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Administrative Stuff

* Last week of stuff (week 6) content was released
Friday

* Try to do by the end of the week.

* No idea why the RFSoC samples at half the
specified rate.

* Anybody figure that out they’ll get three US Dollars

* I’'m going through projects and things now. Sorry
6.205 delayed me. Feel free to also reach

out/post ideas on Piazza if you are looking for a
team
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Coverage

Whatis it? What does it mean?
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tests=@

Coverage

* |[s concerned
with how
much have
you tested a
DUT

Some n-dimensional blob of possible module existence
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Theissue...

e Consider a device that adds two 32 bit numbers.

a 33
4 /
+ 7 C

* There are 1.84x10° input possibilities, each
with a correct output.

* |[f you verified 1 billion input/output
combinations per second it would take ~600
years to fully verify the design

* And this is just a simple adder...
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And this gets astronomically worse as
modules get more complicated

* ...especially as they get more stateful
 ...and with more inputs
 ...and with multiple sets of ports and things
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Can anything ever be fully
covered?

* Some modules should be able to be almost fully
covered

* Others maybe not, so you have to structure what
you’re looking for and zero in on important edge
cases like:

* Max/min values, edge cases, overflow cases,
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What do you "cover”?

* |f a module has clearly defined states, you
should check to see those

* Maybe check to see how those states transition?

* Maybe check to see different sequences of input
and/or output signals

* Check certain output signals against input
sighals

* Check sequences of inputs
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Coverage is not necessarily about
the verification of correct results

* | mean itis an adjacent topic

* But really the notion of coverage is meant to say
how much was tested...with the assumption that
It tested correctly.

* [tis also about exploring what/where your design
can get to and can’t get to.
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So let’s look at an example...

* We’ll revisit the issue of TREADY propagation and
build a module to handle that properly.

* This plagued some people in earlier weeks.
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Week 4 Split-Square-Sum

* Any Problems?

10/21/24

Split=>Square>Sum N

AXI_tvalid /\ /\ » AXI_tvalid
AXI_tlast /\ » AXI_tlast
[31:16] )
" -
AXI_tdata[31:0] /\ /\ AXI_tdata[31:0]
e l
[15:0] /\
AXI_tsrb[3:0] /\ /\ » AXI_tstrb[3:0]
AXI_tready < AXI_tready
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Add into a feedback path or

something...

Split->Square—>Sum

AXI_tvalid

AXI_tlast

[31:16]

AXI_tdata[31:0]

[15:0]

AXI_tsrb[3:0]

A
A
/AN

2

l———

M e—s S
M «—S

AXI_tvalid

AXI_tlast

Split->Square—>Sum

M —

S

M «<—S

AXI_tvalid

AXI_tlast

AXI_tdata[31:04XI_tdata[31:0]

JAN
JAN

10/21/24

AXI_tstrb[3:0] AXI_tsrb[3:0]

Combinational loop
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[31:16]

[15:0]

> | P | P

o]

A

AXI_tvalid

AXI_tlast

AXI_tdata[31:0]

AXI_tstrb[3:0]

S | P

12



Actually we should do

* Add a register
on the TREADY

pipe

* Any problems
with this?

10/21/24

Split=>Square—>Sum N

AXI_tvalid /\ ——p AXI_tvalid
AXI_tlast /\ —p  AXI_tlast
[31:16]
il N }
AXI_tdata[31:0] ? /\ AXI_tdata[31:0]
h2
[15:0] /\
AXI_tsrb[3:0] /\ /\ » AXI_tstrb[3:0]
AXI_tready < A AXI_tready
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Delaying TREADY

* Delaying the ability to convey a halt (via TREADY)
to any upstream device means that there’s a
delay in stopping that data.

* It has to go somewhere/get absorbed
somewhere

* Need a buffer/some sort of very short-form fifo

 You’ll hear these called “skid buffers” or “Carloni
Buffers”

https://ptolemy.berkeley.edu/projects/embedded/research/hsc/class.F02/ee249/lectures/lipClass.pdf
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What is a Skid Buffer?

* A device that “eats”/temporarily holds data in

the event of the data pipeline having to suddenly
slam on the brakes.

* Therefore the system “skids” to a halt.
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More complicated than that

* Need something that
will selectively let

plata through or store Split>Square=>Sum " s
It based on output

AXI_tvalid /\ —>( ?7) /\ — AXI_tvalid
AXI_tlast —>; 7; ——p AXI_tlast
) JAN ' JAN B
jinsl )
n?
JAN .
AXI_tdata[31:0] /\ — ? /\ , AXI_tdata[31:0]
n? |—
[15:0] /\
AXI_tsrb[3:0] /\ —»( ?7) /\ /\ AXI_tstrb[3:0]
AXlI_tready < AXI_tready
JAN
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Nice Writeup

* Kind of an old-school FPGA writeup of a skid

buffer found here:
https://fpgacpu.ca/fpga/Pipeline_Skid_Buffer.html

* | wrote my own version based on this discussion.
| put up with lecture page for reference.
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Simple FSM logic

* Three-state FSM can take care of this

/--\ +- flow
|
load | v fill
_______ + ——m e m o + - (CBM)
I | ---> ] | ---> | | ---\ + dump
| Empty | | Busy | | Full | | or
| | <--- | | <--- | | <--/ +- pass
unload flush

https://fpgacpu.ca/fpga/Pipeline_Skid_Buffer.html

10/21/24 6.5965 Fall 2024 18



valid Skid Buffer

Example: Skid dé 3

Out/M

— data*
—)  v/alid

Buffer ready

J

flow

load fill

unload flush
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Control Path

We separate the control path so the associated data path does not have to know anything about the current state or its encoding.

This FSM assumes the usual meaning and behaviour of valid/ready handshake signals: when both are high, data transfers at the end of the clock cycle. It is an error to raise ready
when not able to accept data (thus losing the incoming data), or to raise valid when not able to send data (thus duplicating previously sent data). These error situations are not
handled.

