regl->rtl_reg enb=false;
alias ¢@® _wr_regé wr_reg cl_wr_regé
wr_reg.|

@ hwset

Q swwe

Q msbe

Q type

Q hw

Q swacc

Q@ decrvalue

Q@ enable

j

property display name {type= string ; component = addrmap|reg ;};

@exe00060000;

@6x80001000;

[keyworc”
[keywor‘ci--
[ keyworc
[ keyworc
[ keyworc
[ keyworc
[ keyworc
[keyworc

property

keyword
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C/C++
Program

SoC HW/SW Interface La

yer

The slaves are programmed

- Memory

Assembly

' 4

C based
environment

\_

~~ogrammable
Slave
Nn..
ogrammable

Slave w/
Memory

AX| /AHB Interconnect Fabric

CPU HSI is the ISA
ARM, RISC-V etc

. aca

SYSTEMS INITIATIVE

Programmab'~
Slave
Programmab'~
NEWE
Programmab'~
Slave

oy T

Sensors

Sensors

IP (slave)

Ing/writing to the
embedded, register

SV-UVM
environment

1S| are the

registersy/interrupts
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* Asanexample, the code below is a SV task that is manually coded by the user. It shows that HSI is
a critical part of a sequence to achieve a certain behavior in the target device.

task xmit( int noOfTxTrans);

Writing a
for ( int count = 0 ; count < noQ0fTxTrans;count++ ) .
begin Register
if (. && count == LineRate && rdValus == ClockFreq)
begin ang
lvar = InitialWriteData + count; ertlng a

Field

rm.TXDATA.write (status, lvar, .parent(this));

rm. CONTRCOL.TXEN.write (status, uwartControl[l], .parent(thi=)});

end
while (rdvalus == ) .
begin Reading a
rm.STATUS . TXDONE. read (status, STATUS TXDCONE , .parent(this)):; FIEId
rdvValue=5TATUS TXDCHE;
and
end
endtask
l{_ﬁ{""‘f"- "
(accellera
"...\_\_‘_'_ ~

39
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CONFERENCE AND EXHIBITION

e Sequences are built on registers, memories, pins

 Sequences contain
— Register / Field Writes
— Register / Field Reads
— Pin Manipulation Commands
— Wait / Function calls, sub sequence calls
e Information about Registers/Memories can be in any format
— IP-XACT
— SystemRDL
— Word / Excel
— Text files

‘accellera

SYSTEMS INITIATIVE
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DVCON .
How to write sequences once, run anywhere?

CONFERENCE AND EXHIBITION

e Designer Creates HW design with a certain sequence

e \erification engineer reads from a spec or from designer’s mind and creates SV/UVM
seguences

* Firmware engineer repeats step 2 but this time in his own environment typically C/C++
e Lap debug may have a C based environment or even TCL/Python based environment
 Repeat the process for validation

Why repeat the same algorithm over and over again in the various stages of the

development?

SYSTEMS INITIATIVE
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o 2020 Proposed Solution

CONFERENCE AND EXHIBITION

Create a Golden Spec for Implementation-Level Sequences and Auto-Generate the
Code

e Capturing the golden specification for sequences will need the following capabilities:
— Control flow
— High level of abstraction devoid of implementation detail
— Access to hierarchical register data for SoC, Subsystem and IPs
— Access to pins, signals and interfaces
— High level execution of arbitrary transactions
— Deal with timing differently based on the target
— Hierarchy of sequence and base address of the DUT
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Make changes to the
Specification and have the
change automatically permeate
to all views

pecificatio

. aca
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OpenOffice SystemRDL IP-XACT YAML/JSON/XML RALF Custom CSV Custom XML

Register
Spec @

: All above register formats can be referenced by ISequenceSpec
|
[ |

TN .

ISS Word /

ISS Excel /
ISS Calc

IDSBatch

| All of these can be generated A
SV UVM C/C++ TCL Automatic Test MATLAB Portable Stimulus HTML Platform
— Firmware Equipment Formats Standard
(accellera cav

44
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cesc e i Portable Stimulus Standard

CONFERENCE AND EXHIBITION

* PSS helps automate the testing process, thereby reducing the time to generate complex use-case scenarios
* |t can generate tests, 10x faster than hand coding

e Portability from IP to sub-system to SoC level, including hardware-aware software can be achieved

‘accellera

SYSTEMS INITIATIVE
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W T TN Portable Stimulus Standard — Contd..

CONFERENCE AND EXHIBITION

SoC level

Requires high-level of test scenario
creation

Ability to reuse block-level test intents
at subsystem

Ability to reuse across various level of
configuration and integration

Transaction
level verification

Portability

Block-level
Implementation

‘accellera
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e il Portable Stimulus Standard — Contd..

