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L s vk s e S B e el ey SRR RO R R

1.10.1 AHEMMRAES

EARRIFFIE % 3 Verilog R E M XBFOHK, XLBFAERRITESMA 1.1
B B B F 87— 1 32 APB(AMBA 4t 828 5 AMEE X ABMRAL. (VHDL A
PEHEMRBEEMTIIRD

1.1 UKzh ape 5|1
module test (PRddr, PWrite, PSel, PWData, PEnable, Rst, clk);

/7 Mo Ab4E B w1 R B

initial begin
// SR BN E L
Rst<=0;
# 100 Rst<=1;

/) WHEH B
@ (posedge clk)
PAddr<=16'h50;
PWData<=32'h50;
PArite<=1'bl;
PSel<=1"bl;

// f# pEnable B %%

@ (posedge clk)}
PEnable<=1'bl;

@ (posedge clk)
PEnable<=1'b0;

/] BRAR

if (top.mem.memoryl 16'h50] == 32'h50)
Sdisplay ("Success”);

else
Sdisplay ("Error,wrong value in memory"};

S$finish;

end
endmodule

ZEUNRESEREXAMAELUE FATHRSERBXE-FBEEENT S, MUER
R FARATHEE A EARENT .M 1.2 Fix.
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#1.2 — /1 AT ArBSIHHNES
task write (reg [15:0] addr,reg [31:0] data);
// HahiE g B4k
@ (posedge clk)
PAddr<=addr;
PWData<=data;
Pirite<=1"'bl;
PSel<=1'bl;

// {f PEnable Bi%%
@ (posedge clk)
PEnable<=1'bl;
@ (posedge clk)
PEnable<=1'b(;
endtask

EFEFRTIAFER B/ A, 05 1.3 iR,

#1.3 MK/ZKAY verilog il ix
module test (PAddr, PWrite, PSel, PWData,PEnable,Rst,clk);

// &b A B b O3 A B
// AR EREINE 1.2 AR &

initial begin

reset () ; /! wmEREA
write (16'h50,32'h50) ; /i BBES ARGFESEP
/) B R

if (top.mem.memory[ 16'h50]==32'h50)
$display ("Success");
else
Sdisplay ("Error,wrong value in memory");
$finish;
end
endmodule

38 oA — 2 AR (B0, A SR BEHAMERE A BB - TRE S, T
WHER TAEREFRO O, XE MEAGSENBE T AEEE SRR EEME
,_.ﬁa

1.10.2 E8HGLE
M LYFRI—TIRFEhBREH LI RT.
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1.11 #— PR EHIHR &

BLAE 2 4 > 40 {a] FE AT i P 7R & AR 26 4 {4 BR B X, SystemVerilog &5 MR & T .

Ve 1L T BB E RERIKR)RF

B RIFARFEH P — /T8 R—EH3E. B 113 Fix
RS ERUOR B R EN@ S, K TRESE AH RN E M
HE.REEEHFSHBE - EESHEL FNSKBFERILETF,
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B11.4 HEARESHMERT
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task run();
done=0;
while (! done) begin
/I BBRF—1TE5%
/] HTEBR
/! RERE
end
endtask

FHOEGUHTEAMOOPLUE MR- RIIFGE R E MO FTHSA SN
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1 Verilog # . SystemVerilog #{f TR Z MM BEFELSEH. BRH TN EILEH
By R A E O B0 H L E R . A SR 4R 0 IR A R B
2,

byﬁlethrllog gt T — ﬁ“ﬁrﬂ’]ﬁﬁ&@ billﬂﬁﬂﬂ F L si,

(2) Iﬂk?ﬂ z;ﬁ*ﬁi%‘éﬁkfﬁ Eﬁ”‘lﬂ#ﬂ-’iﬁ ﬁ*ﬁi&%ﬁlﬁ&wﬁé
(3) KMy TR RBIBLE .

() BEEMEHEH . RIFAT R A L IE (view) ,

(5) FFH . LIFNEEMFRIFI.

(6) B M., HEIAEHS el 4.

2.1 HNEZPERAE

Verilog-1995 & B B A i S04 26 0 D B AR M (ne) . EEAIT#% B #F AT LAA 4 B B
{#.0,1.ZMX, RTLAVEHERAE B AR AA Mot FH, 45807 U2 PRk £ i
B 452 M (reg [7:0] m,32 LR E 5 B (integer) .64 HAFH R 5 B time) 2 iF
S¥(real), HETTRHALUYE - EFHIEREATE. FEHNGFHEEHFSH.ERKE
AT REENHELIEYPEHREFEIEMN, TR (routine) ANt it R KR FE R
SHFBEAR, AT UAREERIFYPHRRE B O TREREH., RELEKN
HBZMAE HRAZHRHELAEBAGERKE wvire REEZE M RITERM U,

System Verilog 3§ 7 78 25 #r (09 %048 28 7Y, LA {6 [6] 0 75 Bh iR i+ MR iE TR I,

2.1.1 ZEi§(logic)XR

¥ Verilog 1 . ¥ ELF AT reg Hl wire MEHX A, WiKFEHETI P8 —14
N R v 07 AN R BRI S W fRf 4?7 SystemVerilog %t 45 1) reqg BR B RHFFT T
M B ERTEN—PERUSET LB ESERE. (TR CRERFES., AT S
FFAE R RIA X X R B BRI AR N Logic, 1R (i AL M &Y #i 2y B 0] LA(E
logic,{HE K logic NEEA TG MEMR S . FlinEX Wi S BgEG . Kot &
EHHALMNER, F wire,SystemVerilog & X £ N BB REHITHT LGB ERARHE.
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20 Hmem gExm : - — ;
#l 2.1 /=¥ T 1E SystemVerilog F{# ] logic A,
2.1 logicEBIM A

module logic data type (input logic rst_hj;
parameter CYCLE=20;
logic q,q9 1,d,clk,rst 1;
initial begin

clk=0; /1 RRAE
forever # (CYCLE/2) clk=~clk;
end
assign rst l=-~rst h; /1 EEEWAA
not nl{(g _1,q); /7 q 18I Bh
my dff dl{q,d,clk,rst 1); /! a B IE )
endmodule

BT logic KB RBEFA -ABF.FUATUERERERREPH
BA, PIRFFAHANESEHEFAN logic A & reg X wire., WRFE %
N Mo EHESHABR, YA FEEEHREAEXRFLTAS
MESH HE XA A ZEEIRFEREXREM LAY, B0 wire,

|

*

2.1.2 WREBHIFAER
ML DR A BHE XA, SystemVerilog I AR NRESBIERVEFN TREDHEENE

BEHBLANFMEHE. REHAMTCREHELEDE vit. EREMNSH., ZUMERES
B AR B LR B byte.shortint.int # longint, H 2. 2 A .

Bi2.2 WASHEEER

bit b; /1 BORE, L HF
bit [31:0] b32; /] BRE, 2 EREFSBE
int unsigned ui; /RE REBFRERAESER
int i; /ORE 2 RARS B
byte b8; /) BORE B E SR

[ shortint s; /7 BORE 16 EFATSRE |
longint 1; /RS AU TERS B
integer i4; /O ERE 2 R ERTER
time t; /) EARE 64 LEFF T 5 B
real r; /7 BORS » SUKE BE 2 s 3K

REFQX A TER &L oyte (R E XA RKEF K XM Logic[7:0]184
FROUEFSBFEMME, PFETENR X UFHNRELIHREY
#FEH, lbyre ERWRAMAF 127, AR 255(E WG B R — 128~

=
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2.2 Emag 21

e LUEARD o TR st e oottt DTS RS o S AT T

127). # LL{£ B byte unsigned B X KT E R bit [7T:0]JFBEH M. A T,
FHETRTRHRLAOSAABLHWER . X —LEF6EF 2R E.

| B AE R A BN Tk A U B A B A
A N WREMRREF S X K 2. B S B AR RS T AR
‘@’ KRBT RAEBRER T AL RERA T OFRE L #ALE, EEH
REHMHEFERADENLE. &8 Gsunknown) B EF, T U EEXEZERAE

EHEAHAXKZHREE L] 2.3 FF .
2.3 XHUREERREA

if ($isunknown{iport)==1)
$display ("@%0t: 4-state value detected on iport %b",

S$time, iport);

AR ATt MBEStine T U ITEHH YW EE,ITHNERXE
Stimeformat () FRFHRIEE. 3.7 WhEXFTotEENIFEHNFA.

2.2 EREH

ML TF Verilog-1995 ) —HE 5E T 4H , SystemVerilog 4L T I 2 A B K 8,
IR £ R K,

2.2.1 ERWAnERMNBL

Verilog BEREFB B L AAHBEHAN ETR. RAILERASKHAERMERE o ERESI
T & BTLL SystemVerilog fif R HBARENE#HESH B CiIEEHM.

B 2.4 ERBAN P
int le hi[0:15]; // 16 B [o0]...[15]
int c_style[16]; /e [o]...[15]

A AR AR EEEN T RGBSR E R EH. F 2588 T L2
HHBRBA KINEESTAN . BE— T TENEHRRTN 1. EHEBHALE Verilog-
2001 FEEE| A HXFEEANEEFNPEHMN.

Bl2.5 FUHERZREBA

int array2 [0:7][0:3]; /! SEEEMAEH
int array3 [ 8][ 4]; [/ BB A
array2[ 71[3]=1; /P HEBRR—T IR

A0SR AR B9 FURS B — -8 B Mo it o BEBUBCHE IR 4 System Verilog %35 8] ¥k 4H 5T
REMNBREE, OHEBBR. N T —PmR N MWRE LT A, B0 1ogic, & 6@ 2
X, 0 X FRORSRBBAN int 2 bit, WERE 0, XERTFHAERARY . AEZTREA.
FHEBA KA MMS AFEMER TR EHE XL ZHERL. KNERHFESH
B R Z,
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22 A:I { l:'FI- ﬂiﬁi T -.-_'-'?;:_'-."..-c .“"-'--\.'-“F_{:i".-.".‘-': . _,.q.- ﬁ.J 2 T --Z"’ "'P;""" -'f %%i‘kf‘é 5\ I-T"ﬁ_p ﬁ%"&?im# 'ﬁl-"\'\'g m

m$SWMﬂ%MﬁﬁﬁﬁE#ﬁﬁﬁmﬁﬁﬁﬂ32wﬁﬂ$ﬁﬁEﬂiwm
shortint Hl int B8R FHE—TFH .M longint MIFH B FF .

mel 2.6 Brm EERHEAY . FHKUEARFREE UM AEMN. B2.1MHh
AEFVTEY b unpack AP =1 FHIZEE,

B12.6 dEG 3 M A
bit [7:0] b unpack[ 3]; /7 ESHEE
b unpack[0] _
b unpack[1] A g B 74 () S EE 43210

b unpack[2]

B21 {EGHBANFR

kGHBASE?22.6 THHE.

ViHAFAFEARNHEBANL L EZERF R logic M integer FPUREI M,
EEWHFERTURETRE S —FEWSE,

2.2.2 EE¥A

Bl 2.7 T M {EREERA BB SMAFES R MBARAETXEY
Bl GHARTHRPREFSEE L PRI G, T LL— K4 B 63 2 5L
AARBE., EAFYAIRELEERKETUMEBI TEEERE ETURBLEL S
AMERITCREE - THRAEME.

827 wmate—1rH4da
int ﬂﬁcend[q] =*'{0,1,2,3}; /7 i:]. 4 ’?:ﬁi#i&ﬁmﬁﬁi‘h

int descend [ 5];

descend ='{4,3,2,1,0}; /RS IERE
descend [ 0:2] ='(5,6,7}; /7 AT 3T EBRE
ascend = '{4{8}}; /B EEER 8
descend ="'{9,8,default:1}; L 98,1 1:1)

2.2.3 BEHNYABEIE—=For M foreach

BRIEFANEE RO TR for & foreach fH. ZEH 2.8 i B A % for
BN EEBER. SystemVerilog 8 Ssize R BB AW R A . £ foreach fEHF+,
QR E e RHAHEHEAM T E SRR HESZ R, SystemVerilog L B3R FH%
HPMoE. BRITEBESFN, FAEBRAER,

%28 FEHHABIEPFEHR for Ml foreach fHH
initial begin
bit [31:0] srel5],dst[5];

for {int i=0;i<Ssize(src);i++)
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VL AR T Mt S e BT R T e T R
srelil=1:
foreach {dst[j]}
dst[il=src[§] * 2; // dst R src BIF S

end

EEAEM 2.9 S EBHEAM A foreach B FAIRES SRRV A AR, £
et H ARG EET FRIBFIEARNFTES R, MEAESRITGERE
ﬁ—’rﬁﬁ%ﬁ.-@[l,ﬂq

B2.9 PENBHZHERSA
int md[2][3] ="'{'{0,1,2},"'(3,4,5});
initial begin
Sdisplay("Initial value:");
foreach (md[ i,j]) // X IEH AR EAE R
Sdisplay ("md[ $0d][ $0d]=%0d", i, j,md[11(3]);

Sdisplay ("New value:");

/X ERE=TILREERMES

md="{"{9,8,7},"{3(32'd5}}}:

foreach (md[ i,5]) /X EWAE R
Sdisplay ("md[ $0d][ $0d]=%0d", 1,3, md[i1[5]);

end
) 2.9 W e R 2. 10 Fr s,
#1210 BHREHTEBENITHELSER

Initial value:
mdl 0][ 0]=0
mdl 0][1]=1
md{ 0][2]=2
md[ 1][ 0]=3
mal 1](1]=4
md[ 1][2]=5
New value:
md[ 0][0]=9
md[0][1]=8
md[ 0][ 2]=7
md[ 1][0]=5
md[ 1][1]=5
md[ 1][2]=5

MBEERATEBHEHEPHI A YR, 0] LLTE foreach {§HF H 2B &4, |# 2. 11
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24 HpoEm WiBXE

-1z ﬁﬁ*ﬂﬂﬁﬂﬁﬁ—"ﬁiﬁﬂﬁlﬁﬂ ’EE%E#EHFPJEBE% ’T‘i‘ﬁﬁ ??%F?EEP'*U%'
TEERRR R

gl2.11 TER—-EEHRA
initial begin
byte twoD [4][ 6];
foreach (twoeb[ 1,3])
twoD [i][j]=4i* 10+73;

foreach (twoD[i]) begin /O RE
Swrite("%2d:",1);
foreach (twoD[ ,3]) /7w YR
Swrite ("$3d",twoD [i][3]);
Sdisplay;
end
end

i 2. 11 Wi g Rufl 2. 12 friR .,

§12. 12 $TENZHEPA/NMBER
0: 012345

1: 1011 32 1314 15

2: 20 21 22 23 24 25

3: 30 31 32 33 34 35

BREEMEME foreachfER SR AHEHEAHPNBAMAE. $4A f[s]FHTF
FLO:4].MM foreach(fLi])%ZE A T for(int i=0;i<=4;i++), X TEH rev[ 6:2 %%,
foreach (revl i )& A] % W] F for(int i=6;i>=2;i~-),

2.2.4 EFHNPAFRFE—EHMLR

WA UEAEHBEARNER THEAH#ITRESEEMEH(REREEHATENE
AMAREN LR -HHFUBRABRTETHERA L FLL®. M 2. 3F7HTILA L
BT . @R HBRKN im0 2. SPRAXRMAITFRFBHTERSE.
Bl FREHEEOHERTRHEN—B src[1:4], BELER EFFE T A E TR
e Bt 35 4H

Bl 2. 13 F MR R LB R E
initial begin
bit [31:0] src[ 5] ='{0,1,2,3,4},
dst[5] ='{5,4,3,2,1};

/] BT EENES R
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2.2 . FE

&l

AimnEELAT TG AR R Dt i O AT T R T TR Rl R R R
if (src==dst)
Sdisplay("src==dst");
else

S5display("src!=dst");

// HE src FFA L EEE R4 dst

dst=src;

// R ITERME
srcl 0]=5;

// FRACEREREHEGERD

Sdisplay("src %s dst", (src==dst) 2?2 "=="; "l =");

/] HEHBERBRME 1-4 M EHTHER

Sdisplay ("src[1:4] %s dst [1:4]",
(src[1:4]==dst[1:4]) 2 "==": "1=");

end

NWMAMBAZBEANEFHESRE. MU ZFEABR.AOMESEE, WTE28
ZE.PMRRFZE, LM HERS 2. 2.6 THHEAMSIFE4.

2.2.5 RIFR{EMHAML TIRINEE TR

£ Verilog-1995 & — /MR A 8 sy sk R A TAR AL TR A ERIAHEH . Verilog-
2001 A ERBABMBE TXTBRE . &2 VITEHHBAMNE RS 10D BRI
(R (DA R EERE A #HH 100,

B 2.14  [A]E{E FHECE T B RO T AR
initial begin
bit [31:0] src[ 5] =*{5{5}};
Sdisplayb (src[ 0],, // 'blO1® 'd5
srcL0](0],, // 'bl
sccl 0][2:1]); // 'blO

end

BRI FH A& SystemVerilog H MM . B EEFREEREHF FHH
Verilog-2001 #8935 ~4 Btk

2.2.6 HHEA

MR EHAE L RO EEF BT LA /N — P BA N T U EARRE
MYBTT, Sl EF—D 32 RN EFR.ANBRFEEEFRLE D 8 L BUE, Fat
BNAHEBEEERENTH LTS BEE. SystemVerilog 894 3 3040 & 7T LL 303 X N Ih BE,



26 meE ML S B
o B AT LR 0 A T B R R R A R . SRS R B A MR S MR R R i
S5 () LA L4 o 18D ¥R AT 4T IR R 10 25 14

2.2.7 EHEAEAMBF

A A B, &AM MBE MME B XA — o L0 R 2 2 A s
. B K pEXHHBEA LB R msb:1sb]. A R size], # 2. 15 FE A pbytes &
—PNEFANFTNE RS FHR MR 32 KRN FRER . E 2.2 B,

Bl 2.15 GSHBHSERMRE

bit [3:0] [7:0] bytes; /AT TFIHER 32 it
bytes=32"hCafe Dada;
$displayh (bytes,, /! BRETAHB 32 LbiF
bytes{ 3],, // R ca”
bytes[ 3][7]); /1 B AR

bytes [3] bytes [1] [6]
o i —
bytes [76543210]76543/21/0 As]s4[321/0 765432010

B22 S84 rEH

AHAHAEAFBAETURBAEH. RS Ak X 68 0 . X e 88 5T 1]
DIEE TR K PO T ARTHER., £6 2. 16 f,barray B— P EE 3PS HTE
MAEE I 8.

B 216 HH/AEGHIESEHKMAER

bit [3:0] [7:0] barray [3]; /] G 3X 32 thEr
bit [31:0] lw=32'h0123 4567; O
bit [7:0] [3:0] nibbles; /a4

barrayl 0]=1w;

barrayl 0][ 3]1=8'h01;

barray[ 0][1][6]=1'b1;

nibbles=barray[ 0]; /B E S o EE

Bl 2. 15 PHER bytes BE— T RAANFHHEHBA ULFEERERK. barray
WE—-THEE 3T bytes TEMBA LFERERNE 2.3 FixR.

barra}!ﬂl [3] barray[0] [1] [6]
barray[ﬂl?aaqzz:c:75543213 543210 76543210
barray(1] 76543210 76543210 76543210 7654321/0
barray(2][7 6543210 76543210 76543210 76543210

23 GHF8HEFIOREAE

A= TF AT LAE R — D FHEE barray 2], EHBENS T, Af B R —4F
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17 B %4 barray[0](3]. f#H =4 F k5. o LLJ7 A B 884 H4F L barray[0][1][6]. I
SREFERADETEAEREE TREAN KX/ parvayl 3], XM HEEESIHFH . T LIE
FHRZEAEANELESR DT,

Fl 216 hBRE—ITEMNSIFRAEABEHREN. A TRIERULS N RUET
(5 Fir LA B {6 % 41 4 58 A (9] o T LA i 47 &4 .

2.2.8 SHHAMIESHBANZEE

REMNZEFQ RS RIESHFHHAR? AT EMRBIETHEE LT, EH
SHBAHEASEFTHE. Al RUEFEUFTRF RN FRBTHATRE. B 2.3
P barray AT AT R X — 3R, AR BOAH R BAR AT LA & FF, 6L 1 B S B4 L BA B A

KEEA.2.3~-2.5 "Rt -S4,

MRBHFESHFEAPH T WLHFEHEIFHE. YMEPEFTEALHFRS
B p ok e iBnt R Bl e B2ER. EXTREMFREATHRERE G HI
g, 412,16 KA LI 1w F1 barray O FHIERURGE S . HA ABEHE Y barray
H.FRIFEEEY EAK-: @{barray[ 0] or barray[ 1] or barray[ﬂ Y

2.3 BELAH

R AT AR EEARN Verillog AR RBEER BN LBEFEREHRBAET. AL
REAANBRFSITZRIEE D RE KA RETR? 8140, 4R 0T 68 AR 75 05 BT 56 B9 6 18 4 R
—~HEF FHFHOERMANY. IREXEHSFERB T EROBL4 R, I XA
MEEFEXRIITUFARANSESR.BLHFENEFRAESTE/NTRKRE, XK
R T2 [E )R 28 . SystemVerilog $#4k [ 3 75 34 4 25 8, o] LL7E {f BB 43 Bc 25 (] 5% i)
BRI XA BT LU A B i
SHACEHNERTA TR XBRERANEEAEREH A LY, il 7E R
FPIZfTit B8 0F . BRIt RSB BT RAR L 5008 new [ EF R OB T E LR
NETFESPEERHATE ., o UIERABRES ne WER . HIECARENBEE 2
WEE B L 2. 17 BioR .

217 (RIS EYA
intdyn[ ],d2[ |; // B EHH

initial begin

dyn =newl 5]; // BB ST TLE

foreach (dyn[3j]) dyn[ jl=17; // B: X ILREFTHIMRAL

d2=dyn; /i CEM— 1R

d2[ 0]=5; // DN H H{E

$display (dyn[ 0],d2[0]); // B:BAREECOH S
dyn=new 20] (dyn) ; // F:5PEC 20 BB I AT S M

dyn=new[ 100]; /7 G:5YEE 100 TR BB
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- e =~ F 2 Hi : . e e oy i e
28 BB MUBRIE g e N S RS

// \HEREHE
dyn.delete () ; // H BT TR

end

e 2,17 LA T new[S]AE T 5 TR IBHAH dyn TEA T S TRET

#., BIERAMBIMEMAHRMMTE. CHART A —MRAHE ayn BHAKILE
HEEFHEE, DITMETGTERTHA dyn Ml 2 BAHEMY M. | EfTHESTET 20 TH

RN dm FATHAF B M LR | RERE dym HABRA K S PR A

FAEGZS ] T LB ayn B T — 1B 20 Ao ERs. 7 2. 17 5 A new J7 K
TIO0A TR EXATHEEWE.FEH 204 TEHDNERK. BRE-HITWHET
dyn ¥4,
RO M B ssize WERPBHRHANEE. ITHHEHE -SHNENTERF (rou

tines) ., B0 delete Al size,

R AR A — A BB B R ARG T R 6 B, BT L {8 A g A Mo R 4
EHAHITHRME. 6 2.18 FEHM nask JHEF 9 1~ 8 thF 7t K, SystemVerilog &
HEE T EN B X FE D ERBUAREAR/NIE RS N 8 B,

B 2.18 {FRANSBARFRFCERRAENIE

bit [7:0] mask[] ="{8'00000_0000,8'b0000 0001,
8'b0000 _0011,8'b0000 0111,
8'b0000 1111,8'b0001 1111,
8'b0011_1111,8'b0111 1111,
8'b1111 1111};

RERABWRBIAMF, Fl AR inc, & T HH M8 P4 2 8] 50 7T LA 2 RE
FETLREE MR BRSO T 77 LU ) S 80 f0 a5 i 8 S

MR- ERBHE RS — 1 s AR, SystemVerilog 2 8 F H & o6 3 newl ]
3K 41 BL 25 6] 3 5 i 301 .

2.4 B\ 3

SystemVerilog 513 T —F B W B RE - —BAF .. EE S THEMPHABKA. B
P58 RABL, T LI — BT h (LT3 R s B e B, X K REE R LR KL
) SHANMEL BN ST EI RO BAHER A TRENE. A S5H4E
L T LLE R | LIHE o KRR, AT EIRERIE LB B R GRZH
AR,

BAFIR A B R E AT A RIS T on:(s]. AFITEMESTMA 0BIs. # 2. 19 /R
{1 40 4e] 5 A 77 ¥ (method) 7E BA B R A B T & . 1 B BA S A9 % B (literal) R F X
HEMBEHBHAEEPFLABRIE,

SystemVerilog 89 BAF1 28 {2 T &5 #E4& 4% £ (standard template library) 5 By X % BA 71 ,
V38 i 3% i T F K R B BA ¥ L SystemVerilog £ 43 it 1 - 89 2= [a) LA E VR AE B R B G A % oC
B YHouEW B8 EA 5 a2 18 8], SystemVerilog £ A A E S W3], H
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S St S T

G e S

e B

e W R,

SR HRAT LYK B 45 /D BA B L {H R B AR B 74 B4 R A A i fE b AT AR K AR 4T, System-

Verilog £ B Bt 0 7% bR B 8925 4] . | TE38 AN Z 0 BA 3 5 I A% 3 e 3 new [,

5 2. 19 BA ] B HR4E

int =1,
g2 [5]=1{3,4}, A7
q L&J=10,2,5); //

BAFI R H B AT ZER 7
{0,2,5}

initial begin

g.insert{l,j);: /7
q.insert(3,92); //
g.delete (1) ; i

{0,1,2,5} FE2ZHIFEA L
{0,1,2,3,4,5) £ qFHA—INAFD
{0,2,3,4,5 MWBRELITE

// T B ERAE AT B AR AR

q.push front(6); //
J=d.pop_back; LF
g.push_back (8) ; /7
j=q.pop_front; /1
foreach (gl i])

$display(qli]); //
g.delete (); /7
end

{6,0,2,3,4,5} fEBAFIBIEIEA
{6,0,2,3,41 j=5
{6,0,2,3,4,8) AT REHA
{0,2,3,4,8} Jj=6

{}

FTER B 7 BA S
) B % 1~ BA 5|

RAUTUERFFRRRREN T E. MR ESHE-TURREANEL . BLsHE
REHSMEBms: 2]k L0 2], MBsHAERKAN AL, MRS KE, 05
2.20 HHIRILRAOE - ATEML1:s]8ER1:2],

B 2.20 PBAFIER{E

int j=1,
g2l $1=13,4}, [/ A HRATEER 7
Ci[$:|={nr2r5}r' i {0,2,5}

initial begin /] R

g={gl0],5,ql1:8]}: // 10,1,2,5} fE 2 281N 1
g={ql0:2],q2,9[3:81y; // {0,1,2,3,4,57F q PiEA—IBAF
a={q[0],q[2:5]}; // 10,2,3,4,5) M&EE 14T E

/7 T THT B8R BRAE PAT B AR R

g={6,q}; // 16,0,2,3,4,5} 7EB\FIRIE#E A

O HARFAR SystemVerilog {4 2 A S R insert OXTEAT i ASTH.
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e ] CE gifr L sl L . . . R e e R e
30 b1'_'| [ == T ) o PR ST SO L ot 3 Jhat K s R T o il L R *J'L-p{ i.:}r_:n;rr'&.r'-: ' '.-_l il

j=ol5]: // ZRETF j=5
q=q[0:$- 11; // {6,0,2,3,41 MBAFIEKRERE BIE
g=1{q,8}; // 16,0,2,3,4,8) FEBRFI KR A
j=ql0]; /f BT j=6

g=q(1:$]; /7 £0,2,3,4,8F  MBAF A B
q=1{}: /7 1) i (5% B 1~ BA 51

end

BA 51 5 R oG 3R R 2 S A 64 L BT LAFE BA B B AT 1 B f i A I AR AR W . R BA S
HER XFREFRERMIE AR M., ERFIHRENEMNBETRTEN CEFE
(I BC4R AT B AR LA 6 th 25 (8] . FH R B2 4 BT #E 9% O B (8] 2 Bl A BA 5 B /R YE R T

fRef LIt Rkl sh S M A M E K #4551

2.5 REEA

MREFKARBIRAFENE T KARABAE . FoaX RS FHT . BED
RUERERBRKERENR? BRALEM —IEENLASGCFH FAEMNLERBEATE
B, AR XA R TR RR T ARFERTHRITAEEEASJLA L
TAHAFH XRHERTHILCFTHNEETBAITTREMNNBRLEEREREN.

SystemVerilog {4t 7T B BHLER AR RTERAEEEANTE. XERE HHEXN—
A-3E # B Hb HE 25 (8] g 4T 3 4k B, SystemVerilog R B EHREBEAMNTE SR 2 E, 75 E
2.4 R EREA RAR B 0---3.42,1000,4521 F1 200 000 %540 B FAI(H . XA ARGFEBGX
ME RS B A 200 000 MEREMER KR ERAHR AN SREIENNEGE,

1 1 1 L

%3l 0 4251 200 000
2.4 CH¥H

HBITURAWRMRERNEXRFRXKREA B SR FH. Y57F
AGUME 8 el 0y RO e Bl A 32 (i bk 2k 64 (LERIEF ARSI R\ R, X8t
FHERETLAEZH.

KRB R RITE /7 45 5 o i B B 6 ROy T RSk sk 47 75 0 B N[ int J 2R [ Packet ],
W22l mRETRKEHNSEN Mk mandR.

1 2.21 <EXBUHR S P E A

initial begin

T Wl RAERFERN TSI BN . B wild ], PR, AHEFE XA HYA
M@ EENSRRERNE. - TBAMEERE foreach I F— & foreach(wild 1) PRYEH )
HERMAER
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- e bl ]
o L 2,5 FEmE 3
LTSS pE ASEAR T RER L M petedl! SRR TGRS T T S e et

bit [63:0] assoc[bit[63:0]],idx=1;

/7 3 H A AT R JC R AT B IR AL
repeat (64) begin

assocl idx]=idx;

idx=1idx <<1;

end

// {EH foreach iR Ji ¥ H

foreach (assoc[i])
Sdisplay ("assoc[ $h]=%h", i,assoc[i]);

// {3 FH R B0 T 34
if (assoc.first{idx))
begin /! 1REIE RS
do
Sdisplay{"assoc[%h]=%h“,idx,assoc[idx]};
while (assoc.next(idx)); // B#8TF—1%&K5I

and

/7 REGEMBRE - PTTE

assoc.first (idx);

assoc.delete (idx);

$display ("The array now has %0d elements",assoc.num);

end

B 2. 21 H B KB B AL assoc BH MBI MITER:1.2.4.8.16 %, HEM for 1
PRI A BER %A R B B foreach TEZRM 54, BRI HAGELF, T LI
do...while ¥ [ first Fl next A, XE /BT UBLREISHNE.RERB
WHAHRE RHERME 081,

Ml Perl iIE EHAIMAERAHERL, RESHADL T UFEHFF BRI #ITF 4. # 2,22
EHFARERT| RO, 8 BB switch, MSEHMMN F AR W Fryme g, FF
FRABRMEEH N SES. 14 54 H, w222 FFR.aT LA R exists ORKQET
EEGHELE. MEARXEERMEKES AR ITE ., SystemVerilog £ 3R 8] #2725 B &) B &
BB FIOR S ER R o, 5 FIRERTE X,

Bl2.22 (ERETHSHETHRREA
/*
MAXHFHNEDT.

42 min_address



[ M T =l N 5 : S & 5
3 2 o L & ﬁl‘fﬂ = &'I B R T N e S e i
ch e e e Kiaatd L RRIMER T 44 A nd o e o K

1492 max address

*/

int switchl string],min address,max address;
initial begin
int i,r.E£ile;
string s;
file=Sfopen ("switch.txt","r");
while (! $fecf(file)) begin
r=$fscanf (file,"%d %s",1,s);
switch[ s]=1i;
end
$fclose (file);

/7 R E N hE(E L BEE R O

min_addresa=switch["min_address"];

/1 KRB BOR Mo hE{E . B4 D9 1000
if (switch.exists ("max address"))
max_address==switch[“max_address"];
else
max address=1000;

[ATENBAM T A LR
foreach (switch[ls])
$display ("switch[ '%s']=%0d",s,switch[s]);

end

2.6 t

SystemVerilog Rt TH R BIRE W LU THEEBEECTLHN ZES., XI5
BPENXAH— T SEAAME, TURER P FEFERESR L ORIE,

B IR SystemVerilog Bt TR . BN ZBREHAE. C++HRF RBUFRARBE STL,
{8 j& SystemVerilog BIBAFIE M3k & H .

2.7 FHHBITE

SystemVerilog 8t TR ZEHE M FE Al HFEM -MESHOBHER UEER
A SR AT AR, X FEANAEE, AR S sam kN, 872
B9 U X R AT HER . MR ACE SN kR A EE S AT ARG



TEDURMPONL- e B .1 51 o1 o1 MO Ko

C HL S e T g g e TR e T g b A s e B g kit e g g ot L
s T T T R R TR A R R R

2.7.1 BABBTE

AP BHER T LRI T BAEEE—NME G 2. 23 FfR. BERNEB N
B sum, A AR A TR KM, X BHM A SystemVerilog 4b 38 82 1E 4r 7 (59 # 1Y
tahl. BEWE T . WRERIE -TAEERANTETEMAN, EMa 2R,
BaRRER 2 kN REXEERFFAZEFANTER, 5132 KIFHNE R #
7 He & ol & {# FE X 9 with RIE, SystemVerilog # S 7E AR AT B A 32 1
WO, XT withBEXSE2.7.2 PR,

G2.23 BARFM
bit on[10]; VU2 Nk =2 E|

int total:

initial begin

foreach (on[ i)

on[i]=i; // onli]l MfHK 02K 1
/7 FTEDH Bt H
Sdisplay ("on.sum=%0d",on.sum) ; // on.sum=1

// FTENH 32 HodeF

$display ("on.sum=%0d", on.sum +32'd0) ; // on.sum=5

// BT total J& 32 [b4F A fit, R LA AL R 32 b 4%

tectal =on. sum;
Sdisplay({"total=%0d", total):; // total=5

/A RMS - 2 HEBMHARE
if {on.sum >= 32'd5) /! FFERAr

Sdisplay("sum has 5 or more 1's");

[/ R R2EFATSERMN with #EX
Sdisplay("int sum =%0d",on.sum with (int' (item))) ;

end

Fo A B B 48 0 BB product(FR) ,and(5), or(E) , #l xor( 5 aK) .

SystemVerilog A RE LM TA BB EHMNER - P T EO F . FFUMN T2 EK
H BAF] . sh ¥ A1 HK 8020 o] LU {# Fl Surandom_range ($size (array)-1) , i 4 F BA 51
H0 34 & B4 6 FT LA il Surandom_range (array.size ()-1). 4 % Surandom_range £ &
ZEBWEH6.10 VW,



T 1y XL R F|- 5 . i - .
34 2 BExL e SRR LR e LR S B L S A O o e L SR

MBEEM— P EERAEFRBILER TR BRFEZFDREZANTE. KEHE
WHDPEREBEHETMNBAE NN LE, fle. 24 - TR — P UEREEIRT B
BB PN ER TR, NRREBRUFHHEENESN BFER iax HERK
N string B A]

#l2.24a MN—PXREBEBAPHEIER—-TTE

int aal int], rand idx,element,count;

element = Surandom range (aa.size()-1};

foreach (aal i])
if (count++ ==element) begin
rand idx=1i; /] R RBRBHBRT
break; /7 IR
end

$display ("%0d element aal $0d]=%0d",
element,rand idx,aal rand idx]);

2.7.2 WAHEMNMAGE

FATHREXERA AT AP ARFELTEIFER? BEREFESHEAP AR
B ol IS e 5 ¥ . X80 B8 Bl {8 B = — 1~ BA .

Bl2.25 AP EREBA Lol — T EBH d L JM— 1 BAFI gL $]. min fl max B&
FEw R L BAPNR/MEARKE. FE.ENERMNE—-TAIIMIEFRE. L&
HBHERTREREH. B wique REAIKEEHATAAHE - EHIAS . WHRMEESR
R .

1l 2.25 #EHENFIE :min.max.unique
int f[ 6] ="{1,6,2,6,8,6};

int d ] ='{2,4,6,8,10};

int ol $]=11,3,5,7},ta 5];

tg=q.min{) ; /1 {1}
tg=d.max () ; // {10}
tg=f.unique(); // {1,6,2,8}

i foreach A E R0 I LB B AN T4 E.HE @ FH SystemVerilog i1 &
fiFE AT — T 3EETTR. 25X with o] L8R System Verilog {1 fa] #E77#8 & .
e 2. 26 Fras.

B 2.26 FWHENTH:find
int d[]1="{9,1,8,3,4,4},tq $];



2.7 wamsa 35

s A A SRR i S Y e S e B
JIEHTAE KT 3R
tg=d.find with (item > 3}; /f 19,8,4,4}
/1ER AR
tg.delete();
foreach (d[i])

if (d[il>3)

tg.push back(dli]);

tg=d.find index with (item >3); /f{0,2,4,5]
tg=d.find first with (item >99); /(- RE
tq=d.find first index with (item==8); // {2} d[2]=8
tg=d.find last with (item==4); // {4}

tg=d.find last index with (item==4); // {5)d 5]=4

HEEEEN with® . item R A BEESE . ENRETHHP -TE MM ITE. item
BEMAHETE BT UECHNEFE. REFERA T EN SR KPR I XETLLT,
e 2. 27 FRiR .

$12.27 EESYHFY

tg=d.find first with (item==4); /7 A= B9 1 A o ) AR 2 S R 3
tg=d.find first() with (item==4);

tg=d.find first(item) with (item==4);

tgq=d.find first (x) with (x==4};

B 2. 28 R T IILFAM BB TFEHTRKMW AR, T KA(total) B TEHE
57 AT L RBABE 1ICYED R 0B ARG HIERE R SN TR,
Frll{s,0,8,0,0,00ITCEFE 17, 5 K KA (total) W {# A FMFEAER 2 T 5E.

#12.28 HAENHE

int count,total,d ] ='{9,1,8,3,4,4};

count=d.sum with (item >7); Ff2s {948])
total=d.sum with ({(item >7) * item); // 17=9+8
count =d.sum with (item < 8); /4 {1,3,4,4})
total=d.sum with (item <87 item : 0); // 12=1+3+4+4
count=d.sum with (item==4); S 2: [4,4)

LR IE R T ¥k 5 AR AR R wich A (A RS R BB A BISE R, B 80 sum JF
. FEF2.28 FLoum BRAEFTMES R B R REX VAN KE. X TH 2.28 9B —-1iEH

| Eé A U o R SEH PN L TE AT 79 B 8) BT B count BLR 9 2.

REEARIABAEMF . LBEEHKR XD R int W HE in-
teger | find index &, WRGEX B EAPF P CHYE T K #




3 6 HBlER MSRD A e R T T e A R R DR R N 3
(kB . MLoRBAHETHET T HE,

2.7.3 HAMHFR

SystemVerilog & JLA Al LA AESE T EWUT M k. RAT I e R #ATIEHRF .
HEFE R ATEL 1M %) 2.29 Fm ., 8, 5 2.7. 2 WM BARN T EAR
I‘:‘EIE,HFﬁ;ﬁ&&&Tﬁﬁﬁﬁﬁ,fmﬁéﬂﬁiﬁj‘i&%‘?ﬁ?—*ﬁ“ﬁa‘\?ﬂﬁ{%#%%u

B 2.29 IWAHF

int d[] = "{9,1,8,3,4,4};
d.reverse{); /7 "{4,4,3,8,1,9}
d.sort(); // "{1,3,4,4,8,9}
d.rsort(); /! '{9,8,4,4,3,1}
d.shuffle(); !/ '(9,4,3,8,1,4}

reverse Ml shuffle HEAEWH with ZE4EQ. AU EIINAHRTGE ER A H4A. #
2. 30 RV T A FH A — N EMBEITHER . SRS HEMEE 2. 10 TR RE.

12,30 XESHMEAHTHIF
struct packed {byte red,green,blue;} cl ];

initial begin

c=new_100]; /7 AER 100 B E
foreach (e[ 1])
el i]=Surandom; // EFHHLE
¢.sort with (item.red): /7 RN (red) R #HiTHEF

/RO (green) BEF M E A (blue) K HITHF
c.sort {x) with ({x.green,x.blue});

end

2.7.4 FERYEBEMATEELIESR

BHEMFEa UL ERE T ID . 0 2.31 X THRLEH(racket) RERET T —
THEEHAFIHARMICOR. 2.9 TSREBWMAMEH cypedef SIEEH .

% 2.31 HFHRATEHICIR
typedef struct packed

{bit [ 7:0] addr;
bit [ 7:0] pr;
bit [ 15:0] data;} Packet;

Packet scb[ $];
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B A s B SR S TR R el T 4 TR e P L TN

function void check addr (bit [7:0] addr);
int intol $];

intg=scb.find index() with (item.addr==addr);
case (intg.size())
0: $display("Addr %h not found in scoreboard",addr});
1: schb.delete (intg[ 0]);
default:

$display ("ERROR: Multiple hits for addr %h",addr):
endcase

endfunction : check addr

% 2.31 A check addr O BRBEICAMB IR B WITE A HLE., find index ()
H g E—4 int AT, IR ZEAS BT (size==0) W EARACERM. 0FEZAT
B R (size==1), MiLAH — A, X KM E#® check_addr () oK ¥UH ER
B, MBEZASEEZDHA (size> ) BB R BEA 2Tk f Hir{ERE.

HFEERNEE EFNAARERBR.ES5ESFAXAE. MTXTEHNELR
ERAIESR 2. 107,

2.8 LA AIAY

THAAETRE.E FAHESAR EENHFERERERFHEE G — LR,
XM AR -SSRkl RERTESHE H LSO AR AR,

2.8.1 REMK

MAEBANESIREENFERBBEON.23IF M RFHERNIEREHA. 55
HMREERFEFNCAREN EREREA MRESFINEFSESTHAANEREREN
mNEFEDSRA. . KEAEHBEEAFERNISHEFRERI®E. SFRR5L
HEdnFErFe B EHADESRA AARBEAETELE (W int.string FI LK
WHET FA— T TEFATULBEARRENRA. AEL, RETERVULR.AEKH
FIBAFIER AT LA 48 FRF . XEKBA WA LIE NS B ie i, T A &R %M R
B, HEZ T #ERBESBWTEFUN R EESHEREMNRA.

L BH R G| A AL B, 6 400 T p Bl DL 3 5% b ik 7 e o G A A R T . T i R G
BREA . XHBEAE d ol LA kAR FNA F ik (content-addressable) ) 7 il 2 B L,

MFREEMRIBP TR ZEHBRCHBE FHURFHAENC K. AP E
— PR R ER.

2.8.2 FiE2HE
FRMRELRWT UM EM M EHSER. A TRERESEH,.NRREE 32



38 Feom Musxa e S e P e S R S MR

ttﬁﬁ?%ﬁ%fﬁﬁﬁﬁuﬁ ﬁﬁﬂ#ﬁﬁ?‘ﬂﬁﬁfhﬂ: 32 LU A BB AR 32 AR
FE, Hm, TR R 024 FF A MRHEABFLEENTTERFRL—-T32 1L
PR MR TR 3/4 fEfE S, HERAHFBEARAY T WEFHESN.

X F BT ICE KAl B SR % 5 X0 77 6 2% P B B S o R O ORI X 3
MR . YFRAE—-TH-AATEHITENRA. ERMSHHARA &R
R ERNE. NRRFEAKRT-aBANES TR BH. BRALEEFLE
—~THERESAHRE,

HAFERIEEH NI ERABSHAMNE, HE, WRFRBKRE
GRETRNBEEFRANSAEERE 2 RFEF TEA new 140 KEMEH A
o XTHRMEMAMSRA,TRESKHEEANSHFEZ R FF RN SHEL.

EF BB AR ER R ARKEA, TR, FO BRI BA T R
K W EH BB o0 2 P o AR G 7S ] AT RE 2 b RE R ER Bh S B o AT B9 S LR A LA .

2.8.3 & HE

B REST RN ERRBOEEEHRAXR., M FLRMNET (EMAER
SO AERA R A EAEBINITE . MBS DUT b2 B SR A . B2 BHE R E
RS MBEHYTEEMLRASTHHECH.

FHAERASSHABRB A ELW @SS BB, B LR K ®E A TR
AN R TRSE ~ 4i 0 b A o <

AP EEEES SRS ERARAMEY, WIERBTRENFRILEFEA EMTER
ShH-E miFEBF P EE A MR T ENFEMNBEEM oo BT LLERE % 6.
HRTEAE—TIRKAAFTI B AF CEGT RMEF e BB RIE, Xt B %
B AR TR NG .

A XRBEBAHFAITESH fEBLIEFES BHTHE. SystemVerilog WiEEF S
 F 0 O B A B I G A o R R el 52 AR B L {H R T 0 B R {6 A A 3R R A R &
W, HERMERAOEH IERFEZH R MUXBEEANTFREERBEBHY.

2.8.4 H F

T SystemVerilog SEB X (LT R RH - R B (ER . DE . CBKBAL BT #
TTHEF T LA i RABR R AE P TR MM EEE kB RN LR, R TR —
KHEERMMAR W MEFEERNNESEA . IHEFEAFTSHAH#HT-KIE. WRETE
EENT A, WEFEAS HAERTIERMATEBERS.

MABHNEAEEZAEWRE R B {1,10,11,50). A4 40T LA EBE 804 H
EEARGHENERS . MHFEF first.next Ml prevAl UM KA P ERE M EM/IHF
MRS E. BRI E S BN, BT AT LB 25 5 i 5 o $8 2 o 24 A (8
KEEAANOE., RRBAMEROBESFN T EOMHEERAE, HEZT, XBEHHEE
R ERTIBAARGFROIRTERILBERERE .

Bl ARFTUAME A — D B U AR T 0 32 Eh4r . BEEREEAES A
HZoIWE. nRENEEX T REETCHEA LA exists BERBE. WRA
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THEREANTEN O] LIH A delete {2 E M CEK

2.8.5 EEREMNBIESH

PATF R M BIRE RN — g

(1) POER B E, H5 8 KIS B & BUF B, & < BE & 2 gk 7Y 28 1 3088 42 7l 43 31
K& e S8 .

