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Chapter 2
Conceptual Overview
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Figure 2-1. Basic Simulation Flow - Overview Lab
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Analyzing simulation performance
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Chapter 3
Basic Simulation
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Figure 3-1. The Create a New Library Dialog Box
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Compile the Design Units
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Figure 3-4. Verilog Modules Compiled into work Library
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Figure 3-5. The Design Hierarchy
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Flgure 3-8. Waves Drawn in Wave Window
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Figure 3-10. Setting Restart Functions
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Figure 3-12. Values Shown in Objects Window
$a objects e Hd x|
1| @ 1w (P

4 tpd_reset_to_count  32’h00000003 Parameter Internal

4 tpd_dk_to_count 32h00000002 Parameter Internal
4. count 8'hie Packed Array Out

4 dk 1h1 Net In

4 reset 1ho Met In

Source YER0|M EQX|= Design ZEA9| highlight X 2| =l signal &2
EE =9™ Wave Window O A cursor 7} M

= L Ct.

parameter, variable 2|0 OrA Ol

SE R20| B4 0| kB HAR HA

I

Figure 3-13. Hover Mouse Over Variable to Show Value

Ln# I |_'|_!'| B Now [#]»

35 F -

36 " always [@ (posedge clk or posedge reset)

37 if (rgset)

36 COuN test counter/dut/resec|® 100:

39 else 1 -

40 CoOulc == #opu_cIn_oo_comic 1hNCrenent (count) ;

41 -
| | »

L3t Design @ EAO| highlight 2|l signal =& parameter, variable 2[0f Or%
A BOIES 51 0192 Q2T HES 2s}0] Bamine & S HIYol
o

Value 7} 0| EA|7} ElL|CH

Figure 3-14. Parameter Name and Value in Source Examine Window

x

ftest_counter/dut/4ALWAYS#35/tpd reset_to_ count
2

examine 2= command £ 2 &HZ S|A| Value E =0l 2= Q& L|Ct

EX) examine count



5. Step command & &83}7|

=2 =

A. Ol Hw2of Of0|2 & step Ot0|2S S&LCH

L]
Step OtO|22 debugger 7|5 QIL|C}
Step OtO|22 S &St/ Lt step command & YHSHH x| HFO{X QY& Simulation
O] Code 3t = of &4 A™HO| [0 ZLC}

6. Simulation £&35}7|

A.  Simulate>End Simulation & MEHSIH X TIAH=Ql Simulation O] & E L|LC}



Chapter 4
Projects

o HMEOME=

3 1 2 E Simulation B8-S Project Flow &Aoo 2 ZIsH of Z4QL|C
Project Flow & Sdff Z2g tH mpf O}20| BHSO{X| 11 Project = Of2{e} Z2 M -

g gL

® HDL Source LY S XZESIHL} Reference 42
® Source Lt 2|0f CtE ZEA{(READMEs, Documentation)
® Local library

® Reference global library

o MHEHE oM LtEs 7M1 XYEs Tde AYLCH ol MEHO| oK Lt 8bit

binary up counter O|0{ & mI}YE ModelSim/Questa £ MX|E ZAZE Qo UL LICE

Verilog — <install_dir>/examples/tutorials/verilog/projects/counter.v and tcounter.v

VHDL - <install_dir>/examples/tutorials/vhdl/ projects /counter.vhd and tcounter.vhd

O mYPS2 Verilog @ VHDL = Cf X|&=S ot JAFLICE 7t A4l ModelSim/Questa
| License Of et sfgste A0 OME HESIAIH FHLIC

Create a New Project

1. Mz2 tHELE TE2 o o2 siy CjEE2|= Copy S|
A. ModeSim/Questa & A@StL|Ct

= =

Ch= oo|22 Z&5t7 L} vsim command £ 235 H ModelSim/Questa 2| GUI 7t
=chE L

ohor x|t MEIZ 0[0jA] BEE AXIBIAlS A2 ModelSim/Questa 7 75 0]
oL chAl AE Tt gL

File>Change Directory OA Q0fM ZHE ClHEZ2|2 X|™¥TL|CL

2. Project ZH=7|



A. 02 HF0f|A File>New>Project & MEfSHL|C}

0FE MEASHH Create Project &0 YEL|CL O] oM /X &2 Project name,
Project Location-directory, default library name, Modelsim/Questa &47d T} QI .ini mof
U 52 NFY + Y&ULk

= T
B. Project name 2 test 2 Y &HTtL|LC}
C. Browse HHEZ Z&I8A Project & A& ClHEZE X|HeL|Ct.
D. Default library O|£2& work 2 ¢ =&3tL|C}.
E. OK £ ZagtLc}.
Figure 4-1. Create Project Dialog Box - Project Lab

Create Projeck 5'

— Project Name
|test

— Project Location

|I:: Tutonal/examples/projects Browse...

—— Defaulk Libram Mame

|tk

— Copy Settings Fram

| /madelsim ini Browse...

% Copy Library Mappings © Feference Library Mappings

Ok | Ear‘u:e||

Add Objects to the Project
M =MOAM OK HHES SE5IEHA Project & /¢ 7282 €82 EXELUCLL 222 O

o E
M| ModelSim/Questa 2| GUI 40] Add items to the Project 2= & 0| L}EFELICE



Figure 4-2. Adding New Items to a Project
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Figure 4-5. Compile Order Dialog Box
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Figure 4-6. Library Window with Expanded Library
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Figure 4-7. Structure(sim) window for a Loaded Design
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Figure 4-8. Adding New Folder to Project
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Figure 4-11. A folder with a Sub-folder
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Figure 4-15. Transcript Shows Options for Simulation Configurations
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A. Transcript 2I=Z20|A Ct21aF 20| command & Q& ThL|LCt.
vopt +acc test_counter —o testcounter_opt

B. quit-sim 2 stL|Ct.

VHDL
Optimize the VHDL Design for Debug Visibility

1. vopt & O|&%lQ full visibility & 7tX|= optimize design Zt=7|
A. Transcript |I=Z20|A Ct21aF 20| command & {TtL|LCt
vopt +acc test_counter —o testcounter_opt

2ot Z0| command & =3t H Of2fet 22 3473 Warning HIA|X|E EH E ZHY
LICt. O] M{A|X|= dut counter Of Cliot HEE 10| 2X| X Zlst= HA|IX] L|C

Figure 5-4. VHDL Simulation Warning Reported in Main Window

Transcript

Questasimz vsim -voptargs="+acc” test_counter

# vsim -voptargs=\"+acc\" test_counter

£ ** Note; (vsim-3812) Design is being optimized...

# *=*Warning: [1] C:ftutorialsftestbench/tcounter, vhd(S 1): (vopt-3473) Component instance "dut : counter” is not bound,
# Loading std.standard

# Loading work. test_counter{only)#1

# **Warning: (vsim-3473) Component instance "dut : counter” is not bound.

# Time: O ns Iteration: 0 Region: ftest_counter File: C:ftutorials ftestbench/tcounter. vhd

VSIM 7=

e

|Project : counter |an: Ons Delta; 0 |sim:ftest_::ounter

B. wverror 3473 0|2} Q| &ABtL|LC}



verror 2 warning, error HA|X|Of CHS B XpMSH DEE 27| | Uf AHEE=

command QIL|LCt.

C. quit-sim & sstL|C}.

Linking to the Resource Library

X =0| §F¢t Library & Link & Z0|{A Simulation & ZT&st2{= B2 search library
2te SME2 AMRSIO Simulator & SZFA|F{0F $HL|CH

A. 02l 470X Simulate O}O|2& Z&3t7{Lt Simulate>Simulate & 2&gtL(Ct

=

B. work library O|A{ "+" OtO|2& £25}0] test_counter & MEHSHL|C

C. Enable optimization M3 BfA o HIE S etL|Ct.

D. Library ®42 MEHSHLICE.

-

E. Search Library 0A Add HHEZ &5} resource library 0 parts_lib & MEHSID

OK 2 Zaetct.
ofzjel DM Library 7t F7HE S 20

Figure 5-5. Specifying a Search Library in the Simulate Dialog Box

Start Simulation x|

Design | YHDL | Verlog Lihraries] SDF | Others | e

—Search Libraries [ -L |
C:/modeltech/examples/rezource_library/parts_lib Add... |

Modif_l,l...l
Delete |

— Search Libraries First [ -LF ]

Add...

Modif_l,l...l
Delete |

ok Cancel




Permanently Mapping VHDL Resource
Libraries
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3. Modelsim.ini Tt o] 27|M LS &l|x| EtL|Ct.
4. mMes 9= J{EE 0|83 Open gLICt
[Library] 20 fI0M ZHSAE parts_lib & SFELLICH

Ex) parts_lib = c/libraries/parts_lib

7. Simulation Z&235}7|
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SystemC — <install_dir>/examples/systemc/sc_basic

SystemC/Verilog — <install_dir>/examples/systemc/sc_vlog

SystemC/VHDL - <install_dir>/examples/systemc/sc_vhdl

Setting up the Environment
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I
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Chapter 6
Simulating SystemC Designs

asic O|2t= Design & Simulation

SystemC & AtE3L7| QoM = SystemC & License 7F QO{Of gtL|Ct. BFQF SystemC THE

License 7} S{OAICHH O MHE= AT =+ YUFLICL ESF SystemC & ALESH| RIBiM =

CtS HO|AM 20{X|= Platform & C Compiler 7} ZR$tL|Ct,

Table 6-1. Supported Platforms for SystemC

Platform/OS Supported compiler versions 32-bit 64-bit
support support

Intel and AMD x86-based gcc 4.0.2,gcc 4.1.2, gcc 4.3.3 yes yes
architectures (32- and VCO is linux (32-bit binary)
64-bit) VCO is linux_x86_64 (64-bit
SUSE Linux Enterprise binary)
Server 9.0, 9.1, 10, 11
Red Hat Enterprise Linux 3, 4, 5
Solaris 8, 9, and 10 gcc4.1.2 yes no
Solaris 10 on x86 gcc4.1.2 yes yes
Windows XP?!, Vista and 7 Minimalist GNU for Windows yes no

(MinGW) gcc 4.2.1

1. SystemC supported on this platform with gcc-4.2.1-mingw32vc9.

B} XtM3 E & User Manual Q| SystemC 23 22 S AT EHA|7| HFEFL|CL




Preparing an OSCI SystemC Design

Open SystemC Initiative — OSCI @} Z3t&E|= SystemC Design & Simulation & 37| {siM=
ofzfel AtE M IAsH FAMofF gfLct.

® scmain) 22 ML Y& E+E scmodule() 2 BHATL|C
® sc initialize() &= AbK|THL|CH

® XML module 2 sc_module_export

il
>
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St

1. ClEg] =3 O e SAMSH|

Mz ClAEZ|E =1 <install_dir>/examples/systemc/sc_basic C|2EZ|0|AM DY
MEZ CHEZ|Z IHYS SAELCL

2. O|X ModelSim/Questa

i

Al&SE 0 Change Directory £ resource library 2 X|™d gL Ct.

A Ok XLt ME{Z O|OjAM HFE A|RISIA|= Z29 ModelSim/Questa 7} 75 £/0{Y)
oL CiA| Al o7t glsL

Ch= Olo|2 2 Z&l5t7{L} vsim command £ &3S H ModelSim/Questa 2| GUI 7t
E=a=is

B. File>Change Directory O A 20A THE ClHEZ|Z XL CL

3. O 09| File>Open & MEHSIO] ModelSim/Questa Of| Al X|&3t= Text editor & O|&
Sl basic_orig.cpp LtYS YL|Ct.

A. IOt

[0)

7] M2 AQUL|CL Source YE20N OFR2A Q2% HE !
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22sto]
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Figure 6-1. The SystemC File After Modifications
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// basic.cpp

(modified file)

#include "basic.h”

H|#ifdef MTI_SYSTEMC

5C_MODULE EXPORT (top) -

[

<

#else

int sc_main( int, char*[] )
H
sc_clock clk;

mod a a( "a”
a.clk( clk );

|H

sc_initielizs
return 0;
- 1
gendif

»

ot
basic_orig.h
A O
Ngg

B. 1z|n

otehel J-ME YL

Add this

preprosessor

directive.

S ARSA ALBHE ELiC

A YLICE Source A =R ORA QEZ HE



Figure 6-2. Editing the SystemC Header File.
I T e = i B W e et el Sl

46 SC_METHOD( main_action_method );

47 SC_THREARD( main_action_thread )

48 SC_CTHREAD( main_action_cthread, clk.pos() ):
49 I~ 1

50 m1:

51

52 S| #ifdef MII SYSTEMC

53 E SC_MODULE (top) Add this

54 =/ B preprocessor
55 sc_clock clk; directive.

56 mod a a;

57

a8 SC_CTOR

29 C clk®, 200, SC NS, 0.5, 0.0, SC N5, false),

C. basich 2 M-S XZEeHL|CL
O] oY YAl /sc_basic/gold Off U&= mAS FHOlsiA At&sHT & LICH

O Simulation & d}7| ¢|gh MY 70| ExtEL L

Compiling a SystemC-only Design

oty Mol BXe™ Ol mtY=2 Compile 3fjof BfL|Ct. ModelSim/Questa O A= sccom

command £ 0[83}0| compile %‘E; UAELICH
1. Work library Bt=7|

A. Transcript I=20|| vlib work 2t0 Q& BtL|LCt.
2. SystemC ItQ Compile sl Link 3}7|

A A&SM or2fel command & gLt

sscom —g basic.cpp

o
J% oY
El

|IOI-

H’EOI 5o ™ SystemC object 2 link & ZO{OF &fL|Ct Of2fe| command & ¢
FL|Ct.



sccom - link

O[X Compile 1t link 7t d&5¥2= OFF2| ZAFLC O[H EHS EHAO0AM = SystemC 2t
HDL O] Mix &[0 Q= Design Of CHal TS & AYLICH

Mixed SystemC and HDL Example

O|X {22 HDL Instant & 7tX|2 Q&= SystemC Design 2 7K1 &A=
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>
0%
ot
o
o
I~

ct

1 M2 ClyEs| 9sD I ZAR7|

<install_dir>/examples/systemc/sc_vliog C|ZHIEZ|0{A TS M

=1
t2 S SARLIC

Mz2 ClHEZE T
22 [HEZZ I

AI2SHA= 22 install_dir>/examples/systemc/sc_vhdl 2| IS M2 CIHE
FL|C

I

2. O|H| ModelSim/Questa € A5} Change Directory & resource library 2 X|dgtL|Ct

A TOF X MEHE O|0{M HEZ AESHAl= B2 ModelSim/Questa 7t 7+5 &[0 2L
O CHAl e a7t SlsLT

Ch= Olo|28 Z&l5t7{ L} vsim command £ &3S H ModelSim/Questa 2| GUI 7t
E=a=is

B. File>Change Directory £ E3l Q0| Tt= Cl|HEZ|Z X|™HEL|CH
3. Work library Zt=7|
A. Transcript 2220 vlib work & ¢24gtL|C}t.
4. Compile &}7|
A. Verilog
Transcript 2= 20 vlog *v & Y THL|LC}
B. VHDL

Transcript 2= 20| vcom -93 *vhd & = etL|Ct.



5. Verilog ringbuf 258 Qs 58 Z& MRI5H7|

A. Verilog

Transcript 2l 20| scgenmod —-map “scalar=bool” ringbuf>ringbuf.h & &3t
Cf. -map “scalar=bool” FM2 2 ZEE UWE =2(¢U2E ALE57| 26 AMEE L

c}.
B. VHDL

scgenmod ringbuf<ringbufh £ Q/23tL|C}.
O[X| ringbufh tYS FEO{EM ChgZut Z&L(C}

Figure 6-3. The ringbuf.h File.