CONFERENCE AND EXHIBITION

e PSS 1.0 Standard was released in June 2018

1.1 Purpose

The Portable Test and Stimmlus Standard defines a specification for creating a single representation of
stiimmlus and test scenanos, usable by a vanety of users across different levels of integration under different

configurations, enabling the generation of different implementations of a scenano that min on a vanety of
execution platforms, mchiding, but not necessanly limited to, simulation, emulation, FPGA prototyping, and
post-Silicon. With this standard, wsers can specify a set of behaviors once, from which multiple
mmplementations may be denved.

e Powerful concepts of PSS: Abstraction and Reuse
e PSS is useful for high-level test scenario creation
 Modeling Data flow
 Modeling Behavior
e Constraints, Randomization, Coverage
e Actions are a key abstraction unit — can model the scenarios and include exec blocks
e The implementation-level tests are handled by “exec blocks”

SYSTEMS INITIATIVE



e s 2D A PSS Data Flow Qbject Types

e Buffers: A buffer represents persistent data that can be written (output by
a producing action) and may be read (input) by any number of consuming buf
actions.
e Streams: The stream flow object type represents transient data shared o
between actions. The semantics of the stream flow object requires that a. Buffers
the producing and consuming actions execute in parallel (i.e., both
activities shall begin execution when the same preceding action(s) - [str]--
complete.

e States: The state flow object represents the state of some element in the
DUT or test environment at a given time. Multiple actions may read or
write the state object, but only one write action may execute at a time.

b. Streams

 Data Object Pools: Data flow objects are grouped into pools, which can be
used to limit the set of actions that can communicate using objects of a
given type. For buffer and stream types, the pool will contain the number
of objects of the given type needed to support the communication
between actions sharing the pool. For state objects, the pool will only
contain a single object of the state type at any given time.

SYSTEMS INITIATIVE
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s PSS Language Constructs

CONFERENCE AND EXHIBITION

e Component: A structural entity, defined per type and instantiated under other components.

) - overrides_declaration

component component_identifier { action declaration

object_bind_stmt

exec_block
package_body_item

1 component_field declaration
. attr_group

<component_body item>

e Action: An element of behavior.

) . ) overrides_declaration
action action_identifier { activity _declaration
constraint_declaration action write {
<action_body_item: exec_block_stmt output data_buf data;
- - symbol_declaration rand int size:
action_field _declaration ! )
b covergroup_declaration - _ Is
action write_compound {
— Atomic action: An action that corresponds directly to operations :”C::;tw{l‘ W |
of the underlying system under test (SUT) and test environment. ! Wi

wWi;

— Compound action: An action which is defined in terms of one or \

more sub-actions.
e Activity: An abstract, partial specification of a scenario that is used in a compound action to determine the

accellera high-level intent and leaves all other details open.
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CONFERENCE AND EXHIBITION

* Exec block: Specifies the mapping of PSS scenario entities to its non-PSS implementation.

exec exec_kind_identifier {
<exec_body_stmt>

1i

exec_kind_identifier:
pre_solve
post_solve
body
header
declaration
run_start
run_end
init

‘accellera

SYSTEMS INITIATIVE
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e Capture sequences in pseudo-code

in the golden spec (spreadsheet or

t t) Portable Test &
ex — Stimulus Standard

(PSS)

* Generate sequences in multiple

formats (C, System Verilog, UVM)
i Sequences

e PSS tool user creates the test
scenarios and calls the exec blocks

generated by ISS
Sequences

e PSS tool user synthesizes the .
tests/scenarios and generates the

required files for the target platform
MATLAB/SV Validation -
Sequences
accellera

SYSTEMS INITIATIVE 51
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CONFERENCE AND EXHIBITION

e WISHBONE DMA has been contributed by OpenCores. This core provides DMA transfers between two
WISHBONE interfaces. Transfers can also be performed on the same WISHBONE interface.

* Following block diagram depicts the DMA Engine and its functional blocks.

Channel Prioritizing
Priorities ] Arbiter ¢
+ WISHBONE
Channel ) —— Interface 0
A
I
Channel 1 " DM&
- U Engine |g
X
Channel n-1 ——— f
WISHEONE
Channeln ———™ Interface 1

¢

SYSTEMS INITIATIVE Source: https://opencores.org/websvn/filedetails?repname=wb dma&path=%2Fwb dma%2Ftrunk%2Fdoc%2Fdma_doc.pdf 52
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s S DA WISHBONE DMA - Contd..
DVCOIN

CONFERENCE AND EXHIBITION

It consists of 3 building blocks:
— 2 WISHBONE interfaces
— DMA Engine

!

WISHBONE IF O

— Pass-through logic
WISHBONE interface :

— DMA Bridge/Core has two master and slave capable WISHBONE HW
interfaces. Handshake

g

— Both interfaces are WISHBONE SoC bus specification Rev. B compliant.

I

I

— This implementation implements a 32-bit bus width. Interrupt

DMA,
Engine

Pass-
through

DMA Engine:
— The DMA engine is a up to 31 channel DMA engine that supports transfers

I

I

between the two interfaces as well as transfers on the same interface.

WISHBONE IF 1

— Each channel can be programmed to have a different priority.

