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DV O Doug Debug is at it again

* Previous project > UVM TB....

— Doug’s Team put together a great DEBUG
methodology

— Great success.
— Great team.
— All good.

* New project
— AXl-like fabric + UVM TB + scoreboards/checkers

-
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e Channels

— Read & Write
* Two Initiators
* Two Targets
* Quality of Service
* Address map

3/2/2022 Rich Edelman, Mentor Graphics
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DVCCOIN Protocol Overview

* 5 channels
— Read Address (RA)
— Read Data (RD)
— Write Address (WA)
— Write Data (WD)
— Write Response (B)
* Each channel is independent
— But there are certain dependencies
* Simple transfers
— Always transfers a “bus width” at a time (128 bits)

RA RD WA WD B
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e Stimulus generation
— Video
— Interrupts
— Small memory transfers

* Checkers
— End-to-end reads and writes

— Address map BUT.... The RTL is NOT ready yet
- QOS

* Analysis What do we need?
— Throughput Some functional behavior

—

3/2/2022 Rich Edelman, Mentor Graphics 5
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2016
DVCON SV Structs

* “A structure represents a collection of data types that
can be referenced as a whole, or the individual data
types that make up the structure can be referenced
by nhame”.

typedef struct packed {
bit [ 1:0] slave o port;

16 bit tag bit [ 1:0] master i port;
bit [11:0] tag;

} fabric tag t;

typedef struct packed {
bit [ 1:0] slave o port;
bit [ 1:0] master i port;
bit [15:0] tag;

} fabric2 tag t;

20 bit tag

3/2/2022 Rich Edelman, Mentor Graphics 10



IIIIIIIIIIIIIIIIIIIIIII

DV SV Queues

* “A variable-size, ordered collection of homogenous
elements”

* int my queue[S];

In-order list

* size()

* insert(index, item)

* delete(index)

* push_front(item) and pop_front()
* push_back(item) and pop_ back()

-
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DV O SV Associative Arrays

* “An associative array implements a lookup table of
the elements of its declared type.”

* 1int my associlative arrayl[T];

* 1nt my assoclatilive arrayl[string];

Fast insertion
Fast lookup

* num() and size()
* delete([index])

* exists(index)

* first(ref index) and last(ref index)

. nexts ref indexz and Erevs ref indexz

3/2/2022 Rich Edelman, Mentor Graphics 12
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DESIGN AND VERIFICATION™

DVCON SV Dynamic Arrays

* “A dynamic array is an unpacked array whose size
can be set or changed at run time.”

* int my dynamic array/l]

*my dynamic array = new[1000];
o new[] Sized array
* size()

* delete()

-
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DVCCIN Array Manipulation

* Querying
— dleft, $right, $low, $high, $size, ...
* |[terate elements
— With clause
* Ordering
— reverse()
— sort(), rsort(), shuffle()
* Reduction
— sum(), product(), and(), or(), xor()

-
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DESIGN AND VERIFICATION™

DVCON SV Interfaces

o “At its lowest level, an interface is a named bundle of
nets or variables”.

interface channel (input wire clk) ;

// Read Address // Write Response
109}0 RA;rea§y; // Write Address logic B ready;
logic RA valid; logic WA ready; logic B valid;
EECLE B logic WA valid; tag t B_tag;
R 15 sl FEEEES tag t WA tag; int B gos;
int  RA beat count; addr_t WA_addr; . B

gt S GRS int WA qgos; endinterface

// Read Data
logic RD_ready;
logic RD_valid;

tag t RD tag;
o= - tag_t WD_tag; The Bus
int RD beat count; int WD beat count;

data_t RD data; - o

. RD . data t WD _data;
in _q0S; int WD_gos;
|

-
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// Write Data
logic WD _ready;
logic WD _valid;
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DVCON SV Classes

Data for the fabric model

* “A class is a type that includes data and subroutines
that operate on those data’.

class write_ address _c;
class read address c; tag t WA tag;
tag t RA tag; addr t WA addr;
addr t RA addr; int WA gos;
int RA beat count; endclass
int RA gos;
endclass class write data c;
tag_t WD_tag;
class read data c; int WD _beat count;
tag_t RD_tag; data t WD data;
int RD beat count; int WD gos;
data_t RD data; endclass
int RD_gos;
endclass class write response c;
tag_ t B_ tag;
int B gos;
endclass

S
3/2/2022 Rich Edelman, Mentor Graphics 16
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DVCON SV Threads
* Tnitial
* final

* always, always comb, always latch,
always ff

* fork-join, fork-join any, fork-
Jjoln none

* continuous assignment

* walt (expression), walit fork

* disable, disable fork

-
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.22 Transaction — data payload
CONFERENCE AND EXHIBITION [ Dy n a m i c Array]