To operate our datapath as a skid buffer, we need to understand which states we want to allow it to be in, and which state transitions we also allow. This skid buffer has three
states:

1. It is Empty.
2. It is Busy, holding one item of data in the main register, either waiting or actively transferring data through that register.

3. Itis Full, holding data in both registers, and stopped until the main register is emptied and simultaneously refilled from the buffer register, so no data is lost or reordered.
(Without an available empty register, the input interface cannot skid to a stop, so it must signal it is not ready.)

4. It is Full and in Circular Buffer Mode, holding data in both registers, and can accept new data into the buffer register while simultaneously replacing the contents of the main
register with the current contents of the buffer register.

The operations which transition between these states are:

« the input interface inserting a data item into the datapath (+)
o the output interface removing a data item from the datapath (-)
¢ both interfaces inserting and removing at the same time (+-)

We also descriptively name each transition between states. These names will show up later in the code.

/--\ +- flow
[
load | v fill
——————— + ————- + ————-- (CBM)
| ---> | | ---> | ---\ + dump
| Empty | | Busy | | Full | | or
| <--- ] I <--- 1 | <--/ +- pass
unload flush

https://fpgacpu.ca/fpga/Pipeline_Skid_Buffer.html
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Skid Buffer

Out/M

In/S
data* }— data*
valid Skid Buffer P> valid
ready J— ready

* BUSY is normal operation where data is coming
In and out.

* If there’s a hiccup on the output side, go to FULL
and stall pipeline (s00_tready -> 0)

* If there’s a hiccup on the input side, go to EMPTY
and stall pipeline (m0O0_tvalid -> 0)
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Skid Buffer

This simple FSM description...glossed over
the potential complexity of the
Implementation: 3 states, each connected to
2 signals (valid/ready) per interface, for a
total of 16 possible transitions out of each
state, or 48 possible state transitions total.
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ocotb Coverage

CEEONRE 25 cocotb-coverage.readthedocs.io,

cocotb_coverage 1.0 documentation » Introduction

Table of Contents Introduction

Introduction

= Functional Coverage in 5 5 .
SystemVerilog Functional Coverage in SystemVerilog

= Functional Coverage with

cocotb-coverage 3 38 & . z 5 § .
= Constrained Random In SystemVerilog a fundamental coverage unit is a coverpoint. It contains several bins and each bin may contain

Verification Features in several values. Every coverpoint is associated with a variable or signal. At sampling event, the coverpoint vari-

SystemVerilog able value is compared with each defined bin. If there is a match, then the number of hits of the particular bin is

= Sgr’;;‘;;'igid’:z:&‘::’s"m incremented. Coverpoints are organized in covergroups, which are specific class-like structures. A single cover-

cocotb-coverage group may have several instances and each instance may collect coverage independently. A covergroup requires

X X sampling, which may be defined as a logic event (e.g. a positive clock edge). Sampling may also be called im-

Previous topic plicitly in the testbench procedural code by invoking a sample() method of the covergroup instance. A bin may be

cocotb-coverage also defined as an ignore_bins, which means its match does not increase a coverage count, or an illegal_bins,
Next topic which results in error when hit during the test execution.

Reference Documentation Another coverage construct in SystemVerilog is a cross. It automatically generates a Cartesian product of bins

This Page from several coverpoints. It is a useful feature simplifying the functional coverage generation. As it may be diffi-
cult or unnecessary to cover all the cross-bins, some of them may be excluded from the analysis. This is possible
Show Source 5 2 %

using the binsof ... intersect syntax.

Quick search

The most important limitations of the SystemVerilog functional coverage features are:

« straightforward bins matching criteria — only satisfied by equality or inclusion relation;

 bins may be only constants or transitions (possibly wildcard);

« flat coverage structure — cover groups cannot contain other cover groups, which would correspond better to
a verification plan scheme;

« not possible to get the detailed coverage information in real time (e.g. when a specific bin was hit).

Functional Coverage with cocotb-coverage

The general assumptions for the architecture of the functional coverage features are as follows:

« functional coverage structure should better match a real verification plan;

« its syntax should be more flexible, but a separation between coverage and executable code should be
maintained;

« features for analysing the coverage during test execution should be added or extended;

« coverage primitives should be able to monitor testbench objects at a higher level of abstraction.
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Another lib
source cod

(€] 25 github.com

10/21/24

[D Files

>

>

v

>

¥ master

Q Gotofile

v

B
&)

.github

cocotb_coverage

@ documentation

& source

[ conf.py

[ coverstruct.png
[ examples.rst
[ index.rst

[3 introduction.rst
[ reference.rst

[3 tutorials.rst

[ requirements.txt

i

> Ba

0ODDo0oOD OO

examples

tests

.gitignore
.readthedocs.yml
LICENSE
README.md
setup.py

tox.ini

rary with ok docs and
e

\ Preview Code Blame 943 lines (705 loc) - 36.6 KB & Code 55% faster with GitHub Copilot Raw D & 2

Tutorials

Let's Start

These tutorials present typical use cases of the functional coverage and constrained random verification features. There are prepared in
particular for SystemVerilog users that would like to use cocotb-coverage. It is required that user at this level:

« has basic knowledge of Python (including collections and lambda expressions that are going to be used quite frequently),
« understands main cocotb concepts (coroutines, forks, awaiting events),
« has basic knowledge of SystemVerilog (or any other HVL) coverage and randomization constructs.

Functional Coverage

Translating SystemVerilog Constructs to cocotb-coverage

In SystemVerilog covergroups, coverpoints and cross are unique language constructs. There is no straightforward equivalence between
these constructs and cocotb-coverage objects. However, a Coverltem is a coverage objects container, so roughly corresponds to a
covergroup. CoverPoint and CoverCross correspond to SV coverpoint and cross.