Pass-through logic:

— This block performs the bridging operation between the two WISHBONE
interfaces.

— ltincludes a two entry deep write buffer in each direction. The write

agggf]grﬂ) buffer can be disabled if desired.

SYSTEMS INITIATIVE Source: https://opencores.org/websvn/filedetails?repname=wb dma&path=%2Fwb dma%?2Ftrunk%2Fdoc%2Fdma_doc.pdf
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— This implementation is designed to work with two WISHBONE interfaces running at the same clock.

— The WISBONE specification and additional information about WISHBONE SoC can be found at:
http://www.opencores.org/wishbone/

— The Main features of the DMA/Bridge are:
* Upto 31 DMA Channels
* 2,4 o0r 8 priority levels
* Linked List Descriptors Support
e Circular Buffer Support
* FIFO buffer support
e Hardware handshake support

EYSTEMS INITIATIVE Source: https://opencores.org/websvn/filedetails?repname=wb_dmaé&path=%2Fwb _dma%2Ftrunk%2Fdoc%2Fdma_doc.pdf
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DMA Register Map

addrmap wb_dma_reg block {

hw = rw;
S5W = I'W,;
1 pausH[e:0]] = 1'he;
1

name = "wb dma reg block Address Map";
reg CSR {

regwidth = 32;

field 1

reg int msk _a {
regwidth = 32;

field {
hw = r;
SW o= W

} MASK[3@:8] = 31'he;

reg int_msk_b {
regwidth = 32;

field {
hw = r;
SW o= W

} MASK[3@:8] = 31'h@;
+i

@oelerd>

addrmap ch {
name = "ch Address Map";
reg csr
regwidth = 32;
field {
hw = r;
SW = I}
} I_CHK_DONE[22:22] = 1'he;
field {
hw = r;
SW = I

} I_DONE[21:21] = 1'he;

b
reg 57 {
regwidth = 32;
field {
hw = rw;
SW = I'W;
1 CHK_SZ[24:16]
field {
hw = rw;
SW = I'W;
} TOT SZ[11:8] = 12'he;
¥

¥

CSr Csr [@8x888;
57 57 [@8xes8d;

AR AD [@Bx888;

AMB AMB [@BxeacC;
Al A1 @exale;

AM1 AM1 [@Bx814;
DESC DESC [@@xels;

]
=
=
fas]

-

CSR CSR [@6x888;

int_msk_a int_msk_a [@8x864;
int_msk_b int_msk_b [@8x888;
int_src_a int_src_a [@@x8ec;
int_src_b int_src_b @exele;
ch ch[32] @exeld;

SYSTEMS INITIATIVE
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setup_single_transfer

setup_Il_transfer

Implementation-level sequences
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class wb _dma descriptor extends uvm sedquence_item:
"uvm_object_utils (wb_dma descriptor)

rand bit[Z:0] channel:
rand bit mode ;
rand bit inc_src:
rand bit inc_dst:
rand bit src_sel:
rand bit dst_sel:
Descrlptors rand bit[11:0] tot_sz:
rand bit[2:0] trn sz:
for DMA rand bit[s:0] chk_sz;
rand bit[Z1:0] src_addre;
rand bit[Z1:0] dat_addr:
kit rand_addr:

constraint tron_sz_c |
trn_sz inside {1, Z, 4}:
}
constraint addr _ince o |
inc src || inc_dst:
}
constraint channel o {
channel inside {([C0:7]}:
}
constraint tot_sz o |
tot_sz > 0;
}
constraint chk sz o |
chk_sz > 0:
}
constraint rand addr o |
(rand_addr == [0} -»> src_addr
(rand_addr == [} -»> dst_addr

[
ma

}

endclass

57
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component wWh dma o |

import pvm_types_pkg::¥; action mem2dev _a : wbh _dma_a {
input data mem b dat_i;

action wh _dma a | output data_ref mem 3 dev_dat_o;

/f The channel this transfer runs on

rand bit[3] channel; constraint |

dat _i.s3z == dev_dat o.3Z;
ff Total transfers to perform 1
rand bit[le] tot sE; !

PSS component
containing actions

;S Bytes to transfer at a time (1, 2, 4)

action devimem a : wh_dma_a {
rand bit[4] in [1,2,4] trn_sz:

input data mem b dat_o;
cutput data ref mem s dev_dat_i;

action mem2mem a : Wb dma a | .
- - - constraint |

input data mem b dat_1: a dev d _
output data mem b dat_o; | at_0.352 == dev_dat_1.35Z;
constraint | }

dat_i.sz == dat_o.sz; 1

sl
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extend action whb_dma c::memimem a |

exec body |
memmem (channsl, dat_i.gddr, dat_c.addr, tot 32, trn_sE);
1

PSS aCtiOn axer bl:ld.}r gy = ™"
blocks memZmem( | {channel}}, {{dat_i.gddrl}, {{dat_o.azddzl}, {{tot_sz}}, [{trn_sz}]):

containing the exec body C = "
EXEC BlOCk memdmem( { {channsl}}, [{dat_i.gddr}}., {{dat_oc.gddr}}, {{tot_s=}}, {{trn_s=zl}l}):