) REWVEMEMICEOR, BATENRKERT.HETR . RELETH. —B1HF
BT a] (A S X R T E ey A e I A BROCE . WMIRIRERABITEF S
H— - ER S, Ban 1.,2.300 JHRAT] LAEX N S E AR RG], MRHFHF W
RE 2RI EE B REEENEARANFIFNFREFECHE. URECPHRA
HATLE.MOAGESFECEZRSETIEMEE NFEALKBAEEE LS
Ik

(3 {7 P45 . L 5 504 i BE O 10 0L % 0T P 45 1 & IR 2 o] A6 R BA 95 o SR A ) B
ANH A U E R B, R AR I RETEE B2 RNFELHBENBEEAR
 (matlbox) W 7.6 7.

(D XMBELTEANRENFREREHAEITES,. NREATERBNFAE W TFH
ZE L, ff LA R KBS B . MRS wERABMANESEESN. AR
BHAMIME LW O BB, MEREF MRS, F RSS2 IRER 32 s
HEHE

) XML 2R BER, A .18FFEHEREEEME. AXHPEH T
BREHERGSEENFABESIE XA P ERG S 2 S EREDN.

ESE 5 5 OOP R (A m X R4 ) Pk &8 L4520 WA,

2.9 f#H typedef Bl B

typedef ifAJAJ LIFIKRGIAEF LR, FlUNFER—-THEARZBHAITT(ALU) £ 5
R ATECE, LAGE N 8 HoAF .16 AF .24 HOAFEE 32 AP S AR BB IER. & Verilog
A, PR AT LA B A B 1 3 AN 28 R 43 51 X — A% (macro) , §1 ) 2. 32 iR .

%232 verilogHHP HE XWERE
/! EM verilog K K&

'define OPSIZE 8

'define OPREG reg [ '"OPSIZE- 1:0]

"OPREG op_a,op b;

XFFER T R HABACEHARE, WA REHET XA HH, 4 SystemVerilog #,
FATHARGSAANEFNLEY, F R4 . MEHP BEXRYUBTER" .

#12.33 systemverilogh R/ HE AR
// FH SystemVerilog K&



40 25 BEXRK

parameter OPSIZE=8;
typedef req [OPSIZE-1:0] opreg_t;

opreg_t op_a,op_b;

— R 5, B BB AT R IGHE . 4 dn i ¢ 5 /B s AR M7 , System Verilog #B L i 73X &
EARMZAHTREFHMASHEHES.

3, 9T LLIB parameter HI typedef i54) i B — 4~ 7 ¥ Al (package) B LU{E © {1 68 8
AR A & AT L 0 4. 6 T ET R TS RO ARAE .

FEPBRXARAANERRENRAN N LBENAF T BN, &3
R, REBEBRERSE FIOFREEKFFAL IHFEAT Y
RENAHSRERCHFIE, PH uint WEXKFNEAIXERFC
FRERTUEGREEFNETHRFERAT.

#2.34 uint EX
typedef bit [31:0] uint; /! REBIREXFESH
typedef int unsigned uint; /1 EBHIE X

MEHFHFHEABHNYEXLHAREBRAR., FREEREAN THREEROREALKS.,
@ 2.35 QBT — R HFHMWAM, fixed array5. ER—THHESIPTEHERHA. #
LIIEEFARHT IR ERMABAIFHT TR,

$2.35 RAIFBEXEART
typedef int fi xed_arrayS[ 5];:

fixed array5 f5;

initial begin
foreach (f5[i])
f5[il=1;

end

2.10 QAP EHEXNSEWH

Verilog FIB KRB Z - B R A WELE MW . 7 SystemVerilog PR LIFE A struct
HAREEH BRCIEFEM., H struct WXL UEANEHEERN X FEEH
FRAX X —RAEESHTEPLFFR. BB Verilog BIHL I (module) F [7] i 3 5 4 (f5
B ML (always/initial IR E FERF) - . LB ACESHENERF. LE TR
MBEMH., struct HREEREHLN -, MRS LATURERENER . BARAER
T —Em 0,

BT struct HRE—THENES.FUERTEZESMN. WRFEERITAB ST —
MNERBELXER TR, FINRE. T UEER D struct B, 45T LLE O 8 b 3%




2.10 pleArPaENEl 4]

g R R R N S SN RN B T 1 R TR AR R

O AT f55 . T G AR R IR BB LR IR SR 2K T

2.10.1 {Ef struct BIEFER

RETLIRE TORASD — g lh, #6236 QI8 T —1T4 0 pixel LW, EFR
SAEMESHETTE. S IMCERD SR,

# 2.36 fjE#E—1 pixel EH

struct {bit | 7:0] r,g,b;) pixel;

i 2.36 A AE I ARGIET — 4 pixel Rt, BERAROMBFHILEE, WLH
flE— AR P 2. 37 iR

$ 2.37 pixel &4
typedef struct {bit [7:0] r,g,b;} pixel s;

pixel s my pixel;

£ struct MAHPEABER "L FER PR B E LR, fAeRm KMz
EAdRE.

2.10.2 X&HMi#ETMBRL

WA UEFHRESBREEDFEENMERSE - EWE RERBEHRRE., Wd
2.38 Frs » BAH I R BEBBIF LIS W RSP,

P 2.38 3 struct KRBT L

initial begin

typedef struct {int a;
byte b;
shortint c;
int d;} my_struct_s;
my struct s st ='{32'haaaa aaaad,
8 'hbkb,
1e'hecee,
32'hdddd dddd};

Sdisplay("str=%x %x %x %x “,st.a,st.b,st.c,st.d);
end

2.10.3 IEAUEALRRRBHEKS

AEAP FEEENRLEUNTUARS MMV HEAX. FW, AEHBREGY
R BERRABAEARE, FLHNREENEL EEREBRVELFROE—-1TH
B, BEHELWNXATTHBNEBERSSERESAKAMENE. #2390 LB 1 Mk
| EFRER—CEE.
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5 2.39 {#/H typedef QIEEKA
typedef union { int i;real £;} num u;

num_ u un;

un.f=0.0; /P EUE SRR A X
HEHEE ok ERBES LR,
l WEEEPUEFARAEANSAME - FHEBHAAAEESTH. K S KM
Var LER, ER.FELEF AETFTEMNEYETAF#HZRAERAK S,
EdEMAL BEATRETUFNEILANANEFT . EEAHARN B ELAG R
Addy  AFE G LA BESEN, A AT PHRREN.ER -MHH
TR EEETU A ENRER, XNMHINFENFLETERBTIFELENH

REAR FEHTUMERFRERE.TOMNLEFRE. BEURRFE-ITHA. TR
ERAH AN RREAME R MEA226TFNENEHYAEREGAEN,

2.10.4 HHEHM

SystemVerilog 2t & H W AP BB EFERPROHAF I LAEZNEM. &
MR ES LSRN RGN PR RERSE . 2,37 F 8 pixel 454§
AT=1TBEMUESHT = 1TKFUGFHREEBEE LR RGE =770, Walld
BENEGIRRENN SRR,

) 2.40 HHEWH
typedef struct packed {bit [7:0] r,qg,b;) pixel p s;

pixel p s my pixel;

UFRBE OGN EHBRRN SO AR THER, . TRUEMASHER.
glan, ol LA T D AR A R — D& ol LUE RN MRERS I E—-EXRE
TEBIAEERES.

2.10.5 HEAEHGEHMMIESHEMZ EHITIERE

MTE & IF MR & I 45 Hy VR[] 08 £ 0 20 200 KRGS M R B T O AR T R Y
A, WRMNEHABRERBE AINTELEENBIEMELTEN BLIERSHESH
MRS . BE . MREFSH 5N 69 1 (a5 T 36 8 4 . 37 808 2% 6 F
EEHEH, YERHTEAKFEWNF HAECEURSFWALE, XEFTEEL
HBMESTFH EHEHMESHEHERR ENENSER., SEHEHPRTAR
MM ERAITIRS  TERLMBEBRE MR

2.11 REIER R

SystemVerilog HFE R BRI EHFAERKREFRTRETEAECNZ@EITRR. MREE
B E AR AL 0 2R AR R B Q8 BB R X B AR 11 2 a1 AT L A R
fH. W3R LEFReOL o AR B0 o 35 B0 A B0 L 0 e 20 R I R AR RF X L A A A B R




2.1 xmem 43
1.

2.11.1 @BEHR
BAERHRBERMFERERITRE, W4 2. 41 FR HRTEEAREY FER

B ELRATM L SR, F&, Verilog 3P BB L BE R, 5{F A7) AL T 19 7]
Z BT R AR

B 2.41 AU MSE R BT RS W

int i

real r;

i=int '(10.0-0.1); s/ e EAEE N B

r=real' (42); /BB EAEEA A
2.11.2 mhisHir

SHEHBRE R scast AFHRHBRHBEETRE. IXAFTSR 2. 12.3 5743
T B 288 R Y 48 B U Bl

2.11.3 FREREHF

RBER< M > HEREREAANEL GEFREX SWRBHE. RBEMH
THEGABEITOR NS R., BERF > BRENEZLTERR . T < MAEBEMN
FHELRRR H 2. 42 Fion. BT E — N RH B E B REHE & R A TR S
BUGHEZRN. FEBHLSRARERRBREFSIHFBHE MM AXEREREANE
AEARBREFE R FE SRS HRAS.

Gl 2,42 BT EAE

initial begin
int h;
bit [7:0] b,q[ 4],3[4] = '{8'ha,8'hb,8'hc,8'hd};
bit [7:0] q,r,s,t;

h={>>{j}}; // 0alb0cOd- fEEAITHRER
h={«<{j}}; // 00304050 {3 {8 ¥

h={<byte {j}}; // 0d0cObla F ¥ Bl FF
g={<byte {j}}; // 0d,0c,0b, 0a ¥4 LEH
b={<« {8'b0011 0101}}; // 1010 1100 {ii {8l ¥

b={<4 {8'b0011 0101}}; // 0101_0011 ¥ F ¥ H F¢

(> {q,r,s,t}}=7; /BN T ERE
h={>{t,s,r,q}}; /R FHEFRRE

end



bomw
矩形

bomw
矩形


o y B .I-.'?E‘IF-'- ik 2y 4 o R A | » ] . o) = e
44 %om HiBRL i T Rt Bt |t i SRR e MR, e e el e R T 1 I

A UG R (kX R E AR AR M BEFRAERCEREFES
TR,

S0 B T AL BT A R L T L P R A ok o LR A R (R R K Y 3L TR Y
Sef, BIA0. R AT LU A H B R B . X T AR L 3h A B BA S AR AT LUK
B, B 2,43 R TASIZ g 65 3, XA R B R THEHE . BAXKZRE
wEASTE.

Gl 2.43 {5 FH W0 B2 1 A 1 47 BA B (] B9 % 8
initial begin
bit [15:0] wal $]={16'h1234,16'h5678};
bit [7:0] bg( $]1;

/1 BRSO
bg={>>{wq}};// 12 34 56 78

/7 T RO B 4 L Ao
bg={8'h98,8'nh76,8"'h54,8"'h32};
wqg= {>> {bg}};// 9876 5432

end

' BATHAREARAR AT ABEHE LHER, BAFATH
* Tar[256)% Rl FL0:255] £ [255:0]. @1 FR % # 4 # A [high:low]
_ (BTN THRPAH#TFAEAARFELECNGEARLF [size
THEAAAEAD . 2ERTEKBF. AB.oREFAHRX Y bit [7:0] src[255:0) 8 3
EHBAFEAEREREAFADA Y bic [7:0] [255:0] dst &3 #H A, N KA M

Fe2#iTi,. T4 HSFHEE . EHEFHEBAMNEE bit [255:0] [7:0] dst,

PR AT LW RRAS A (B0, ATME D TR EF TR F I RHP. EF 2.4
EHRBREEEREERS ST I REA REF VT HA XS R R RS,

B 2.44 {07 B 0 5 1R F 78 45 4 R B4 1B) R AT B
initial begin
typedef struct {int a;
byte b;
shortint c;
int d;} my struct s;
my struct_s st ='{32'haaaa aaaa,
8 'hbb,
Lathocce,
32 'hdddd dddd};
byte bl ];
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B T e O e e i e e e PR T R e e

/KGR i TR
b= {> {st}};// {aa aa aa aa bb cc cc dd dd dd dd}

/B F DA RNEN

b="'{8'h11,8'h22,8'h33,8'h44,8'h55,8'h66,8'nh77,
8'h88,8'h99,8'haa, 8'hbb};

st={> {b}};// st=11223344,55,6677,889%abb

end

2.12 RHRE

HFESHEHBE RN AR ARBERXAZ. ROERGE XK. EXEHMN L
T TFRAEFRALAN. SR T B KRR, EURT - HFELFNE
& BlE S PRHREHEIE RS PRREL - F, €/ ADD,MOVE & ROTW X
WEARAMTHREMEPRL. ELERFA s I IRNFERNELEFEL. EX
WRM S —FrkRERSYE. BERTEEX G BT 5008 R X, TR
RE% B 31 85 R P RGBT IAR A BE. |

BEAMNERHERLE T T HBERIRUR - TRENER, M) 2. 45 FF
Ao BHXMEABENRE - TEANRERY, ERABRATXMFhERANEER,

Bl2.45 —ATREFIBALR

enum {RED, BLUE, GREEN} color;

G-I ELNRERMARNTHUAEL R TR AR Y X BT RYAETERF
SHEBERFEON., KREFEECAERERY REEUNEMNMNER. FHAANEY
name () 6K 350, £ W1 LA 99 B M0 26 48 B S X 1 0 7 4F 58, a0 2. 46 PR,

Bi2.46 MR

// BIEAFE 0, 1, 2 WBIE AR

typedef enum {INIT,DECODE, IDLE} fsmstate e;

fsmstate e pstate,nstate; // FHE L ERTR

initial begin
case (pstate)
IDLE: nstate=INIT; /7 BAE AR
INIT: nstate=DECODE;
default: nstate=IDLE;
endcase
Sdisplay ("Next state is %s",
nstate.name()); /! BRREWTFS A

end



T = Yo 4P 24 TR it i PRI A T : o 2 2,
40 B2E BUSKE e m e S T T

XE EHER " RBRBERA,

2.12.1 TEXHEE

MG N O FREQ B MM s, U EXLACHHECEME, B 2.47 A
INIT {8 # k45 {4 0,pECODE & 2, IDLE {3 3.

B 2.47 fEHBHE

typedef enum {INIT,DECODE=2,IDLE} fsmtype_e;

R B f] 2. 47 5 INTT, BEATR MR E A W F AR B R — AR A . (R, SRR
FERE B BCEE R RIP FIE T /B B A, P Nt T AR RSN+ LI A
YR 00 251 7 A 7] B9 P R4 B P B AT T O R AR VBB PP 3R L PR BN 26

- WRAFHHNEE HFLESH YK int RAFHE, BT int %
* A EEEOFUALKEFEFTERET S L0, EH 2,48 7,
- position2 WA H L 0. X FF R - & E W ordinal e B E. KM
HREEEFASHAAEH T E LK. FhiL oL - M"RFEFETURR
AR B 2,49 TR,

B 2.48 FEEMFE . FALESR

typedef enum {FIRST=1,SECOND, THIRD} ordinal e;

ordinal e position;

Bl 2.49 5 EHEE .
typedef enum {BAD 0=0,FIRST=1,SECOND, THIRD} ordinal_e;

ordinal e position;

2.12.2 MERBNTER

SystemVerilog #4if T — &5 AT 2 88 7 R 26 6 7 A9 eFi 8

(1) first QR EIH—THEH .

(2) last VREGIF—THERE.

(3) next ()i B F —4- 4% 5 it

(4) next N)IREI LGS N 2% &,

(5) prev () iR [E ff —~H 2 A& .

(6) prev(N)iR B DLATSE N MR AE.

LE R RV ENLSRER ., B next fl prevS HSHUURE HFREEMR,
HEE L for AP HE AT E R R EXRRPARRAIESIT, R LL6E
Fi first Ui — AR ] next iR EE AR R . MEEIE T UWTRHHEF S ELIEE
F. MEHEA current! =current.last, MIEA S EFNXBE - ITRAZ TR, INE
£ M current<=current.last, W& MEBER B A next AHMEKZERAES KT E

JE— M MH. XEMTF for FHAL KN 0.3, MTEF 2B & X B 1:0], 57 UF IR AL A £
iBH
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et T ATENE AT e ST g LR e e e e o N el L Bl
SRR b, 0T LA A do. . .while #5538 JF BT & (. an 1 2. 50 B,
$02.50 EHRERAFEMRA

typedef enum {RED,BLUE,GREEN} color_e;

color e color;

color=color.first;

do
begin
Sdisplay("Color=%0d/%s",color,color.name);
color =color.next;

end

while (color!=color.first);// FH 5% &) Bl 52 WY,

2.12.3 H#EBHEHR

AR BE IR BTORE int. TRUEARNRAMNMEREIALKHELTRNER
ERAERETEY int. B SystemVerilog A AFERAH#ITEALXUELHHFRL T
BRTHRBABEEER. SystemVerilog ZR BARBHE LK HOE TILIRE R DI BESF
TERYBUER 5 0L

$2.51 BRI LRZEMHEERE
typedef enum {RED,BLUE,GREEN} COLOR E;
COLOR _E color,c2;

int ¢;

initial begin

color=BLUE; /! B—TERNESEE
c=color; [l RERREHNEER (D
CH+; /! BB

if (! $cast (color,c)) // BB EREEEIREER
Sdisplay("Cast failed for c=3%04",c); '

$display("Color is %0d /%s",color,color.name);

cH+ /3 THRHFERHECLBRA

c2=COLOR E' (c); /I AEMEEE

Sdisplay("c2 is %0d/%s",c2,c2.name) ;

end

EF 2,51 P, Scast IEMEMATHRA BN ETHRAANERALEIME,
MRBERY, $cast (VIR E] 1, 1R E 5 2 E 8 F i 5 B8 & B WA # 17 4F R
B, QB[R 0, BRI Scast X M AT % £ A I H 8 1F % W, W SystemVerilog €47 EJ il
BEGER.

Prtum] LU B 2. 51 FR AR AR HEE A type (val) EfT R BB  HX M XA


bomw
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e B S b o L R

48 BeE BBEL o e e R
(BT RR T, T AR RS Rl e A . Flin. 4 2.51 ftiT@l S RMERLE, K
o EEFE FESBA . BrRAR B A GRS AR S .

2.13 # =&

SystemVerilog P E LA XENFE R, Verlog TRIEFENBBAY FIEEEN
XAE:, CRHTLAERE. FEAREMNEFATMUATHABEMERE L., ERHAF
HERINEAA2RERLE . ERATFE-ITRBE R TESS I EofR, Wi EE
NEFEFH "/  AEEAEERFSIENNY .

1€ SystemVerilog H. S8 U ERITA B A, K] LLEZ A A 3k =5 4 A
R AT LA Verllog FREAXRRRERME. I LLA typedef K FH AT
s T okayE ., HIWKET L k+E parameter, Verilog H1#) parameter 3E 8 H ™ B 2
B, HIEA/E RGBT RAEE R, Verilog-2001 3 7 # 268 ) parameter,
BEEARMERTEREREXEIRKBI ZMA.

System Verilog 3 f const Wi ff , fLIF 7E45 & A& B o0 AT 9 th 4k, 1B A BB 7E
HEAH PR EHE,

% 2.52 const RS

initial begin

const byte colon=":";

end

P 2.52 % ,colon WIHTE initial RALMEVI R, const EATRESHY
W AET —FaE 3. 10 b,

2.14 FHE

MRRE LR Verilog P req BRRBRFARB, WAKRIT 2 WAKK S L
¥, SystemVerilog i) string KA LI RBFRKETENERTR., BEPFEHE byte
KA, KEANHFRED . TERBIMNOIN—1, FERMCESA—BENE.ZHH
S RBIFAF IR AA null, T Sl EHFR\CHRERSHEZY, FHBHEADEN
HEARTUARBELERESE &R HAT.

Bl 2.3 RIE T S FFPRHRAILFERIE. B getc(WBENE N FHFEY, toup-
per B — NI A FHREHNENSE . tolower IRBl— P/ NEWFHE. KESHETFS
BT, £F putc(M,OBEFEY CHEHFHEM MO L. MBFN T 0 F len T HEY
KEZE, BE substr (start,end)$&EHH M B start 3 end Z |8 BT F 2.

B 2.53 FRBFIE

string s;

[ ]

initial begin



2,15 madmium 49

e R R T B e e L R s ok R
s="IEEE ";
Sdisplay(s.getc{0)); /7 BAR:73 (F1)
Sdisplay(s.tolower()): // BIR:ieee
s.putcisden{)-1;"-"); /] B RRAER -
s={s5,"P1800"}; // "IEEE-P1800"
$display(s.substr(2,5)); // B~ :EE-P

/7 BRI BT R E, R
my log(Spsprintf ("%s %$5d",s,42));

end

task my log(string message);
/7 BERITHEIHEE
Sdisplay("@%0t: %s", Stime,message);
endtask

MmEEE AN EZAPOALEZ L. EHNNMEFT W C B, K550 4 5 # £
BN EA P EERRERE ML R, EH 2.53 R, B spsprintf OB T Verilog-
2001 PR E Ssformat (). X P EF R BOE Bl — M A is ot A 8 . 3 H Al L 5 #8145
HHHEMTERE. XBHEATUAHEXHFOEN FAEFERA ENSREGAMA
BREEXIFHE.

2.15  ZRIXNWIA 5

ft Verilog B . RIAAXMMU R B ERTIATHAH ETRHLZ—. #2.54 FAN
MARGTAELA I+, FXAAEHRNTELRER . EXMHETHE 1+1=0, #X B
HTREREANELS 1T LR R AURKFER 8 thiw,. BAMNGERRE 1+1=
2, A CRA—TBEITH EBGRIE SystemVerilog fHH 2 LLIFHE., B EFKX DH,H
—MEERBRAROERTHREEN 2 HFMNE. TUSERE 1+1=2,

254 RELIMREET ETFX
bit [7:0] b8;

bit one=1"bl; /LR
$displayb(one+one); // A: 1+1=0
b8=one +one; // By 1+1=2

S$displayb (b8) :
Sdisplayb(one+one+2'b0); // Cr1+1=2, T &

$displayb(2' (one) +one); // D: L+ 1=2.F JH iR 28 R i



50 :ezm mExm

o R I S Fieit. - e UPRERAES L T e SRR M L SR (U S

A — b TG 0T LR XN B R . B e R R LB st A BREE B T B L S U B
FREWR . ol LI AR R AR K o8 AREE. LIREMBRMARE. BF. L
5 S0 LAt B9 (0 22 58 ) AR OB KT RE L IR BB ) 2700, S L7 SystemVerilog /1,
B AT DAGHE of 328 R E AT SR R AL S LUK B BRI .

2.16 Z53R1E

SystemVerilog 2t TR EH A BERVUANEH EGARTUERSUHRER L%
EfiL e mARABOCHTFEZROERE-E. AFIRESHTE SRRl UE L
M EREMABREE. i3RI RERFETHEEER4LARE, VKT E
BETHAMRENE., XBRBATHTHREFAEMN LG5 -5 M0 Mm. Bk
MEATAEAZFRINEMEBEPMRBEETIRS.

HARAR & 2 TR XEHIELSARSIRREF. £S5 TSBFHARS SystemVer-
ilog B OOP £ B RAEE RS 2K it #mEs AU B aEEmel & ft.



%3

ﬂﬁ%ﬁﬂ%ﬁﬁ.

EHE T RIEN . FESREZAMB. H P KRBT AEFMRRRE. SystemVerilog
EX G EMM TR EEREECES AMERBHRSEMENES. LR
RIELHESHER E . W R RAT B TR A 5 R B 2 X X e g it Rk 2 AR
&,

3.1 FHEiEA]

SystemVerilog M\ CHI C++ 5] A TR EBEFIBA . VRPTLIE for AT E X
EARLR . EHRERAAENRTHEAAS AMAS TEE - SXBEKFE. 3EEA
“LTH BB - -V UENATR BT UAERE B . R FE begin X fork iE )
b AR IRAT IR A ZE A W B end B join &R Al I BE MBI MRS XFREBFR
MERIKACEIA S . VR nl UIE SR I FF BTE SystemVerilog i H {1 &5 5 iE &) 8L . £ 40
endmodule.endtask.endfunction A B A B MTHM M ES ., # 3.1 BT -
InEEH,

B13.1 FEERRIE R MERIER

initial

begin:example

integer array[ 10] ,Sum, j;

// {E for G m) R EHH i
for (int i=0;i<10;i++) /7 iBiE

array{i]=i;

// EEEH B AT R A

sum=arrayl 9];

j=8;

do // do...while f§¥
sum+=arrayl j]; !/l B

while {j--); /7 FIB j=0 B & RlSL



Sdisplay ("Sum=%4d", sum) ; /7 %4d-18E W

end : example /7 G RRIRF

SystemVerilog A & ¥ ThRE i T ¥ 1 # i 7). % — A B |continue. fl F 1 15 56
Bi ARERE THEMAESFAT—BBER. £ 1 £ pbreak. Al T4 1k Bk i
E3F.

B 3.2 sh AIIE IR 6 Al Verilog-2001 89 3048 A R R AT 95 A — D SCHF P BB
A MBEINGLS RE—151T, WRIT continue i& 6], Bk i 3 X 4> w2 09 4 fof 3 —
S, MBEIMGESE done” LB ST break & (L 1HIF.

Bl 3.2 {EEE T H break #l continue
initial begin
bit [127:0] cmd;

int file,c;

file=$%$fopen({"commands.txt", "r");
while (!$feof(file)) begin

c=5%fscanf (file,"%s",cmd)} ;

case (cmd)
"1, continue; /BT RBIARERAKE
"done": break; // Done——#& 1k 3 Bk ) 18 3

// MARARFR H A dr &

endcase // case (cmd)
end
Sfelose(file) ;

end

3.2 AL5 .BRE LK void BRE

7E Verilog 1, {T % Qask) MR (functiom) Z B FRHABHEN HPEBEEEN -8
B ATSOT LA B MR AE. KRBEEBAEFE BN 100 EERRENe
(posedge clock) .wait (ready) 8P Zif 5] M AREE BT &. 5 5, Verilog A i ok ¥
WAEREE.FEHEEELFEER A BIREES,

SystemVerilog 3 iX 7% bR 5 B4 BL 3% . R A R B HE 5. (H HBEEH fork...join_
none i A4 MAERPRA. 7.1 WHHXF HBITA.

\ MBRA - N H A M SystemVerilog £ %, i FE TR XK

‘Q void B |LZEMHKAFEEMH, IFERERTTES Kb H A A

void BEMFEHF UBETREMTHGEF R BRI AR. 6 3.3 T I

T ABAREMNARERE FARAFTRRAGTFREESD A Z 2 L&
Bk A AL AR A
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g13.3 ATEIELK void FREL

function void print_state(...};

Sdisplay("@%0t: state=%s",$time,cur_state.name(});

endfunction

fE SystemVerilog 7, i 4 48 8 i o B3+ 0 2 88 & 1938 B, 7] LL6E A void #EAT 45
e W 3.4 FfR, B E LS. W VCS, R RAREH LR void IHENHALT 2
W IR A,

4 3.4 28R AR A {H
void' {($fscanf (file,"%d", 1))

3.3 L5 FREH IR

SystemVerilog TE{E & MR LM T — & RS FHENMNBFERERECHKCH+H
B, “BELAT.AHSENFERFAELSAARAAFGEFTERES 0. AHEERE
R EBHEHBEHFRFEEBEES.

3.3.1 EFEFPXEM begin...end

7F SystemVerilog . RAJRE S BRI M — 8L & > begin. . .end $t 4 i 7] i%
T, WifE Verilog-1995 M B 4T NN TREFEMBE L. WH 3.5 Bran, task/end-
task fil function/endfunction fIABIAICEEUE LXK FRFHBAR T,

# 3.5 A7 begin...end BRI BA(LFH

task multiple lines;
Sdisplay {"Fitrst line");

1

Sdisplay (“Second line");

endtask : multiple lines

3.4 TRFSH

SystemVerilog M FRFHNREUH#FSHNAHTBEN I, AN MT R TS
1% 8 1R .

3.1 CIBEERRBHNFEFSH

SystemVerilog Fl Verilog-2001 fEEFMBERSH W HH FENEFE . B/ HY, # 3.6
Y Verilog (E& B RSB HHEITHKEH, - KE VoA, 55— K BAEIEH,

#il3.6 verilog-1995 M THBIFSH
task mytaskZ;

putput [31:0] X3
reg [31:0] X;




- Vg PO AT e T TR O] : o 3
5 4 % 3 ;i bk ‘ffl 1-% T—.:'J M :? ‘%;E IBE, ’ el Ao\ R e T R i e

input Yi

endtask

i #E SystemVerilog 7, 4R ] LUR AR B ) C 8 5 KM, A0 3.7 . (A M B AL
{6 T A 080 A 267 gty

$13.7 CIEEERBHTERFZH
task mytaskl (output 10gic:[31:0] %,
input logic ¥):

endtask

3.4.2 BHEAH G

EEHFREFSEFEET LA E S MEE. | B bk A 1268 J7 5 & " logic 5

(AT B e 5 12 A S0 T R B {91 3. 8 7% 9 A System Verilog H88 % 0.
(B Verilog-1995 KU A g — A TR % .

B 3.8 i verilog A EBE LN FEFZH
task T3;

input a,b;

logic a,b;

DutputEIS:Q]u,v;

bit [15:0] u,v;

endtask
AL EES K 3.9 MIER.

B13.9 WHELEHUNTRIFSH
task T3(a,b,output bit [15:0] u,v):

ZWaMbR1HFHERN logiciA. ZHouR v 16 LR RER bit XE%Mm L.
REHXFHEEKMETT X BAERMERXAE R, HRNE 3. 4.6 97 9 @ BRI,
RXE AR EABEEE - 2R NTEARBRBRR. FUEUEETFREFSROEH
L iR G

3.4.3 SN SHEE

Verilog Xf Z ¥ AL 3 5 AR T 8 A TR F K L input M inout KEE #4584
HAY R, TR IFIR U E # output F inout M{E. BR T 45 & LLAL, BE T {0 HE 77 6
e B Verilog THRIF I

fE SystemVerilog 1, ZEMEE T XA UIEEASI HMARER . X ref BRE
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S R T S B T T AR e R R R R 34 FERZM DD

B, input, output ¥ inout HEHA. 8%, fJ\ﬂETumﬁéﬂ%ﬁ%:}LEﬁu
%) 3.10 {dif] ref M const f&iB ¥ LE

function void print_checksum (const ref bit [31:0] al ]);
bit [31:0] checksum=0;
for (int 1=0:i<a.size();it++)
checksum ~=al i:| 3
Sdisplay ("The array checksum is %$0d4",checksum) ;

endfunction

SystemVerilog R FAH ref HITHAESHENER XN BYUSHEHBIHERKE,
XAERENAAM RS I XTSRRI /AN

SystemVerilog i HSH FH(LRMIME T ref ZHARBERA T A 7 M T
BFD, RAMBFHERIENET automatic BE- MBS FRFABEREBSIHF#
M. 3.6 WHAEXTHENEZMT.

B 3. 10 ABT const WA, HARE . BRAYATE afim TAHBFFHR
H.EBFRFABEMANE. WRFXABSUERAMNME, mFEHFFHRE.

MFEFEREBANEREER rec UWRBIEHHEHE, WRETH
YTFRFAERANE. UM const ref X8, XAFAT. .88
2t TR EUHRRETH TEFE L.

ref BHMIH A 40 R AR AT 55 BAT A4S B R T L 0 B4 R X A
m’EBﬁEﬁEIﬁ—T %ﬂ*ﬁ%?ﬁﬁﬁ’ﬁﬂ?*ﬂéﬁﬂtx__fu@%&# FEENER

E{P’dS 11 tF‘ — H pus.enable B, F]ﬁﬁ‘f—[’.’.ﬂ&*l?‘] threadzyitﬁj:ﬁt—fu.ﬁﬂ*ﬁ
#ﬁiﬁﬂﬂﬁﬁ ﬁﬁ$fﬁ%§] bus readff*%pnﬁi ﬁ&i%ﬁﬁﬂ@ﬁﬁ@ XA ETRES

@data Iﬁ’ﬂ%t"*‘ﬂ’.ﬁ MR ARIE data B H N output, ﬂ'l@data %qﬁﬁﬁﬂ Efﬁﬂﬂ:ﬂx
WG A REAL K .

B3.11 EXLBEE/A ref
task bus_read (input logic [31:0] addr,
ref logic [31:0] data):
// R BRI IR B bk
bus.request=1"'bl;

@ (posedge bus.grant) bus.addr=addr;

// FRF R B FF i a8 00 X

B (posedge bus.enable) data=bus.data;

/) BB I FRIFTT
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R T e g T O B e e T e B R N A R R
bus.request=1'b0;
@ (negedge bus.grant);

endtask
logic [ 31:0] addr, data;

initial
fork
bus_read (addr,data);
thread2: begin
@data;// FEEE AL b A
Sdisplay ("Read %h from bus",data};
end

join

3.4.4 BHHREE

LW A R e R R BEAERCEARBNERE T M AEH.
EH 3. I0OMWEBE . .AJERERAPRBI CEAIRRBRANITOAER.BEXAFENE
G SR EH ARSI S 8. 7 SystemVerilog B, L A B HEE -1 E
B RN AERSENEAREME. #13.12 X print_checksum R B IE I T
low Ml high PS8 XHRMEBITREEEERANNE4LAdANENERA,

B 3.12 WA SHEN R
function void print checksum(xef bit [31:0] al],
input bit [31:0] low=0,
input int high=-1);
bit [ 31:0] checksum=0;

if (high==-1|lhigh >=a.size())
high=a.size()-1;
for (int i=low;i<=high;i++)
checksum+=al i];
Sdisplay("The array checksum is %0d", checksum) ;

endfunction

RATAGE R Gl 3. 13 Fr s A AWM. B ST AAMEAERD
print_checksum R FE&E 178,
$13.13 FHSEMEBAE

print checksum(a) ; // al0isize O-LJPHATTRNBRM—BREHER
print_checksum(a,?2,4); // al2:a]PErF T EME KA



R i e SR 8.4 T2 57

print checksum(a,l); // M 1T

print checksum(a,,2); // al 0:2]5 B A T K #) B I8 AN
print checksum(); // GEHER .  BAEBAEE

(P — 1 (LA AR TR SR AED 5 SR, M F AR A R B A B, A& N —
Pt

Verilog 1) for fEH M BIERITHE(int i=low MEHF B K (i<=high) ZEH
TP UER ., BTl i R AADALIBE— P KT high NBAREABEERS Llow. IBA for
8 28 00 1 IR AR AN S B AT .

3.4.5 XAZFHITSHESE

e L IEREE £ SystemVerilog I E 2 FM(LRMO P, T HF B R K S I
AR BFR A3 H “port” AR O — K, MRA-PMHEFLZSHBHNEF IR,
Ho—SZHAREE. MR B ENNPEE SEEITRE AR 4 AT LGES KA
il port KRR E TERF SR A FH ARG E 1T, .06 3. 14 FiiR.

Bl3.14 RAZFHTBHILE

task many (input int a=1,b=2,c=3,d=4);
$display ("%0d %0d %0d %04",a,b,c,d):

endtask

initial begin // abcd
many (6,7,8,9) ; /7 6189 EMAHE
many () ; // 1234 HAIBREE
many (.c(5)); // 1254 RIEE ¢
many (, 6, .d(8)); // 1638BENRA

end

3.4.6 ERAKBEHEIR

_ ERHETHRHAREGHBRESZ IO RRE REELSL . AREHN
* MATEHENRBREREL T - NEFHMEAN, TF - S8k F xR
R ERN, REEP IS A BENMES X,

Bl3.15 JRIAAMES K

task sticky({int a,b):

ERNTSHMEEUBA, EREXMEF HREEWR - HE, B XA T
—THOBASH IFHEH ref KR UBEIERAHABES. BUEHTRELWH
3.16 FFR.
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#3.16 mmABMIIKASENEF K
task sticky (ref int arrayl 50],
int a,b); /) XEERE T R4

afMpMBHAREHAR? EMNEF M LEEERERAMESIT—1TB3H BN ref
¥R, MEHAE int TREA ref BFHXLE BREIBFA ST HBEEATRA, EE
EHBAETURFRSERI EAFA - THRNO T L.

MRETEFFEATEREGALRNOSH N ZHBEATAESE T A, 0P
3.17 Frms.

B13.17 IABSESRAES K

task sticky(ref int array[ 50],
input int a,b); // BRERFE E H 0l

3.5 FHEFHIRME

Verilog 7 FRFNSGRTARER & YRR TERFNRE —FiE0.BFks
BREFFEHATEFORGE. . REE =R E— ML ZHBERE SRR EEMER.

3.5.1 iB[E(return)iffA)

SystemVerilog # M T return EAEFEFPHHRBERNTEBEFE. #3.18 ¢
MEFHTFAABRMTERWER., MBRANIEM 2T FFET IR I8
BB —1 else HRMIEAF AT ERREEBRAE. T EEGREET.

#3.18 EHEFPTH return ik [
task load array(int len,ref int array[]} ;
if (len<=0) begin
Sdisplay("Bad len");

return;

end

/A EFPHAMKLH

endtask
return 5 A HL 9] LAfaj {L R ¥, a0 3. 19 FFaR.
$3.19 ZEEHFH returnig [

funiction kit transmit(...);

/] Rikhb

return ~ifc.cb.error;// EPARAE . 0=error

endfunction



3.5 Fimmig 59

ot e S S R R R e S T TN R R M T e S R P R

3.5.2 NEHPEE—-ITHA

Verilog M) 7R HfE& [ — A4, fln e dr BREEmME. mEFRBITEFER
b — A ¥H AR —FEHRENT . 7 SystemVerilog $, BT LR Z# F L
iR o] — 40 .

B HARAREX—THAER RGERBNEHPERZER., G3.20FHT
Bl 2.35 MBUHE R, IR QIEE T — 1 eR Bk 1 5 1L 804

%1 3.20 {#/] typedef M\ of B 5 B — > B
typedef int fixed_arrayﬁ[B];
fixed_arrayS £5;

function fixed array5 init (int start);
foreach (init{ i])
init[ i]=1i+start;

endfunction

initial begin
£5=3init{5);
foreach (£5[i])
Sdisplay ("£5[ $0d]=%0d",1,£5[i]);

end

A ERABK— P REE B init QBT - RE XA ERE N AR
ESH. WARMABK.IRLTTRESH R LA EE,

A—MTARBELTI RS THRASHNER. BEEAYPIERY ref ZHHER
RECACRIBBE . Il 3. 21 B,

B13.21 EBWHAEN ref BFIEEA R
function void init (ref int f[ 5], input int start);
foreach (f[i])
flil=1i+start;

endfunction

int fa[5];
initial begin
init(fa,5);
foreach (fa[il])
$display("fa[ $0d]=%04a",1i,fali]);

end

A 56 3 L B B s — T SRR L 3 B — A o, AU 3 I 0 T



6. BaAk. SERENERS s wsnsEe

FOEAU TR . MRHAWHERONE.

3.6 JRBEE A4

Verilog 7F 20 43 80 F AL G dmf , B 1 69 H B R AR R4, R &S P RF
A REEESSEN. FHIE TEFSEHNREBEHEBEHTFHAEREMER, AR
Hi BB S AR ARRKE., EBHFEF — X030 A U8R A X R HE R 5K
BHRBAEHALEREITEER? X T30 M i M4 TRITK . A Verilog
ARESF R, e TM MR C —A 15 T A& K (stack-based) 18 5 » H i 7E
FAFRFECEEANMSEE T HTREESRIAMNG.

3.6.1 BHIEFM

7 Verilog-1995 B, NRRIABAENABEFENZ T BT AR —-TEF . B FEF
BRRBERSERAAZENREAEMEK TUARARMNEBEZ ASEAXERTLEE, &
Verilog-2001 B, A LIS EEF R MERE R A FH AMAFEH ERFEHBERKE
fERmATgE.

# SystemVerilog ¥ , # £ (module) fr program # + 8§ F & F &% &
ATHHBERBEGFE. PREEHNSEH WL AERFEA PN
automatic X H. FLEFH F AR BATHES AR L &RDH program
B.T.1L6¥ A E ToMAeC| R8N EAHNAFGE.

Bl 3. 22 i E - PN TUBMBEMNS#E AGEESNITES,
il 3.22 7k program B8 E B shE i F R

program automatic test;
task wait_for mem(input [ 31:0] addr, expect data,
output success);

while (bus.addr!==addr)

@ {bus.addr) ;
success = (bus.data==expect data);
endtask
endprogram

B 428 addr M expect_data 7E 4§ U ¥ HI RS #R 441 A3 R 18] 0 17 6 23 ], B LA 5 5 A4
FRMNBTEXAALEAMNEN. BNREEHBHE autonatic, HFE —RHHK
[EH AL FHRARE T IAA wait for mem M “ KM SHEEN RIS

3.6.2 TEMMBUL

=

SRRBEFATHELABERS . RUNP AL L ER.BHA
BEEXFRLEVATLARBR T E., ¥ANBATERBLAER



bomw
矩形


3 f ‘-_,.|E‘J.j:j_ 61

T AN o SRR L e - IR T MRS L N et MRS g s
L *E%%’Hﬁl«i%ﬂbﬁﬁﬁ AR BEREALEAREAETNELLEEHNERE
s,

#l3.23 FEEFERBSK T ABUE, QBT — R E /X BT X aih it
BEWEENMERSE.

#3.23 BFEPHEALNEE
program initialization; // A WA B RR A
task check bus;
repeat (5) @ (posedge clock);
if (bus_emd=='READ) begin
// &%} local addr WE#I{H 7
logic [ 7:0] local addr=addr<<2;// FiRiH
$display ("Local Addr=%h",local_addr);
end
endtask

endprogranm

HFERRFEE . ZR local addr R ASRM UL FABHEN—FRERA
TWH. MARSEBHEA begin.. .end A TG, FFF.HEADESERFR
AN automatic, W[ 3. 24 B 7R,

Bl3.24 BEBENBLART.EH automatic
program automatic initialization;// leMgifE ¥

endprogram

Mg R a0 RASTEFS B R 46 A0 & AR N O TR 0 R AR R, R X AR T KA K A
L RHEMPBEIMT CEFMEFR. F 3. 25 T —F 8 7] BUA 44 85 KR
RTamEsmuiki.

Bi3.25 EEBSEHAAKMR = A9 LR
logic [7:0] local addr;
local addr=addr«2;// &

3.7 HfEM{E
SystemVerilog H JLFEH S M ER 0T IEHE B E R R b d5 At E {E .,

3.7.1 WEIBEAMFEE

YR T 4P 18 /515 4] 'timescale BY . 7 % 1% 304 B K 46 200 $ B8 & 2 A9 LR LA R
RIFERBEHFAGEENERBMEE . tineunit Al timeprecision 7 B % A] ] L B
HmhE BRI RE AmMES I AN. #3.206 BRTXEAHIENY, EE,




62 %3z HIREGNFER

R R T e R R

00 SR X B ) B R ' timescale, M4 2 42 MI]ﬁiUﬁ“i"%ﬁﬁﬁiﬂ‘Jﬁﬂ&E

3.7.2 HESH

System Verilog £ 16 FI B0 #0188 7 e WA B 15 & — i 1R . ACRS BT DU A 28 1
0. 1ns # 20ps WHIE, HEC18# H cimeunit M timeprecision.E{ 3 'timescale A
Al . R AT LAE o E B 2 # iy Verilog 0 8] 63X Stimeformat, $time il $realtime 3 {#
R FARE FEH ., Stimeformat #1005 o J] 2 B W45 B (—9 (ARAP,
— 12 B DBEEEHERERE . HEEZERNEEFRFR, URERBEN D
BB .

) 3. 26 B R 20 Stimeformat () Mt 5 € FF 17 # AL 5 1 2 R 2 DL R 4T
PR,

B 3.26 Bf|E)Z M Stimeformat
module timing;
timeunit 1lns;
timeprecision lps;
initial begin
Stimeformat (- 9,3, "ns",8);
#1 Sdisplay("%t",S5realtime);// 1.000ns
#2ns Sdisplay ("%t",Srealtime):// 3.000ns
#0.1ns Sdisplay ("$t", $realtime);// 3.100ns
#41ps Sdisplay ("st", Srealtime);// 3.141ns
end
endmodule

3.7.3 mEFMTE

IRET AR af EEA R B & B, T E Mg r ], BRI AT et e B
MR EHE S SIS E A, tine XK T B FAEBREF/DEEE, EHHEIE 64 |
FreY B BT LA EEA/NECHE r 2B A . MRARA H RN IR Z R real &,

B 3. 27 § F SC A (real) 8 B AR FFHE R RO MM, BT RTE F/ERT E B BT RA B E A,

$)3.27 BfEZEREMEEA
'timescale lps/lps
module ps;

initial begin

real rdelay=800fs; /1 KL 0.800 f7 ik

time tdelay=800fs; /I EBEANRRE L
S$timeformat (-15,0,"£fs",5):

# rdelay; /I BTEEE AE 182 1ps

S$display("%t", rdelay); // "BO0fs"



5.8 wHEE b3

S B L T R e e A S T R T R
# tdelay; // FEKIER 1ps
Sdisplay("%$t", tdelay); /4 "1000fs"

end

endmodule

3.7.4 $time 5S$realtime FIXTEH

RAlEFstime R EEE - TMRF\FERRAO T EERETEFANER A
H /RS T Srealtime YR EE MR — /NI TB L. ABHEHELER,
Fias il 1 2 3 E A S tive, HIF AR TILRA IR F & 0] BT E M H Srealtime,

3.8 HiWiE

SystemVerilog MEFLEHRE S BREPHMFRAERESED C/C++—%H
mEBESEMEE ANMBEETFREMKFEE., # C/C++HH,SystemVerilog L H
B ey HDL 54, B, i Fris il R A M BER A2 8%,






g4

ERZIZ T TS

KU — B TR B LA B A U A B . 4 2K S e 0, R SE N 6 AN B
BE. ME, AERTE -TaEMNEILF G P &80T L. 0l 4.1 FiR,

Testbench
Desi
mputs l?:éf: outputs
———
Test

W41 MiLFES Wi A

WA 6 BERIE AR EMEEITAE . WX FEEH M 785 A E K
“HLHAR” EGRITRBEIETHSE. #ll, - eESERNEEEEIRRK LS
e X EEMBHENL TSP REERR ORI EBEERY, MR EEEEDE
A4 A TR R X RAE MR AN EE., — A EEREAKS
MEL.RERBEANGEHEUMBEEEZHAS. XEMELBERE T F R
(DUT,Design Under Test) TR 2Z 50 AR S E T HMBFEITN.

