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Why functional coverage is essential in
emulator?

* The way how to quantitatively evaluate verification quality in emulator

Number of A
uncovered
design intents
Emulation w/o coverage

Simulation only
Huge Test TATY

Full Combination

Emulation & Simulgtion
w/ same coverage

Deadline Time
1) TAT: Turn-around-time
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Syntax, Capacity & Speed considerations

Syntax (difference) Capacity (limitation)  Speed (reduction)
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Coverage
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Reflect considerations in coding guidelines
Syntax (difference) Capacity (limitation)

=l Wi o
Common i i @
Coverage o
Use less resource

Find common syntax - more coverage
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Speed considerations

* With 191,797 bins, the coverage data dump only takes additional 1 to 2

minutes.
C-vendor emulator M-vendor emulator
w/o Func. Cov. w/ Func. Cov. w/o Func. Cov. w/ Func. Cov.
(Throughput: 90.47%) (Throughput: 90.59%)
Run-time Average 12min 25sec 13min 13sec 26min 31sec 24min 27sec
Coverage DB Dump Time N/A 1min 2sec N/A 1min 20sec
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Functional coverage coding guidelines

* Use the emulator’s capacity more efficiently
* Consider synthesizable in emulator
* Use common expression, which can be applied all kinds of emulators
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Guideline: Use minimum resource (1/4)

* “ignore_bins” usage example in cross coverage
* Prefer to apply “ignore_bins” in coverpoint, not in cross coverage

RTL simulation general usage

C-vendor emulator (recommend)

covergroup CG @(posedge clk);
A: coverpoint alpha; // 4 bins
B: coverpoint bravo; // 4 bins
odd combinations cross A t

ignore_bins = binsof(A) intersect {9, 2};

covergroup CG @(posedge clk);
A: coverpoint alpha {

| ignore bins| odd = {08, 2};

}
B: coverpoint bravo {
—fiznore binslodd = {6, 2};

}

endgroup

[ignore binsledd—B—-binsoftBr—intersect—{o5—23;

}

odd combinations: cross A, B;
endgroup

Cross coverage bin count: 4

Cross coverage bin count: 4

Emulator internal memory: 16

Emulator internal memory: 4

SYSTEMS INITIATIVE

.
accelle‘ra 3 . . DESIGN AND VERIEICATION™
- 2 k. . . CONFERENCE AND EXHIBITION
L] ) ) _
: -



Guideline: Use minimum resource (2/4)

* Emulator resource management for cross coverage
* Drive the coverpoint hit counter from the cross data

1 020 3 1S
RTL use-case N J

16 bing ~==—=====—= === ==

Coverpoint area Cross coverage area
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Guideline: Use minimum resource (3/4)

* One same coverpoint usage in many cross coverages
* Separate cross coverages into different covergroups

RTL simulation general usage

C-vendor emulator (recommend)

reg [2:0] a,b,c;

covergroup CG_A;
pa: coverpoint aj;
pb: coverpoint b;
pc: coverpoint c;

reg [2:0] a,b,c;

covergroup CG_B_0;
pa: coverpoint a;
pb: coverpoint b;

—»| cross pa,pb;l

[cross pa,pb;l—

cross pb,pc;
endgroup

endgroup

covergroup CG_B_1;
pb: coverpoint b;

Ec: cover:oint C;

endgroup
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Guideline: Use minimum resource (4/4)

 Emulator internal memory management
* Smaller internal memory counter(IMC) per one covergroup is required smaller space

covergrou

O group IMC / Covergroup Total Bin Count
cross pa,pb; Translate one cross coverage cross pa,pb,pc; 3 3
cross pb,pc; internally 2 2

Separate cross coverage

into two covergroups

cross pb,pc;
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Guideline: Consider synthesizable

 Sampling

* The “sample” method is not synthesizable in emulator —».:::m
* Define special sample event Clk | ||| | [

like @(posedge All_done) avae [ e [
* Need extra signals for cross coverage * !\ )

