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FPGA Development Process

 FPGA Development Process2| Software2} HardwareX =M™

Software Aspect Hardware Aspect
Reqw_r(_eme:'nts Validation
Specification
Verification Verification
\ N ( /
[ Design Integration ]
J \
Verification Verification

[ Implementation ]—> Verification



http://cse.konkuk.ac.kr/
http://cse.konkuk.ac.kr/

EONKUK
I ( U UNIVERSITY

Software Aspect

« SoftwareX ¢l Z™HO| Detail
« HHE B30ot/| o A|lZ20|H2 STt AS2 AtE

L—

[ Requirements ],

Specification |}
|
[ RTL Design JL
|
Sunthesis | HDL .| Behavioral
y | “] Simulation
1
Gate-level
Design
I After Synthesis
Place & Route : Structural HDL S| LOgIC.
Simulation
4
[ Layout ]<
I After Place & Route
Configuration | Structural HDL .| Post-layout
& Download | + Timing Data  ~ | Simulation

v (Back-annotation file)
[ FPGA ]

LABORATORY
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Flow of simulation based verification
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Behavioral Simulation

Al=d0]H
AHE
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Simulation using ModelSim

ﬂ Wave - O
File Edit View Add Format Tools Bookmarks Window Help
#i| Wave - Defauit i H x|

(5-2@ -8 sRBD0-AE || S
N YU b eTiFf|QRQANAR

F[ ssous H{ELEEELNS | & 50 D vttt aA-q2A-94.-9
aﬂ-v{v} Search:

4 [FIX_FALLING_1_0/SYSCLK
4 [FIX_FALLING_1_O/NSYSRESET | | |
JFIX_FALLING_1_Ofpulse WL e ety e il 0 A ) N A A I I I
» /FIX_FALLING_1_0/PV_OUT 13393 EEEIISERIEEE IS IINEEIEEREER ISR RS EENN FEEE OIS EEEEEOSS EREECESNREEEBE
JFIX_FALLING_1_O/PTSP ) T I I R R R N R | |
JFIX_FALLING_1_O/TSP
' JFIX_FALLING_1_O/PTRIP_CNT
JFIX_FALLING_1_O/TRIP_CNT
JFIX_FALLING_1_O/FTRIP
JFIX_FALLING_1_O/TRIP

[FIX_FALLING_1_0/PTRIP_LOGIC
JFIX_FALLING_1_O/TRIP_LOGIC
[FIX_FALLING 1 OMOL_E
_FALLING__1_0/OB_INIT_STA
JFIX_FALLING_1_O/AI_E

Cursor 1 349798000 ps

0 ps to 352397300 ps JFIX_FALLING_1_0/PTSP

"DEPENDABLE SOFTWARE 8
LABORATORY
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Logic Simulation

Synthesis& = ot 20| A A[E[= Functional Simulation
— Structural HDLZ AFESIO] A|Z0|H =2

 RTL designO| synthesis tool& &l XA &d&| =X =0l

« Behavioral Simulation 2Ct =2|X|2F O XMt HEZ S
— Netlist= Behavioral construct(HDL)7| Ol Structural description(gate-level)O|
7| 20| X HWRt 7t77H2 simulationg =

« Netlist(EDIF)0f| &= T|m|ng HHEIF Zote| X| 7] {20
Timing simulationO|2f11 &= A2 =7}
Sy nthesis 0| M = |= Optimization {0

&SI AKX} SHE SignalO] NetlistOfl Al LIEFLEX| Qb= AL
* Optimizationg H7| ?|2t attributeE AFE5H0 Sl Z
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Testbench?

« Testbench EZt...

— A IoglcE simulation | simulation2 A&StA ot7| IsHA &
o= HEO| code

» Logic Simulation%[A| AFE | = Testbench=
Behavioral SimulationOf| Al AF&El Testbench JLHE AFEBHC}?
— Synthesis Tool2 synthesis2| Z1tZ EDIF typedt Structural HDL type
9| NetlistE Pt
- U=H ZE0| ool 2= Wot7| 7] ME0 Ar&dt= A0| 7=

'DEPENDABLE SOFTWARE 1 O
ORATORY
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Testbench (Example)

entity FIX RISING 1 0 is

generic (
INT _HI integer := 607;
INT_LO integer := -

) ;jend FIX RISING 1 0;
architecture behavioral of FIX RISING 1 0 is

constant SYSCLK PERIOD time := ns;

std _logic := '0';
std_logic := '0°';
std_logic := '0';
65 integer range INT LO to INT HI;
MDL _E std_logic;
AI E std logic;
OB_INIT_STA std_logic;