* Array of bytes

// Type definition
typedef byte t array of bytes t[]; // Dynamic Array

// Transaction
class transaction extends uvm sequence item;
rw_t rw;

bit [31:0] addr;
array of bytes t data;

// Sequence
t.data = new[number of bytes];

-
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DESIGN AND VERIFICATION™ 'Hé 'Hé é é
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* Tags are used for u W wo s

WA WD B

S

typedef struct packed {
P Ta S Chan e b:?.t [ 1:0] slave_oTport;
bit [ 1:0] master_i port;

bit [11:0] tag:;

|

|

|

typedef struct packed { I
bit [ 1:0] slave_o_port; I
bit [ 1:0] master i port;
bit [15:0] tag; I
?} pnr tag } fabric2_tag t; :
|

|

|

|

|

routing . XA
I | fabric_tag_t

+ Packed structs é%é éé s
132"

Nenm v ’ ‘“TIﬁI‘HﬁI'TIﬁI'TIﬁI'IIﬂI‘“'

slave ma:ter tag RA°- RD WA WD
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DESIGN AND VERIFICATION™

DVLCOIN top

CONFERENCE AND EXHIBITION

module top;

/

channe,

channel il (clk) ;
channel mO (clk) ;
channel ml (clk) ;
channel o0 (clk) ;
channel ol (clk) ;

slave_interface
slave_interface

endmodule

master interface M1 (i0);
master interface M2 (11) ;

fabric #(fabric_tag t) @
fabric #(fabric2 tag t) fB(clk, m0, ml,

mem interface mem() ;

e L | | T

3/2/2022
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DESIGN AND VERIFICATION™

DVCON Testbench Driver

class driver extends uvm driver# (transaction);
"uvm_component utils(driver)
virtual master interface vif;

Interface from TB to DUT

transaction t;

Master Interface

task run phase (uvm phase phase) ;
forever begin

@ (posedge vif.bus.clk);
seq _item port.get next item(t);
vif.put work(t);

seq _item port.item done() ;
end
endtask

endclass

-
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DESIGN AND VERIFICATION™

DVCON |nitiator Master Interface

Master

interface master interface (channel bus) ;
beats t rd beats[tag t];
beats t wd beats[tag t];

I
typedef bit [127:0] data t;
typedef data t beats t[int];

bit b done[tag t]|= '{default:0};
bit r done[tag t] '{default:0};

typedef class transaction; Beat

transaction t; Tag Index Value
[0] [0] <128 bits>
[1] <128 bits>

read address ¢ ra q[$]; 5
L — — [1] [0] <128 bits>
write address c wa gq[$]; [2] [0] <128 bits>
write data c wd ; [1] <128 bits>
. al9]; [2] <128 bits>
transaction work queue[$];

function automatic wvoid put work (transaction t);
work queue.push front(t);
endfunction

-
3/2/2022 Rich Edelman, Mentor Graphics 23



2016

DESIGN AND VERIFICATION™

DvCON |nitiator Master— work queue

always begin: Work Queue Processing
wait (work queue.size() != 0);
while (work queue.size() > 0) begin
t = work:gueue.pop;back();
case (t.;w) B

0: fork // WRITE
automatic transaction 1 t
WRITE (1 t);

join none
1: fork // READ
automatic transaction 1 t
READ (1_t);

join none
endcase

end

end

I
ﬁ

I
ﬁ
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DVCON Initiator Master — READ()

task automatic READ (transaction t);
t.tag = generate new tag();

RA(t); Reads turned into
RD (t) ; “channel transfers”
endtask
READ = RA, RD

-
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DESIGN AND VERIFICATION™

DVCON [nitiator Master - RA

task RA(transaction t); |

read address c ra: Testbench Transaction to ra_q
ra = new() ;
ra.RA tag = t.tag;
ra.RA addr = t.addr;
ra.RA beat count = (t.data.size() / 16) + 1;
ra.RA gos = t.gos;
ra q.push front(ra);
endtask

FABRIC

i0 E} 5'*% E‘>§ 00
er fabri fabric slave

slave master
I\ Usfinef]
master fabric fabric slave
slave master
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DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

2016

Initiator Master - RA Channel

3/2/2022

always begin: RA Channel

read;address_c ra;

wait (ra g.size() '= 0);

while(ra g.size() > 0) begin

ra_q to bus

bus.RA addr
bus.RA beat count
bus.RA tag
bus.RA gos

ra = ra gq.pop back();

ra
ra
ra
ra

.RA addr;
.RA beat count;
-RA tag;
-RA gos;

bus.RA valid = 1;
while (1) begin

@ (posedge bus.clk) ;
if ((bus.RA ready ==

break;
end

@ (negedge bus.clk) ;

bus.RA valid = 0;
end
end

1) && (bus.RA valid == 1))

b

o

master

FABRIC

>\ fsef]

fabri fabric slave
slave master

>\l .