. C: Jexamples/systemc/sc_vlog/ringbuf.h - Default

Ln# |

1 Bl #ifndef _SCGENMOD_ringbuf_ |- ]

2 fdefine SCGENMOD ringbuf

3

4 #include "systemc.h"

5

[ class ringbuf : public sc_foreign_module

7 =

8 public:

9 ac_in<bool> clock;

10 sc_in<bool> reset;

i1 ac_in<bocol> txda;

12 sc_out<bocol> rxda;

13 sc_oput<bocl> tTXC;

14 sc_out<bool> outstrobe;

15

16

17 ringbuf (sc_module_name nm, const char* hdl_name,

g8 int num generics, const char** generic_lisat)

19 : sc_foreign_module (nm),

20 cloack("cleck™),

21 reset("reset”),

22 txda ("txda"),

23 rxda ("rxda"),

24 txc("txc"),

2 gutstrobe ("ocutstroke™)

26 = {

27 elaborate foreign module (hdl name, num generics, generic list):;

B B }

29 ~ringbuf ()

30 {1

31

32 1l —

33

34 - #endif -
il ;I_I




Test_ringbufcpp IIYS E M Of2fQt 20| test_ringbufh MIYS ZetstD Q= HE 2 5=

L|C}.

o>

Figure 6-4. The test_ringbuf.cpp File

. C:/examples/systemc/sc_vlogftest_ringbuf.cpp - Default P

>

11 #include "test ringbuf.h"
2 #include <icstream>

15 SC_MODULE_EXPORT (test_ringbuf):

«| [_.'E‘

6. SystemC It Compile &t Link Z7|

A. Transcript 2=20| sccom —g test_ringbuf.cop £ 2 2{3tL|C}.

B. Transcript 2I=20| sccom -link £ ¢=atL|LC}.

7. Full visibility optimize design Bt=7|

A. Transcript 21=20|| vopt +acc test_ringbuf —o test_ringbuf opt £ 223tL|LCt,

8. LC|XIQl Load d}7|
=

A. Transcript & =20 vsim test_ringbuf opt £ & =gtL|CtL

CIXtQl0] 2E7t E[HA Process =Lt Objects FI=27t €8 A YLICL ST &
Ct
|

=& e Hwel View HFE SN ME2 AE=RE E7L



Figure 6-5. The test_ringbuf Design

counter ScVariable Internal
reset_deacti... INACTIVE ScEvent Internal
dock true 10 0.5...5cPrimC., ., Internal

++ g ring_INST ringbuf{fast)
o reset_generator, .. test_ringbuf ScMethod

o) ogenerate_data  test_ringbuf ScMethod reset ScPrimC... Internal
o) compare_data test_ringbuf ScMethod tada se ScPrimC... Internal
o print_error test_ringbuf ScMethod rxda e ScPrimC. .. Internal
WP print_restore test_ringbuf ScMethod txc e ScPrimC... Internal
|g Fvsim_capadty# Capacity outstrobe se ScPrimC. .. Internal

pseudo 000000000...ScPrimC... Internal
storage 000000000...ScPrimC... Internal
expected false ScPrimC... Internal
dataerror fals: ScPrimC... Internal
actual fals: ScPrimC.. . Internal

e o

[ brary - |24 Project | |2 Capadty - | & sm - <[]

A Transaript 2 4 ]
# Loading work.ringbuf (fast) -
# Loading work.control (fast)

# Loading work.store(faat)

# Loading work.retrieve (fast)

F
F
F
-4
F
4+
F
F
F
F
4+
F
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VSIM 15> =
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Viewing SystemC Objects in the GU

SystemC 9| Design Object =2 ModelSim/Questa 2| GUI &0 =4 OI0|22 2 HA|FLIC}
12|3 Object o ZRO| et )T 00| 20| ALY, o 2 CO|OtRC HE§2 HAIELICH
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1. Library 2l=220| A Objects 27|

A. Library 2I=20|M work library @t9| "+" O}0|2 & Z&!5t0{ HEIL|CH
SystemC Object = =AM S O3 2 BH E L CH



Figure 6-6. SystemC Objects in the work Library

Il Library
Name Type Path =
;_ﬂ work Library C:Tutorial/fexamples fsystemc/
| control Module C:\Tutorial\examples\systemc)|
—l/] retrieve Module C:\Tutorial\examples\systemc)| |
—_] ringbuf Module C:\Tutorial\examples\systemc),
i) store Module C:\Tutorial\examples\systemc)|
Gl test_ringbuf ScModule
M test_ringbuf_op... Optimized...
+-{kl} floatfixib Library §MODEL_TECH/. . floatfixiib
Il mc2_lib (empty) Library SMODEL_TECHY/../mc2_lib ~|

AT e T e P P

2. Wave 2IE20| Object F7}5}7|

A.  Structure HZ2(sim) O A] test_ringbuf & MEHSID OR2A QEZ HEZS ZEI6I(
FL|C

Add>To wave>All items in region 2 M | C}.

EH St
=

Setting Breakpoints and Stepping in the Source
Window

Source YI=2E E3| HDL 0| A breakpoint & MAsH At OrXIZEX| 2 SystemC LY A =
Breakpoint £ A7 = UELICH ModelSim/Questa 2| C debug 7|5 &3l & &0| O|F 0
ZL|Ct C Debug of CioiM= FA Of7HO|AM CDebug RS H4HEAH O XM3| & =
ALt

1. CDebug £ 0|8%}0 breakpoint & AI23}7| 2I8fA = ModelSim/Questa o] AH S BHA
&) ZA{OF BHLICE

A. Tools>C Debug>Allow lib step =& Enable auto step = MEHTFL|C}.

=
2. Breakpoint A7d35}7|
A. Structure (sim) §HO| A test_ringbuf & MENSIO Source 2= 20| Open THL|LC}.
B. Source 2I=L20|AM VHDL, Verilog A& 210 150& line @2 O|5%fL|C.
C. ofzfo] o|OX|o|A EO|= ZHX Y S line 0O breakpoint & A& sHL|Ct.

Verilog : bool var_dataerror_newval = actual.read()...

VHDL : sc_logic var dataerror newval = actual.read ...



Figure 6-7. Active Breakpoint in a SystemC File
M C:/ftutorials/systemcisc_vlogftest_ringbuf.h fe -0

Ln=

147 On every negedge of the clock, compare actual and expected da
149 inline wvoid test_ringbuf::compare datal)

151@ bool war dataerror newval = actual.read() ™ !expected.read()
152 dataerror.write (var_dataerror newval):

153

154 if (reset.read() == 0)

1c6 storage.write(0)

expected.write (0) ;

El

4| b
lﬂ Wave lg test_ringbuf.h | ﬂ_?I

Simulation 0| ZI&4S BIA|H, 7|Z0| breakpoint MAsIAIE ef OpkZbX| 1 st
Source 2= 20|A ST line Of J}AEZF HA|ZHA Simulation 0] HZEO0{X|H Ofzf
O M|A|X|Z} Transcript =20 HA|EL|CE

# C breakpoint c.1
# test ringbuf::compare data (this=0x27c4d08) at test ringbuf.h:151

Figure 6-8. Simulation Stopped at Breakpoint

M C:ftutorials/systemcfsc_vlogftest_ringbuf.h e )
Ln#
147 Cn every negedge of the clock, compare actual and expected da
149 inline wvoid test_ringbuf::compare datai)
150 [
'_E-'_ﬂ | bool war dataerror newval = actual.read() © !expected.read()
152 dataerror.wWwrite (var dataerror newval);
153 B B
154 if (reset.read() == 0)
156 storage.write (0) ;

expected.write (D) ;

El

a b
lﬂ Wave IE'] test_ringbuf.h | 43

4
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Function Of 2 Z&38tA ELC of2fe| O|O|X|H & sc_signal.h I Q| 440 H® line

S O|sELCh

Figure 6-9. Stepping into a Separate File

. C:/questasim_10. 3xfindude /systemc/sc_signal.h - Default sy

ki

ln# | 1¢[ B Now 3!
440 // read the current value -
441 virtual const becols read() const

442 wp | { return m_cur_wal; }

443

444 // get a reference to the current value (for tracing) —I
445 virtual const bools get_data ref() const

4446 { sc_deprecated_get_data ref(); return m cur val; }

447

448

|mm|wave |  testringbufh »|  sc_signalh |

C. Continue run O}0|2g Z&/8lH CIA| simulation 0| XHE|H Ef

breakpoint 0| A =%{0| HZ0{ FL|C}

Examining SystemC Objects and Variables

SystemC 2| Object 2| value

= Object =220 8 £ USL|CE 2|1 examine 2t=
command £ QEGME 2 £ S

L|c}.

1. sc_signal O] type 1t value &7|

A. CDBG ZETZE ME|O|M show & QEHSIH, Transcript =20 Design 2| Object &

9| Type 4t Value 7} EO{&L|C}



Figure 6-10. Output of show Command
Transaipt ———————————————— 8

CDBG 153 show

# ptype this

# type = dass test_ringbuf : public sc_core::sc_module {

public:
sc_core::sc_clock dock;
sc_core::sc_event reset_deactivation_svent;
sc_core::sc_signal<bool = reset;
sc_core::sc_signal<bool = txda;
sc_core::sc_signal<bool = rxda;
sc_core::sc_signal<bool> txc;
sc_care::sc_signal<boal> outstrobe;
sc_core:sc_signal<sc_dtiisc_uint<20> > pseudo;
sc_care::sc_signal<sc_dtiisc_uint<20> > storage;
sc_care::sc_signal<boal> expected;
sc_care::sc_signal<boal > dataerror;
sc_care::sc_signal<bool = actual;
int counter;
ringbuf *ring_IMNST;
woid reset_generator();
void generate_data();
void compare_data();
void print_error();
void print_restore();
test_ringbuf{sc_core::sc_module_name);
~test_ringbuf{int);

#} * const

# ptype var_dataerror_newval

# type = bool

EUEE R TR TS O T T T OO LR TR T R R PR T O T T TR O T

CDBG 163 |

|Now: 10ns Delta: 1 |sim:,|fhest_ringbufjcompare_d

B. examine dataerror & ®&grL|C}
True 2= BIAIXIZF Z2{ELICE
2. SystemC variable Value &7|
A. 20|AMQt OHELZEX| 2 examine counter & &L C}

"32'hFFFFFFFF" 2H= value 7} TIA|X|2 EA|EL|CH

Removing a Breakpoint
1. Source |=E2Z2 =0{7t U= test_ringbufh AU HHE breakpoint & HHsl7|

A. 440 line OfM ORA Q2

4B

HES Z2/6l0 remove breakpoint & MM stL|Ct.
2. Simulation +53}7|

A. run 500ns & YHSIT wave A C-20M MAES M FL|CH



Figure 6-11. SystemC Primitive Channels in the Wave Window
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Figure 7-5. Interval Measurement Between Two Cursors

m Wave

[test_counterclk, 1] ﬂ

G20 ns

B 129 ns

2. Cursor B 1HM3}7|
A. Cursor B £ 56ns 2XZ O|sA|ZL|LC}

B. OIRA QE

4B

HES 225t0] L2 Pop up i 0IA Lock B & Z2BtLck
of2fo| T Cursor 7t WMo R HHE|D SHOIXIX R&LICH

(k=]

Figure 7-6. A Locked Cursor in the Wave Window

m Wave

G20 ns

5] 129ns

3. Cursor B AHK|3}7|

A. Cursor B Ofl4f DR~ Q2% HES 25}0] Delete B 5 MEBILICL

Saving and Reusing the Window Format

7 20| Wave YE=RE EOIHEIAEH X|F7HA| Wave RI=R0M HE 2 (Signal F=7t
o

AN — =
Cursor ME) Z+e XAHS Wave A= RE & [ OICt CFA| 2 S O sHL|Ch 2L}, Save

= =]
|8310] do file 2 format S MESIE 0|2{3t 2H g0] s format
g 0|88t 20| FHsELCh

[SR=|

N
format command £ ©

1. Format file X{%&3}7|

A. Wave 2E220| Al File>Save format & EHSHL|LC}.



B. I O|F2 Wavedo Wz =7F5t0 MEefL(C}
C. Wave FERE =ZTHL|CL
2. Format m}Q =2{27|

A. View>Wave & MEHBHL|LCE

B. Wave JE=2E Undock ¢t =0 Wave 2120 A File>Load & MEHBFL|LC}.
C #oM MEHE wavedo TLES ={FL L
D. NEMZ TAlQ Signal 0| Ats2E FItELICL

E. Wave FERE ZZHL|LCL

F. Simulate>End Simulation & MEHSI SHX| RIHZOl Simulation & S 2L LCH



Chapter 8
Creating Stimulus With Waveform Editor

Wave 2IE20|A waveform Editor & 0|3} Simulation Stimulus € Bt=0{A Simulation &
Fsligk 2= Q&L CH f5F= Simulation time ZHE Stimulus £ BHES0{ A Simulation 2 TI&ist
S

timulus 2 MEBI0] 250 AR o & AFLICH

ol MEO|M= OO0 AFE}HE ZHEtoE 8 bit counter & O|8310f Simulation 2 ZIgHg A
LICH oA mol f(X[= CtSat Z&LCH

Verilog — <install_dir>/examples/tutorials/verilog/basicSimulation

VHDL - <install_dir>/examples/tutorials/vhdl/basicSimulation

Ol ME{ 0N ZIME|= Waveform Editor = S X Of52o| Generating Stimulus with
Waveform Editor L} Wave Window & EA|H & O XtMS| & = U&LCH
Compile and Load the Design
1. ME2S CAEZZ BFE D tutorial file EAMSHY|

o HMHE T

2|st directory £ BHEL|LCH
72|32 tutorial file 52 MZ THE ClAER|E2 EAFEHL|CY,

2. ModelSim/Questa & AMYE|HFSM Change directory € O|23810] 1 1t 9O| directory

2 0|=5}7|
A, HIESIHO| Et= OFO|2 =2 vsim command £ 0|83}0] ModelSim/Questa & T+
S

B. File>change Directory £ 0|830] 1t ™A D= directory £ X|™gHL|CL
3. Working library Bt=11 compile &}7|
A. vlib work & Q=3tL|Ct
B. ol mUESS compile BHL|LC}.
Verilog

vlog counterv



VHDL
vcom counter.vhd
4. Design Load 3}7|
A. vsim —novopt counter & Q& etL|C}.
5. Wave =22 &7|

A. View>Wave & MEHRSHL|C}

Create Graphical Stimulus with a Wizard
Waveform Editor O = Patten Wizard 7} =& L QUSL|CE
1. Patten Wizard £ 0|23}0] Clock BHE7|

A. Object |E=20M clk & MEiStD OFRA QE
Meguct,

I8

HEZ 22610 Create Wave &

Figure 8-1. Initiating the Create Pattern Wizard from the Objects Window
Objects + E. ]

E—E_Eﬂ-

4 tpd_reset_to_count 32h00000003 Parameter Internal
4 tpd_ck_to_count 32h00000002 Parameter Internal
Y “a count 8'hxx Packed Array Out

‘ ok 1l ot In
£

=z View Dedaration £ In
View Memory Contents

Add Wave

Add Wave New
Add Wave To
Add Dataflow
Add to

UPE

Copy

|Name Insert Breakpoint

Toggle Coverage 4

Force..
Radix... Remove Force
Show Change Value...

Apply Clock...

ADDI y W




B. Patten Wizard &0| ¥2|H Clock £

MEfSta ofejel 2 at

Figure 8-2. Create Pattern Wizard

Z0|

Qs

Create Pattern Wizard x|
Generate a waveform Far any signal For Select Pattern _
the chosen pattern, —Patterns Signial Name
Ezijzlgnnu;led patkerns are: & Clock Isim: Jcounter folk
E::Eujm € Constant Start Time End Time Tirme: Unit
Repeater € Random IIII loaoao |1'13 ﬂ
Counter ™ Repeater
Select the patkern in the right-hand -
Frame. Caounter
< Prewious | Mext = Cancel
C. & ¢ o] Z2|H CHA| ohH ofefer Zo| dF gL T}
Figure 8-3. Specifying Clock Pattern Attributes
sinn:/counter/clk <Pattern : clock> x|

Attributes.

Bpecify the Clock Pattern

— LClock Atibutes
| nitial W alue

I'I—
Clack Period
[100

|r'|s

Ciuty Cocle

B

Time it

|

< Previous I Firizh I

Cancel I

et 20| 2385 ot Finish HEZS

L|c}.

S5t of2fet 20| Clock Patten O] BH=0f

Figure 8-4. The clk Waveform

PN
=

o |

2. Wizard & 0|83}0] £ C}E Signal BHE7|

A. Object A =20|AM reset & MESIT OIA QEZ HES 2

als

I Create Wave




-

=2 = 1d

= MEIStL|C}.
QS Constant & MEHSIA| T Next & MEHSHL|C|

Q=350 Finish & &
o

B. Patten EfRE
C. Value 0f 0 & 2=
T B2 G507l mE ol Wave

Edit Waveforms in the Wave Window

Waveform Editor &= Patten Wizard 28t OfL|2} editing & %

1 JUELLCE (invert, mirror, stretch edge, cut, etc.)

1. reset O Pulse 4&2l35}7|

A EditMode S 2tel7| 93 ofzfel olo|2S SLICH Ik

=
B. Pathnames Of|A| reset & MEHBHL|LCE.

C. Insert Pulse O}0|2g Z&lstL|C| '|£

uju

=2 Wave AER0|A reset & HESID OI2A QERS 85

Editor>Insert Pulse & Z&lgtL|C}.