T Verilog W5 MR TR RBE KA, FHE S =4 EEHR, BT LI
FEFRE—MEREZROTERBEIIELEG. FEFE - EMBARANFENF®,
X AF L AT LAAE IE 96 (0 B 6] A 3R Bl FSR PR R 215 S, B 4 Verilog MBI R B W EBRE.

41 HIRT & MBI TF

HEMIT AR, ERIFA W5 HEBAR BN — DAY BRI B —1
AARIFRT. YREELHARIBRD . FRNTETEEREFTE FHER. &
TMIAMEBCHERMETS, LB 448 RTL AR, RE KRB RIT oW s
e XMPNPMAFHREESEVHRITAE.RAGSEAMMLER., BiIFETERSH LM
9 B A T 38 3iF % U 55 2 400 R 6 A R b S 6 A2 B H 0 98 1Y 3% 3% (scenarios) .

R R & SRS F IR RE. FES G Verilog 5, B 4 53 4 78 7R [F
R, (HE FRABEREFRNIRTELE S5 8K 3 M F £t et 5 i) &, BT U
SystemVerilog 5| A T # JF Bt (program block) , M i# & |+ F1 b i) |- 3k 4% FF 30 REs, §L




e R ST O e FETA et N7 e Sh A P B e T A e D T Aol
60 Fim EEIUOVULTS R A T T R L A e Y S B R TR

BTSN 4.3%,

BEL R E 2R R 2 R A EEOTEEME . B RTLARZ B A GE
HIL A EBES  REESHAEBERMOMFATIUEEMEERBEG. —Hl
RALRMERSE RN ES, TR AEERTET . RAUFEHESZ2BENGES
HEETE EXLEMSMTREE AR, RSB T BRI R 1R . 6 @055 152 H ag &
THAIHEEEREACHENER . AUBERKHEAKABNEAHHRE. EEEME
MEMNER PN - FHRESHE A EFEREBRIABLIE TN, AR
ZHRB L —ERPEEBHOMERTY, R EABXKE -1 4ERESSBERITTEE
IEH e, o3& vl 88 305 58 0 1 O, 2 45 (] B B9 R TE % TAE !

R AR FEREFHAZED, ER SystemVerilog f — ff 48 % — i % & 19 &5
W, EREAEERAPMEEDERRG. —DEOTLIERBERIE G, BT UBES
— BRI,

4.1.1 MKLEEFDUT zBWIEE

PERILDATESEE T TRV 8 &R - RS0 F 5l F FERES
EEHENATEAEN. B4 22HERIFWER, @FUNKTE . MRS ML
EARMERNOES . X —DR/DBEIT, BT ARAT LU 3 & 1 8 1 7 SystemVerilog
MEL MAEBARITOABANT T £, EAEHARBREAEE - ATM B HBN
#lF.

Testbench

request{1:0] grant[1:0] ol

reset clk

- [

M4.2 WEVF5— 84 HAED KRS

4.1.2 HimOmi#EE

TEHEAESE —ME RTLRAFZIWL LA T, RENE -2 MR8
R ORR M, BEH T Verilog-2001 #y %5 1 75 B #9 RS , 300 3% 0 % A A0 8% 0 1) 4B
MAE ML ATER . A PWATEERE LA 8% TR,

n 2.2.1 AT ETITE R . SystemVerilog B2 B T 5% reqg 258, T A8 wire —

FEREER. ATHESEN reg K RAE TR H reg BRI H 4 F R logic. ME— T e
B logic ERMM T RRIE LT WIHINER, XEEHRLFEHES LR, H0
wire 25 /Y

Bl 4.1 {5 FH w0 B9 fb R 2% L RY
module arb_port (output logic [1:0] grant,
input logic [ 1:0] request,
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LT AR LNl A S G et SRR R }(L% E‘Jmm&l%&h 3

input logic rst,

input logic clk};

always @ (posedge clk or posedge rst) begin
if (xrst)
grant<=2'b00;

else

end
endmodule

ML & @ XS — MRS, SR T EMRRAEHMy . —BkE, URE 68
O RES > Syt

Bl4.2 FRWMOARAYSG
module test {input logic [1:0] grant,
output logic [1:0] request,
ocutput logic rst,
input logic clk};
initial begin
@ (posedge clk) request<=2'b01l;
$display ("@%0t: Drove reg=01",%time};
repeat (2) @ (posedge clk);
if (grant!=2"'b01l)
Sdisplay("@%0t: al: grant!=2'b01",Stime);

$finish;
end

endmodule
T2 M 84 7 i & f DUT, 3t H &8 — 18 88 A 58 & 4 38 (clock generator) .

4.3 WAEOPIZEMNAR
module top;

logic [1:0] grant, request;
bit clk,.rat;
always #5 clk=~clk;

arb port al (grant, request, rst,clk) /8 4.1
test tl(grant, request,rst,clk);//#l 4.2
endmodule

Bl 4.3 FRMARFMAHEALHRHEESAREMROGS . FERAAB X



68 ‘:f:.-"li#. J\i}ﬁﬁhrﬂmjm—ru

e e eyl T e L Y mﬁﬁw-ﬂﬂw A B e e e W

AHESART., ANXEERBREES HEN. BA-TESAEREILT®RITE
B AL — i X — B B A ﬂﬁﬁﬁﬁ%ﬁﬂ%%ﬁﬁﬂﬂ~¢ﬁﬁ9f5%.ﬁﬁﬁ
EZA XM E XFEHE. SystemVerilog £ 1171 LI R OX 2 ] &

4.2 ¥ H

BHFITE LT BN E 2, B2 2 6 8 E 0 0 4 8 R 7 B L
SystemVerilog i i N AR Z B EEEE.EOARLEF - HEBHEL. BO0EF
TEE. RS EEZHIREELZRZEIMBENE. EEE T RITRANEEES.

Wit R #9480 4£ Sutherland(2000) 8 B A iTi8 . A BT EEEIF AL LS
B,

4.2.1 {EAEARBHLER

PR BB — A BOAR R R R R — A OB 43 B T &
REGHEBEOESHSH. FEENT R
FTIXFA RS, GHFTHRES M DUT
SERbenth rerbice G MIBRZH AN WD RERE B, BE SR AT LR O
@) B ER A R Y A
REARED RN RS H
o XEAFEMEH logic $rHEHK R, 0] LY

B 4.3 BB
R RS
Bl 4.4 fRERITAE RED

interface arb if{input bit clk};
logic [1:0] grant, request;
leogic . rst;

endinterface
B 4.5 BBt R B . eEATHEOmMIERD .,
Gl4.5 {EMRTRPEDRPRSE

module arb (arb if arbif);

always @ (posedge arbif.clk or posedge arbif.rst)
begin
if (arbif.rst)
arbif.grant<=2'b00;
else

arbif.grant<=next grant;

end
endmodule
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Bl 4.5 P HEP WX A £ arbif, E%%ﬁﬂ'*ﬁ%ﬁ)ﬁﬁﬁﬁﬁﬁ
EHARTFARLEPRoARBRIAZN I B L, FuTHU
ERERENNFR U2, RERRT 228X, AFHMATFHRER
NI ER THEEAL . BEHFERRBLEERPEANE T,

B 4.6 B TR 6. R LUE N @A L HI 8 arbif. request 5| A H {8
S, BOESLHERAEEERERYS X —K1E 4 43 DTPEEMTRH AR

4.6 FHEAMPRSBEOHMKLES

module test (arb if arbif};

initial begin
/1 WAL EEE T Z AR

@ (posedge arbif.clk);
arbif.request<=2'b01;
$display ("€%0t: Drove reg=01",5time);
repeat (2)@ (posedge arbif.clk);
if (arbif.grant!=2'b01)
Sdisplay ("@%0t: al: grant!=2'b01", $time);
$finish;
end
endmodule : test

A X SR ERLE top MR T 81 1k F i
H 4.7 FHELMRISEDN top Bith

module top;
bit clk;
always #5 clk=~clk;

arb if arbif (clk); /] Pl a4
arb al (arbif); // 4.5
test tl(arbif); /Bl a.e

endmodule : top

BR FE X /N R AR T LA T BB B D s AL R B E IR AT AR

HWE ﬁﬂ%%%‘é& ¢§D¢HA~'1‘§E'§F% %H’%%Eﬁﬂﬁiﬂliﬁﬁmﬂ

ﬁﬂ& ﬁ'ﬁfT:&ﬁ'&ﬁﬁf’E Jiﬁ*ﬁ‘liﬂ ﬁﬂ%ﬁ?’%-‘%%ﬂ%ﬁﬁmﬁ

EREVHFERARERERATEFR LA FHE T E, R
RETX-RK . REFRREINER, FLUEBFRETET LKA R S
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EXgo, BELE, EF&EH&F%ﬁﬁEﬁﬁmﬁﬁﬂﬁﬁ B LA 3 i i 6 K A3 KK
BERARE., A48 AL BOX ANEGERETHACSBEANET . XRE-1F
JL B % %

Bl 4.8 4388 0OE L a5 iR AT R R

module bad test (arb if arbif);

'include "MyTest.sv" // & ¥:# include & 5]
'include "arb if.sv" // R BEORBRAERRART

4.2.2 HEEEAOMKO

N E ARSI E Verilog-2001 HIBAERBHITEN PN ROSCEE D RT
LIESEONGEFSHEEZAS M RO L., #4986 4.1 Y RYIMMPRFEZBH 4.4
MED L,

4.9 HEHEEOIFEHROHESR
module top;

bhait olk;

always # 5 clk=~clk;

arb if arbif (clk);
arb port al (.grant (arbif.grant), //.port{ifc.signal)
.request (arbif.request),
+Xst larbif.rst),
.clk (arbif.clk));
test tl(arbif);
endmodule : top

4.2.3 {#H modport BEOGRHESHAE

Pla. s EEAFMEAT AN AN XSS T EET . EEFBRD KK M3
BASTHEOER HmBEHAERAE SRR, £330 P4 H modport M BB IS

SAEIFEE M. FEAA A MONITOR medport 15 8] il il F FEES & 2 — &
¥ INAY monitor Bk,

B 4.10 %A modport MHEN

interface arb if (input bit clk);
logic [1:0] grant, request;
logic rst;

modport TEST (output request,rst,
input grant,clk);
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R AR T SRR R R AR S e T R P S R T R R e e T
modport DUT (input request,rst,clk,
cutput grant);
modport MONITOR (input request,grant,rst,clk);

endinterface

FTriEHMOPRSEAANR LS ENNERANHEAIEERTEM T nodp-
ort. WY d i RV B nodport ZE) DUT & #% TEST IMAE N A8 arb if G
. % 7 modport & LAS . H {th # r B AU 69 B FAH E .

=)

Gl 4. 11 30 {E H modport MY P & 2% L &Y

module arb (arb 1f.DUT arbif);

Endmodule

gl 4,12 4204 modport ML FE &
module test (arb if.TEST arbif);

endmodule

2R 4.7 LI A4 &k, B A modport B B 7R BLH & #5 8 . iy A8
Bt AR EEH.

REREBRELE KNG TE0TBEELAT) XM EOEMHRDBAERT —
MEHELHRIERBESH G,

7% 3 o T L3 A BN R B K {1 B]5X 26 modport & . PRTT RLFEME 4R O 5 5 B F
FAR B o 4 Fl modport 45 ; L AT L4 7€ T 2 B 8 of (f Al modport 4 . SR 5 1048 O B 8 22 15 #1
B pmORE ., ABHEFEAT—F H K, B N modport J& 5 3L AT 4171 . A B % 5 7R T 2
fitheh, BE.FTEESTEZRBL DB, B0 5 % 2 5 R F 8 modport., BRI A
FEMEOGESH. EXFERT . R 7 2 7 61 4k 5L B A9 0 % 38 B modporc MM 3F 7E L 3R
g E

4.2.4 FEBHERH DA modport

HEROPHENMETRMLmMERE. RITKEEF - EH interface ) CPU—HNF &
BER, CPCUREZAERIRE . EHMEHE - EZHNHE Tl request . command #l ad-
dress. NEEMNBEE . EEZTXYEES . HED rcady 5. TN REHSWE data
5. REMMARE request M grant §5 . MEZBFEHNHMES. FUEOTE
HE NSRRI E L =T modport, L 4ME T B — P M modport,

4.2.5 @l#EFEDLEHER

% 7] LA {# FH MONITOR modport S — MR WM MAE R, THEHA L T — N R/ANE Rk
MMM, MEXNER, FTEREHBAHITOELLRE . 2R AWE.
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% 4.13 1 {# B mordport B i 25 BL Y
module monitor (arb if.MONITOR arbif);

always @ (posedge arbif.request[0]) begin
$display("@%0t: request[ 0] asserted”, $time);
@ (posedge arbif.grant[ 0]);
$display("@%0t: grant[ﬂ] asserted"”,$time);

end

always @ (posedge arbif.request{ 1]) begin
Sdisplay ("€%0t: request[ 1] asserted", Stime);
@ (posedge arbif.grant[1]);
Sdisplay ("@%0t: grant]: l] asserted",S5time);
end

endmodule

4.2.6 BOKMKERS

TER O P AEHLESR AR AP MEN . #f modport B H RIS G 1Y &
EAGSHmOMLEH T B,

ERAEORES T .

(D FEOETFRTER. YR IMRZEARNU ELRESEE. FHERSEZENDHN

EER A, N HEBERED. MREFSH - KN — KA EE A, FI07E SR
LIRB N K RIS 10 T AR B AR,

) O AEFRAFARFTEARRIEREFFREFHFBGCTREATYH —
FIMES WL TEEBROTRENE.

(3) EM— A HAESH . EEOPAFTEMI - R AFTELAERENBELRES
B X — B TR,

(4) modport AIF —PTHRRBHFEHEEOF N - RIIFSHED . Wl LIKE
SHREFEUAELRAHNEE.

FHEAMNELEMT .

(1) A F S A A 8 modport ML AGESF RO —B8IT
K., OGO ERFNAHEHESE oy B0 T HERILE,

(2) LAERMERAESANED L A ESFRRTHBTENITE.

) MREFEZEMWTEREFAME - F 2B TRANETHN FRHEOTEM L
v L E LM TIE,

4) ZEERPARHFOBRERE. —PHPEQ (bus_iOFREEETHEED (arb
IDWTAFSHFAYTHES LA BE\ESH%) . REEFRSH M HES H Ff s
e,
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L
:
2+
%

SR S PR R AR e T e e

4.2.7 EZHITFHMER

SystemVerilog B 58X FM A REE THHEEON D/ H b .2 R Stherland
o0 B AH LERIIHFEHAEONE LS.

4.3 WAL P

AV EMOTZE BN FLAEDNRS. ENSAHRKNURKES HKREEH
Fet b fE S FE KR ) SRS HFERFEEES . Ba8 KBKEREGRE, 81
FEWSERSET A wppEE ., BIEETER — 0 fol B OB an, B A B9 30 4F 88 & A2 7
100ns) B AL FERNFHF R LI EZFRE, LU -NME S RN BEERNTE A,
BEIMBERERZHEHELERZNE AMFHEE? £ Verilog #, 4F B FE W (A AT L 7E 8 5083
e zh DUT BB R PR X A~ el . (B =R AREH AR R ER DUT A K Ba .
SystemVerilog H JLA 45 F T LA RE Bf 1 72 6 18 15 < B9 B 7y [/ BE

4.3.1 ERB#RESRTESIEF

B O 8l L B sh ek 48 2 MBS SN Fabsh iy 5. a8k b 9 1F {5 55
HEZZ B RE XRBIETHA VS EERAME S S5ESLE, ik XE4E
B FEPERA HERBT I EMS AR R,

—TEOMUGEE e . BAEANRPHRE —PotepEEX L E— 0

RE—/ B ppis . BLARIAY BT b RiX A @ (posedge clOE X T BT Mie(clEXT

DDR &5 8h (W H 4 %) ,

WAl ATER $pIRPE ] default A E — TR ARB . HERIAME TRAGS
NEBTRATABRE R0 i E S XM e 5 X8 ah B 24 i it. F—
AT R ARG Z RN FFAE Y,

—BRE X TH R, M FERAT U Hearbif.co REXEFHH . MATEH/A
WU EEMAE. XHEXE TR PRl Eal, LAEE 8 80
FE&ERRE,

i 4. 14 250l 4. 10,fH 8 TEST modport ¥ request fl grant M AFEHE S, it 4
B b AU TR MESENNY EABER. 558510 24M % T modport #Y.3X
{5 B 7E modport FHMEH . BTl request B TEST modport # % 1 {H 9 . i grant &
BAGES.

Bl 4.14 WatshhiiED
interface arb_if (input bit clk);
logic [1:0] grant, request;

logic rst;

clocking cb @ (posedge clk);// B cb
output request;
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/4 Zaism EEGTMLES

input grant;

endclocking

modport TEST (clocking cb,// ] cb
cutput rst);
modport DUT (input request,rst,output grant);

endinterface

/0 X R— T AW &, E R R EF WA 4.20
module test (arb if.TEST arbif);
initial begin
arbif.cb.request<=0;
Garbif.ch;
$display ("@%0t: Grant=%b", $time,arbif.cb.grant);
end
endmodule

4.3.2 BEOPH logic 1 wire XLk

B VMM b - SFHMEAFEOFRESE X vire, BREE FRWEE O
KRS ENN logice KFIFETF AN EEEE logic MG M. VMM & (LS H Al B
A,

MEMAFESEZOPFEAIBRRBEBORIN N FEET BARFESLAL
logic KB, wire KB R HEEEBMAE NS, HHRPHESHEARRAS
B, 0] PLE X 0 logic s wire, 7E6 4. 15 AT LB El. logic F S 7T LI E B g 3K a0, 1
wire T B AW A ALHT .,

Bl 4.15 IR E TP K logic M wire (§ 5
interface asynch if();
logic 1;

wire w;

endinterface

module test (asynch if ifc);
logic local wire;

assign ifc.w=1local wire;

initial begin

ifc.1<=0; /f HEREHFRL logic T -



e 4.3 mEpBiE /19

local wire<=1; // BREHEEM assign Kol wire 5

end
endmodule

BEORMAESEA logic KBNS - PMRARNRAREEHFEAT Z 1 uFrr
H.aiFate BT,

VMM h R X E MR, 2B T nE a0 L AEATARRMTA.
MBEHEOFS LM logic KXW HAESF - MsSAZITTHES)., Eah? TE
IS ABAE logic KK A wire K, FHYERGB S AFLIEM — 0 hhnt . FE
G RREIEN., XERETEODARMMEA, AENARBEERTHNI E Z 7540
. EENAFNABRES VMM /Y W AETE S .

4.3.3 Verilog BBt FF ia) §&

MR FEMNEREESR - fm EER AR T, RADEE R4 o £ A
WEBIESHEREE. EERABEGFRT.DUT 9 8 77 58 oo i 8 89 F i S AE
AlES. XBBEHFELECHE REEIZBRAAIT - FET. NLE—1FF
HRTHEART MR TS ANEM LT/ DF—-Ao SR, UM TFE
FER A Z FWEE R B A REHET — 0t sh i 2 BB .

W &R EEGI R YA XFIT R, ENYES RN AERARZE RGN
it R AT E R R WL FARTRT RO GER i R .

5% DUT FIA R AU A Verilog SRR AL, X JLFR2ATRESCBRY . 0 R 1)K
S AN EE DUT. S ERESRA., WRE 35— DUT 898 8 8L F
HEEG B HEBES L DUT WA X B FXTHBSESFER? IRFHFLSFH
DUT Sh3#E , 6 &b 5 &5 26 46 R A9 05 EL B (6] K 8] s DUT &R, A — sodl A7E b — N0 80 ] 8 %
FE B b B 5 A K 24 BT B B R R R

FRIRXARIEM—F T ERL AR M — SN ER, LI 40. X5&iE Verilog 4
ML BRELHERFAROABERZEHEHRMERTT. AR2—-TKRARITP. &
FEARBRTES I RBEHEERGRT. BAENIoBBABER? LHEFLE
BRETHWERBUTERAR FEEARNGEFNEROCERTHEIKN., 20288
FR+0ER ST EATMETH. TUEBREEHL.UEARBABEHEATHHE.

A—THRETEREA— T8 KXKMER, 1, RTL AU T 6f2hEy Z 48 A Kot
FEE . MUZEERENMBEZEN -ITHAERESRE. HENRE -
AT Ins WRd B G E, T H AL (XL T 10ps WBTRIBER? A4 1 FKFHF Ins, 10ps
R EHCER? KR EAENSMNEREZE FERERMES4LREZR .M
E—ERrEZE,. RRBEsiiRit. EMEEMNRE.DUTATRERH—-TSHAEERNFAR
M RTLAHEMAEHFEENITRNEIRS MK, B RMER0 &, R385 E A
# 1 JiE B 4 Y B I )
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4.3.4 ARFE—RITBEAHEFRE

P4 4B T MR EEZHARBTFEERFRENELY. RRFRESW
MAMREEETLE stant 55 REEX L HMEFHOHE. HEE start F5SKREM
B} 4% s write.addr Ml data f§ SEIYIARIR B 35 EORM{E . ARW] LI4E AT 4 PH 28 W (0K i A 3X
Mo {2 S AR — N IS0 HE R L BE 4R Cummings(2000) 7 HEFE 19 B R A 8 5 10 3 At 4R 3] 38 ¥
& AR e Bl X SRR B ) . RO AI ROF & Z R R A T R S A R BB

Xt Bt @i {5 S WORBEAAEE A R A B, R A EAEad 5 A 306 Bk Z A8 U5 i
Z KA S AE IR T REENE T — 0 BRI & L BEAE 100ns Y Bf . PRABEAE 100ns H
A TR R R AR R MG ETEE 2B T, MYENHERRZATH
Tsetup B a] b R,

Bl 4. 14 HITHMINKE S ZE 8 FRE

module memory (input wire start,write,

input wire [ 7:0] addr,
inout wire[ 7:0] data);
logic [ 7:0] men[ 256];
always € (posedge start) begin
if (write)
men| addr |<=data;

end

endmodule

module test (output logic start,write,
output logic [ 7:0] addr,data);
initial begin
start=0;// F5¥iE1k
write=0;
#10:// RE KR
addr=8'h42;// REHE— MBS

data=8"hb5a;
start=1;
write=1;
end
endmodule

4.4.4 FEFRFB(Program Block)#1Ef B KX 5 ( Timing Region)
3% A 5] R A AR IR AE T % A O & 3 Cevent) IR A 7E [8] — /N B 8] B (time slot)



4.3 Bmie 17

PRRNLIEE o, e o S e 0 ARG Lo T LI G ' A P o i N 2o B 56

ALBMEES RTLEBRE LS RAERAEHRBEC, mRFE— o] A7 8 b o Jri
S BRAR MR T IR B RS — BB 2 i A0 HE 100ns B2, WX V- & AT LAERT 2P (R
SRR RIS FMEDZ MR OBEES. RS, X EE— 1T
B A RBEHE. RE EFEHNEFNTEER . WV &FHT Dok,

SystemVerilog il £ M X F S W EF 4 M TN EE 2 A @ ER? € SystemVerilog
R S AR TE B ER R X B RIEF RO RS AR, TER
g, HE BEFRAGEHEEGHERAESN, FERp e EOEKLERFr.

SystemVerilog | A — i 06 8] i 89 R 4+ X I 4.4 iR, & Verilog 9, K%
B B 7 B X I Cactive region) BT, A HERL R (E M PLI FRVFL 774 — L H AR
PATE S ERE B REBEAETE. Z2REEFE S % F A Cumming and Salz(2006)
A KT SystemVerilog FHKBAMEZH T,

From previous
time slot

Loop back

if more events

To next
time slot

B 4.4 SystemVertlog B8] 2F & N #) 3= 2 X 3,

fFE—AEE R A ERHRITHRE Active KRB EX TR B P ETRITEH. G4 RTL,
(TR AC TS Fn ot Bb & 4 8% (clock generator), 8 P X Observed X8 . PAITHIF . T
B R AT K 6 1 Reactive X 3%, 7 35 2| 8 6] 3 A B 5 ] B HT ] i 35 —— Observed
F1 Reactive DX 58 () 3544 0 LA fish 2 A B 8p BN Active KIS i — B RRIT B, BEH
72 Postponed X, E ¥ B M R G  FARITESBEREH R HERFERE S,
ik 4.1 R,

F# 4.1 SystemVerilog &= E A8 ¥ X 5

X3 % (T

Active By ek
Observed AT SystemVerilog Wi &
Reactive HATEFE DALY & 39
Postponed HMLETMBEAREES

D RFHN AR e R AER A AT A X e R R A MR R B AR A A
ol mMEE S, EMAF S P RESARRE L.



4 X R 5 v M) B R 1 - = Y P s . - ¢ . ) A ;
?8 55 4 e AR LT AT NS : o i I R R o e WA B

w4 17 BB THESIRFESEMBrMNRE. Kdearbif.cb 1B E R R G
R A RS @ (posedge clk) . WL 4. 14,

@i 4. 17 fEFEAE A e B g O AP &

program automatic test (arb if.TEST arbif);

initial begin
arbif.cb.request<=2'b01;
Sdisplay ("@%0t: Drove reg=01",5time);
repeat (2) @arbif.cb;
if (arbif.cb.grant!=2"b01)
Sdisplay ("@%0t: al: grant!=2'b01", Stime);
end

endprogram : test

4.4 RS RIRBEAGSHE TESHME.

" MARDBE L4 NBAWRFER Y., B YEA OOP &t &t R
- TMEBRARGUR - HA SENARTL. WREATEHANRBR
- FEESAMRRBLELLE R DA KRGERTHESARFHR,

3.6, L/NTERVHE R M B R BFRAN automatic KRB, XHEEMNIT NS
FmiE A ETHRAESPHER. ILin CIEF.

4.3.6 FEMER

fE£ Verilog h i HEAE FHFAEANF RSB HIT, HPIB P $finish, System-
Verilog BT —#E R T B 5. SystemVerilog M — B FREERAIEEH —
MK, MRNE - TBER . BAYZEAE initial RYVPWIRE —MERH (F AR
BRT AARESAIXARBRANGE, MELFERIEBRFRMERBESIT. A
R &8w, BrLl, S04 5t 0/ 55 M1 BT A i 1 ¥ 8% (monitor) FI 3K 3l 28 (driver) .

MRFESZTRIFR.BGEERF—TEFRERNER. X¥ERE—TURZN
A F RS R 0l AT Sexit RATH WM — T BEFHR, YR . RKMOAK/TLIHEH
$Sfinish R K.

4.3.7 HEEGHRNRTEZANER

ot ph SR A BRIAR FF R TE # Istep SEBT Z I R A(E S, 70 # 0 ZE BT 2 J5 3K 3h it 15
5. 1step BERTHE T 5 S E/ — 1078 H B9

Testbench Postponed X B, 7E & H 7 1T 7] #7 89 30 1 = A

- — BORRE. 2 HF UREK AT L 7 BT B 28 2 T 2K
in ign out d q test

out Under Test rclk i WtifE. HANFERENE, M F G MR

L — HAE S R 2 80 BF LB AT A % AR,

fE Reactive [X 85 17 (0B FF 3 48 i) — B
4.5 WIHARE T DUTHMATE @k Active K, WRHH RiHH



4.4 gpONRDI0RE 79

e A e B T e

oA ME AR RE TN TFEPEAT - TREFHBRIZEXIT S8, E
4.5 BT 7R .

4.4 0 R IKBh SRR

MR FEFRERSMELRIINES XFERES WA RAZEOEIIA. &
TREO—/DERTH 4. 14 BHPRSEORME 4.9 RATUZHER. '

S5 s Sl 3 O B B A RS L LR AN rst, M SR RS SR A BRI A, 0 X
Brik .

4.4.1 BEORS

fRAT LA Verilog B #l wait RFEZMA L EHHES. TEHHNABE TEHA
R ERSARAEMEREL.

Bl4.18 FERAS

program automatic test (bus if,.TB bus);

initial begin

@bus.cb; //TERT PP IR A B PRI gk 4k

repeat (3) @bus.cb; [/ R 3A e e

Bbus.cb.grant; [/ PEAEA] 135 gk 4

@ (posedge bus.cb.grant); /r P sE

@ {(negedge bus.cb.grant); /P BEHT RS

wait (bus.cb.grant==1);// EHFREAXEPHIT - WRELEE.,. A if
e] 3 B

@ (posedge bus.cb.grant or
negedge bus.rst);// FRFILMES

end

endprogram

4.4.2 EOESERE

4R B B R o BE B — M S B 8, 1R R 7 B B WY 2 78 B R AEME, B N #E Post-
poned X IR, FHE MG H T — MM DUT i grant F1ES HRBFFH., arb itk
TE— D0 B A RSB 4 grant 5500 1 A 2, RS E BRI PR 48 3,

Bl 4.19 AR b [ HE O KSR BE R K Bl

'timescale 1ns/1ns

program test (arb if.TEST arbif);
initial begin

Smonitor ("@%0t: grant=%h",$time,arbif.cb.grant);
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# 50ns $display(“End of test”);
end

endprogranm

module arb(arb if.DUT arbif);
initial begin
# 7 arbif.grant=1;// @7Tns
# 10 arbif.grant=2;// @17ns
4 8 arbif.grant=2;// @25ns
end
endmodule

K 4.6 B FW . arbif.cb.grant £ RRZ AR BHE. YEOHKS
MME BB AT eh Y (25ns BH) AW RR.IESHFEIFARRET — NP A (35ns
i) 4% 3k 25 WA E &

5 __l i : :

DUT arb.grant X} 3 ;—_X 2 )K 3 :

EST arbif.cb.grant r X X | X 2 X 3

Sns 15ns 2:5115 35ns
B4.6 [FHEONERE

4.4.3 EOGESED

THEHR-PRBMZBTFWEEESEER TH 414 PRRRBED.
B14.20 FRHEFARGREONMATFE

program automatic test (arb_if.TEST arbif);

initial begin
arbif.cb.request<=2'b01;
Sdisplay ("@%0t: Drove reg=01", Stime);
repeat (2) @arbif.cb;
if (arbif.cb.grant!=2'b01)

Sdisplay("8%0t: al: grant!=2'b01",$time);
end

endprogram : test

' % 2 B 4 S 4 modport BBt R R SR OB S AL A L
B0 L(arbif)Fouf @2 £ (co)M A& . B request 5., FTl&H




e 1
R R T e T 4.4 BOBNORE 8

4.20 # ,arbif.cb.request £ 4 3 ¥, {8 arbif.request B & . ERF{EFH U FH
4R RE LER,

4.4.4 B RIRFFEORS

TE s 4 3t v o7 24 {8 B[R] 45 B 31 (synchronous drive) , Bi*<="#{E £ W {5 5D, X
NN ESERMESIFA 2 7 B A 2% T R F 4 7F Reactive K 47 MR8
RIBTE Active REL#FT. R ML FE S 7E 100ns BT E R =4 T arbif.cb.request
Fl arbif.cob( BlE e N B R (posedge cl1k)) AR 4 request g 5 4F 100ns By AT = K
A, {H R W R ¥ &k B 7E 101ns B4 , B fE 0 Bh IS 2 [B] P 4 arbif.cb.request f§
S MAZELEIN T TGRSR, B, BB LERFEEM. EH 4.19
F,arbif.grant B — TR B K, 0] LA B BH ZEWA{H .

MEM L FEERNSNERIERISIFFELGES R ALEB S E R P.
XA AR B RCGAR LA E40, WRMAFEEHERBZIEESWME A4
ZEHAINSHT - NE G4 S8R ik,

Bl4.21 HEND{ESES
busif.cb.request<=1;// [6]#3K5h
busif.cb.cmd<=cmd buf;//[d] 3 ¥z

B 4. 22 BRAER DB AR RN E QB —-MEREESHEN, ZAFERT
Bl 4. 14 PROBN KRBl 4.9 PR TIZBR A 8h & A 28 .

B 4.22 Wah— R HD
program test (arb 1f.TEST arbif);

initial begin
#7 arbif.cb.request<=3;// @Tns
#10 arbif.cb.request<=2;// @17ns
#8 arbif.cb.request<=1;// €25ns
#15 finish;

end

endprogram

module arb(arb_if.DUT arbif);
initial
Smonitor ("@%0t: req=%h",$time,arbif.request);
endmodule

EE-EE A7 P B DR R AR 3, 58 =4 B BT i et gk DUT 4%,
s =R P E - ERNE 2 KiefA&8 DUTHE. BAESE =S/ ABS R TR

© R X FEk A SRS AR PR LRM B 5 A FR ERERE.
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mHETHE L

TEST arb.cb.request___ X | X 3 5 T 4 1
DUT arbit.request T X X 3 * 1 ;1
$ns 15ns 25ns 3%ns

W47 Weh—PREEHSPED

REMBHHPRESEFBBMEE K. MR, WRA0%E R B BhIE B 57 R LURIEE
e AT IR a5 5 . 04 4. 23 Fras.

% 4.23 #HO{ESEH
##2 arbif.cb.request<=0;// FFH10 ¢ FE PR ERE
#43;// 8 — LFUBBEIE A FE AT E R

MBREEESN —NEFTATERF T80 8 . 9] LL{E 3 repeat (2) @bus . cb; "2 4% A
HERER 2, A REENHREENEIESHIEREH.AHETE
S 3E fo AR B A~ B SR BEE B (I R BIF IR SR A RAaf s IR B R, 4 4 3 L A2 1E A
HEABREHEREHEREEORRH TR,

4.4.5 BEOARPKNEES

7E Verilog-1995 # , IN R R B E W g — A 0L A {5 5. b — N d B AR i B o
O &HER-MEEMEESRE reg EHD wire, T SystemVerilog 1,8 O A B M
REFSHNEEBRBENSAMEBEMAESEM. MEERF P LR M (net) BAE 89 B
#% .SystemVerilog StFr LHES R T — MR ZE&MAEN TR/ +. FERSIBHEGH
HedHRE BT ER B ERTHZME. SRPHRITHABIREHEENF
B EERIGE NS R, ’

1424 BFEAEOPHIEGS
interface master if (input bit clk);
wire [7:0] data;// WE{ES
clocking cb @ (posedge clk);
inout data;

endclocking

modport TEST (clocking ¢b):

endinterface

program test (master if mif);

initial kegin
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R STIES RT Y N AR 4.4 BUBRIHXE

mif.cb.data<="'z;// =& LK
Emif.cb;

$displayh(mif.cb.data);// M SLKIER
@Gmif.cb;

mif.cb.data<=7'h5a;// W5 £
@mif.cb;

mif.cb.data<="'z;// B E£

end

endprogram

SystemVerilog i P S X FMBEUHEXNMARAFZEOFHARTENENES. AH
FhalREfB e e . A — T EERI A EEREBFE S EERASE 10 EHFERMN
B,

4.4.6 AtAFEREF (program) P ARITFER always B

f£ SystemVerilog #, ¥ 1] LA £ program 1 {#f F initial 3,/ BE RN GEE A always
B, MBI Verllog RAEXEMNFE . XM EBEEKERLE. HEXFAECERFTRE
. SystemVerilog /5 W iF B ITRITHIRB R Verilog EmEER CEF, EH
F—1THEBEZOEBFAQ., &—1TRitH,— 1T alvays RATBEM T EM A R SEE
— B EF IR AERTT. ARSI SR RS T 984 3K S e R
WitTTASLPBESRITEN. EXB.— T HEHITH always BEARBIE R T1E.

2 program FE G —1 initial MEHME K LR LHRIAAERT . IR T
1T $finish—#. MRMAT —1 always R EHKIEA LS H, XHERAEGBAHH
HiE Rl sexit R EHBEFRERNES.

BRAELH MBHRALTFE - alwvays B R I “initial forever” ¥ 52
RS AH 8] B9 51

4.4.7 MHMELERR

MACZEL TBFR AU RSBRNENFAEBRET RN ZBAE— TSP,
A S HERMA A4S GHAEBREE . AMREREHEEBENES. UMM ELE
80 E A - B, i — S S R B 0%, AR & BB — B B, A B b
{7 5 #E A F G0 18 3R 2 18] 4% 58 A4 B 4% . o0 251 47 40 b 42 I v ph 9 B 38

MEFEREAZXAMM EATENBMFANEATUBHRERFS. DERIE
XU AR AE IE 9 B9 B B JR 3 P 4 36 1E B A9 06, T0 A J2 90 B 4 9 ZEE et A0 Bt 48 ) 4 X 75

Bl 4.25 {4 TRFHRPAERGN MR LS

program bad generator (output bit clk,out sig);

initia l

forever # 5 clk<=~clk ;



8 4 ;g d ﬁh i.g: 1& Lﬁ il-l_ ‘f[l i]-’j'J Lu':.l T‘l"_l E...:i Lovtliad e e RO L L g T b - .IE_::\"_Im} i 'f‘.'-i.“: ar *,' B '#f?':ﬁmﬂw %-?&#&{?LJ

initial
forever @ (posedge clk)
out sig<=-~out sig;

endprogram

AMiZiEe sk BRERFRE, Ml 425 KA I HHEERET -1 BF
P, XL RESZEMES. clk Ml out_sig 5 S #M Reactive KIS FF 58 7
Active K ARIT BBXFANMEEANENEGAFTRESIEERRE.

HHGEAERBRE-IMRATTUREAESRS., DREBERLES
MEMMPLAL. TR - ML EBR e 48 AR P LR,
WEECEF T FTUEREBRARENAFEFRARKFT %,

Bl4.26 R— 1M ERMANTREPEONHRES. EATRELT 0B
A RTEFEEN K. FIE0R G &AM ERES R, EMHE Active X
B EEFRE, MRIREET EE O 027 & — A0 5 #8824 07 LU A 3 B 3%
BAEERBISGE B —RETH 6 A OB B B3 LI always RS AR HEL
ZHTAAT .

B14.26 BIH AP IE A B R A 2R

module clock generator (output bit clk);

initial
always #5 clk=~clk;// TEBI R 0 Z 5 4 W8T #h iy
endmodule

BEFERXEBEANSYSHBIXBIREENF. AE AN RSP
ERREDUTHHN . ERTRERF.HFHNRERTAERARF SN
MIREY TR,

4.5 KX SRR R K

BEFRAT —TEREREBARN I, T EBFRIPOMXFERBENEED
—EMED. TmslE s eRERNA X SRR TR Sk,

B4.27 GHBBEPRSEEON cop PR
module top;

bit clk;
always #4 clk==~clk;

arbedf-arbi s, *)3

arkyal of.%);2

test tl(.*);
endmodule : top
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4 % ek i o s i I AP e, i R R Pt E P AT R LT e 3Dl B
R AL e R SR R Pt T R R R R e

KBB4 7 L EReHR. EEMT -MUEESFS ~ (BRI EE B
AL G A R LN N B RES HERIMGE SN AT ARERE
FH[F] .

4.5.1 wmOFIRPHEDOBRER

SystemVerilog R B A S IERBE & IFE M — N EK NI P T AE O RBR R
BREHR, Sfra2xi? PEROQFRANMESHNERRERFH BEREMALdGE
BEFE . B 4,28 i

Bl 4.28 {(NEHmOEENBLR

module uses a port(inout bit not connected);

endmodule

HIFERCHFDUEELIFHENEEIANNFS L, EREOFEFFROHER
A RFRLFEERIREON—TLH L,

B14.29 FTHFEOKHBR

[/ BREOEYH, BERAZWERRF

module uses an interface(arb ifc.DUT ifc);
initial ifc.grant=0;

endmodule

S0 4. 20 TS B T B 1 modports, 4 B R BB TRIE O, WRRIF R
C1 e T T B R SR AR R AR T . B (R S AR ot 4R R O R R L A 0 T
SERTEO R ERE TE, E 4. 30 Brs.

% 4.30 EH: puT MIEE DM THE BB
module top;

bit clk;

always #10 clk=1!clk;

arb_ifc ifc(clk); // RN RPN
uses_an_interface ul(ifc); /7 IR REE LA RE B AN
endmodule

4.6  TOUZAE I

FHNBRHEEENEIBRTRAERFHERRZIANR UES S EMFTE X R
EATLADH R EA]. 7E Verilogh  HA R EX LB BERMAR. AL HEBHAKAE
R E 8., SystemVerilog 5| A T %44 1% # 7C (compilation unit) , ER—EHFHE X4 B
— A& . £/ module,macromodule. interface,program.package 8 # primitive i




80 B4E EBBUNMRTES  powe o e e STt T RGeS
B2 59 E BB AR N 4 S o AE IR, AR R Sunit. ERXAME RS AR 1T AR 51 HE

i parameter . #EMFERABRR  HAEATUEHFER—-RBRVIE. HEETXARE
FEENERE A, HI0 parameter 75 48 1363 3 At 37 304 A 0 B

XHERI LT —%RAE. AR TR, Synopsys VCS, ¢ | it % ¥
B # 8y SystemVerilog 5%, ff bl Sunit 24 B #1. 18 & Synopsys Design
Compiler — kA RiF —PMHB L #F -4, XHSuit TE AL T -4
HEFENLNMXHHAR, XM Ee EDA TR — X EE A G XK
BERE-ITTE. EXRBHSunit EFREBHEH.

A EBHRI RS ARZFEAR”, EXMERABAERTUEXER . SH.&
WRBEEFE. F14.31 AT -4 TE S5 TIMEOUT, %2 MW LA ZE & B KB L 1]
WMAEM. XTI FEEE—TREBREEN const TRB. LIE B I7 5 E A LA
TR # 3

B 4.31 {fPEIFBOT K TR fE RS

// root.sv

"timescale 1lns/1lns
parameter int TIMEQUT=1 000 000;

const string time out msg="ERROR: Time out";

medule top;
test tl();
endmodule

program automatic test;

initial begin

# TIMEOUT;
Sdisplay("%s",time out msg);
$finish;

end

endprogram

LPIAsroot RN EMEHBF R PR B HELFHRAL, EX—& L.
$root BELF Unix LHEFRFEPM /", T VCSEHE—-KFFFAXHEMN TR, Sroot
Msunit FME, Sroot XN BFHUMAE T Verilog PHEAEMH —NERE, S4094 0
GIHEA—THERFPEEAN W ilvar, HFEBREETEAERMANBER . REE L — 2
ERBAER . MEAEERNRATEEAS,. KOUREREETESERDEH i1, var.
BRGTFHEBROEABHENEG il TESEIRIAKR. BABK NS RHT
B, WA LLE S fl Sroot IR EBX IR H RS ARELRNTE,

Bl 4. 32 [ T — M RF RG], %A TE UZ1EF N 00— 08 15 ) 4k 59 B b 3
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AR M e B L i, e Sl L e i L e
. XANBEFTLAEREN a6 A kol AERFH clkfGFS. HF—REAOEMR
B ERAFAE, B ER top t1 O X —IT . RAEXTEFPH 435 B E N
Sroot.top.clk. MRMGITHMKERSIA. KA HEHAREERMN BREL. 7T R
— M ERRHEHERR YRR TANE, AHFEBSCEERATUT.

%) 4.32 {FRsroot MRS H

'timescale 1ns/lns
parameter TIMEOUT=1 000 000;
top t10; /1T B ) 2 X il e

module top;
bit clk;
test t1(.*);
endmodule

'define TOP Sroot.top

program automatic test;

initial begin
/74 %51
Sdisplay("clk=%b",Sroot.top.clk);
Sdisplay("clk=%b", 'top.clk);// fHH %

// 8% 5| H
$display("clk=3%b", top.clk);
endprogram
T ~
4.7 BRF—B®RAZH

BIFRAT LR S RRFHAAES I VA HRER DA GIR BERERGERIEY
R, XRENPAV6FE R MER & BRIZTHML FHRTES

- HRMER RS
.& BETURARERIGARERRTABANSFE . IAABRTUKE AR
15 5 & 1H,1X &4 # E |7 (backdoor load). B ¥ % 37 & SystemVerilog #f %
RARXERERFREG A GBI NE AU TEAR U P E N IS XA T BT HE. &
EERFFTHARXNMNES.

EMEFEFEAREA DUT EREBR - M FH%, EXEHERTRRES
fHRMTH, ERNREITTRBEEAT KSR @ BERE. SR PRER
AT LA 3 P 4 2 ) S R AR S EE SR T R R 4,



8 8 % i'| % i_rf. E E}‘ LT ‘-ﬁD ;“_u iﬂ; q‘i E_.i {E':qm!'. ﬁ&%";ﬁ#‘;ﬁfm&’;&- L e R R T AT o e ey LA

4.8 SystemVerilog &

a] LA {§ Fil SystemVerilog i = (SVA)ER BRI BN FHE. HisWHaLRE
fig it ARl B AR M A BPELEEHN. TARSBEH LS 8
ELOXBER A LI E R W ETIREE SRR

4.8.1 3BDERE (Immediate Assertion)

Wi FemdBABITUREFRNITNGFESEMMEAYSNESE FHERFE
Tel] B Fry B 40 SR SBUAH BE B4 T 8D . G, B SR T SR IOR L AR B S B A S I B R S
ERE. ATRMER—A i BAEREXNNE.

#14.33 FH it iEERRE-ITES

bus.cbh.request<=1;

repeat (2) Bbus.cb;

if (bus.cb.grant!=2"'b01)
Sdisplay ("Error,grant!=1");

/7 B &R R R

Wk ifiEmEMER. BEREMENZEREHR itifMNEMEERGEHRY.
it EN ZMEES AR RENE, BRI S — TR,

P14.34 RAEMLEKE
bus.cb.request<=1;

repeat (2) @bus.cb;

al: assert (bus.cb.grant==2'b01l);

/7 W E R

MPEFHTET grant 5. MAWMKBENT. MRESATEPRME.HHEN
BEE—PMOTHRANER:

#4.35 KM TEIHSAHNMERGER
"test.sv",7: top.tl.al: started at 55ns failed at 55ns
cffending ' (bus.cb.grant==2'bl}"’

ZHBIEH TE test.sv XHPHPELIT S top.tl.al f 55ns F B ERFE S
bus.cb.grant RSB EH T 8%,

¥ AT BE =) T 65 I SE ¥ Y SystemVerilog Wi F R EXRE - EER EN—1%H
ML EHEZNCEM. Brs2FAENAB. EHRTIBRAIBABERAESR.

ERLITEHE TURIER RN F XA SNAMBREB TR XL FER AN
K.

4.8.2 EHEHFTA
— B E A AT A then Ml else 408, WM RRB SR A MEE, 7T LLE n iR
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HEHREHER.

#4.36 AVHKEFFONE-TEFHNERHER
al: assert (bus.cb.grant==2'b01)

else Serror ("Grant not asserted");
WP grant A ESPERNE ARSEAN—-THRHER.