fabric fabric slave
slave master

s

NI I=UTiInrrrart,

WICTIIUTN O1rapimnoco
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DESIGN AND VERIFICATION™

DVCON Fabric

channel( i0, )channel il,

module fabric #(parameter type FABRIC TAG T)

channel o0, channel ol);

fabric_slave_interface
fabric_slave_interface

fabric;maste;_interface
fabric;maste;_interface

fabric slave @

fabric_slaveZ(il);

fabric _masterl (o0)
fabric _master2(ol)

.
14

.
14

(input wire clk,

Interfaces

Slave and Master

BRIC
of] %l b/ e
ma fabri fabric
slave master
A\
master fabric fabric
slave master

o

slave

o

slave

o0

o1
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2016 _
DVCON Fabric Slave — RA Channel

interface fabric slave interface(channel bus);
read address ¢ ra g[$];
read data c rd q[$]; Bustora q

always @ (posedge bus.clk) begin: RA Channel
if ((bus.RA ready == 1 ) && (bus.RA valid == 1)) begin

read address c ra;

ra = new() ;

ra.RA tag = bus.RA tag;

ra.RA dgos bus.RA qgos;

ra.RA addr bus.RA addr;;

ra.RA beat count = bus.RA beat count;

ra q.push front(ra);

o

@ (negedge bus.clk) ; master fabric
bus.RA ready = 0; o [

end master fabric fabric slave
slave master

1

fabric slave

o

o

end

|
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DESIGN AND VERIFICATION™

DVCON The Brains

class read address c;
tag t RA tag;
addr t RA addr;

always begin: RA Channell
wait (fabric_slavel.ra g.size() != 0);
while (fabric slavel.ra g.size() > 0) begin
read address c ra;
ra = fabric slavel.ra g.pop back() ;

setup fabric tag R(0, ra, ra.RA tag, fabric tag);

if (fabric tag.slave o port == 0)
fabric masterl.ra g.push front(ra);

int RA beat count;
int RA gos;
endclass

|
Decide which output
port to go out

else

—

fabric_tag

fabric master2.ra g.push front(ra);

end

~

fabric2_tag

end

read address c¢ tag matcher R[tag t];

read address c ra,

fabric tag.tag = tag;
fabric tag.master i port = master port:

function automatic void setup fabric tag R(input master port,

ref tag t tag, D:>
ref FABRIC TAG T fabric tag); 1

o

o0

master slave

fabric tag.slave o port = fabric tag.tag & 1’'bl;

o1

o

o

tag matcher R[fabric tag] = ra;
endfunction
_

* master ah

3/272022 Rich Edelman, Mentor Graphics
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2016 _
DVCON Fabric Master — RA Channel

interface fabric master interface (channel bus) ;

read address ¢ ra q[$];

read data c rd q[$];

always begin: RA Channel
wait (ra q.size() !'= 0); ra_q to bus
while (ra g.size() > 0) begin

read address c ra;

ra = ra g.pop back();

bus.RA tag = ra.RA tag;

bus.RA dgos = ra.RA gos;

bus.RA addr ra.RA addr;

bus.RA beat count = ra.RA beat count;

bus.RA valid = 1;

while (1) begin FABRIC

@ (posedge bus.clk) ; io[l¢ '@’D'@ ¢[] 00
if ((bus.RA ready == 1) && (bus.RA valid == s meser| T
break; B 2 S [l |
end el G master|
@ (negedge bus.clk);
hite RA xralaAd = 0- E
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DESIGN AND VERIFICATION™

DV

DvCoN Target Slave — RA Channel

interface
virtual mem;interface mem;

addr t ra [tag_t]~;
int ra beat count[tag t];
beats t rd beats [tag t];

slave interface (channel bus);

tag t rd work queue[$];

Bus ADDRESS to rd_work queue

RA to RD!