-

D. Insert Pulse £ MENSID ofzfjo| xtaf Z

Figure 8-6. Edit Insert Pulse Dialog Box

Edit Insert Pulse x|

Signal Mame
|E|:Iit: Joounter/reset

Druratiamn Tirne Time Uit

[100 [100 [ns ]
EI Eancell

Qe 2| Command £ %

Fo] Wave>Wave

OK & Z&!5tH reset ©| 100ns 0| Al 200ns A}O|0f| High A7} LbEFEFL|CE



Figure 8-7. Signal reset with an Inserted Pulse
m Wave - Default :

A

b

O |

2. clk 9] edge =2|7|

A. Wave RER0M ck & 2ot 0L 2EZR HES 2L Wave
Editor>Stretch Edge & 22/ L|Ct

B. #0| €2|™ Duration 0ff 50, Time 0O 350 £ &3t OK £ Z&lstL|C}

= Hd~

Figure 8-8. Edit Stretch Edge Dialog Box

x
Signal Mame

| Edit: /counterfcllk

Dhirection
’VF Fomward  Backward

Druratiar Time Time Uit

|50 | 350 [ns
m Eanu:ell

OK £ £8&!510 300~400ns AO[O] high 7} |X|k|& ntdez HZAELCH

Figure 8-9. Stretching an Edge on the clk Signal

)

-

: =

Cursor 1 350 ns 350 NS I

1 v 4 [l o |

3. Edge X|27|



A. Cursor £ 400ns 2XH0| =1 ck & Z&IstL|C}.

B. Delete Edge OI0|2& Z&2IgtL|LC}

Edit:/counter/dk | Th1 N

0 Ons '
Cursor 1 | 400 ns

g AR [ >IN

clk = 400~500ns AtO[0] RUF edge 7t At2tX|Z 2|QF ZO] LpO| LtEHEfL|CE

4. Undo 2} Redo £ 0|23}0 edit }7|

A. Undo ofo|2g ZagtLict |«

xt0| LIEFEFL|CH 1 2 Qladstn

Undo O}0|2& Z&l5t0] Undo Count & E0{EE= % o=
o2 Eopguct

OK £ £&!6}™ Delete Edge o}7|™ 9| nty

B. ck & CtAl ME4SID Redo OFO|2S SEELCL | (2

Redo O}O|2& Z:EISIH OEH7FX|D Redo Count & 20{E= #AO0| LIEILID, 1 £
21248t M Delete Edge 7} XISHEl &EfjZ mMB 0| LtEFLL|CH

Save and Reuse the Wave Commands

ModelSim/Questa A ZFHSt Waveform Stimulus & E73t Format o ez XHag = QU
&UCH €3 Load £ A HEHo= AIRS +& &L

1. Format File X%&35}7|

A. Wave command £ X %&36}7| |8l File>Save Format £ MEHSHL|LC}.

(B =



Figure 8-11. Save Format Dialog Box

x

Pathname

|,-’Iut.c:r:'r_alfexamplesftutnrials /verilog/basicSimulation/wave.do Browse... I

rSave contents
V¥ Waveform formats [V Waveform edits

oK Cancel

JIEXMO 2 File 0|22 wavedo 2 XZ&EL|CH

B. Yes & SE&LCL

C. File name ZE0| waveeditdo & =35t Save E Z2ISHL|C}
O|X| Waveform & waveeditdo L2 X Z0| ElL|C}

2. Simulation £&3%}1 C}A| Design EE5}7|

A.  Simulate>End Simulation & MESIO Simulation & ZE2L|LCH

B. LC}A| Design 8 RZESI7

fl8 otefel Command & HgL|Ct
vsim —novopt counter
3. Format File &7|
A. View>Wave £ 221510 Wave AL E FLICH
B. File>Load £ MEHSD A OAM MEUIME waveedit.do IS ZEISHL| L}

O[M MM MYAUE Wave LtHO| Wave =0 LIEIH AS
Ct.

ot

ol

et
4>
0
i
-

Exporting the Created Waveforms

YO ME do It format & MTYot= LEHE dHEJU2LE Of7|M= 4742] ot Format SO

—
Hole YHIZ MEots YHS dHEASLTL

1. Created Waveform 2 HDL Test bench I} Format @2 X %t5}7|

A. File>Export>Waveform & MEHSHL|CY



B. Save as 228 VHDL Test bench 22 Verilog Test bench & MEiSHL|C.

= L= "1

C. End Time £&& 1000 2 Y=gtL|Ct.

D. File Name 0= export & Q2350 OK HES gL C}

Figure 8-12. The Export Waveform Dialog Box
x|

Save As
’7(' Force File ¢ EVCDFile € WHDL Testbench * Verilog Testbench

Start Time End Time Time Unit

E 1000 |ns hd
Design Unit Mame

Il'_".D'LJIlt-EI‘

File Mame
lrlexpcrt Browse...

oK | Cancel |

ModelSim/Questa = $A| C|HEZ|0f| exportvhd 222 exportv 2= O|E29Z test
bench TS XZEEHL|CT.

2. VCD Format & MZ&S}7|

o

A. File>Export>Waveform £ ME4SHL|C}

= [ |
B. EVCD File & ME#SIL|CH
C. End Time 0 1000 € @2{stn OK H{ES Z2|3fL|C}.

=

ModelSim/Questa 2 X C|HEZ|0| exportved It X EatL|CE.

Run the Simulation

Created Waveform & A|&tsl] &St Signal 29| Edit 20| Z5tS ™, O|X| Simulation 2

=
TSt S L Ch

1. Design Signal ZF7}3}7|

A. Object | E=20|M count

Wave>Selected Signals £

o M
m
% 3

2. Simulation € SZ%ts6}H7|



A.  ModelSim/Questa 2| Transcript =20 run 1000 & QIsBtL|C}.

Simulation 2 1000 ns 77tX| SA&tstn O Ot 2 ofaflef &Lt

M—
(—

D] |

count & AIHEM 300 ~ 500 ns ALO|Ql clk O] SEMSEX| QAQ7|0f| count 7} =O{L}
A e AS 2 = USULD

3. Simulation £&3}7|

A.  Simulate>End Simulation & MEHSIO Simulation & =S=EgHL|CT.

Simulating with the Test Bench File

O|MEHE= ANM HES ME Test bench Format IS 7tX|1 Simulation & XHSHEE =

SHAlE LIC.

1. Test bench 2 Compile &} Load d}7|
A oM MZERME Test bench File 2 Compile gfL|C}.

Verilog | A% vlog export.v VHDL 2| AL exportvhd & Y= FA|H Compile

ELISS

Compile 0] 2t= %™ Work Library 0f export 2=29| Library 7t 2O &lL|C}.



Figure 8-14. The export Test Bench Compiled into the work Library

Mame Tvpe Path
- wark, Libraty C: ftukarialsverilog/basicSirmulation wark
] courker Module C:kukarialsiverilogbasicSimulation/ counker, v

I |—_'| export Module Cikbutorialsh verilogbasicSimulation)export
ﬂ—m Floatfixib Library $MODEL_TECH/ .. ffloatfixlib
ﬂ—ﬂl mcz_lib Libraty FMODEL_TECH/. . /mcZ_lib
i]—ﬂl ki Libraty FMODEL_TECH/..[awm
ﬂ—ﬂl ki Library $MODEL_TECH/. . fovm-2.0.3

M%“mmmq@wmﬂ watne g
B. Simulation 2 3}7| 8l Transcript /=20 Ot2ie| command & & etL|Ct.
vsim —voptargs="+acc” export
2. Signal Z7tst1 Simulation TS|
A. add wave * £ QIEBtL|LC}.
B. run 1000 & & gtL|LC}.
Simulation Z1t7t ofafe| &t Z+0| 2o FL|Ct.

Figure 8-15. Waves from Newly Created Test Bench
/ave - Default

=0 o W = = = 1= L’
'D...D... 2'ho2 D---D--. 8. 18...

3. Simulation Z=23}7|

A. Simulation & Z23}7| 8l Transcript 2 =20 quit —sim 0|2} §I=4BtL|LC}.

Importing an EVCD File

O|HIEE = oA MEES WE EVCD Format LIS 7FX|11 Simulation 2 S22 SHZ
Lt

1. Counter Design ZE38}11 Signal F7}5}7|



A, Transcript |I=20 Ot2fe] command & & gtL|Ct

vsim —voptargs="+acc+ counter

2. VCD File 22{27]
A, Wave |I=L20|A File>Import EVCD & MEHSHL|CY

B. exportved ItAg HE ZEIgHL|CH

=

—

Created wave X2 ol HmE0| of2fQt Z2t0| H O &lL|Ch

Figure 8-16. EVCD File Loaded in Wave Window

# | Edit: fcounter fck
# . Edit:/counter freset

“me
are

C. Run-All O}0|2& Z2igtLCt

Ol0|2& Zel5lH eved TFANA THESAE 1000 ns 7FX| Simulation O] RIS EIL|LC}

—

m Wave - Default

+) < sim:/counter fcount
# - Edit: fcounter /dk
# . Edit: fcounter freset

LEe
@re




Chapter 9
Debugging With The Schematic Window

Questa 9| Schematic &l=20| A= Design O|AQ] O &X| £3t Output O] RIQS FHI Al

= T T =
H 8 4 e BRINE UES MHE 4 Y& YAES YULL 0 AELUAE VHDL

M

Architectures 2} Verilog Modules 2| process, signal, nets, registers £ &1 & = U&L|C}

= =

Schematic =2+ 27tX|Q| Design View (FuII View, Incremental View) £ X &35t

Full View = Design °| ©™X| Hierarchy 21X & & %= Q&L|Ct Incremental View &

TZ2E FUH2=E #H & £ USLICH Incremental View 0 M= C|XRIo] o|=F & A O[df
I

g & A 54, CARIe RTL 228 =2| AOIE YEiZ BEAIRLCH

Schematic | =29 2=

lime__414

incremental View 2 Design Debugging 0 O|&tA QIL|C}. Incremental View £ O|&23}H X

OIC|AM Signal o Zt0| HBEIA=X| Design o WEE &Y =+ ASLICL

O|tH ME{0| A= Cache Module I} Primary Memory £ ZAZ38t= Design 2 0K 2 A%
Ch. Of| & moj tiet 2= o2 25U Lt

Verilog — <install_dir>/examples/tutorials/verilog/schematic

VHDL - <install_dir>/examples/tutorials/vhdl/schematic

oftH HMEOM U= WE

—
+ g

rlo

8K OjFLo| Schematic Window & HA|H & O NS &

Design Files for this Lesson

o|HH MEO|M= Compile 1} Design Load & Do WtYS 7tX|0 Tldlg Z4L|LCt

1. M2 CHEz|E MHED tutorial file EAts}Y]



ol MEY

i

FIS#st7| 9|3t directory £ BHELLCY.
2|1 tutorial file 2 MZ ZHE CIYEZZ SARgLCh

2. ModelSim/Questa 2 AHE|RQ2™MH Change directory £ O|23t0 1 1HHO| directory
2 0|35}/

A HHEIHO| tHE Ot0|2 =2 vsim command & O|83t0] Questa 2 T3 L|Ct
B. File>change Directory & 0|&3t0] 1H t™HO|A PHE directory & X|™ghL|C|
3. WildcardFilter 874 HZAS}7|

A, Transcript 1220 Of2ft &0 command & = 3fL|Ct

=

set WildcardFilter "Variable Constant Generic Parameter SpecParam Memory
Assertion Endpoint ImmediateAssert”

gto 2 “Cellinternal” 0] X7 /0| debugging 8=
o

2|°] command £ 2 =3s} =
UEE BZHO| EL|Ch

(=]
AOM B E signal 2 =

4 8

rundo IjYL ofzfo| =PES Zl

02-!

StA| &Lt

Work library Bt=7| - vlib work

- Design File Compile 3}7| - vlog or vcom

- Design Optimized &}7| - vopt +acc top -debugdb -o top_opt
- Simulator 0 Design 2E3}7| - vsim -debugdb top_opt

- Wave 21=20f Signal 7t3}7| - add wave /top/p/*

- Design 49| BE Signal € log Of X{&3t7| - log -r /*

- Simulation ZXIg§5}7] - run —all

B. Radix & Symbolic 22 HZAG7|

- Transcript {lE= 20 radix —symbolic 2 {&gtL|LCt.

Exploring Connectivity



0222 Schematic I=2E S3|M Module 1t Architecture 2| £E7 signal, net, register,

process = BHEE & AL

1. Schematic I=2 &7|

A. H50|A View>Schematic & MEHSIAHL} Transcript &1=20| view schematic £ ¢

2BfLCH
Schematic 222+ Incremental View HEjE LEL|LC}
2. Schematic |I=20]| Signal Z=7}5}7|
A, Structure(sim) B10|A| p instance & MEHSIL|CH

B. Object FI=20|AM strb & ME4SIO] Dataflow F =2 =2 ofL|CL

Figure 9-2. A Signal in the Schematic Window
ESchemat’c-DEdet' :

View: Incemental

#INITIAL#69

: /top/p/#INITIAL$#69
e: Process

Iﬂl Wave l __ proc.v l;] Schematic I ﬂﬂ

]

A. strbsignal 2 MEISH £ QEZX OIRAE Z2/510] Expand Net to > Readers £ M

ENS}L|C}.

=]



Figure 9-3. Expand Net to > Readers

View Selection
Zoom

Expand Net To >
Event Traceback L4 Readers
Point To Point Drivédls & Readers f
b - Highlight I ‘1.
[
Wave proc.v I 8| Schematic Add »
!-l------—oll--_- b b H B e L e o .n-F'-FWn.H*‘iAO ..J-—-—JI

orgfel gt Zo| =elgr &= S Ct

= —-= T Md

Figure 9-4. The p Module

] Schematic - Default

Qo] J2loA 2% P Module O|A LI7t= strb Al

e M=o OrAE CHE =taf® OFO[ZO| LIEFLEA ELIC,.
B.

=2= "1

otefel J gt Zo| steE7t LI_E HE2E8S YUt
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Figure 10-6. Wave Window Preferences Dialog Box
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Figure 10-7. The Embedded Wave Viewer
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Figure 10-13. Dataflow Window with Wave Viewer
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Displaying Hierarchy in the Dataflow Window
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Figure 10-16. Displaying Hierarchy in the Dataflow Window
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iz Memory Data - fram_tb/spram 1/mem

Figure 11-4. Verilog Data After Running Simulation
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Figure 11-5. VHDL Data After Running Simulation
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Figure 11-6. Changing the Address Radix
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Figure 11-7. New Address Radix and Line Length (Verilog)

Memary Daka - frarm_tbfsprami fmem S ey ES
0 (o0lo0loo00 ﬂ
1 |00l0lo01
Z |00101010
3 (00101011
4 (00101100
5 |00l01101
& (00101110
7 |00101111
(=] o1 1 annn
K 2 KN | hd
I B Memary ...spraml,l'mem] B Memary ...spramzfmem l |h] ram_tl:u.vl ﬂ_?-l

F|gure 11 8 New Address Radix and Line Length (VHDL)

[ = I B S R R S S
=
=

N 2~

I E Mermary ...spraml,l'mem] E Mermory: ...spramzfmeml |-_r| ram_tb.whd -€| >|




Memory =2& Soi Memory LIES E& A=EW OtL2t £ HO[H2| TiEO|Lt

3.

A DIRA Q2% HEZ Z2s0] Goto MEdBL|CL
B. ofzfel 2zlut ZHo| 30 & YStL|Ct.

Figure 11-9. Goto Dialog Box

Goto: Memory il

— Goto Address

|30

ok I Cancel

Figure 11-10. Editing the Address Directly

= b
a3

Memaory Data - fram_th/spram 1fmem

30 01000110
31 |o1000111
32 |o1o01000
33 |o1loo0lo01
34 |o1001010
35 |o1001011
36 (01001100
37 |o1lo01101
100 01001110

LEGGEEER ]

o ]| JaRa

Ll

I B Memary ...spramlfmem] & Memary ...spram2/mem l @ ram_th.v I

C. 2T 100 HX|O| shYst= FL2 0l5S YLICH

HOlH mES 08t &7




A DR~ Q2T HEZ 22510 Find B MEYBILITE

B. ofz2iel O &2|™ Verilog o A< 11111010 &, VHDL 9| Z2% 250 2 =g}
1 Find Next £ 28&/gfL|C}

-
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Figure 11-14. Initialized Memory from File and Fill Pattern
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Figure 11-17. Changing Memory Content for a Range of Addresses**OK
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Figure 11- 19 Changlng Memory Contents by nghllghtlng
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Chapter 12
Analyzing Performance With The Profiler
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Figure 12-1. Sampling Reported in the Transcript
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A. View>Profiling>Design Unit Profile & EiTtL|C}.
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Chapter 13
Simulating With Code Coverage
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Figure 13-1. Code Coverage Windows
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Table 13-1. Code Coverage Icons

Icon | Description/Indication

"p All statements. branches. conditions, or expressions on a
particular line have been executed

)( Multiple kinds of coverage on the line were not executed

)( True branch not executed (BC column)
T

){ False branch not executed (BC column)
F

){ Condition not executed (Hits column)
C

){ Expression not executed (Hits column)
E

){ Branch not executed (Hits column)
E

X Statement not executed (Hits column)
S

Indicates a line of code to which active coverage exclusions
g have been applied. Every item on the line is excluded: none

are hit.
E Some excluded items are hit
E Some items are excluded. and all items not excluded are hit
E Some items are excluded. and some items not excluded
have missing coverage
E Auto exclusions have been applied to this line. Hover the
i

cursor over the E 5 and a tool tip balloon appears with the
reason for exclusion,

Figure 13-2. Analysis Toolbar
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Figure 13-4. Code Coverage Columns in the Structure (sim) Window
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Figure 13-6. Right-click a Column Heading to Show Column List
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A. ©X Analysis Window O Al Coverage Type 2 Toggle £ #HZTL|Ct
B. View>Coverage>Details & ME{B}L|C}.
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Figure 13-8. Coverage Details Window Undocked
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Coverage Statistics in the Source Window
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Figure 13-10. Coverage Statistics in the Source Window
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Figure 13-11. Coverage Numbers Shown by Hovering the Mouse Pointer
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Figure 13-12. Toggle Coverage in the Objects Window
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Figure 13-13. Excluding a File Using GUI Menus
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+  Specified source file

Figure 13-14. Coverage Text Report Dialog Box
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Figure 13-15. Coverage HTML Report Dialog Box
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Chapter 14
Debugging With PSL Assertions
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V. Simulation ZIgH
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Figure 14-1. Transcript After Running Simulation Without Assertions
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Figure 14-2. Assertions Window Displays PSL Assertions
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Figure 14-3. Configure Assertions Dialog Box
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assertion action -cond fail -exec break -r *
assertion pass -log on -r *
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Figure 14-8. The Failed Assertion Details for VHDL Design
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Figure 14-12. Dataflow Options Dialog Box
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Chapter 15
SystemVerilog Assertions and
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Figure 15-4. First Simulation Stops at Error
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B. Shift 7|& +& Xl /top/dut/fifo/assert_ram_read_check_10 & ME#SIL|C}. /top/dut/fifo
Of #HE 2= assertion S ES{OF SL|CH(IIZMO2 HA|)
C. Add>To Wave>Selected Objects & MEHSIL|Ct. MEHEl Assertion O] Wave Window Of

o4

LtEHEF L EF

Figure 15-6. Assertions in Wave Window

Interleave DUT
assert__push_mutex_check
assert__ram_write_check
assert__ram_write_check__1
assert__ram_write_check 2
assert__ram_write_check__ 3
assert__ram_write_check__4




Debugging with Assertions

AE0|ME MBI T Assertion failure S C|H 2Bt}

1. Assertion failure tracking 2 =43} Sl A|Z50|M Al
A. Transcript Window O A run —all & Q&gHL|Ct.
B. AlZ20]80] SXI=H run0 & YHLHCH

run 0 H&EO{= assertion failure action 0| break 7t M™E|0| Q= AL massage &
E=3H5t=0| AF2SLICE "Break” = active event queue 0 2ASHLICE Assertion
| -

massage = observed region 0ff scheduled &|0{ Q& L|LCt Observed region 2 L+
time step L|C} run 0 2 time step 22 0|5 TtL|LC}
2. Transcript window & £3%t output =0I5}7|.