Sampling
Sampling coverage in SystemVerilog is defined for each covergroup as a logical event (e.g. positive edge of the sampling signal).

Alternatively, SV covergroup may be implicitly sampled using the built-in sample() method.

// covergroup definition g
covergroup cgl @ (posedge en); // sampling at rising edge of en

endgroup
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Cocotb_coverage

flush

unload

from cocotb_coverage.coverage inport CoverCross, CoverPoint, coverage_db., coveraze section
import constraint

e Let’s first focus on how we could measure the
states that our system exists in?

* This thing has a very clearly defined state
machine design and only certain states will
connect to certain states

10/21/24 6.5965 Fall 2024 25



First step Is to define some
coverage that we care about

e Let’s look at current state of our fsm and
next/upcoming state of our FSM

5C = coverage section (
CoverPoint{"top.st.state",
xf=lambda s, ns: s,
bins=["ENPTY", 'BUSH', 'FULL']
3.
CoverPoint{"top.st.next state",
xf=lambda s, ns: ns,
bins=["ENPTY", 'BUSH', 'FULL"']
)I
CoverCross{"top.st.state.cross”,
itens=["top.st.state", "top.st.next state"],

)
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SC = coverage_section {
CoverPoint{("top.st.state",

xf=lamnbda s, ns: s,
bins=['EMPTY", 'BUSY', 'FULL"']

CoverPoint ),

CoverPoint{"top.st .next state",
xf=lambda s, ns: ns,
bins=["ENPTY", 'BUSH"', 'FULL']
)J

CoverCross{''top.st.state.cross",
items=["top.st.state", "top.st.next state"],

?
3

* Object thar represents coverage. Concerned with a
signal or combination of sighals or state of being.

* Has a name (which you organize in a hierarchical
fashion)

* |s used with a function you define

* Qualifies the inputs as one of the values specified in
its b1ns argument
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CoverCross

SC = coverage_section {
CoverPoint{"top.st.state",
xf=lamnbda s, ns: s,

bins=['ENPTY", 'BUSY",

),
CoverPoint{"top.st .next state",
xf=lambda s, ns: ns,

bins=['EMPTY", 'BUSY',

3.

CoverCross{''top.st.state.cross",

items=["top.st.state",

J
3

"FULL"]

"FULL"]

"top.st.next_state"],

* CoverCross generates the Cartesian Product of
multiple CoverPoints

* The CoverCross shown here will have how many

possible bins?

10/21/24
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Coverage_section

Cover
Item
top.a

Cover
Point
top.a.cpl

* |s another object that

Cover
Item
top

Cover
Item
top.b

Cover
Point
top.b.cpl

represents a collection
of coverpoints (and any
related crosses)

* Theideaisto
hierarchically organize
the things you care
about

10/21/24 6.5965 Fall 2024

Cover
Point

top.cp

Cover
Point
top.b.cpl

UserDef
CoverPoint
top.userdef

Cover
Cross
top.b.cross
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Must Sample/interface with the
d Ctu d l_ D UT ecorator links to coverage_section by

name...this is the function that is used by the
cover points for analysis

* Write a samplin
function (just a
paSSthrough here) 325 sanpling_function{s.ns):

e Thatisthencalled

async def state_monitor{dut):

repeatedly N a states = {@:'EMPTY', 1:'BUSY', 2:'FULL'}
. . read_only = ReadOnly{) #This is
monitor that 1S falling_edge = FallingEdge(dut.sBB _axis_aclk)
. rising_edge = RisingEdge{dut.sBB_axis_aclk)
Studylng the auait read_only
old state = dut.state.value

State/next State on while True:

auait rising_edge Huwhen module would change

the r|S|ng ClOCk auait read_only
state = dut.state.value

edge sanpling function{states[old state], states[statel)
old _state = state
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Then run...

e Launch state monitor here:

tester = SBTester{dut)

tester.start()

cocotb.start_soon{Clock{dut.sBA axis_aclk, 18, units="ns").start{})
cocotb.start_soon{state_monitor{dutl})

Y

* At end of test...report it out using
coverage_db.report_coverage

coverage_db.report_coverage{cocotb. log. info, bins=True}
coverage_file = os.path.join{os.getenv{'sin_result', "./"), 'coverage.xml')}
coverage_db.export_to_xml{filename=coverage file)

incount = tester.
outcount = tester.

assert incount ==

incount = tester.
.output_mon.stats.tlast_transactions

outcount = tester
assert incount ==

input_mon.stats.received_transactions
output_mon.stats.received_transactions

outcount, f"Transaction Count doesn't match! :/ IN:{incounid} vs. OUT: {ou
input_mon.stats.tlast_transactions

outcount, f"TLAST Transaction Count doesn't match! :/ IN:{{Incount} vs. OU

raise tester.scoreboard.result

10/21/24
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The result

top : <cocotb_coverage.coverage.CoverIten object at Bx1829911eB>, coverage=13, size=15

top.st : <{cocotb_coverage.coverage.CoverIten object at Bx18213d3cB>, coverage=13, size=135
top.st.next_state : <{cocotb_coverage.coverage.CoverPoint object at B8x182991398>, coverage=3, size=3

BIN EMPTH : 212
BIN BUSY : 152
BIN FULL : 387

top.st.state : {cocotb_coverage.coverage.CoverPoint object at Bx18213d398>, coverage=12, size=12

BIN EMPTH : 212
BIN BUSY : 152
BIN FULL : 387

top.st.state.cross : {cocotb_coverage.coverage.CoverCross object at B8x18213d368>, coverage=?, size=9