Lat A Ch icha-n i % cha—]i E\ cha-1 i

Lat B Ch | | | i ! X ez

i i . I i |

B Valid | \ i : ! | \ |
: A — : : : I w— :

BCh NI boalid | N\
i % cha-2 i

All Done

Example waveform to sample two data(A_ch, B_ch) path information
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Guideline: Use common expression

* Number of bins
* Do not exceed 4,096 bins(12bit, [11:0]) per one coverpoint

RTL simulation general usage M-vendor emulator (recommend)
covergroup CG_IMG_SIZE@(posedge clk); covergroup CG_PRE_IMG_SIZE@(posedge clk);
P: coverpoint pre img size[12:0]; // Max size: 8192 P _©: coverpoint pre_img_size[11:0];

S: coverpoint|scaled img size[12:0]; P_1: coverpoint pre_img_size[12];
endgroup P: cross P 1, P 0;
endgroup
coverg CG_SCL_IMG SIZE@(posedge clk);
S_©: coverpod scaled_img_size[11:0];

S 1: coverpoint|scaled img size[12];
S:fcross S 1, S 0;]
endgroup
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Integration functional coverage

* Coverage module is placed into DUT wrapper

HVL TOP HDL TOP Emulator
Test Env DUT_Wrapper Host DUT_Wrapper
TN (Testbench)
Master Agent Coverage Module
£ DUT ) DUT
e N ™\
. E ( ( Master (44— & =) ME
Driver 4— Z Slave ock 2 Block Al & 2 | Covergroup
2 N agen (4P P4 — g sN |5
= = - N J
1= h— | —a e
g 5
Functional 5 Checker [€—| © =V | |E
unctional | [ o o Slave 1ecker @ @ | Coversrou
T Monitor )| PEIY Apent 4| BlockB Block B %,, > E;-’? group
\ J Le/] Le/]
— || \ ) | N J
[Previous] [Proposed]
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Integration functional coverage: Benefits

* Why coverage module is placed into DUT wrapper ?
* Re-use the functional coverage both simulation and emulation
e Easy to merge coverage database
* Lower performance impact when pull signals from DUT

e HVL_TOP HDL_TOP

Host DUT_Wrapper

Test Env DUT_Wrapper
(Testbench) =Vitess

DUT Coverage Module Master A
£ DUT

- ld » § g5 M = g
Master (¢+—Pp z = = Driver |4 B
g BlockA| & £, | Covergroup h z Slave p| BlockA
—— g 1
— g A NI K £ St
=

g A /
T & N g
= d ) g
Checker [4 ° g q g Coverar Functional || |, - @ 8 Slave
Block B %,: , E;’: overgroup Coverage Agent HP| BlockB
(] a
| l_;—/

[Proposed] ‘ Can reuse without modification [PrEViOUS]
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Merge coverage metrics data

* Conditions to merge coverage with simulation’s coverage data
* A block hierarchy including functional coverage should be same
e Can be merged within same vendor

* For next step, share of coverage data across hardware accelerators
using UCIS (Unified Coverage Interoperability Standard)
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Two case studies

* TAT reduction of corner case hunting
* Define functional coverage with 2,632 bins

Bin Count Simulation Emulation
2,632 157,920 hours Y 421 hours 2

1) 2,632 bins * 60 hours. Assume that 1test per 1bin is required.
2) 2,632 bins * 10 mins. Assume that 1test per 1bin is required.

* Measure full combination coverage
* Define functional coverage with 4,846 bins
* Able to verify all combinations without missing cases

accellera) - .

SYSTEMS INITIATIVE



Conclusion

* Functional coverage is essential in emulator
* Proposed the common functional coverage coding guidelines

* Showed effectiveness for TAT reduction and suitability for full
combination case applying functional coverage in emulator
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Questions
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