W,

}

extend action whb_dma c::devimem a |

exec body |

devimem({channel, dev_dat i.gddr, dat_co.gddr, tot_s=z, trn_sz):
}

“exec” blocks

generated by exec body SV = """
ISequenceSpec devimem({ {channel}}l, {[{dev dat i.gddr}l, {{dat o.gddr}l, {[{tot s=zl}],
R {{trn_sz}});
containing SV —
tasks. exec body C = """

devimem({ {channsl}}, {[{dev _dat i.addr}l, {{dat_o.addr}l, {{tot_sz}},
{{trn_sz}});

@ceﬂéfa }
ey 59
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component wb_dma pard xfer c | action scenario top a {
enum xfer_type_& | action whb_dma pard xfer c::xfer type_e xt 1, xt_2, xt_3, Xt _4;
MEMZMEN, action bit[3] ch 1, ch 2, ch_ 3, ch_4;
mem2dev, xfer a x1, x2, x3, x4;
devamem constraint channel unique c {
1 unique {xl.channel, x2.channel, x3.channel, x4.channel};
action xfer_a { !
rand bit[3] channel; activity {
rand xfer type e Xt; repeat (40) |
wh_dma c::memimem a mam; ®t_L7 xt 27 xt 37 xt &3
wb:dma:c::devhxﬁm:a dim; ch_l: ch 2: ch 3; ch 4;
wh_dma c::mem2dev_a mad;
dma_helper c::gendata_a ad; parall?l t
dma_helper c::checkdata a  cd; i;
dma_helper c::dev_sink a dsi; x3:
dma_helper c::dev_src_a dsr; xd:

constraint channel c {

P
mZ2m.channel == channel;

constraint Xt cov_c {

m2d.channel == channel; xt_1 == xl.xt; ch_l == xl.channel;
d2m.channel == channel; ®t_2 == x2.xt; ch_2 == xi.channel;
1 ¥t 3 == x3.xt; ch_ 3 == x3.channel;
activity | xt_4 == xd.xt; ch_4 == x4.channel;}
match (Xt} | covergroup {
[mem2mem] : {gd ; m2mr cd; 1 xtl_cp : coverpolint xt_l; // Transfer type for xl
[devimem] : | ¥t2 _cp : coverpoint xt_2;
parallel { d2m; dsr: } Xt3_cp : coverpoint xt 3;
cd: xtd cp : coverpoint xt 4;
} cl_cp : coverpoint ch_1; /f/ Channel for xl
[mem2dev]: | cZ_cp : coverpoint ch_2;
gd: c3_cp : coverpoint ch_3;
parallel [ m2d; dsi; | cd_cp : coverpoint ch 47
! ¥t c 1 cross : cross xtl_cp, cl_cp;
o~ — ] ¥t c 2 cross : cross Xti _cp, ci_cp;
xaﬂﬂe.ﬂﬂrﬂ } ¥t_c 3 _cross : cross Xt3_cp, c3_cps
o, - } ¥t_c 4 cross @ cross xtd4_cp, c4d_cp; 60
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task memimem( task devZmem( task memddew(
bit[3l:0] channel, bit[21:0] channel, bit[21:0] channel,
bit[3l:0] src, bit[31:0] sre, bit[21:0] src,
bit[3l:0] dst, bit[31:0] dst, bit[21:0] dst,
bit[3l:0] tot_sz, bit[21:0] tot sz, bit[21:0] tot_sz,
bit[31:0] trn_sz); bit[31:0] trn sz): bit[21:0] trn_sz);
wb_dma_descriptor desc = wb_dma_descriptor:: wh_dma_descriptor T desc = wh_dma_descriptor:: wb_dm..a_descriptc-r desc = wb_dma_descriptor::
type id::create(): type_id::create(): t}'?E_ldl =CrE§tE ():
$display ("--> mem2mem"™) ; sdisplay(™—-> devimem”): fdisplay ("--> memadsv");
desc.mode = 0 desc.mods = 0 desc.mode = 0
desc.inc_src = 1 desc.inc src = 0@ desc.inc_src = 0;
desc.inc_dst = 1: desc.inc dst = 1: desc.inc_dst = 1;
desc.src_sel = 0; desc.sre sel = a; desc.src_sel = 0;
desc.dst_sel = 1: deﬂ.:_dﬂt_:ﬂel = 1: desc.dst_sel = 1;
desc.tot_sz = tot_sz; desc.tot_sz = tot_sz; desc.tot_Sz = Lot Sz
desc.trn_sz = trn_sz; desc.trn sz = trn sz: desc.trn sz = tro S8z;
desc.chk_sz = l&; desc.chk sz = 16: desc.chk_sz = L&;
desc.src_addr = src: desc.src addr = src: desc.src_addr = src;
desc.dst_addr = dst; deﬂ.:_dﬂt:addr = dst: desc.dst_addr = dst:
start_item(desc): start_item{desc): EIT.-'-ﬂ?t_iT.-'-EmIdEEIG] :
finish item{desc); finish item(desc); finish_item(desc)
fdisplay ("<-- mem2mem") : tdisplay("<—- devimem"); fdisplay("<-- memadev");

