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Motivation

* Register Verification Challenges with UVM
— UVM register model generated automatically, field access policy is fixed
— Different user scenarios will lead to different register field access policies
— How to generate extra access policies
— How to apply the generated extra access policies in UVM environment

e This work focuses on
— Methodology to extend UVM register model generation and integration flow
— Flow implementation with clear steps to address the challenges
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Register Verification Requirements

* General requirements

— Generated register model should reflect all design registers, should be structured in the
same hierarchy as design blocks

— Should support both frontdoor and backdoor access
— Should be able to check register behavior automatically

e Special requirements
— N different user scenarios and 2*N register mask values

— Automatic UVM register model and mask generation flow based on the register
description captured in an Excel sheet

— Project-specific register adapter to support user scenarios
— Extended UVM predictor to support different field access policies
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Register Description Excel Sheet

A 8 C | D E | F | G | H | I | J
1 RegisterName FieldName ~ Address  Offset Reset Value M1 Read Mask h M1 Write Mask h M2 Read Mask h M2 Write_ Mask_h M3 Re
2 |REG 1 (%0000 e e R [TETTPTTTITTT
3 Fieldl 0
4| rfu 27
3 |REG_2 0x0004 0x0000 [T = WWWWWWWWWWWW ~===[TTITITITIT == WWWWWWWWWWWW
6 Fieldl 0
1 rfu 1
§ |REG_3 0x0006 0x00 [T W-----Ww [-===-IT W=
9 Fieldl 0
10 Field2 1
11 rfu 2
12 Field3 ]
13
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Proposed Methodology

Register description
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Register Model & Mask Generation Flow
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Register Model & Mask Integration Flow
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Flow Implementation (1)

e Data structure to save all register mask values

class reg mask extends uvm _object;
uvm_reg data_t ml_r mask
uvm reg data t ml_w mask
f/{ Constructor
fucntion new (3atring name = "reg mask")
super.new(name) ;
endfuncticn

function void add mask (uvm reg daté t ml_r , uvm reg data t ml W ,...);

endfunction

function uvm reg data t get_maak ( bit wr, u3er_scenario e user acenarin);

endfuncticn
endclass
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class reg _mask block extends uvm cbject:
‘uvm_object _utila({regq mask block)
reg_mask reqg mask array[string]
// Constructor

fucntion new (String name = "reg mask block™);
Juper.new(name) ;

endfuncticn

functicn woid buildf():
“include "myblock_req mask.sv™
endfuncticn

function void add reg mask (string reg name, uvm reg data t ml_r, uvm reg data t m2 w, ...):

endfuncticn

functicn uvm _reg date t get reg mask ( 3atring reg name, bit wr, user scenaric e user scenario);

if (reg _mask_array.exist(reg_name))
return reqg mask _array[reg_name] .get mask(wr,user_scenarioc):
elae

‘uvm_error ("REG_MASK", &£sformat("Register %3 can't be found in reg mask

endfuncticn
endclass

(4]
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Flow Implementation (2)

» Step 1: Convert the XLS/CSV register description into IP-XACT

Register Description
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IP-XACT Metadata

<spirit:register>

<3pirit

<3pirit:
<3pirit:
<3pirit:

name>BEG_1</spirit:name>
degcription>Register 1 </spirit:i:descripticon>
address0ffset>0x0000</spirit:address0ffset>

:3ize>33</3pirit:size>

<3pirit:parameters>

<spirit:parameter>

: <spirit:name>M]1 Read Mask_h</spiritiname>
<gpirit:valuey»————- FErFrEFrrrrrrrrrrrErErrrrrr</apirit:value>

</apirit:parameter>

<spirit:parameter>

: <spirit:name>M]1 Write_ Mask h</spirit:name>
<3pirit:value>

</spirit:parameter>

<faplirit:parametersx

<fapirit:register>

</apirit:value>
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Flow Implementation (3)

e Step 2: Generate register model and mask by model generator

IP-XACT Metadata

<spirit:register>

<3pirit:name>REG_ l</3pirit:name>
<spirit:descripticn>Register 1 </spirit:description>
<apirit:addresa0ffaet>0x0000</apiritiaddreas0ifact>
<3pirit:size>32</spirit:size>

<spirit:parameters>
<splrit:parameter>
: <spirit:name>M1 Read Mask h</spirit:name>
<gpirit:value»————— FFrrFrErrrrErrrrrrrrrrrrrer</apirit:value>
</spirit:parameter>
<3pirit:parameter>
: <spirit:name>M]l Write_Mask h</spirit:name>
<gpirit:valuer———————— e <fapirit:value>
</fapirit:parameter>

<fapirit:parameterss
</fapirit:register>
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Generated Register Mask

add reg mask("EE:_ 1",

V:

add_reg mask("EEGZ_ 2",
16'L00001111111121211,
16'p0000111111111111,

)
add reg mask("EEG_3",
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Flow Implementation (4)

e Step 3: Create register adapter with multi-user scenarios information

typedef enum [M1, M2, M3, M4, M5] user scenarioc e;
class extra_bus_info extends uvm_object;
‘uvm_object_utils{extra bus infao)
rand user 3cenario £ m u3er 3scenario:

rand bit m_parity;
rand int m_gap:

accellera

SYSTEMS INITIATIVE

© Accellera Systems Initiative

class myblock reg adapter extends uvm_reg adapter:
wvirtual function uvim_sequence_item reglbus(const ref uvm _reg bus op rw):
myblock seq item myblock op:

