(2023

DESIGN AND VERIFICATION™

DVOCON

CONFERENCE AND EXHIBITION

SAN JOSE, CA, USA
FEBRUARY 27-MARCH 2, 2023

UVM-SV Feedback Loop — The foundation of self-
Improving Testbenches

Andrei Vintila, Sergiu Duda
AMIQ Consulting

AMiO

Consulting




Contents

* Introduction
e Concept and Scope

* AMIQ_ECTB — Externally Controlled TestBench

* Usage and Code examples
* Achitecture and Features

* Usecases and Feedback Loop
* Coverage Closure Automation

* Conclusions

()

SYSTEMS INITIATIVE



Environment Example

Input vaniables
Text files + Plusargs

Environment input
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Seqd_typet Perm_Seq
my_third_uve_type
- vard=5 Nelsd
= Clg_Oby
vari=md oidt
Cig_Oty
var2=7 feld2 »  Dynamic Defaut
Fields Fielas
"
Seq0_type_b_input ’ Environment
*5eq2 '
seqd_typel_var0=5 J
seqd_typel_var2a? Legend
Pecmanently cefined component/odject
e Dynamically defined component/coject
=CfQ_obj_type_comp_va
«cfg_obj_type_compt_vars5 J
=cfg_obj_type_comp2_var="YES
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TB abstraction layer

Backend
User
. Testbench
[ Se: '
VIPs
Development
Frontend
User Plusarg file
- SC“Df TB specific
UVM
s ———
' s | Components
— and Objects
Human-readable
format text file
| Sequences

Simulator § Qe
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Concept and Rules

* Environment should be organized in such a way that all and any
component and object can exist without a dependency on the other
(Type agnostic / Allows runtime scaling up/down)

* All sequences should be organized as stand-alone entities, that can
dynamically form a testcase based on their order and constraints

e All control variables, as well as stimuli relevant variables, should be
registered as plusargs

* Creating a testcase means picking an environment and a collection of
sequences

()

SYSTEMS INITIATIVE



Environment setup (1)

class amig_ectb_component extends uvm_component;
“uvm_component_utils(amig ectb_component)

function new (strimg name = "amig ectb component", uvm_component parent);
super.new(name, parent);
endfunction : new
+amiq_dvcon tb env comp@=amiq dvcon tb vip red agent

virtual function veid build phase(uvm_phase phase); +amiq dvcon tb env comp®@ name=red agent
Fqﬁer[if;wfﬂifffg?ﬁﬂE}; +amig dvcon tb env comp® no=2
':HEif:j, +amiq dvcon tb env compl=amiq dvcon tb vip blue agent
fij{}; +amigq dvcon tb env compl name=blue agent
+amigq _dvcon tb env compl no=1
components(); +amiq dvcon tb env comp2=amiq dvcon tb vip purple agent
\.Tf{?% +amiq dvcon tb env comp2 name=purple agent
'“'1;;{E{:{}I +amiq dvcon tb env comp2 no=3
endfunction : build phase
[amiq_ectb/sv/amiq_ectb_environment.svh [amiq_ectb/tb/tc/amiq_dvcon_tb_comp_args
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Environment Setup (2

class amig dvcon_tb env extends amig ectb environment;

o e _— function void cast agents();
ILd 1o “”'; - '”; . '“f s foreach(components[i]) begin
amiq_dvcon_tb_env_cfg env_cfg; case{components[ll type name())

"*red_agent*": hegln
amiq_dvcon_tb_v1p_red_agent proxy agent;
$cast(proxy_agent, components[il);
my_red_agents.push back({proxy agent);

end

"#*plue_agent*": begin
amig dvcon_tb vip blue agent proxy agent;
$cast(proxy_agent, components[il);

amlq dvcon th v1p red agent my red _agents[$];
amiq_dvcon_tb_vip red cfg obj my red agents cfglsl;

env example

amig_dvcon_tb_vip blue agent my _blue agents[$];
amig dvcon_th vip red cfg obj my blue agents cfgls];

amig_dvcon_tb_vip purple_agent my purple_agents[$];

amig_dvcon_tb vip purple cfg obj my purple agents cfglsl; end my_blue_agents.push back(proxy agent);
amig _dvcon_tb _coverage collector cov collector; "*purple_agent*": begin
amiq_dvcon_tb_vip_purple agent proxy agent;
amig_dvcon_tb_sqr virtual sequencer; $cast(proxy agent, componentslil);
- - - - my purple agents.push back{proxy agent);
“uvm_component_utils({amig_dvcon_tb_env) ?“d