endtask endtask endtask

(accellera
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virtual task finish item( repeat (1000} begin
input uvm_sequence item item, #llus;
input int set_priority=-1}: m_reqg sem.get{l):
uvm_reg_data_t value; ch.CSR.read (status, wvalue):
uvm_status_&£ 3tatus; m_reqg sem.put{l);
wh_dma descriptor desc:
wk_dma 11 descriptor 11 _desc; if (valu=s[11]) begin
wh dma ch ch; fdisplay("== DONE C3B="h%0Zh ==", walue)}:
bit[31:0] addresses[$] if (m_done_ap '= mull) bkegin
if ('fcast(desc, item)) begin m_done_ap.write (desc) ;
"uvm_fatal (get_name (), "Failed to cast item to end
wb_dma descriptor™); break;
end end
fdisplay(™--> Finish Item: channel=%04", desc.channel): end
m_req sem.get(l): m_req sem.get(l);
/f Setup appropriate channel ch.C5R.read (status, wvalue);
ch = m_regs.ch[desc.channel] if ('walu=[11]) begin
if ($cast(ll_desc, desc)) begin “uvm_fatal (get_name() , "IMA transfer failed to
setup 11 tranafer (1l _desc, addresses): terminate™) ;
end else begin end
setup single transfer(desc, addresses); ch.C5R.read (status, value);
end valus[0] = 0;
m_reg_sem.put(l): ch.C5R.write (status, wvalue);
fdisplay (™ S5SEC ADDE="h%08h", desc.src_addr): m reg sem.put(l):
sdisplay ("™ DST LDDR="h%08h", desc.dst addr): foreach (addressss[i]) begin
tdisplay ("™ SBEC IFC=%04", desc.src sel);: o mem mgr.free(addresssa[i]);
Fdisplay(™ [L[3T IFC=%0d4", desc.dst_sel): end
/f Now, wait completion addresses = {}:
f$display("<-- Finish Item %04", desc.channel);
endtask

62
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configure = {

"output® : ]
‘uvm® o {
"name_format" : '&s°,
"max_nesting":'1",
"Timemultiplier®: '188°,
"consolidated write':'true’,
Setting "mout’': ‘false”,
configuration for ‘default data-type’:{ s
) arguments '@ 'int’,
each output in ‘constant’:'int”,
text based format ‘variable’:'int’,
"returntype’:"int’
s
'regmodel_template’ :{
'read’ : 'rread(status, ¥lhs, .parent(this))’,
'write': 'write(status, *d, .parent(this))’
¥
s
"firmware® : {
"name_format’ : "%s°,

"max_nesting':'1",
"Timemultiplier': "18&°,
'structure’:'@",
'consolidated_write':'true’,
"consolidated_r':'true’,

accellera
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Arguments of
sequences

#55 Sequences:
def setup single transfer(self,ip = 'WBA DMA.rdl",desc = "{uvm

k=true; wvm.regmodel=wb dma reg block; uvm.base class=wb _dma_tran
seq; uvm.handle name_ format=m_regs}'):

from regMap.registermap.registermap import ISequenceSpec as iss
from regMap.block import block

block =block()
iss = iss()

desc = iss.argument(wb_dma_descriptor(), ") .
. Declaration of
class wb_dma_descriptor({structure): . . Lo
init_ (self,type = 'bit’',line_length = '18@8'): clear_val=iss.constant(8, clear_val’," ") Constants

1f.channel = iss.struct_elem{s,"") ) )
elf.mode = iss.struct_elem(1,'") read_val=iss.variable(8, "'read_val’,"'")

self.inc_src = iss.struct_elem(1,"'") val=iss.variable([e,0], 'val’,"")
1f.inc_dst = iss.struct_elem(1,'") inc_dst=iss.variable(@,"inc_dst’,"'")
ft.src_sel = iss.struct_elem(1,"") src_sel=iss.variable(@,'src_sel’,"'")
1f.dst_sel = iss.struct_elem(1,'") dst_sel-iss.variable(s, "dst_sel’,’")
) .

self.tot_sz = diss.struct_elem({12,""’ inc_src=iss.variable(®, "inc_src’
self.trn_sz = iss.struct_elem(3,"") channel=iss.variable(®, "channel’,

self.chk_sz = iss.struct_elem(9,"'") write st=iss.variable('e’, 'write_st’,"’)
self.src_addr = iss.struct_elem(32,"" chk_sz=iss.variable(®, 'chk_sz',"")
self.dst_addr = iss.struct_elem(32,"" tot_sz-iss.variable(e, 'tot_sz',"")
self.rand_addr = iss.struct_elem(1,"’ value=iss.variable('e’, "value’, ")