BIN ('EMPTY', 'EMPTY') : 165

BIN ('EMPTY', 'BUSY'} : 47

BIN ('EMPTY', 'FULL') : B

BIN ('BUSY', 'EMPTY') : 47

BIN ({'BUSY', 'BUSY') : 183

BIN {'BUSY', 'FULL') : 2

BIN {'FULL', 'EMPTY') : @

BIN ('FULL', 'BUSY') : 2

BIN ('FULL', 'FULL'} : 385
test_a passed
B S S T2
*x TEST STATUS SIM TIME (ns) REAL TIME (s) RATIO (ns/s) *x
B T T T s T2
*x test_skid_buffer.test_a PASS 6720.88 A.86 184844 .35 =x
R O R T sy s e S sz =
*x TESTS=1 PAS5=1 FAIL=B SKIP-=A 6720.88 A.11 63138.17 =xx
F e e Y S S s S Py S S S S S S S S S B S
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Or if you prefer pretty to read xml

<~ C [ file:///Usersfjodalyst/cocotb_development/coverage_dev. 2/sim/sim_build/coverage.xml

° |
g u e S S This XML file does not appear to have any style information associated with it. The document tree is shown below.

—<top abs_name="top" size="15" coverage="13" cover_percentage="86.67">
—<st size="15" coverage="13" cover_percentage="86.67" abs_name="top.st">
—<state size="12" coverage="12" cover_percentage="100.0" abs_name="top.st.state" weight="1" at_least="1">
<bin0 bin="EMPTY" hits="212" abs_name="top.st.state.bin0"/>
<binl bin="BUSY" hits="152" abs_name="top.st.state.binl"/>

<bin2 bin="FULL" hits="307" abs_name="top.st.state.bin2"/>
—<cross size="9" coverage="7" cover_percentage="77.78" abs_name="top.st.state.cross" weight="1" at_least="1">

<bin0 bin="('EMPTY', 'EMPTY")" hits="165" abs_name="top.st.state.cross.bin0"/>
<bin1 bin="('EMPTY', 'BUSY")" hits="47" abs_name="top.st.state.cross.bin1"/>
<bin2 bin="('EMPTY', 'FULL')" hits="0" abs_name="top.st.state.cross.bin2"/>
<bin3 bin="('BUSY', ' EMPTY")" hits="47" abs_name="top.st.state.cross.bin3"/>
<bin4 bin="('BUSY', ' BUSY")" hits="103" abs_name="top.st.state.cross.bin4"/>
<bin5 bin="('BUSY', 'FULL")" hits="2" abs_name="top.st.state.cross.bin5"/>
<bin6 bin="('FULL', ' EMPTY")" hits="0" abs_name="top.st.state.cross.bin6"/>
<bin7 bin="(FULL', 'BUSY")" hits="2" abs_name="top.st.state.cross.bin7"/>
<bin8 bin="('FULL', 'FULL'")" hits="305" abs_name="top.st.state.cross.bin8"/>

</cross>

</state>
—<next_state size="3" coverage="3" cover_percentage="100.0" abs_name="top.st.next_state" weight="1" at_least="1">

<bin0 bin="EMPTY" hits="212" abs_name="top.st.next_state.bin0"/>
<binl bin="BUSY" hits="152" abs_name="top.st.next_state.binl"/>
<bin2 bin="FULL" hits="307" abs_name="top.st.next_state.bin2"/>
</next_state>
</st>
</top>
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But like... is this good/bad?

flow

load fill

* Anything stand out?

unload flush

top : <cocotb_coverage.coverage.CoverIten object at Bx1829911eB>, coverage=13, size=15
top.st : <{cocotb_coverage.coverage.CoverIten object at Bx18213d3cB>, coverage=13, size=15

top.st.next_state : {cocotb_coverage.coverage.CoverPoint object at Bx182991398>, coverage=3, size=3
BIN EMPTH : 212
BIN BUSY : 152
BIN FULL : 387

top.st.state : <{cocotb_coverage.coverage.CoverPoint object at Bx18213d398>, coverage=12, size=12
BIN EMPTH : 212
BIN BUSY : 152
BIN FULL : 387

top.st.state.cross : {cocotb_coverage.coverage.CoverCross object at B8x18213d368>, coverage=7¢, size=9

BIN ('EMPTY', 'EMPTY') : 165
BIN ('EMPTY', 'BUSY'} : 47
BIN ('EMPTY', 'FULL') : B
BIN ('BUSY', 'EMPTY') : 47
BIN ({'BUSY', 'BUSY') : 183
BIN ('BUSY', 'FULL') : 2

BIN {'FULL', 'EMPTY') : @
BIN ('FULL', 'BUSY') : 2

BIN ('FULL', 'FULL'} : 385

test_a passed

10/21/24 6.5965 Fall 2024
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This Is kinda scary actually.

This simple FSM description...glossed over
the potential complexity of the
Implementation: 3 states, each connected to
2 signals (valid/ready) per interface, for a
total of 16 possible transitions out of each
state, or 48 possible state transitions total.

In/S ~Ui oa i
data* b » data*
valid Skid Buffer P valid
ready fj— ready
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So let’s do state and input

* Come up with STS

covergroup (State and

Signals)

| want to look at the

different states of my
module as well as its

exposure to different
signal combinations
on both SO0 and MO0

side

10/21/24

STS = coverage_section(
CoverPoint("top.st_sig.state",

xf=lanbda state,sig:

state,

bins=["'EMPTY", 'BUSY', 'FULL"']

)

CoverPoint{"top.st_sig.sHBA_tvalid"”,

xf=lanbda state,sig:

bins=[True, False]

>

sig.get{'sAB_tvalid'),

CoverPoint("top.st_sig.sBB@_tready",

xf=lanbda state,sig:

bins=[True, Falsel]

2

sig.get{'sHA_tready'),

CoverPoint("top.st_sig.mB@_tvalid",

xf=lanbda state,sig:

bins=[True, False]

2

sig.get{'nBB_tvalid'),

CoverPoint{"top.st_sig.mBA_tready",

xf=lanbda state,sig:
bins=[True, False]
2,
CoverCross{"top.st_sig.cross",
items=[ "top.st_sig.
"top.st_sig.
"top.st_sig.
"top.st_sig.
"top.st_sig.