SYSCLK

NSYSRESET
pulse
PV OUT

signal
signal
signal
signal
signal
signal
signal

component FIX RISING
port(
clk
rst
pulse
PV_OUT

begin

in std logic;
in std logic;
in std_logic;
in integer range INT LO to INT HI;
MDL E : in std_logic;
Al E in std logic;
OB INIT STA in std logic;

TSP : buffer integer range INT 1O to INT HI;

PTSP : buffer integer range INT LO to INT HI;
TRIP_LOGIC : buffer std logic;

PTRIP LOGIC : buffer std logic;

TRIP CNT : buffer integer range INT LO to INT HI;
PTRIP CNT : buffer integer range INT LO to INT HI;
TRIP out std logic;

PTRIP out std logic

);
end component;

EPENDABLE SOFTWARE
LABORATORY

process (SYSCLK)
begin

end process;

process
begin

——init

Simulation2| CHAO| &l = HA ZE JE

Scenario

SYSCLK <= not (SYSCLK) after (SYYCLK PERIOD /

)

PV_OUT <= :
MDL E <= '0';

AI E <= "0';
OB_INIT STA <= 'U';
NSYSRESET <= "1°';

wait for (SYSCLK PERIOD * )

NSYSRESET <= "0'; v
wait for (SYSCLK PERIOD * 50); pulse <= "1'; PV _OUT <=
MDL E <= '0"; AT E <= '0'; OB _INIT STA <= "I
wait for (SYSCLK PERIOD / ) pulse <= "0"';
wait for (SYSCLK PERIOD * 50); pulse <= '1'; PV _OUT <=
MDL E <= '0'; ATl E <= '0'; OB _INIT STA <= "I
wait for (SYSCLK_PERIOD / 2.0); pulse <= "0';
wait for (SYSCLK PERIOD * 50); pulse <= '"l'; PV _OUT <=
MDL E <= '0'; Al E <= '0"'; OB INIT STA <= '114
wait for (SYSCLK PERIOD ] 2.0); pulse <= "0';

r
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Structural Verilog/VHDL

« Verilog@} VHDL 25 Structural®t 2AF 7ts

» Verilog2t VHDL2| IEEE EF0] Structural Description0f Ci2 &=
O] Z&E|0 U=

module full addr (A, B, Cin, S, Cout);

= n O:” |O| _||. input A, B, Cin;
® 2 — X-l _I_ BehaVIO J—o output S, Cout; Rehavior
Structural designO| €2 S S  wsion cour, 1 =2+ 2+ cin;
H endmodule
o _______________________________________________________________
_I_ o module adder4 (A, B, Cin, S, Cout);
input [3:0] A, B;
input Cin;
output [3:0] S;
o output Cout; STR"UCTUI"G'
- YHHAE Ol Structural designe
SlL& roy full addr £a0 (A[0], B[0], Cin, S[0], C1);
Egl_l-ol- E;O-" [[|-E|- EA|-O|- — full:addr fal (a[l1], B[1], c1, s[1], c2):
= full _addr fa2 (a[2], B[2], C2, S[2], C3);
%I-A—l Ol E-|- full addr fa3 (A[3], B[3], C3, Ss[3], Cout):;
endmodule

'DEPENDABLE SOFTWARE 1 2
LABORATORY


http://cse.konkuk.ac.kr/
http://cse.konkuk.ac.kr/

Logic Simulation Test

- Synthesis tool EE& Simulation toolOf| [F2F Z1t7t CHEA LI =X
Siolste Zolg o3
— Synthesis tool: Synplify Pro, Precision RTL, XST

— Simulation tool: ModelSim, ISIM
« Verilog2 &4 El ot AAE 222| Synthesis tool& AFESH &
At ZF2EO Simulation tool2 AFE S Al 0[MH S =3
— Synthesis@| ZIE 2 Structural VerilogE 48 35tA St Code H| I
- AtMSH AE &= CHEX|B FASE TR E EY
— 372 Structural VerilogE 2712| Simulation tool= 0| &3l Al=2{ 0]
« ZOIEl EE2: ModelSimO| Al Synplify Pro2t Precision RTLE CHE S22 A|E
HOo|ME sty ANE HI WSS I 22 =82 EdS &0
+ XSTE}ISIM2 Xilinx ISE 280 Z& & =72, =2 dds AT 0
— WtAHOl =& At Ct== =2l (libraryE 371510 =3l 0F &