S S S

Declaration of

Variables

e .
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iss.read(desc.channel,write st,"") Ste pS Of
|iss.read(ch[write_st|.C5R,value, ")
iss.write(value,value & BxFFFFFFFE, " ") Seq uences
|iss.write(ch[write st].C5R, wvalue, ")
iss.read(ch[write st].A8,value,’")
iss.read(ch[write_st].Al,value,’")
iss.write(ch[write_st].A8,desc.src_addr, ")
iss.write(ch[write_st].Al,desc.dst_addr,"")
iss.write(ch[write_st].AM8,8xFFFFFFFC, ")
iss.write(ch[write_st].AM1,8xFFFFFFFC, ")
iss.read(ch[write_st].5Z,value,"")
[Tss.write(value,value & OxFEeecoea, )|
iss.write(val| 8], (desc.trn 57 == 4)78: (desc.trn sz==2)}26:1","")
|iss.write(wval[1], "(desc.trn sz == 4)28:(desc.trn sz==2)21:8","") |
iss.write(val[8], val[@]<<12,"")
iss.write(val[1], val[1]<<13,"")
iss.write{chk sz, desc.chk sz<<ls , ")
iss.write{tot sz, desc.tot sz)
iss.write(read val, tot sz|chk sz|val[1]|val[e]," ")
iss.write(value, read val | wvalue,'")
iss.write{ch[write st].5Z,value, ")
iss.read(ch[write st].CSR,value, ")
iss.write{value, value & BxFFFELlEE®,"")
iss.write{channel, desc.channel<<13,"")
iss.write{src_sel, desc.src_sel<<2,'")
iss.write{inc_src, desc.inc_src<<d, ")
iss.write{dst Sel, desc.dst sel<<l,’")
iss.write{inc_dst, desc.inc_dst<<3,"’
iss.write(read val, channel|src_sel|dst _sel|inc_dst|@xl|8x188|6x1
geed|inc_src,"")

iss.write(value, value | read val, "")

B |selt.write_analysis_portidesc) |

. iss.write(ch[wrlte_st].C5R, wvalue)
(accellera
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valus=ch_Al :
task wb_dma transfer seq::setup_single_ transfer | rm.ch[write_st].A0.write(status, desc.src_addr ):
wh_dma descriptor desc rm.ch[write_st].Al.write(status, desc.dst_addr ):
¥: rm.chwrite_st].AM0.write (status,
rm
rm

uvm_status_& 3tatus; .chwrite_st].AM]l.write(status,
wh_dma reg _block rm = m_regs ; .chwrite_st].5Z.read(status, ch_5Z )

const int clear wval = 0 ; wvalue=ch_5Z :

bit [1:0]read wval = 0 : value = valuse & "hFECOZOOO

bit [2:0]chnl = 0O; lvar = desc.trn sz==4 ? [ : (desc.trn_sz==2 ? 0 : 1}:

bit wvall[zZ] = {[C0,0} val[l]=1lvar:

int write_st = 0 : lvar = desc.trn sz==4 ? [ : (desc.trn_sz==2 ? 1 : (}:

int value = 0 ; val[l]=lwvar:

int lwvar: ead val = (1'b0,1"'00,1'00,1"00,1"00,1 00,100 ,desc.chk_32,1'b0,1'00,val[l],
uvm_reg_data t ch &0 ; UVM N [(] ,desc.tot_sz}:

uvm_reg_data t ch &1 r = read_wval | valus;

uvm_reg_data t ch 52 ; generatEd e=lvar:

uvm_reg_data t ch C5R chwrite_st].5Z.write(status, wvalus ):
if (rm — null) begin sequences .ch[write st].CSR.read(status, ch CSR ) ;
‘uvm_error ("wk_dma reg block bklock™, "No register model s alue=ch C5R ;
sequence on, vou should specify regmodel by using property wvalus = value & '"hEFEFFELEED ;
in the sequence”™) chnl = desc.channel ;

return; read val = {1'b0,1"'00,1'b0,1"00,1"'00,1"00,1"'00,1"'00,1"'00,1"00,1 00,1 00,100,
end 1"e0,1"00,1"1l,chnl ,1"R0,1"00,1"00,1"00,1'01,1 00,100,100 ,desc.inc_src,desc.
write_ st=desc.channel: inc_dst,desc.src_sel,desc.dst_sel,1'bl};
rm.ch[write_st] .CS5R.read(status, ch C5E }: lvar = value | read_wval:
value=ch C3E : value=lvar:
lvar = wvalue & "hffffiffe: “uvm_info("I55", fsformatf("== DMA Transfer %0d ==/n SRC: "h%02h (%04)
value=lvar; inc=%0d/n DST: "h%02h (%04} inc=%04d/n 5Z2: %0d/m ", desc.channel,
rm.ch[write_st] .CSR.write{status, wvalue }: desc.src_addr, desc.src_sel, desc.inc_src, desc.dst_addr, desc.dst_sel, desc.
rm.ch[write_ st] .A0.read(status, ch_A0 J: inc_dst, desc.tot_sz), UVM_LOW)
value=ch A0 : write_analyis_port (desc):
rm.ch[write_st].Al.read(status, ch_ &1 }: rm.ch[write_st].C5R.write (status, wvalue )