#14.37 SEREFAKIIBHREIRRE

"test.sv",7: top.tl.al: started at 55ns failed at 55ns
Offending ' (bus.cb.grant==2'bl)"

Error: "test.sv",7: top.tl.al: 55 ns B

Grant not asserted

SystemVerilog & A4~ 4 15 1 S BI R : $info, Swarning. $error fil $fatal, X4k e
B ATEHTHHBER MAATFELBRBE P EH,. AW E SystemVerilog 19 5 42 /R
AP ARIT.

Wﬂﬂ{jﬁﬁ then ¥ 8] K12 3 W 5 fmf 6f AL Zh 52 1% .

$14.38 AFE - TEHRHMOFRBEL
al: assert (bus.cb.grant==2'b01)

grants received++ ; /] FH—TBIEE R
else

$error {("Grant not asserted");

4.8.3 HAEWE

A—HBEREHEES HFITLUARNER—TESETHER. ENBMiELR
BEFRSHE. AREEHSABE— I RERMS. TEHE - TREMRDE request f§
SHW S . request FSBR T A AUHAE, KA EMARBRER XK Z.

B14.39 R&EX/ZHIFEERF

interface arb if (input bit clk);
logic [ 1:0] grant, request;
logic rst;

property request 2state;

@ {(posedge clk) disable iff (rst};

$isunknown (request) ==0; J/HREE z N E xHEE
endproperty

assert_request Zstate: assert property (request_2state);
endinterface
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4.8.4 BiSHISE—HERIT
WAL, fm. T RN PR E. XRERSEORART

PIEE St L i Ew M,
AN RS THS M RN, 5 W Vijayaraghhavan (2005) fil Haque(2006) 5 36

F SystemVerilog Wi & EiF A K {F . .

4.9 PU¥m IR ATM B #

kS FEMEOIN —-TRENNMRA BREEFMNEHEEFAFLZNE A NEL,
AN R T —ME 0 ATMAsynchronous Transfer Mode, 525 4 5 45 20) B 1 28 19

S, W 4.8 BT s .

i
f

Testbench
F———*"rxo Tx0 4:"
————Rxl 4%4 Txl f——p.
i e
————Rrx3 Tx3 |
T f

4.8 MFa—REMAZEORN ATM B b 8542 M

4.9.1 EH®RAM ATM & B35

TEAAEBERSAEH T ATMEBRH SO ESR, RN EREERE RTL A
AFERRERERER. XBEAMGEH T Verilog-1995 X # & 3% O 7 B, 35 O /Y 28 B A
e S HEHE L.

AL Em SRR mOERERTILFEE -1,

Bl 4.40  A{E A SRR ATM B i AR B E D
module atm router (
// 4 x Level 1 Utopia ATM layer Rx Interfaces
Rx_clk 0,Rx_clk_1,Rx clk 2,Rx clk 3,
Rx_data_0O,Rx data 1,Rx data 2,Rx data 3,
Rx_soc 0,Rx_soc 1,Rx soc_2,Rx soc 3,
Rx en 0,Rx en 1,Rx en 2,Rx en 3,
Rx clav 0,Rx clav 1,Rx clav 2,Rx clav 3,
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// 4 x Level 1 Utopia ATM layer Tx Interfaces
Tx_clk 0,Tx_clk 1,Tx clk 2,Tx clk 3,

Tx data 0,Tx data_1,Tx data 2,Tx_data_3,
Tx_soc_0,Tx _soc_1,Tx_soc_2,Tx soc_3,

Tx_en 0,Tx_en 1,Tx en 2,Tx en 3,

Tx_clav 0,Tx_clav_1,Tx_clav_2,Tx _clav_3,

/I BFERIGE S

rst,clk};

// 4 x Level 1 Utopia Rx Interfaces
output Rx clk O,Rx clk 1,Rx clk 2,Rx clk 3:
input [7:0] Rx data 0,Rx data 1,Rx data 2,Rx data 3;

input Rx soc 0,Rx soc 1,Rx soc 2,Rx soc 3;
output Rx en 0O,Rx en_1,Rx en 2,Rx en_ 3;
input Rx clav 0,Rx clav 1,Rx clav 2,Rx clav 3;

// 4 % Level 1 Utopia Tx Interfaces
output Tx clk 0,Tx clk 1,Tx clk 2,Tx clk 3;
output [7:0] Tx data 0,Tx data 1,Tx data 2,Tx data 3;

output Tx soc 0,Tx soc 1,Tx soc_2,Tx soc 3;
output Tx en 0,Tx en 1,TXx en 2,Tx_en 3;
input Tx clav 0,Tx clav 1,Tx clav 2,Tx clav 3;

[/ HAEHIE S

input rst,clk;
GU{D

endmodule

4.9.2 FHBONATMITENRA
THAHHRETRZEME,
#1441 REFEHFEONTHRERMP

module top;
bit clk;
always #5 clk="! clk;
wire Rx_clk _0,Rx clk 1,Rx_clk 2,Rx clk 3,

O HARY..."EHEWLRE? &1 Sutherland(2006) Hrh X FAM R P EREONE L EENEAT.
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Rx soc_0,Rx soc_l,Rx_soc_2,RX_soc_3,
Rx en 0,Rx en_1,Rx en 2,Rx en_3,

Rx clav _0,Rx clav 1,Rx clav _2,Rx clav_3,
Tx clk 0,Tx clk 1,Tx clk 2,Tx_clk 3,
Tx_soc_0,Tx soc 1,Tx_soc 2,Tx soc 3,
Tx en 0,Tx en 1,Tx en 2,TX en_ 3,

Tx_clav_0,Tx _clav_1,Tx_clav_2,Tx_clav_3,rst;

wire [7:0] Rx data 0,Rx_data 1,Rx data 2,Rx data 3,
Tx data 0,Tx_data 1,Tx data 2,Tx data 3;

atm_router al (Rx_clk 0,Rx clk 1,Rx clk 2,Rx clk 3,
Rx data 0,Rx data 1,Rx data 2,Rx data 3,
Rx soc 0,Rx_soc 1,Rx soc 2,Rx soc 3,
Bx en 0,Rx_en 1,Rx en 2,Rx en 3,
Rx clav 0,Rx_clav 1,Rx clav 2,Rx clav 3,
Tx_clk 0,Tx clk 1,Tx_clk 2,Tx clk 3,
Tx_data 0,Tx data 1,Tx data 2,Tx data 3,
Tx_soc 0,Tx soc 1,Tx soc 2,Tx soc 3,
Tx en 0,Tx en 1,Tx en 2,Tx en 3,
Tx_clav_0,Tx clav 1,Tx clav 2,Tx clav 3,
rst,clk);
test t1 (Rx_clk O,Rx clk 1,Rx _clk 2,Rx _clk 3,
Rx_data 0,Rx_data 1,Rx data 2,Rx_data 3,
Rx soc 0,Rx_soc 1,Rx soc 2,Rx_soc 3,
Rx en 0,Rx en 1,Rx en 2,Rx en 3,
Rx clav_0,Rx_clav_1,Rx_clav_2,Rx clav_3,
Tx_clk 0,Tx clk 1,Tx clk 2,Tx clk 3,
Tx data 0,Tx_data_l,Tx_data 2,Tx data 3,
Tx soc_0,Tx_soc 1,Tx_soc_2,Tx_soc 3,
Tx_en 0,Tx en 1,Tx en 2,Tx en 3,
Tx_clav_0,Tx_clav_1,Tx _clav_2,Tx clav 3,
rst,clk);
endmodule

Bl 4. 42 B TR FEHBARTE., WMOMBES X —K 58T N8B % S84
Bl 4. 42 {FF3 0O & (Vverilog-1995)

module test (

// 4 x Level 1 Utopia ATM layer Rx Interfaces
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Rx clk 0,Rx clk 1,Rx clk 2,Rx clk 3,

Rx data 0,Rx_data 1,Rx data 2,Rx data_ 3,
Rx soc 0,Rx soc 1,Rx soc 2,Rx soc 3,

Rx en 0,Rx en_1,Rx en 2,Rx en 3,

Rx clav 0,Rx clav 1,Rx clav_Z2,Rx clav 3,

// 4 x Level 1 Utopia ATM layer Tx Interfaces
Tx clk 0,Tx_clk 1,Tx clk 2,Tx _clk 3,

Tx data_0,Tx_data 1,Tx data 2,Tx data_3,

Tx soc 0,Tx soc 1,Tx soc 2,Tx soc 3,

Tx en 0,Tx en 1,Tx en 2,Tx en 3,

Tx clav _0,Tx clav_1,Tx clav_2,Tx clav_3,

// HfaEdlES

rst,clk);

// 4 x Level 1 Utopia Rx Interfaces

input Rx clk 0,Rx clk 1,Rx clk 2,Rx clk 3;
output [ 7:0]Rx_data 0,Rx data 1,Rx data 2,Rx data 3;
reg[7:0] Rx data 0,Rx data 1,Rx data_ 2, Rx_data 3;

output Rx_soc_0,Rx_soc_l1,Rx_soc_2,Rx_soc_3;

reg Rx_soc_0,Rx_soc_1,Rx soc 2,Rx soc_3;
input Rx en 0,Rx en 1,Rx en 2,Rx en 3;

output Rx_clav_0,Rx clav 1,Rx clav 2,Rx clav 3;
req Rx_clav 0,Rx clav 1,Rx_clav_2,Rx clav 3;

// 4 x Level 1 Utopia Tx Interfaces
input Tx clk 0,Tx clk 1,Tx clk 2,Tx clk 3;
input [7:0] Tx_data 0,Tx_data 1,Tx data 2,Tx data 3;

input Tx_soc_0,Tx soc 1,Tx soc 2,Tx soc_3;
input Tx en 0,Tx en 1,Tx en 2,TX en_3;

output Tx_clav 0,Tx_clav_1,Tx clav 2,Tx clav 3;
reg Tx clav _0,Tx clav 1,Tx clav 2,Tx clav 3;

/P HiEREY

output rst;
reqg rst;

input clk;

93
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initial begin
/7 E AL
rat<=1;

Rx data 0<=0;

end

endmodule

RlAM =B UREENER-— AT & . BAR! RORHET 14
X REFM R EHER TR T EFROEERT,

4.9.3 (EABORNKER
4.0 24> ATM gl 28 & B S0 2 ORE L JUh 03 S B A g 4 0

Testbench

€—P| 4x4a™
e ’ router

©

B 4.9 WILFE— (AR O KR h FER

4.9.4 ATM#QO

THiRMEHT modport Ml S A R A Tx T,

B 4.43 Rrx N

// {# H modport AR $hE A rRx D

interface Rx if (input logic clk};
logic [ 7:0] data;

logic soc,en,clav, rclk;

clocking cb @ {(posedge clk);
output data,soc,clav;// J MK FEH

input en;

endclocking : ¢cb

modport DUT (output en,rclk,

input data, soc,clav);
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modport TB (clocking cb);

endinterface : Rx_if

#l 4. 44 TxREQO
// 18 B modport A BRI AY Tx HE

interface Tx if (input logic clk):
logic [7:0] data;

logic sce,en,clav, tclk;

clocking cb @ (posedge clk) ;
input data, soc,en;
output clav;

endclocking : cb

modport DUT (output data, soc,en,tclk,

input ¢lk,clav);

modport TB (clocking cb};

endinterface: Tx_i E

4.9.5 {ERTEOMNATM BHFER

THEEATM BHANEAMMIRKX TG, EMNHFEE N O F P F modport,
&, modport AFMEMAEAS R i HFHE.

Bl 4.45 0 H A modport B9 ATM R 2SR
module atm router (Rx if.DUT Rx0,Rxl,Rx2,Rx3,
Tx if.DUT Tx0,Txl,Tx2,Tx3,
input logic clk, rst);

endmodule

4.9.6 FEHZEAOMATMTIERSP
TR 36 27 B0 7 4E 96 T XA 40 R B S AT e B R
B14.46 f/HE O TUS R &

module top;
bitclk;rst;
always # 5 clk=!clk;

Rx if Rx0 (clk),Rxl (clk),Rx2 (clk),Rx3 (clk):;
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Tx if Tx0 (elk),Tx1l (clk),Tx2 (clk),Tx3 (clk);

atm router al (Rx0,Rx1,RxZ,Rx3, /F BREDER ()
Tl Tl THZ: Tx3, 1k, 2 8E]) ;

test t 1 (Rx0,Rx1,Rx2,Rx3, /1 SREME (.x)
Toell: Tl T2, Tx3;clik; xst)
endmodule : top

4.9.7 EREOMNATMAEES

# 4. 47 { BT FEER—Ho. ek bE TXHONBET. FEEC
FRZFEEH TBEEF. UGS ELRAENRB I IX4IATM EhBEHTK., 3
10 BE A 45 T fn ey {8 7 B 0L 01 R R kAU IS .

Bl 4.47 &0 P RIES AP B BN K &
program test (Rx if.TB Rx0,Rx1,Rx2, Rx3,
Tx if.TB Tx0,Tx1,Tx2,Tx3,
input logic clk,output logic rst);

bit [7:0] bytes[ATM CELL SIZE];

initial begin
/1 BARE
rat<=1;

Ex(.cb.data<=0;

LR

receive cellO({);
end

task receive_cell0Q();
@(Tx0.cb);
Tx0.cb.clav<=1; /1 HEREW
wait (Tx0.cb.soc==1); /! BHFE TN AR
for (int i=0;i<ATM CELL SIZE;i++) begin
wait (Tx0.cb.en==0); /! FEHRERES
@ (Tx0.cb);

bytes| i |=Tx0.cb.data;
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@ (Tx0.cb);
Tx0.cb.clav<=0; // BHRHEGS
end
endtask : receive celll

endprogram : test

4.10 ref ¥ A F W]

SystemVerilog | A T —FfFH 46 0 F M : ref. W %R AR input,output M in-
out 3 F M T, % inout H T EBENEER. NMRMEMZ A inout w0 W3 — 15
5 ,SystemVerilog S REM GBI BAE EIHRERITHEELNESHE.

ref IOMIT AR EAR. EHERMNTR(AER ne M5 H,. EHNEEXTR R
F—UWRHE. IR I TEEZEINL) rec 0 . RATETSEEF A HAEIEERN
O ERAIEE R R — &,

4.11 {FEME R

AL 6PN HEZN AL T AERBFRITHER — 1 initial ERME R,
HEMEREYERGE — 1 initial T HRE, EBEME ¥ Sexit IR EBIF AL E.
HARBRFRERE T, sfinish MBMRERAARRKS T 7. ] 7% E R
MM stinish XA ETIL,

HEGFEHBRATLELER, HREEBRFRITLUEL—TMRKEL A finial BER

ﬁﬁ%ﬁ:&&ﬁ‘mﬁ:ﬂ XE— AR BB & A B BT, WS 30, —

REMNRE. & finlal RYARABREEH . RSAEEMNERF
%#MWEWT%E?&UEﬁEﬂWﬁWﬁH HAffEH#< s mE,

% 4.48 — final &
program test;

int errcors,warnings;

initial begin
-/ BFRBOERETH

end

final
$display ("Test done with %0d errors and %0d warnings",

errors,warnings) ;

|_endprogram

4.12 LC3 Bu¥g s 1) & o] 1A, (directed test)

fiE P B B a1 g bk BT 2 6 5B AR AT LR — A KR A S — B ) B — 4 18] B i
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矩形


R, AEFTHEER T LCIMAHE PN - MERYEMAR, FENEYSS
& IFUR B G 2R BE LI, LA B anfal i F OOP >k £ 23 1 il {0 A5 .

Little Computer 3(LC3) &2 —FP U AMNILRIES EEEMH AN EZNITEIT
BHEVEENERBEMMOEF. LCI RN TR T HEM K¥K Yale N. Patt MI{U T &
B e 5 BRI B K6 Sanjay J. Patel A &8, LC3 TEMBINAEREA H—CCHHB R4
5l ML FITT3 CiEF fH AR ) (patt Al patel ,2003) 955 ML &7 .

b+ % M 7 K2 H Xun Liu {8 4 . Rhett Davis 1 + #1 Paul Franzon i+ 2 2 # ECE
406 IRBEREFELEHNFIT"BELHT LC3. # e LLEE hitp://chris. spear. net/sys-
temverilog T # X T AL FINE # Verilog {015 .

LC3 it fih 6 . fetch( L $5), execute(H 7). writeback( Bl & ), memAc-
cess(HfEHE]) ., decode (D) Ml controller(F M 28)., 3B T T3l 4. ADD,
AND,NOT,.BR,]JMP,LD,LDR,LDI,LSE,ST,STR 1 STI,

/’T'u; I= ReadMemory &8
state I= WriteMemory &&

atyto = IndirectAddress

B 4.10 1C3 Hlds Hl 2R HLFE U

B 4. 10 P fetch ERHTBEANFPREMELE . EETIHEBA:

(1) clock,reset;] {if,

(2) br_taken:1fii, A ferchRBEHHIGFS AU npc WEEEM per LR
B E LA taddr( H bR AL .

(3) taddr: 16 . N e E B SITHGRK Birat.

(4) state:4 {ii. controller Ht @R, LW fetch, decode H %,

fetchIREF W THH :

(1) rd:1 fz. EHANFERTIEERE. HH memAccess B fE ReadMemory. WriteMemo-
ry fil IndriectAddressRead REM SWAXZ B FFUAXEREHZFELTEHR
B2, A MRS . cdENEHE.

(2) pe:16 fii. BFITHIMFANM YAE, B pC_reg 7E rd v &5 BE B I NS F.
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£ clock M EFH8Y, % br taken 4 BB}, taddr # A PC_reg; (Ml 3§ br_taken A {BUEY,
npc # A PC_reg. PC_reg X fiEfA 16'h3000, i fE S8R —MEBNES.
H 45 AR Y verilog {75 B i A RUHY 3 1

B 4.49 HUAEHEDLH verilog U
module fetch{clock, reset, state,pc,npc, rd,
taddr,br_taken);
input clock,reset,br taken;
input [15:0] taddr;
input [3:0] state;
output [ 15:0] pc,npc;// HETH T —4 PC
output rd;

// BEEZ R (protected)
endmadule

WA — AR e EOURIEE SR R ER. MLAHRIEET
— AN <7 B9 W 1 88 modport, X EENNERF AT ERIE LTS ARNEE.

B 4.50 HUBRERMZEO
interface fetch ifc{input bit clock):;
logic reset,br taken, rd;
logic [15:0] taddr;
cntrl e state; /1 TEB) 4.52 P E X
logic [15:0] pe,npe: // HETAMTF—4 BC

clocking cb @ (posedge clock);
input pe, npe,rds
output taddr,state,br taken,reset;

endclocking // cb
modport TEST (clocking cb,output reset);

modport DUT (
input clock, reset,br taken,taddr,state,

output pc,npc,xd);

// AT UF out 5%
clocking cbm B (posedge clock):;
input pc,npc,rd, taddr, state,lor_taken;
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endclocking // cbm
modport MONITOR (clocking cbm);
endinterface // fetch ifc

S 1) 3 18 oL 1 O[] 20 i {5 Bk A BRI SR .

B 4.51 HUEBIR K E B 3L
program automatic test (fetch ifc.TEST if t,

fetch ifc.MONITOR if m);
initial begin

cntrl e cntrl;

Stimeformat (- 9,0, "ns",5);
Smonitor ("%t: pc=%h npc=%h rd=%b state=%s",
Srealtime,if m.cbm.pc,if m.cbm.npc,

if m.cbm.rd,if m.cbm.state.name);

$display("%t: Reset all signals™,$realtime);
if t.reset<=1;

if t.cb.taddr<=16'hFFFC;

if t.cb.br taken<=0;

if t.cb.state<=CNTRL UPDATE PC;

repeat (2) @if t.cb;
pc post_reset: assert (if t.cb.pc==16'h3000);

##1if t.cb.reset<=0;// FIHHWBHAEAMNES

@(if t.cb);

$display("\n%t: Test loading of target address",
Srealtime);

if t.cb.state< =CNTRL_UPDATE PC;

if t.cb.br taken<=1;

@{if t.cb);
R{if t.cb);
pc_br taken: assert (if t.cb.pc==16'hFFFC);

$display("%t: Did the PC rollover as expected?",

Srealtime);
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if t.cb.br taken<=0;

if t.cb.state<=CNTRL UPDATE_ PC;

repeat (5) @(if t.cb);

pc rollover: assert (if t.cb.pc==16"h0000);

S$display("\n%t: Step through all the controller states”,
Srealtime);
for (int i=CNTRL_FETCH; i<=CNTRL COMPUTE MEM; i+ +)
begin
$cast (entrl,i);
if (cntrl==CNTRL UPDATE PC)
continue;
S$display{"%t: Try with controller state=%0d %s",
Srealtime,cntrl,cntrl.name);
if t.cb.br taken<=0;
if t.cb.state<=cntrl;
repeat (2) @(if t.cb);
pc_no_load: assert (if t.cb.pc==16'h0001);
end // for i

$display("n%t: Tristate on PC output", $realtime);
if t.cb.state<=CNTRL READ MEM;
@(if t.cb);

pc_z read mem: assert (if t.cb.pc ===16'hzzzz);

if t.cb.state<=CNTRL IND ADDR RD;
@(if t.cb):

pc z ind addr rd: assert (if t.cb.pc ===16'hzzzz);

if t.cb.state<=CNTRL WRITE_MEM;
@{if t.cb);

pc_z_write mem: assert (if t.cb.pc===16'hzzzz);

end

endprogram // test

DEBRGIL TRIEHE T  fetch R A test, HEEMBE X T HH FRE K2
R, X EE test METO PRI LIGEH.

Bid4.52 BUEMEFEKTHEER

'timescale 1lns/1ns
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typedef enum {CNTRL UPDATE PC=0,
CNTRL FETCH=1,
CNTRL DECODE=2,
CNTRL EXECUTE=3,
CNTRL _UPDATE REGF=4,
CNTRL _COMPUTE PC=5,
CNTRL COMPUTE MEM=6,
CNTRL READ MEM=7,
CNTRL_IND ADDR RD=8,
CNTRL_WRITE MEM=9} cntrl e;

module top;

bit clock;

always #10 clock==~clock;

ferch 1fc fificliock);
test L1(fif,fif):
fetch fl(clock, fif.reset,fif.state, fif.pc,
fif.npec,fif.rd, fif.taddr, fif.br taken);
endmodule // top

4.13 5§ %

EAEPREL¥S T MM A SystemVerilog 3 I 38 41 414 A 8 H4 B A 3
EHAEE. ERAXHTE RTUE - EORRRABEHNEEER . UABEMES
BTN, B 0T LA DL M i

Systemverilog 5| A TR FREBM O HFRBAMB L FEZANESRE, £EN
RS BBk W ELF & AT LA X T et B IE S IR BRI R AR R (5B,
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Eﬂﬂﬂ%ﬁﬁﬁigﬁﬂ.

5.1 #E &

MEHKRmEIES Bl Verilog 7 CiEF X B0 0 BI85 8 X8 E 5
MO ZEFERANAE, ESH HBELXUSRFEXHURNENTEETRER
) B 3C 1 B, Y O A X AR T R AR () TR

Verilog BIFT AR B CBIT L EMBF . H A Verilog iEF FRE 45 (struc-
tures) , AN EMPAH. WRFHEFE — 1 24 % 5% (bus transaction) B {5 8 . 15 8t
REZITHRA:—TMHTHREAHLE, TR TRFEE. -THATREESSEE,. 5%
(transaction) N f{5 B A XA . HERBIE KX MBWE S HRPBAT
Bk (module) P HXMER T REEZR K L O ERARAEZRINSR E. BB
MR, XEHAMERETH, T LLin R il i F & (testbench) HE B T 100 ¥ H M, M Y
A& E 101 P T EEN R AR ERAMN AN FHER®EF. G804
HIAR/DEEERTUEREREENES BRE -TMEAMIRD, KERWE#HTH
HR#T.

FE XN SEHBEOOP)FHPEEEE O RE RN FHE MR e
RUNBEFREMRGSE—E. AP UEEMMROE KRB LI LEEMELRE
BB AARBEEBAIT -1 SENMARKEESHREYE., YEAHESEEREESHE
et A TR EmER. XESRAEMFLRE MK FERETATSFT..EAN
FREMARE,EmyE FEP B RGBT EH ST UEEMSH.

MEHAPCLARTHEBALRERCOOP), W AT LBkt ix — &, H & SystemVerilog
ML EF OOP AN, HE A ERFEE—TS. 8 P UETHRUIMERZ — 4N
REEG, E8HEB/H T —HENHKEREOOPHEEE S URFLHMNA LSBT
T 8 AL E R AT A R

5.2 FEAW, k3

FrRE AU A S HE— Bl AR B IRRSE Mg KR T &. 068 5E
MACIEEG B —E? ol UERENKFEREATIEN.
AP EHHBRES - RN RAEREHSERETER. MRIERAN
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WG ARG — 350 A WSS M HRELHEE L F & HME BT D
B, HFOOP P  HEHLW L FEHHEA.

o R — TR FERMRENHELUE. SHRELFHENNR. BEHRIT—FF
e . BlaEsh AT HS L URAEEFENERT S &, RO EERIRT R
ARXRENMEN T/EMFEMg Y. FROFRaSHER Gk ITHAMEH ST, 6 2 8 &5l
T E URAEEWERFA MBS E SR EEBIERBITHR. W5 FRE5R
EFRRHCLE—IRENERT. REERIS BN E ATEBAHALSK K
B TIRE. RTMIIBA AT . BRTFAERT UGS, MEETH L BHE? K
O BHRAME SRR E S . AHAEBAELTH.

Wil FEh iz B A elE. FaMFEEANERZHNRE.C
—AEHE X R AR R e ERYE. TE OOP R . KHEEHEEMAES
BIZ5H), LA RSB rThie. R4 (generaton) B @ F FHAKENMESLE T — 4. K3 28
(driver) #1I& i+ E 1T & 08, IR i 1R [ 49 5 %5 45 85 1 9 28 (monitor) §i 3% , iC 43 # (scoreboard)
ERH MG RBIYNGERATIX . Bl 8 & 022 RE& T8 (block) . R f5
€ SCE AT E 2 (8] 40 o] i 1F

5.3 EHE —PF(Class) =

EHETREANRFXERENTRF. @S 1 E—1TEHARESEX, XM HE
HEE THH CRCH—TF#BEHMEH., fF Transaction P HF R FRIF . — 18
3R B2 b bk &9 R B — 3 B8 AR 0T & BB 15 (CRC: cyclic redundancy check) 4
PREL.

AT EWFEAF N BRAARPERS L . KT UEZEARSE
Rt —A#Rid(labeD, Z£HS.1 P, ABELE TR THELEEXRES LN,
EEERARSAERNEZIRG P . FLTURFHF B EE LY
% X & endtask.endfunction # endclass.

#5.1 H%¥H Transaction X

class Transaction;-
bit [31:0] addr,cre,datalg];

function void display;
$display ("Transaction:%h", addr);

endfunction : display

function void calc_crc;
crc=addr " data.xor;
endfunction:calc_crc

endclass:Transaction
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| GANEARAECHRERE., AAERLTHAE - XLERK

y EXRAN.FAAELLPTERH T &, # o Transaction  Packet.
UHRBFERAEFHFEL . WwCELL S1Z2E, R EHRAANSFHF.Hlw
count v trans type. MPAME. KT LB R EMEREER &

LA

5.4 TEWPE & XK

fE SystemVerilog &, {5 o[ LIIE % & X 7 program.module.package P ,5 & 7F X &
ez ShEGITaTH . BAl AR MERPEH. A BN H FRERIFRESPHEHANE
L nE 4 |R, ARZAT.AUBERFREYE -1 THSAENERE, E5H —
Z 3 A R IR B MO X R R G A W0 R AL S T I A D R e B

MR EHREE.TRETFERS N XRAFER IO CHDP. HXHEMEH
A5 18 K K By et i , o] L1 i SystemVerilog 842 (package) ¥ — 4l X WA AR E LH
HaE—&, W, TUERER SCSYATARSH ST — 1ok, X/ 05 E% K Hi
WAL, A LA M R iE ., HA AR . ANHEF B RERERF B (protocol)
192K D R AE AN R A S,

XTEMEFEANE RIS K SystemVerilog LRM,

5.5 OOP ARiE

QOPWEF FMERZE AT AAR? BAERRREFANIFEIL. B34 A Verilog,
HREGMET &£ OOP MBS, THEE 5% O0PHARIE.EXLLEENSE Verilog-2001
K BRIXT R KR

(1) E(class) A FERMFERFEOEAHELR ., Verilog 745 2Z X 5 8 E B (mod-
ule) ,

(2) A & (object) : KB — DL H|. {E Verilog P, T ELH L - MEABEMHH
.

(3) ’lﬂﬁ(handle):?ﬁlﬁliﬂ'ﬁ_ﬂﬂﬁﬁu 7t Verilog Rl T2 EE B3 HE
SHFE., 4 O0P g xS iuat AR EHRETE T R mas — ¥ g%k
B HE 5P

(4) JRTE (property)  fFHEMIER T B, ZF Verilog F . M EFHFER (reg) ELA N
(wire)EBRHE S .

(5) Tk (method) fF F XN HF B PRETRABRFH L. Verilog #H & T initial
M always B LIFb AT H T S MR

(6) Ji % (prototype) . #BIF ML OHBEFA . BABAMSHINE. BFENGET
AT,

ABERTEMELHN Verilog RiF: 48 it (variable) HI B ¥ (routine) , ff 8 & &
OOP H i J& ¥ (property) M J7 i (method) (& 45 L bR L {2244 routine B%F N B iF R F &
F—&F#). MEN OOP BIARIEH KB A, IR LA ZKX—F,



bomw
矩形

bomw
矩形

bomw
矩形


1 O 6 .Ji “‘I I—';'i i..l L ]):-_r é\% %'_-L -—'3- IIJU R "':.""‘"_':?;."-'I‘}..:,.‘f-}!-'.:-;r Ll ';‘-7;;;‘;:;-;;_,-;- g 3‘* ot *ﬂ"‘ﬁ? Wﬂ‘mﬂr’%b *M-”%%{ ‘Wi

£ Verilog 1, il i G @R B BBl . i a] LI B — 4 H &M dtit. 7 OOP
BRI B HAE T ESS) R UER - MHUMEREH,

T R—PAHXE OOP RiBM L. RN — 15T K A (bluepriny) , BRIt
BRARTHETHSEH . BEEAEEFE-TMERE MR EEE ML ETF. — X
SHE—TEEMET. WRA—HERTUAXREEENHE FHEIHT. — 1 Kd0
B EBENMR, BFFHOBLRE -1 WM. E s ETHREET. EROET
BE . REREEA FIUHEIT LWIT(FREX) . XPWERARREFRME, T FE
FFREREHXSHE., M TFLRUBAAMREHL X turn_on_porch_light () #)—
AMRIREAERY UE —-FFRERITERER AN ON,

5.6 GIEHXTZR

Verilog #1 OOP S R G PICHI LS HEEM Y F A FEF LXK H . —4 Verilog
BE, flan—A4 it 8, BERA SR T B . f—4 SystemVerilog 26, # #1—
TREBFRA, NREETHTIREETENMNBEAHE. Verlog MHALEHERN. &
BREF —REHENNEASEA, REFESHEESRE. i SystemVerilog #, # i) 3
AW RIFHAXES DUT.EEER. B XL RS RAAFETUERR,
LAk 37 i 2 g {8 FH O

OOP # Verilog 2Z [a] i A AP LA — & H4b. Verilog B9 T 24 He 22 A 2 ¥ B 38 it 5
L& . {HE SystemVerilog 2546 Rl AT 2 51 Je Bl 1k . 3 Ab, Verilog M35 6 % B0l LK 3
— 5B, M SystemVerilog aJ4% o] Ll 15 [ 1R %7 8 . 38R — K HBEHE A — 1~

5.6.1 GAHEMEWFHE
FEF 5. 2F . cr B— 14 Transaction KB S, Al tr A LI B FHR I —

N Transaction®]#F .

$l5.2 mMEEHAMHEH - K
Transaction tr;// FBE—4~4a 4

Tr=new () ; /7 H—" Transaction X% 43¢ %5 [a]
EFRAAIE tr R, BBV B NPFRE null, BT KEH new () BE kA

# Transaction X% . new K¥( N Transaction A BIZS ], F BB BBRIANE(—
HEREFOMUHEEEN X, FEBEEM S I, 3 F 8 — 2%k, SystemVerilog

BIE —1TBRIAM new RBRDEHMBLN R, AX new ERMWESHY,.HS W
5. 5. 271,

5.6.2 7E#I#31E e/ ¥ (Constructor)
ARt OOP RIBSH — 1R AMBSEERE L., Bl B2 ER? YREH

© EEREFA M. TR - RBER M. RERNE THRASRSBHR RS AEH EX . MR
M A2 R B s,
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3, e N T ] R _ .z )y T =T i DT 7 T R P P L 2
CEC g e - BB et St WA G SN A K I L R -

new BRBIL— DA REBHR FEEIZNRBHF - THOAGTRERENRAOERE.
B0, Transaction BB 32 (i F 7788 (addr Al cra) A R—PMRAF AP TEE K
EO R EA, BT 10 M FE(ongword) , BRE I 40 MF . FTLL M 4RE A new BREA)
A48 , SystemVerilog #t2&4rBE 40 F YA . MRREHE CEF R LABRX
BB malloc REEFMM. (Y4 H AR, SystemVerilog HUEERFERHE L H
N FHSREENHGEE BIMXTRAERF.)

MEREE T REANGZN eRmihitdts ZERIAERT. EEEEREARIA
BE—ZETEN O NEFE RN X FH, KL A E L new RECH BAE B
FRAEENEE. XMRNMTA new BFBHEAWERET . BHEQENR, - WA AL
MEFTREHRMFET. BE new BB AR BEH 22 I E . B Jy H 3 o8 B E IR 3] — 1445 17 26
MRE AW, HERMMERE .

F15.3 RENAPEXR new () REL

class Transaction;
logic [31:0] addr,crc,data[8];

function new;
addr=3;
foreach (dataflil])
data[i]=5;
endfunction

endclass

) 5.3 % addr M data WA B EHME B R crc HH 83 8 1L (7 3R\ X(System
VerilogHBI AR ARAFHEESED . RAaTUFEHAERAENRBESH RGBT MR E
IS R B 5.4 Brmn . XA LIERFAWNERBRNITES addr Ml data $EE
(EEE R L SN

Bls.4 — 1P HEFESHH new () BE

class Transaction;

logic [31:0] addr,crc,datal([8);

function new{logic [31:0] a=3,d=5);
addr=a;
foreach (data[i])}
datalil=d;
endfunction

endclass

initial begin

Transaction tr;
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tr=new(10); // data {di FHBIA{E 5

end

SystemVerilog /& 2 & i Z P FIE A new () BRI ? X BOR T RE RGN L0 6T
H A 25 5.5 L iHFH Driver M A N WA new () BBE 2 AA Transaction
new () B8, B {§ Driver M) new MMM E X BEEIE. XEHEN tr & Transaction
i . SystemVerilog 24 IF # B9 ¥ €18 — 1> Transaction REITR.

gls.5 WHEMRK new () KL

class Transaction;

endclass : Transaction

class Driver;
Transaction tr;
function new(); // Driver f new K%
tr=new(); // VWM Transaction ¥ new pK %K

endfunction

endeclass ' Driver

5.6.3 ¥ EHEHMEZESFF

| TREZBRAEFA AN AFAHEAANEER . H newB H. BR
P REEELELRECENERZX 2 RMFFA.BhAXHBESRA
@’ F4dBBANRBART. RURAFEHLE - E N M FWELT R,
EEWREFANMERAA T new BB KR A BEHNIABMFT . &

S, B EIC T # H avtomatic Ffg S F ., M B ¥ 8 £ 45 X T 4% 6,
i dE 3F N B i a8 A .

5.6.4 new()#l new[]HIEX 7

RATEEE £ S5 new () BREUR 2.3 WA KRR ESEA KD new N1RERE
KAEFAL. ENEBREAFIHGATER, REBRKWARZETRHA new () B E A
BT — MR new 1 BRENET - TMEHLENTENEYA. new OV TRIFEHASHEE
AT REEAE M new (1 R H N BESEIRBEAEMN KA.

5.6.5 AMREUEB—IT AW

EEE OOPWEHFAEFTLEFNE TR GH., LW HFZEHEH

~EFHEY. FAIFA-PARKUR IR, E—KRHFEF,
W, L. TEBRAGHEFRT,

— AT RER RS AR, E AR OOP Fu SystemVerilog # 2t &5 %
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5.7 Y REVMER ) & (cealiocation) 109

el PR A R e T L

wHl 5. 6.l HREE MR RARRE A —XR., BS 1 HH THRME
mIERER.

5.6 4% xR Al H bt

Transaction tl,t2; // 7 B\~ a]#

tl=new(); // H¥E— Transaction X% 4 A Hbht
t2=tl; // t1 Fl c2 F4E R R R

tl=new(); // HH > Transaction X £ 4} fc b 4k

tl WA 12 o
Transaction Transaction
PO - % %

BS5.1 AEENMBENHEANSR

IftAaRINFEahEmelEN 2 A—RPESEDP KA EFENERLET LT
H % . SystemVerilog i IREB AT ENRRE AR R, 7 Verilog ., #r R fE & A
B DB M EX T B E KPS SN KBRS S.

NS FE AR, X MBI SR F B E T Verilog i85 5 Z Al AT 4t M (T 85 4.
Verilog B EHMEM B FEEHRFNIBFBSMMSE -E., IEREHET
BHRrEEMEHESHN auvtomatic B R . EFHANFHLEARBE—ERN.

RIS MW ANT R . SFPABEL TR, HEAERG K
B.EEE - TE2RELFESE LANET. XTMEERE— AW, BT UAHE &Y
HAZFRINE—1T58%F. SHhLTHHRE. FHSHRERET . KUTEEINSSE.
HRELKBFALEREAELZIIARPZR. YHBTFAGHRE REE W E— 5
M2 5, IR 25 B T LSRR 4 A X R 26 LT — N A T LA A i R T A e B — X
. B MRERTZ2B . MAKEAMTATURARKRT ARRESHBEREFT LS. K
oy FH A4 s (] L R A 6 7 4 i [ {2 L4l A £k

5.7 X EBRE57BC (deallocation)

WRELmE riTeE— TR —ER_REMNEE 2B EE? 60, Wik ¥
GEHEFHRETETRNES FlAkB DUTHES., —BARBANEFELHRI%
B HBEABRATEATER GRATEHREIENRT. IR AREERKANE.
S, KEEMGESENFRES  RESTHEREE.

By % B OR — R B SRR B8 B3 REIE B, SystemVerilog M BX R A H#

SAMDPERREICAEHERNENAENER. YEBE TR AHIIHEA LT,
SystemVerilogih B %X R A2 [ D,

gs5.7 fIEZITXR
Transaction t; // S1E—TH#

@ pl33MIXTF
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t=new(); // TH —T5HH Transaction
t=new(); // DB _T.FHBBE 1Tt
t=null; // BEITRE 1

Bl5. THE TR newOBIBT — MR HEFEHBUREEAH ¢ f. T—
N new ORBMERABME T —NEHEMAXM R, HERMBERE ch, BH T AH ¢ L8
. B RxeHEE 2% AT &R % — 4 % 8, SystemVerilog 8% o] D44 4% B 4 Ad
T, MO R BB RES /Bt A AR . R 4T O 5 b NS BRI, BT LA
ZEHRE AW REAT LRSI ET .

MBFRARCH+ XBEMN RN ST REEREEAEE BEXHEFEE —
BAE R WEM X 5. SystemVerilog a4 R EHE M — AR BIFTIEMN “E2AR”. &
Crp,— UL R E R RAEE LR NE T 8 — D bab , 45 o] BUREE 8 0 (2 0] 300, 38 o] L
Wit FiE & (pre-increment) ER AT E., AHNBEEEERIERH -2 FEH.
CH+w e MxtEee HMN CHAELA @B, SystemVerilog A i X HEEM C 2
IS R AR —BERK s S MBS, (SystemVerilog # OOP
HFE AR C+ -+ e % Java) .,

HW KA SystemVerilog 1€ B A 1T o] 5] #3 48 161 — > % & B A€ 8 3h [B] 6 5 3%, X 8
GHE TRESFEAMEMOMHEEAERMN. MEC/CHHH FBHTUER -IFE
FEMME, EXEESP. HREAREFHTLUYSERE T Fa BB EBEE,
MLl BB S Fr AE N A2 .

| SystemVerilog F i Bl — M AW At &, wERAET — 4
_ﬁ MERBREFTIREHRANTHA null, ¥ % F A4, 5 M System-
Verilog FABRAZNZH, DENELLAFTA - S BREHENE
F L A ERERMEEA . XN ENTEHRFT LB BH. AHEY, &

TN TFTERENEAMAEZEBERAEGAZ N AU AR IR, *THERNE £
BiENLETE,

5.8 fERXR

REFRCETET DR, B2 WA HEWR? B2 Verilog B B %t kb, 87 L4
MR SRS BN FERE. H 5. 8 iR,

$)5.8 FHRISHERMFEF

Transaction t; // B H]—4 Transaction A]#§
t=new(); // €I#—4 Transaction ¥ &
t.addr=32'h42; // BEFHNWH
t.display(); // WH—1TFEF

PRy OOP fle, RAEE X R A A T EVIRIX R E R, 640 get OF put ().
XAERNEHEVIR TR LGS EMEYS. WREREB -1 EHa(RESD —
FORIR RN AW ESUE AT A AR S| A2 AL, TS B R 6B R A X
MR,
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I: PR o AT B ‘A-_-i"-‘_ s E ‘I 'I -]
O L P I B e G e PR P P e 5.9 BLEENxELEE

AR FAENF AT EA AL ANBE TS RAEKN AR
/ BEREAN., RENAAERSA L SNAFARSR N BLAEHR
REATEY. PAUARNRPEH . ANERERARELEHF AN
B UFARSENER. SERRAEAR, TR A R R AL
BEE R, WREERAREAR N A RFE X 2B UME Y. R get OF put ()
HEEE GUI AR API R AR B H N . AEER R ERA T EAA L UENRT &4
3 7 & 5T B 7B A

5.9 MTSAEENMERAERE

FMMEREEHONRBER. XIRTRAMEMEMYRIEE, MRFHA
Transaction X £ ,ME P REA HO M addr.crc M data TR, HEMNBEERFE —
AREERNTR . EHFAHNEFTLE. Gl THRFE—IMEEBRREFCUEESH
¥H. MREE OOP. i EFEUR—-I2RTEH. RKEKREE T —TR#E—/HERB
FrERHEENWAFEHRITLUMNERER. X&“TBR"2 R % 5% [H (name
space) , FEAIEHRBEX AP TRE . ARTENEMABMETILEK.

5.9.1 HHEMNBISEE
fE SystemVerilog . B[ AZEYS th @ g — P A0 M . 7 46 3 A2 0 7 40 5K O

BHEISFHEMEABEAXRTXNR, EF6. 9, BELR count AIRRFEZSH
IEETRIEMXM R EH . EEFHANRRBEMBLR 0, HAEH AN BATETMHE
% . BHE—-TH IS, BRI — T — 8, R count ¥ 8 1,

B15.9 SH-TEEEZEMNE
class Transaction;
static int count=0; // BRIEM X R B
int id; /7 LB ME— PR AR
function new();
id=count++ ; // WEHRE,  count B

endfunction

endclass

Transaction tl,t2;

initial begin
tl=new() !/ B—13H, id=0, count=1
t2=new () ; /1 BZA%AH id=1, count=2
Sdisplay("Second id=%d, count=%d",t2. id, t2. count);

end

TEF 5.9, R ERET £/04 Transaction W, BELTHE count RFTFEE—1,
PRa] LA A count RAFFEX P MEAEX SR, T d AEBEMN.FFLUE A Transaction
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112 Es& BANRBMERU | o e 000 omBi. e SR s S

HAEECK idER.NES5. 2R, X FRATEN count @1 2RERT .

id: @
count

class Transaction:
gtatic int count = Q;
int id;

endclass

Bms52 kphptia

id: 1
acount

| ERIDKEERTYREARY A EEHFH T &, EHRMRT

/ LHHBE NEEEE % —H M. SystemVerilog T B H A R H 3
‘& BEETUAZIDEARA MR, YHRITHAZ N2 REEWRE,
EAEENR N KHNBATE. A EBTE L RN, AW T

D &%,

5.9.2 BERBIIEFBFSER

Flo.opERITAIMETI HIBSER, HEXHEMAUM RoTAERLEEME: ..
B XSk RS AE 7, an 6] 5. 10 B R,

B 5.10 MM BERER

class Transaction;

static int count=0; // BlE Y FE

endclass

initial begin
run_test.l};
Sdisplay("%d transaction were created",
Transaction::count); // 5| @A HW

end

5.9.3 BEXEEMBRL

SR ETEAUNTGL. FAERNPHERNBRERRTRLBRSER.
HABR-—THHNRBAANERYE. RURFTER - BEERRENRSE, LR
RREEERETCEHEMGEL. WRTEM—TEMIERS G, KT LERDBER.
HEERIEADNES - PRI RCENBE THSER.

5.9.4 BWEBFH*E

MEEENS MHAZREERNE -1 BTFENR — X RKRGE B W&,
Bl transaction RATBEF RN B RIKMBEAXN . WRIZ{ALE Transaction H
FPENRTERSAOH B2G8 I HERBA -HEXMHBEN . ERNFRR. &
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R R e R B A e R R R R R

5.11 & AH T andfa s R A AR B,
B 5.11 R TR ST

class Transaction;
static Config cfqg; // 18 FH#R S faa0 o)

MODE E mode

f unction new();
mode=cfg.mode;
endfunction

endclass

Config cfg:
initial begin
cfg=new[MDDE_DN};

Transaction::cfg=cfqg;

end

YR EREZHBSEREONK. REEINPHABERERK I TR KO ER.
TE SystemVerilog f ARFAT LAfER P EIB - BEFEUATESERSTR. X EqUE
F—TERTELEZEIEERSTR.

W’J 5. 12 “F"%;F.T — RN BESRBEE A BESTERMNE. SystemVerilog A fiF &
FE; s AR L BN id. IRATAMBE T EMAAERERX I RE . #6512 8
ﬁr—'ﬁfﬁ display static R BIBHE, B W H QB LM Transaction M E, AT LA
ABEE TR id o EFHEE.