 Keep in mind, that companents that have to always exist, can be crea
function new(string name = "amiq dvcon_tb env", uvm_component parent); /f This serves as an example of an env that can be created without a cc tor
super.new(name, parent); "*coverage collector*": hegln
endfunction : new $cast(cov_collector, components[il]};
end
endcase
* @see amig dvcon_pkg::amiq dvcon environment.post create components end
/ endfunction
virtual functlnn void post create components();
super.post_create components();
a 5{}; function void configure agents();
1figure_agents(); if(my_red_agents.size()=1)
foreach(my red agents[i]) begin
W e a ;.hcr: a sequencer, so we create It outside amiq_dvcon_tb vip_red cfg_obj proxy red agent cfg;
0 e L g dynamic scheme proxy_red_agent _cfg = red cfoli);
delriual sequencer = amlq dVCUH tb_sqr::type_id::create("virtual_sequencer”, this); uvm_config_db#(amiq_dvcon_tb_vip _red cfg_obj)::set(this, $sformatf("*red agent*sad”, i)
endfunction : post create components end
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Environment Setup (3

class amiq_dvcon_tb_env_cfg extends amiq_ectb object;

class amiq dvcon_th tc extends amig ectb test;

“uvm_component_utils(amiq_dvcon_tb_tc)

ive/passive for all vips

uvm_active_passive_enum red vip is active[5];

uvm_active passive_enum blue vip is active[5];
uvm_active passive enum purple vip is active[5];

amig_dvecon_tb_env my env;
amig_dvcon_tb_env_cfg env_cfg;

realtime system time history([$];

fenablefdlsable Ccnecks Tor all vips

bit red vip has checks[5]; function new(string name = "amigq dvcon tb tc", uvm_component parent=null);
bit red vip has_coveragel5]; super.ne {name,parent);
bit blue vip has_ checks[5]; endfunction : new
bit blue vip has coverage[5];
bit purple vip has checks[5]; virtual function void build phase(uvm_phase phase);
bit purple vip has coverage[5]; set type over by type(amig_ectb environment::get type(), amiq dvcon
super.build phase(phase);
“uvm_object_utils({amig dvcon_tb _env_cfg)
. . o ) env_cfg = new("env_cfg");
function new (string name = "amiq dvcon ib env cfg"); my _env = amiq dvcon_tb_env::type_id::create("amiq dvcon tb env", this);
Super.re (name) ; my env.env_cfg = env_cfg;
endfunction : new - - -
virtual function void register all wvars();
' Active/Passive +env_cfg red vip® is active=l
red vip is_active[8] = uvm_active passive enum'(bit reg("red vip0 is active", UVM_ACTIVE)); +env cfg red vipl is active=@
Fod \ip is activel2] - uvm active paseive enum (11 oo ("red vipZ 1¢ active’, UWNACTIVE)). +env_cfg blue vipd_is active=1
red vip is active[3] = uvm active passive enum'(bit reg("red vip3 is active", UVM ACTIVE)); +env_cfg_purple_vipl is_active=6
red vip is active[4] = uvm_active passive_enum'(bit reg("red vipd is active", UVM_ACTIVE]);
red_vip is active[5] = uvm_active passive_enum'(bit reg("red vip5 is active", UVM_ACTIVE));
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Text inputs vs tests (1)

task run phase(uvm_phase phase);
super.run phase(phase);
if(virtual sequencer==null) “wwm_fatal(get name(]
) _ _ o +seq@=amiq dvcon tb seq®
y RETrleve '; '-',.,.-- 50 1T 15 avallal +5EQE| name= amlq ducnn th SEQE] 8]
actory = uvm_factory::get(); +amiq dvcon tb seqd @ red fielde end ©=1024
Read the plusaras for all the defined sequence +amiq dvcon tb seq® @ red field® weight ©=100
i 11 ype();
+seql=amiq dvcon tb seq®
Based on the previous returned types, names ar +seql name=amiq dvcon tb seq@ 1
for(int 1=0; 1¢5&quence types.size(); i++) begin +seql p=1
schedule_sequence(1); +amiq_dvcon tb seq® 1 blue pkt nr=3000
end 1t_threads(i); +amig ducnn th seqd 1 blue _agent id=0
endtask : run phase
' +seq2=amig dvcon tb seq®
/amiq_ectb/sv/amig_ectb_test.svh ::gg_ginlle=amiq_dvcnn_th_seqa_2
task run o h h +amiq_ducnn tb seq® 2 purple pkt nr=1500
* phase. ~¢5£ufT-f;??? ?tﬁiii +amiq dvcon tb seq® 2 purple field® end ©=127
super.run phase(phase); +amiq dvcon tb  seqd 2 purple field® w31ght =58
phase.drop objection(this); +am1q dvcon tb  seqd 2 purple fielde start 1=128
collect_current_system time in s(); +am1q dvcon tb seqd® 2 purple field® end 1=512
endtask : run phase +amiq dvcon tb seq® 2 purple field® weight 1=50