Tagged data structures

always @ (posedge bus.clk) begin: RA Channel
if ((bus.RA ready == 1 ) && (bus.RA valid

== 1)) begin

ra[bus.RA taqg]

= bus.RA addr;
ra beat count[bus.RA tag] = bus.RA beat count}
rd work queue.push front(bus.RA tag);

@ (negedge bus.clk) ;
bus.RA ready = 0;
end
end

mECS

master

o

master

FABRIC

>/ s

fabri
slave

>{p

fabric
slave

fabric
master

[

fabric
master

|
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DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

Target Slave - RD Channel

always begin: RD Channel
int unsigned addr;
tag _t tag;

wait (rd work queue.size()
while (rd work

rd_work queue > Memory READS

'=0);

eue.size() > 0) begin

tag = rd work queue.pop back() ;

for (1int 1 =

addr = (i + ra[tag]) & 24 'hffffff; ;
rd beats[tag] [i] = mem.read (addr) ;
end
RD internal (tag)
end
end

typedef data t
beats t

typedef bit [127:0] data t;
beats t[int];
rd beats[tag t];

0; 1 < ra beat count[tag]; i++) begin

H
10 UV-

master

+ [«

master

FABRIC

“e

fabric
slave

«fe

fabric
slave

@fle

fabric
master

«fle

fabric
master
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DESIGN AND VERIFICATION™

DvCoN Memory [Associative Array]

interface mem interface();
data t mem[bit[31:0]]; // Associative Array

function data_t read(int unsigned addr);
return mem[addr];
endfunction

function void write(int unsigned addr, data t beat);
mem[addr] = beat;

endfunction

endinterface
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DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

Memory Slave - RD Channel

task automatic RD internal (tag t tag);
beats t beats;

Helper function
Send the beats onto the bus

int beat index;
beats = rd beats[tag];

typedef data t beats_ t[int];

beat index = beats.size() - 1;
bus.RD tag = tag;
while ( beat index >= 0 ) begin

bus.RD beat count = beat index;
bus.RD data

= beats[beat_index];

bus.RD valid = 1;
while (1) begin
@ (posedge bus.clk) ;
if ((bus.RD ready ==
break;
end
beat index--;
@ (negedge bus.clk) ;
bus.RD valid = 0;
end
1 andtfraclk

l) && (bus.RD valid

e

master

- [«

master

1))

FABRIC

“e

fabric
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slave
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fabric
master
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slave
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DVCON |nitiator Master - RA & RD

task automatic RD (transaction t);

wait(r done[t.tag] == 1);

pack beats to bytes(rd beats|[t.tag], t.data);
r done.delete(t.tagq);

rd beats.delete(t.tagq);

endtask

Wait until the read data is done.
Put the beats into bytes.

FABRIC

{HerefleMN\efletd] -

maste fabric fabric slave
slave master
+Hexafe\Ueferd] .
master fabric fabric slave
slave master
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DESIGN AND VERIFICATION™

DVCON Traffic on the Two Initiators

* M1 and M2 Traffic
— READ Channels and WRITE Channels

Signal Name \al42805 448457 651283 854109 1056935 1259761 1462587 1665413 1868239
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i ONIIE0 RN CDER M KT EN ;
o il e ] [t ] ] o] EEIEI EiEEEI.IEIE EIIEEIEE*I Ei EiEI]_EI ] EIE-BEII]I] IHEIHEI
0 W G e pevehe ] (] o] W AR R e ] B B G @R B R OB R B R OE
B e W EE ] o] e T T | T[T e |
AR

furre] || are|
L O O O L L L S T N e oy | R R A i

|
[ i
1IN NN O U 0+ KRN 00 R VA AN NN AN WD OOD NN O NN VO 1 NN WCRERD | O (O O
IR \H IIIHIIII III III [11] \IHIIHIIIHI (AN IIII [ I\II IRl IIIHI | II \IIII I\I\ I IIIIIIIH IIH [ 1] II I IIIIII

5 EE S RS 8 EIE!E!I
il n

R KICOCIEERANICH €0 KIRAUINTIO (MM 00DETN N ¢ GONMEOMH0I0
I]I:I.EIZI] 3] EEIIEEEEI-EE IE-IEIEI e EIEIE-E" ]

[ W] R e e ] B R el b @l R R e
|2 e R foes] [l ] ] )

e e
BRI I R A NI e 1M1l
01 NN O OO |10 N L M A U | 11 N I A I L]
T e et tee |I|H||H||I FIEIE T TPl 111
i -,eww o m-- Il i 1 [ el i

o]
O U T T S T A A TR
TINE DI (@ 071 OO {1000 000 OO (OO A O I
I I|I|III|II|II AT \IIIII (LR R
a9 g el @l [x % G il e @ -fa ---@e--uf-- i

top/initiato
tiatorl/READLOT
tiatorl/READ[1]

I-E'I ll
|

3/2/2022 Rich Edelman, Mentor Graphics



2016

DESIGN AND VERIFICATION™ 1332 Iines of code for “RTL”

Q¥CEM EXHIBITION S umimma ry 5 days to code with 5 days of debug

* SystemVerilog is a powerful modeling language
— Interfaces
— Processes
— Associative Arrays and Dynamic Arrays
— Queues
— Classes
— Structs

* These can be easily combined to model behavior.
* Questions/Source Code: rich _edelman@mentor.com
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