=

Assertion failure massage 7} failing expression 2 XM&dtle A2 & = YSL|CH

—assertdebug £ vsim 1t &l AL83St= B2 O] 7|58 A8 & = USUCH dl HEE
assert.do ItQ| /U&L|LCL.)

# #* MESSAGE: interleaver_score.svh(29) @ 198090: env.scoreboard [Upstream Packet Re =

ceived by Scoreboard] b8 183330 192090 :

# ** MESSAGE: interleaver stimulus.svh(37) @ 198110: env.stimulus [Stimulus Generato

r sending packet to Driver] 184

# ** Note: Requesting simulation sStop on assertion event

= Time: 198130 ns Scope: top.dut.fifo File: fifo shift_ram.v Line: 44

# Simulation 3-:2 ‘_"—"_‘[J—"S ad.

VSIM8> run 0

# ** Error: Assertion error.

& Time: 198130 ns Started: 198110 ns Scope: top.dut.fifo File: fifo shift ram.v |

Line: 44 Expr: waddr[11]«<=1722 j
b

3. Assertion Window £ &3} assertion failure =tQI5}7].

A3 assertion 2 SO|2I0|E 2F 1" 2 & = /Y2 M, Verilog C|XQ19| assertion Failure
SH

count £ = S =2 & + UAFLICL



Figure 15-8. Assertions Tab Shows Failure Count

Assertion Type |Langua Enable |Failure Count |F!
+-A /ftop/dut/fifofassert_ ram_write_check_ 8 Concurrent SVA on 0 f
+ ‘ [topfdut/fifo/assert__ram_write_check_ 9 Concurrent SVA on 0
/top/dut/fifo/assert ram write check... Concurrent SVA on 1
+ ftop/dut/fifofassert_ ram_read_check Concurrent SVA on 0
+-A /jtop/dut/fifofassert__ram_read_chedk_ 1 Concurrent SVA on o 1
+-A ftopfdut/fifofassert__ram_read_check_ 2 Concurrent SVA on 0 J
et L. (el it ey s shask o LU RS P bl B A o o i
4. fifo_shift_ram_propss.v &2 AEE ZQISHL|CH

fifo_shift ramv £ QI8 2™ 44 H Z2}QI0|| assertion failed = E2 S mf2tAH 3}

drEZ Jte[L o

Figure 15-9. Simulation Stopped at Blue Pointer

. C:fTukorial/examples /tukorialsfsystemverilogfvliog_dut)fifo_shirt_ram.v {ftop/dut/fifo) - Default

Ln# | ¢ B How ¥

40 assert property (ram write_check (push[&6], wadde[7], 1l1'dedd, 11'd758)); 4
41 assert property (ram write check(push[7], waddr[S], 11'd763, 11'd903));
4z assert property (ram write check(push[5], wadde[2], 11'dloz24, 11'd4l176))
43 assert property (ram write check(push([9], waddr[l0], 11'dl280, 11'dl449))
44 =p Iassert property (ram write check (push[10], waddr[11], 11'dl536, 11'dl7z2z))
45

i L Ttk Sty B A e Y- it (ol i A\ et e v . e Al A e PP . e i

parameterized property 7} M1 = 29 & line 2 E A|ZtstL|C}.
A. fifo_shift_ram.v O A property 7} M=l 298 giolo=z O|s¢etL|Ct.

Figure 15-10. Assertion Property Definition

29 propercy ram write check (we, waddr, lorange, hirange):

30 fipozedge clk) we |-» ((addra == waddr && waddr »>= lorange && waddr <= hirange
31 ('we && waddr »>= lorange s& waddr <= hirange));

32 endproperty

B i S i el b il i e - Wi b b b ol I i g it b
Property & E & (push[10]) 2 #2 F7|0f assert &= AS & + UASHCH

® Ram address bus = level 11(waddr[11]) Of CHst write address bus 2F Z O}
O et

® 2|1 waddr[11] € 1536 ~ 1722 =] Ljof| Qlojof gtL|LCt.
LS 7| Y4t

® we = assert £ &X| USL|CH



® 2|1 waddr[ll] 9| CtZ 42 1536 ~ 1722 HQ| L{of| QLo{of &hL|Ct.
5. Assertion failure & E2{H Wave window £ MEHS}Y|.
A. Wave Window Of|A] Edit>Find & MEHKS}IO] search bar & & 4= A&SL|LC}

B. Search bar 0| A| Search for>Value & MEHTFL|CE

Figure 15-11. Search For Value

@ | L[]} searchFor v |
\ Asserions | gm Wave Ix Cover Dire _Name E

v Value

_______ A

C. Search bar text entry box 0 fail 2 ®=gtL|Ct

=

74 AH
(= |

rlo

AFEAL (B2 2 A[XE|D, “FAIL" 2{O| StO|2tO|E= LIEHEL|C

Waveform Of A #7HAM AZESIO assertion failure & LIEFRHLICY

Figure 15-12. Inverted Red Triangle Indicates Assertion Failure

B4 assert__ram_write_check_ 7  |INACTIVE

B/ assert_ram_write_check_ 8  |INACTIVE

4 assert_ram_write_check__ 9  |[INACTIVE

+ & assert__ram_write_check__10

B4 assert_ram_read_check START

B/ assert_ram_read_check_ 1 INACTIVE
. accark  ram read check 2 TRACTTVE

® Assertion O] EMBIE|H =710 SAH0| LIEILIE, H| EA5IQ1 Z L IfztAH
Of LtEFELICE

® Assertion thread A|ZtS IiZHM AlZtS O 2 LIEFEL|CE

[ o

® A AZISO assertion pass & LEEHEL|CE vsim @EO{QF THH -
assertdebug SM S AF2SIH pass 7} HEA|E L|C}(assert.do TS RxSHA

o EUCH)
D. Wave window £ Zoon in 3}0] assert_ram_write_ check 10 2 20l & [+] € 2 =

= - T
gk
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E. addra 2f waddr A2 E MEi ot 5, QE 7} L}EILE=
A

o, &% Hw0A Radix>Unsigned &

Figure 15-13. Setting the Radix

l [top/dut/fifo/push[10]
+ Jtop/dut/fifo/waddr[11]
+ & [top/dut/fifo/addra
[3-A ActiveCount

ftop/dutffifo/assert__rai
ftop/dut/fifo/assert__rai

I

>
Format Swabiolc A
ind: | 88, fai @ || Combine Sgnaks... Binary
—l! r— gWave [ Group... Octal
: Ungroup Dedmal
Force... Hex:
Clodc.oe A
S Time
Properties... Fixed Point...
Default
Numeric Enums
Symbolic Enums

waddr[11] Zt2 address HQIE HO{L} 172322 ZIISLICE HE BIO{L} failing
expression =l A2 transcript window 0f assertion violation Of C{et Lj&£0] E0{ &L
C}.

6. Dataflow window & E8|| MSE HAALSEH?|.

* waddr[11] 11'd1723
+ w addra
-4 ActiveCount
14 assert_ram_read_check

B. waddr[1l] AMSE MEHSE & Add>To Dataflow>Selected Items & MEHSHL|LC}.

2 MEHEl MBI} Dataflow Window Of & &!L|C}.



waddr[11l] XS = S}O|2}0|EEZ2 HE O K|, ALWAYS Procedure 2202 2 %= Q&L|CH

Figure 15-15. The waddrl11 Signal in the Dataflow Window

w - Default

11h11h
r

h11h6bb =

I_a_
o
=

FLICH O2{™ fifo_shift_ram.v o A
Z BAZLC

i/ Tukorial) ialsfsyskermverilogfviog_dutffifo_shift_ram.v (ftop/dutififo) - Defa
Ln# | ¢ B How |k
132 mp Ialways B{posedge clk or negedge reset_n) :l
133 if ['reset n)
134 [ begin
135 waddr[1] <= 11'd0;
136 wadde[2] <= 11'd64;
137 wadde[3] <= 11'dl2s;
1386 waddr[4] <= 11'dZ56; .
139 waddr[5] «= 11'd3G4; _|
140 waddr[6] <= 11'd51Z;
141 waddr[7] <= 11'd640;
142 wadde[&] <= 11'd768; i
143 wadde[9] <= 11'dl024;
144 waddr[10] <= 11'dlZ80;
145 waddr[11] <= 11'd1536;
146 o end -
- | o
waddr[11l] & 2™ 11'1722 Al 11'1724 2 oY= A QA& L|LCH O|Z0|

ool el

L|ct.



Figure 15-17. Source Code for waddr[11]

defaule:
if (BUG == 0)
if (waddr[1ll] == 11'dl1722)
waddr[11] <= 11'dl536;
else
waddr([11] <= waddr[11] + 11'dl:
elze
if (waddr[1ll] == 11'dl724)
waddr[11] <= 11'dl536;

else
waddr[11] <= waddr[11] + 11'dl:
endcase
TP PSR bt R y R N

7. AEY0|M ZEG}7|.

A. Command 0f quit-sim & {&gL|C}

Exploring Functional Coverage

SystemVerilog 2| functional coverage 7|58 At3IH X 20| BH=E C|XQ19] functional

level & &l & %= AELCH

1. LCtA| interleaver 2E3}7|.
A. Command 0f do fcovdo & Y=TfL|LCt

Interleaver = interleaver E|= Q& Ti7lo| &2 ZAXNSIY| 98 80 22 MNE
parameter(PKT_GEN_NUM) & At&%tL|LCt. Scoreboard = 80 72| m{Zl0| stimulus
generate @t driver & HZ3 10 test controller £ interleaver E|QUCt L FLICL AlE
20| =@t coverage collector = O{2{7}X|2 ™& =l 2+ m{Zl0f| CHBt several metrics

@t interleaver Of CH$t output & 7|=&HLIC}E up_cvg o] AATFEE ZHOISHL|CE



Figure 15-18. Covergroup Code

.I:j,llil'ltE'.l'|E!-E|'-.-'E!r 4 _J:uh] linkerleayver _Ccover! ‘interleaver cover  1a#up © q#l

nd | |'|j' B Now |}
15 | /7 Upatream packet covergroup _:J
19 = COVErgroup up_cwvg;

20 option.auto_bin max = 256;

Zl coverpoint upcov_data;

22 = COVErpoint upcov_sync |

23 bins aync [] =4 71, 184 }:

24 bins illegal = default; I
25 m |}

26 = coverpoint up delay {

27 bins short [] = {[0:4]1}:

28 binzs shiZmed [] = {[5:9]}:
29 bins mdZlng [] = {[l0:14]};
30 bins long [1 = f[15:19]};
31 bins vrylng = default;

éz - ¥
33 endgroup -
| | b

D L|E{2 upstream transaction & capture &}0{ transaction Of H{Z& = WEE

covergroup Of 7|&&tL|Ct. Transaction 2 packet payload data, sync byte, ZtZt9| data
payload 9| H|O|H ™& AlZtE ZatgtL|Ct

SystemVerilog £ LRM 0 9|8} H2|8}0] TH= auto bins O] 7|2HS = (64)2ZHEH Zt
Zto| O|O|H ZtE MM3t7| {3 option.auto_bin_max = 256 & X|™@&tL|C}. Sync byte
42 71 1t 184 0|0, 8'h47 1} 8'hb8 {IL|LC}.

run 0

AlE8o|M0| MSHE Wh7}X| covergrou

p 2 EAZX| HEUCE O] EA= thedl
covergroup & Q| covergroup 2 & = USLICH

Covergroups Window(View>Coverage>Covergroups) 0| A /top/dut/
2l5to] st O8{™ interleave state machine & ZL|E 3}

sm_transitions_cvg 2F sm_cvg & #2 = USLICH

-i)i "J|ﬂJ
= J
fot

ro

Figure 15-19. Covergroup Bins



Coverage  |Goal  |% of Goal |Status Included
j—# Jtopidut/fifo
+ ol TYPE ram_cvq 0.0% 100 0.0 4
_:|—# Jtop/dut
-+ gl TYPE sm_transitions_cvg 0.0% 100 0.0 ]
++ 8 C¥P sm_transitions_cvg:tink_state... 0.0% 100 0.0% 0 1+
++- gl THST \frop/dutfsm_cwg_cl 0.0% 100 0.0% L ]+
= gl TYPE sm_cvg 0.0% 100 0.0 1+
[+ CW¥P sm_cva::int_state 0.0% 100 0.0% T 14
-3 CYP sm_cva:in_hs 0.0% 100 0.0% I:l-f
8 C¥P sm_cvg::out_hs 0.0% 100 N R
++  CROSS sm_cvg:in_hskint_state 0.0% 100 0.0% L 1+
) Il CROSS sm_cvag::out_hsXint_state 0.0% 100 0.0% 1
+- gl IHST \ftop/dutfsm_cvg_c2 0.0% 100 0.0 1

< | |

sm_cvg record = state machine O] HICHZ =4l HO|HE 2to} HAESH AME[Of| M
output H|O|HE S2tSEHA{, sm_transitions_cvg 2| state machine transition & 7| &%
L Ct.

sm_cvg covergroup o AA ALEE OIS E A S L CT.

Figure 15-20. Covergroup sm_svg

. Jtarial/examples/tutorials { ;
Ln# [1¢] B How [+ »

9z covergroup sm_cvy B{posedge pins.clk): :I
93 coverpoint int state;
94 = coverpoint in _hs {
a5 binz walid = {1};
96 ffignore_bins inwvalid = default;
a7 ool J
98 B coverpoint out hs |
g9 bins walid = {1};
100 Jiignore bins invalid = default:
101 u 1
1oz in_hs¥int state: cross int _state, in hs;
103 out_hs¥int state: cross int_state, out_hs;
104 option.at_least = 500;
105 option.comment = "covered 1it7;
106
107 endgroup -
4] | b

in_hs M@t out_hs Mz = AND AL O|8l| in_acpt 2F in_rdy, out_acpt 2 out_rdy
2 22} derive EL|Ct. idle, load_bypass & [ff, = 10 79| state & S}Lt2| load
state & [f in_acpt £ assert 6}, send_bypass Lt 10 7§ state & SILIE =2 O

oup_rdy £ assert BtL|LC}.

State machine 2 idle, load_bypass L= 10 79| state & oIL}Ql AL in_hs £ assert
otL|Ct. load_bypass 7L} 10 7liQ| state & SILIE EHLHH OFXIIX|E out_hs £ assert

—

StL|Ct. in_hs 2} int_state, 12|11 out_hs 2} ini_state & Crossing 0 S22 =0l &

=
+ gt



int_state 2| coverpoint 2} sm_cvg 2| covergroup 2E bin 2 &

w2 EHE state 2| Of

Ct. bin

== 2oL

Figure 15-21. Bins for the sm_cvg Covergroup

4.

ram_cvg covergroup Of| A /top/dut/fifo

S o3 QABAZ EHS

TYPE sm_cvg &

QIAEA

A. Covergroup 2tof !

Ol A view source

rr i

o 0|52 Otea o2

.
AN -
£ Z225l0f TYPE ram_cvg O] AA

22310] g%

E S
==
o 4 UHLICLANST 2 X[F)

= WEOo=Z 223lL,
AcE 2 £ Uzt

= Covergroups H
Name Coverage |Goal |% of Goal |Status  |Induded |M}
——‘ [topfdutffifo
_rj TYPE ram_cvg 0.0% 100 0.0% v
[top/fdut

TYPE sm_transitions_cvg 0.0% 100 0.0% 1
il CVPsm_transitions_cvg:iint_state 0.0% 100 0.0% v
'+ @l INST \/top/dutfsm_cvg_cl 0.0% 100 E'.l:l‘!-’nI:lf

®- | TYPE sm_cvg 0.0% 100 0.0% I
B COVPsm_cvg:int_state 0.0% 100 0.0%C v
il VP sm_cvg::in_hs 0.0% 100 0.0% 01
B CVPsm_cvg::out_hs 0.0% 100 0.0%___ly
il CROSS sm_cvg:iin_hs 0.0% 100  0.0% v
i CROSS sm_cvg::out_hsXint_state 0.0% 100 ﬂ.U%I:l{
=+ 3l INST \top/dut/sm_cvg_ 2 0.0% 100 0.0%___1v
-4 CVPint_state 0.0% 100 0.0%0 1y
E] bin auto[idle] 0 500 E'.lJ‘!-’nI:f
—B] bin auto[send_bypass] 0 500 0.0%C____ 1
—B] bin auto[load0] 0 500 0.0%C____1
B] bin auto[sendd] 0 500 0%l
] bin autoload1] 0 500 0.0%L___1v
—B] bin auto[send1] 0 500 LS —
B] bin auto[load2] 0 500 0.0% 01
—B] bin auto[send2] 0 500 0.0% 1
—B] bin auto[load3] 0 500 0.0%C____1
B] bin auto[send3] 0 500 0%l
] bin auto[load4] 0 500 0.0%L___1v
—B] bin auto[send4] 0 500 LS —

E] bigauto[loads] 0 500 0.0%HE L

okL| L} Covergroup 9|



Figure 15-22. Viewing the Source Code for a Covergroup

=" Covergroups

~|Coverage |Goal |% of Goal|Status  |Induded |M
=
B TIPEram_cvg LOs 0

ol CVPram_cvg::add_cp Report... = 20 0.0% 1
il CVPram_cva:iwe_cp 100 0.0%l— 1
+- 4 INST ViUPdeta‘ﬁfﬂﬂ'am_CVgl Hide Covergroup Instances » § 100  0.0% I
+ 4 INST \ftop/dut/fifofram_cvg2 - 100 0.0% 1
4 @l INST \ftop/dut/fifojram_cvg3 ~  Use CrossPrintiissing 100 0.0% 1y
+ g INST \ftop/dut/fifojram_cvgs ¥ Show Zero Weight Objects 100 0.0%__Jv
+ gl INST \ftop/dut/fifo/ram_cvg5s Test Analvsis . 100 0.0% 1

+ 3l INST \ftop/dut/fifofram_cvo6 ' 100 o.0%_____1]
i+ i INST \top/dut/fifojram_cvg7 :;::rrmt it o) w0 oom |:|:;
+ 8 INST \ftop/dut/fifofram_cvgs 100 0.0% 1
+ gl INST \ftop/dut/ffifofram_cvg9 0.0% 01
. 0.0%I

=

fifo_shift_ramv o] ZEE =0I5}7| 2|8l source window & ¢ L|C}

Figure 15-23. Source Code for ram_cvg Covergroup

. Tukorialiexamples/tutorial stemvetilonviog_dutififo_shift_ram.y (ftop/dut/fifo) - Defaul === (5 E E3

Ln# J T B Now [+ ¥
65 mp l:awergroup ram_cwy (int idx, add_low, add_high) @iposedge clk);: =
€9 option.per_instance = 1;

70 = /foption.goal = 10;

71 [Ut //Option.cross_num print missing = 1;

72 = we_cp: cowverpoint pushfidx-1] {

73 option.goal = 10; |
74 bins wvalid = 1 }:

75 ignore _bins inwal = 03}

76 }

17 I

78 Bl  add_cp: coverpoint waddr[idx] {

79 option.goal = 20;

g0 type_option.goal = 20;

gl bins walid_addr [] = {[add_low:add_hidgh]}:
82 I }

-] waddrxpush: cross add_cp, we_cp:’

84 endgroup -
<| | 3

Interleaver level 2 2t g0 CHSE HIo] RAM FA HQ|9F Bt RAM 2 A5
THE|7| I 20, covergroup OBt 83 address XS 41 QY=X| =QIstL|C}

StLEO| Covergroup O] e A2 =0l g = JAX|D, constructor Of MG g [If CHE

o2 AdE|l= 11749 covergroup instance 7t Q&L L.