B15.12 BRBESEEMNBSHIE

class Transaction;

static Config cfg;
static int count=0;

int id;

/1R RBEERNEENE
static function void display_statiecs();
Sdisplay("Transaction cfg.mode=%s, count=%0d4d",
cfg.mode.name (), count) ;
endfunction

endclass

Config cfg;
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114 $o& BANRBERM  ppm o comms o arses v ERAGHRS # S DN - TN
initial begin
cfg=new (MODE_ON) ;

Transaction::cfg=cfg;
Transaction::display statics(); //WRABSHE

end

5.10 KWL

MHMBFLEY T E . OREEXMHERRAE X HWAR task A function,
] 5. 13 26 Transaction Ml PCI_TranE X T display() F k. SystemVerilog 28 #

NGRS VR IE# Y display () T k.
B 5.13 KW

class Transaction;

bit [31:0] addx,crc,data(8];

function void display();
$display ("@%0t: TR addr=%h,crc=%h",Stime, addr,crc);

Swrite ("\tdata[0-T7]=");
foreach (data[i]) Swrite(datali])}s
Sdisplay(}):

endfunction

endclass

class PCI_Tran;

bit [31:0) addr,data; // SHAHINETF

function void display();
Sdisplay ("@%0t: PCI: addr=%h,data=%h", $time, addr,data);

endfunction

endclass

Transaction t;

PCI Tran pc;

initial begin
t=new(); // Bl —" Transaction X £
t.display(); // ¥ Transaction B
pc=new(); // BI@—T PCIEF
pc.display(): // VF pCl FHFH T

end

A ep e R BN A SR BT LR A L LG B A automatic BHEAF.
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T Bt SN b R R oo T T A e L M TR T s S P o M e g i R e
mm;_ e A e R s St il h-...:-,"‘i?:_,.-_:.o.-..!‘r\-,.-:_ A o R, S e

5.11 FERZAIEX T

~SEARENANE GESRURBRIKEE-—TEEBAN UK
EHTES., ZANATERRAEFARTHAFREEAL, ELECRF
ERTX., PEETU-—XE-FREEHXFHANEE . D L2EHZX
AeXBmHNES.

BRMBEIHES T, BLABILEARERE - HAR? 7£ SystemVerilog #
WA U FEMEEEL (NS EBREXNRR M ENEFEEERB) K
ERMGHE X .

FTHRE—PMUFEIE - PRIFHPHF. EHETENE-T.@FTEAa02
WOREEFFBBHEMEREIA extern, REWBEMN T EBEREXNEH HETESZ
Rifin FRZRBEANE S G ERMBER . LOIPRZEAT LM T E X,

N 7 V V¥ V¥ V¥ Y Yy Yy Yy Yy Y Y Yy Y Yy

#l5.14 HshFHEEH

class Transaction;

bit [31:0] addr,crc,data[8];

extern function void display():

endclass

function veoid Transaction::display(};

Sdisplay("@ %0t: Transaction addr=%h, crc=%h",
S$time, addr,crc);

Swrite ("\tdatal0- 7]1=");

foreach (data[i]) $write(data[i]);

Sdisplay();

endfunction

class PCI_Tran;
bit [31:0] addr,data; // LA
extern function void display():

endclass

function void PCI_Tran::display():
Sdisplay("@%0t: PCI: addr=%h,data=%h",
Stime, addr,data);
endfunction
FEWNREAEZELXRAZTALERRE MY LY RT YR, System-
* Verilog EXBRT & - M XREFERBBEEFIN EAEXRRIOF
| = FEX—%. AL OQOP &iF & (g+ +F VCS) # L £ JE & f % Y
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WAL S SN RIAE. Eﬁ#ﬁ&ﬁﬁﬁ‘?ﬁﬁ]ﬁﬁ%ﬁﬁ%##ﬁﬁ EETw
HEABRTHL2BET FHUENETRELXTXRL.

iii F-AYLBRRARAXASB AN T ERSILE XL, ARANE

RETHEAZES T QL HRZEBNEFACHEENETH
R .4 S REFTAX-FHERFRTEARNK . KEEZRQRE,
wH 5.15 %,
B15.15 KM EESEXEILRSA

class Broken:
int id;

extern function void display;
endclass
function void display: // &id:: 5 R&F
Sdisplay ("Broken: id=%0d",id); //&&E A F id

endfunction

5.12  AF A AL

EREMREESHR. TEQBMNS | HIFZHAER., SystemVerilog XAl 5 Verilog
FE AR . (B R es A k.

tERBE - MBR. A TMEE, - 1TEF S . BH.EBHE beginend R,
For Ml foreach T§HF A8 - AU TFHRERITUE N ZBARERRP R T #
3k FE A AA 2.

RVl LIfE s b UHT B R . SystemVerilog PN HRETUE T RAEEATFHN
begin-end P FE &, Hl 0 for A HNE X TRIIZER.

ZF DI FYaiE A el LS E AR ER,. ML Sroot . X F—
NI B F ,SystemVerilog EREABNOAFHE . ERRPLERNEY. RAE
SR X ] A& FHF LA sroot®,

B 5. 16 EAEMERABAFERTHBEINEF. MSHHAR ELRANAMEEN Y
BFHEmMEELHNEST. TP 1init HAELRELHR BEF TR . XTE.C5 TR
MR b )RR TR, RERE T XM SR, BT L R Z 0 2 1 #Rid (labe) LR F
REMTIA.

Bl s.16 FTERE

int limit; | // Sroot.limit

program automatic p;

@ X TFEHE VCS2006, 06 PR B M MT] Questa {(f A B FAsunit ¥\ HSroot. B 4.6 /h T
AXFXHEMIERE R,
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int limit; // S$root.p.limit

class Foo;
int limit,array(]; // Sroot.p.Foo.limit

// Sroot.p.Foo.print.limit
function void print (int limit);
Lor (int i=D; i< limiti it+ )
Sdisplay("%m: array[%0d]=%0d",1i,array([i]);
endfunction

endclass

initial begin
int limit=$root.limit; // W FEMWER

Foo bar:;

bar=new;
bar.array=new[limit];
bar.print (limit);
end

endprogram

X WA 5K UL R AT LATE program B & initial Berhifise i, Wik — A #4{Y
FE—A initial P, BN HEES N S EM R E RS A, LB R R b B
WHEMAMR, EE-URE-TRKMANBRAEER. W 5 16 B initial H,54
BATEEMTRGTHERGHAZA TR MET L ARE.

| X M 34 program B # module 48 package ¥ & 3. X ¥ £ B
AUNATFEHZETAHRTUHRBERNTRAN KT ERASTY XL
E X,

»

WRE-NMBRAFEAT M AFHALTE RO ERFHBH -4
FMEMERB . BLEARRHEARFITHEE . AL L HEMHEE, &
# 5. 17 %, # & Bad: :display % # F WA # 5 & & i. F7 Bl SystemVerilog
HEHBEFREREN i, AAZIRA L H T test i WE XTHB AR

VR BT 2 8

#15.17 FRTHRHTENHE

program test;

int i; /[ BIFRAER

class Bad;
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logic [31:0] datall:

/f PIHZRBEH SR ERFROEH 1
function void display:
// EFPHANEMBERTAY 1
for {i=0; i<data.size; i++ )
Sdisplay("data[%0d]=%x",i,data([i]);
endfunction
endclass

endprogram

RAREEFHE — 1 package PO AXREBEAHNEF RN ERT . HARA S

EEEMARAET.
B 5.18 G F A package e AHKBEFHIR

package Mistake;

class Bad;
logic (31:0] datal(];

J/ REXL L RREHF
function void display:
for (i=0; i< data.size(); i++ )
S$display{"data[%0d])=%x",1i,datali]);
endfunction
endclass

endpackage

program test;
int i; // BFREE

import Mistake::* ;

endprogram

5.12.1 this Bft4

HARGE A — A B & B BB, System Verilog Y S 78 HaE A TR EEE LR
fERBANI R, BERIARTERN L., XBER Verilog I RAMNEE., HEWBRKRERDY
RAENREERSR DETRMET AR RN R XFHMABOANESEREER
W, FOPXEHRRF AR EERLEMSHEC, 4519 b, XBiE"“this”

O AEANHXES TAREATERE. S - AL XERFRAERY,
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AF g #b 25 Uk SystemVerilog R iF G R T HE oname BB — R T oname.
$5.19 {#H chisfgEiEmME —HEHR

class Scoping;

string oname;

function new(string oname);
this.oname=oname; // KB oname=FA At oname
endfunction

endclass

5.13 HE—NMERAEMR—ITK

sl R RN R AR, T ERETLUEE R - RHLH. XIELE Verilog
Pl TRERANBA SR DR LRI R R, XS/ EME
WREHMERERE.

Bl B — R FBAETE - THFANBIEAE TR . CIERBSHEDER
IR e LR R B S A {5 B . 1l 5. 3 B,

————— ——
i clasa Trangaction;
| bit [31:0] addr, crc, datal8]:

Statistics stats
i endclass

c¢lass Statistics:
time startT, stopT;
static int ntrans = 0O;

static time total_elapsed time;
endclaan

Bs53 mEMe

Bl 5. 20 854 T statistics EME X,
$15.20 Statistics FHIFEEHA

class Statistics;
time startT, stopT; // 3% iY 5t g
static int ntrans=0; // EEMEH
static time total elapsed time=0;

function time how long;
how long=stopT-startT;
ntrans++ ;
total elapsed time + =how_long;

endfunction
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function void start;
startT=5time;
endfunction

endclass

AR PITE S — 2 hER X 26,
f] 5.21 #3 Statistics ZE

class Transaction;
bit [31:0] addr,crc,datal[8]:
Statistics stats; // Statistics H#

function new();
stats=new(); // €18 stats LH

endfunction

task create packet():

// B AR

stats.start ();

/] BRI

endtask

endclass

B A Z M2 Transaction A LAl B EAEEREA statistics KPR M A,
#in ststs.startT,
—EE LR R,.ERU R ststs & null. @ H start &KW, XBIFELE

Bl Transaction Z<AYAN 15 B ¥ H 2L .

VIR AT GERE KW, SIS REEE, SHENEESFHMF®
EAEmMIAES - TR, AT EEEESENXEANNRARHMER T H, XFEMITH
B 4 B JLAS /B 4.

XA A S AR EEHTHMAEANET . FlBE e BILNENG  HEEH
K. ZRBBEXTERNUKR, BEERERPHEHEN 2. BRARFE -HEH AR
MUBEBRE - EELHNELP AU - XIBRRILE? —THRENTRHER
KPHFEZLHAEAMAE. ARERXBRAEHHEHE - YW RONR R RF
MR LN G R R E BB RE S k.

5.13.1 EAIE XM Z KX

RITRFTFERAANELEE T AN EAHFN . GCLTESIXEX
~—P TR, PMREF-NIREFIRRAAR2EREGRUER BN E
w7 —IMEAHEA BB RTHRAX LAY TR Z Bk
BRIk, A FAEALBERANAE, DR-ADERBHALT
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e e vde 3R . R R MR e o e T L R S Ea L R e
— R BT URESHEXRT £,

—A Synopsys EP UK B FEMERHED AT KR P, DIERET 6 2 H B
., Bt CRCEESXAFARIMHMR. BE XHBEEENERERESR
EmEZ. TRERENDT AP MITHZKEY T,

XFRHOUIWELZAR . 2N 8.4 7.

5.13.2 #4RiFNRFH) o) &

ERBERTERF-—ITHX MINTRLET-PEHARELHNE., SHXIMHOLTHE
Ha s BER BV RESFLANAXITFORELER, IHKRGAFTFEFRA
typedef iRM B — MR A MTFHFR.

1 5.22 {#MA typedef class if 1)
typedef class Statistics; // &ML H|

class Transaction:
Statistics stats; // {HH] Statistics ¥

endclass
class Statistics; // E X Statistics 3

endclass

5.14 FEBIMEITR

EBRESTEAFREST 58 -RBEHF - BRE5Z KB, #l0 Verilog # o] fif
AT wire KK TE grant  BHER count BI— P HEHRELH i1, 7 OOP b, K15
XM ——XNER, JREFEZMNEL.EBREREXTLEAH., — 1 MAFEEHE
HRTAEETHTRESFHNR.BERENLITIOWREREET. WRERE
Verilog {08 . & FiX FE R AT BE TR BHFIFHIERN — F

EEERERAP 8- XNEBE TN, FROFETEEEERARZE AT &,
BEA TR, BNER. M TRFEERA (mailbox) P X R, MR System-
Verilog B — /PN #SEHW. X TFHBAOFEMEANFEESN 7.6 37,

5.14.1 RBXFERBFH*

AN REER - HTFENRBERETHA? BFX T HFERTEERME S
MfE Bl E B transmite XS E VRO H 8 7T BE B SO R A& B 4o 8 8 — 4 3038
BHHTE. AERB—FWER, YR E A TR e R 1580 R xR0 e W EX &
A5,
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task generator;
Transaction t;
t = neaw;
transmit(t)

aendtask ’HHH##H Transaction

task transmit(Transaction t);

endtask
—

B 5.4 ik HI R R

M 5.4 .11 % generator W H T transmit. ® 4~ 5 #§ generator. t Hl
transmit.t #BE e 4%t %,

HREH - HARBETE(RERE AR LI EMEA ref XM
isf 6% . System Verilog {438 iZ b5 I Wtk BT UL ol A dn B A R AE . MRBERAMH
i ref X884 . SystemVerilog  iZfr BEMEEH B BB TR D W XS T &K F M
TARSGEMETRAE.

Bl 5.23 AR

[ FEAEER - 32 (i B b

task transmit (Transaction t};
CBbus.rx data<=t.data;

t.stats.startT=5time;

endtask

Transaction t;

initial begin
t=new(); // KX E4EEE
t.addr=42; // ¥ HE
transmit (t); // Wi RIERGIT%H

. end

TEH 5. 23 B, 9 fer ™4 — 4 Transaction A R .F HiE A transmit {£ %,
transmitff % 0 B8O 0% % 9 060 ) A8 ALEE P AT, €ransmit T B E A R o
ME. BE MR transmic AR B . MBEERBEASFINER. BASH cBH
6 ref BHiFT,

| FEAUBRE MR BFETEATRSEBRRAEN ref 515
* B, REAGHFRAPHEARRAB - HARNB IR ELBEY -, ©
EH PR, transmit T UEF X EHH t WHR T A 4 & i 2 8 4

B, wRERFBUARETET RO .DLABAESE - A HEWENL F £, XBE X

WBREREARIE. XTHREHMWESREES NS 15 %,
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TR e T T e BT T R i T R e R R e R
5.14.2 FEEHFHREL AW

A NN EDERESEBES RSN ENHRE,.SIEETEN

* SWH M ret XA AREOW. AH5.26 B SR tr RARFHA

ref il FTHEAR TG tr B EFLHWAAZIFTENRELEE., 2%

tr BRIAWE & F W& input,
B 5.24 $EIRWIH IS E AL ST RIFATER A KRR ref

function void create (Transaction tr); //5E im0k ref

tr=new();
tr.addr=42;
/ /90 86 e FAth b5k

endfunction

Transaction t;

initial begin
create(t); //fJE —1 transaction
$display(t.addr); //RM,HEH t=null

end

RE create B F B2 tr, AP ¢ A0 null, KEFERSBH tr 5 0
K ref,

B15.25 FHAEFREAER SREWH ref WA

function void create(ref Transaction tr);

endfunction//create

5.14.3 HERFHENITR

ii@ ERARFEF .~ AABRESEAEGNFHAUR - F O

& . &£ H 5.26 ¥,generator bad # H R BT — A M ILE
Transaction X R .8 5 # € % Kk # & 4% it.

B 5.26 EERMALER.BEUET 102

task generator bad(int n);

Transaction t;

t=new(); // BIE—IH L

repeat (n) begin
t.addr=$random(); //ERF KL
$display ("Sending addr=%h", t.addr);
transmit(t); // ¥ E X% 8 puT
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end
endtask

EAERMEREREA A7 EEARBNEIE —4 Transaction, fr A B —KIEH,
generator badfE A X EF M RMFEH X BHR T EHANE, HREdTX BB K,
Sdisplay & BRMB L A M addr H . B2 A B A XK Transaction BF MR M
addr$fii. P transmit A BFERERILARIB 28 A X, LA 0T 68 & B X Fices
R-ANMBHARAEEZOEBEEHREILT . R transmit FFHFEXHEXNR
MIBIA R EXREHEAAX R T . XMHERASEEERE . F 7. 31 Fix,

MR AL HER . AEEEFRKAERNREE —THH Transaction R,

B15.27 IEBRBCER.QREZ MR

task generator_good(int n);
Transaction t;
repeat (n) begin
t=new(); // SIH—Fi 5
t.addr=Srandom{();: // T EHEIHE
$display ("Sending addr=%h",t.addr);
transmit (t); // ¥ EXEF pbut

end

endtask

5.14.4 R4

EEWEAFGRR. ATRTEERFIFESIATFEN R, FA USIEHERA, A
ME—TILRERA— MR, FIS. 2880 T -MEEF N EXFHFB WK,

B S.28 fd AT A

task generator () ;
transmit tarray{10];
foreach (tarray([i])
begin
tarray(il=new(); // BIBH—1TX&
transmit (tarray[i]);
end
endtask

tarray BA M ARWER . MARZHM KM, FUFEEGHEII 2R FA
RoRBIBEA— D FENORE RN R — R, REFMIPETLLIEA new 5500 %A 4
PRECH O X 22,

AFFFE" X BB "W B0 . BRI LU X A A SR AL R 48 0 X 10 ) RSO . R
HEIC RS T RE AR — A S BT NS T R — %,
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R B L S R P R O T B R R

5.15 XZMEH

HE B RER BE R — X R, LB L R R G RIEE RAE, NHE— TR
ERTPREAR, TR SR new MBEHABREN DR ATUAERRAERE
LI RENNRE, 2N AT At 2HEANEZ-ITEG

5,151 {FH new BIEFEH —I WK

A new Efil — M REAMAET R, ERET - 1T HMR.FHEHRH THAETR
BAEETR. HREANRCEE XWEM new () BRI AL HEA.

Bl 5.29 A new Bl — T RTH%
class Transaction;
bit [31:0] addr,crc,data[8];

endclass

Transaction src,dst;
initial begin
src=new; // QI@H TR
dst=new src; // ] new BVEFF 4T & il

end

IX J& —F 18] 55 B ] Cshallow copy) , KU FRM B — PN REA, B R HEBEEH
WHERMEHRMNRP, WREFQE—-ITEMAE -PEBOGWRIBA, REEE ST
S new BIEREH . TRHMREABASHESH . #6530 1, Transaction KA FT
— 46 In] statistics KRR, IRIH & X A 5. 20,

B 5.30 i newB/EHAE R — R HRA
class Transaction;
bit [31:0] addr,crc,data[8]:
static int count=0;
int id;
Statistics stats; //f8 W Statistics X R A G

function new;
stats=new(); /) — B Statistics Xf&
id=count++ ;

endfunctilion

endclass

Transaction src,dst;

initial begin
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i e I e e e e o e e e T e v e SR el

src=new(); // BIEE— Transaction X%
src.stats.startT=42;//4 % WHE 5.5

dst=new src; // Al new B srcBEN B dst BL.ERNE 5. 6
dst.stats.startT=96; // & dst fl src ¥ stats
Sdisplay(src.stats.startT);//"96", WL 5. 7

end

I REBIEE — 1 Transaction MR . HHBR T EHL statistics HRHE
i, 5.5,

8rc —.'H

dst | ——

B S.5 {EA] new ¥ fE 5 U 1T BB Z B A 2T 2 F14) b4

LA new BRPGHITTE H MBI %, Transaction W& g 0 ,(HE Statistics Xt
REEEEY. RBEAIYHREH new BEFEH - EMRE. ER2BBEKAD
B new () MBI, MK ERMAWMESEH T UBEREA Transaction W2 H
AHERA idE. 0 5.6 AR,

THEERE, W1 Transaction MR A M A — 1 statistics 2, FFLLEH
src FHREN startT ¥ W H) dst HIHEAT LLE B 914 .
src|—p 1da0 | arc |—p1d=0 |

stats——P |startT=42 stats——P | startT=96

id=0 /' id=0 /'
d _..1
e } | Etﬂtl"‘f dat ltatn"f

B 5.6 (FH new BAIERTIHITE K 5.7 {#/H new BEFHITEHR
FA LRV R FGIE ZJ5 B X 8 0 ]

5.15.2 #KEBECHEREHIL

MRGEA—-THENE EARFIEMS LK A IFARE copy RBEHR
55,

$15.31 FH copy eRBH 4K

class Transaction;

bit [31:0] addr,crc,data(8];// A Statistic A4

function Transaction copy;
copy=new(); // S| HIFH R
copy.addr=addr; // M AE
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A A R B i Vet e D e i e e T B R B
COpY.CIrc=crc;
copy.data=data; // H#l¥H
endfunction

endclass

#5.32 {#fH copy FREL
Transaction src,dst;
initial begin
src=new(); // BIEF—1TIR
dst=src.copy; // % il ¥ %
end

5.15.3 RBREBACHEREEHHH

TR AEME.FNIZOEACH copy B, B VEHERBSHNTAESREN
copy BRELAI LA — M EEMH#I . IRECH copy BT ERRITA M A (H i 1)
RIF—H. QIREEN copy REMEBENBREEEFH BT ENORREFEMN—UWR
SR THERH - AR EL LR EREEFAIRBEZXABEL.

#1533 BERENEEEHRE

class Transaction;
bit [31:0) addr,crc,data[8]:
Statistics stats;//#8h Statistics X R By E)H
static int count=0;

wnk id:;

function new;
stats=new();
id=count++ ;

endfunction

function Transaction copy:
copy=new () ; // €13 B #x
copy.addr=addr; // EA¥E
CcoOpyorosere;
copy.data=data;

copy.stats=stats.copy(); // P Statstics::copy PR
id=count++ ;

© F—TRFE SystemVerilog A/ L WNAREMBERM. BEE. XNRRE—ITER. . GHHRER
Binew BB ASHMA. XL ID REMBOA2AER.
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endfunction

endclass

copy A THEEH new O . FTUl B4 HBEHE—THE—K id, TWEN statis-
tics KMBERERPHE LN —4 copy ) Tk,

$) 5.34 sStatistics FEE X
class Statistics;
time startT,stopT: // Transaction 8T [E] B
coo M R ARSZ BB 5. 20
function Statistics copy!():
copy=new();
copy.startT=startT
copy.stopT=stopT;
endfunction

endclass

XAE— YR EH — 4 Transaction MR MK, E4H B O M Statistics X
% .l 5. 35 FR .

8]5.35 (HH newBEFEHE X%
Transaction src,dst;

initial begin

src=new () ; /] RIS —TXR
src.stats.startT=42; // BRI E
dst=src.copy(}; // EREEE R sre EHl4 dst
dst.stats.startT=96; // LB dst ) stats {H

$display(src.stats.startT); // "42",L.F 5.8

end

src|——p[1a=0 |

stats p|startT=42

id=1
gtatsa—+—p | startT=96

dat

B S.8 £ BEH G RN

5.15.4 {FRKRERINYEAZITES 85N ITE£ET
¥ H
HEPLL 0 ATM B B REH A F T B MR S8R, E% %8 4 trans-

action ZAL.WEHM RPN ERITAR - TFVHA. ZUN AEZZB -1 FHH
ZE -MHERBENMEE —1 transaction XF &, X % F 2 A &8 af L {l F %48 5 7%
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e e e e R

Bt SR S e L
Sk 58 B, MBERF MBI I 2. 11. 3 97,

HRARER AN REAFLRER . HAXBRESAE A B LR 5508 AR A4
FAME R M EBAGAEEIENARFELE. AT ERSIRECH pack REL T
WIRFTIEFR A ZER.

B 5.36 54 pack M unpack KM Transaction 3
class Transaction;
bit [31:0] addr,crc,datal(8]; // SEREE
static int count=0; /] AR EITER R

int id;

function new();
id=count++ ;

endfunction

function void display():
Swrite ("Tr: id=%0d,addr=%x,crc=%x",id, addr, crc);
foreach(data[i]) Swrite ("™ %x",data[i]):
Sdisplay;

endfunction

function void pack (ref byte bytes[40]);
bytes={>*{addr,crc,datal};

endfunction

function Transaction unpack(ref byte bytes[40]);
{?®{addr, crc,datal }=bytes;
endfunction

endclass : Transaction

%1 5.37 {EMH pack M unpack R

Transaction tr,tr2;
byte b[40]; // addr+crc+data=40 FZF

initial begin
tr=new() ;
tr.addr=32'ha0alala0; // B R
tr.crc="1;
foreach (tr.datal[i])
tr.datal[i)=i;



3 s o i = o e e b R g 6 T T
]30 s 0 5 (2 XY KT = 0D y Qg L g

tr.pack(b); // fTEL3F £ 351 &4
Swrite ("Pack results: ");
foreach (b[i])

Swrite ("%h",b[1]):
Sdisplay;

tr2=new();
trz. unpack (b} ;
tr2.display();

end

5.16 NFHFFAE

OOPHHELBEEEEAMHCM T ERERN 1R, £—1TXRP.BERAKE
NRARAE X T KX ATRENAMBER AR, X2RE-ZFNOTEED
AR EE, XBESHREFEAILRBAIPMEMER TERFTEMAGKLE T,
., —~PMEREARESHE AR R ERE R ILLFR AR AR, TTH P #0506
W EIVH R A MU,

# B — T Transaction §H — 17 (payload) fl— 4~ CRC, X ¥ BE 4 2 8] LK 34 2|
Hik. £EEOOOPH  KeEX T HERBEREGAER N BEE CRCHE.XKEE
Mgkl IR FFFIAE . AKX R LR AA EMAOLIE.

HEMNXFEARTFHMAGBRTF. FlMMINEHNEXFLHEE. T HLEE
TEBBIEANR. MEE™E —TEIRE CRC, D8 5 5 4 2 e b PR .

OOPIESF &M C+ + 1 Java [ VRREMEHIE TR AT M Nit. BIARR T EM
WMATRERTABRIEMLE T HiIE,

| f£ SystemVerilog # .FF AR RA B A AW, B EARIE N local & #

7 protected, A YA B® A B AE. LEEst DUT T H o5 & A 2K
‘@’ EH KLU GOKEBERENEE, A CRCAENERRSE B
BEDUT ¥ A%, WRECRCEASH KT EELERANRE

RKBTABRERENS .RAZN X T EEXABEAERE,

5. 17 REIME

R OOP MFI% & oA ENEEAERE. MU ERBEFERE—STRS,
MR — MR DUT MMl REZN EREILAMEE.BAEHEENIE
BHMRTFAEBETRPAREEELST R, XHJESA-THEYE —SE,BES
kR T ERXEHEASR —BUAR T EOES, SEHESHPLITRHEEE
BHRANEHRANOHS FDMAESE., UL N ZE Y2 XSO REHER—1
HEL, IHEFRATUERFHRENNZRANEEAXEAGGOS Edat @), RiG
B % &A% 1 2 ) i OF & A H bR 4.
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R R R RS e L A T R S TR e

5.18 #r—NAE &

HRAECAEMEHALE - THAWMNKrEHET -$£7. TEHERR1IEFTH
B, BRESIPHHEFEMR. BES - PREART —TK.

Test
L |} A ' T T TS e Py . . . S P . ﬂ
[ Environment I
[ {ienerator I-'l— @
| 5
y lr | 2
(45
Agent b Scorcboard |je=—q Checker |l o -
i " g
| g
! | 1 v | B
i Driver Assertions I Maonitar | <+ o
l | ] 1
s oem onn|oes som s e e - I— F - - - -— - I
v ¥
. DUT

59 EMMAYE

# P i) Generator.Agent.,Driver.Monitor,Checker fll Scoreboard #§ 2 25. #
e gl 25 45 Ah PR 4% (transactor) , E1{/14E Environment KN HH4r. BT @S5I, Test
b 7 B 55 2 L B AL £ #1l 46 Environment 28 9 2 5 b . I £ 8 3% (Functional Coverage) [ 5
M T LLACfE Environment 25 B N 388 F SR

FHEAHB/H -TEENEANR  XPEARNT RO REZFES TR, LG E B
JE R e . A — 8, Pl i0 Generator, WH LU, BIr L% 35 4y &b 4 35 50 61 8 0 fl
PLEME—A"HS WA RGN Driver BB -1 HERFH HERNES R %
# DUT 1,

Bl 5.38 RAmIESFA
class Transactor; // B

Transaction tr;

task run:;

forever begin

/7 AT — B IR B 55
/7 i — s g
A &5 i3 s

end
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endtask

endclass

Rz HRESER? ERFHENABR KFEE—-ITHRBAHS — X
.REMAFIFOZAMNPELEH R RGR2ZHNFES . 58 7 ERHESEZB A 6EH
HR%E . — AP REF RER - MR B EHR A HWREMA M FIFO,

5.19 4 w

RPN REHRERE TR, EHY Verilog BIRF S — Rt BHLIE T 0T,
HHOOPWERERGMAAFEHEBSEMMRRMAE. XHERENE S T L. 8K A
HA.

EAH L R — 1 OOP Wi 6 7] fR & R B H MM T LA Verilog.
HE-BEETIFEETXN. FEEFHEIMIFEFHESFNIBAEXLENEFL
A AMBIEAT.

ERBEDP . FREFBTEEH O0P K15, MR 8 ik AT LA 7F 3 4 48 i i °F & b % 2
frTamARESEME A R,




= 0=
O

FERLIE

6.1 I+ 4

& BT AR 13 A AR, Pk — A 2 B A I 4 ok i 5t T i T A AR A R R
EMET . TURE —E B R kA K Th B, {5 X — 4300 B Y 2h 88 5B A5 38 40
AL RGREBEZHEMMRAERRTET, EMEMNE XEINEHZH B XRLEKEZH
% (Bug) 6 8, T H X ff Bug 1B ¥ 1F R G A DY BB Ay Bk HE &

i phe 1 A B R R A 24 R G B BT K35 (CRT) | 8 7= 4 WA SR . 5 ) 30 ik 4% RE 4% B
PRI BT BEFEAE Y Bug, CRT J7 338 13 Bl AL 3 Jil » w7 24 3R 31 45 #8 C 325 98 € 7Y Bug. 7] LU
AT AR IR R, R A S Bl AR 3K 8 N R A Th BB T

WHECRTHABELHESEEMMRENFELS. HRHEmMmMAEL RTFEREM
B, REATREGHE R, FHOE B RMEE T LRF B B F 304 (golden
log file) , ARFAEHMHFELERHAITHE UAKMFRERWESRHE. CRTHEANTE
ErEENBH . AFEELSEHEE AHEERREMrEmUsHER. AWM. REES
HTXAIAEARTUETLERMOGENM AT TFLEAS R, ATTRE TERER,
XAAHACPUMMGFENW ITE) RBRATREMNMNBGRITARKIEI N FEERE
CRT B0 %,

CRT B4 H A% - (F FIBEHLA BUEER 5 DUT A& A MW 4868, 24 & fn 6. 16. 1
WA ML B & 4 38 (PRNG) 9 #h F (seed), HEN TR FHME, 87 L3 2 CRT
AT R, X MGEL AR FOE. R UEES RN, F R EREAT LA ERE
WCE R AR . BXRR A R AT DL PR AR A A 1) 0 4 4 R A R

WA BE &R B XA SR CE. EAABNERTEESE TIRITHAA
FE? G E Rz B RAEE KM AR F LA for 820K 7 4 & 0] BB 89 5 A, B LA &
AR FEFARBEXTEE., ERIER BRI SEI N HIEE =
FHERIUEMIE,

BREMAFEAAEHBEN L BB ABBEATF. XEFHFRETHEHFEAD
FAR BB GRS —FEARLBEBRRFEITAREE.

6.2 ftammEREILL

PR AR R R BE YL AL B BOR 7 AR B e L B Se AR B O T RE R P A BE AL AL RO KR . X R O
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134 =sz gaslie

S EN IS S, A E = Srandom R, 0] 8RS R B4R B Bug WRE A BR .
T N e R B SO B 12 7 T A9 Bug. Bl Bit EEEIR . X bW U7 ik g0 ARk B T 5E [
W0 . BREEERRIEN Bug KEZES G AR, FiL, 408 DUT Gy 8 &)
BIRTA A0 R SRR T BE LIk 09 £ R . B L A fo 1 D B AR LA B — 40 ST EB ] RE 8
i sl .

KR ELRFEITHANENAE,.FW.
(1) S#HRCHE;

(2) HEEE;

(3) DR AR

(4) B 3% 5 i 5 A B8

(5) thil 75

(6) FERT;

(7 HFRE;

(8) §iR(error) #l1E Hl (violation) ,

6.2.1 H/mHFEE

f£ RTL it il B+, XA E Bug Wi W RE 2t 47 REAMALY
ZHBCE! K2 B QAU W RE S RS R RENAH - T EEM G
e E R EABRENRS. IMFRPCHEN KL ERIERER . B RA LRI
fof B AR P xf #RAE R ETTHL HRWE B OHEEREEFT TN AASHAREM
AR,

LR R A EKZ,DUT W R S S 8B, #lin, - RIiET
BWERE—1TA 600 M AEEM 12 B EBRMNSEHE, SXTRELER
RARP RS R I %8 18 2 %A B4 BORURR B 78 4 — 6 a) 53, 40 S 0 @ 8 LT
WA, BRIR. BN EZBILE.

ZHAX TP RIE TR ERET TCLREREESMEE . ATER
WEPCBILTBENRRE. MAXAHCRT 7% . HTES 14— MEEN S BB
R AEEERE— T RIAIEEEEENTSEG., IR ETLARALA
BB i 7 i T RE R A Bug.

6.2.2 IREEE

EEFRITHREE-ITRLITETHONAEE TE, Y80 DUTH ., EEED
— PTEUTXHAEAMATE. RAZMEI BTN CFEMRAORRUREMN
[ E .

A—TRAERE-TVOXBRER EEREPCOSREEINRFHELL
E. EHEIFMAEER . BIEILERF PClEEMN T HAOA~4 M. BHMEKR EHFHA
BA~8 M I BEFNBH(E N .CSRINLSE)., RERIESHNALEBREHE
OLEREVLIE I IE S T Xl B
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R e e P T e e e e R SRR LR SR T

6.2.3 EIRmm AL

R B YL R SRR, A SR T RENRER ATM [FLHEN
REDLECHE . SSHENRA £ KM R EXEREL, AEEFFAXNEFL B
EW R HETBERALEEEA,

6.2.4 FHEBFHMANEE

RESESAHEEBOARREK. Flo 8o g4~ 4 TCP i, TCP 3k
FHEERIPHUE . BEHEIAIMAMaR LAl L. PUNEBITEREAECHE
il 38 o AT LUK R BE VLA 19 1 ik A A L . IR B4R T 29 DU A B B3R, (7]
i i SR ABCRE .

6.2.5 tHilRE  $§Ei=(error)F13E # (violation)

(BT A W fE A A B AR BB A . T MMIE T/E R A R M RA B E S P
MR, IRFEMABEATREE FASTEREAONLKE, RTINS e BLE
B b 3 R R AR L AN A Bl BE AN IERI B ES B A0 50 UE TR W < 3L B £ R A
o AR AT R B BRI B Z S EITT N .

LA (E R R TR - e EE R T 2B AR RE IR F 6 RE
AR PG a0 St AT AR R R R DU A 2 AR A R 25 R B i A R AE B AR
RHHGHO.

WS 5 5 1 RE 96 7 A DO BB OE 0 B BORD . R G S B R R — N EC B L TERE VLAY B IR
)b = BB SR R B,

6.2.6 I p

FEEEDETENHER AMBRAFESHELLRERES 1~3 THMH
BEPIE,FEBSNBEE I~ ERABMEAR. AWM FSHMTEEERLBOE
re) 3 3o 53 (6 R — 1 ) 8 AT 4% ol E AN 00 00 s i At 0 i AR A B B9 SR B AT . K
& R %A — 1 I i B AR AT B L 59 L RO E R, UEE T R BT P Y Bug.

TEH M R UF AL AT, — 20 iR it & X B Bh 1 30 4F 0 SR . 8 T R AT BF HY K
Ba— A RANBI K AT LUK A B R A X O R 301 i e/ AR AL R R U

B P 52 2 48 W% R T W 5 Z Sh A9 — DB X AR 2 B T LAFE A B X 5 (Active
Region) /= A 84 b BT {4 — 8. HANKERNAAEA - KRR ERAS . 510
BEMMAEN., XSSP FEELREIBETRE.

HE.AREREBRDEFR. I ARMNFER. WL¥ 6 AN &SR E K
8] IR FFE (A A 29 R . PP 40 L B al LA SE 47 3 R BB P 4R .

6.3 SystemVerilog § 1) FEHLAL

L0 OOPCHHE o) 4 2 1) 46 B ) B 6 fiE F B . SystemVerilog REIBEHLE B =4 R B A XN
. IR L—THA —AHXHNMNTENZA . RS HM VLS L 288 R EEH
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B, RTT LA A ERE R X AR E e R A R E AT MR E T Y
i) 1

o R, R AT AR S — B DS B R B AL (A, (X R OL AR A B4R . 52 24 3R 6 B HL B h
BRERFHTEN BEAE—KAFE—-ITH.

6.3.1 HEHIETEBHNEESRE
Bl 6.1 B — AT BEHLAE B AT e 0 2, LU R 4 X A 2 MR AL E.

#e6.1 FAHMBENLE

class Packet;
// BEYLER
rand bit [31:0] src,dst,data(8];
randc bit [7:0] kind;
// src FIZYIR

constraint ¢ {src >10;

srec <157}

endclass

Packet p;
initial begin
p=new(); // £ —1T8
assert (p.randomize());
else $fatal (0, "Packet::randomize failed");
transmit (p);

end

XPMEENAHEIEE, TSN cand B, ZR B IL 3 A0, 38
TEFBR—NME. IRFEERTF S8 - K. B4 - 1T"HNEF RABE—#
B, kind TR R randc X8 KRR F W BEUL#E, BT A 7T 88 49 05 88 & of {5 /5 Bl HL (1
ATEET., IRFREE N—BIME KK VLA . EMEERSR
—HrEE s g, FE AP EE R T RENANE.ADRAEAISTER
randc A ESH N\ ARBGE .

ARB—HARBETBENEMNBENXLRRER . ZXANEAXENE. EXH
BB, src PTEMESLT KT 10, B /PTI5, EERMTFPIHNARREIRARBRERES
“OPHRLTTRARE beginMend ZH, X RA TFRXERBEAHLER, TAEBFHE.

randomi ze () BB 2 7E 8 B 29 5 74 i /9 (R BB AR [E] 0, 254 FH I 5 € & randomize
RPMLER XM 8 —H. B HAsSfatal RE LA, A B H b 748 T XE
G, FXNARWBETE RAOTEAENNETEERSESREHEIR. &6
AW S (assert) KW A& randomize VMR AT USMHAGNEHAREEREL R .8
AHEHANGERH PR SR,



R T I D BN T G T R R s T 5 e et SR R sl 8 ST S T LR 42 % ]37
TR A XS E AL R, Eﬁ]ﬁlﬁﬂﬂﬂﬁ?"[ﬁﬁﬁiﬁﬁﬁ

AAAE KFRELZFFNLHER. WEFHAXNSBLARANE
B .78 £iX E# A randomize () & ¥,

X BBy BT A T B £ R % & B HL % (random) Fo A & & (public) , X # #|

LA RAREMNES DUT. T L®E6.1L2FHAEER-—TH
PLEE. PRESIEETEREAMAN R AEGBEIREABLEERE
AW zReRAXIHBE.

6.3.2 KEEMVLH(randomize)| IE R
l. randomize (VBB Y L EF A rand ¥ randc R W H T & K

7 —AMHMEAREFHEEFAARNAR., AN REEAFEHAR
(ALF—¥n MU td B2 AR AU - EREMANAHEER, DR
THEXBIR2BEABPNE. FEFRAXK.

#l 6.1 ERBIEME randomize OME R, MAMBULERD, RBORE 1. MRk
W.REEF O MIERENEREESERHRER. MO LM — it 8, FH K
SRR AGE. KU TLAASHANRERTRN —EEAFT LS. A mExR
— I BEREZEHERGHA.

6.3.3 ZARKE

IR BIA XN KRB EMR SystemVerilog AR RKMEBE TR . RB\NMEBXRFEHRL
A HRMME X {H B SystemVerilog B9 PRNG M — %] # {8 (seed) P 4=, & B System-
Verilog I HBE B RKEAHRMMBE. HRAKNMRAFEFSE BAHREANE LB EH
= .

& 0 B8 00K o8 85 8 2 A (W] 44, DXL 0 0 RS ) A 4 88 st 52 24 B A0 Bt L 0 348 B 9
EROATEAR.LEZR—-THEENARBEFANHELE RBAMHEMA. SystemVerilog
MEENLTREIAANETLURFANSEH.HE AN ERB[/ITELA R HERITF.
6.16 WEAXTHWNB AER FREEAMNANE.

6.3.4 AT #EBEEIL

SystemVerilog o] LI E R R  BIHVAMBRMNTE. REHEMILL 2 {HE
XA Afal AR 2 ek 4 28, FrLL, af DI SR Ak, {H A ge 4 F R HL
TR RAEAR PR AR,

6.4 27 W

ARANEMARUIRBEIE-— & ERZEAEMHELXR, M LB

@ H¥ 2007 F)K.1EEE SystemVerilog E R S EA T MO N LR TR, FERRWEE MR
fl“one third==0.333"ZXHMAR BRI /3 EEHREEEFERER.



138 EBER B s wmme onpss gy . e S 80
EEREHNRAEEFETENYEBE. SMHnRESASAUANE. AEERAS
— AN B R AR B A B X MR B 36 R System Verilog 23 I R BT A R ik
= I BE AL .

HEANANREIREELAH AL ELAE rand H rande X EHHE TR
* E. T XARNKH L HE BFageBTELFHLER. R
Wik ZHFE age v rand H randc £ H A,
gl6.2 WHMMILEHKAE
class Child;
bit [31:0] age; // #iR-M %M rand 8{ randc
constraint c_teenager {age >12;
age <20;}

endclass

randomize () A S BV ERER — P HEE HRIEHBESHAMARZE. &
Bl6.2 B, TIRAMYLER, randomize () (N{LKE# age M E B E c_teenager 4K
EXHEEE., BRIE age THAER F7 13~19 Z8], H N randomize () AWM. RE
AU AHARAEE I ERWERESAM B assert R it IBEMEENE . BHA
HEAERBELRLHEICRBSENERREEESRS.

6.4.1 HARHAXR

6.3 E— 1T HAMMIERMARKNENG ., EVTHELHTHEBRBEXTEE
Wi .
B 6.3 XARMKEYLE
class Stim;
const bit [31:0] CONGEST ADDR=42;
typedef enum {READ,WRITE, CONTROL} stim e;
randc stim e kind; /1 AR
rand bit [31:0] len,src,dst;

bit congestion_test;

constraint ¢ stim {
len <1000;
len >0;
ifF (congestion test) {
dst inside { [CONGEST_ADDR~- 100:CONGEST ADDR+ 100]};
src==CONGEST ADDR;

}
else

src inside {0,[2:10],[100:107)]};
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}

endclass

6.4.2 WAREN

B 6.3 PHEE ML ER KELLSETIARZR, WEANNKRRE

* AEHTEF lentI B, AEXAFTTUEE TETUASARS
XA,

— P EEXNPREABERH - N LRBRER (<. c=.==.>=.>), # 6.4 FEixmE

L= AN 76 b 4 B G O LR HE

B 6.4 A IE 8B HE 29 R

class order;

rand bit [7:0] lo,med,hi;
constraint bad {lo<med<hi;} // iz

endclass

B 6.5 AEFHHAEFARMER
lo=20,med=224,hi=164
lo=114,med=3%,hi=189
lo=186,med=148,hi=161
lo=214,med=223,hi=201

B 6.5 LML R ATUBSENHARBEHEB. #6.4 PHANER vad HEMN
AEAMIFFSERTHAXRFZERIENX: ((lo<med) <hi). HEHEFRIER (Lo<med),
EREROR L, REREAR . hiMEERTOOE 1. FTLER 1o M med BAMHIL
T HILEHEEZAE, FRAAEMH 6.6 Fr7rn, M Sutherland #1 Mills(2007) | @]
LB E 8 H 1.

#1 6.6 [FEWFF KSR

class order;
rand bit [15:0] lo,med, hi;

constraint good {lo<med; // REEFEH_#HAR
med<hi;}

endclass

6.4.3 FHRIER

AAEN AT R BASRER, FUENRRETREARE,
*: MR BEAAREEAAMAEER - AEEQH. B len==42,
BTUES A MAEE 2 ARRERAMAERER. M & len--

header.addr mode* 4+payload.size().
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6.4.4 NEHH

dist BAEH AF T ENES A AR EEN TRV BE R HAEER -, dist
AR A — A N 5 LA BN MR, P = 3R/ P . (ESORUE AT DUR % B
T, HAUURE - MEEWEE, B [lo:hi]. NEFAHEARKERR, LEKNMEA
PhfE 100, : = BEFRRELENNES - EONELMAN, /REFRANERS Y
PIEEENNE 1.

# 6.7 {HH dist WILEREVLOH

rand int src,dst;

constraint c dist {
srcdist {0:=40,[1:3):=60};
// src=0,weight=40/220
// src=1,weight=60/220
// srec=2,weight=60/220
// src=3,weight=60/220

dst dist {0:/40,[1:3]:/60}:
// dst=0,weight=40/100
// dst=1,weight=20/100
// dst=2,weight=20/100
// dst=3,weight=20/100
}

G 6.7 F,sre MEATBER 0.1.2 81 3. HA 0 MM ESR 40,1.2 M 3 B EL 60,
BEPFAE 220, srcBLO BFOBEHR R 40/220, B0 1.2 5% 3 MOMER#BE 60/220,

dst F{EHRATEER 0.1.286 3. HP OMME R 40,1.2 I3 WEAMELR 60,.NED
AL 100, dst BL 0 p#HE %R 40/100, 8¢ 1.2 5% 3 MR EB - 20/100,

FRORIE —H , ([ FAE T LOZ A BB, ARAT L6 A A B AE B Ok B e i A (B 09 4R
ROAM.EZEALIENERR O, AR — N E, n# 6.8 .