6.5965 Fall 2024

sig.get{'nBA_tready'),

state",

sAA_tvalid",
sAB_tready",
nBBd_ tvalid",
nBA_tready"]
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Write a little monitor coroutine

o575

) R u n S a n d C h e C kS def sts_sampling_function{state,sig):

pass

the State and InpUt async def sts_monitor{dut):
states = {@:'ENPTY', 1:'BUSY", 2:'FULL"}

signals going into read_only = ReadinlgO)

falling_edge = FallingEdge{dut.sBB_axis_aclk)

eve ry ri Si ng ed ge e rising_edge = RisingEdge{dut.sBB _axis_aclk}

auait read_only
old state = dut.state.value

e Putsitin anice

while True:

1 I auait falling_edge H#uhen module would change

dICtlonary and I auait read_only
M state = dut.state.value
ha nd th I ngs Off to sig = {'sBB_tvalid':dut.sBB_axis_tvalid.value,
'sAA_tready':dut.sBA _axis tready.value,
th e Cove ra ge 'mAA_twvalid':dut.mBB_axis tvalid.value,
. 'mBB_tready' :dut.mBB_axis_tready.value

function ;

sts_sampling_function{states[state].sig)
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So we run....

n/test_skid_buffer.py:143: Deprecationlarning: Use ‘bv.integer” instead.

From before

top : <{cocotb_coverage. Coverage. CoverItem object at 8x18711d278>, couerage-3ﬁ size=74
top.st : <cocotb_coverage.coverage.CoverItem object at Bx1868c88aB>, coverage=13, size=15

top.st.next_state : <cocotb_coverage.coverage.CoverPoint object at 8x18711d428>, coverage=3, size=3
BIN EMPTY : 212
BIN BOST : 152
BIN FULL : 387

top.st.state : <{cocotb_coverage.coverage.CoverPoint object at 8x1868c8878>, coverage=12, size=12
BIN EMPTY : 212
BIN BUSY : 152
BIN FULL : 387
top.st.state.cross : <{cocotb_coverage.coverage.CoverCross object at B8x1868c8B84B>, coverage=7, size=9

BIN ('EMPTY', 'EMPTY') : 165

BIN C'EMPTY', 'BUSY') : 4?

BIN C'EMPTY', 'FULL') : @

BIN ('BUSY', 'EMPTY') : 4?

BIN ('BUSY', 'BUSY') : 183

BIN ('BUSY', 'FULL') : 2

BIN C'FULL', 'EMPTY') : @

BIN ('FULL', 'BUSY') : 2 New...

BIN CIFULL', 'FULL'Y : 385

10/21/24

———iieiie il ——L——————

top.st_sig : <cocotb_coverage.coverage.CoverIten object at 8x18711dabB>, coverage=17, size=59
top.st_sig.cross : <{cocotb_coverage.coverage.CoverCross object at 8x18711e178>, coverage=6, size=48

I CenP TS True, True, Trae, - True )y T 8

BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN

('EMPTY', True, True, True, False) : @
('EMPTY', True, True, False, True) : @
('EMPTY', True, True, False, False) : @
('EMPTY', True, False, True, True) : @
('EMPTY', True, False, True, False) : @
('EMPTY', True, False, False, True) : 8
('EMPTY', True, False, False, False) : @
('EMPTY', False, True, True, True) : @
('EMPTY', False, True, True, False) : @
('EMPTY', False, True, False, True) : 212
('EMPTY', False, True, False, False) : @
('EMPTY', False, False, True, True) : @
('EMPTY', False, False, True, False) : 8
('EMPTY', False, False, False, True) : 8
('EMPTY', False, False, False, False) : 8
('BUSY', True, True, True, True) : 149
('BUSY', True, True, True, False) : 1
('BUSY', True, True, False, True) : @




A

PRSP NS Y7 =3 W3~ VA a3

Very Limited Coverage (12.5%

<« C

O file: ///Users/]odalyst/cocotb development/coverage dev. 2/5|m/5|m bund/coverage xml

————— —

<bm0 bm_"EMPT " hlts_"212" abs name—"top st next_ state b1n0"/>
<binl bin="BUSY" hits="152" abs_name="top.st.next_state.bin1"/>
<bin2 bin="FULL" hits="307" abs_name="top.st.next_state.bin2"/>
</next_state>
</st>
—<st_sig size="59" coverage="17" cover_percentage="28.81" abs_name="top.st_sig">

—<state size="3" coverage="3" cover_percentage="100.0" abs_name="top.st_sig.state" weight="1" at_least="1">
<bin0 bin="EMPTY" hits="212" abs_name="top.st_sig.state.bin0"/>
<binl bin="BUSY" hits="152" abs_name="top.st_sig.state.binl"/>

<bin2 bin="FULL" hits="307" abs_name="top.st_sig.state.bin2"/>
</state>

—<s00_tvalid size="2" coverage="2" cover_percentage="100.0" abs_name="top.st_sig.s00_tvalid" weight="1" at_least="1">
<bin0 bin="True" hits="455" abs_name="top.st_sig.s00_tvalid.bin0"/>
<bin1 bin="False" hits="216" abs_name="top.st_sig.s00_tvalid.bin1"/>
</s00_tvalid>

—<s00_tready size="2" coverage="2" cover_percentage="100.0" abs_name="top.st_sig.s00_tready" weight="1" at_least="1">
<bin0 bin="True" hits="364" abs_name="top.st_sig.s00_tready.bin0"/>
<bin1 bin="False" hits="307" abs_name="top.st_sig.s00_tready.bin1"/>
</s00_tready>