[tot

Figure 15-24. Covergroup Instances for ram_cvg



Ln# | T B 1o [
85 a
86 ram cvg ram cvgl = new(l,0,16);
a7 ram_cvg ram_cvgZ = new(Z,64,57);
Ga ram cvg ram cvgd = new(3,l28,178);
g9 ram_cvg ram_cvgd = new(d,256,323)
an ram_covyg ram_cvgs = new(5,384,468);
a9l ram cvg ram cvgeé = new(6,512,613); —
9z ram_cvg ram_cvg? = new(7,640,758);
93 ram Ccvg ram cvygd = new(d,7e5,903);
Qg ram_cvg ram_cvg?9 = new(9,1024,1176)
a5 ram _cvyg ram_cvgld = new(l0,1280,1449);
=1 ram covyg ram cvgll = new(ll,1536,1722);
L‘l-:‘ e o ae i e g Bl Gy i g Al s S i i e

covergroup O option.per_instance = 1 20| Z&E|0 U7| 20 AZ2O0|E= M
constructor Off ®& & T CtELD Zp QIAEA0| Of

c}.

el
nE
|.|-|
lo
0
(@]
<
o)
Q
(@]
c
©
mjo
2
jn
-

TYPE ram_cvg 9| covergroup 2 7i|¥ covergroup instance 9| B2 & 7f9| X3+ QIL|Ct.
=

5. Cover Directives window & @11 cover directive 0] C{St AARE H7|.

A. View>coverage>cover Directives & MEHSIO], Cover Directives window £ ¢ L|LC}.

Cover Directives tab 0| = 3}LI2| cover directive 7} ZatE|| QA& L|CF

Figure 15-25. Cover Directive for the Interleaver Design

. Cover Directives
Name Language |Enabled |Log |Count Limit | Weight
A ftop/dutfcover__s_interleave_sm SVA v 0 1 Unlim...

B. Cover directive & QEZ 0OIRA HEOSOZ ZEI5t10 View Source & MEHGHL|LCE.
=
—

= —
Cover directive interleaver state machine transition tracking 2 E &L



Figure 15-26. Source Code for the Cover Directive

.| [Tutarialfexamples tutarials/systemverilogfvion_dutfinterleaver.sv (ftopduk) - Default
Lng | 1€ @ Now [#|P
72 I
73 W l::-vet property (s_interleave_sm);
74
75 - covergroup sm transitions cvg [{posedge pins.clk);
76 coverpolnt int state | _I
77 = binz idle st = (idle => send bypass[->1] =» load0[->1] => send0[->1] =>
78 loadl[->=1] = szendl[->1] = loadZ[->1] => send2[->1] =>
74 load3[->1] => send3[->1] => loadd[->1] => send4[->1] =>
a0 loadS[->1] =# send5[->1] => load6[->1] => send6[->1] =>
gl load7[->1] => send7[->1] => loadS8[->1] => sendS[->1] =>
g2 o load9[->1] =» send9[->1] =»> loadld[-»>1] => sendlO[->1]):
B3 © bins bypass_st = (load_bypass => send bypass[->1] => load0[->1] => sendC
g4 loadl[->=1] =+ sendl[->1] => load2[->=1] => send2[->1] =>
85 load3[->1] =+ send3[->1] => load4[->1] => sendd[->1] =>
g6 loadS[->1] =% send5[->1] == loado[->1] => sendé6[->1] =>
etk s o h s et DAL= =2 SengdTonl Leg loadBoal]) = o SeRdfl o]l s,

System Verilog CIXFQI0) SR% 322 27ket7| Sfef of2] 7Hx| ¥@e MIeHLch
Wave Window Of directive 7} hit S = 7|52 H3ELICt Covergroup O]
OMIET} MEE|= HMEst A|ZHS HESIK|= UX|OH UHM oz [o|H S Zos}
=0 &M O LTt SystemVerilog 9| coverage 7| 0| 25 covergroup 2| oriented
value HIO|HE MEYSI= Al7|E ZAHSH7| Rl cover directive & A|ZHH HEE 0]

o
ot ZEet =g MSLth
6. Wave Window Z cover directive & F7} gL|C}

A. Cover Directives Window Z ZO0}7tA /top/dut/cover_s_interleave_sm & MEHSI
oA QEZ HEZ ZF&LCt. O2|1d Add Wave>Selected Functional Coverage
2 Mestuch

=1
7. AMEYOo|ME MMt functional coverage HEH7|.

A. Cover Directive 7} 7|E2Z £ AEZZE WildcardFilter & HZA4stL|CL. Command Q&

=
Sl “Cover” & 7|= EHIZO ZSHA| HsLIth

set WildcardFilter "Variable Constant Generic Parameter SpecParam Memory
Assertion Endpoint Cellinternal ImmediateAssert"

B. Transcript Window Of run —all & Q2{atL|C}t. “TEST PASSRED" M A|X| 7} L& [H77HX]|

C|XtQls AMBtL|C Transcript window Of scoreboard ™E7F HEA|E L|CE

Figure 15-27. Scoreboard Information in the Transcript



UPSTREAM MONITOR AF PORI WRITE ID= 0 SYNC=b& STARI=
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** Note: $finish : top.av(25)
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Figure 15-28. Covergroup Coverage in the Cover Groups Window

* Covergroups

Name 7 |Coverage |Goal |% of Goal |Status cude,

=4 [top/dut/fifo
[ TYPEram_cvg 100.0% 100 100.0%
;l—# [top/dut
- gl TYPE sm_transitions_cvg 100.0% 100 100.0% I
+ 3 INST \ftop/dut/sm_cvg_c1 100.0% 100 100.0% NN
—‘ CVP sm_transitions_cvag::int_state 100.0%: 100 100.0“/»_
=+ 4 TYPEsm_cvg 100 v
+ 3 INST \ftopfdut/sm_cvg_c2 100 |
| ©VPsm_cva:iout_hs 100.0% 100 100.0% I
—‘ CVP sm_cvg::int_state 92.3% 100 92.3‘%_]{
= CVPsm_cvg::in_hs 100.0% 100  100.0% INEEEGN
s CROSS sm_cvg::out_hsXint_state 96.1% 100 %.tv,ﬁ
@l CROSS sm_cvg::in_hsXint_state 46.1% 100 46.1% 1
= # finterleaver_svc_pkag/interleaver_cover finterleaver_cover__ 1
= 3l TYPEup_cvg 98.3% 100 93.3% NN
+F g INST \finterleaver_svc_pkg::interleaver_cover:interl,., 28.3% 100 93.3% N "
+ 3 CVPup_cvg::upcov_sync 100.0% 100 100 C“"u_/
+ 4 CVPup_cvg::upcov_data 100.0% 100 100.0% I
=}l CVPup_cvg::up_delay 950% 100  95.0% I "
B] default bin vrying 89 - . v
B] bin short[4] 1395 1 100.0% N
- B) bin short[3] 2235 1 100.0% NN
g] bin short[2] 3880 1 100.0% _‘/
- B] bin short[1] 6386 1 100.0% [
H-B] bin short[0] 0 1  0.0%L__]
'B| bin shzmed][3] 231 1 100.0% DN
] binghomedls oy oy

9K 22 covergroup 9| sm_trasitions_cvg £ ZASHA EMH 1461 H interleaver state
o

transition = A& & = USLCL(dle loop & O 86, bypass loop & If 1375 H)
D. Cover Directives Tab €7|.

Cover directive count & £ ™ 1461 H transition 0] =l Z{& =9l & #= Q&L|CH

& Cover Directives

Name

A jtopfdutjcover __s_interleave_sm

8. Wave Window Oj|A] Temporal to count Mode HZA3}7|.

A & HR] directive £ MEISH & QEZ OI2A HEZ 28510 View>Cover
Directives>Count mode & ME{BHL|CH



Figure 15-30. Changing the Cover Directive View to Count View
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Figure 15-31. First Temporal and Count Mode Views of Cover Directive
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Figure 15-32. Second Temporal and Count Mode Views of Cover Directive
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Creating Functional Coverage Reports

SHHMeE GULI 22 command & E9f functional coverage report £ MM ot = QUEL|C}
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A. Coverage Directives Window O QEZ ORAE Z2/5610] Report & MEHTILICE O
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Figure 15-33. Functional Coverage Report Dialog Box
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Figure 15-34. The Functional Coverage Report
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type_option.weight=1
type_option.goal=100
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type_option.goal=100
type_option.comment=

bin idle st g 1 Covered
bin bypass_st 1375 1 Covered
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type option.weight=1

type_option.goal=100

type_option.comment=

type_option.strobe=0
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missing/total binsa: 2 26

=]
4| | -
L E|

fcover_report. txt

tL St Tools>Coverage>Report M|FE MEHSIO], textual, html, exclusion coverage report

T
o
\

O
=

i

Ofm

=

oht

23fLct



Chapter 16
Using the SystemVerilog DPI

Ol ME{0|M= SystemVerilog £ Direct Programming Interface(DPI) £ AF23}0] AA 5t= 7|
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U™ O 2 Verilog Simulation 1t QIE{H 0| AS 3l=0 AF23l= foreign language = C 2 %t
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<install_dir>/examples/tutorials/systemverilog/dpi_basic
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Examine the Source Files
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Figure 16-1. Source Code for Module test.sv

module test ()

2
3 typedef enum {RED, GREEN, YELLOW} traffic_signal;
4
E traffic_signal light;
6
7 function wvoid sv_GreenLight ();
8 begin
g light = GREEN;
10 end
11 endfunction
12
13 function wveoid sv_YellowLight () ;
14 begin
15 light = ¥YELLOW;
16 end
17 endfunction
18
19 function wvoid sv_RedLight () ;
20 begin
21 light = RED;
22 end
23 endfunction
24
25 task sv_WaitForRed ();
26 begin
27 #10;
28 end
29 endtask
30

11l export "DPI-C" function sv_YellowLight;
12 export "DPI-C" function sv_RedLight;
13 export "DPI-C" task sv_WaitForRed;

15 import "DPI-C" context task c_CarWaiting () ;

37 initial

18 begin

319 #10 sv_GreenLight;
40 #10 c_CarWaiting;
41 #10 sv_GreenLight;
42 end

44 endmodule
Line 1 — test 2t= top-level module & ARSI &2

AlZgojds Tl & AYLCch

rin

Line 3 - GlOJE| Zt WZHM, =M L2HM2 BB trafficsignal Ozt A28 COjE 8

g Motgch

= [ =

Line 5 — M2 traffic_signal Et2/9| object & MQst1, O|EF light £ eHL|Ct.

Line 7-11 — 2|& Z}0| @l= sv_GreenlLight 2t= Verilog Functional & 9| $fL|Ct. Chad| =
M ZIoZ light & MH™TLCt &AL E function 0|20 sv. & 0| MFAIZ £ C 9

Functions @} SystemVerilog 9| tasks/functions & THgtL|C}.
Line 13-17 — sv_YellowLight 2t= function & Moslg, 2O Z light & B ATHL|CT.

Line 19-23 — sv_RedLight 2}&= function & M1}

2

, W7o 2 light & HZFLITE.



Line 25-29 — Verilog Task QI sv_WaitForRed = Eth&=3| 10 ns Delay @tL|LC}.

Line 31-33 — O| 2}2I2 Verilog code 2 HEO|X| &EL|CL. H JtX| F7 HEE 74X, “export”

7|1 EZ A|ESILICE O] 222 export MARZAL|LCE Verilog Compiler & 2|7| I3t 7|2

HAUE2 EET YAz XNald ‘_*'87f AELICL DPI o B2 £t M= X[ZE task
L= function O foreign language 2 E8 st 0|£0| Z7t0| HiX|E|0{0F EAIY = Y= AE
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5t= 4L, Verilog Code(Z Verilog ZE FHo=z MINE SAHOE 7HF
0| 2tRI0| A GreenLight function & # £ 7tX|Q| AM&=E g2HL|C}

Line 35 — Import declaration 2 Verilog World £ foreign(c) world 2| ZEE S0 At
gt

0] AL C world O A{ c_CarWaiting O|2t= O|29| task £ 7}M-SL|Ct.(task/function O| EHAHSt
QAXE =X & 4 QEE C_ HEAE *1) 0|HL =93 JHEQL|Ct BHQE foreign
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2z O o247} EAIELC

Line 37-42 — A|E2{0|ME A&t light H3l AILIE|RE Eoff &2 X7 S|
J|=xo2 light AIZHS RED out S 7|2O2 &0, light type MO|7} A T ZtRALICH Al
HO|M0| AlZtE|™, 10 ns & 7|Ct2l & sv_Grrenlight 7|52 Edf sAo 2 light & BHAEL
Ct. Verilog world Of| A 2H4810{, sv_GreenLight function & export & Z Q7 §l&L|Ct. Foreign
world = O}R AL Al X| U&L|LC]

e
]

CtE22Z 10 ns & 7|CtEl = ¢ _CarWaiting & Z=%tL|LCt. Import declaration 9| O|F
discussion 0| M Verilog task & import &L|C}. C function & €10 /YSL|C} &S & &
0 AXZ Foreign world & E3f stepping C2 LE Ccode £ AAISHOF L Tt CIE AA
ndg Sl A|Z20|80| Tl SQ F& 0| LojLt=X]|
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Figure 16-2. Source Code for the foreign.c File - DPI Lab

int c_CarWaiting()
{

printf("There’'s a car waiting on the other side. ‘\n");
printf("Initiate change sequence ...\n");
sv_YellowLight();
sv_WaitForRed() ;
sv_RedLight () ;
return 0;

=1 s L D
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o

Line 1 — c_CarWaiting Of C{$t function | AL|Ct O|HL int O Z 02 HiztatL|Ch.

Line 3-4 — g4 WR2| 22 ASAZt WALZO[ BICHHEHOIM Cf7|5t2 227} light 2
Bt =ME AIRBHOF Stht= AES HEfL = HAIXE SHLOh

= = 1d

Line 5 — SystemVerilog 9| sv_Yellowlight Function 2 & gfL|C}. O] &7t SEE|H
gtet E W7HX| Verilog 2 MO E & 5= USLICL Veriog world & 2 E38t10 7 7|0 A
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7}t sv_Yellowlight o ZME &1 USL|CT.
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Figure 16-3. The sv_YellowLight Function in the test.sv File

13 function wvoid sv_YellowLight ();
14 begin

15 light = ¥YELLOW;

16 end

17 endfunction

Line 6 — test.sv O] 25~29 H ZQI0| M| =l sv_WaitForRed 9| SystemVerilog Task &
sEFLC

=

Figure 16-4. The sv_WaitForRed Task in the test.sv File

task sv_WaitForRed ();
kegin
#10;

=1 onoLn

end
endtask
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O 7|0l ZF=olsffof & Zast BE&22 foreign(C) world Of A SystemVeriIog
sv_WaitForRed() 212 = ot ZAQULICL. A EO0|M A|ZHS AH

SystemVerilog

= cixfol
aEjM ol2{st SES 4us}y| Y CHAl Venlog £ 54 o=

EII'- = EMI H o5t t.'Jﬂi. L|ct

Line 7 — light & RED 2 HZAGI7| |8l sv_RedLight SystemVerilog Function & &%t
LIC}. test.sv Q| Function & EX & S}AEL L

Figure 16-5. The sv_RedLight Function in the test.sv File

19 function wvoid sv_RedLight ();
20 begin

21 light = RED;

22 end

23 endfunction

foreign.c 0| M c_CarWaiting Function ©| OfX|2} L2 QIL|Ct. &7t S2E|H H3tE| O
Verilog € M| O{gtL|C}.

