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Use Save and Restore methodology to
speed-up regression

Wenping Guo
KUNLUNXIN
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What is SnR

e SnR: Save and Restore
Save/Restore Testing

* Save the state of a simulation, then restore that state and continue
— Save/Restore
— Save/Restore, re-seed, and run test
— Save/Restore, change test code, and run test

Single Test
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What is SnR

Technology History

— IEEE 1364-1995 Supported system tasks
— S$save(“file_name”)

« Save the complete state of simulation into a
permanent file

— Srestart(“file_name”)
* Restores a previously saved state from a
specified file
+ All simulation state in IEEE std.
— $incsave(“file_name”)

 saves only what has changed since the last
invocation of $save
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D.9 $save, $restart, and $incsave

Three system tasks $save, $restart, and $incsave work in conjunction with one another to save the
complete state of simulation into a permanent file so that the simulation state can be reloaded at a later time
and processing can continue where it left off.

Syntax:
$save("filename );
$restart("filename");

$incsave("incremental_filename ");

All three system tasks take a file name as an argument. The file name has to be supplied as a string enclosed
in quotation marks.

The $save system task saves the complete state into the file specified as an argument.

The $incsave system task saves only what has changed since the last invocation of $save. It is not
possible to do an incremental save on any file other than the one produced by the last $save.

T'he $restart system task restores a previously saved state from a specified file.

Restarting from an incremental save is similar to restarting from a full save, except that the name of the
incremental save file is specified in the restart command. The full save file on which the incremental save
file was based shall still be present, as it is required for a successful restart. If the full save file has been
changed in any way since the incremental save was performed, errors will result.

The incremental restart is useful for going back in time. If a full save is performed near the beginning of
processing and an incremental save is done at regular intervals, then going back in time is as simple as
restarting from the appropriate file.

For example

module checkpoint;

initial
#500 §save ("save.dat"); // full save
always begin // incremental every 10000 units,

// files are re ed every 40000 units

#100000 $incsave ("inc

#100000 $incsave ("
BINNNNAN Qimmeswa i "in~T Azt .
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Vendor support

 (Cadence: xcelium, xrun, save and restart
— Xrun —process_save ($save)
— xrun -t <file_name>

* Mentor: questa, vsim, checkpoint and restore
— vsim —do checkpoint.do (checkpoint_enable = 1; ->.do)
— vsim -restore <file_name>

* Synopsys: vcs, simv, save and restore
— simv -ucli -ucli2Proc -do mysave.ucli
— simv -gui, restore save_dir/savel



Vendor support

* $save language limitation*

— This methodology can work for designs based on various types of HDLs, i.e. Verilog, System
Verilog, VHDL, or a mix of them.

— Limited use of SystemC and C wrapper models (mostly used in an emulation environment)
can be allowed with this methodology, also UVM/OVM-based designs.

* Srestart status
— All simulation status
— Log
— waveform
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nopsys VCS

twenping@ /proj/kunlun2/wenping/try/sverilog]$ vecs -sverilog test.sv

[wenping@ /proj/kunlun2/wenping/try/sverilog]$ simv +P=0 ¢—
Running on sungrid in interactive mode,please wait
Edit Tools Syntax Executing on bjkjy-ite-sillicon@l.bjkjy.baidu.com
= = = Chronologic VCS simulator copyright 1991-2018
& ’3 % ‘ ﬁ (=) ﬁ (0} 54 4 Contains Synopsys proprietary information.
Compiler version 0-2018.09-SP2-2 Full64; Runtime version 0-2018.09-SP2-2 Full64;

timescale 1lps/1lps a= 0
module top; @10 , a=123

int a;

File Buffers Window Help

=}
o,

e _ Warning- [STASKW SIGTOAEF] $save will overwrite an existing file
initial begin Warning: $save(snapshotl) is going to overwrite an existing file.
¢display("a=%d", a);

El 123;

oS W N =

@20 , a=456
#10; @30 , a=0
bsyste jate") ; $finish called from file "test.sv", line 19.
$display("@%0d , a=%0d", $real a); ¢$¢finish at simulation time 30
$save("snapshotl"); YEL£C5 Slauglatrioeon Report
Time: 30 ps
a = 456; CPU Time: 0.670 seconds; Data structure size: 0.0Mb

