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Motivation

* Verification of state machines with a large number of states
* Configurable state machines that keep changing

 Test regression 100% pass, but still bugs exist

* |s verification truly complete?
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Exhaustive Coverage Closure

* Define all possible cases
e Test and check all cases
* Functional coverage in SystemVerilog
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The Challenge of Defining Coverage

* Human errors in defining coverage
* The next state depends on the previous state
* Non-deterministic inputs et [2

clear [0]

* 4-bit state transformed by specific rules

state
* 9/ 16 cases can be possible P ooor [Temenld 1001 is
. . e se sta habl
* Inclusion of unreachable states by mistake | Joe =ty oo | =2 Y
e Potential omission of reachable states oo ST | et —
State
. . . Q011 1011
* Exponentially increasing cases —
set [2] state
* more human errors cear OMY]_ 0100

2024

DESIGN AND VERIEICATIOMN™

DVGCON

CONFERENCE AND EXHIBITION




Negative Impacts of Missing Bins

* Missing bins: sampled in tests, but not defined in coverage

* Falsely indicate comprehensive test
e Potential Bugs in RTL

Universal

coverage bin type meaning

Ideal Defined

covered bins sampled and defined

excluded bins excluded by ideal and defined both

© %K O

uncovered bins ideal but not sampled

missed exclude bins | inadvertently included — need to waive

A missing bins sampled but not defined — need to include
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Traditional methodology

* lllegal_bins
* Does not provide information about when the excluded bins were hit
e Cannot control report

* Functional Coverage Management System, DVCon 2015
* Generates SVA model and coverage model
* Requires a separate tool, SpecGen
* Performance drop 30%
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Proposed Solution

* Writing functional coverage skill that detects missing bins
* No other tools required

* Provides detailed log information when missing bins occur
* Performance degradation within 3%
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Three-step Approach to Remove Missing Bins

1. Defining coverage bins using the waiver function
2. Defining cross-coverage using CrossQueueType
3. Reporting missing bins before sampling

Report Error

not reachable CoverG roup

waiver function
check reachable

coverpoint
detined by waiver function

Monitor
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Step 1. Defining coverage bins using the waiver function

bit [10-1:0] state _cover _bins[$];
function int WaiveState(int state);

e \Waiver Function int illegal idx - o;

* determines if the data is reachable casez (state) Waiver
. bl | . I "br1????20°??? : illegal idx =1 Function
reusability across multiple scopes 13222221177 + 111egal ddk < 2
* if state is 0111, output 2 as illegal_idx 2222221217 : illegal didx = 3
* Only valid data in the queue endcasez
return illegal idx ; push only J
* Flexible and reactive in cross-coverage endfunction reachable bins
for(int state=0; state < (1<«<10) ; state++ ) begin
if(WaiveState(state) == 0 ) continue;

this.state_cover_bins.push_back(state);
end
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Step 2. Defining cross-coverage using CrossQueueType

* CrossQueueType
e SystemVerilog keyword for cross-coverage bins

cross_state :cross s9,s8,s7,s6,s5,s4,s3,52,s51,50 {

function CrossQueueType createIgnoreBins();

The queue defined
instep 1

for(int state=0; state < 1<<10; state++) begi

if(state inside {this.state_cover_bins}) continue;
else createlgnoreBins.push _back('{state[9], state[8], state[7], state[6], state[5],
state[4], state[3], state[2],state[1],state[@]});

end

endfunction

ignore bins ignore cross = createlIgnoreBins();
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Step 3. Reporting Missing Bins Pre-Sampling

* The reporting method is configurable

ERROR only when
illegal idx = WaiveState(resp_state); coverage_illegal_on is 1

if(this.coverage illegal on && illegal idx > ©) begin

"ERROR($sformatf(“Illegal RespState:%b Idx:%1d", resp state, illegal idx))

end
StateCovGrp.sample(resp_state);
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Process of Refining Functional Coverage

Define initial
coverage

Final coverage

Run test

Coverage 100% &
0 missing bins

A 4

Analyze
coverage result

Refine
coverage

Detect
“uncovered bins”

A

Add test scenario

Detect “missed
exclude bins”

wailver function

Detect
“missing bins”

Remove bins from
wailver function

Add bins in i
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Experimental Setup

* Design Under Test
* CacheManager TestBench

e Constrained random inputs

* Sampled data to CoverGroup CoverGroup
DUT sampleﬁ
Test Inputs > CacheManager > Monitor
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Command Flow of the CacheManager

* 10-bit state caches CacheManager

cache entries

o Current/lnfluenced ... | CacheA Cache B Cache C Cache D
StateMachines

. Ra n d O I I | CO I I I l I Ia n d I n p utS ReqState_curr v Respsmte_cul‘l‘ ReqSta‘ce_inﬂ v RespState_infl

CmdInput CmdInput
current cache ID: B ) influenced cache ID: C

i S am p I es R es p onse St a t es . StateMachine curr StateMachine_infl *
J JL

CmdOutput_curr CmdOutput_infl

******************* + Sample in CoverGroup_curr

f

* Non-deterministic inputs can lead

to the occurrence of human errors.
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How State Transition Works

* Find a row that matches Input Command + Request State Mask

* Return Output Command + Response State

Input Cmd=A
ReqState = 0011

Input Cmd ReqState Mask State-Transition Output Cmd
A xx10 clear [1] X
A xx11 set [2] Y
A xx00 set [2] z
B xx10 set [3], clear [1] X
B xx11 clear [0] Y
C xx10 set [3,2] Z

Output Cmd=Y
RespState = 0111
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Experiment

* Process of Refining Functional Coverage

Define 1initial
coverage

A 4

Run test

Analyze
coverage result

A

Final coverage

Yes
Coverage 100% &

0 missing bins

Refine
coverage

Detect
“uncovered bins”

A

Add test scenario

Detect “missed
exclude bins”

wailver function

Detect
“missing bins”

Remove bins from
waiver function

Add bins in i
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Experimental Result Summary

Universal

* Missing bins ratio: 14.1% Ldeal Defined, ...

* Related bugs: 7
e Overall Improvement: 6%

Universal

Ideal
= Defined,,,,
= Sampledy,,,

Refinement

B initially uncoyered bins Results related to missing bins
© uncovered bins * ratio among holes : 14.1%

[0 missed exclude bins * related bugs : 7
A missing bins * overall improvement : 6.0%
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Analysis of the Size of Coverage Set

* Initially Defined Set: accuracy of 63.3%

the size of set U Dy Sinic D garI=S finar Djie N Dgya

RespState curr 1024 304 202 228 200

RespState infl 1024 296 119 165 180
Total 2048 600 321 393 380

* Dy, @Ccuracy : 63.3%
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Analysis of the coverage bin results

Coverage holes

* Total coverage holes: 255 255

* Total missing bins: 36 -

* Missing bins: 14.1% —
-Egs/enrl;r;ebgirnzf Coverage holes ulnr;i(;ti/aelg q Uncovered Missed exclude Missing
RespState curr 116 102 12 90 14
RespState_infl 139 117 23 94 22

Total 255 219 35 184 36
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Conclusion

* How to effectively detect missing bins
* Leveraging a waiver function
* Using CrossQueueType
* Reporting before sampling

* Methodology for thorough verification
* improving accuracy and reliability

e Future Work

e Adapt to transition bins
* Reactive coverage closure through script automation
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