AlE20lH= NHZ0 | C function & 2 =350 testsv 40 B 2iQle =z dhetgtL|Ct O 2f
QIO M= OFRAE +SHX| pb&LICH A0 “5”9I Cta %‘i 2 f2{Zuch 10
ns £ 7|CtEl & sv_Greennght function & ST ESL|LC} O] 7|52 Verilog world 2 H

B0 lignt 7t Moz BFELICL O2H AZ2 040 2F F=ZELIC

Figure 16-6. Function Calls in the test.sv File

37 initial

18 begin

19 #10 sv_GreenLight;
40 #10 c_CarWaiting;
41 #10 sv_GreenLight;
42 end

Exploring the Makefile
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Figure 16-7. Makefile for Compiling and Running on UNIX or Linux Platforms

1 worklib:
2 v1lib work

Lad

4 compile: test.sv
vliog test.sv -dpiheader dpi_tvpes.h

foreign: foreign.c
gocc -IS(QUESTA_HOME) /include -shared -g -o foreign.so foreign.c

W0 =] onon

_D foreign_32: foreign.c
11 gocc -IS(QUESTA_HOME) /include -shared -fPIC -m32 -g -o fereﬁgn.so
foreign.c

12

13 optimize:

14 vopt +acc test -o opt_test

15

16 foreign windows: foreign.c

17 vsim -¢ opt_test -dpiexportobh]j exports

18 gocc -IS(QUESTA_HOME) /include -shared -g -o foreign.dll foreign.c
eports.obj -lmtipli -LS(QUESTA_ HOME) /win32

10

20 sim:

21 vsim opt_test -sv_libk foreign

22

23 all:

24 worklib compile foreign optimize sim

25

26 all_windows:

27 worklib compile optimize foreign_windows sim
28

29 clean:

a0 rm -rf work transcript vsim.wlf foreign.so foreign.dll exports.ockj
31

Line 1-2 — vlib command = ZOQ = mao| X & work 2f0|E2{2|E StSL|C|

ne

Line 4-5 - vlog command Z testsv LS ZHL orL|Ch

fl

Line 7-11 and 16-18 — gcc command & 34| foreign.c € ALY & ALY E SEG
AlZ20|d St= st 2= EL|Ch

Line 13-14 — vopt command Z C|X}Q1S F[AZ}BtLICL +acc FME E9|| Full Visibility £
Soff CIAtelS CiHE & = ASFLLCH o S Sl z[Hg} & CIXpelel o|§2 HE8Y
L|Ct.

Line 20-21 — vsim Command € Sl %Xz} =l C|XI2IQl opt_test & A|ETO|HE Sl
HASLICE -sv_lib FM8E &9l shared object & A[Z2|0|H F0f 5312'—|EP FHE A

=
8ot e AlZ20|E= 0|2 ‘Fegt C Function & HE + YSLICH

Lo—L



Exploring the windows.bat File
windows.bat file 2 window AF2X7F AF2E = AESL|CTH

Figure 16-8. The windows.bat File for Compiling and Running in Windows - DPI

Lab
1 vlib work
2
1 wvlog test.sv -dpiheadsr dpi_tvpes.h
4
5 wvopt +acc test -o opt_test
B
7 wvsim -c test -dpiexportob]j exports
8
9 gco -I RQUESTA_HOME%“\include -shared -g -o foreign.dll foreign.c
exports.obj -lImtipli -L %QUESTA HOME%\win3i2
10
11 wvsim -i opt_test test -sv_1lib foreign -do "add wave light; view source"
12

Windows.bat I} Qg &0l 3 =z SL|CH
Line 1 — vlib command & Zntd =l utdo| X & work 2t0|E2{2|E DPHEL|CH

Line 3 — vlog command Z testsv L= AUt otL|Ct.

Line 5 — vopt command Z C|XtQIE ZX|H3}etL|C} +acc FME E9f| Full Visibility & Sd)
CIXRIS CHE & = ASLICL o SME Sl ™3t & CIXelel o|§S HEL Tt

Line 7 — vsim command 0| A gcc command £ At23l0 exports £ object & E2{SLICt
Line 9 — gcc command £ O|™ command & &3A THE exports.obj 1t foreign.c &4 If
U2 compile It link LICH -0 M E8f| foreign.dll 2 Output library 0 BHSL|C}

Line 11 — vsim Command £ S8 %|&3} =l C|XQIQl opt_test £ A|E0|EHE S A

gtL|Ct ~sv_lib &2 SystemVerilog & Al=20|M0| AFEY = JAEF C CXQlof CH3

foreign.dll library € Simulator O|AM & = A& o= SMYL|Ct —do "add wave light;
=

=
view source” §ME E3| light A E wave window 0 ZF7+8t1, source window £ =& L
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Compile and Load the Simulation

environment B2 MMSID C|XIQS ZES|OF 3

1. MEZEE CHEZ|E QS tutorial file EA}SHY].
<install_dir>/questasim/examples/tutorials/systemverilog/dpi_basic
2. NMER CHEZZ CHEZE HASH 2 environment Ha4 AN,

A. Environment H==£ questa AX| C|HEZ|0| YEL|LC}

B. |IZRE AtE%l= AL gcc-4.2.1-mingw32vc9 compiler 7} AX| |0 /UK U2 HL
SupportNet (http://supportnet.mentor.com/) OjM CIREE HtoAl £ QI&L|CL MX|

= Questa @X| CIMEZ| 0| 5t0, 2tF B4 Path AFS dfF0{0F LICH
C:W<Install_directory>#tgcc-4.2.1-mingw32vcOWbin

3. Unix 2 Linux : make utility & At23I0{ compile 1t C|XtQI 2EEE TIHBtL|C}.
Windows : windows.bat £ G& Z&!5l0 compile 1} C|X}Ql ZEEE FIStL|CE

vlib work

vliog test.sv -dpiheader dpi_tyvpes.h foreign.c

vopt +acc test -o opt_test

vsim -i opt_test -do "add wave light; view source”

Run the Simulation
Object Window 9| light object 7} {E A T|=X| A|EHO|ME Tl S| Z&L Tt
1. Unix and Linux: E2f|3 M EEZ Sl Wave Window 0f light object & ZF7tgtL|LC}.

Windows : Wave Window O 0|0| light object 7} Z=7t&[0{ QU&L|Ct.

2. AZH 0| ZEOM EAEE A2 0ME AT = ASFLICH 10 ns EH{OFC} light 4
20| mtyo| | EAH HSleX Am EXE A& CH Object Window % E3| light object
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Figure 16-9. The light Signal in the Objects Window
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A. Step icon . = 225}0 source window Of A| test.sv @f foreign.c code Of| A I}t
A St HEIE SR0|= AS &QlgL|CE O] 42 AlE2 02 HHAEE source file O]
e RS FH B £ AUk

T B Now (|
=
37 initial
38 B begin
39 #10 sv_GreenLight;
40 ™ | | #10 ¢_CarWaiting:
41 #10 sv_GreenLight;
42 end
43 W
44 endmadule

< _>|L

8. AlZ20|d F=37|.

OR¥

Simulation>End Simulation 2 MEHSI0] A|EY0O|MES S =23fL|C|



Chapter 17
Using SystemVerilog DPI for Data
Passing

ol MEHO|ME SystemVerilog Of Ci$t Direct Programming Interface O C{dl AMmE A OII—I
o HHOM= 7|2 QEmO|Ao] Q40 WHS ZtEoh &5 TS0 Verilog 2 C &
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Mapping Verilog and C
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Of MELO A 2-stateint ¢ ZL, 22 0t 1 2 & XY X £ Z = 5{8E[X] &

L C

87| WZof C of int M3 ZHESHA ojEE & &= ASFUCh
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Examine the Source Files

Al Holl &+

Ct.

79| C function Of Cist Ho|E ZEEtstE foreign.c MtYUS

A

HdHEEE

9| Verilog Interfaces to C 2} Verification with

Figure 17-1. Source Code for the foreign.c File - Data Passing Lab

1l #include "dpi_types.h"
2

3 woid print_int(int int_in)

4

5 printf {"Just received a wvalue of %d.\n", int
6 ]

7

8 woid print_logic{svLogic logic_in)

8 1

10 switch (logic_in)

11 {

12 case sv_0: printf ("Just received a wvalue
13 break;

14 case sv_1: printf ("Just received a wvalue
15 break;

16 case sv_z: printf ("Just received a wvalue
17 break;

18 case sv_x: printf ("Just received a wvalue
19 break;
20 }
21 }
22

Line 1 — dpi_types.h 2t= S|HIYS Z&stD Y&SLCH
Line 3 - £ ES= print_int function 0Of CHsH Ho|¢

Line 8 — svLogic Of 2} HA|IX|E &

O|H| System Verilog 2| Source Code

test.sv

£ =oie) BABLIC

=

=

=

_in};

of logic

of logic

of logic

of logic

I'L|C}.

LAnt);

LAnt);
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Figure 17-2. Source Code for the test.sv Module
module test ();

import "DPI-C" context function weoid print_int (input int int_in);
import "DPI-C" context function woid print_logic (input logic logic_in };

int int_war;
bit bit_war;
logic logic_war;

initial
begin

= e
[ T R R B RT RS TR N

print_int (int_war) ;
int_wvar = 1
print_int (int_war) ;
int_wvar = -12;
print_int (int_war) ;
print_int(bit_war);
bit_wvar = 1'bl;
print_int(bit_war);
bit_wvar = 1l bx;
print_int (bit_war) ;
logic_war = 1'bl;
print_int(logic_war);
logic_war = 1'bx;
print_int (logic_war) ;
print_legic(logic_war);
logic_wvar = 1l'bz;
print_legic(logic_war);
logic_war = 1'b0;
print_logic(logic_war);
end

endmodule

Line 3-4 — 0] 2}212 Verilog code & HO|X| Q&L|CE O] 2 import Mol 2 &
L|C}. Import declaration & Verilog 0| EYSIAH FZo|oF & It ooz
compiler & 27| sl AF2EL|CE DPI o AL EHYHSH X2|= X|HE task/function
0| foreign language O Al SystemVerilog 7} visible E|=& 0| O0|£0| EYSt 0|37t
of BjXIE TR YALICE

0] MOI22 SystemVeriog | LRM 0f MO|z|0 Q&L|Ct =E dHitH
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SystemVerilog 9| A|EO|MS Alslstn
28}|0f 3= AL, Verilog Code(Z

£|OfoF ZfLLCY.

foreign(C) code £ |-9-o|-7| 25| DPI £ Af
Aloz 7

t
£ Verilog ZE &

Verilog Code & foreign world Ol 7} access % 517 QA= “import” 7t EeTt
= OtXt7FX|2 “export” 7t E QB
LICk 32§ M O] 2Felo]l prit_int & print_logic € E3f import 2t export & TtL|LCt

L|C}. foreign world Of|A| Verilog & access & &

Line 6-8 - & function & 7tX|= M| BH=E M THL|LC int, bit, logic O] M| Ble=
SystemVerilog EtIC 2 Molst= "t ES &gt Ct



Line 10-31 - 0| x7| £2& ttad| Zt function € &3t 2|7} CIXIQIS AlgHst
M S22 oA ELICh 2t B 4ol oish 282
Compile and Load the Simulation
Of EE TASHY| fIsh ALY S o = environment Bl=& 275t C|XtelE 2E Sji0F
LICE O] 32 Hmu ZEJt ohHo| =~ E Lo
1. ME& CEHEZ|E 9t tutorial file 2AFSH7].
<install_dir>/questasim/examples/tutorials/systemverilog/dpi_basic
2. MZ2 CHEZZ2 HATH S environment Bl MXHSH7|.
3. Unix 2} Linux : make utility & AF23l0 compile 1t C|XtQl ZEE RIS CH
Window : windows.bat € C& Z&gtL|C}.
Explore the Makefile
Makefile 2 Unix @} Linux AF2XAH7F ZAotstn CIXRIS A2 0|ME AMelisi=h st ™

27t o] CHao =& ASLIC

Figure 17-3. Makefile for Compiling and Running

1 worklib:
2 v1lib work
3
4 compile: test.sv
5 vlog test.sv -dpiheader dpi_types.h
3
7 foreign: foreign.c
3 gocc -IS5(QUESTA_HOME) /include -shared -g
9
10 optimize:
11 vopkt +acc test -o opt_test
12
13 =im:
14 wv=im opt_test test -sv_lib foreign
15
16 all:
17 worklib compile foreign optimize sim
18
19 clean:
20 rm -rf work transcript wvsim.wlf foreign.
21

Makefile © CHA7FX| 2mQlL|C},

Line 1-2 — vlib command £ Edj| Zo}

on UNIX and Linux Platforms

-0 foreign.so foreign.

so0 dpi_types.h

=

=

2Xg work library MMM SHL| T}



Line 4-5 — vlog command £ 3| test.sv source file 2 ZntQ ofL|C}.

Line 7-8 — gcc command £ &3 foreign.c source file 2 ALY stH A|Z20|MHZ of
LS9t 2E EUTh 3] 2K (foreignso) & EHABLIC

Line 10-11 — vopt command & 3 C|XtQlS *|Ms} BtL|CE +acc SMES E98f full
visibility 2 C|lHZZ & £ JASFLICEL -0 M S Solf X3t & C|XtQl object 2| 0|
g B3 o & YuUch
Line 13-14 — vsim Command
Ch —sv_lib 82 AlZ2 0] 3}

Mg A3IK| YoM, C function & 222 = g&LCt

LIS — -/

o M

Sl x[HstE CAE AFESHY simulator & =&Y
= o =
— —

=
38 AN XYL o §

Explore the windows.bat File
Windows.bat file € Window AF2XL0| ZEE|0f QSL|CH

Figure 17-4. The windows.bat File for Compiling and Running in Windows -
Data Passing Lab

1 wlib work

2

3 wlog test.sv -dpiheader dpi_types.h

4

5 wopt +acc test -o opt_test

3

7 gco -1 %QUESTA _HOME%‘\include -shared -g -o foreign.dll foreign.c -lmtipli -L
$QUESTA_HOME%\win32

8

9 wsim -i opt_test -sv_1lib foreign -do "view source”
10

Window.bat file € Ct21f 20| ZAOYD} A|SH0|ME FlIslSHL|CH
Line 1 — vlib command & 53 Aot =l mo| QX|& work library £ AMAstL|CT.

Line 3 — vlog command & E73d|| testsv source file & ZAmtY shL|LC}

Line 5 — vopt command & Edf C|XIQI2 XX} LTt +acc M E S full visibility
2 OHEE & = ASLLCHL o SHE Solf 2=zt & C|AtQl object o] O|E2
g = AL
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2to|= 22|12 X|Hst7| Y8l ALRELCE L 842 | S4M0| XIHE 2to|=aia S M
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Line 9 - &= YR vsim Command £ Edf %|&3}=l C|XIQIQI opt_test 2 ARE = 9l
EE simulator O @& gfL|C —sv_li

= QL E C design object O AFE3St= foreigndll library & & %= QA& L|Ct —do "add
wave light; view source” §ME E3d| light M ZE Wave Window O F7t5t10 source

Window £ E3f 2 £ &L|CL

lib M2 S3d|| SystemVerilog Simulation & At2%

Compile and Load the Simulation

ot CIXIRIS AE2YOIHE E8| 22{27] {8l Unix @ Linux = Makefile 2 AFREHL|

C}.

Window AFEXIQ| AL windows.bat LS AtESH0] ZIgStL|Ct.

ME2 CHEZ|E Bt=1 tutorial file EASEHY).
<install_dir>/questasim/examples/tutorials/systemverilog/data_passing
MEE CHEZZ2 HYESE & environment B4 HH™E}7|.

Unix 2t Linux : make utility & AI3}0 compile If C|X}Ql 2EE TGS C.
Windows : windows.bat € & Z&/atL|Ct.

vlib work

wvlog test.sv -dpiheader dpi_types.h foreign.c
vopt +acc test -o opt_test

vsim -1 opt_test -do "view source
radix -symbolic

Run the Simulation

testsv 2=0[ AlZ0[M0| 2E & =0|= A[E2|0]4S S8l Step Over Command & HE
= M8 & & JASFUCL 0o A2 Ehed Verilog object of THE fdo| gtez st ofH

o

AN H
printout & 9|t C & S8 HOIHE E-LIC,
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source code £ ZQIgtL|LC}.
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Figure 17-5. Line 12 of test.sv in the Source Window

. examples tutorials emverilog/data_passing/test.sv (ftest) - De
Ln#
10 initial
11 begin
12 % | | print_int{int wvar):
13 int_war = L;
14 print_intiint wvar);
15 int_wvar = -1Z;
16 print int(int wvar):

e e i gl el A it it gl

Z7|% 0 & 7HMO0fF B2 intvar 0O OF% 20| gE E|X| RAELICE Object
=
=

|
Window HM int_var 10| 0 o ZHE =9l & 4= QUSL|CH

Figure 17-6. The Value of int_var is Currently O
% Objects

ulr_—m- B Jios

[+ Ty 0 Ik Internal

4 blt_mr 0 Bit Internal

4 |ogic_wvar X Reqister Internal

Ct. O| input parameter £ int_var 7t 2 C function
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Just received a value of 0.
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Figure 17-7. The Value of int_var Prmted to the Transcrlpt Window

Transcript

WSIM 4> step -aver
WSIM 5> step -over

# Just received a value of 1.

WSIM B>

CHE & A0 M (Step Over H{ES 2 28]) int_var 7t HZEL|LL Positive 2t negative

E
integer £ A™St0 ZHEA print ELC}.
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11.

12.

13.

14.

Ct=2o=z 7H 24019 bit EFRISE bit_var 2| ZfS print_int 7|58 ARSI Z=SHL|LC}
EESH O of =7|ZE 7K A7| WE0 printout & FFY = USFLICH
CtA| Step Over H{EZ Z2I8}10] Transcript Window & HQIgtL|Ct.

Flgure 17-8. The Value of bit_var is 0.