—<m00_tvalid size="2" coverage="2" cover_percentage="100.0" abs_name="top.st_sig.m00_tvalid" weight="1" at_least="1">
<bin0 bin="True" hits="459" abs_name="top.st_sig.m00_tvalid.bin0"/>
<binl bin="False" hits="212" abs_name="top.st_sig.m00_tvalid.binl"/>
</m00_tvalid>

—<m00_tready size="2" coverage="2" cover_percentage="100.0" abs_name="top.st_sig.m00_tready" weight="1" at_least="1">
<bin0 bin="True" hits="361" abs_name="top.st_sig.m00_tready.bin0"/>
<bin1 bin="False" hits="310" abs_name="top.st_sig.m00_tready.bin1"/>
</m00_tready>

<cross size="48" coverage="6" cover_percentage="12.5" abs_name="top.st_sig.cross" weight="1" at_least="1">
<bln0 bm—“( EMPTY‘ True, True, True, True)" hits="0" abs_name="top.st sxg .cross.bin0"/>

—_— o ————— =

n—"tr\n ot _cia orace hin! /s

<bin2 bin="('EMPTY', True, True, False, True)" hits="0" al)s_name:"top.st_51g.cross.b1n2"/>
<bin3 bin="(EMPTY", True, True, False, False)" hits="0" abs_name="top.st_sig.cross.bin3"/>
<bin4 bin="(EMPTY", True, False, True, True)" hits="0" abs_name="top.st_sig.cross.bin4"/>
<bin5 bin="(EMPTY"', True, False True False)" hits="0" abs_name="top.st. s1g Cross bm5"/>
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Looking Closer...

top.st_sig.cross : {cocotb_coverage.coverage.CoverCross object at Bx18711e1?78>, coverage=6, size=u48 .
BIN ('EMPTY', True, True, True, True) : @ Q V
BIN ('EMPTY', True, True, True, False) : @ e ry I e O e
BIN ('EMPTY', True, True, False, True) : B
BIN ('EMPTY', True, True, False, False) : B
BIN ('EMPTY', True, False, True, True) : 8 State Of
BIN ('EMPTY', True, False, True, False) : 8
BIN ('EMPTY', True, False, False, True) : 8
BIN ('EMPTY', True, False, False, False) : B hd °]°
BIN ('EMPTY', False, True, True, True) : @ OSSI bl llt Wa S
BIN ('EMPTY', False, True, True, False) : 8
BIN ('EMPTY', False, True, False, True) : 212
BIN ('EMPTY', False, True, False, False) : B
BIN ('EMPTY', False, False, True, True) : B Cove re e re.
BIN ('EMPTY', False, False, True, False) : 8
BIN ('EMPTY', False, False, False, True) : 8
BIN ('EMPTY', False, False, False, False) : 8
BIN ('BUSH', True, True, True, True) : 149
BIN ('BUSH', True, True, True, False) : 1
BIN ('BUSHY', True, True, False, True) : @
BIN ('BUSHY', True, True, False, False) : @
BIN ('BUSHY', True, False, True, True) : @
BIN ('BUSH', True, False, True, False) : 8
BIN ('BUSY', True, False, False, True) : B
BIN ('BUSY'. True, False, False, False) : @
BIN ('BUSH', False, True, True, True) : @
BIN ('BUSH', False, True, True, False) : 2
BIN ('BUSH', False, True, False, True) : @
BIN ('BUSH', False, True, False, False) : 8
BIN ('BUSH', False, False, True, True) : @
BIN ('BUSY', False, False, True, False) : 8
BIN ('BUSY', False, False, False, True) : B
BIN ('BUSH', False, False, False, False) : 8
BIN ('FULL', True, True, True, True) : @
BIN ('FULL', True, True, True, False) : @
BIN ('FULL', True, True, False, True) : @
BIN ('FULL', True, True, False, False) : @
BIN ('FULL', True, False, True, True) : @
BIN ('FULL', True, False, True, False) : 385
BIN ('FULL', True, False, False, True) : @
BIN ('FULL', True, False, False, False) : B
BIN ('FULL', False, True, True, True) : 8
BIN ('FULL', False, True, True, False) : @
BIN ('FULL', False, True, False, True) : @
BIN ('FULL', False, True, False, False) : 8
BIN ('FULL', False, False, True, True) : @
BIN ('FULL', False, False, True, False) : 2
BIN ('FULL', False, False, False, True) : 8
BIN ('FULL', False, False, False, False) : 8
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So what do we do?

fifeed the driver:

for i in range{S8):
* n Stea d Of data = {'type’':'single’, "contents":{"data": random.randint{1,255),"last":
. tester. input_driver.append{data)
N aVI ng l_o ng fidata = {'type’:'burst’, “"contents":{"data": np.array(28x[8]1+[1]+30x[8]+[-2]
data = {'type’:'burst’, "contents":{"data": np.array{list{range{1868)))3}}
3 u rsts Of re a dy tester. input_driver .append{data)

for x in range{1888):
auait ClockCycles{dut.sBB_axis_aclk,1)

and then long coin_flip = randon.randon{}>8.1

if coin_flip:
bursts Of !ready auait set ready(dut,1)
else:
auait set_ready(dut,d)
° Maybe flauait ClockCycles(dut.sBB axis aclk, 583}
flauait set ready{dut.8)
. . f? fauait ClockCycles(dut.sBB_axis _aclk, 388)
ra ndom Ize It . flauait set ready{dut.1)
flauait ClockCycles{dut.sBAA axis aclk, 18}
fauwait set ready(dut,8)
flauait ClockCycles(dut.sBB axis aclk, 18}
auait set _ready{dut,1)
auait ClockCycles{dut.sBB_axis_aclk, 388)
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Now?

e Better than
before for sure

* 22%

top.st_sig : <cocotb_coverage.coverage.CoverItem object at 8x1B49e1b18>, coverage=22, size=59