extra bus_ info extra_info: //to get extra info
uvm_reg item item:
myblock op = myblock seq item: :type_id::create("myblock op™):
S/ to get reg_item extension info from reg.write/reg.read call
item = get_item();: S/this is available only in reglbus function
if (item.extensicn '= mall) kegin
if (! #cast({extra info, item.extension))
‘uvin_error (get_name (), "item.extension Type 13 not eXtra bus_info.™)
myblock op.l user sScenario = extra info.m user scenario;
myblock op.l parity = extra info.m parity:
myblock op._Jap = extra info.m gap:

end
else begin

myblock _op.m user scenarioc = Ml:
myblock _op.m _parity = 0:
myblock op.m _gap = 0
end
myblock op.m direction = (rw.kind == UVM_EREAD} =~ EEAD : WRITE:
myblock op.m addr = rw.addr:
myblock op.m data = rw.data:
return myblock op:
endfuncticn: regZbus
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Flow Implementation (5)

e Step 4: Integrate register observed value with register mask in predictor

bus_transaction
user_scenario

REG_1 REG_1_MASK

Adapter busZreg() REG 2 REG_2_MASK

REG_3 REG_3_MASK
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Flow Implementation (6)

* Predictor implementation

class reg predictor extends uvm;reg_predictor#:myblack_seq_item};
nyblock reg mask block mask:

wvirtual function wvoid write (BUSTYPE tr) ;

uvm_reg rg:
uvm reg bus op W
kit WE:

user scenario & wuser scenario;

f¥ get user scenario info from monitored transaction
user scenarioco = tr.m user scenario;

adapter.bus2reg(tr, rw) >
rg = map.get_reg by offset (rw.addr, (rw.kind == UVM RELD)):
if (rg '= muall) begin

foreach (map info.addr[i]) begin

if (rw.addr == map info.addr[i]) begin
found = 1:
reg_item.value[Q] = rw.data << (i1 * map.get_n bytes()*~8):
predict info.addr([rw.addr] = 1:
if (predict_info.addr.num() == map info.addr.size(}) begin

fF integration starts from here

wr = (reg item.kind == UVM REALD}) * 0O : 1:

reg mask = mask.get reg mask(rg.get name (), wWr, user scenario):
fF integrate register observed wvalue with register mask
reg_item.wvalue[0] = reg_item.wvalue[0] & reg mask;

rg.do_predict (reg item, predict kind, rw.byte_ en):
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Results

UVM_INFO my virtual segs.sv(led) @ 280187300: uvm test top.m env.m v _sqr@@t seqWRITE register [REG 3], write data: £f, user scenario: Hll parity: 0, gap: 0

UVM INFO my monitor.sv(302) @ 880132500: uvm test top.m env.my agent::m monitor cmonitor trans] recelved m trans ltem 1s:
UVM INFO reg predictor.sv(lez] @ 880132500: uvm test top.m env.reg predictor [Predictor Write] BEFORE MASK:register REG 3, reg item.kind = 1, user scenario is Ml,
reg item.value[0] = 00000000000000£f, reg mask = 0000000000000000000000000000000000000000000000000000000010000011

UVM_INFO reg predictor.sv{led) @ 880132500: uvm test top.m env.reg predictor [Predictor Write] AFTER MASK:register REG 3, reg item.kind = 1, user scenario is M1,
reg_item.value[0] = 0000000000000083, reg mask = 0000000000000000000000000000000000000000000000000000000010000011

register is REG 3, mirrored value = 83 I

UVM INFO my virtual segs.sv(188) @ 330132500: uvm test top.m env.m v _sqr@@t segREAD register [REG 3], read data: 0, user scenario: Hl,lpar:ity: 0, gap: 0

UVM INFO my monitor.sv(Z48) @ 330137500: uvm test top.m env.my agent::m monitor cmonitor trans] recelved m trans iltem 1s:
UVM_INFO reg predictor.av{lez] @ 330157500: uvm test top.m env.reg predictor [Predictor Write] BEFORE MASK:register REG 3, reg item.kind = 0, user scenario is Ml,
reg item.value[0] = 0000000000000083, reg mask = 0000000000000000000000000000000000000000000000000000000010000011

UVM_INFO reg predictor.av(led) @ 330157500: uvm test top.m env.reg predictor [Predictor Write] AFTER MASK:register REG 3, reg item.kind = 0, user scenario is M1,
reg item.value[0] = 0000000000000083, reg mask = 0000000000000000000000000000000000000000000000000000000010000011

register is REG 3, write value = 00000000000000£f, mirrored value after write = 0000000000000083, read back value = 83 I
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Conclusion

* Design and implement an UVM-based solution for the case of registers
that support field access policies changes according to different user-
defined scenarios

e Describe the verification flow implementation procedure
* Use the solution in a real-life project
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Questions ?

accellera (2017

SYSTEMS INITIATIVE ELUROPE



	� Extending the UVM register model generation and integration flow to support user-defined scenarios and register mask values 
	Outline
	Motivation
	Register Verification Requirements
	Register Description Excel Sheet
	Proposed Methodology 
	Register Model & Mask Generation Flow
	Register Model & Mask Integration Flow
	Flow Implementation (1)
	Flow Implementation (2)
	Flow Implementation (3)
	Flow Implementation (4)
	Flow Implementation (5)
	Flow Implementation (6)
	Results
	Conclusion
	Questions ?