4 int_var -12 t Inkernal
4 bit_var 0 ik Internal
logic_var % Reqister Inkernal
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Transer ipt

# Just received a value of -12.
WSIM 8> step -over
# Just received a value of 0.
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Z gf= 7HX|= 4-state EtRo = TIASIASLIC

SystemVerilog Language = G[O|E| BjES HolgiL|ch HMY Al C of 3| UL S

B = function prototypes, data type definitions & XfZxatL|LCt.

Makefile 2 E ™ compile 0| vlog command O Ao —dpiheader & ZTZE5I0 argument
name 2 LIYZ EHT o Q&EL|CE Compiler & S3|| Verilog source file 2 Zutesta,
DPI import/export £ 2435}, imported/exported, functions/task 2| prototype & H2|d}

of CoHmes 485tn O aP30A dpitypesh mMAS S=TLICH

Figure 17-10. The dpi_types.h File

1 /* MTI_DPI */

2

3 lln'*

4 * Copyright 2004 Mentor Graphics Corporation.
5 ¥

3 * Note:

7 * This file is automatically generated.

8 * Please do not edit this file - you will lose your edits
9 *

10 * Settings when this file was generated:

11 # PLATFORM = 'win3Z'

12 * Info = SE 6.1c 2005.11

13 */

14 #ifndef INCLUDED_DPI_TYPES
15 $#define INCLUDED_DPI_TYPES

17 #ifdef _ cplusplus
18 extern "C" {
19 #endif

21 #include "svdpi.h"

23 DPI_DLLESPEC

24 woid

25 print_int(

26 int int_in);

28 DPI_DLLESPEC

29 woid

30 print_logicl

31 svLogic logic_in);

fifdef _ cplusplus

/* extern "C" */
#endif

fendif /* INCLUDED */

L et Lot Lad Ll Lad L
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ol Atthol LjE DPI o H=

= = QASLICE 258 2tele 2 JHH printint function
of CH3F function prototype 2 £

UE L Ct Input parameter = int EFIQIL|C}
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print_logic function & prototype °.=IL| Ct. O me2 SystemVerilog Language YE0|H, C

oS gt FEOo ) ZEe[of UAEL|CH svlogic EFR2 unsigned char & L|C}



C source filed|| #include dpi_type.h
Ag THSSA B 4 YT DPI

o =
ALE3tE A0 FE L

=
==

A= I, 2E function prototype I data type =

AN
8l Verilog @ C code & =t & mjf o mS

=
=
=
=

test.sv IO Al DPIimport 22 LCtA| =QIBFL|Ct. print_int O CHFt print_logic O] SfL}
Q& L|C} vlog compiler = 0] L20|A E20|= function 2| 0|2& 3T parameter @f b
3t 22 W 7t 1, CFS DPI ot S BHSL L} print_logic function 9| AL input
parameter EFRIO| “logic’ LICh. M SICIZA0| “svlogic’ S 20| logic O CHSE L]

Ct. O|Xl £7 object o 0|FdS Flstd 2= AS C & dff MHELYUCL

AlZ220[ 422 SO0t7tA 26 B 2tQlof G| o|H

|0

| £ EtQol et RE 7IsS A8t

0 A0 0 0 X g0 2 E07t= AS olR&LC O T4l print_logic function
= At&gL|Ch

o] 2tole AMHs7| sl Step Over £ SEIBHL|CE X ZfO| print out ElL|C}. foreign.c I}
2 ol Furt.

Figure 17-11. The Transcript Shows the Correct Value of logic X
Transc n|:-r —_— =

WSI 15> step -over -
WSIM 16> step -over

B Just received a value of 0.

WSIM 17 step -over

# Just received a value of logic X

WSl 18>

712828 4-state gf=2 0,1, 2,3 1f 20| EAHELICE O|AES FX|SH7| 2Ish
print_logic function 9| switch Z0|M &= Zf2 svdpi.h I O| #defined L|LCt. C
code Of|AM DPI & mAZ AtEStE™ O|2f Z0| AFEY = A2l, 2= ZO0| M=z

S3ste 22 2 4 ALt

9:1!2; Ol%-én;l- :?__I OEI_l?I_ ;L_E_% Step % %6H IOgiC var % [:|-E 4_state a}tgi AE*EI-O;I'
LIC}. O = print_logic 7|5& AF23}0] print 3t0] =QIgtL|Ct



Chapter 18

Comparing Waveforms

ol HMEO|Me Waveform compare € E3l 7|F0| &&= Aot HAE Ao EfO|Y X}O|
|AFS

Gl ol
ALhstoy BlwstE A0 sl &#H 2= SHASLIC
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A H

® Simulation = Dataset 2 MEiSI0] H|W

® Compare &2l
® Compare Z1 27|

o[t HMEOIM A OfX mp&ol X= Chglt 25Ut

=

Verilog — <install_dir>/examples/tutorials/verilog/compare
VHDL - <install_dir>/examples/tutorials/vhdl/compare

ol MEHOM L= LHEL §X OfHF Lo Waveform Compare 2F Recording Simulation

Results With Datasets & EA|H EH<2 XtM|5| & = QUELICEH

Creating the Reference Dataset

Reference Dataset 2 Waveform Log File 9 wif SXXIE 7tX|= ot ZE waveform compare
=

gt 4= Q= dataset @ L|LC} Reference Dataset &= O|2| M| = data, X TIH=Ql

Simulation 9| data, ®Xj| XI&Z=Ql Simulation 2| Y& data QL|LC|

1. M2 ClaEz|2 MAMSD Tutorial THY = ARSH|.

ol HMEf
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F7] &8t directory & 2HEL|LCL
2|1 tutorial file E& AMZ Ot=E ClHEZ| 2 EALSIL|LCH

2. ModelSim/Questa 7} AYE|HFS™ Change directory & O|2350] 1HH 1pH9| directory £
0|=5t7].
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2 vsim command £ 0|2%}0] ModelSim/Questa & 7 &
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C
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File > Change Directory & O|&23d}0] 11 1t™HO|A THE directory & X3t L|CL.



3. Command {&3}7|.

® Verilog

vlib work

vliog *.v

vopt +acc test sm -o opt test gold
vsim -wlf gold.wlf opt test gold
add wave *

run 750 ns

quit —-sim

® VHDL

vlib work

vcom -93 sm.vhd sm_seqg.vhd sm sram.vhd test sm.vhd
vopt +acc test sm -o opt test gold

vsim -wlf gold.wlf opt test gold

add wave *

run 750 ns

quit -sim

-wif - 0l= vsim command @} Zt0| AF2%H =~ QIO M, default 2 EHE|= vsim.wlif

E
o mAFg WA + Y= Yo Yuck

Creating the Test Dataset

test dataset 2 Reference dataset 1} O&t7FX|2 wif I 0|0, Reference dataset 1f H|w &t
CH& & LI CF
Verilog
1. test bench =%
A. File>Open 22 test_ smv OjS MEISIY L7
B. 122H line @2 7J}7|.
@ (posedge clk) wt wd('hl0, "haa);
C. 'haa’ & 'hab’ 2 Data pattern HZH3}7|.

@ (posedge clk) wt wd('hl0, 'hab);

O

File>Save 2 It X ZES}7|.

2. 8 IS CHA HOo ot = AlZg|o]d st

— T

vlog test sm.v
vopt +acc test sm -o opt test sm



vsim opt test sm
add wave *
run 750 ns

VHDL
1. Test bench =%
A. File>Open S & test_sm.vhd LO}Z MEISIO] &E7|.
B. 151H line @2 7}7|.
wt wd ( 16#10#, l6#aa#, clk, into );
C. ‘aa’ & 'ab’ 2 Data pattern HZ4}7|.
wt wd ( 16#10#, lo#ab#, clk, into );
D. File>Save 2 ot X% s}7|.
2. & mes CHA| Fo o = A[Z8|0[4 7).

vcom test sm.vhd

vopt tacc test sm -o opt test sm
vsim opt test sm

add wave *

run 750 ns

Comparing the Simulation Runs

Comparison Wizard & 3l waveform compare & XS S| 2 A SL Tt

1. Comparison Wizard £ A3}0 comparison M
A. Tool>Waveform Compare>Comparison Wizard MEiS}7].
B. Browse HEZ Z&5t0 M Simulation 2 Sl M=l reference dataset 2 gold.wlf
= UE5Y gL



Figure 18-1. First Dialog Box of the Waveform Comparison Wizard

Comparison Wizard

The first step in creating a
comparison is to open the
reference and test datasets (.wlf
files).

Either dataset can be a saved .wlf
file or a dataset that is already
opened.

Use the Browse buttons to browse
for a saved dataset, or click the
down arrow to select a file from
the dataset selection history.

< Previous I

Next > |

X

~Reference Dataset
[gold.wis w| Browse...
~Test Dataset

% Use Current Simulation
¥ Update comparison after each run
" Specify Dataset

| > Browse...|

Car'lu:il

C. X} Simulation 2 test dataset @2 A™3}7| 2|8l Use Current Simulation 2 MEHSI
S Next > HHES S23tLCt
D. & MSE HW3st7| 8 Compare All Signals & & MEHSH &= Next > HES Z&
gL ct
Figure 18-2. Second Dialog Box of the Waveform Comparison Wizard
x
With the reference and test | [ Comparison Method
datasets selected, the next ¥ Compare All Signals
step 13 to select a comparison
method. ¢ Compare Top Level Ports
" Spacify Comparison by Signal
Compare All Signals - ™ Speafy Comparison by Region
compares all signals in the
teat dataset against the
signals in the reference
datasst.
Compare Top Level Ports -
compares the top level ports of
the selected datasets.
=l
Next> |  <Previous | Cancel
E. Compute Differences Now £ 223t F, Finish HEZ Z&lgtL .
£ sdsl0 Waveform Window 0Off compare 2z 7t ®A| ELIC}

Compare




Viewing Comparison Data

—

Comparison data & Structure(compare), Transcript, Objects, Wave, List Window 0f &0 & L|C}.
Compare Window & H|W ¥YE HE0EFLICL

Transcript Window = reference dataset 1t test dataset € H|wd0| X}O|7F M7l 27 204
ZLCh

Objects Window & Structure(compare) Window Of| A] comparison object & ME{SIH H| 15t
XolgE 2EolE L

Figure 18-3. Comparison information in the compare and Objects windows

8 compare - Default ey * Objects PN Hd
Design unit  |Design unit type Mame ¥alue |1+ B Nowl|d

Virtualregior

+ B+ B+E+R+B+N+ N+ 0+ W+

par—y

Comparison Data in the Wave Window

Wave Window = 112§

1H
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Moz H FEHE BAFLICH

® Wave Window Of|A| EtO|R @X}7} 2 SIH pathname OfO|2 Fof WZHM X H
A7t gLk



Figure 18-4. Comparison objects in the Wave window

compare: test_smfl...
compare:ftest_smfl...
compare: ftest_smfl...
compare:ftest_smfl...
compare:ftest_smfl...

compare: fkest_smfl...
compare:jtest_smfl...
compare:jtest_smfl...
compare: fkest_smfl...
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Figure 18-5. The compare icons
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Viewing Comparison Data in the List Window

List Window & E3}| Waveform comparison Z1E 29l

ot

7 AL
1. List Window 0f Comparison Data F7}5}7|.
A. Menu bar0j| A View>List ME4SHL|C}.

B. Compare tab 0| A] comparison object QI test_ sm 2 List Window 2 Ea{|1 gfL|C}.



C. 2352 Wy tE RE2 H&ULH

r
ro
N
=
OF

tO[2t0]

CHE 22 gt Sl0[2t0|EE HA[L|H, annotate 7} Cf
_.E L=

compare: /test sm/\ratd>
delta— |sn/\outof{>outofi— compare: /test_sm/\out_wire<>out_wirel—
compare: ftest_sm/\clk<>clkh—

00000000 DOOOODOO
000000aa DOD0OODab
000000aa 0ODOOOab
000000aa 000000ab
000000aa 0000O00&ab
000000aa 000000&ab
000000aa DDUEICIDah.

430000 +0| 0QOO0O0OOOO QOOOOQOOOO
431000 +1| 0O00O00OOOO OOOOOOOO
435000 40| 0O00OOOOOO OOOOOOO0O
440000 +0| 00000000 00000000
450000 +0)| 00000000 DOOOOOOO
451000 +1 00000000 00000000
.DDDDDGGE 000000ab

=]

=]

(=]

o
(===

o]
Wi = O b b b
b D) e e

=]

=]

460000 +0| 000000aa 000000ab 00 0o 000000aa 000000ah
462000 +1| 0000002a 000000ab 00 0o 000000aa 000000ab
470000 +0) 000000z2a 000000&b 00 11 000000=aa 000000ab
471000 +1 000000&aa 000000&b 00 11 000000=aa 000000&ab
475000 +0| 000000aa D0OOOOO&b 00 11 000000aa 000000&ab
480000 40| 000000aa DOOOOO&b 00 oo 000000aa 000D000ab
490000 +0| 000000aa D00000&b 0 0 11 000000aa 000000ab
431000 +1| 000000&a 000000ab 00 11 000000bb 000000bL
455000 +0| 000000&a 000000&b 00 11 000000bk 0000D0BL
500000 +0| 00000Daa 000000ab 00 oo 000000bk 000000bL
510000 +0| 000000aa 000000ab 00 11 000000bk 000000bL
511000 41 DDDDUDaa UDDDUDah 00 11 000000bk 000000bh
bl g S S P e

Saving and Reloading Comparison Data
#X &2 Comparison Data & LSO CtA| £7] ?3) MYSIALE 28 & 5+ USLICH

1S XMoo gfLICt. stLtel meo=

=

Comparison data & L}&0| CtA| 22122 2749 ot
ZHE XZE L CE Comparison data & £2{22{H

X Adts MEota, oE ThEof= Hl
reference dataset O] 0"21 Qlo{oF sFL|LC}.

1. Text file O comparison data & MZ&s}7|.
A. Main Window OjA| Tool>Waveform Compare>Differences>Write Report & ME#SHL|CT.
B. Save & ZEtLCt. O SX| C|HEZ|0| comparetxt LAUO| HZHE L|LCE.
C. Command 0 notepad compare.txt £ {235} H, report 7t 20O & L|LC}



Figure 18-7. Coverage data saved to a text file

Notepad (=1 E3

File Edit ‘Window

£ compare. bxk x|

Total signals compared = 11

Total primary differences = 6

Total secondary differences = 6

Munber of primary aignals with differences = 4

Diff mumber 1, From time 135 ns delta 0 to time 155 ns delta 0.
gold: /test_sm/into = 000000aa

sim: /test_sn/into = 000000ab

Diff mumber Z, From time 135 ns delta 0 to time 155 ns delta 0.
gold: ftest_sam/into[0] = D

2im: /test_sm/into[0] = 1

Diff mumber 3, From time 171 1ns delta 1 to time 191 ns delta 1.
gold: /fteat_swm/dat = 000000aa

sim: /test_sm/dat = 000000ab

Diff mmber 4, From time 171 ns delta 1 to time 191 ns delta 1.
gold: /test sm/dac[0] = 0

sim: /test_sm/dat[0] = 1

Diff mumber 5, From time 409 ns delta 1 to time 411 ns delta 1.
gold: /fteat_sm/dat = 000000aa

gim: /test_sm/dat = 00000Dab

Diff mumber 6, From time 409 ns delta 1 to time 411 ns delta 1.
gold: /ftest_sm/dat[0] = O

et n femmmde e fAm= PO 1

|cumpae¢xt|

N

D. report & 24 ot = Notepad & EH&L|LCH
2. CtAl B2 8 = UEZE comparison data IS MESH?|.
A. Tools>Waveform Compare>Differences>Save & MEHSHL|C}.
B. Save E Z2tL|Ct. O Sx| C|HE2|0| comparedif 7t MZHEL|CH
C. Tools>waveform Compare>Rules>Save & MEHSHL|LCY.
D. Save & St O Sx C|AE2|0f| comparerul O] MZHEL|LCH
E. Tools>Waveform Compare>End Comparison 2 MEHSHL|CE.
3. Comparison data € E5{27|
A. Structure(sim) Window £ &3} St MENO|A, File>Open & MEHSHL|CE

B. Files of type & Log Files(*wlif) 2 #HZgL|Ct



Figure 18-8. Displaying Log Files in the Open Dialog Box

l/- N A G P G _'W‘", * D e s e R
‘»
N ET S File name: | LI Open
Places
Files of type: Log Files [*.wif) M

C. Dataset QI goldwlf & MEiSI Open & S&THL|CL

D. Tools>Waveform Compare>Reload & ME4SHL|CE.
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eTi=4 ofF

= X5t ez gL

=

Figure 18-9. Reloading Saved Comparison Data

Reload and Redisplay Compare Differences

—Wavefom Rules file name

compare. il Browse...

—‘Wavefom Difference file name

|cnmpare.di Browse... |

E. OK & 2Lch

—

ot £ QI&L|CH Wave L} List Window O
o

Comparison Data 7} Reload = ZH& =0l =
H3 g+

comparison object & E2{|115}04,
F. Command 0] quit—sim & Q230 A|E0|NME SETLLCE

G. Command 0f dataset close gold & 2 =#3}0] dataset 2 Z=gFL|LCt.



Chapter 19
Automating Simulation

ModelSim/Questa &= GUI BjjwLt Command ¥HE S &S StA &[=0O, StLtel BES
A2 =S ShA ELCh BHoF BRI 2AS Sfjof & 4%, DO File 2 ALESHY 4t
2 o ANZE = AsHO

DO File & 0| 02 7§2| command & =¥ £ UYes AIAZEYL|CH ZHEHSE HIE2H

Tol Bl Z208", A8 2H0| AASEUC GUL M =2{= = /A, Command & S5l

Al 2 = AT

DO File € Text File 0 command £ Q8= Ao Z ZIESAH MME o

ME{O| A= DO File ‘482 &3l CIAtel2 E2{7AL}, Wave Window 0f 4Al=

MS0f Stimulus & H&35t0, SFAHEl Simulation & & 4= QUCH EsH MZHE Transcript OIS
C

o
FIX|D DO File & 44 8 & YL

o[ ME{OIAN FFE|s
NER=ER TR

1. Basic Simulation Of|A 2= directory 2 HAE}7|.

2. DO File

S MAM3L0] Wave Window 0Of AlSE 71813, force signal € M8 = of A2
Ol M3s

o
5t7].
A. MZ& DO File 2 MXM3SL7| /8l File>New>Source>DO & MEHSHL|LC}.