Bl6.8 ZhHARENE
// BERBAE FT VFRKT

class BusOp;

/1 BRAIFRRE
typedef enum {BYTE,WORD,LWRD } length e;
rand length e len;

// dist HHREME
bit [31:0] w byte=1,w word=3,w lwrd=5;
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constraint ¢_len {
len dist {BYTE :=w byte,// {#f7]ZERE
WORD :=w word,// REFMILKBERKE

LWRD :=w_lwrd};

}
endclass

TEM 6.8 P, MEER len F=H. BAER T KFHEEHBBER.FFUAK
FURE w_ lwrd BB K. H 50, A0 Had 8 5T LR 0 S 48 BUE, LTS B A R 49 4%
B,

6.4.5 EH(set){AM inside BHFF

WA LA inside BRAM £ - MAKES . BRIEXERBEFER ML, BN Sys-
temVerilog FEH R & R EBELER, £ MEMNERILSZHSEHN. ERGHEMRE
R,

pl6.9 FENMERNES
rand int ¢; // BHOLEEE
int lo,hi; // ¥EN FRAMTRAEREILE R

constraint c¢_range {
c inside {[lo:hil}; // lo < =c } H c<=hi
}

EF 6.9 B, ENUES lofMhiRE. MATURAXHTEEANRS
B XBEAREBRAR,. QAP AR ERR R ARG R, EE. R 1o>hi,
REFE—ITZHES BEASBARBHEIR.

ALUEAsRRERELEENBR/AMERBAME, F 6. 10 Fim, XAENERHE
BRAAREEA RN BBERS.

Bl 6. 10 fERI“s”iEE BAMB/NE
rand bit [6:0] b: // 0 < =b < =127
rand bit [5:0] e; // 0 € =e € =63
constraint c_range {
b inside {[$:4],[20:$]}; // 0< =b< =4 || 20 < =b < =127
e inside {[$:4],[20:$]}; // 0< =e < =4 || 20 < =e < =63
}

MR ERE - REGZIE, AT ERABRRBERF HARBUKL.
Bl6.11 MEHRGHRBBK

constraint ¢_range {
! (cinside {[lo:hil}); // ¢< loE ¢ > hi
}
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6.4.6 HEESEBEEBRMA
L 454 T {25 7 B 2 261 BB U5 R AT A T Sk S
e 12 HHFHANEILESARE

rand int £:
int £ib[B1="11,2,3,5;8}:
constraint ¢ fibonacci {

f inside fib;

}
Bl 6. 12 A] LAY A5 6. 13 B —H £ .
B 6.13 ZEMEAK

constraint c¢_fibonacci {

(f==£ib[0]) || /il f==1
(fi==fib{1]1) || /S £==2
(f==fib[2]) || /==
(f==fib{3]) (| /f f==5
(f==fib[4]); // f==8

}

FEENB - NMERH G B EMHEY B EEERA R B R LR, R e
insideA K F K foreach A3, U0 6. 13. 4 HFiR.

B 6. 14 {6 ] inside #95H M H 5 918 5 51 B 26 W BEALAE , 26 5T 60 1 4% RS 50 20 47 A
H ] A L AT A R BOHE R A R 1

B 6.14 7 inside AP HEH WL

class Weighted;
rand int val;
inbarrayll="41.1.2,3,5,8,8,.8,8,87;: |
constraint ¢ {val inside array;)

endclass

Weighted w;
initial begin
int count[92],maxx[5];

w=new();

repeat (2000) begin
assert (w.randemize());

count [w.vall++ ; // FiH{E T
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L T R R TR R T T e T M R N M R R

end

maxx=count.max (); // KB KHE

/1 i K 4R

foreach (count [i])

if (count[i]) begin
Swrite ("count [%0d]=%5d ",i,count[i]);
repeat {count[i]* 40/maxx[0]) Swrite("* ");
Sdisplay;

end

end

B 6.15 FEBHAM inside YR K

count[1]=394]1 * * ¥ ¥k *k k k k F k kA kA X A F Xk Fk kK kXA Xk Kk ok kkr kN
count [2]=4038 ¥ * * * % %k k & * K &k kK k ok K X kK ok k ok ok E X Kk k kK kK KRk
count [3]=39T78 * * % F *x k k k k k ok k ok kk Ak kK xSk A A Ak E KK KKK KX kKRN
ccunt[5]=402?*************************************

count[&]=4015**********************t************'ﬁ*

BrHEHERERSA, ERAMEERA 6.4.4 THTIRK dist BIER.

il 6. 16 F1f 6. 17 MBEF RSP EH —-DMEBP B — XK. 0] L8 35X 45
F. WHE choice ERZ rande BRMF HABSEB BN EZTNE ML RE
ACEHELRE.

B16.16 MBHPHHBEYEKAE

class Days:
typedef enum {SUN,MON, TUE,WED,
THU,FRI, SAT} days_e;
days_e choices[$];
rand days_e choice;
constraint cday {choice inside choices;}

endclass

B4 6.17 MEH PR BEHLE
initial begin
Days days;

days=new{) ;

days.choices={Days::SUN,Days::SAT};
assert (days.randomize());

$display ("Random weekend day %s\n",days.choice.name);



1 44 ;‘E €& .Lﬂlh L R bt L R L e R bt e St e R L D e P S S e R S e

days.choices={Days::MON,Days::TUE,Days: :WED,
Days::THU,Days::FRI};

assert (days.randomize());

$display ("Random week day %s",days.choice.name);

end

name PG 3HIR Bl A BB EHBFRE.

NREHS MM ESERMEHBRE. ES 3 =8 A BEH inside BEM BN
vaPufERNME. Pl MRARFEESENME R BE — K KT LIMER inside
B BA 3 B B HE — AN, SR U5 8 i A BA 3 B B X B R 18 e s AT, X R T ER
BBITENIYHRXENEAFBEBTERATNR. B—1hEkEEH rande AR5 M
H, MITHERKEMOAREME, randc A8 M EAEH B8, 55002 H5HF L0 L E#ER .

@) 6.18 f H randc B HL b % BUEH {8

class RandclInside;
int arrayl[];: // T e B {E
randc bit [15:0] index; /7 ¥8 1 BUAE ) 45 B

function new(input int a(l); // W& . ¥Rk
array=a;

endfunction

function int pick; // 38 (8] W) 3% B i 9 {5
return array(index];

endfunction

constraint ¢_size {index <array.size;}

endclass

initial begin

RandeclInside ri;

ri=new T 3, 3,5, 7,9, 23, 53%) §
repeat (ri.array.size) begin
assert (ri.randomize());
Sdisplay("Picked %2d [%04d]",ri.pick(),ri.index);
end

end

TEE LA E A 29 SR el J0] DUSR AT BT HES .
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6.4.7 HHBHHE

AEATREEFANARREIIBEERN BEEABILE-TARREARER
SERHEA AR BN, — R AR Y BFFN . F KFHIERE.BRIFKFHERE.
SystemVerilog ¥ W fp X REAE:- > if-else,

—>HAER LI case BAEMFHRELMUMEBEB AR, B A THRELRMHREK
K. FTAAFPAFERSERIINNESEE G MK EEMER, T4,

Bl 6.19 A - > BRAEFT ALY HIR

class BusOp;

constraint ¢_io {
(io_space_mode) - >
addr[31l]==1"bl;
}

if-else BERESS“RH-BVRBMWEREIRN.
B 6.20 HH ifelse BIEHFMARD

class BusOp;

constraint ¢ len rw {
if (op==READ)
len inside {[BYTE:LWRD]};
else
len==LWRD;
}

BE-EARBEFRH HEZANERARER— TR, TERFEARTDE M A begin. ..
end 8.

6.4.8 WEAR

REREMZCZNRBARRABA L FTHRTWEFERB, EMEEHEHR
W, RIHATH T A WA RBIEAF AR WREAH inside BEFARERBHREL
BR[10:501 . R A A REXARER L AT 20, SystemVerilog 3F A4 2 5 [F] o
R, A RETEMEEER 21~50,

SystemVerilog BIAREN @A, XFERE M+ EFARBEYERMAR, %N
PFWBERE— N EROARBSHEERAER M A HXTENEMER. BRIIEEH
6.21 A,

Bl 6.21 R ELAK
rand logic [15:0] =,s,t:



]46 ! A = I';ﬁ ] i ; - " .
% O s Beic W T o en. OEOPER SN Bl SFRANLIL LSRG i L e

constraint c¢_bidir {
s S S ¥
g==r;
t <30;
5 > 25
}

SystemVerilog AR HE WA AR EXK. r BLADT €0 ¢ BFNTF 30, ¢ FT
seM s KT 25, RERAEREAR M IR, BX T s WARBEIEN c HTRH
. R6. 1L TRX=ENEBMSFAIEE.

F6.1 NEBARRKE

i r s t it r s t
_ﬁA_ o ,.H___h.g,ﬁ el EEL T E_? e s D - Fo okl Ml Hé-; s . 23._ e
B Z6 26 28 E 27 27 29
C 26 26 20 FE 28 28 29

BI{H->H if-else XEFRKR if-else BFHIBEGHNFGHAR . LEN K, #
MW { (a==1)-> (b==0) }HI (! (a==1)1b==0; ) RFMNH. AHRKBHRIIALALLER
o=l ARFHSb==0, L L . NEHM - PMAHE(b==1;) . AHEKHH/H/LaBERO,

6.4.9 HACEMNBFEEHRESHE

ARORMRA T LIS B R B Fs R Pl m e iR AL, ARKE
AT 2 MENTEE REMBHEZANZHERREES KB, SystemVerilog #{E fof
A8 AT R BE R 32 (B e X ARy Bl 42,

MEATEAMLE S - TRIET N AL AL, TR b 4096, 24 JK i 28
B EKWEE AR B SER addr .,

B 6.22 FHRBREEMBRAAHMURENTRNAE
rand bit [31:0] addr;

constraint slow near page boundary {
addr %4096 inside {[0:20], (4075:4095]};
!

EEGEBEFHBRE 2O MAX-ATUAMRICRRERENBEEE.
FIFEFLL 2 BT LI E Rk E.

Bl 6.23 1= R i A A0 42 B AY 44 R
rand bit [31:0] addr;

constraint near page boundry {
addr([11:0] inside {[0:20], [4075:4095]};
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' Bt s . Tt -\. ol B Ll R i S AR o T SRR e A Sy e e
For v SRR S e T R L R R R L e S AR B e B sl

6.5 IR

i P BEHL S B L AR BB . SystemVerilog Jf AS R iF B 41 24 SR 3K % 25 HE 25 i HE TR
K (BURET L TR RBEES 4. Bl TREA I MELH A RERRS, 4
PR AR, 2RARARAN TARIAFMEILAS FRESSFBERGHAR. H
2 {7 HLA% . A0 Synopsys ARl VCS. RA ZRGKMES AT EAEETESHENLERE
Z 18] £

6.5.1 BEBEARRE
AT\ 35 7 46T &4 K B 5 S B LR B FF 4R
%l 6.24 TEHAEEAK

class Unconstrained;

rand. bitiw: // 0B 1
rand bit [1:0] y; // 0,1,2 8% 3
endclass

EEHATEMEAARMTEENE. INE 6.2 TR, T, 58586k
HEHEN. BHL T TIROBEILAEAGESR FERINEEIHO,

% 6.2 Unconstrained £

# x v e | m X y oK
A 0 0 1/8 | E 1 0 1/8
B 0 1 1/8 F | 1 1/8
C 0 2 1/8 G 1 2 1/8
D { 3 1/8 H 1 3 1/8

6.5.2 XFBRIF

EH 6.2 ARBPTHXCEABFERET vy WEKBE T xWE. INMHFHEATE
B FHEA if XRABEMANIERHRA.

Ple.25 HHXEBHENE

class Impl;
rand bit x; // 08 1
rand bit [1:0] y; // 0,1,2 8 3
constraint ¢ xy {
(x==0) ->y==0;
}
endclass

@ FeHEH Synopsys 22 Al VCS 2005, 06 P4 BEITRIME R T +ntb_solver mode=1 &¥.
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F 6.3 FU T BT A B 5 FHE ﬂﬂ?ﬁﬂﬁ’fﬁ ﬁi_fufﬁ“.ﬁ'])kﬂ%ﬁﬁﬂT x yﬁ‘]}kﬁ'
44 (BA x==0(A B DI MM N MBBEHBT 2.

#6.3 Impl /IR

e X ; % “ i " y "L
A 0 0 vz | e ] 0 /8
B 0 1 0 F 1 1 1/8

0 2 0 G 1 2 1/8
D 0 3 0 H 1 3 1/8

6.5.3 XEREMURMLR

HE, CEBENTE x==00 .y B{HEN 0. H y==08 .3 x ERFAK. HT XA
BRAERN M. MR v HIETHE. KA xWEER L, B6.266 PAET v>0. L x B9l
AnffEh ok 6.4),

1 6.26 WAHXRBIEMARME

class Imp2;

rand bit x; /081

rand bit [1:0] y; 41 0, 1,283

constraint c_xy {

y >0;

(x==0) ->y==

}
endclass

F 6.4 Imp2 PR

i X y T i x y g
A 0 0 ¢ E 1 0 0
B (1 | 0 F 1 1 1/3
C 0 2 0 L 1 2 1/3
D 0 3 0 H 1 3 1/3

6.5.4 {EH solve...before AFKF | SWMENTH
YRl LI A solve...before % 5| 5 SystemVerilog IR 82 2%, INH 6. 27 Bk .
B 6.27 f{#H solve...before MXREEIEMA

class SolveBefore:
rand bit x; // 0E 1
rand bit [1:0] y; /f 0,1,2 8 3
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constraint c_xy {

(x==0) =->y==0;
solve x before y;
}

endclass

solve...before ARA LW LB H . AEMESITHEHRMEN . RFHIT
B ET Ol MR EMEIN. 7 1000 X randomize (VM B, x M 0 IR EA
242 500 K, A 1 MR AWRES00 K, x O,y bIHE 0O;x R 18,y H0.1.2.3
KR FEME (R 6.5).

#+* 6.5 solve x before y £ B

i X v R fift X ¥ -
A 0 0 1/2 E 1 0 1/8
B 0 1 0 F 1 1 1/8
C 0 2 0 G 1 2 1/8
[ 0 3 0 H 1 3 1/8

WREARM A solve vy before x, 2HB5E A [F B HEHK A (£ 6.6),

%+ 6.6 solve y before x ¥R

L X y LR L X y L
A o o 1/8 E 1 0 1/8 o
B 0 1 0 F 1 1 1/4
C 0 2 0 G 1 2 1/4
D 0 3 0 H 1 3 1/4

A EEEE AN B BALAEE. TN FEMFE A solve. ..
before, X E# F solve...before 2 BRI AHRE . LOB R &4
HAik A LI A

A

6.6 FH LA

—PTRALEFTELNTARR. FNE-DARATRHAF SRR, 6.7 FE
s, 2 W DUT My s5iR A SO B T B XX AR. TUEARMNARRAT AR
U B B — T 29 ARORT R PR B 0 0 1K B R T 72 A /D B S 5 (A R ) . B — R &
RARFERYESR,

EB{THIME], AT A I N B constraint mode () REIT A XEH AR, LA
handle.constrain. constraint_mode ()& & — 4Rk, H handle.constraint
mode () § 1l X S M BT A 2450, an ) 6. 28 BTR
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%) 6.28 {#HHH constraint mode () PR ¥

class Packet;
rand int length:
constraint c_short {length inside {[1:32]1}; 1}
constraint c_long {length inside {[{1000:102311}; )

endclass

Packet p;
initial begin

p=new();

// HiEE I ¢ short ARTERKE
p.c_short.constraint mode (0);

assert (p.randomize());

transmit (p):;

J/ AT R BT B2 B, AR SRR R A Ok A
// then enabling only the short constraint
p.constraint mode (0);

p.c _short.constraint_mode (1);

assert (p.randomize());

transmit (p});

end

6.7 ARMEHK

REZ AR ELRIUEREVLE R0 88 R — R LR AR, BB A 3
AR, Pl BRK“IE-BHR-5 'L AAFRERTFRIBRE.

f6.29 HHARMHEARKEEMSHNEEFK

class Transaction; '
rand enum {BYTE,WORD, LWRD, QWRD} length;
rand enum {READ,WRITE,RMW, INTR} opc;

constraint valid RMW LWRD ({
(opec==RMW) ->length==LWRD;
}

endclass
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A S B I S T FRERZS R

R R R
PSS ES BT T SRR ENEN, mBARETA B RS LB B
Al L constraint mode M KX N LYH . B iF 0 FH AR Ay 22 MU DR R X B 23R

e EAl R R AR valia BT .

6.8 WHKAR

B % R Q0BT IR E XTI A R OR R &, B A& T AR R L B 7 A L TR B 45
B ARMREAHS XA ABESEMI A E . B EFENRBUXE
(il £4) 3R s 7] BE 2 5 e 3 - B BA /Y T 4E

BEMBRLSERHY— 1 HFHEPLIL %, SystemVerilog 72 iF1# A randomize ()
with REMBIMGAR XMEXERMARTESYM. FI630FERHT T HARME
¥, 5 ™ 1~ randomize () with &9 HITHEYLIE.

$16.30 randomize() with i&%]
'class Transaction;
rand bit [31:0]) addr,data;
constraint cl {(addr inside{[0:100],[1000:2000]};}

endclass

Transaction t;

initial begin

t=new ) ;

// addr JiE: 50-100,1000-1500,data <10
assert (t.randomize () with {addr >=50; addr <=1500;
data < 10;:1});

driveBus(t);

// M addr LB E{H .data>10
assert(t.randomize() with {addr==2000; data>10:1}):

driveBus (t);

end

XEREBMRAERAMAR EEMBNYRBEFRN . WRARZ EFE
3,7 LA constraint mode O RBMIEWMEMNAR., HEE:TE with{}if 8 B, System
Verilog { Fil 7 2 4E RIS, BT LA 6. 30 "R @A T addr A& .M AR t.addr.
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gig #Z{# M randomize () with EHAH B LM E R REH O A K

AR TREER (). REAREBERIER (1AL ARG Kb &
6.9 pre randomize Ml post randomize PRI EX

EAO. DATAFAKHBRE.

A B R BB randomize () Z B8k 2 J& 5 Bl AT — o8 4 . 41 n 78 BE DL 16 2Z AT W]
REEEGELAEW—LERMINTREMWW E TR . NE . REMILZETE BN RE
FOREE =3 1 AR

SystemVerilog A LA{# FI 8 45 2K A9 void 28 I fX) pre randomize Ml post randomize
PR X ST RE. 3.2 PR void KB RP WA EREE.. 0 FRBARMEF LI
AiEFERf ], MPKMAE pre randomize Hl post _randomize R EMAMKAERF.IE4
HiARF LA LR,

6.9.1 MERELBITH

ARENAERESEFRENEN A, . SR KaLPEKENEBES
SR ME b A R R IR . XA A A — v R A 43 A, 7E T 3 A R 3R K, R ]
MR/, AR IR RN dist ARMEBRI Y6 BTEFTELTEREY
HEARESTERNER, Verllg CLBETREEXREAA MR, H I sdist
exponential JfEB A BRE RIS AAM. B6. 1 BART (AR RERHLRAERE
Bor4i. #1631 HEY pre randomize MPIHTH HIEH M AR Lo — 2. R G HEPLHE %
FHEXTOREZASFANME ., A TERAERN G REEXPIFME L. LR
Wigh 7RG B4 A .

B 6.1 s i R o A

B 6.31 by ar R oA

class Bathtub;

int value; // B MG HAHULTE
int WIDTH=50, DEPTH=4, seed=1;

function void pre_randomize();

/7 TR 18 Bl £
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value=$dist exponential (seed, DEPTH):;
if (value >WIDTH) value=WIDTH;

/) BX—A SRR RS BA A A £ L

if {$urandom_range (1))
value=WIDTH - value;

endfunction

endclass

AR value W{HAES KA S BV BHR E 3, L8 2 VLA S 57T LIS B T
BRI RELEL . TR value EHBFITHEB RN, M A2 P29 1K # 8
BN AUATEA rand B E X

6.9.2 %F void BH

B # pre randomize # post randomize @ R i A H 4 & &,
AR AR B B F, BT A E HAT randomize OB H BRI L & >
£ —BEe, wRBEAEN IR HANEE.TURATLEEES
Bhvoid KR WEFBRFREFTFRE R,

6.10 PBEHLE R

Verilog-1995 9 () & 40 75 eR E AR 0T LA K 250180 7 i (8 - 53 4 SystemVerilog if
HET M AR . X T dst R EFAMHNE FERNBILSBENHE. T
R — 2w e R -

(1) $random() —— V44,8 M 32 (A F SV E

(2) surandom() — F¥¥3#i & [H 32 i LH S HEULE

(3) Surandom_range () — fEHENME AW FHIH;
(4) $dist exponential () — B EH,.IMA 6.1 Fix;
(5) $dist normal() — BH&E ¥ ;

(6) $dist_poisson() — #EI M ;

(7) $dist_uniform() — E¥4%.
$urandom_range () REAWPT S, -1 LRSBA-ITTEMTRSH.

# 6.32 {F A Surandom range ¥

a=$urandom range (3,10); // HB LB E 3~10
a=$urandom range (10,3); // EREERE 3~10
b=$urandom range(5); // EHBEER 0~5
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6.11 R ITMEAR

EHAGREES TERHCRT? TEHR - LIH]. REANEARRMG6.11.8
M8 2.4 WM OOPHARY BIEHAE HAMKATEFSMELIAL. UK
T — 2R BB B ARG .

6.11.1 ERATENAFE

Afrh K2 806 A BRI M. EH 6.33 B, size MY
EF—THREWER. X TEENERE—-TERBRE.

Bl6.33 (EHERERE FRMLHR
class bounds;
rand int size;
int max size=100;
constraint ¢ size {
size inside {[l:max_size]};
}

endclass

BRAWNHT XANLEETE —ATE1~100 ZE B HEILE size, B LM% & nax
size B{H. ATk FHEVLE & size B LR,

TE dist YR BEFATETLIEAES S LR E. nH 6. 34 fis . B AR
SHE—TMIANELR,

Bl 6.3¢ HWHNELRK dist AK
typedef enum {READS,READ16, READ32) read e;
class ReadCommands;
rand read e read cmd;
int read8 wt=1,readl6 wt=1,read32 wt=1;
constraint ¢ read {
read_cmd dist {READS :=read8 wt,
READ16 :=readl6_wt,
READ32 :=read32 wt};
}

endclass

REBLT XTARTEB I GSCHMERMETH., NRESE™4% ¥ LM READS
R AT reads8 wt REARNE. FEEMR TLESRENED 0 KL
=il e
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6.11.2 {ERIFMEIE

MEFRA—ELREMBINEHEBRE LTS TIJLEE 8 E M Ebm &, iR 6k
A ILF R E R AT LAR W randomize OB . RS BN T RNOBERE VEE
M BEN Rk — AR - EEEHAEULME. =28/ E ZBAE A UAE R X
HI2H

MRREVLEILNEEFELH.ATAFH rand mode BB IEX BT R FE HIER
b,

$i 6.35 F rand mode £ |1 7% B M Bl AL 1k
/) PEEERARE L
class Packet;
rand bit [7:0] length,payloadl(];
constraint c_valid {length >0;

payload.size==length;}

function void display(string msg);
$display("\n% s",msg);
$write ("Packet len=%0d,payload size=%0d,bytes=",
length,paylcad.size())
for(int i=0; (i<4 && i<paylocad.size()); i++ )
Swrite (" % 0d",payload([i]);
Sdisplay:
endfunction

endclass

Packet p;
initial begin

p=new () ;

// YT AR ER
assert (p.randomize());

p.display("Simple randomize™);

p.length.rand mode (0); // BEAKNIEEILE
p.length=42; /!l EBEKBER
assert (p.randomize()); // BRa FHEEALAL payload

p.display("Randomize with rand mode");

end
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e 6. 35 L EEMLE & length REF T EK. ﬁﬁﬂﬁaﬁﬁﬁmﬁﬁ}ﬁmfﬁjrﬂﬁ length
ALl R AN payload MAE RBMEXHFEBTMHT rand_mode of F L
length BREE FEMILER IEME BN 42, R 5 A randomize () RYEITREYL 1L,
HEHIL T RRTD . AKRIBE T payload WK E B E N 42,{H payload A KN EFHFT
THEPLE.

6.11.3 RAAXRKEEMNBRME

R - R T T RMES, ] UG TR EE RS AT 200k KA Xt
2 REENREAR. #£#H handle.randomize (null) BB}, SystemVerilog £ A B
TRYEEENTRECRETERE IR EXETERETHEARERE.

6.11.4 HEINMELI|NETER

AT AFER A randomize O BAMAT BEBR TR FE . XBERESHVAEEE
ML ER., RASEIXRENZRASHEENL KT RSBSERETRMA LS
whEPLL. FEMARNMREEFRN. 6 6.36 B, 8 —RAHA randomize () BB A X
FTHWA rand i med M hi. FH_WFARBET med 288, i hi A BABRR R FOR
M. TEETNE BT LAEBA LT Z3 — eI R, Bl 6.36 EHE =W
WH low TRER T —TEEVE.JFRHEARSEM.

B16.36 FEPILRERN—HoLER

class Rising;
byte low; // EHEHLEEE
rand byte med,hi; // FEELAEE
constraint up
{ low<med; med<hi; } // W 6 4.2 %

endclass

initial begin

Rising r;
r=new () ;
r.randomize () ; // BEHLHE med, hi; BAKA low
r.randomize (med) ; // BEHLAE med
r.randomize (low); // BEHLAE low
end

XA ARENAL - B EROFESTHAEH. HAEXENNKTLER2E 23 ¥
BEVLILEST TR, M FENEMNASHaRE MARRE - LHREN.

6.11.5 FTHHEXALE
BRI EEPHRAERENLITNERYT. EXAEEARHRZEARLERAEK
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EHTRRMEIR? R DA RER(->H ifelse) EMBHIERILEELH G
oy

B16.37 FMAMLKLEM case HAIH A

class Instruction;

typedef enum {NOP,HALT,CLR,NOT} opcode e;

rand opcode e opcode;

bit [1:0] n_operands;

constraint ¢ _operands |
if (n_operands==0)
opcode==NOP || opcode==HALT;
else if (n operands==1)
opcode==CLR || opcode==NOT;

}

endclass

ATUAERLBEHFRER FUEXEMAAFTHE N AR REIABRKRE, - E
RPARBRUSEBELESR . EXALODENNE-MIECE T —FEM I HAE,
FE A T B O P G AL BT A AR 243, T 49 6. 38 BT .

%1 6.38 1{#FH constraint mode ¥TF 8% 3% H 4 3
class Instruction;

rand opcode_e opcode;

constraint c_no_operands {
opcode==NOP || opcode==HALT; }

constraint c_one operand {
opcode==CLR || opcode==NOT; }

endclass

Instruction instr;
initial begin

instr=new/();

/] PEERTRERNES
instr.constraint mode(0); // XM rE AR

instr.c_no_operands.constraint mode (1);

assert (instr.randomize());



1t g s P 1 J L y nip Ay Hio i =
158 ®:ez Bk S e o UL L e S RRREET  VRIRIT T SRRREIOR T LG S Dt

1/ RE — B ES
instr.constraint mode (0); //RHIA WA R
instr.c one operand.constraint mode(l);
assert {instr.randomize()};

end

ROy AR R R IEVE A T AT ISR M AR R A B, R
B e SR R R e R T RT AR BRI 2R

6.11.6 HEARXITEBEPEARNBRAR

i 8 B FE P A B 19 4 N AR A TR ) R U (R AR R B XA . IR DY — A KA
BMAR BAX M RKLGTREREAUTRNES. REELA T —TARNUMHAT—
i, AR K 4 0 AL B X g Al I AR AT WA WE? 40 6.8 W RrAs . Al LA A random-
ize () with WHAYHIEDE AR M1 A E R . L8 2922 8k & 21 4h 58
B X —FRFAEE. MREE 7 THRUB I AREAH" RES T EH YK
AR FEF ., BEEFAMER RIS AE MY AR A EMRYAR. Bl &
— 0 iR B A R R R A WO X i AT LA SE S P R K A IR B IR A B AR

ERAMERAREE kg, B ARABEATRABOARMCE. SH-1T%
WA LRE ESMA AT REMARARAENR . LW B MEEA R 8B Z A K
AR, MBWEL HABRARNNEEREHKBRELI. RUTLUEEER - TBEBFRE
BAE R EREHNEAERE BXEOURBILEMMRAOR T,

6.11.7 ZERMRXTEPERIPLYER

BRI X1 PR AR T] LA fE R B Sh AR E L R R A R A A SR Rl T LA S B SM IR E X
s 11 WHR. TUME—TXHFREX TR XTXRE-TZHAR. A EE
A T B 00 38 B 5 S0 7 24 3R BG A [ R A LA 7 AR AN [R] B B 0

B 6.39 A IARME
// packet.sv

class Packet;
rand bit [7:0] length;
rand bit [7:0] payload(];
constraint ¢_valid {length >0;
payload.size()==length;}
constraint ¢ _external;

endclass

Bl 6.40 i SAMRARME T

// test.sv
program automatic test;

include"packet.sv"constraint Packet::c external {length==1;}



6.12 Fadlicamsneis 1599

endprogram

5144 R PR S TRAR LU LA TR 4K AL SRR AT LB 5 — A SO, T
R 7 1 Wk B T TS 240 5. S 24 3R 26 0 57 A5 S 10 2 4 3, T ) 8k 44 A AR
JEW— K randomize () VM. SMEBLIRIRAL T —F A HE ¥ I B % OOP H A 5 A 1A
B B . BT VR R BOR T ok SLRE A 4R T S RO LA 69 4 T EL A
S 7 T e 0 2 2 2 S4B 44 0 AL

A i 20— B L TR 9 S0 T 24 S0 A 4 A 72 25 S PE R B BT BB 4 B 3O B
[F14.
R EA RE R, 0 R AT SN A, & B AT AL SystemVerilog i
% M F 0% B HUE 04T 4 S A L, T IATE S B R AT M B AR MMA R &
i » 55 5 26 4 6 T3 040 47 205 4 20 0 4 0 550 095 O 2 92 2 4 O 46 U 0 T B 4 R A 9, 5
S G R B e R AT TR

6.11.8 Bk

EFESE MBI M RBE. RAXHIAR MWAFETUEERA-TEAB
RREVHRBEM AR . TREFMERNT BA. 06 8. 10 Fix., EF, WRAEY R
RELXHWARNBETEERENARLTHELBATEROARERRELHARE,

6.12 FENALAY & VLEE R

RAT e IEM RPN ARTMERARTES -HEL K. THES
5 R L #0112 P b fE L3l B 0 — See] R

6.12.1 /hMEBBAHET

TEHRE WA S8R BB ER int . byte RAMA TS L URRE T HHE
H—ERPATE. FE.RELE . S EEBIAYREFEHAF SRR #6.41 HAHE
YL &AM AR T XNFTARAENZR.F BB 64,

Bl 6.41 HHSLHESFHMEILILER
class SignedVars;
rand byte pktl len,pk2 len;
constraint total len {
pktl len +pk2_len==64;
}
endclass

BRI AR EI(32,32) M (2, 62) XA BUEX, RSB F (- 63,127) X B
MBEX . EMNEESFANAER BRFEHRAFEEIIENRE. yvB4BII AN
KXFELEEYXWE.MZREH LA SHEILER, n# 6. 42 fFx.



ap noxE ; ML
] 6 U E a1 rgﬁ 't-‘ t{‘t.l R R {]ﬁﬁ‘gﬁ G R ' T R

M6.42 (FRIEFES 32 AR EENLIL
class Vars3?;
rand bit [31:0] pktl len,pk2 len; // Eff5EE
constraint total len ({
pktl len+pk2 len==64;
}
endclass

XA AR, EE KA K pktl len Al pkt2 len, il i 32'h80000040
#1 32'h80000000 MIfMBF &EF BG4 32'd64 5K 32 'h40, RO HESPFIS Im— 3 & 3R
EBEH XA ROEEARFOPERBREXH I ERORE, M AEMEH 32 1
MRE. 7EF 6.43 B, B8 ABHME 9 (I HELEK.

#l6.43 [H sk EEEMILAL
class Vars8;
rand bit [7:0] pktl len,pkt2 len; // 8{ifi %
constraint total len {
pktl len + pkt2 len==9'dé64; // Fik o fifi®
}
endclass

6.12.2 REBKRBJ[IEEPKI

BIARKRBBBAECHRANBS ERETRARYRNEEYLE B Aot @ Ll
K AT 23R & B RE .

BEERAERNZEGINBRE FEMBBEG) ., MRTFTERURELL 2 HERF,
HHAEBRAEBRE. M2ZHRRTHOIOERETUHMERLY AND 4 REBEARE.
MRTEATXEBRAE FHEEDT 32 VTR B EGSNZEELE.

6.13 EAFEALH

FHA AL . ETNCETUARERERNEZR, B EREILEBANH#THHE
W7 F foreach £y 5 fl— s 40 & B AT LI AR E B A AR .

H foreach A RS X4 REAFX ATENGESNEFTHE. &
BEABETUGERRBELIANGR . BERBLETANAY AN LER L
HEHRFEHW foreach ARMSERER, HANTFAIMINSKEKE, ©
SFENAHK, L6135 FXTER randc TERFB S EH
foreach®y ¥ i,

6.13.1 HARK/NM
B 5 TR B A ROR size O 8RB B AT DALY R 3 S ST SBA S ) T R A
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R e

% 6. 44 24 R B AR B B K/
class dyn_size;
rand logic [31:0] d[]:

constraint d size {d.size() inside {[1:10]}; }

endclass

] inside YRATURBEAXNMITRAMER. REBHERT . RKITEAFER
Bl — AL B size==0, i0fE, —EBRE LR, FUNEEFERTEAIT TR, XK
FEHLR % 48 2 FAR K 0 i 8] A BB KR f#% .

6.13.2 JTEBIF

o DB RALEH BB E R RGBTl E T TEMBR. Al — 1%
BE T B O3 O, X SO B A DA Sk 3k . B 7T LA AR TR 220 FA 3 9 K 58, R B Fl — A4
Bk ob s SRR BERRARE. B 6. 2 BT AN &3 M JEE K B fs 5 R A

N R

ETe L LT P )

H :
: : i
= a &
H
H
H : T H ¥ ? H
i : : : : i H
& a b
: : E : g g g
% H H
4

H H u d 3 2
H H i i i + 3

i b H H H H =
¥ : . H H b

B 6.2 FEYLEK Y PEIE

AT LLAT sum () BRBZY SR BEPLECEE RA WY G0 B, AT 7= A 30 e Bk

Bl 6.45 BHEYLEK K
parameter MAX TRANSFER LEN=10;

class StrobePat;
rand bit strobe [MAX TRANSFER LEN];
constraint ¢ _set four { strobe.sum()==4'h4; }

endclass

initial begin
StrobePat sp;
int count=0; // ¥ BHMEA
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sp=new(};

assert (sp.randomizel());

foreach (sp.strobel[i]) begin
Rbus.cb;
bus.cb.strobe<=sp.strobeli];
// W% strobe FEEAY MH T — 1T HE
if (sp.strobeil])
bus.cb.data<=data[count++ ];
end

end

B2EPNGAST AL EAENANEEEA THRELSE M0 0B 1, # 6.45
strobe.sum () MM E ' WO B AU EATCENARANMNARETEN., X
A F AR ERE T BH TR B & KE 10,

6.13.3 ALK EH

sum () R EERBRH B Verilog X EBHMEEAE2FHBLZRE. R
fTEMN—1TMREMFE TR, BEER4E 1~8 MBS XEHEFHNERENT
1024, #16.46 BRBE—MHE . KHPFEFH lenTREFIHER,

1 6.46 sumHHEHKE —F F ik : bad suml
class bad_suml;
rand byte len[];
constraint ¢ len {len.sum <1024;
len.size() inside {[1:8]};}
function void display();
Swrite ("sum=% 4d,val=",len.sum);
foreach(len[i]) Swrite("%4d ",len[i]};
Sdisplay;
endfunction

endclass

B 6.47 FERHBARMARKEF
program automatic test;
bad suml c;
initial begin
c=new () ;
repeat (10) begin
assert (c.randomize()}):;

c.display();
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end

end

endprogram

B 6. 48 bvad suml M4E

sum=81,val=62 ~ 20 39

sum=39,val=-27 67 1 76 -97 -58 77
sum=38,val=60 - 22

sum=72,val=-120 29 123 102 - 41 - 21
sum=- 53,val=-58 -85-115 112-101 - 62

XBEREBMET - ERERNMEBES BEMNOAAR A FERE/NT 127, X
HUMARKBERN! TEHAXHSLBHL - W(display BREBEAHEH) .

#6.49 sumAKMPF M : bad sum2
class bad _sumZ;
rand bit [7:0) len[); // 81
constraint c_len {len.sum <1024;
len.size () inside {[1:8]1};}

endclass

# 6.50 bad sum2 F%i H

sum=79, wval=88 100 246 2 14 228 169
sum=120, val=74 75 141 86

sum=39, wval=39

sum=193, wal=31 156 172 33 57
sum=173, val=59% 150 25 101 138 212

%] 6. 50 FA/NEE, RRAGE T EHASM/ADT 1024, BEEF FE S KEHFBEE D
T 256, [AIBRIEEZTE Verilog .8 EEMNMBLEASVKRERFN. TEHHE 2 &
B uint B8 len TRFFED 32 .

7 6.51 sum 29I =R ¥ bad sum3

class bad sum3;
rand uint len(]; // 32 1{i
constraint c¢_len {len.sum <1024;
len.size () inside {[1:81}:)

endclass

%] 6.52 bad sum3 %I

sum=245,val=1348956995 3748256598 985546882 2507174362

sum=600,val=2072193829 315191491 484497976 3050698208
2300168220 3988671456 3998079060 970369544
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sum=17,val=1924767007 3550820640 4149215303 3260098955

sum=440,val=3192781444 624830067 1300652226 4072252356
3694386235

sum=864,val=3561488468 733479692

)] EASXAE? XALSE 12. 1 THARASARMMM, BT EF KB NE
BR—NDRE., TABFBBEBARSPLEREFELAGER/D—2,

# 6.53 sum A H A WF Ik : bad_sumd
class bad_sumé;
rand bit [9:0] len(]; // 101i
constraint ¢ _len {len.sum <1024;
len.size() inside {[1:8]}:}

endclass

% 6.54 bad sum4 A%
sum=989,val=787 202
sum=1021,val=564 76 132 23508 &
sum=872,val=624 101 136 11
sum=978,val=890 88
sum=905,val=663 242

GREERAM. HTFED len ERAMMVEME L 8 L, Ll len WEHEH BT 255.
IR len EE 1~255 20 . RAGHEH 10N ERERMRKN. IRFTESHRAN
BT EHRITHER,

6.13.4 ZRVAMNIIWE—TTE

SystemVerilog A LI} foreach MBAMNH— P LE#ATHER. MEETS B EE
KAHBEAGE - P BN AHBL,.EH foreach B ERTH. HEEHFOHEREN
foreachZ I h A A FMBAF .

% 6.55 R HH foreach AW : good sumb
class good sum5;
rand uint len/(];
constraint ¢ _len {foreach (len[i])
len([i] inside {[1:255]}:
len.sum < 1024;
len.size() inside {[1:8]};}

endclass

B 6.56 good sumb )i
sum=1011,val=83 249 197 187 152 95 40 8
sum=1012,val=213 252 213 44 196 20 20 54
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sum=370,val=118 76 176
sum=976,val=233 187 44 157 201 81 73
sum=412,val=172 167 73

FHMEEME THAS T TENRMMAR, EE len WAK TR T LR 10 f15
R AR ELHRE TS

R AT R ZEMXRETAR BEREIN DO FRAMEN AR TE.
T A 28 A AT — T R B A e E S LB — U RBRSE

# 6.57 fER foreach 4 BEMHKBHTENEA

class Ascend;
rand uint d[10];
constraint c {

foreach (d[i]) /7 ABANE T EEE
if (i>0) [ BRTHE—-TLE
dlil>d[i-1]: // AW — A JuFE B
}
endclass

XBARAUFBER? ARALUE LB ARKBERGBRB(CTEMIAEA
FHITARFANERER ABRREBEMHMANTR2EREHRSE L. EFEMNEHESER
i)+ E E Sudoku [A]

Ei@ 2005 B4 LRM E K foreach A KR E —IM¥H 4,17 4 # H

Exftths A, BhAEAXEWFF foreach A X kA KR FLEH
6.13.5 FHEAFM—TEEHNEA

o,
EAAETE—THEIBEH. EAB—T L ENENEE -7 MBREH randc B
HIBLABARNE P BB TV BT E—FESHBRRMHE,
WA AR ES foreach THHE KB L BT EN TR nH 6.58 iR BX
SRR 4000 4N S7 A 295, A T R 05 H AR

#6.58 M foreach 4 ME—mIcEH
class UniqueSlow;
rand bit [7:0] ua(64];

constraint c {

foreach (uali]) /] MBARE T ITERE
foreach (ualj])
if (it =5) // BRTRRERS
vafi]!=ualjl; /7 PR ML T R

}
endclass
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FHHPEE. ERAET randc ERBEHBIE, XFRTLUAAKHEILILFE— T2,

B 6.59 H randcifiBhr-4M —HTEHA
class randc8;
randc bit [7:0] val;

endclass

class LittleUniqueArray;

bit [7:0] ua [64); [/ B RERRER —-HAOEA

function void pre randomize;
randc8 rcB;
rcB=new () ;
foreach (uali]) begin
assert(rcB.randomize ());
uvali]=rcB.val;
end
endfunction

endclass

FHEZERHMPE. G0 RITBHZ NALHRETNEE ID B, X% DBHH
[l 2 0 B] MAX— 1, H MAX>=N,

Bl 6.60 ME—{H /% & 28
/7 PEHE O:max-1 2 [6] ME — & Bl HL (A
class RandcRange;

randc bit (15:0] value;

int max_value; - PN

function new(int max value=10);
this.max_value=max value;

endfunction

constraint c_max_value {value <max value;}

endclass

B 6.61 A JT R A4 ME—{H F B DL EE 00 %
c¢lass UniqueArray;
int max_array size,max value;

rand bit {7:0] a[]; [/ BT UERAW - E%4

constraint c size {a.size() inside {[1:max_array_;ize]};]
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L 9Y]

function new(int max_array size=2,max value=2};
this.max array size=max array size;
// AR max value /NFREHK KD,
/] RARABHERESKE, LU EFE max_value
if (max value <max_array_size)
this.max value=max_array size;
else

this.max value=max value;
endfunction
/) B al | H AR —H
function void post randomize;
RandcRange rr;
rr=new (max_value) ;
foreach (a[i]) begin
assert (rr.randomize()};
alil=rr.value;
end

endfunction

function void display{);
Swrite("Size: $3d:",a.size(});
foreach (a[i]) Swrite ("%44",a[i]};
Sdisplay;

endfunction

endclass

T A UniqueArray XM F.
$l6.62 {fFH UniqueArray ¥

program automatic test;
UniqueArray ua;
initial begin
ua=new (50) ; /7 B K N=50

repeat (10) begin

assert (ua.randemize ()); // RN S
ua.display(); /[ BREERS

end
end

endprogram

IR0 R
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6.13.6 BENILAIWEA

MIRE P AR S IR AT BT R B LR . FEBRERE . IR
FEABNALM AR ANCE B ABILREBRASEIEMNR ., WREHIEHEA, ]
L3 B R B A B RSB IT % RS A AT RN B B R b . FEBEALIBES, 3 &)
AR ) /N T AR B AR AR B /D (H AR RE S .

Bl 6.63 ABEYLEAHMICE

parameter MAX SIZE=10;

class RandStuff;
rand int value;

endclass

class RandArray;
rand RandStuff array(]: // ABEICH A rand!

constraint ¢ {array.size() inside {[1:MAX SIZE]}; }

function new():;
array=new [MAX SIZE]; / REKHFRTR
foreach (array[i])
array[i]=new();

endfunction;

endclass

RandArray ra;

initial begin
ra=new () ; /! BEBHMPTA NS
assert (ra.randomize()); // BV WTEES m /B

foreach (ra.arrayl(il)
$display(ra.array(i].value);

end

RTARBMANFHANTERS. 14.4 7,

6.14 oA JE T 3Rh fn g 5

BIBAENIE REANBERTHEILES. RES¥ST UL —THILARS
Fo— MM, -REEHRS. FE-ITREOES AR THEEERIFRITRES
REAE B SCH SR ROBm F L/E. —REBX ELWRESABRKAFESFFS, A DMA 1% § s 1E
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REF. MBRETELE 7 —RA A, FH R AP a2 R 03 E-MAIL . % M 5.
THEEF. HHMBETESAREOR KL, DEERET 725 A . for 485 7 K Wf M
KL . BRAPE - FH TR X85 5.

6.14.1 FHEHEXIEFERER

PEEMENESRMBRREMDAEERAETUNFSFOBENENIR FRES. X
PARFUARBLESFAEONNHNBEEEL NG ANEREFHETENER
Mk o m— e, 4R LI A post randomize REIEH=4MFELS AT T -
randomize () FHl.

XM HFEESTARNEA E5HETERTNFANVGEENRELEN N T . H,
DUT AT oA AT i i M E M B F T K K.

6.14.2 BEHALE

e B RS — D  SystemVerilog M randsequence &3, & 0 LA {E
AL BNF(E R /READO W A H FMME.

% 6. 64 (¥ randsequence {44 & &£ 7%
initial begin
for (int i=0; i<15; i++ ) begin
randseqguence (stream)
stream : ¢cfg read :=1 |
io_read :=2 |
mem read :=5;
cfg read : { cfg_read task; } |
{ cfg_read task; } cfg read;
mem _read : { mem read task; } |
{ mem_read task; } mem read;
io_read : { io_read task; } |
{ io_read task; } io read;
endsequence
end // for

end
task cfg read task;

endtask

Bl 6.64 4 T stream Pl EA[ AR cfg read.io read & mem read, Bl /¥ 7l
MG RESEULMA =FRE PR —FF. cfg read WM ER 1,io_read MR E R 2,
AR RATEHN . mem read I ER S, HMRETHERES.