#10: Mon Feb 22 16:37:18 2021
$¢display("@%0d :

Pio.
ﬁl()_' -
$svaluesplu

$display

$finish
end

24
25 endmodule
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D In Sy ys VCS
- p —
[wenping@ /proj/kunlun2/wenping/try/sverilog]$ simv +P=0 g—
Running v on sungrid in interactive mode,please wait
test.sv + (/proj/kunlun2/wenping/try/sverilog) - GVIM23 Executing on bjkjy-ite-sillicon@l.bjkjy.baidu.com
Chronologic VCS simulator copyright 1991-2018
Contains Synopsys proprietary information.
= % ‘ « 8 La% 2 3 O Compiler version 0-2018.09-SP2-2 Full64; Runtime version 0-2018.09-SP2-2 Fullé64;
timescale 1ps )S @10 , a=123
module top;
int a: Warning- [STASKW SIGTOAEF] $save will overwrite an existing file
Warning: $save(snapshotl) is going to overwrite an existing file.

Edit Tools Syntax Buffers Window Help

initial begin
tdisplay("a=%d

@20 , a=456

@30 , a=0
$finish called from file "test.sv", line 19.
$finish at simulation time 30
VCS Simulation Report
Time: 30 ps
CPU Time: 0.670 seconds; Data structure size: 0.0Mb

Mon Feb 22 16:37:18 2021

[wenping@ /proj/kunlun2/wenping/try/sverilog]$ 11 -sh
total 6.6M

4.0K drwxr-xr-x 3 wenping staff 4.0K Nov 30 17:55

8.0K drwxr-xr-x 8 wenping staff 8.0K Feb 22 17:35

788K -rwxr-xr-x 1 wenping staff 784K Feb 22 17:35

4.0K drwxr-xr-x 3 wenping staff 4.0K Feb 22 17:35

5.2M -rwxr-xr-x 1 wenping staff 5.2M Feb 22 17:35

AR - 4.0K drwxr-xr-x 2 wenping staff 4.0K Feb 22 14:40

end 4.0K drwxr-xr-x 2 wenping staff 4.0K Jan 25 17:08
4. 0K -rw-r--r-- 1 wenping staff 451 Feb 22 17:34 test.sy

endmodule [wenping@ /proj/kunlun2/wenping/try/sverilog]$ 11 snapshoil.FILES

total 55852
-rw-r--r-- 1 wenping staff 56962359 Feb 22 17:35 mmap.data.compressed
I [T £l - 3 3 l
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D In Sy ys VCS
- p —
[wenping@ /proj/kunlun2/wenping/try/sverilog]$ simv +P=0 g—
Running v on sungrid in interactive mode,please wait
test.sv + (/proj/kunlun2/wenping/try/sverilog) - GVIM23 Executing on bjkjy-ite-sillicon@l.bjkjy.baidu.com
Chronologic VCS simulator copyright 1991-2018
Contains Synopsys proprietary information.
= % ‘ « 8 La% 2 3 O Compiler version 0-2018.09-SP2-2 Full64; Runtime version 0-2018.09-SP2-2 Fullé64;
timescale DS DS @10 , a=123
module top;
int a: Warning- [STASKW SIGTOAEF] $save will overwrite an existing file
Warning: $save(snapshotl) is going to overwrite an existing file.

Edit Tools Syntax Buffers Window Help

initial begin

tdisplay("a=%d

@20 , a=456
@30 , a=0
$finish called from file "test.sv", line 19.
$finish at simulation time 30
VCS Simulation Report
Time: 30 ps
CPU Time: 0.670 seconds; Data structure size: 0.0Mb

Mon Feb 22 16:37:18 2021

[wenping@ /proj/kunlun2/wenping/try/sverilog]$ simv +P=1 -r snapshotl «—
Running on sungrid in interactive mode,please wait
Executing on bjkjy-ite-sillicon@l.bjkjy.baidu.com
@20 , a=456
@0 , a=1
: $finish called from file "test.sv", line 19.
end- ¢finish at simulation time 30
Y5 Simul-ation Repordt

endmodule Time: 30 ps

CPU Time: 0.440 seconds; Data structure size: 0.0Mb

Mon Feb 22 16:37:28 2021
[wenping@ /proj/kunlun2/wenping/try/sverilog]$ E
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Simulation result w/ SnR

Average speed-up effect?
Time consume for save stage?
Disk usage for save stage?