B. Source Window 0] Of2je| Code & Ql=stL|LC}.

vsim testcounter opt
add wave count

add wave clk

add wave reset

force -freeze clk 0 0, 1 {50 ns} -r 100
force reset 1

run 100

force reset 0

run 300

force reset 1

run 400

force reset 0

run 200



3. It Mot

A. File>Save As £ MEHSIL|CT

o B S

B. mMYHZ simdo = YHGLICE d2{H X CIHE2|0| ZHYO| MY E LT
4. DO File Al33}7].

A. Command 0f dosimdo & ¢2gtL|LC}.
CIXQl0| BEE E|HA XA E command 7F AsstL|Ct 12|13 Wave Window O
Wave 7t 8% AE & = USLICH

B Jtest_counterfcount
4 ftest_counter/clk

4 [test_counterreset

rfme

B. File>quit & S3f ZTETL|C}

Running in Command-Line Mode

GUI /0] DOS/UNIX O M Simulation & AlsHist7| 3l “Command-Line Mode” & At&%hL|Ct.

{2y Command(¥|& =9 vsim, vlib, viog &) &S Edff &

>
Jn

YHoz MOl JHsLct

EESE Command £ ZEHst= DO File & MASI0, A|IE2YO|IHE == € [ siE oIS XA

=
g & AL

1L ol HMEOIM AMEE OfX mt&ol K= Chgdt 25Ut

e /<install_dir>/examples/tutorials/verilog/automation/counter.v

e /<install_dir>/examples/tutorials/verilog/automation/stim.do

3ok VHDL license 7} oAl A2 /<install_dir>/examples/tutorials/vhdl/automation C|
#H E 2| 9] countervhd 2f stimdo & AFESIA|H ElL|CH
o o

2. ME& C|Xtel 2to|E2{2|et ZAuted S S17| It Source mte A MB17].

7X =0l 1EHA oA 2= M CIEEZ2|0M DOS/UNIX prompt OfAf Cts FES YL

S HEH
C}.



A. DOS/UNIX prompt 0f vlib work £ ¢l24gtL|LC}.

3. DO File MiM3}17].
A. Text editor & EL|LC}
B. Itoj otziel WES YHeL|CH

# list all signals in decimal format
add list -decimal *

# read in stimulus
do stim.do

# output results
write list counter.lst

# quit the simulation
quit -f

C. o CIMEZ| X0 TMLHS simdo = XML LIL
4. Counter design unit Z| & 3}5]7|
A. DOS/UNIX prompt 0 oOfzfo| LHES Y=HThL| Lt
vopt +acc counter -0 counter_opt
5. Command line mode & E£3| Simulation 2 AlSiSHL|C}.
A. DOS/UNIX prompt 0 ofzfo| LHES Y=HTHL| Lt

vsim -c -do sim.do counter_opt -wlf counter_opt.wlif

-c = GUI & SE5IX| 21, ModelSim/Questa & S X3tL|CH —wif & &

ZIHE wif THHO| MZSLICE O|A2 CHZ S 2l8) GUI oM AlE2

6. Output 2 list 2 E7|.

A. counterlst & G0 A|

output & &l & = UASLCh

F7| 2|8l Verilog &= vlog counterv & &30, VHDL & vcom countervhd
|

Al=Zeo]d

Bl
M E2UE =



8.

Figure 19-2. Output of the Counter

I counter. st | i
! ; I . i ; i i . i {
1] ns Jocounterscount
2 delta seaunterselk
3 Aocountersrezet
4 [ ] =z 1 H
5 3 +@ @z1
[= 20 +8 @11
7 188 +@ 2o
g 100 +1 200
g 158 +@ @1
1 152 +@ 118
11 200 +@ 100
12 250 +@ 110 ‘
13 252 +@ 210 1
4 300 +0 200 4
15 50D i o Do
7HOFO) VHDL Version 2 AtE ot 30| 30| 7t OHE = JASLCH

A. DOS/UNIX prompt 0 vsim —view counter_optwlf & Q&atL|LC}.

GUI 7} @2|MAM counter_opt 0|58 77l dataset tab O] = QJL|LC}.

Figure 19-3. The counter_opt.wlf Dataset in the Main Window Workspace

8 counker_opt - Default

4, rcount 3hee Packed Array
& ck ho et

4 reset 1'ho Met

3
s X ﬁmmtu_npt [ﬂ_)l i | | »

B. Counter & MEHT}

2

QEZ DI2AZ 22511 Add wave S MeEfBIL|CY,

Waveform Window 0f Waveform O| &£ 0O]& L|CH

File>Quit & MEisI0] Z=Z8tL|Ct



Using Tcl with the Simulator

O|™ CHAIO| A= DO File 2 Tcl Script 2 2t=0{ Simulatioin & R St A& L|CH Tcl construct
£ S9| procedures, conditional operators, math and trig functions, regular expression 52 X
g ot Us L Ch
ol CHAOME AMZol EY IS HAESIT 1 30| =Xsl= 2 Wave Window & ZHrf
5, 20r3E F=718l= ZHEtSE Tl Script £ AHE0 2Z&LCH 203 E £3 Wave Window
of £ zoom "Rt A3 F {IX|E NMFSLICL
Tcl Script & Main Window 0f 203 HEZS MMstL|Ct
1. Script 24/d35}7|.
A. text editor £ Sl MER TS W5 ot #E2& YHLCL
proc add wave zoom {stime num} {
echo "Bookmarking wave $num"
bookmark add wave "bkSnum" "[expr $stime - 100] [expr $stime + 501" O
add button "$num" [list bookmark goto wave bkS$num]
}
2|9 command & &tmEZAISL|CH
® stime, num O|Z2t= & 749 argument & 7X|= AMEZ& procedure QI
add_wave zoom = MMotL|C}.
® X A|EY O|M AIZHYA -100 time 1F +50 time O Zoom H|et £03E
Mg
® Main Window 0O £0t3 HESZ 44 Ct
B. #& W ofzfo ot2 FE& F7HLICH
add wave -r /*
when {clk'event and clk="1"} {
echo "Count is [exa count]"
if {[examine count]== "8'h27"} {
add wave zoom Snow 1
} elseif {[examine count]== "8'h47"} {

add wave zoom Snow 2

}

28] command £ &t EAESL|CH

® Wave Window 0 B =

o kO] 1 QIX| Als}y



® count gtE AAGIOl B g2 E% S013E FIeLL

C. 7|& Basic Simulation AN Bt=AE directory Off add_bkmrk.do 2t= O|ELZ
Script £ X &gt L}
2. test_.count & ZE3IG radix 7t binary 2 A E|0 JY=X| =olst7|.

A. ModelSim/Questa & AGHSHL|LC}.

B. File>Change Directory € MEHSI, DO File 2 MAME ClHEZ|Z HATL|Ct (O|H

EHA| Q| Basic Simulation 2 MM3$t Directory)
C. Command Of radix —binary € ¢ =gtL|LC}.

D. Command Of vsim testcounter_opt & = 3fL|Ct

3. DO File 2 AlsH3s}0] C|XFQI XIsH3}7|.
A. Command 0] do add_bkmrk.do £ ¢l&dstL|LC}.
B. Command Of run 1500 ns £ ¢l=gtL|LC}.
AlZ20|H0| Ml DO 2 F 71 5O0i2E 2L

Main Window 2| Toolbar 0O 203 HE 1,2 7} MAMEL|C}.

Figure 19-4. Buttons Added to the Main Window Toolbar

New Bookmarks
File Edit Yiew Compile Simulate Add Wave Tools Layout ‘Aindow Help

D@ & L@ D> ) - AT B2 ] heo [ @

@z 4 4w | 5R mansjl_ul_ﬁlauaﬁ BT e

&l sim pei ‘H A X
|'11nsl:arl:e |Desiqn unit
@8 I test_counker test_counter(Fast)

- dut counter(fast)
—J #INITIAL#17 test E-:ll.nter(fast) a 010 fwh
MTM-‘J‘L‘-\ anker(Fas I. Jey 4 oo (=10 e N ¥

ZE2I5IH count 7} EF™ Zt0o| E [ff, Wave Window 2| Zoom in 1} S{E A|ZHO|

of ME{O|H TWEIE 8L X Dj 2ol Tl and DO Files & HAIH G RAY L 4 &
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Chapter 20
Getting Started With Power Aware

H ME0|AM= RTL C|XQIQ| Power Aware Simulation (Questa PASim) Alsis= HERH0| L3
A o

® Low Power Design intent £ 2|5l= Unified Power Format(UPF) m& At

® AMEX} H9O| Assertions, Power intent UPF File 22|, Power Aware Verification Flow

= =a
£ &3 &Y

® =tslH| Register Transfer Level(RTL) 0| A 2| power up/down 8l E2Z& FZ X3 Power

9l
Aware retention flip-flop D@ Z g3 &

—

O|HH ®EO| O|X|= Test bench 0 &=l Clock-driven memory interleaver QL|Ct C|E2|

QX|= <install_dir>/examples/tutorials/pa_sim/ ¢! L|LC}.

pa_sim

exXample one

+-- Libraries ........ Verilog and SystemVerilog library source

+-- 1o

+-— sram_Z56xle

|

|

|

| = I =

+-— QDuesta ...onienna. Simulation directory
|

|

|

|

+-- scripts .... Compilation & simulation commands
+== BTL v it e i nnrnenas Source files for interleawver design
|
+—— UPF .ottt ii i nennn UPF file for power intent

Ol oXe] ZY example_one C|AEZ|OA ZE AlZYO|MS HATLICE
Script Files

Questa/scripts/directory 0= ALY 1 B = A|EHO|NME A & 4 U

st UEL|CH

>

(]
rir
W)
®)
|
o
mjo
Hl
oo

e compile_rtl.do — Compile RTL source



e analyze rtl.do — Analyze UPF and extract PA netlist
e doit_rtl.do — Run RTL simulation

e sim.do — Simulation commands

Create a Working Location

CIXtelE Al=20]H 5t7| o work directory Of SAlZE TS0] 2t0|E2{2[E d-d35t1 3

o Bto|=af2|o] AARACE ZOHY o BLch,

1. 4X Cj¥Ez 7o Mz CAEZE 4-85td, CIXQl oS SAtgL(Ch
2. Questa £ A3}

A. UNIX shell prompt Oj|A vsim & Q&35t7HL}, Window 2| Questa OI0|22 HEE
L|C}.

B. OfQl M2l File>Change Directory £ ME#SI0] Of2fQ| Directory & HZSHL|C}
<my_tutorial>/pa_sim/example_one

my_tutorial 2 Step 1 O|A A MHSH Cl|AEZ| ¥L|CH

Compile the Source Files of the Design

Autg HAMME= HDL CIARlE M2[stn AlZ2f0|dS ot7| flet ZEE gLt of T

A= Power Aware 2} non-Power Aware 25 ST CL 2249 A|EH0|M & CF &

output S ALEEL|CH

1. E = RTL source Code It ZAHIY 7| 8K Transcript Window 0 command & {2

ot

FL|C.
do ./Questa/scripts/compile rtl.do

DO File o = A& command script 7} {U&L|LCH
vlib work

vlog -novopt -f ./Questa/scripts/compile_rtl.f

o[2{gh BFO|S2 Power Aware Of &S 520 %= MSotA ELC



Annotate Power Intent

Power Annotation EtAl= MA@t 2t& &=l Orab Unified Power Format(UPF) OtE X 2|30,

1 Ot A power intent & FE=310], power intent £ BtESIEE Aot =l HDL model &

BaretL .
® Power distribution network 7+& (supply ports, nets, sets, and switches)
® Power control architecture 7135 (retention registers, isolation cells, level shifters, and
their control signals)
® Power-related behavior £ ¢! (retention, corruption, and isolation clamping on power
down; restoration on power up)
® Automatic assertions to check for power-related error conditions 42! (such as current
control signal sequencing)
1. UPF E 2XM3%}11 power annotation & =338} 7| |8l transcript window 0f & etL|Ct.
do ./Questa/scripts/analyze rtl.do

do mgs 2 of2fel 20| HH USUHCt

vopt rtl_top \

-pa_upf .JUPF/rtl_top.upf\

-pa_prefix "/interleaver_tester/" \

-pa_replacetop "dut" \

-pa_genrpt=u+v \

-pa_checks=i+r+p+cp+s+uml \

-pa_enable=nonoptimizedflow \

-0 discard_opt

vopt command &= power annotation process £ K| 0{gtL|LC}.

® -pa_upf— UPF Of ZMEl power intent I} 0| X|E X|™HTtL|LCt.

® -pa_prefix — (Power annotation 0| =2&|11

o O|§& AIF¥EHct

) DUT 7t 2AA

EHA = test bench

® -pa_replacetop — Top-level DUT Q| instance 9| O0|E& X|HgtL|LC}.



o

® -pa_genrpt — B X Directory O MAE|0 Q= Power Aware report file 2 M

® -pa_checks — Assertion check & Z/d3} gfL|C}

Specifying Power Aware Options

o

vopt command 2| argument = Power Aware Simulation & {|¢t 2 ZM0| QUEL|Ct Power
Aware argument(all begin with —pa_) 0Of Ci$t H & = Reference Manual 2| vopt command &

HZSHAIE =S

-pa_checks argument 2| YztOZ "s"& X|H5}H level shifter o M-S st static check 7t
AYLICH 2M5t= ¢t F+2FE level shifter 2| massage 7} ZHEL|CL vopt E &%t 22

HE O output 2 =0l & £ QALK

** Note: (vopt-9851) [ UPF LS STATIC CHK ] Found Total 30 Valid level
shifters.

Simulate the Power Aware Design

Power Aware simulation accurately model = power architecture 2| &2t % HDL C|X}QlQ|

power architecture 2 pQIL|LC}.

=

2138l Transcript window 0 command & @ =3gfL|Ct

o

1. Power Aware simulation 2 ZI&igs}”

do ./Questa/scripts/doit rtl.do

do o= 2H or2fe| #+20| M3 UA&LIC
vsim interleaver_tester \

-novopt \

+nowarnTSCALE \

+nowarnTFMPC \

-L mtiPA\\

-pa\

-l rtl.log \

-wif rtl.wlf \

-assertdebug \



+notimingchecks \

-do ./scripts/sim.do

Al E0| MO A vsim command 0 —pa &ME M50 Power Aware mode 7} Simulator
Of =& ElL|Ct. mtiPA 2}0|E2{2|= corruption, isolation, retention & Zgtsl= 0O|2| Zu}
o = 7[2 2tol=ye] YLt o] 2olERels -L 88 &3 EE ELCL

H L=

2. Main Window & structure window 274 Object, Wave, Source Window & F=7t & Q

A
= = T M
S

3. Structure Window O A test bench 9l interleaver_tester 7} Lt& [{77IX] AES ™ =2
OlsgH T}

4. Sim tab Of|A{ interleaver_tester & G & Z 2|5l Source Window 7} E2|HA| test

=
bench(interleaver_teset.sv) £ =9

5. Source Window Of|A “Simulation control” O|2}= O|E9| MME A&LICL O EEL2
power management block o] FAHOl HE3E X &sIH, LIS HAEE 3Tt L}

® power_down_normal — (Test 1, line 97) Normal power-down cycle where retention,

isolation, and clock gating are done correctly.

® power_down_no_iso — (Test 2, line 101) Power-down cycle with the isolation
control signal not toggled correctly.

® power_down_no_clk_gate — (Test 3, line 105) Power-down cycle where the clock is
not gated properly.

® sram_PWR — (Test 4, line 90/92) Toggles the built-in power control signal for the
SRAM models.

Analyze Results

Power Aware C|X}OIQ| Simulation ZIt= 2ZiZ CIHLO|AE S8 2M8 o &= QUSL|CH

1. Wave Window O A Simulation Z1tE & £ Y EZE Main window O A wave tab 8 =&
gL ct.

2. Wave Window M X2 37{9| test(155 usto 185 us) & & = YL E Zoom level 8 =

= =2 T M haf g
2



Figure 20-1. Results of the Power Aware RTL Simulation
-Defaitt m0 9 — e FHR

B “ Testbench Signals stbench Signals )
8 ° Power Confrol Si.. fvear Cantrol Signals
4 mc_PWR

mc_SAVE
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B “ Asynchronous Br.. Asynchronous Bridge )
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e Cclk 1'h1
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1. ceb
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B “« addr
B SRAM#1
B Assertions
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Figure 20-2. Retention of addr During Normal Power Down Cycle
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0| Of|X|2Q| isolation strategy = isolation insertion point &

"Memory Controller” o] B E output 2 & 4 gl&L|C}

Me
E{ downstream block & HEH™ isolation value & 29 g = QUEL|Ct SRAM =0 CH$t input
0f

O A address = 00| T™ |1, chip 1f write enable 2 1 of 1™ E L|LC}
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Results from Test 2 (power_down_no_iso)
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View>Transcript
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** Error: (vsim-8918) MSPA ISO EN PSO: Isolation control (0) is not
enabled when power is switched OFF for the following:
Port: /interleaver tester/dut/mc0/addr.
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Figure 20-3. The Assertions Window
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Results from Test 3 (power_down_no_clk_gate)
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Results from Test 4 (sram_PWR)
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