« Synthesis toold] 2|t S&F2 HEHA| EoHMIHE +=HE F2),
Simulation tool2 Synthesis toolOf| Al X| &5t =70 Al
| O] 40| 7ts (library, B EHEA S22 Qlot XA 0| L)

'DEPENDABLE SOFTWARE
LABORATORY
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Post-layout Simulation

« Place&Route =& 20| & A|Z|= Timing Simulation
— Place&Route?| 217t H& &l Structural HDLL}
Cell LHE delay®} Interconnection delay®| ME7t ZatEl TS ALE

+ Design0il Timing F27+ =7t [f %A SX5H=X| &Ql
— Delay7} &UE|7| 20| SUS £ MMS=X| Ol LY

o 7t Z=E|X|2E HWRE 7+ Y2 SEE S
— Timing & (cell LS, cell AtO|2] delay)Z7HX| 11243t simulation
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Structural Verilog?

 Synthesis £2f Place&Route 2| Structural VerilogZ| CHE7F?
- &AAEE FOlot A4 > OHE
— "P&RZ 2| Structural Verilog= P&NS| A7t M| O QUCH
(Microsemi Libero SoC2| User manual &)
— AHN ZE0|A Synthesis ot A1t= Ct=2| moduleZ LIEMN A= BHH
P&R Z2| A1=0|= StLEC| module2 B ALE

_ #=bE ol

ok

ol =
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Simulation Tools

« Commercial non-free simulators (Big 3)

Simulator Name Author/Company

ISE Simulator Xilinx VHDL-93, V2001

ModelSim and Questa MentorGraphics VHDL-1987 ~ -2008, V2001
SV2005, SV2009, Sv2012

VCS Synopsys VHDL-2002, V2001, SV2005

* V=Verilog, SV=System Verilog

» Free and open-source simulator

Simulator Name Author/Company

]}EPEN

lcarus Verilog Stephen Wiliams V1995, V2001,

Verilator Veripool Synthesizable V2001,
synthesizable V2005,
synthesizable SV2009

LIFTING A. Bosio, G. Di Natale V1995
(LIRMM)

DABLE SOFTWARE 1 6
LABORATORY
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SystemVerilog?

- IEEE &0 "H2|El SystemVerilog=...
Verilog-2005% 7|Ete =2 THE0{Tl S8 2102
27, 45, BHE Rt SO =E AL E
("7|E Verilog + 23 E&(Z2 2

« SystemVerilog= Verilog-2005 + SuperLog +Vera C + C++ +VHDL
+ OVA + PSL.. S Ctet A S HoljM T

- HDVL(Hardware Description & Verification Language)O|2t= M=
= 210{E HSO0H

_ dfLtol Q0|2 Mo HES BE T 20| BHOl Q0jg BX

e 20024 6E SZESHO EDA toolOf MEE|7| Al
X0 = SVE X| ol =7+ =0| Ct+= EX

'DEPENDABLE SOFTWARE
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Issue

- CHAYE Simulation based Verification2 ®8 2H|E|= Cost7t &3
— IST-FPGA(Integrated Simulation based Testing Framework for FPGA)

- 3CHA| EXIE £ FPGA MA|9] CorrectnessE E¢rX oz 2191510]
AZS H| 21 AS AlZte] HZZS 2l6H H|etst Ea =AU

Simulating by &
R z s ] ‘FBD Simulator’ | ” SteP 1
equireme FBD . -
Specificati [ T , -
sl 0 By — ) - Step 1: Comparison-based Oracle &4
i i Test Scenarios e . | . A BH
| FBDtoVeril ted b v : -
Step 2: Co-Simulation =&
S TS Setaiel B A Step 3: Evaluation
: -\:f - Simulating by :: 5
n [+ verlos S = J
RTL Design : { and VHDL | g based Oracle
1
: I_ TestScenarios - . ]
! generated by n : Step 3
:_ ‘Verilog/VHDL Scenario Generator :: ik Bttt
W S 2 1 1l |
1 i) All Equivalent
Gatedevel | [ Netist | : R g = — ] |
Design (EDF) ] .1 Co-Simulation !
| by ‘Go-Smiidtor :
: i Not Equivalent !
| L —There is an incorrect design| |
1 1
v 2 1 : : : + counterexamples :
- T . !
Layout |- { Layout ] g | i
1 I
1 1
1 I
1
In a commercial IDE : :
1
1

FPGA Step2 18
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Issue (2)

« Testbench| manual®t 44
Verilog/VHDL Scenario Generatorg & ¢ Testbench X} /4

Requirements
Specification

RTL Design

All Equivalent
—All designs work correctly.