LOg for restore case? ‘
Test1 Test1
ESDB for restore case?  Sove and Restors
| Test2 | ey [_IT‘”’Q
\ N
Test3 Tests
4 4
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Simulation result w/ SnR

Save and |CPU

Test case (GDDRG6 IP verification) Restore time(seconds) Disk Usage for Save
w/o save  40.300
the Save case:only 1 burst write and read 40.630 1.5M /simv )
w/ save 624M /compile
. *
18.1% +1.3M /snapshot: fsdb*, log,

mmap.data.compressed

w/o restore 48

the Restore case: multiple bursts write 10.160
and read

w/ restore 1795

RTL Simulation result on time consume & disk usage
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Simulation result w/ SnR

Saveand CPU

Test case (GDDRG6 netlist verification) Restore time(seconds) Disk Usage for Save
w/osave 538
the Save case:only 1 burst write and read 596 S2G Sim‘,’
w/ save 4G /compile
. *
+10.78% +900M /snapshot: fsdb*, log,

mmap.data.compressed

w/o restore 706

the Restore case:14bursts writeand read 158

w/ restore 4.46x

Netlist Simulation result on time consume & disk usage st
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Simulation result w/ SnR

Test case Save and Restore CPU time(seconds) Speed-up
w/o restore 1142
PCle IP-level RTL simulation 29.2x
w/ restore 39
w/o restore 48064
CCIX SOC-level RTL simulation 4.36x
w/ restore 11013
w/o restore 19263
Sieri?lrlgcgosr?@level RTL 5 D5
w/ restore 8556

Overall speed-up result




Simulation result w/ SnR

* Log for restore case?

— if save case name equals restore case name, then only 1 log
present, which shows save and restore message;

— otherwise, 2 logs will present, 1 refers to the saving one,
and the other refers to the restoring one, e.g.

S 1mvid

test data size len run.log

test fregl6g force run.log



Simulation result w/ SnR

« FESDB for restore case?

— if save case name equals restore case name, then the
saving fsdb is a complete one;

— otherwise, the saving fsdb contains the restoring part only
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Time consume, disk usage, restore speed-up etfect summary

Average speed-up effect!
Time consume for save stage!
Disk usage for save stage!
Log for restore case!

FSDB for restore case!

Testz @ TTTTTTTT

Test3
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Automatic save and restore regression

test A 1:
test_A_2:
test_A_3:

test B_1.
test_B_2:

test_C_1:
test C_2:

Regression list

RUN=1 SAVE
RUN=1 RESTORE
RUN=1 RESTORE

RUN=10 SAVE
RUN=10 RESTORE

RUN=10
RUN=10

test_B_1: seed2~segd10

test_B_2: seed1~geed10

test_A_1

test_A_2

test_A_3

test_B_1: seed1

test_C_1: seed1-10

test C_2: seed1-10
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Guideline for testbench adaption

Testbench adoption Regression script

1. For cases with keyword SAVE: for the same case, the first seed is sa'ure"
¥z add $save: Define the Fsave point, make sure for the save cases and case, the others following are restore case;
restore cases, all behavior before save is totally the same :
22 chook code after $ e i G i =2, For cases with RESOTRE: all cases are restore cases;
pird H t save: eck th nts I
o - ® ) " _c ] crihe diferent simiiation apfions for P g «3. For cases without keyword: REGULAR case
different cases, reload it after save J
*(¥: update factory override: raplace —Uvm_set_type_overide to -SEQ= o
Fi )
P4 =Regular simulation
f, swhen SAVE case finish, check the simulation result, check the snapshot
/ SAVE case | files are ready
/ )
*Add keywords SAVE and RESTOREs to specify the case property ;"f
/
/ ™
f'( sspeed-up simulation
F 4
£ sRestore the snapthot files before
- RESTORE case
y
Y FROresSion_Scripl XXXXXXXX -5nr -cmp_args="+define+5AVE'
. =Regular simulation
ki) REGULAR case
H“H.__
.
""-\-\.\_\_H
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Guideline for testbench adaption