Y XX i 1 d . . P T -
17[] w08 ERYLG B R B et RS e R e - e L e R R g ek e S T

cfg read W LLREX cfg read task EHFM—KIEMH ETUREREFHAGR
B —4 cfg read. ffll.cfqg read task FHELSHAM K AT REHBAHMR
ZK.

randsequence ) — LA R E RBIFHENLR, ERATH S ES ] LLZEH#E I, 5
#insaisplay A, MEREAXN LM randomize () RBGER AR - H A KM FE
EREERITHTE.

f# /il randsequence 8 —%REB. EFIHABESFEIIEANETHEENY
HHERES N, HARELZEAR., UM R RSB randomize () Ml randse-
quence MIE , AL B X R A E B WL, EFEANR URFEES—1F
5, B 3 i — N HE S e R REFER TR GEAS. TARELY B
FURLEL, nsE 8 B /ARREI AN T R — 2 ¥ B BIEMA R, A F
L2 Rk RS,

6.14.3 REHIREA

e — A RELF I KRB A X S8 . IR AT AER 7 18 1) B4 i AT —
RGP X REILIE  SystemVerilog RFF S RIM KRBT AHLAR. A TFENFIIE
BPEE AR ATER R B - T EFARNEFAREAREN FSHABEEL. K
af LA A — 4~ DMA £ 87 3] AR ERRKE RN 1024 FW. b RMBEFESENHFIH
He TR XTI

6.14.4 HEF3

UL FIHEE B R -1 ELhFEMHEET. B, 3 TR E&, KA
LU — AT 8 E-MAIL #4755 . — 4 0 50 R T8 A9 7 31— 4 1 o D0 3R i A BN 248 19
FFoj. XA REEVMERABHETABNBEE RATUMLN VMM d T BB L X4
T # H1H B U0 Bergeron(2005) HHE M B E .

6. 15  FEHLEE

AT REA A N B = A KRB — M ik, BOMREHARBALT TR
PLRR R AR R ERE. IRTREE SR EFEMNE S, XK L
ERFER T RZERETT.

#16.65 {#H randcase MSurandom_range Bl &
initial begin
int len;
randcase
1z len=$urandcm__range(0,2}; 4 10% 01002
8: len=%urandom range(3,5); // 80%: 3,4,0r 5
1l: len=%urandom range(6,7); // 10%: 6 or 7

endcase
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: el 2 e e R T e e S g s AR, B L e 1 il 2 i
A s T e TR R PR ey R ey, A M M VR YRR T e T

Sdisplay("len=%0d",len);

end

Surandom range @ﬁ:&lﬁl—fﬂ’&ﬁ?‘ﬁﬁiﬁ Eﬂlﬁﬁmﬁu Al L (B /ANE, B R E) 8
(BRE. BMOIBRIEIERNSH. WRRAGEHA—-1T28, systenverilog &1
B MO B ARE M.

YR o] LA randomize () AU E #) 6. 65, XX A~/ +,O0P 815 KH /M
T, BEXRE—PAEM . AL KS L randcase IR E R .

Bl 6.66 HEHHEILIHRE
class LenDist;
rand int len;
constraint c
{len dist {[0:2] :=1,[3:5] :=8,[6:7] :=1}; 1}

endclass
LenDist lenD;

initial begin
lenD=new();
assert {lenD.randomize());
$display ("Chose len=%0d", lenD.len};

end

{#F randcase WAL MV ARMABERBAAER, BB RAME—
HikRERABREANELRE.

E/NLFER randcase. BN EASH TEMER. AN AT HEXRREREHN
—ANEFEAG IR, MERHFLHEEMNCTETERNEINRE. BIFAODPERER
REHESEFATHENESAEBZ oM. R EX L B4 X FA R, 884070
AR FEHAREAROMRABRREE.

6.15.1 i randcase EiLREH

B LA randcase KB IREM, H6.6THRAHERERER . BaIRB I EmT B
HE%R.

6.67 fH randcase B VREW
initial begin
// Level 1
randcase
one write wt: do one write();
one read wt: do_one read();

seq write wt: do seq write();
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seq read wt: do_seq read();
endcase
end
// Level 2
task do_one_write;
randcase
mem write wt: do mem write();
io write wt: do_io_write();
cfg write wt: do_cfg write();
endcase
endtask

task do one read;
randcase
mem read wt: do mem read();
io read wt: do io read();
cfg read wt: do_cfg read():
endcase
endtask

6.16 BEYLEUK £ 4%

SystemVerilog M HLERIEEARE? —FE. M FEFEAMEABENER £
AR FEmML WPl . 5, B s R8T MRS B B AR
RN e, NETFEAHER L1088,

6.16.1 fHREH M & 445

Verilog ] 7 —Fh & 81/ PRNG(DHBEHLBU R £ 8%) . il i Srandom B ¥ ViR, X A
EEBAE—TABRE.TLIE S Srandom BIF FREE., Bl f IEEE-1364 (s ¥ S
) Verilog (F a8 R {E MR BB L R ITHHEVLE.

# 6. 68 & — P HEI A PRNG, E H AR SystemVerilog f# i f§ PRNG. X PRNG
AT 32 ABRE, EBHET -THEILE.AIFEHREN 64 7 K, B+ HE /Y
32 (LR SR JE 0 b JF 3k Y 32 5 .

il 6. 68 {57 5 ) O Bl B Bk A 2%
reg [31:0) state=32'h12345678;

function legic [31:0] my random;
logic [63:0] s64;
sbd=state* state;

state=(s64>16)+state;
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my_random=state;

endfunction

GA LI ERXBERAnABT Ut EREEMUABER. . FHaLIESREM
EleF R ERMH . SystemVerilog {8 E N PRNG, @i if randomize () fl randcase
kA eErm4HoLE.

6.16.2 FEMBREE—F T HEIA LS

Verilog £ ¥ M it @b il — 4 PRNG., {H{F SystemVerilog 13 #R { X # 77
REBFWAR? WK FEEESH LB R ERFEN BT BB 2T, W
RENHWILE—4 PRNG. EFREREHREIEN—1TTE.

HAEG3 P . AWITHEBRESRMN—D4E ap.c FHYLER PRNG, Gen2z HH
BELXT &, BT LLLE 481 JA 3 € S M BE AL B 1 B0 Genl BIPIRY. 2 H P — 4K dc2end
MATRER A M. 1R Genl HE— P8 A AH BT E M A-FEHLEL

a b.c

d ef

g h.i
class Genl; classg Gen2;
Transaction tr; Transaction trl, tr2;
forever @(intl.cb) forever @(int2.ch)

tr.randomize () trl.randomize();
andclass tr2.randomize(};
endclaass

6.3 HEFE - PHYLELESN

Genl WEBMABEEWE T Genl HC KB E LW T Gen2(H 6.4), %
SystemVerilogh ., B M £ ML BREE — 789 PRNG, T -2 LS EmHA
R EEHBEYLH(AE 6.5),

class Genl: c¢laseg Gan2:;
Traneaction tra, trb; Transaction trl, tri:
forever @(intl.chb) forever @(int2.ch)
tra.randomize() ; trl.randomize();
trb.randomiza() ; tr2.randomize();
endclaas endclass

64 F—-TRESETHILE
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ab
cd
e,f

— Lt BT A
R

m,n
o,p
q.r

e SERACE I R e T R S RGN

class Ganl;
Transaction tra, trb;

forever @{(intl.chb)
tra.randomiza() ;
trb.randomize();

class Geni;

Transaction trl, tr2; |

foraver @(intl.ch)
trl.randomize () ;
tr2.randomizel() ;

endeclass endclass

6.5 HAMBHMVABIEELESR

6.16.3 HENBREMMERNLTF

SystemVerilog BT 2EA B PRNG fiir i+, YB3 — 1T #HEAXT 2
& B, F PRNG M f FH X PRNG 774, FrUEGRAF BB - FFILUTES
TEEOLK B, BN Z R X EMEMH,

298 B O S i RAT S i R BRE B S A0S BIE R LA 2 v, RIS B 4
WHEFERRA T & EAFEIE. YR DUT @ paet, 83 F S A EEAAHR
B, X ZEELSAEEN., EHENOMEAKERERAGTHRAKEZE, o] AR D
BRARBEHERMOEZH. 5 6. 69 FHULTLEE LR THR . REEHTHEKERES
A,

B 6.69 & AT A 3 A

function void build{();

pci_gen gen(,genl;
genO=new () ;
genl=new();
fork
genl.runi();
genl.run(};
join

endfunction : build

Bl6.70MmMT —THPOEESR HEFHNEABREIT. FRMRBEREOMRZE
P, HAB B REEREMNLARZE 74,

#l6.70 &2E IR
function void build();
pci gen gen0,genl;

// HH ATM B 2%

atm gen agen;
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B SRR S s TG s G TRV B b S 6.17 faylesHicm

genl=new () ;

genl=new();

agen=new () ; /) EEFEHMNREUETHTR

fork
genl.run();
genl.runi();
agen.run() ; /I HE AW BETAEFTNERE
join
endfunction : build
AR BE BB B BEYLAS IR R A R R — 3 H R T AR /3% S i AR A 3
B R B A I E A

6.17 PEYLASFEE

AHADUTH —NEEZTHEEMKL DUT A#RE ML DUT & %
GO E. 6. 2. 1% Bk, WX N M HLAIR IR, X A F R R T e
KESFHEMK,

Bl 6. 71 R T W] B L R AL B X OF & B L I 40 40 B 09 4R 7 5
RHERE. eth cfgREX T ¢ MOUAFILHRINHEE. ©IEHREA B AL, TR
BEfA. ANAEEU THIHN T REM.TF TN %O,

B6.71  LLARR A e b/l A B 2%

class eth cfg;
rand bit [3:0] in_use; // Wi EHM O
rand bit [47:0] mac addr(4]; // MAC Hgit
rand bit [3:0] is 100; // 100MB# K
rand uint run_for n frames; // iz & i ¥

// T unicast &2 AT F 5 bt
constraint local unicast {
foreach (mac_addr([il])
mac_addr[i] [41:40]==2'b00;

constraint reasonable { // FR&|W L& B
run_for n frames inside {[1:100]};

}
endclass : eth cfg
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#F Environment KM AR HEBMHH TEEX. BCEE Environment ﬁﬁﬁlﬁﬁﬁ,@
Bl A E B gen cfg BrBABENLAL, XBRMIRAT BIFEWM randomize ) ZATFTIFHR
Y. RIS IRATBATE build BrBATB % =4 MECE , 818 DUT A B s oot

Bl 6.72 fHFHBAYLACE B HIE
class Environment;

eth cfg cfg;

eth src gen(4];

eth mii drv [4];

function new/();
cfg=new () ; // B cfg

endfunction

function void gen_cfg;
assert (cfg.randomize()); // BEYLHL cfg

endfunction

//(E FIREALAC B 8 3 B
function void build();
foreach (gen[i])
if (cfg.in use[i]) begin
gen[i]=new();
drv[il=new();
if (efg.is 100[1])
drv([i].set speed(100);
end

endfunction

task run () ;
foreach (gen[i))
if (¢fg.in_use[i]) begin
AR b RSk S L

gen[i].run(};

end

endtask

task wrap up();
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// B EE A #
endtask

endclass : Environment

EBIHEE S eth src25M eth mii FBHE L.

HERCEATEYMLFTENRATH. FToPrRSad 7 HER REHKK
B1T .

gl 6.73 {& AIRVLACE /#9921 X

program test;

Environment env;

initial begin

env=new () : /7 BN
env.gen cfg; // ILEEYLAE
env.build(); /7 B E &R IR
env.run(); /7 B AT
env.wrap_up() ; // BHE & FAERE
end

endprogram

WA RER BB AR, DESERX LR, TR SR TREE. R
EITHF TR A% .

Bl 6.74 &4 BEULACE A9 1 50 ) i
program test;

Environment env;

initial begin
env=new () ; // BIERE
env.gen_cfg; /) BUBUACE

/B EEVLE -] g4 0

env.cfg.in_use=4'bl1l1l1l;

env.build(); [/ A F & R
env.run(); /7 IETT I

env.wrap up(): /B e CHERE
end

endprogram
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] 78 HE&E FEHIC A R R T R B T P R e R

. AN 62 AR T AN E RN AR RS R R T
* HUNA. WREAGARE L LB M5 b AEH AR H gen (1] 4
FHERM in use (1] FMSNRP LB MEATEENK LB 2 M

Ko LEREAANALBAEANAGRNFRAL-AREANURT M ERBFR

B
6.18 %5 &

CRT B4Rk E A i it Ff W M s ME — Al AT AU 7 i . SystemVerilog R4 TR £
PR N TR AERAT R — LBk,

) 3 21 2 RS B, SRR R BE BT LAGE P AR sl 4 (B, i al DA S SR B BBk (DL 32
HEfHr. AEVHRFEMFLF oMU . BHEEN AT IEABELSERH
ARENBETERNNLES.
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b, ITAXEHLEBENDTE Verillog WHEFREBR ELRE T initial M always RiG
b ERME M ESEREEARELNN. M TEUMER XS FEaR i EE5EHFEHF
ZHRITHERE. AR EEHNHARE  AZHENRERANESFLER HsTEEE
MR E,

SystemVerilog NI EREB - TR EFE  SEAEHEZRT 1M REETHEE.
HO LR AZEN B A EEREHAR . #HNERMEHONEXTS.

BIMLBLESCHRMHESHEEESG. ER 7.1 . A4 FBHBERGRE, A%
KRENEREFHARBERES UEERRNL M FEPEEEITHLRE. XN
HEFEEBLBENEGUPORTER. ¥ RANKRBEBEGSHEHREMN Verilog B . F
% .wait i& %] .SystemVerilog (58 MIEIES D,

| mes e -E
L '
: fuz 4-| AR e ORRE :
v !
M
B s e
(RISt

7.1 WG A 4 AR

@ SystemVerilog iIE 5 2% FME KRB (thread)” M BB (process)"E[ LI H ), “HER"—FRESD
S5 Unix iBRRE—RB. B TMABHESEI T -TMEAGTHFMETSREZEITNEF. SEMNBRELHBR/D. HR
BRI E MEMBENTELRUMNFRNEE. FHERRE"—H. R, 5 T%82E (inter-
process " — W HGRBER UEA BN ELREFURA. B TRE-H. P YRV L REHLE--
. aE R EEE.
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7.1 SRR

BRIHEWEBEHHB T UHEERABFEP HBELEEMIFERETEFR,
LR MRS EL initial B8, ABTH] 0 FFHEHIT. B always ABEH K
Rt HE, i initial 5] A forever ff ¥R {E A F 14 b 8 DX 1 [B] &

FRAER Verilog MfiE M H MR 2H A —1& A begin...end 5 fork...join,
begin...end FHEA LU FE AR AT, T fork...join FAGIFHH W LA I & F R TT.
FERARRBLHS fork.. .Join AN IEMENA TG A BARLER A G &ML H ,
H it , £ Verilog B & HRIOHE .

SystemVerilog 5IAT WAV A BRXER T E—H fork...join_none
fork...join any &4, W 7.2 fi7R.

fork join
join join_any . join_none

Bl 7.2 fork...joinik

WA FEEIEANEHMEMS e FHEH .wvait fl disable 4], AHMNIBEE
TTEBEEMGEE . RELHALBENERE . FEURNEREREH.

7.1.1 {£HH fork...join # begin...end

Bl 7.1 fork...join HEHRHNIRA begin...end FR. NTIB R THE
NG

# 7.1 fork...join Ml begin...end WH EEM
initial begin
Sdisplay("@% 0t: start fork...join example", $time};
#10 Sdisplay("@3%0t: sequential after #10",5time);
fork
$display("@%0t: parallel start", $time);
#50 Sdisplay("@% 0t: parallel after #50",5time) ;
#10 $Sdisplay("@ % 0t: parallel after #10", $time) ;
begin
# 30 $display("@%0t: sequential after # 30", Stime);
#10 Sdisplay ("€ %0t: sequential after #10",5time);
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end
join
Sdisplay("@%0t: after join",Stime);
# B0 Sdisplay("@3%0t: finish after #80",5time);

end

initial
$display
R #10 sdisplay| $display |

fnrk_—-‘_/-‘;,_—-? #50 $display fH

jﬂin'—"""--._.___ .'.-—_---------\*'1‘:l $diﬂpll¥'
Sdisplay ! #30 $display
#80 $display #10 $display

B 7.3 fork...joinik

EEEUTHBE D, fork. .. join R B MRS AR R I & AT . BT LUHF 48 0 2E 9 15
MRATR K EREAR . N 7.2 BiR. fork. .. join HEBILL# 50 JF 3k M /5 HE
FBBAPITHREABLUTER.

# 7.2 begin...end fl fork...join BI¥GH
@0: start fork...join example

@10: sequential after #10

@10: parallel start

@20: parallel after #10

@ 40: sequential after # 30

@ 50: sequential after #10

R60: parallel after #50

@60: after join

@140: finish after #80

7.1.2 {£H fork...join none ¥4 &2

fork...join none REWHE HIRNEM N L BHEHIT. # 7.3 B9 A4
1A BT join ¥ join none Li4h, H 4 HE.

$17.3 fork...join_none {{iB

initial begin

Sdisplay("@ % 0t: start fork...join none example”, $time);
# 10 $display("@ $0t: sequential after # 10",Stime);
fork

$display("@% 0t: parallel start",$time);

#50 Sdisplay ("B % O0t: parallel after # 50", $time);

#10 $display("@ % 0t: parallel after #10",Stime) ;


bomw
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begin
# 30 Sdisplay("@%0t: sequential after #30",Stime);
#10 $display("@%0t: sequential after #10",$time);
end
join none
$display("@%0t: after jein none",$time);
# 80 Sdisplay("@%0t: finish after #80",5time);

end

BEMRHEMMEREMTE 7.3. & join_none REMTIBHHMATET
fork...join_none WM {Ef[EH],

$]7.4 fork...join none B

@0: start fork...join none example
@10: sequential after #10

@10: after join none

@10: parallel start

€ 20; parallel after #10

@ 40: sequential after # 30

@50: sequential after #10

@60: parallel after #50

@90: finish after # 80

7.1.3 {EM fork...join any XHMKZERFS
fork...join any R RN IBEMHTHE SF - NENRRE . LEBRA SN

T HMEREEB GG UGS, Fl 7. MRBSZHHGTHIL - ARRKER
join M. T join_any.

$17.5 fork...join any (i
initial begin
$display ("@%0t: start fork...join any example"”,Stime);
#10 Sdisplay("@ % 0t: sequential after #10",5time);
fork
$display("@ %0t: parallel start”,$time);
#50 $Sdisplay("@%0t: parallel after #50",5time);
#10 $display("@ % 0t: parallel after # 10", 5time) ;
begin
# 30 Sdisplay{"@%0t: sequential after # 30", Stime);
#10 $display("@%0t: sequential after #10",Stime);
end

join any


bomw
线条

bomw
线条
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Sdisplay ("@%0t: after join_any",$time);
80 Sdisplay("@%0t: finish after ¥#80",3time);

end

AR 7.6 LB Sdisplay (“after join any”) SEM FIH EHME —TiEHN
ZJ5 .

$)7.6 fork...join any BUHIH

@0: start fork...Jjoin any example
@ 10: sequential after #10

@10: parallel start

@10: after join any

@20: parallel after #10

@ 40: sequential after # 30

@ 50: sequential after #10

@60: parallel after # 50

@90: finish after # 80

7.1.4 FEERPHRERE

{# /] fork...join none AJLUFF I — P ERE, LMV EF R EHRAH, # 7.7
AT —MEAES run QIBE N M EEQNEER/BahHEE., TEHMEFEEEHE
ATzl W R R e R, X R R ETHNEFLEES.

B17.7 WHMEF run MR/ BBIEEE

class Gen drive;

/BRI N BFRRE SR

task run{int n);

Packet p;
tork
repeat (n) begin
p=new () ;
assert (p.randomize (});
transmit (p};
end
join_none / /{# A fork-join none LIE run () AEAHE
endtask
task transmit (input Packet p):

endtask
endclass

Gen drive gen;


bomw
线条
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initial begin
gen=new () ;

gen.run(10);

// TRETKEE W R R

end

BWILTFENLATERRE. L FHLAEBATRAE new( VB R E
Bath, g H AR kA KERTRC. FTEAETLE. £HE
FHRAELIHTESLANRE LI AFREFSLITFIFALERDZ
WHHEHEMTE. B ECRTUINERAEN B RALEHEFFER

HEMATA.

HW % runiiid fork...join none P T - EB.ATREMNSEFLE,
mEBHOR, ZREBEHIFELEKETPRBIN . TTEESF cun ZETEATEN.

7.1.5 HELEKIE

£ Verilog # RBEFHAOMW. R LESTHEITHEALE D initial,always
fork...joinIRKIM B X #HE —MERPHF L P LE., Ti7E SystemVerilog . 45 8] LI &h
S BRBE. MASHASFANCNISMRITRE.

HEH 7.8 P A FEEMIIESFHEENEXZ 8N . MR HERF
BHERN —ERfHEEHEREFER, MALFELNSENFESTERBENEGXAFEBE L
Bl ML B4 9 = A

Bl7.8 mmELXEMCIR
program automatic test (bus _ifc.TB bus};
/7 X B fRE
task check_trans (Transaction tr);
fork
begin
wait (bus.cb.addr==tr.addr);
$display("@%0t: Addr match $d",$time, tr.addr);
end
join none
endtask
Transaction tr;
initial begin
repeat (10) begin
1/ BIB—HEYLHE S
tr=new();

assert (tr.randomize());


bomw
线条
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7/ AR % &% B O T
transmit (tr): /7% B Bg AT &5 A0
e =23 8 S vl -]

check trans(tr);

end

$100; // ERFHEFHOHLE TN
end

endprogram

AL % check_trans B FHRT 88 7= 4 — A2 TSR 50 00 82 LA 2R AR UG BT B9 3 55
bt EHEMAHGEP  ARESIHENEBAERN BT, £XMREHE T+, X
BAULATER ) — 5 8, L bR EARTT LUMAE 20 41 40 32 181

7.1.6 ZBHRWBEITE

UG EAEA U ELES D REHFNT R EAXTRARER

* FH.ELREA - MEAHAXEUPLIANER. B 7.8 RERATFHH

5 47 if 8 2 ¥ (program) 2 # 3 (module) ., # XK check trans £ #

RBAEH . DLENEBERA S AT HANEE tr, AN PR EEHAA KR &/ E A

AME., XM, wEEH T FH repeat B H E# A fork...join none,# 4 B F #

LREER tr RKEREFHEIANRNFL ER eWELET - KEFRFTHRE. FIUEHFK
BEPSLERNOHETERRFRM,

Bl 7.9 7€ for JEIF P AT fork...join none. SystemVerilog B %X fork...
join none BEMARBRHETHAE . HEH TH+oNEMNFE. XBRXBEAFBERPBRZE
AT, BrLAB 7.9 STER SRS R“3 3 3", BIMEIF AR (Lt &S| A& § #9{H..

Bl7.9 AR EFEFFALE fork. . .Jjoin none

program no_auto;

initial begin
for (int §=0; j< 3; j++ )
fork
Swrite(3); /7 Wi —RE KR RAHRTIE
join none
#0 Sdisplay("\n");
end

endprogram

B17.10 FEREFPAIE fork...join none BAR BB HIMITIEE
j A

0 for (j=0; ...

0 JHELRE swrite(j) [HKE 0]

L, “JHE j=1
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1 FHERR swrite(j) KB 1)

2 J++ j=2

2 ALK Swrite(d) [ERE 2)

3 J++ i=3

3 join none

3 #0

3 Swrite(j) [ZE# 0:3=3]
3 Swrite(j) [Ze# 1:5=3]
3 Swrite(j) (AR 2:5=3]
3 S$displavy ()

$OBTRERH 2 | MATK B FHECENFEIN YAt EFrZEREs. £4# 7.10 F,
B AEfE I MR B LM S B AETE fork. .. join none BRI EEMEABIITRE UG A
BLlEt, XM EFEHELKE FREAL BRESLDL. BAAEFERESRESH
MELA TR IS5 R . '

e 7.11 iR, B EE fork...join none M TPHEAEFGERRXRFEEMN
wo,

%1 7.11 fork...join none R HBIER
initial begin
for (int j=0; j< 3; j++ )
fork
automatic int k=j; // BIEET ¥ I
Swrite (k) ; /7 FTER$E L {E
jein none
# 0$display;

end

fork...join_none REHFI XA 8B . HTH LA B Fh(automatic) ¥ & A H
£ for EAEMABRIE.T. EHRREREFR P kW - THELEAEZFEHEEEN B9Y
BI{H.#R)5 fork...join none (Swrite)WHAE . AF kMWEN ., EH/HFERF.408H
EZTHHMRE B =/T&BE - RBET TOHFEBEINE k. YERBETTEE E 25
B RS lRA HMFE SR E, XA SystemVerilog 38 & At 8 T — 8 W 4T
$display.

Bl7TI2BETH 7L PARABANEE. AEITR xHNETEN 45N ko0.kl
M k2,

§17.12 HaERAEERIT R
J k0 k1 k2 iEH]

0 for (3=0; ...
0 0 813 X0, 4 K] swrite(k) (LR 0)
1 0 J+F
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BIEE k1, ELRE swrite (k) [&RE 1)
S+ +

BlEE k2, = HKR Surite (k) [EE 2]

j< 3

SR

join_none

#0

Swrite (k0) [ZTE 0]
$write (k1) (& 1)
$write (k2) (& 2]
Sdisplay{)

HEEENE . WRABEAMAANFHENEF SRR, A4 AT DR
X E#1d automatic, IMMRWEIET 3.6. 1 WHRAIFES MR BHAAHET. KAFTEIZR
X PRI A B AT A .

B 7.11 8955 —ME KRR fork. .. join_none SPERAE B B8R . 6] 7. 13 EFEWF
HEh A B N R A .

$17.13 fork...join none WM BZIER

program automatic bug free;

1 0
2 0
2 0
3 0
3 0
3 0
3 0
3 0
3 0

0

=

e A s L e L s

Lo

initial begin

for (int §=0; j<3; j++ ) begin

int k=j; // N ES|
Tark
Swrite (k); // FTEN#E I
join none

end
#0 $display;
end

endprogram

7.1.7 HEEFEHMBITEELE

7£ SystemVerilog 1, Y8 FH M initial PR T R E G EABEHKIBRT. A
TIARIETIMAEREN KRB A UL BRI A EERK, T L#A wait fork 154 3%
LA TRELS K.

Bl7.14 {ER wait fork ST H FRBL R
task run threads;
/BB
fork
check trans(trl); // FFHE-PLE
check _trans(tr2); // PFHESE I KE
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s A L e ) i g e s —fty T i ) 1 R e T e T i
£ R e e T R R A R R A R R R

check_trans(tr3); // FEE=ITEE

jolin none

.. // e R A TAE
// EXBEES EREESR
wait fork;

endtask

7.1.8 EZBEEHEXETE

| - E-ANEABKTFREFE. TUKAASERE XXEXAERAFF
* EXHER, WRESHEFAENK &, SystemVerilog 2 B E % £ th #
AEBREFR. AZRIACENFEY. P RFEBSABEREXRETH

~ B . ELRERURIANRA ARANFEEEEZASTRAENFNA,

Blan, mRFEREHRI TR BAEFRNBEFEP—EREE. BEAANTER
il for BMABER —NEMENZER i REMB 7. 15 Bir, IR BER T # K Buggy
PHEAREER 1. MRFENEFREH T -1 2RA0 i BaX T ERRERLREER

kERGEANENERER., AZEAHANKRIERFRANSEBSXXELR . BALAIKR
AEEASEER X R,

#7.15 FHEAFRFEESHEN R

program bug;

class Buggy:
int data[10];
task transmit;
fork
for (i=0; i<10; i++ ) /i EXBEHBERAEH
send{datal[il);
join_none
endtask

endclass

int i: /] HERNBRRTHE i
Buggy b;

event receive;

initial begin
b=new () ;
for (i=0; i<10; i++ ) /7 i TEXX B A Al
b.data[i]=1i:

b.transmit () ;
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for (i=0; i<10; i++ ) [/ ATEXBEBRESEHN
@ (receive) Sdisplayi{b.datali]); )

end

endprogram

MR DR . EUEHATREAMEB/NDEBRNFHFAAENER. EH 7.15 ¢,
MRS BERAFHMIZNE for BHRRNBMAEEBRFABR MEHENZER L. BiF—
MR R, R gE{#E H foreach 4],

7.2 1F1EZRE

FUHREFEEAMATFERORELE RO BEEEILLRE. Verilog H11#Y disable i&
A)n] LA F {5 UL SystemVerilog I FE .

7.2.1 i8I &E

TR R check trans {E%F . A XK #E A fork...join any I E disable ¥
BUEEXT @SR BRI . X FEGESEE TS LS E W E S LM,

XMEH AR INE R fork...join none BB 7.8 —M—#., REME, XEMN
fork...join any BEEFTHIRE, T R2HEN wvait, BT RFHEHNE R, M
MEBHERIT. WREBNEEKMBIERBEBSR W wvait LM, fork. . .join
any R LAHET . Z /5 disable iR B A AR . HE,. WRE TIME OUT B A 52 B AT &
GHNBEHIERE B2GREENEERSBEITEHRHE, join any HPIT . HEH
disable H&HR wait &#2,

#l7.16 it —/1EE
/1 T R . B I B A e KB R

parameter TIME OUT=1000;

task check _trans (Transaction tr);
fork
begin
/7 SRR B3 I B R A J KA
fork : timeout _block
begin
wait (bus.cb.addr==tr.addr);
Sdisplay("@ % 0t: Addr match%$d", $time,tr.addr);
end
# TIME OUT $display("@%0t: Error: timeout”™, $time);
join _any
disable timeout block;
end
join _none

endtask



7.2.2 BB &*E

f 7.16 {&i F 8L B By Verilog iE 4] disable ¥ |t - FZBLPHREBFXHE.
SystemVerilogB] A disable fork A EREBF LN YL BR P AE LKA ETA F
K.

- FESHEGITRSAERRE LT SN EE . FloBENFE
* FRATHREAEE, HNZ#FA fork...joinfE BERERK D& B £ %k 1L

: %l disable fork EAWHREE. # 7.17 £ fork...join FH v
— MNbegin...endREFEFHFETERBFRAT.

THEHXTHEMEBERNMESRNZAR EEZIRE. RARIBEATHHKIT
F BT LY — N ERBEP EE NN LHTRE A MEER . RO BER BT LG
AU BES EPERERN . AGBRAMIELAENRE.

FTHEILNEFEHMDIRES 7.16 49 check_trans £ 5. WA LIEXMMEFFE
BB 4T — 1 # TIME ouT —#¥,

#17.17 MR4& disable fork BIFE L

initial begin

check_trans (tr0); // KB 0
/B — N EEXRMRE disable fork #1EF G H
fork /BB
begin
check trans(trl); /7 %RE 2
fork /] K 3
check_trans(tr2); // % 4
join

/! BIEERE -4, BFEELER O
$ (TIME _OUT/2) disable fork;
end
join

end

RIBEAH check trans BB 0, EH @A fork. . .join|RER 1, ELE
1 .check trans EHFPFET —THEAR . BEREHN fork... . jointB=ET —4 £
B.EHFASARES XL TERB (E 7.4y, £ M EZJG, disable fork {1k
TR REFEFRE2—4, % 0 fEH#H disable 8 fork...join FHZ b, FFrid A
ZRm .,

#7188 BB 7.1TH— T ERENRA . EFEHTH55 M disable, Zin S H B
T HBIFIENARBEIRK.



i BIL&E

e e TR T e R i L R G T R L e B T ST e
initial begin &0
check trans(tr0}l- YT, e 2

fork chack trana(trl)
P / el i - &Ej
join // check trans(tr2)

end i;in
#TIME OUT/2 2 3
disable fork

7.4 fork...join HHEH

#17.18 {FHWRER disable &L HE

initial begin

check trans(tr0); /&R O
fork /1 BB 1
begin : threads inner
check trans(trl); /KRR 2
check trans(tr2); /] RAR 3
end

// PFIEERAR 2 M 3, MR B R O
# (TIME_OUT/2) disable threads inner;
join

end

7.2.3 RIERZBAXAANES
5 4 IS e PR AR AL SR — R N

191

RIE LR TTRE S LLHIBAG £, HBA

BLARGEXETESABEILZES AR BEAEF OB ER ARXE L& LFA
M EFEMEE. WRZEFECEUE I REEAH.ELETH T HSREMNL

AREE .

B 7.19 F L5 wait_for time out WA T K MMHET S4B, &8
OFE#2 M ZERIETZMAS, HRESTIERL. R UEI =/ ABHEs T HE

AL 0 B /Y disable i 4], X L2 12 B BRI A SE L.
% 7.19 FH disable RS & —MEE

task wait_for time out (int id);:
if (id ==0)
fork
begin
¥2;

sdisplay("@ %0t: disable wait_for time out",Stime);

disable wait_for_time out;
end

jein none
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fork : just a_little
begin
Sdisplay("@%0t: $ m: $0d entering thread",Stime, id);
# TIME_OUT;
$display("@%0t: % m: % 0d done", $time, id);
end
join _none

endtask

initial begin

wait for time out (0): /7 TR o
wait for time out(1): /7 FTHELRE 1
wait for time out (2): /7 LR 2

# (TIME OUT* 2) Sdisplay("@%0t: All done",$time);

end

7.3 LREEEG

WMAFEFHAAELERTERLAREBE. eREFANEER L, - TREFS
AT PIMAENBREFFRAESRATEE. FTEBRES R PR R -5 8. 60
HEWMBH PSR FUMLBRFRTERRATENA - MLRBRFATUR. EBRBRE
WP BT REHACRBE AN EEFERARBRFEFNR. i X BELH
14 i 89 [ 22 8 BR O 2 A 9] 1 3 {5 (1PC) . 7 SystemVerilog H1 A {f I 344 | 618 {5 FA R
FER . AREBFRIDHE FR X T EANE.

7.4 FH 1

Verilog Al I HABAF L . MBETHER - PMAZERFH - AHENY, %
Verilog P, — T EABEERESFHF T FeRFEAHIEN. XTHREFRAGERN,FTL
CERHESR . FHFHNTA. KRBT UOEL->RER XM E B4, BERAE—
MRBEHHZE,

SystemVerilog MJLA B WA Verilog A TR, BHAARITREN 2B A
WAL RSGTFERF. ST REMNRBIRXESRF, MAALEFELRLR
. BERHFAREFHLBR - RAOWER P,

{E Verilog P, 4—PMEBAE - FH FAEBENRN . EHFD —ITRKBMET X
EEMERFRATREEELEAT. NRAMHREKXBETHELBRT, WM E TH,
SystemVerilogd| A triggered QR .FTATEMENFHRT OB ML, L FEE M6
B, ABUTLIERXIRBNER MAREe RERFLHE.

7.4.1 EFREHDEMEE
YR EATH] 7. 20 R TBE B AL HUR B R el FE, R IR LA 5 —
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AEGEEME 721 iR, BEoAVBLRES . BE 2 HERES 1T .RAEH
EOE - AHEL, BR.ENE— I BHRE— I BRENKSP,FUE-ITLRESEN
EdE—-TE WS,

#7.20 verilog PHEALA -IEMHL

event el,eZ;
initial begin
Sdisplay ("@%0t: 1: before trigger", $time);
-> el;
Bel;
$display ("@ % 0t: 1: after trigger”,$time);
end
initial begin
$display("@%0t: 2: before trigger”,Stime};
-> e2;
@Bel;
$display ("@%0t: 2: after trigger"”, $time);

end

#7.21 E—1FHEHEUERE L
@0: 1: before trigger

@0: 2: before trigger

@0: 1: after trigger

7.4.2 EHBEH4HME

af PLAE P B R A wait (el.triggered (O)) R FEA DB HEEMHEEEMCel, W
REHELAMBMELCEEME MASSIEHE, .5 —HEI B4R NI,

B17.22 FFEHEH

event el,e2;
initial begin
Sdisplay("@%0t: 1: before trigger", $time);
->el;
wait (e2.triggered());
$display ("@%0t: 1; after trigger", $time);
end

initial begin
S5display("@%20t: 2: before trigger”, $time);
->el;

wait (el.triggered());
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$display ("@%0t;: 2: after trigger™, $time};

end

WARIEFT 7. 22 BARTSET B — RIS B, K el ARG PHEE S S —
AEFLE, BOAMBERES . ME 2 BH MBS TR REGHEEES —1T34
b A TARE a0 7. 23 B B9 .

Gl 7.23 FEEFAIaHE L
@0: 1: before trigger

@0: 2
@0: 1: after trigger
@0: 2

LRI BIFHFEREMNESF ENEAFRBES LARGERTEH AL —
B, b Bl 7.2 HEHEBRELYE M RME 2 K. EFNRTERER 7H -1 B
E. MPHABRERFCESHAN . E- T RMBE 2 /5. THEFH L BETHH— MM
BUE . A AR -TRE,

7.4.3 HEREABEREH
HRFT LA PR 4 S B AR B RS (B R 45 /b

' WRMAEH ¥ H wait (handshake.triggered() ), — & # &

* ETREHLUHATAHNRYE, FUENRBHEN A EHERE

' R REZwait 2EFABUHBABR LRERT. Al7.24F S48 H
T 1T TR EEARER-NESREH.

B 7.24 FHEFHIFBENERFH

forever begin
/)RR R R

wait (handshake.triggered());

: before trigger

: after trigger

$display{"Received next event");
process_in_zero time():

end

IEANfREE 2t R IZ A R always BRI — 8, W EICH ER B —F 4L B Y
Rk, F7.25 PHEERANEENESREFMEHHS T HERIT K.

B17.25 ZFiFBEFRLAE
forever begin
/7 X BER T FET N
@ handshake;
Sdisplay ("Received next event");
process in zero time()};

end
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SR T O R LR e R L TR R R L

BT B A — B 2 A 2 L AR SRR I 2 T A 2 B A A
L 1 48 B2 45 (1PC) 7 3, I R 0 Xt B A B R I M 26

7.4.4 fREFEH

U8 B3R L SystemVerilog PR H G USSR —HEBL TR, &EH 7.26 b, —
MEAFEHEEFAHBARENEMTTENFRIRES.

Bl 7.26 EEHEGEBELHEDR

class Generator;

event done;

function new (event done): // M E P ERBH

this.done=done;

endfunction

task run();

fork
begin
/] RIBES
- >done; /7 &R R A 5 SR
end
join _none
endtask
endclass
program automatic test;
event gen_done;
Generator gen;
initial begin
gen=new (gen_done) ; /7 R LA
gen.run(); /! BITEF LR
wait (gen done.triggered()); // ¥HEFEE
end
endprogram

7.4.5 FHFZI EH

ER7.26 R AERDMEERBRUATHEG, BMREHH IR BRLASEH
ETFEREMNZE LMA NITRESR? BEZHDERER vait fork RE/RERH
ATRBER. AIBET . IHMRERFTFE S G BB W8 0 K& 0L 3758 iy
EHRPHMERE. AUAFES EF0mEd. SHER REBERAEERES L
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ZBEAMTEE.

AUEXKBEREH for FRESHEINFH.AREIERTHAXBERMT R
BKHER PRBEOALB I ZHZR. B 1 EEXB 2 ZHITHR MR AERHE. NREKER
WIS AR R E - ESFE IR ECEFER IR E 0 HG,

M BRI SERBRE-TMHEABINTTETFEAE AERIEEBEITMEBEHEREF
TEEHRO—ATFHE L. OB 727 . IERRKEEE T ENNEFSE OREEM
wait fork T .

#7.27 {#A wait fork ZF L2 48
event.done[N_GENERATDHS]:

initial begin

foreach (gen(i]) begin
gen[il=new(); [/ BIENTEERN
gen[i].run(done[i]); // EEMFHRIEZEST
end
/) B FFENPFHRERIARERTER
foreach (gen[i])
fork
automatic int k=i;
wait (done[k].triggered()):
join none
wait fork; /! FETAMERG TR

end
FH—HERRENDPEREERTOMEEMANKE . . mH 7. 28 FixR,
Pi7.28 BAMBABHHITHEREFLZIAE

event done [N _GENERATORS] ;
int done_count;
initial begin
foreach (gen[i]) begin
gen[il=new(); /) BN RS
gen{i].run(done(i]); /1 EENFRIET
end
/] EFFIE KA BT
foreach (gen[i])
fork
automatic int k=i;
begin
walt (done([k].triggered());

done_count++ ;
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end
join _none
wait (done count==N_GENERATORS);: // %&fff &

end

A 2 BRI T — 2. I AR BB A N F T E T BN RAE
SEHATH R ? XA AL AT LR Generator Xl — M RRAE R, EERE KK
AR E BB wait BHFTER.

7. 29 pgEJE— AR AR B ERES RS HITRTER. KABES
{1 FAl i 3 40 gen (01X RERY )4 (R AR RE MRS BR | R B B

B17.29 HHAKEBEHEREFZILE

class Generator;
static int thread_count=0;
task run();
thread count++ ; /1 Ba A —1T&E
fork
begin
/7 XA e SC R L AE AU
/7 2 AR ET , X 2B H BT 3
thread count-- ;
end
join ncne
endtask

endclass

Generator gen [N _GENERATORS] ;
initial begin
/7 BIENDEAESE
foreach (gen[i])
gen[i]=new(};
/7 REENTEST
foreach (gen[i])
gen[i].xun();
/O FRHRTARRERTR
wait (Generator::thread count==0);

end

7.5 JE &
6 FEVBE 57 7 LA 92 B 0F ] — 9 980 U e 80 — T A R B A 3 — B 1
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B. BRBEKAEE-MARTUAFE, HMX XN R0 LY E#RAARER
£, BEAREUE FEtHETUEMFER. FARREEE. ERATRAE -1
AFTEAERR S . EREREHOARTER, XHE XK R B FuimE”, Br LLRE o] #
WA — B[54, F T 3 BN TR — BE PR AY 1 Il 42 4 . '

HMEFEPHFE-TFRR .- RBL M NELZTWRT . MLERGHEITF X
RAWFR Ko, EaEABIE. £ SystemVerilog ', — MBI RER“"G A" H
AE W& — EH %, ZA4HEALE S LS (FIFO) #7717 HEBA .

7.5.1 HERBRE

HEA ZFfMEARE. A new FEATUEE - TR IR TEHUEWIEE, FF
get A LI — oL NAL. M put WaLGERE PR EMHE, NEFRILEERR—
THOEM AR ANEHEE.ATLER try get V. ERE I XFRARBEHNHRK, ME
o M RN, e 7. 30 iR,

Bl 7.30 A B SR X BE 4 BT R A 3 ) £ 1

program automatic test (bus _ifc.TB bus);

semaphore sem; | /1 B — A IRE
initial begin
sem=new (1) ; // B 1R
L4Ek
sequencer () ; /P TEERIT AR EFRE

sequencer () ;
join

end

task sequencer;

repeat ($urandom%10) // HEHLERF 0-9 4 B
@bus.ch;
sendTrans () ; /7 AT R RS
endtask

task sendTrans;
sem.getl {1] ; -‘;f’ ﬁﬁﬁé\%ﬁ%
@ bus.cb; /1 BIESRZhE S

bus.cb.addr <=t.addr:

sem.put (1) ; // A FR5E AR A HEEA RE AR (3]
endtask

endprogram
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A N e O S e i s G P g i o e o L

7.5.2 WHEAARKIMEE

FERABENAR I T RE DL, B— FORM AL T LA LRBERNE . K7
fES 7R A AR SIRL T SE R E R WM. B2 YR INEEF T ERBUN IR [
ZAPE, SN, BRERT —EHL. AT REFRWIEMmEHEE, I
IAEBRA.CRER—IE.RALEMARKNERR? 7 SystemVerilog 77,5 = 1§
Koget (MWW HBHAE - K get (2) WHATH, B CHKNANEIBRIHR
B2

MREEARDAFEHFHERBEE -EATUHCRS — MR, ZFEEM THERSR
AR HERFEE.

7.6 15

MEEMANREZEERFELER? FEEANT R EMRE H 5531538 4 Wah4s Y
oL, RARERANUUE R EESRELBRERARD SR FETLUT. HORZH
M REBTFERERN ARG B[ ESFSOER AR, XBEERABHO AT TR, L, X
FACE RS 2B (R A S SR B A DAR] — B R E1T - M REDHFERH LMD
WO T 2ol KR4,

| PREBPEGBBEARES OB EIATHIRAEEXNE  ENEL

/ THXBBRE. BEAHERAENLENEZTRAFE(DORHREASEER
EB NARESH) HAT-BAEAFRENEELTHENE, ZEN
FTHLAAN RS BFELRB AT RE. CTREE TRREA - H

FORARNKF EXH - REFLALKBANETAHENRG T2 REE.

M BRI 0 35 2 8 ) SystemVerilog "R fe AR . MUBE{F A7 I A, X {5 48 A9 B o] 5 9 38

BELERR—THRA Ry e FIFO, J9 5 #0805 B 5 # » Wi WM 45 48 3R

B, HAATUAAR FARE . @ AR

. MEMARRE R - R REE AR R ] | B2
SRS B AR, SR e GE
SIEA A BE R . FAE M, 7.5 EBFHIES
LBREAN T EHEBERE. T0d SbER AR A A

PHEHINAHBEBIAGHE. BRI I HEETREAEJMEIHBHEH.
EHE—F X2, LB A new RBOR AT LR L. BliLatH — AT 35 K S K
size, HUMRGBHFEHPHNEEH. MR size O HEFWARE MEHELR AR, AJLIE
MEFTZHEH.
A put fEF A UABBERAGHE MEH get EF W LIBBREE. MWREH
A put SPHAETMWMRBRER AT get HE ., peek 5% 7 IR BUNHE 78 B 38
ME N ARRE.
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XERGBBETUEEA AN A - NER AERERERN
logic. TUERHFTEANAM. EFHAXR. REKAT . EHARA
KB FUAFELPRANETRAABOEE. BFERIHMK! S04
~—NEHERR - RHEBHNRE.

—~ANEUHRARERTNEME - ARABEAEFN R

* HAMPN AL ENKECHE, BALFRLAA IR, EH-K
X—hHMHt, BIL.6RRTHAHMEA - I HENER. GHER
FHARAMTEA R FHUGREFHANR - M EAENIMOBEH, A IHSHE

At R, AERERBYMARBLREAELIRE - AHILE.