endtask

(accellera
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extend action wb_dma_c :: mem2mem_a {

exec body SV =""
mem2mem({{channel}}, {{dat_i.addr}}, {{dat_o.addr}}, {{tot_sz}}, {{trn_sz}});

extend action wb_dma_c :: mem2mem_a {

exec body C ="
mem2mem({{channel}}, {{dat_i.addr}}, {{dat_o.addr}}, {{tot_sz}}, {{trn_sz}});

‘accellera
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DV Creation of high-level test scenario

[Fclass wh_dma pard seq extends wh dma transfer seq:
S/ Begister sequence with UVM factory
‘uvm_object_utils (wh_dma pard seq)

typedef class functor:

typedef class pcCallBack:

typedef class covergroup action wh dma pard xfer c scenario top_a og:
ff pas_exec class

[+ class p3s exec:

ff pas_exec_block class

[+ class p3s exec block extends pss sxec:

S/ Execute P55 exec bodies in sequence

[+ class p3s exec 3eg extends pss exsc;

// Execute P55 exec bodies in parallel

[+ class pss_exec par extends pss exec:

ff pas_exec_thread class

[+ class pss exec thread:

[H s/ fields of class wh dma pard seq

TestEngine m_te:

S/ Graph name

function wveid registerautc():

S/ RAction tasks

virtual task actionTask{int id):

// Signed meta action tasks

virtual task signedMetalctionTask(

// Unsigned meta action tasks

virtual task unsignedMetalctionTask(

// Unsigned meta action import functions

virtual function longint unsigned unsignedMetalctionImportFunction{int id):
S/ Trace entry function

virtual function wvoid infact trace entry(int unsigned id):

/f Trace exit function

virtual function void infact trace exit{int unsigned id):

S/ Beturns the cumulative coverage report of all coverages

function string getCoverageReport()

S/ Beturns a true when all the individual coverage goals have been met
function bit allCoverageGoalsHaveBeenMet ()

/f Callback closure

i = "P55 whk dma pard xfer ¢ scenaric top a";
string anriph_namﬁ FS5_wb_dma_pard_ELer_C_sCenario top s class functor extends FunctorBase;
{ftucntrc =oF cherage SLIALegy creatlon messags ff Coverage strategy class covergroup action wh dma pard xfer c scenario top a cg
int m gt_opt = 1;

class covergroup action wh dma pard xfer c scenario top a og’
class pcCallBack extends PathCoverageCallback:

function int unsigned get val (string vname):

S/ Called at the beginning of a parallel bklock

task parallel start():

S/ Called at the keginning of each parallel bkranch

£/ Coverage strategy covergroup action wb dma pard xfer c scenario top a cg
covergroup action wb _dma pard4 xfer c scenario top a cg

mn_covergroup action wb dma pard xfer c sScenarioc top a cg;

S/ Controls creation of coverage strategy

bit m create_covergroup action wb dma pard4 xfer c scenario top a cg = 1; task parallel branch start():
M_// 3¥“am?° arréy SIZE{S?_ ff Called at the end of each parallel branch
static bit registered = 0;

task parallel branch end():

task parallel end():

ff exec_block tasks

task exec body action wh dma c mem2mem a(string ctxt):
task exec body action wh dma c mem2dev a((string ctxt):
task exec body action wh dma c devimem a(string ctxt):
virtual task body () :

endclass : wh_dma pard seq

int unsigned m walues[string]:

ff Conatructor (wh_dma pard seq)

functicon new(string name = ""):

S/ Function delete()

[F wirtual function void delete():

S/ Imitialization function called from constructor
[+ function void initialize(string name):
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ISequenceSpec uses the stimulus created by Questa inFact test engine by calling ISS generated sequence methods
inside inFact actions.

inFact employs an efficient
rule/graph-based technique to
generate stimulus or target
coverage goals. This reduces
test redundancy to reach

accellera
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Complete coverage.

\

J

Flow Diagram

Contains actions,
meta_action and coverage
strategy

Within inFact action ISS
sequence methods are
called

ISS sequence methods are
called from inFact action and
takes stimulus from inFact

.

Contains steps to program
low level registers caf
from spec

called inside Infact a
using attrib

The inFact Scenario works
inC, SV, ...