Gate-level Netlist -
Design (EDIF) |

1
1
1
1
1
1
1
i 1
Co-Simula
by ‘Co-Sim :
1

1

1

1

1

1

1

1

1

1

1

1

T

1

Not Equivalent
—There is an incorrect design.

+ counterexamples

,
Layout Layout I -

In a commercial IDE

EPENDABLE SOFTWARE F P GA S te p 2
LABORATORY
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Issue (3)

« Testbench(stimulus)2| Quality...?

Requirements
Specification

RTL Design
|
, I
! : All Equivalent
Gate-!evel _i'>I ) : —All designs work correctly.
Design Co-Simulation

Not Equivalent
—There is an incorrect design.

+ counterexamples

‘!
Layout ‘ Layout | -

In a commercial IDE

EPENDABLE SOFTWARE F P GA S te p 2
LABORATORY
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Coverage
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CoverageTh?

- Coveragegs FH5}0..

— BIE Bl= Test suiteg TH=7| 9o X[ HE ALE
— TestingO| Al T L1AMNO} St= B2S LT = XHRE ALE

« What can code coverage do?

- O €2 =30 st A0l 7ts

1. "How much logic in the design is actually being exercised?”
(A2 A0t B2 F20| HM =2 dHE/A=71)
2. "Does my test suite cover all of the design?”
(Test suiteO| 2= BAE AHBSIU =71 (Ch=2| 247t 24 =& & E2))
3. "Am | done writing tests for the logic?”

(2F2 98 HAHS 2RI > MURE HAHS $8 AT

4. "Do | have any redundant diagnostics in my test suite?
(test suiteOA SEL= EE22 Q=717 > EEX0|10 M2 = HARS 372

n

m) CoverageS Sl Scenario2| QualityE =0|= A0
g y

22
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Coverage Tools

« Simulator®| Al Coverage analysis& X| &

Author/Company

ModelSim and Questa MentorGraphics

MPSIM Axiom > MentorGraphics
VCS Synopsys

Active-HDL Aldec

Covered Trevor Williams

e ==0| Y 2 A S5l ALE AFStY

Commercial

Commercial

Commercial
Commercial

Open source

T2 =7 3HH Covered?t 7t 24 =11 SO UAS

EPENDABLE SOFTWARE
LABORATORY

23
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Coverage Metrics

« Covered0| A XS kl= Coverage Metrics

(http://covered.sourceforge.net/user/chapter.metrics.html#section.metrics.line)

Line Coverage

Toggle Coverage

Memory Coverage

Combinational Logic Coverage

Finite State Machine (FSM) Coverage
Assertion Coverage

'DEPENDABLE SOFTWARE

LABORATORY

24
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Line Coverage

 Design LHOI|AM ZOpL}

module test:

reg a, b, c:

initial hegin

a
b
|

Il!l"—‘I:l

)
b:

i
fi
C
else
C

~hb;
end

endmodu le

Af Line 1
A7 Line 2

A7 Line 3
A7 Line 4

'ARE

BF 2 |ineO| simulation St =Y E|=7}?

Oi®|2| B2 line 1, 27t =& 11
AR W2} fine 47} 25| 7| TE0f

- Line Coveraget

75%

KU

EONKUK
UNIVERSITY

25
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Line Coverage Report in Coverd

r_ Line q r Module m

Module Name | Hit | Miss | Excluded | Totllll |cur Line # Verilog Source -« » Q b4
Sroot o o 0 )
main 3 o 0 Ef module fsmb! clk, go
fsma 4 1] 0 £2 input clk
63 input po
B4
&5 reg |2 @7 next_state
66 reg [2:0] stote
67
68 initial begin
(] skote 1'bBAR1
78 end
71
72 always posedge clk) state next_state
73
74 * covered_fsm, lights, is-"state”, os-"next_state”
75 trans-"3"b001->3"b018",
76 trans-"3"b018->3"'bloa"
7 trans-"3"b108->3"'bBA1" =
78 always stake or go
79 casel state
1] ER - neaxt_state go 3'b@18 3'bOR1
81 1'bR1@ next_staote go 1"b@1a 3'b108
E 82 3'p188 :  next_state - 3'bB0A1;
83 endcase
a4
85 endmodule
Jalm
Filename: example.v r