Regression script

SAVE case Restore case ~
+seed=1111 +seed=8888 \/ 1. For cases with keyword SAVE: for the same case, the first seed is save

case, the others following are restore case;

i3 nardin »2. For cases with RESOTRE: all cases are restore cases;
= parsing +3. For cases without keyword: REGULAR case y
a(ip running
ith seed=1111 A
.r"r.. 1‘!
/ =Regular simulation
L) =when SAVE case finish, check the simulation result, check the snapshot

SAVE case | files are ready

J

ontinue running
ith seed=8888
+ntb_random_reseed )

sspeed-up simulation
sRestore the snapthot files before

RESTORE case

New séed i d o 1 see itic. «Regular simulation

REGULAR case
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Guideline for testbench adaption

Testbench adoption

+¥: add 3save: Define the Ssave point, make sure for the save cases and
restore cases, all hehavior before isave is totally the same

*@: chack code after $save: check the different simulation options for
different cases, reload it after save
*(3: update factory override:z raplace —Uvm_sel type_override to -SECQ=

*Add keywords 3AVE and RESTOREs to specify the case property

*FRGression _Scripl XXXXXXxX -snr -cmp_args="+define+5AVE'
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Guideline for testbench adaption

verif/gaans_wr Ihiseqisenario

_SEMARIO_TEMPLATE_VSEQ_SV_
_SENARIO_TEMPLATE_VSEQ_SV_

P

class senario_template_vseq extends gddrs_wrapper

‘uvm_info(get type name(), "entering body...", UVM LOW)
(senario_template_vsaq)

ivm_creat
seq cfg bz

(gddré_wrapper_virtual_

function new (string name = "sen

"ifdef
‘uvm info(get Tt name(), "Phy initial finished, now saving snapshot", UVM LOW)
("snapshotl®);

super.new{name) ;

endfunction : new

WA MNNMRNM

virtual task bedy(); 3
axi_cfg base vseg seq_cfg_base: 3

axi_data_base_vseq seq_data_base;

w

(seq_cfg_base)
‘ (seq_data_base)

Ead fad dad el Ead

_sequencer); = ge ¥ date se", UVM LOW)

{p_sequencer); 43 data se i=: er, m s encer, 1 data

seq_cfg_base.start(

seq_data_base.st

{get type namef)
ge =

endtask:body
uvm 1ntof(get
endtask:body

endclass: senario_template_vseg
+Uvm

. T = : wr i EURT] - - 3 3 T =
endclass: senario template vs +UNT Y ; : ,CTg_1n1t vse

o

+Uvm se ype o Xi o _base vseq,data tra
+JEQ= -
.-.|.

[ [ Y I
= @2

LaJ

L J

Lt
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Guideline for testbench adaption

virtual task body();
bit status;

W phase pnase);

function void uvm root::build ph

status = uvm_config_db#({iconfig)::get(null, get full name
if(! status) "L rror{get_type name(),"get iconfig fail
5...",UVM MEDIUI

super.build phase(phase)

(), "iconfig.get ar

Js

[H]#]

EHQG_factary_settingsfr:

1i 7irqa.:,
dump ar [ ):
] fork

forever begin

endfunction
#lus;
icfg.pkt timeout++;

function voil

string a

void' (cl t arg matc W+ (UVM SE
foreach{args begin

m process t override(args[i].substri
end

id Vvl VM S

achi{a 1]} begin
Biprocess EypeioVerride (args[i] . substr
end
endfunction



Guideline for testbench adaption

* Verbosity Override requirement

— Since UVM_VERBOSITY plusargs is handled in new function of
uvm_root, if restore jumps new function, then this option will not work
any more in restore cases.