(ISequenceSpec automates the
generation of consistent portable
sequences for programming,
validation and functional
verification of design from the

Cpecification

~

J
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e QuestainFact™ is useful for SoC high-level test scenario creation; the IP level details are
currently handled using “exec blocks”

e Currently, users have to manually write long sequences that deal with the registers and pin
manipulation commands

* Every scenario can not be covered by manual sequences which can have low coverage.

e This limitation is removed by PSS where all scenarios are covered which finally provide the
maximum coverage.

e Also ISequenceSpec™ augments PSS tools and includes:
— Capturing sequences in a golden spec

— Generate implementation-level SV/UVM/C sequences that enable register R/W and pin
manipulation commands
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Thanks to Matt @MentorGraphics for his help with PSS, inFact and DMA
example
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IDesignSpec ( IDS )

Create Models
ARV-Sim

Create Test Sequences & Environment
ARV-C

Create Test Sequences & Environment in C
ARV-Formal

Create Formal Properties and Assertions
ISequenceSpec

Create UVM sequences and Firmware routines from

the specification
IDS-NextGen

Cross-platform HSI Layer Specification
Specta-AV

- Automatic Verification

(accellera
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Agnisys’ Solutions

ARV-Sim™

ARV-C™

IDesignSpec™

IDSBatch / IDSWord / IDSExcel / IDSCal

ISequenceSpec™

Specta-AvV™
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e @Go to the website www.agnisys.com
e Goto MEDIA ROOM > Events > DVCon US 2020
* C(Click on ‘To download eval, click here’ link

e Fill the requisite information and the license will be sent to the email mentioned in the
form

e Install the software
e Set the path for license file
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Agnisys, Inc.

WWW.agnisys.com * IDesignSpec

* |SequenceSpec™
* IDS NextGen™
e ARV™

* Specta-AV™

e DVinsight-Pro™

support@agnisys.com

PH: 1 (855) VERIFYY

1(855) 837-4399
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Read Only SW=r
RO SW=r onread=r
Read Clear SW=r SW=r
RC rclr onread =rclr
Read Set SW=r SW=r
RS rset onread =rset
Write Only SW=wW
WO SW =W onwrite =w
Write One to Clear - SW =W SW=W
woclr onwrite =woclr
Write one to set - SW =W SW=W
woset onwrite =woset
Write one to toggle - - SW=W
onwrite =wot
Write zero to clear - - SW=W
onwrite =wzc
Write zero to set - - SW=W

onwrite =wzs
accellera
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Software Access — Contd..

Access

Write zero to toggle

UVM

SystemRDI 1.0

SystemRDL 2.0

SW=W
onwrite =wzt

Write clear WOC - SW=W
onwrite =wclr
Write set WOQOS - SW=W
onwrite =wset
Read Write RW SW = rw SW=rw
onread =r
onwrite =w
Read / Write one to W1C SW = rw; SW=rw
clear woclr onread =r
onwrite =woclr
Read /Write one to set W1Ss SW = rw; SW = rw;
woset onread =r
onwrite =woset
Read /Write one to WI1T - SW=rw
toggle onread =r
onwrite =wot
Read /Write zero to WO0C - SW=rw
clear onread =r

onwrite =wzc
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Read /Write zero to set WO0S - SW=rw
onread =r
onwrite =wzs

Read / Write zero to toggle WOT - SW=rw
onread =r
onwrite =wzt

Read/ Write clear wC - SW=rw
onread =r
onwrite =wclr

Read / Write set WS - SW=rw
onread =r
onwrite =wset

Write/Read clear WRC SW = rw SW=rw
rclr onread =rclr
onwrite =w
Read Clear / write one to clear - SW =rw SW=rw
rclr onread =rclr
woclr onwrite =woclr
Read clear / Write one to set W1SRC SW =rw SW=rw
rclr onread =rclr
woset onwrite =woset

Efl Read clear / Write one to - - SW=rw
dcceelnera toggle onread =rclr
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Read clear / Write zero to - - SW=rw
clear onread =rclr
onwrite =wzc

Read clear / Write zero to set WOSRC - SW=rw
onread =rclr
onwrite =wzs

Read clear / Write zero to - - SW=rw
toggle onread =rclr
onwrite =wzt

Read write clear - - SW=rw
onread =rclr
onwrite =wclr

Read clear / write set WSRC - SW=rw
onread =rclr
onwrite =wset

Read set / Write WRS SW =rw SW=rw
rset onread = rset
onwrite =w
Read set / Write one to clear W1CRS SW = rw SW=rw
rset onread = rset
woclr onwrite =woclr

Efl Read set / Write one to set - SW =rw SW=rw
daccenera rset onread = rset
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Read set / Write zero to clear WOCRS - SW=rw
onread = rset
onwrite =wzc

Read set / Write zero to set - - SW=rw
onread = rset
onwrite =wzs

Read set / Write zero to toggle - - SW=rw
onread = rset
onwrite =wzt

Read set / Write clear WCRS - SW=rw
onread = rset
onwrite =wclr

Read set / Write set - - SW=rw
onread = rset
onwrite =wset

Read set / Write one to set - - SW=rw
onread = rset
onwrite =woset

Read set / write zero to toggle - - SW=rw
onread = rset
onwrite =wot

Read set / Write set - - SW=rw
onread = rset
onwrite =wset

Read set / write zero to toggle - - SW=rw
accellera onread = rset
onwrite =wot 80
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