EPENDABLE SOFTWARE 2 6
LABORATORY
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B

overage Report in ModelSim

File Edit

Simulate” Tools

Campile

[# 18 oo 4EEE BR[|

ow  Help

ES“@E“B;E Threshold 1005||TR|1-7E|5

‘Workspace X| | Details x|
| Filename [ Fulpath [Type [Stot Count [ StmtHits [Stmt% [ Stent Graph | Branch Cour| i::‘le 3 :zc Ll
ine:

set.vhd set.vhd VHDL 18 18 100.000
f0c.Y proc.y. Verilog 43 29 59184
cache.v cache.v Verilog a4 59 70230 N
ltypes.vhd C:/Modeltech_5.8c/win3... VHDL
memory. v memary. v Verilog 17 15 88.235 I |
standard.vhd C:/Modeltech_5.8c/win3... VHDL
til.vhd util.vhd VHDL 20 9 45000 ]
stdlogic.vhd C:/Modeltech_5.8c/win3... VHDL
op.vhd top.vhd VHDL 1 1 100.000 T

Case Coverage for:
casez (rmru_mem[hash{addr)])
1 out of 5 covered

Case branch:

Tools  Window

< | i
Library | sim | Files

Missed Coverage
# Loading C:\Modeltech_5.8cwin32/.. /verilog.vl_types(bady] _‘_| vl Missed Branches = cache.v
# Loading work.top[only] Lines : 96-106
# Loading work. proc cache.v 2
# Loading work.cache )
# Loading work.std_logic_utillbody)
# Loading work.cache_set{only)
# Loading work.memory
VSIM 7> un
# 20: Starting Read/wiite test Xr 77 B source - cache.v
4 20 Sels U B0 Xr 78 2012 Fle Edt View Tools Window
: Wite miss, picking sel
VSIM 8 un Xr sa defauls: © CERE YEBRR DM IOK! 100ns:‘j
VSIM S5 1un X 82 if (verbose) " : 4 r
# 220: Wiiting data=0001 to addr=01 X i iz prw == 1) | B LA - _
i it 280 Wmeiiss picking sotd 4/4 130 easez. (hig) His | Bc [@[m#] sim:/top/c : cache.v &
VSIM 1 - - - 7
VSIM “> “n —X 136 if (wverbose) ( 69 sndtask
M N ————— X 187 AL lppgre) by
: Writing data= o addr= . — : .
I 40 Wiie miss, picking set 3 X 148 if ((prw == 1) €€ hic) Ay fumGeion [8D) prok sy
N 72 input [‘addr size-1:0] addr;
¥SIM 12> un Xt 157 if (hit) . =
73 integer setnum;
VSIM 13> tun - Xt 162 if {prw == 1) 24 begin
g ggg m:::x;?n gzla;?ﬂﬂi;g;agdmm =i | ‘/ 75 casez (wru_rmem[hash(add
2 : X Xr 76 Sbi21 @ setnmum = 0
VSIM 14> un _~| | T5tatement | Branch [ Condition [ Expression | Toggle | X Xr 77 L et = 1
X XT 78 i Setnum
Instance Ct
hls ance Levaage I = 7 I S I I o, l I o < I = | = I Y I ( ( 79 = n £ setnumn
¥ | Instance Designunit | Stmt % | Stmt graph | Branch % | Branch graph | Condition misses | Condition % | Condition graph | Toggle % Toggj X XT a0 i
P /tople cache 63.4% ] Eckd | - 81 endcase
M /top/c/sD cache_setfo..  100% [ 100% ] 1 EE.7Z I | %Y X 82 if (verbose) begin
W /top/cist cache_setfo..  100% [ 100% 1 6.7 I 0% v Xr 83 if (prw == 1}
B /top/cis2 cache_setfo..  100% [ 100% 1 6677 | o X 84 §¢ v{"5t: Re
M /top/c/s3 cache_setfo..  100% [ 100% ] 0 100% 233% ] 85 else
v 86 $ (s W
87 end
e AR nirk set = 4 H000T << mF 3
4| MTtop.vhd | cache.v | I I R |
[Now: 800 ns  Delta: 1 [ sim:ttontc [ e 75 ra T T Ruing