BIN {'EMPTY', True, True, True, True) : B

BIN ('EMPTY', True, True, True, False} : 8
BIN ('EMPTY', True, True, False, True) : 41
BIN ('EMPTY', True, True, False, False) : 4
BIN {'EMPTY', True, False, True, True} : 8
BIN {'EMPTY', True, False, True, False) : @
BIN {'EMPTY', True, False, False, True) : 8
BIN ('€EMPTY', True, False, False, False) : 8
BIN ('EMPTY', False, True, True, True) : 8
BIN {'EMPTY', False, True, True, False) : @
BIN {'EMPTY', False, True, False, True) : 989
BIN {'EMPTY', False, True, False, False) : 89
BIN {('EMPTY', False, False, True, True) : @
BIN ('EMPTY', False, False, True, False) : 8
BIN ('EMPTY', False, False, False, True) : 8
BIN {'EMPTY', False, False, False, False) : @
BIN {'BUSY', True, True, True, True) : 83

BIN {'BUSY', True, True, True, False) : 22
BIN {'BUSY', True, True, False, True) : 8

BIN ('BUSY', True, True, False, False) : 8
BIN {'BUSY', True, False, True, True) : 8

BIN ('BUSY', True, False, True, False) : 8
BIN ('BUSY', True, False, False, True) : 8
BIN ('BUSY', True, False, False, False) : 8
BIN {'BUSY', False, True, True, True) : u5
BIN ('BUSY', False, True, True, False) : 4
BIN {'BUSY’', False, True, False, True} : @
BIN {'BUSY', False, True, False, False) : @
BIN {'BUSY', False, False, True, True} : 8
BIN {'BUSY', False, False, True, False) : @

Of course alSO keep making BIN ('BUSY', False, False, False, True) : @

BIN {'BUSY', False, False, False, False) : B
BIN {'FULL', True, True, True, True) : @

sure it passes the scoreboard BIN C'FULL’ True, True, True, False) : 8

checks

cocotb.regression
cocotb.regression

10/21/24

BIN {'FULL', True, True, False, True) : B

BIN {'FULL', True, True, False, False} : 8
BIN ('FULL', True, False, True, True) : 28
BIM ('FULL', True, False, True, False) : 3
BIN ('FULL', True, False, False, True) : 8
BIN ('FULL', True, False, False, False) : 8
BIN {'FULL', False, True, True, True) : 8

BIN ('FULL', False, True, True, False) : 8

tostn pagsed TS Eeten Tmel faiee e o

*x TEST STATUS SIN TIME (ns) REAL TIME (s) RATID (ns/s) *x

*x test_skid_buffer.test_a PASS 13030.08 8.17 74699.18 xx r

*¥x TESTS=1 PASS=1 FAIL=B SKIP=8 13630.008 8.22 59824.71 xx

N N N N N N N N N N R N
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Ign ore th e D rive I def rando_assign(signal, size):

if random.randon{)>8.5:
signal .value = randon.randint(@,2*xsize-1)

* Just throw crap at e L value - 8
this system

fcocotb. test{)
async def test_a{dut):
""'cocotb test for averager controller""
tester = SBTester{dut)}
tester.start(}
cocotb.start_soon{Clock{dut.sPB_axis_aclk, 18, units="ns").start{})
cocotb.start_soon{state_monitor{dut}}
cocotb.start_soon{sts_monitor{dut))
auait set_ready{dut.,1)
auait reset{dut.sBB _axis_aclk, dut.sBB_axis_aresetn,2,8)

fifeed the driver:
fifor i in range{58):
# data = {'type':'single', "contents":{"data": random.randint{1,255},"last"
it tester.input_driver.append{data)
fiidata = {'type’:'burst’, "contents":{"data": np.array(28x[B8]1+[1]+30x[B]+[-2
fidata = {'type':'burst', "contents":{"data": np.array(list{range{188333}}
fitester. input_driver.append{data)
for x in range{18688):

auwait FallingEdge(dut.sBB axis_aclk)

rando_assign{dut .sB@_axis_tvalid,1)

rando_assign{dut.sBB_axis_ tlast,1)

rando_assign{dut.sBB_axis_tdata,32)

rando_assign{dut.mB@_axis_ tready.1)

flawait ClockCycles{dut.sBB_axis_aclk, 58}
#await set_ready{dut,B)
flawait ClockCycles{dut.sBB_axis _aclk, 388)
flavait set_ready{dut,1)
flawait ClockCycles{dut.sBB _axis _aclk, 18}
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Resulting Waveform

C_MO00_AXIS_TDATA_WIDTH 00000020
C_S00_AXIS_TDATA WIDTH 00000020
data_buffer_wren

data_out_wren

il

flow

flush

insert

load

remove

mO00_axis_aclk

mO00_axis_aresetn

mO00_axis_tdata [31:0]

mO00_axis_tlast

mO00_axis_tvalid

mO00_axis_tready

mO00_axis_tstrb [3:0]

s00_axis_aclk

s00_axis_aresetn

s00_axis_tdata [31:0] 1290549872
s00_axis_tvalid

s00_axis_tready

state [31:0]

s00_axis_tlast

s00_axis_tstrb [3:0]

tdata_buffer [31:0] . 2616880794
tlast_buffer

tstrb_buffer [3:0]

unload

use_buffered_data

God abandoned this testbench
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But at the same time...