/amiqg_ectb/tb/tc/amiq_dvcon_tb_tc.svh
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Text inputs vs tests (2)

+seq@=amiq dvcon tb seq®

+seq0 name=amiq ducnn th seqd ©

+amiq dvcon tb seq@ H red fielde end ©=1024
+amiq ducnn th seqo H red fielde w31ght =100

. field_0_start=0
Lania 4 b ceqt Amig_dvcon field_0_end=1024

+seql=amiq dvcon seq : ; -

+seql name=amiq dvcon tb seg® 1 ~seq0_0O field_0_weight_0=100

+seql p=1

+amiq dvcon tb seq® 1 blue pkt nr=3000

+amiq ducnn th seqd 1 blue _agent id=0

+seq2=amiq dvcon tb seq®
+s5eq2 name=amiq dvcon tb seq@ 2

+seq2 p=1 . . red_pkt_nr=0
+am1q dvcon tb seg® 2 purple pkt nr=1568 Amlq_dvcon Am|q_dVC0n blue_pkt_nr=3000
+amiq dvcnn th seq® 2 purple field® end 6=127 _ser_l _seq0_2 blue_agent_id=2

+amiq ducnn tb seq® 2 purple field® w31ght B=50
+amiq ducnn th seq® 2 purple field® start 1=128
+amiq dvcon tb seq® 2 purple fielde end 1=512

+amiq ducnn th seq® 2 purple field® w31ght 1=50

purple_pkt_nr=0
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Feedback Loop

Plusarg file

Testbench

Human-readabila ( E )
format text file

Simulator
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Subsequent regressions - Automation




Automation — In-depth

y

A

JSON |

Merge JSONs

Coveragelens
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E Plusargs file

E§ Regression

r“ UCIS Database

ﬂ Check End Condition

@ Generate new constraints
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Coverage Lens

* https://www.amig.com/consulting/2017/07/21/how-to-automate-
code-coverage-analysis-with-coverage-lens/

* Open-source UCIS DB parser

<— Start
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https://www.amiq.com/consulting/2017/07/21/how-to-automate-code-coverage-analysis-with-coverage-lens/

Coverage Closure
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Constraints
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Coverage

Merged Results

Constraints

Coverage

Merged Results

Constraints

Coverage

Merged Resuits

Regression 1

Regression 2

Regression 3

Constraint Legend

Default
constraint

Low probability
range - everything
has been hit

Average probability
range - some bine
are not hit

High probability
range - Nothing is hit
in this range
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Coverage Closure - Scenario

covergroup red® cg with function sample(amiq_dvcon_tb vip red_item red item);
¢ Ca Se 1 option.auto bin max=2048;

option.per instance = 1;

¢ Int X Int X |nt (2**96 rand Space) red fieldd® : coverpoint red item.field®
{
* Minimum singural values bins ncal101 = {is nan ink o1}
. . bins high[5] = {max_int-5, max_int-4, max_int-3, max_int-2, max int-1};
* Mid equal intervals }
. . red fieldl : coverpoint red item.fieldl
 Maximum singural values

bins low[5] = {8, 1, 2, 3, 4};
bins med[10] = {[5:max_int-61};
bins high[5] = {max_int-5, max_int-4, max_int-3, max_int-2, max_int-1};

}

red field2 : coverpoint red item.field2
{
e Case 2 bins lowl5] = {0, 1, 2, 3, 4};
bins med[10] = {[5:max_int-6]};
bins high[5] = {max_int-5, max int-4, max _int-3, max int-2, max_int-1};

* Int X Int x Int J

red cross : cross red fieldd, red fieldl, red fieldZz;

e Scarce values endgroup : redo cg
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Coverage Closure - Results

* Case 1l * Case 2
* No speed-up necessary for 90% ¢ Alternate between complete
« Completely random random and directed testcases
* Can track changes of coverage * Challenge: Figure out the
and improve chances through algorithm

constraint optimization

* Closure is guaranteed and can be
forced
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Roadmap

* More options and better 10 possibilities
* Testing with other open source coverage parsers

* Improvements to algorithm inclusion process
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Conclusions

e Simplicity and ease of use are key to scalabity

* A higher abstraction layer is necessary for automation — Moving out
of the simulator space

* PSS has the right idea and the worst delivery

* SV/UVM is still viable, but requires exposure to new tools/algorithms
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Resources

* Blog: https://www.amig.com/consulting/blog/

 AMIQ_ECTB: https://github.com/amig-consulting/amiq _ectb.git
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