EPENDABLE SOFTWARE

LABORATORY
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Toggle Coverage

 wire/register@| 4f0| simulation ¢t [0>1] & [120]2 = #H3I5I=7}7?

module test: Ol A 2| 8% reg al| #f0| Ct=1t 0| #H3t
e a = 000
In;“:mS'EEIE;Hn a =110
#10; a =010
a=3ablo:
#10; N
:1E_S'htﬂﬂ; Bit 0 : H3}X = 0%
end Bit 1:0>1 H3l 150 BizlX = 50%
o rdnodu le Bit 2 : 0>1 H3}l, 150 BHigl = 100%

- Toggle Coverage= 50%
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Finite State Machine Coverage

LABORATORY

module test( clock J;
input clock;

reg [1:0] state;
reg req, ant;

parameter |OLE 2°b0O0;
parameter FEL 2'b01;
parameter WAIT 2°b10;
parameter GMNT 2°b11;

initial begin

req = 1°h0:

gnt = 1'b0;

repeat(d) @{posedse clock);

regq <= 1'bl;

@{posedae clock);

regq <= 1'b0;

ant <= 1'hl:

@{posedae clock);

ant <= 1'h0;

repeat(2) @{posedse clock);
end

W
casel state J

I[ILE : state <= reg ¥ FHI] : ILLE:
RE] - state <= ant ? GHT : WAIT:
WAIT - state <= ant ? GHT = WAIT:
GMT - state <= [[CLE;

default - state <= 2'hx;
endca

endmadu e

FSM9| state®} transitionS L OfL} =Sl S}=T}?

Ol X2 8%
- FSM Coverage (State) = 75%
- FSM Coverage (Transition) = 57%

29
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CoverageE 0|&%ct At

« Coverage Directed test Generation (CDG)

| TestPlan | Random | [ Tt | DUT Pass
- Directives Test | * . et
L-/_J Generstor .] — Simulator Fail
! t
|

Coverage
Information

' ‘ . Coverage Coverage
Reports Analysis Tool

— 3AA 27}X| CDG7} EXY
* Feedback-based CDG

— Coverages 5d0ot1l O|F 0|80t €1d|g5 ol AlLIE[2E 7Hd

« CDG by construction

- HEo| DHYS 2D DY 20| L12IFS HEH0] ALIZ2Z A

30
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Feedback-based CDG HE A}

« “A genetic approach to automatic bias generation for biased
random instruction generation”
— Genetic algorithmO| test caseg B/ St coverageE S7tAIZ

PowerPC Architecture

Execution
Trace
Generator

Biased Random
Instruction
Generator

Genetic
Algorithm

4. check 1. analyze
‘L—P coverage of coverage
tasks status

offc

« "Cost evaluation of coverage directed test
generation for the IBM mainframe” iyt
— Coverage =4 Z17}t generation rule2 =3 A|7 :

2. select simulation

II X'I S| EE test El-Al 71 directives

directives to
simulation

¥
3, run
simulation

Y
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CDG by construction M- A}

« "Functional Coverage Driven Test Generation for Validation of
Pipelined Processors”
— Pipeline ProcessorE FSM2 2 RHESI1 Functional CoverageE AtE

StO] Test generation= T
— Test generation2 F2|9t fault model 2 L12|EF2 B0 =3

Algorithm 1: Test Generation for Register Read/Write
Input: Graph model of the architecture G.
Output Test programs for detecﬁing f'lulls in register read/write.

for e*u:h register reg in archltecture G

value,, = GenerateUnique Value(reg); Table 2. Quality of the Proposed Functional Fault Model
writelnst = an instruction that writes valueye, In register reg. | Fault Models [ Test Programs | HDL Code Coverage |
lest progee = createTestProgram(writelnst) Regisior Read/Write 30 5% :
TestProgramList = TestProgramList U test progyeo: Opthion E"{ecution ]é‘) 91%'_

endfor | Exccution Path 320 86%

return TestProgramlList. Pipelinc Exccution &6 T00%

end
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Issue

- AEDBI= Coverage”| Safety Critical System= ¢/ ot
LR
— Data flow coverage
— X AFEE|= CoverageE=2 structural coverageOf &gt
— FBDE I8l BFHE CoverageE HEg = U=7)?

= 1o =2 T ML

Scenario M

« Verilog/VHDL Scenario Generator0| 087 CDGE M &Y A QI7t?
— At CHst 7:7p<-| O TAFZIQ
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