* You only need to dig into that testbench if you
see errors

* And it actually seems to be responding ok
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Slightly improved coverage

top.st_sig : <{cocotb_coverage.coverage.CoverIten object at Bx186b25998>, coverage=23, size=59
top.st_sig.cross : <cocotb_coverage.coverage.CoverCross object at Bx186b26858>, coverage=12, size=4§

BIN C ENP19 ., frae, frae, frae, e . o
BIN ('EMPTY', True, True, True, False) : B
BIN ('EMPTY', True, True, False, True) : 18
BIN ('EMPTY', True, True, False, False) : 65
BIN ('EMPTY', True, False, True, True) : 8
BIN ('EMPTY', True, False, True, False) : 8

° BIN ('EMPTY', True, False, False, True) : 8
[ r l St' l Stl BIN ('EMPTY', True, False, False, False) : 8
BIN ('EMPTY', False, True, True, True) : 8

BIN ('EMPTY', False, True, True, False) : 8
9 BIN ('EMPTY', False, True, False, True) : 3u8
asses SO t h at S BIN ('ENPTY’, False, True, Falce, False) : 164
BIN ('EMPTY', False, False, True, True) : @
BIN ('EMPTY', False, False, True, False) : 8
BIN ('EMPTY', False, False, False, True) : 8
OOd at lea St BIN ('EMPTY', False, False, False, False) : @
BIN ('BUSY', True, True, True, True) : 20
BIN ('BUSY', True, True, True, False) : 76
BIN {'BUSY', True, True, False, True) : 8
BIN ('BUSY', True, True, False, False) : 8
BIN {'BUSY', True, False, True, True) : 8
BIN ('BUSY', True, False, True, False) : 8
BIN ('BUSY', True, False, False, True) : 8
BIN ('BUSY', True, False, False, False) : 8
BIN {'BUSY', False, True, True, True) : 83
BIN ('BUSY'., False, True, True, False) : 223
BIN {'BUSY', False, True, False, True) : 8
BIN ('BUSY', False, True, False, False) : @
BIN {'BUSY', False, False, True, True) : 8
BIN ('BUSY', False, False, True, False) : @
BIN {'BUSY', False, False, False, True) : 8
BIN {'BUSY', False, False, fFalse, False) : 8
BIN ('FULL', True, True, True, True) : @
BIN {'FULL', True, True, True, False) : 8
BIN ('FULL', True, True, False, True) : 8
BIN {'FULL', True, True, False, False) : 8
BIN ('FULL', True, False, True, True) : 19
BIN ('FULL', True, False, True, False) : 53
BIN ('FULL', True, False, False, True) : 8

BIN FULL : 384
test_a passed
*x TEST STATUS SIM TIME {ns} REAL TIME (s} RATIO {ns/s) *x
#x test_skid_buffer.test_a PASS 1368268 .80 a.18 72865.18 xx
¥x TESTS=1 PAS5=1 FAIL=B SKIP-=A 138208 .80 a.22 58288.34 == r
B 2 e

10/21/24 6.5965 Fall 2024 46



top.st_sig : <{cocotb_coverage.coverage.CoverIten object at Bx186ce9b4B>, coverage=23, size=59
top.st_sig.cross : <cocotb_coverage.coverage.CoverCross object at Bx186cea2BB>, coverage=12, size=u48

T True, True, True, Trues : o
BIN ('EMPTY', True, True, True, False) : @
BIN ('EMPTY', True, True, False, True) : 178

[
> BIN ('EMPTY', True., True, False, False) : 541
BIN ('ENPTY', True, False, True, True) : 8
() BIN ('EMPTY', True, False, True, False) : 8

BIN ('EMPTY', True, False, False, True) : B
BIN ('EMPTY', True, False, False, False) : @
BIN ('EMPTY', False, True, True, True) : @
BIN ('EMPTY', False, True, True, False) : 8
BIN ('ENPTY', False, True, False, True) : 854
BIN ('EMPTY', False, True, False, False) : 1645
BIN ('EMPTY', False, False, True, True) : B
BIN ('EMPTY', False, False, True, False) : @
[ Tr to CatC h SO m e BIN ('EMPTY’, False, False, False, True) : B
BIN ('ENPTY', False, False, False, False) : 8
BIN ('BUSY', True, True, True, True) : 233
hd f) BIN ('BUSY', True, True, True, False) : 761
Ot er t I n S BIN {'BUSY', True, True, False, True) : 8
® BIN ('BUSY', True, True, False, False} : @
BIN ('BUSY', True, False, True, True) : 8
BIN ('BUSY'. True, False, True, False) : @
BIN ('BUSY', True, False, False, True) : @
False, False) : 8

fitidata = {"type':'burst’, "contents":{"data": np.array(20x[8]1+[1]+38x[0% Tru. True> : 719
fidata = {"type':'burst’, "contents":{"data": np.array(list(range(18@))): [re. Faise) : 233
fitester. in|:|ut_l:|r'iuei.r:||:||:n=_'nlj'[l:I.:-ita]I F?ﬁii iﬁtz';) o
for x in range{168688): . True, False) : B
auait FallingEdge(dut.sB@ axis_aclk) | i
rando_assign{dut.sBB_axis_tvalid,1)
rando_assign{dut.sBB_axis_tlast,1)
rando_assign{dut .sBB_axis_tdata,32)

» True, True) : 8
rando_assign{dut .nBB_axis_tready.1)

=]
=]
=]
1]

. True, False) : 8
. False, True) : 8
, False, False) : B
, True, True) : 198
, True, False) : 563
. False, True) : B
e, False, False) : @
— BIN ('FULL", False, True, True, True) : 8
BIN ('FULL®, False, True, True, False) : @
BIN ('FULL', False, True, False, True) : @
BIN ('FULL', False, True, False, False) : @
BIN ('FULL', False, False, True, True) : 571
BIN ('FULL', False, False, True, False) : 1711
BIN ('FULL', False, False, False, True) : 8
BIN ('FULL', False, False, False, False) : 8

* Seems to cap out
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What Else?

* It’d be nice to be able to see how many input
patterns we got of distinct shapes/typesin a
nigher level labeling

* It’d also be good to have more flexibility with the
math/randomization/and/or have the
randomization focus on edge cases rather than
just really random numbers

* Also some things don’t have “state” so you may

need to characterize off of just external showing
signals
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