— In this case, user need to apply the verbosity once again after save point,
and apply method set_report_verbosity_level_hier to top.
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Guideline for testbench adaption

L

Eile
=
=)

297
298
299
300
301
302
303
304

35

36
3‘\.’.’
308
309
310
311
312
313
314
315
316
B1F
318
319
328
328
32

349 7/ m_check verbosity

uvm_root.svh = (/tt ols/synopsys/viesa //

Edit Tools Syntax Buffers Window Help 1

2 function void uvm root::m_check verbosity();

855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870

m_inst.m _domain =
end
return m inst;
endfunction

uvm_domain::get uvm domain();

S/ onew
il i

function uvm root::new();
uvm_root report handler rh;

super.new(" top ", null};
rh = new;

lerirh)
set_report_handler(rh); 908

909
9le
911
912
913
[/ This sets up the aglobal verbosity. Other command line args magyq
// change individual compchent verbosity. 915
Il check verbosity(); 916
ERE 917
918

919

clp = uvm cmdline processor::get inst();

report header();

T L.

string verb string;
string verb settings[%$];
int verb count;
int plusarg;
int verbosity = UVYM MEDIUM;
“ifndef UVM CMDLINE NO DPI
// Retrieve the verbosities provided on the command line.
verb count = clp.get arg values("+UVM VERBOSITY=", verb settingsd’;
“else
verb count = $value$plusargs("UVM VERBOSITY=S%s",verb string);
if (verb count)

verb settings.push back(verb string);
“endif

// If none provided, provide message about the default being used.
;71T Mverb count == 08

./base/uvm root.svh [RO]

verbosity = verb string.atoi();

if(verbosity = 8)
uvm report info("NSTVERB",

if(verbosity == @) begin
verbosity = UVM MEDIUM;
uvm report warning("ILLVERB",

end

end
endcase
end

$sformatf("Non-standard verbosity value, us

"Illegal verbosity value, using default

set report verbosity level hier(verbosity);

KUNLUNXIN
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Guideline for testbench adaption

Z seq | 2 sfsenario_template vseq.sv | 2 /p/k/wfufbja/Kiv/g/t/gddré wrappertc | 2 r/ddr_regconfig.sv | 2 sfaxi _cfg base vseq.sv | 2 s/gddré_w

sv] [7:qddr6 wr

PJ
v

WD 0o -

WA R R A
L B e (I 0 =~

"Phy initial finished, now saving snapshot", UYM LOW)

W

g

on data write and

.__1_
35

root top;
= uwvm

L
T

=l 1Y I 'Y

T I‘Lj

end

begin
string
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Guideline for testbench adaption

* Bench reorganization

Bench ’[tﬁ-% « Base_test
‘uvm_create(seq)
Seq.start(seqr)

» testl: base_test

*  5Seql extendsseq |+ 5Seq2 extends seql - +uvm_set_type_override=seq, seql
Xoex Super.body(); + test2: base_test
Xxx Xxx - +uvm_set_type override=seq, seq2
> $save Xxx
XXXX

i S S M A L SnRAE iy, BIH{ET: Savefflui &8 icreate 2 i 17!
Createll i A\ T seqlf)&i#l), 5iiksave.
i FeAT Vg ) ik save 2 5, create, AHiERY Tseqlt M.



SnR w/ TB change

* 5SnR + DTL

— Use SnR together with DTL, so that when TB changes, we can still
use restore.
— For Debug:

* Address the amount of time to reproduce failures, save image of
simulation around the failure point, and debug from that point.

 Phased saving, address the latest snapshop before failure.
— For Test develpment:

* Avoid running setup and initialization when developing test sequences
changes.



Project application guidance

* When

— Can use only if a common initial setup phase for all tests
1. UVM build phase, configuration phase
2. Reset state: CMU, PMU
3. Design initialization: DDR PHY initialization, training, calibration, SDRAM loading initial memory

4. Sequence initialization: SW driver, video/graphics controller setup after reset

— In addition, this setup phase itself takes a substantially large amount of cycles with
respect to overall length of the simulation for a test, and these cycles must be repeated
over and over again for all subsequent tests.



Project application guidance

* Gain Throughput on Simulation

— Regression/Debug/Development
* Reduce time spent simulating training links and initializing design
* Reduce rerunning of same initialization sequence
 Focus on testing on “interesting” part of the simulation
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