*__Jﬁﬁﬂﬁﬁmﬁﬁ—ﬁa

7.6  — MW A ZAHE W ] — 2 R A AR

B17.31 AT XMEHARKESR
task generator bad(int n,mailbox mbx);
Transaction t;
t=new() ; /f RElB—1HF
repeat (n) begin
assert (t.randomize()); // XFAE B AT
Sdisplay("GEN: Sending addr=%h", t.addr);
mbx .put (t) ; /[l BEFREGEIR
end

endtask

MOREENE 7. 32 IR .RRHR BT ETR S I HHEX R IO K BEHLIH K
AEREHRE =B PR, XWEES L, BTLLS. 14.3 YRt AR,

B17.32 RIZZNMHRABHERKL S
task generator good(int n,mailbox mbx) ;
Transaction t;

repeat (n) begin

t=new () ; /] BIE—THNFEF

assert (t.randomize()); /7 % AR BT B P4k

Sdisplay ("GEN: Sending addr=% h",t.addr);

mbx .put (t) ; /[ R FEXELWEHIE
end

endtask
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EBEAME 7.7 R, BAAEEES TARKNSR., XHRRMOEERBEHA KA
B M 7E 8. 2 Wb HIA.

iy Tl

B7.7 — M EHNHEZAHEE AR R AR

B 7.33 FimEEIRE B, FESHEXARERHNES.
$17.33 EWKAFEHENESORERE

task driver (mailbox mbx}) ;
Transaction t;
forever begin
mbx.get (t); [ RBUORAGERNES
$display ("DRV: Received addr=% h",t.addr);
// BREhH 5 B R WA
end
endtask

WMRFEAHBRBEV R EHE BHEZE AT cry get () M try peek () R
¥. mBRBBEHITHRY.ENSER T EFHE ERER 0, X HEAH num 5K AT 5 —

B HAEFNEHRECRURERT KR EMAO BB ER PR RR T 6
RERL.

7.6.1 WAFEEWER

B 7.34~7.36 ;_RTEL T — K4 28 (generator) Fl— MUK SN 8% (driver) [ FI S A IR 2

BFLAHELENTER. TENAMRFTEEBFRRNEL . UEENTUENLRE
HHE X .

§17.3¢ FREHETIAMNKLAZH Generator &

class Generator:;
Transaction tr;

mailbox mbx;

function new{mailbox mbx);
this.mbx=mbx;
endfunction

task run({int count);
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repeat (count) begin
tr=new{();

assert (tr.randomize):;

mbx .put (tr) ; [l RiEFEF

end
endtask

endclass
8] 7. 35 7R TE T VCECROBE Bh 8835,
B7.35 @RAGEHIHANBHZEMR  Driver

class Driver;
Transaction tr:

mailbox mbx;

function new(mailbox mbx};
this.mbx=mbx;

endfunction

task run(int count);

repeat (count) begin

mbx.get (tr) ; // BREBF—135%

@ (posedge bus.cb.ack);
bus.cb.kind <=tr.kind:
end
endtask

endclass

#)7.36 {HHEMEITITRE LK . BIFH

program automatic mailbox_example(bus_if.TB bus, .

'*include "transaction.sv"
'include "generator.sv"

"include "driver.sv"

mailbox mbx; /7 HEREER (gen) MBI (drv)BIEM

Generator gen;
Driver drv;

int count;

initial begin

count=8urandom range (50);
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mbx=new () ; // BEEA
gen=new (mbx) ; /7 BIE A AES
drv=new (mbx) ; // A8 BE 3%
fork
gen.run (count); /! BT RELR
drv.run (count); /7 BT ah R
join /! FRRELGR
end
endprogram

7.6.2 EBER

BREBAT FRAECTERARM FIFO— 711 8 7 BUEY & Z 80 4 7= 77 7T LA [
FHEBRACEHEENY G, BR. GUEFEEN R FLEERY R ZA0ik4 -l E
E UEFER KBS H .

EMEFRANTUEE - TRAER. REFEROL.RRGFHEARAR. EM AT
ORFBEINUR - EFER". IRFHEEFHERAZTREFRND &
put B 2 . B B 4R M\ R 48 B R P an B8 U 25 )

B7.37 EEES
'timescale 1lns/1lns
program automatic bounded;

mailbox mbx;

initial begin
mbx=new (1) ; // BRA
fork
/] LR
for (int i=1; i<4; i++ ) begin
$display("Producer: before put (%0d)",1);
mbx.put (1) ;

Sdisplay("Producer: after put (%0d)",i);
end

/! HB 4R
repeat (4) begin

int j;

# lns mbx.get (j);

$display("Consumer: after get (%30d)",3);
end

join
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end

endprogram

Bl 7.37 Gl T T REFHEEELWARARDERIMGEM. 48 (producen) £
BiREE=&F R (BBOMAGHE, T % (consumen) RENER A Ins REL—1
f58., WHl 7. 38 B8 —1 put AT E A= KRB R EHRTT put (2)EEEZE.
BRI KEREHGRBE NEHEBGERL LEZBFEFFAREES 2 HEEEHA.

#17.38 A EH KT
Producer: before put(l)
Producer: after put(l)
Producer: before put (2}
Consumer: after get(l)
Producer: after put (2)
Producer: before put (3)
Consumer: after get(2)
Producer: after put(3)

Consumer: after get(3)

EFFRENTRBEZHSET — T Zmaan e, APRRE A BI7E R sl
AR B Z A, AR O BN A U — N RE K .

7.6.3 ERIEEEEAGSHEERS

A EREMEAT AEALBN AP RREAH A AR S B —K W,
7 AHEPFHATEFRABRTNWL, ARTAWHAET EREL
‘@’ AMBUBAEEEAR S K, RMENREBERESAKENR
BB HEXKUUEARE R, EHMN AT ECEREN AR ET A M
BAR AL EHEF. F-REAR. REBREARIBANELT . THRELAKERE

BN REZA2GE XAHHENARFLERATRERHERE -BHA XL HH
T HUBHERTURAS ARG ER  ERGERFERRAREY .

WRFBILETTMHERTHAIXRELY AR BRTEENNETES. £H)
T30 AT MHRTREANE GHFEXREREMNEZRAREHENESLRFS.
ZRWOB 7 AR EFTEITERER . BRI BERA RS

#7.39 BRARLESHAEFAMHERY

program automatic unsynchronized;

mailbox mbx;
class Producer;
task run();
for {int i=1; i<4; i++ ) begin

Sdisplay ("Producer: before put (30d)",1i):
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mbx.put (1) ;

end
endtask

endclass

class Consumer;
task run{();
ing d3;
repeat (3) begin
mbx.get (i) ; / /M mbx H 4 BB
Sdisplay("Consumer: after get (30d)",1);
end
endtask

endclass

Producer p;

Consumer c;

initial begin
/MR ER MRS
mbx=new () ; /! HRAR
p=new();
c=new () ;
/1 WERBITAE TR BRI
fork
p.run{};
c.run{};
join
end

endprogram

7.3 BERFES  PHERRTERAE I GBRBENHRE FRESEE =4
BRRBEEHET. XREAAMEBAERARPBEEENZHS—HEF . ME™ i1
SFRH R EIPE EiET. WA T ABNES R nbx . get HREHET .

Bl 7. 40 BA [ (S 8947 0 FE 87 RS

Froducer: before put(l)
Producer: before put(2)
Producer: before put (3)

Consumer: after get (1}
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Consumer: after get(Z)

Consumer: after get(3)

XA FH RN FUER S EBERESHBMN R TR ABIENREL.
HEREITHERLE - AAGHENRERME™FREN . A2BANHRITREE
£ 1fii & B AS[R]

7.6.4 EAEBREHEMRY (peek)kLALEENRT

E—-TEEHMREED A TRERTERELOLRERE-Bay, X ELF
HABENMES AR AR RER. WRNFEKBERE LAFR L BKEEN N
BN R R B S (0 35 &5 R AT AR RN B FF MR B £ R,

ATERALBREL AT TR -THEFHLERAEERE R T GHEERRS
FEHR A, $FARERMFSEESFREBENHATAGHEBL . MEES
&RV A U]

Bl 7.4l B THEHERFREAMNIMEBRSO L. BRTEHA-THNEHE
I peek O XK FUBHBENBEMAEELBE. YHATLEEEES EHH
get OB, RMHEBE>X T TUER—THFREE. WRERTER get ) &N
peek () KRG h1EIR AR HF WL ABLEH IHEFHT TR ERNR I TRESH
Mt 78 2 AT A BB B B .

B 7.41 (ERER(EMEBLE LR T FiE s
program automatic synch peek;
/7 EH 739 AT
malilbox mbx;
class Consumer;
task run{);
int 1i;

repeat (3) begin

mbx .peek (1) ; /! HR mbx BB
$display("Consumer: after get (30d4)",1);
mbx.get (i) ; // M mbx B
end
endtask

endclass:Consumer

Producer p;
Cosumer c;
initial begin
/7 BNERER TR
mbx=new (1) ; /] ERERE—FEBREN 1
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SR S iedaaen o L SN ateEet it s 0 Tt 0T el B e E U T T R A AR
p=new();
c=new();
/7 BRI BRI RAETT
fork
p.runf);
greund);
join
end
endprogram

Bl 7.42 AT EEFHIM AL 7 FOE 9% U7 B0 i
Producer: before put (1)
Producer: before put (2)
Consumer; after get (1)
Consumer: after get (2)
Producer: before put (3)

Consumer: after get (3)

LA ET TR RE B EBEEET T HAKHER TR F 58
mffEl, XEEN.AFRN I WEAFHEAERKEME N HFHRIT put BIERH A K
HRHE.

7.6.5 (EHEAMBEGRIULENRES

a A EILHITEBEABTFES UEEF A BB THSRT . BRHERAT
IBH 2 i N EFAET FERGEH R A4 el LALIBE 2 1 77 AR 577 18 2 77 52 %
MEAAAOEE, ZATDESEET A MNEEEDMEF BERLE N EEEK
LI,

W7 A3EATLHICHEBRAGHEERAEHAREZEE. HRATNALBEZHER
55 Y L

- s R W b {# B wait (handshake.triggered ()}, & B &K A
* THhREFZuetEBUAT A PV EBH 743 FHF. & wait
EREONPREARE - ABE.FUSRBEXERLABETY

rE R E, Bl 7.43 A BB B Y MEEEFChandshake KERE FRRX . TUARK

AFFERRRBBEFEEL. RADARRBREITUE - MNBASAAR . Bl
RAFBAMEHERIHZANEA W ITRLUAAF L FHA,

%1 7.43 {FRI B RIE L R
program automatic mbx_evt;
mailbox mbx; event handshake;

class Producer;

task run;
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for (int i=1; i<4; i++ ) begin

$display ("Producer: before put (%0d)",1);

mbx.put(i);
@ handshake;
Sdisplay ("Producer: after put (30d)",1);
end
endtask
endclass
/7 T2 7. 44

B17.44 HEHAXBERPOEFTMHERT KL

class Consumer;
task run;
int iy
repeat (3) begin
mbx.get (1) ;
Sdisplay("Consumer: after get (%0d)",1i);
-~ >handshake;

end
endtask

endclass:Consumer

Producer p;

Cosumer c;

initial begin
mbx=new() ;
p=new () ;
c=new(} ;
/] BEEFFHRT I REBETT
fork
p.run();
c.run{);
join
end

endprogram

PATEE RG] 7. 45 PR AW BT MEFHZI. £ HF R LSBEEITRT.
B 7.45 fEATE OB E 2R =0 RO BT B8

Producer: before put(l)
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Consumer: after get (1)

Producer: after put (1)
Producer: before put (2)
Consumer: after get (2)
Producer: after put (2)
Producer: before put (3)
Consumer: after get (3)

Producer: after put (3)

AT LAE B, A 7= 0 RO B8 iE AT B O HUBCR T R 45, B O e TH I MO BN 38 T R E
ZRLEFTASEMERET .

7.6.6 EABTEHEELIKENRY

MEPTEBHTHEENS -V ARAER - MMEREEER T M EREERE LA
P07, W0l 7. 46 FRR .

Gi7.46 FHRGHLIRLHESFME RS

program automatic mbx mbx2;
mailbox mbx, rtn;
class Producer;
task runi);
1ok k;
for {int i=1; i<4; i++ ) begin
$display ("Producer: before put (%0d)",1i);
mbx.put(i);
rtn.get(k);
$display ("Producer: after get (%0d4)",k);
end
endtask

endclass

class Consumer;

task run{();
i B 4 Yot b
repeat (3) begin
$display("Consumer: before get");
mbx.get (i),
$display("Consumer: after get (%0d)",1);
rtn.put(-1);

end
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endtask

endclass:Consumer

Froducer p;

Cosumer C;

initial begin
mbhx=new () ;

rtn=newi():

p=new();
c=newi();
[/ [RAETEJT N B I REAT
fork
p.run(};
carun(l;
join
end
endprogram

REE ron FHFOEBNNERGREN —THEME., YRRTLUEMAEREHE.B
B MR A X R E SRR 8 T iR

B 7.47 {ERIEMEBFE L8 405 T 28 07 604 b

Producer:
Consumer:
Consumer:
Consumer:
Producer:
Producer:
Consumer:
Consumexr:
Producer:
Producer:
Consumer:

Producer:

before put (1)
before get
after get(l)
before get
after get{- 1)
before put (2)
after get (2)
before get
after get (- 2)
before put (3}
after get (3}
after get (- 3}

MBI 7. 47 7] LLE i 4 7 05 FH 2 s AT i o B8 T — 3

7.6.7 HMMEBELTHEAR

A TRREEREEKBORAATULIAET. $HRBM AAEH, AXEE
HEBHE, BEMYITRE - EMA.HRAFL3H., SystemVerilog #E 2 {7 M FE
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bt ot i e g

El-.;-‘ h:*:r._#"‘

KHUHMOERRE FREIREESHTHRAB - FFaEiLEEE. #1742 B
R4 T — E I BT SR AT — 5 45 e Y ]

7.7 MU RRIT AT SE B AR [A] 15 1O U A AR T

ELIOYHEZNBTHEZNEAFE. B8 ERTENMNAABIZEBRXER.
TEHEAG R A KRR B BE#EE (PO Z G R ol LU & H 7 35 55 4 2 3§ /9 B A 3 il 3
ar.

7.7.1 BEEXRIEXIEE
B 7. A8 FF R A — TR TF REAESME IR Z B AL E.

--------------------------------------------------------------------------------------------------------------------

55
frdl it

B7.8 NEMARERNKLES

Bl 7.48 FAH H 5 LE PSR

class Agent;
mailbox genlagt,agt2drv;

Transaction tr;

function new(mailbox gen2agt,agt2drv);
this.gen2agt=genZagt;
this.agt2drv=agt2drv;

endfunction

task run{() ;

forever begin

gen2agt.get (tx): /7 M BB BRI R E
- /! AT hb 3
agt2drv.put (txr); [/ BB FRES TSR

end
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endtask
task wrap up(); /1 B R
endtask

endclass

7.7.2 BEAE

REXAFHREBRGARN RANORKBETHIAL. #7499 FFANEKERRY
B—PEBA—-TEFHHRE,

B)7.49 FoEA
class Config;
bit [31:0] run for n trans;
constraint reasonable
{run_for n_trans inside {[1:1000]};

}
endclass

7.7.3 ﬂiﬁ%

TEE 7.8 IRBREFHAER.QETRER A BB KRR . BRE.CH
BUREMNZEMERMRAGEMH. #1750 Frakh—MERKNAFEE.

#17.50 KK

class Environment;

Generator gen;

Agent agt;

Driver drv;

Monitor mon;

Checker chk;

Scoreboard scb;

Config cfg;

mailbox gen2agt,agt2drv,mon2chk;

e xtern function new();

extern function void gen cfg();
extern function void build();
extern task run();

extern task wrap up();

endclass
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function Environment::new();
cfg=new();

endfunction

function void Environment: :gen_cfg;
assert (cfg.randomize);

endfunction

function void Environment::build{);
/7 B
genZagt=new();
agt2drv=new () ;
monZ2chk=new () ;
/7 BIREALEE 45 4b 3 2E
gen=new (genZagt);
agt=new (genZagt,aqgt2drv);
drv=new (agt2drv) ;
mon=new (mon2chk) ;
chk=new (mon2chk) ;
scbh=new() ;

endfunction

task Environment::run();
fork
gen.run(cfg.run for n trans);
agt.run();
drv.run();
mon.run();
chk.run();
sch.run(cfg.run_for n_trans);
join
endtask

task Environment::wrap up();
fork
gen.wrap up{);
agt.wrap up();
drv.wrap_up();

mon.wrap up();
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chk.wrap up();
scb.wrap up();
join

endtask

#8EAIMIMA BB RG N LMW,

7.7.4 MiKXERF
Bl 7.51 B A EEMWRMAB, s BN F - BES T,
M 7.51 FEA AW R A

program automatic test;
Environment env;
initial begin
env=new/() ;
env.gen cfgl();
env.build();
env.runf{) ;
env.wrap up({};
end

endprogram

7.8 Z5HiE

PREGIZTT AT LU 2 3¢ RIB AT 0 o7 SR B, B AT XL S b BB oA R &
MBI R B HRERO AL, A XSEHEALE—PERAN MR T &, 52T
ERE BB 4-— . SystemVerilog 7 47 ¥t fork...join Z /Bl A TN fork. ..
join_none Ml fork...join any XA TR B LB IREM AL . L8
A S 0F A G U RS e HAEH A vait BAXCIESARLE . 85,
disable fy4 A] LI sk i (R 28 72,

X E 2R AR MM S R B B M OOP T [ 0 R R B M BB R TRIT M %,

P %8 B AT DA 3 0 A Bk BT LA AT 6 DA 47 7 4 S 00 2R 8 BT, 3K {6 483 4% B 6B A ST 3R K
I 2 75 B W7 & PR,
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ERN R EENS RIS

EEARAIBEREFUE MALUEAERFTAAIEENORFRAER? F— 8
FREREFARABRA N KO AGENET. ST ECRERBAR EREXRD
REHFAMABBER —1TXp) HEFAMBERERTESBRA. MH. XHF—
PTRENEPR-TRANAHBENE-ITEEUBR-TETX T XNFERFIT AN
AL AERBR -1, MBEAZREH-THRREEE-1TE &0 RTL &+ —
B RN SRR E /DR A E AR,

A—ANIEREE W (composition), ¥ 3 T % 5 &5, RE L HE W E—EKF
Bl s — LKL REE—TMERBEES - TR -, S XHER T LIER 4
BRAKBMALEG. T BEMFTHEFATMERGE MM RAEME. FIBRETFARM
R UREHEERMIT LB RAEBRAN LY, —DEEA LR 58 & F LA
— A B R AT LU A Sk R BB A AR s — SR AR 2 T AR 0 b #R AR B D B AE B AR
. XTRIZGAEZA LIS IE 8.4 /hYr,

A RBMERTIEER S ML B34y, B P TABREANELRFS A, 4R
REFRFNEBENRR . TREASSEIRAFARGHENL. EREBRT . KEH
—TIERMNBFLE TR RN ARNEREA. MBI FCE T BE b
FEMRATHEREER CRCH, B4 CRCHBME—FMBREA., REMSH. R
RENEHRNBFHNEZROBFIMNRBARME., AT ERAEXN RO KT SR
ML MEL LR EREM TR, H LRI T E KR — R IR ARG N H
K ERD T —SFOERMNTE, SR T LGATIX MR,

BEATFA—TBRFNEB - XEZETRM TR, REALBEH IR
RUEHE, MR AEYT RTEENIIGE, AR T RE, 4 RE T mF O EER
Bty MERME.FEATEE RS, Il BA ML REATIE,

OOP RIEBKMBFTETEFRESHREARA L Flin—AFHK, I Ho LUE T &
BHTEFAREEHRERBITH. BEAA SR EMEH. ELAHEOFLITR,
AR - REEREA I AR AR BRI S, F A RS E R AR E T
VRFRK.

8.1 4K

B 1T —ITMANBMKFE, —MTRESRURT T3 F BYVARERE
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HHEXDWF. HAHm r ¥ 6aLMaRss,

Test
l- - 1 ---------- E:fir;:mem |
1 Generator I
i i
i I
| l
e e

DUT

BE8.1 ML 2WilF 6

8.1.1 EFEAK

HERLEFAF -LETRAFEF CREOFEFELI BB AT EREFZARER
R CRCER, FRFAEHTREAAZMHE CRCHFEF, calc_crc REEF
ieH virtval JXHRAIUAFTEONBRERE S AT hHHEMHT. BETFERF
R BN EERSPHITHEHRE,

181 HF(Transaction)HHk

class Transaction;
rand bit[31:0]src,dst,datal8]); // BEHLZER
bit[31:0]crc; /7B E crC H

virtual function void calc crc;
crc=src”dst"data.xor;

endfunction

virtual function void display(input string prefix="");
$display("%$sTr:src=%h,dst=%h,crc=%h",

prefix,syrc,det,.crc);

endfunction
endclass
Fe2a3T—1TENEBMFERF,
Transaction | o | data[0] | rcalc_crc(}

dst | dataf1) | r display()

.
E | P |

M8.2 HFEELER
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Ria el G 3 G e s el R G s L e i

8.1.2 Transaction R B

BEAE - FEEol LS DUT R X ERIBES . BEEAGEFEEAHR. KT
LIMBAERNSRSET RLUSBH—DIFIE, RIES 1 ZERTEH RAEZENHA 8 LF
e EREL 8T, PR EXAEENARED Transaction W7 i 5 B H
12 BasTr E N MATRMAY Bl KL F] . Transaction M KA, M BadTr BN
P RIS(E 8.3,

Transaction § dataf0)

datal]

data[7] .

CICE
i .

|

E

i .

BadTr bad crc

:

B 8.3 ¥ EM Transaction EHHE &

8.2 4 JBM Transaction3
class BadTr extends Transaction;

rand bit bad_crc;

virtual function void calc_crc;
super.calc_crc(); // HHIEWM CcrC
if (bad cre)ecre=~cre; // FHEIRE CRC

endfunction

virtual function void display (input string prefix="");
swrite("%sBadTr:bad crc=%b,",prefix,bad crc);
super.display();

endfunction

endclass:BadTr

EETEY 8.2, BR crc B ABAE MBS EWFIRA. BadTr 207 L & &1
Transaction JURKMHE FH A H LR, #i bad_crec, T REP M calc crc B
WAL super MTRMAEL P calc cre . RATLUMEAL —BEMRRA,EE
SystemVerilog A f2iF 12K {8l super.super.new W RHITZEHM . B 5% k33 AR
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RERTAFNBR BT ARMAR, B REER T HRAHA.

Rz Xt FEFIXAREDH AL ENRTUETRAFERE
N, X—BERATHFANESFER BT newB#. BN newd F &R
EARHER. BT EY B, SystemVerilog # # & T 4 1/ % & X 8 A
new % ¥ .

8.1.3 HE %R OOP RiF

P Bl i — T A B ARE, WmE 5 FEHr A, OOP #2214 & #7 4 /& th (property) , Mi{E
% B H RPFR A A (method) , MR R — K BIAT R, S K (BN Transaction) B
HARKEZEBE., ¥ BE (badTo) MBIIRERRETE., EXRFMEMIELABATRE
BRI, TR KA (prototype) EIE B T 2 K F £ FIE M 2B (MR F ) B —
7. SETFBRF AR EEEAIRY AR FEFUMREMAFEFERE
Y A e o R B SRS, Bk a] £ L 5. 11 /hHS,

8.1.4 ¥FEBAMWMHESRH

BRE ST BB AE BT ERIL— KX THIERE (new BEOBAMN . MRAIR
BERWEEBA SR AT RE LR — A 8 BT B 20 FE K+ 5 R R 565 —
1798 A 28 O 25 IR L

B18.3 ¥ BEHHHSEAWIE R

class Basel;

int var;

function new(input int var): /W E S8 E IS R
this.var=var;

endfunction

endclass

class Extended extends Basel;
function new(input int var); /BB
super.new(var) ; /! AR new REBIKWE —17
// ¥ R KA AT A

endfunction

endclass

8.1.5 IRzhk
FH AL AR E SR REH E1E% % DUT,
8.4 W%

class Driver:
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mailbox genz2drv;

function new (input mailbox gen2drv);
this.gen2drv=genZdrv;

endfunction

task main;
Transaction tr; // 81— Transaction W&

/7 BFH B A Transaction 4 M PIAYeE

forever begin

gen2drv.get {tr); /) M EHA 28318 transaction
tr.calc_cre(}); // ¥ transation
@ifc.cbh.sre=tr,src; // %1k transaction
end
endtask

endclass

XPHKIBAEITH Transaction WHE K DUT, OOP I M5 . mE XK (Trans-
action) B AL T LA R 48 e] IR 4 2K (BadTe) X R R A tr Al LLG| I & sre,
dst.crc.data A X oR¥l cala_crc. BT LAMRTET LU U (0 48 2 28 97 LU BadTr X 4R3%
ABRE A% .

ZRBIOEMFE I ETPXTREARMEBENLSTIET B F. AR lEo
F0 (2] 8 R B .

MIWENFHEA tr.cale_crc W R . B —MHE B EAR? £ Transaction P11
PAEE R BadTr PR ? B calec crc w81 MB.2hEEFHAZ MR FTE,
SystemVerilog RERFHE tr PR RER, FUHKRERELHWFE, MRAMERR
Transaction &I #, #f 4 SystemVerilog ¥ /| Transaction::calc_crc. MR TR
BadTr M # ,Jf 4 SystemVerilog ¥l BadTr::calc crec.

8.1.6 RBEAMRERZNL

MAFENEERURZ-THILNBS REHHRARBARAENEF. THEHH
Bl FExR CAMIRELCOSIERELRFRNANALR 1L, HE-RORI N FE
WBHRARMIF/IFHEFFHNR AL T —HE RO R EER, XMEEE
I+ 23 BB 48 (mailbox) #Y 7. 6 5 1 BT &9 1118 .

8.5 KHIF/A
// B Transaction ST R K4 283
/! B AR,  REHEBRKNIhEE

class Generator;
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mailbox genZdrv;

Transaction tr;

funiction new (input mailbox gen2drv);
this.gen2drv=gen2drv; // this>#—RER

endfunction

task run;

forever begin

tr=new () ; /7 BEHES
assert (tr.randomize) ; /! BPLAE
gen2drv.put (tr); /BN
end '
endtask
endclass

ZEEBEE—TAE, % con BT -1 BEHTHPENARE. XEREIX
BEGATRANFTAAR. BE—FAETUHEXHFEL, X EE K Transac-
tion B HEXMA BV IEIEENFHEMML. FHENRE. ZEBNUFEHAT Trans-
action MR —HKLEEMFEAT BR800 BadTr. MR E MK IPEERR tr K4
#MP s, m e 2 WHiR.

MAREVHATEHEOMEMEKEHPEMBENRN RATESEATCIRE —L&
HEMBEG iDMFE (N display). HEFEHEEZE,E D Generator Ml Driver 3
HH —SE 5 . IR LI B AHF € Transaction MY R HE LB %
run fl wrap up. VMM HEX T EHEHF BESFELEN I REES.

8.2 ¥ (Blueprint) Rz
\ “EEBEA"EOOP+—HERAANEAR., wREA -GN EBX L

@, FREBAHFEER LD ES - A TROREHR. RABEHAR

~NMEHIREERABETUTREARAABR. AFN, SN REHN
H-NEFEAEBHNHR. FFEPEEHAILHXVNEL REE
HPRELENIFAL - P RVUAFHIFNT,

BRG] 8. 5 R R I L BB — X AR, X B AT B — A R K (B
R REEUNEMNAR . EEZHH T RBRUMEFRE. REYNHENALXSEE
MR, e BAGERTHMAIE, EEEHX N IHBEENEAXRATHRHE
I AL IR 6%

HEAR L EAMTETURFAKETERM R KOEEBRSNE-ITRRILY
MXf & . EEFREMBIETS B THREMT -1T"=AEGBEBRRTENES
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Generator
Blueprint ,Iﬁw
(from test) ﬁ1[:l____), '
L 4
Generated
stream __}

B 8.4 5B &R

R B AR ™ dh b &7 (Yield sign) .

XA AR — A8 (hook)”, B AR B R EHFLXWIT AT ER X TR L.
HEFEMAHRTEEQIR - T H ik & %l 0 B DUE 44 3%, D0 B IR A9 o P % R A5
FEF b 89T — % 9 A A 3K Wl LABE i A 7 (/A 8. 5),

Generator
(rom es) TPV
Generated @
stream
__}
V

B 8.5 ol o 8 =X A K D A A 8%

_4 Copy

8.6 R—PHEATHEABEAN K ER/E, HEBFENERENKRE - E
(new BREO JEETES — M (cun £ F) . 87 R A9 4% 79 2 I 38 5% 75 BH F M 78 4% 7F
SE SC 5 25 {0l b AR e 75 B0 1 T X 4R B M B RN B L AL 2 9T

B18.6 (ERIBEPEBEAR K EAHFE

class Generator;
mailbox gen2drv;

Transaction blueprint;

function new (input mailbox gen2drv):;
this.gen2drv=genZdrv;
blueprint=new();

endfunction

task run;
Transaction tr;
forever begin

assert (blueprint.randomize);
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tr=blueprint.copy(): // * WF
gen2drv.put (tr); // RiKFIRBhE+
end
endtask

endclass

copy FEBESSTHhitie,. BERTECHE - RLAHBEME Transaction M
BadTr 2, #8.37 B— T HFHAEBRMER L LR,

8.2.1 environment ¥

81 \EINE T A= B . 68 (Build) . i& 7 (Run) Fl BB (Wrap-up) . #18. 7 &
environmentXFlL T AL EWFA TR, FHRITX=1T0E,

8.7 environment %
/7 WA FE B #) environment
class Environment;
Generator gen;
Driver drv;

mailbox genZdrv;

function void build(); // 8 EEEA . & 4 2% F10K 2 8% 3k 61 B 35 55

genZdrv=new() ;
gen=new {gen2drv) ;
drv=new (gen2drv);

endfunction

task run(};
fork
gen.runi(});
6 & M b oy B
Join _none

endtask

task wrap up();
/BB RS — AR (scoreboard) 4 R &
endtask

endclass

8.2.2 —1THEMNMNKLES
M EAETERRER., AN KNE environment 23 Bk F X EFT.
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%) 8.8 f{#H environment FiIA{HH ﬁﬁmﬁtﬁﬁ
program automatic test;
Environment env;

initial begin

env=new () // B1E environment X H
env.build(); // BB & AR
env.runi); J/ iz i
env.wrap up(); J/
end
endprogram

8.2.3 (AP EBR Transaction 3

HTHEANER . TFEHX LB LN Transaction 3 £ F & BadTr
HR, " AERFENNRBRAPAZANBE TR RE.XEMEMNKXF &
BETABENEANAMBRAELHNRTEE., 2% ,FH 8 BadTr 7| AL X —
AXHF,XBEHETEEYLT Environment % K & Generator ¥, #
initial kW P HHE R T — AR L ¥ begin...end R, AT R # 7
BadTr ZEAWRE XHFEXRAESERXENE, RO TUEFA P H - E
kEBEIHSFN.

P18.9 AlAFEHEmMT RTHESF

program automatic test;

Environment env;
initial begin
env=new();

env.build(); // QI EAEREE

begin
BadTr bad=new () ; // Ll bad ¥ R B & A

env.gen.blueprint=bad;

end

env.run{); // BiTH BadTr &)=

env.wrap up(); // BN
end

endprogram
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8.2.4 (MR RBEMTHEMILLNR

EE6EP,MEL¥LST oM & £ F # F 85 Hl K € (constrained
random data), XS H AR A EFFENRERE T NAH K, 4 K E
THXEERGBEFFE, AF 8 105 B 7T XMWY Transaction %, 3
ERT-AFHAXEAR IRV AEFT L TI0NFTEA.

Bl 8. 10 {4k A& SEHE I — 4~ 23R

class Nearby extends Transaction;

constraint c_nearby({
dst inside{[ src-100:src+100]};
}

endclass

program automatic test;
Environment env;
initial begin

env=new() ;

env.build(); /R ELEBES

begin
Nearby nb=new(): /) B2 —-TEHEER
env.gen.blueprint=nb; // HEEE

end

env.run () ; // BT Nearby Al i B R

env.wrap_up(); /B

end
endprogram

MRAETREPELT -NMARFETFBRENARLAMEXREHARLHR . K2
TRENARFERBEPHAR, IHEERTUKEREARNTR.

8.3 KR T ¥ # (downcasting) fl g 77 -

ORIt IR R Y R W REM R IRTE — 2 OOP H Ik H XM R AT
KIIHE. B A RRESIEE T XM RAECMENT BAONR. FULE—1 1
RAOWEEE — T REM BRI R 2R EMH A7 YREA - RMFETRLEMY BR
FIRTENNBRERXREH 47 AWHHERILAETA Hme.,

8.3.1 {(FMScast (EXB @ THK
KR T iethal R R BB - R MR IR — R AR a8
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B R A S e S A e S e
. LRI EE—TH 8. 11 FuE 8. 6 A IR 42K,
#18.11 HEMEAL

class Transaction;
rand bit[ 31:0]src:
virtual function void display(input string prefix="");
$display("%sTransaction:src=%0d",prefix,src);
endfunction

endclass

class BadTr extends Transaction;
bit bad crc;
virtual function void display(input string prefix="");
$di$play{"%sEadTr:bad_crc=%b",prefix,bad_crc];
super.display(prefix):
endfunction

endclass

Transaction tr;

BadTr bad, bad?2;

TMM Src display( )
BadTr bad_crc displis() l

H8.6 MUWIMNTBERES

YR TT LA — A IR A 285 40 1 DR 18D 40 — > 36 261 0, 3 L 7R 75 B 4E (o) 45 96 1 AR o 1 91
8. 12 HFTm

BI8.12 M —A 9" R M AR UL B 25 /T 4

Transaction tr;

BadTr bad;

bad=new(); - // W BadT: ¥R S
tr=bad; /! BERRERYT R R
Sdisplay(tr.src); /B RN 5 AR Bk R
tr.display; // WA BadTr::display

M RBY RO, BTA () 26 25 8 R YN B R, BT A U B src ATV R
RGP B8 12 G958 ANREIRMER S04 00, 8 £ 7 6 F K AT HE £ 93] 2D
FIEMHN e sre A tr.display.,

R sl 8. 13 FF 723+ 4000 02K PR ARBZ 7 0 119 RRRAFL D o485 — A SR 2K X 0 48 0L 9] — A R
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PR ) b o T e L SR S S o '.'-.-,{.- SRS - [

KT, S REH AR XHBRESRM . BAFERENFETT RED, BXE
FARE. I bad_crc. SystemVerilog RiFMMAM AWM ARERSRE BABE_TF
LHHE.

#l 8. 13 - PNEETRE N B — Y REDH

tr=new{); /BB — IR

bad=tr; // ERROR:iX — T A &= i 4% iF
Sdisplay(bad.bad cre); // BEXRAIFE bad crc K

BT EEORBES - M REARHAASSRIFRY, HERGWHLIRR—
WAELMBRETRAFH. Scast TRFSHRENWIAERAIRER, A VUL EH
WAR, —BEMRRBREMMTRER —RB, HAERENRNT BRI UNELSR
Wer PR N B Ruyht Y BRI R AW bad2 T .

#8.14 fHHscast HEIAR
bad=new ()} ; // ¥R BadTr ¥ BX R
tr=bad; /) BRI ET ETR

/R EXRIERIFEEN R 3R K w0 A D7 B At s
/(A0SR sbad2 BKFEE tr FA5I MR
Scast (badZ2,tr);

/I RERBERE MREREAR . EHENBASHHEREER
if{!Scast (bad2,tr})
$display ("cannot assign tr to bad2");

$dislay(bad2.bad crc); // RWWEPERE bad crce A

MR Scast 18R —ANE % kAl F o i &% , System Verilog £ 7 iz 47 B 45 25 T X g 3
RLMBRREAINRERARENS H - NHRME. 2% Scast 160 BB A AT,
SystemVerilog{i B A B HE.HEARXAN AT LEEREGE. NRXB R#EA,
Scast PREURM O, MR AERIFAFW R B HEFH.

8.3.2 EFH&*E

FIXERAMEERE T HEAMMBE-MRERT, HE2 2505 E XK
REA—-TRFONERZETAR?

f5] 8. 15 Transaction 2 # BadTr 2k

class Transaction;
rand bit[ 31:0]srec,dst,datal8]; /] R
bit[31:0]crc;
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virtual function void calc cre(); // R T B

crce=srcdst~data.xor;

endfunction

endclass:Transaction

class BadTr extends Transaction;
rand bit bad crc;

virtual function void calc cre();

super.calc cre(); // WHEIERE) CRC
if (bad_crc)cre=~crc; // PSRRI CRC
endfunction :

endclass:BadTr
FTHEEEHARLER R —MLER,
gl 8.16 HHENE

Transaction tr;
BadTr bad;

initial begin
Ltr=new();

tr.calc crc(); // WA Transaction::calc crc

b ad=new () ;

bad.calc crc(); // VM BadTr::calc crc

t r=bad; // FEFERRE TR R

tr.calc _crc(}; // VA BadTr::calc_crc
end

=4 T B IR A VE FH BB 1~ B 5 ¥ R B IR , System Verilog R 4% X R #9286 BY , 1] 4 4] 15 A9 2K 2
RREMAMGLTE. EF 8 16 BEMERAT cr 80— ¥ REMR (BadTr) , BT LA
WA Mk R BadTr::calc crec,

WK B A X cale cre i virtual 15, SystemVerilog R B AW HER e
(Transaction) MARMBEMREE ,M=FRBEHHETHM Transaction::cale_
XATREAR RIRBER R,

OOP R ZAFRFEA - FE KL F R IR MK %% (polymorphism)”, B H
T TR AL R A U T U TR s 9 — > o) £ . B %0 fe] 26 9 2R 9 7F AR /b B 1 5L Lk Ak ¥R 4% E 6 Xt
— TR S E I, X PTRBERMGIATESRNFROES, DEF KRB
BEAURFAENFIREFRE L. ERIFOE, BIF R HET 0 R D F K7
B—XEHHEAGLRBERSAEITHIRE, — 4~ H L0k 7] LI § 8 — 1k RAM

crc
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*Rbi#ﬁﬁmiﬁK#Wnﬁfﬁﬁ%ﬁﬂ%ﬂﬁﬁﬁﬁ%%ﬁﬁﬂﬁﬁﬁ
G— A EENE B ERFEAN -T2 K ARGAHEE. 2 L Denning
(2005),

8.3.3 & #&

WREFELEE— L — HEEXT -TRUNTFRE.FATHXEU
FRFEOTRBREARLIEHHERO L FMBEREMMIT RS, Y BRENE
PR AR08 & M IR B 5, 330 R0k 3 IR 40 200 1R AT AR 3 .

SystemVerilog FlH i OOP iE & T oK i Jy B 51 B A0 25 (3 & M1 5 2% . grandparent) B
EHFMELRARSBEHN. MERESEN - EINSH.AEHF - MEFHER
- RPGCESKAFENT., GHORBLAESHEA - . FARIEZTERE
RAEXRPRAFHRMED.,

8.4 &L HKARFHAMB AT L

L R A AR R AR EXN TR TREFASGHEARBEE
X, BBESEP . REZESTERRMBEANE . UREFRE—ITXFEITH -1
X, EAENEARS P IRME T HAMNGSER., KTEFRERELXFHGHDIAKZ
M E S T 5 Pl Re k.

8.4.1 HEAMMERZ BINE

EHERNHXKORERD —RB? SREAT"A"HXE. —THEEHF T
M- EEE, SRFEHT R MWEE, —1 BadTr &2—H Transaction, A
AAETEZHELE. RS LW _EET TR RMHE.BEEE2FANRN,

(D BREFREILDESABEBENMNAGH - TERHER? . A EE2A 17—
ABARE R D BRAL L RKAEFEQUR - P BELE. SystemVerilog R FE
BAR EBHEP PR B ILA KRN AR, FUGETLUERSR. £F —#F 5k
BEHHPH IRV RBE -1 HE.REFTHE_MBLERFEEMEE.

R8.1 SRAMBKRALE

R | He K & W

I. ﬁ'&ﬁ%ﬁﬁ$’?‘?’%ﬁ“ﬂ—*ﬂi5ﬂ = B
temVerilog & & £5 £ &)

2. MmN ER SN RTREAMAMSB R B -
b Fog ]

3. HEASMNERERTESHARE —EF® B .
i

4. BARBELHFEIELER &, B Fol blit s P
B ot 30 b $IE
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(2) 7E#1 8. 15 b, Transaction 25l BadTr X# R B X B F XK. EMNERERPAUH
EHHXE DUT R, BREXMHEL FTRMBEH.

(3) BIEENHW{ERIEW src.dst M data 2471 tH B AE 3K 3h 8% (Driver) F, L kR
KT,

(4) FEH) 8.15 1, # K BadTr A — T F#) bad_crc MM — 1§ RBH calc crc R
. Generator BN M HEXRFHF MAXRLEXEFESTHFAFIINFERE. EKME
Ak E RS H SR IF2 Generator XM EEHF EE A BB FHAY,

MRFH N AEEREBEA R "N A" HXAZ KU EAFERCNHESIAENH
x7T.

8.4.2 & ALAYIC]RE

BEERMEMEIE OOP T ERENER XY NS THMB A AR, HEHEK
5. 16 M RXTHEMMEREMTEFABEHIA MK LEIIFEHRENRSEFEZTA.
ENFLRBE(EAAATRE SHHMIRIRBR - TR EGRETFEN. BRI EFER
TR KR O] WHE el R . RIeY . — 3 55 4 B T /B 8 Bl S & [[) 381 6T i
WX MEEM AR EE E,

MR - MCEREFHEAB R RATAEL TAMER L & 8wk 32 R 4 il
TR, Bl RATRER — LI KMA MACH, MR ESEHANDE S ERT
CER 1DMBMRABEN(vLam) R BHER. WREHSR . HERITURME—FT AR
EthMacFrame B0, EEF A AL, Bl il da #1 sa LL KA T 8 = 0125 B 59 #) 51 25
& kind. M4 EthMacFrame PIEUTEEHE -1 LR EHF VLANKGEE.

£ 8. 17 ¢ H S A — DL K i
/] REEE

class EthMacFrame;

typedef enum{II,IEEE}kind e;
rand kind_e kind;

rand bit[47:0]da, sa;

rand bit[ 15:0]1en;

rand Vlian vlan h;

endclass

class Vlan;
rand bit[15:0]vlan;

endclass

EHERTEFELTILAEE, 5. C8M 7 —MHBWK. UK 5 8 is| f
B — @AM EFE B0 VLAN (S B8N eth h.vlan h.vian, M¥EMELERKMN
BHR, BR AW T —F A,
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XN BRI EEH IV E AN REHA - T EmEE M mE. Eth-
MacFrame Y35 ¥ SR AR? BHA kind REVLBUER , X new oF B 18 H A Y
BARAHMEERTEEME —1 vian R M REE YLK 2 X R 895 & . 25 5085 R 35 B Y1 /Y
kind { Rl 8 X} EthMacFrame fl vian AR B R, IHBRFE—FHBERROKBEXER:
B AL Ak AN A %t B B Ak B 3t SRR AR AR AR AN B F 8 kind M{HBE T LIS A BB HIE X 1
x4 .

401 2 0 P LG {5 [a] R Y ot — % e 3 2 8 KRB L EthMacFrame: :new H ) i A Rt
%, (BRERA H Mk aT BB a B, A — & B LK R TR 4 B R AR R
K FEUE?

8.4.3 kAR 0]&A

BT AR oy X B . SR BRI P HER LM eth_h.vian AREEHE I
AR . BAKRATEA G ER kind HEFRRXZAFEH - T KERSHLEBLK
KBER.

B 8.18 A FI 4k 2K B & LA A i 2K
[/ REE
class EthMacFrame;
typedef enum{II,IEEE}kind e;
rand kind e kind;
rand bit{ 47:0]da, sa;
rand bit[ 15:0]1len;

endclass

class Vlan extends EthMacFrame;
rand bit[15:0]vlan;

endclass

MESZME HFHTHERNEARIT QEMNARX SR RAEHS RN
HE LSSy, RIS Y B2 A 0 60 B 5 R 6910 5% 00 01 (8 Y Scast. IR
—RIMNETETESERKO BAENLTEAHRMNER, - BERFE -1
SR BT ERS L RREX RN FE, EEZ 0 fBAE % ENEA.

2 7R TE 91 08 f B0 B R 0 A 7 ) B . 5 BB R AN 24 3R 1 A T T R T 36 Y ob B AL b B
HHGEEB LN SMER? RABES A vian B EthMacFrame FEM2H,

R EZHANNE., 7K 8.7 F,K 7 LLE B VLAN i 2 /5 F M i@ MAC b
EMBIA. MBEEXERNENMERNEEE — KRR — gL, SystemVerilog &
SFF R A, B AR A 38 A 4% AR R 818 VLAN/Snap/Control i ,
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I et e et o . g & ik A=k
e ——— AR R

| Ethemet MAC Frame |

| Ethernct VLAN Frame || EthemetllcFrame || Ethernet Control Frame

|

| Ethemet Snap Frame |

| Ethernet VLAN Snap Control Frame

B 8.7 H4sR(n]

8.4.4 IMILWHRhp)HuAx

G A P BUR WSS HIZE & 7% 4k R T B AN &9 A0 TS A0 i R0 ok b 3BT A5 WO R 151 2%, i B,
FIE R MY S BEE B ARZELDR? KT UAE - 8- RS ER%,
UEFANEBM TEF, XA ESESRTERA.BREECHRET LRFA HE.
WL ERF B AR RREEIEREAKW, 15 8. 19 iR, EASEFA&MAY
HLRE AR kind BBUE S 9EE B T ARG E.

B 8.19 B —DARIFE M LLABIE
class eth mac frame;
typedef?enum{II,IEEE}kind_e:
rand kind e kind;
rand bit[ 47:0]da, sa;
rand bit[15:0]len,vlan;

constraint eth mac frame II{
1f(kind==1I1){
data.size ()inside{[46:1500]};
len==data.size();
b}
constraint eth mac_frame ieee{
if (kind==IEEE)} {
data.size()inside{[46:1500]};
len<1522;
b}
endclass

AN AT B AR A S R 2 26 o SR B AT R A0 2R, SR A TR 4% i 4% R K
ADE AT R -
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8.5 XIRWEH

TE) 8. 6 th, B4 RY AL REEHEREGE TFHHES. iERMKATH
BT 8 20 P copy EREL.

5 8.20 HWH copy BRI M I F R

class Transaction;
rand bit[31:[}]src, dst,data[a:i: /! B
bit[3l:0]crc;

virtual function Transaction copy ()
copy=new () ;
COpY.SrC=src; /7 BB
copy.dst=dst;
copy.data=data;
COpPY.CrCc=Ccrc;

endfunction

endclass

WY B Transaction X ¥ 6] # BadTr 2B B, copy BRE AR FE IR B —4
Transaction M. IEREAANT BERXE BB MLNIBEIKA Transaction: :copy A
FUCAC . O 45 B A A 2 BOMaR [ 258D, mfl 8. 21 Bow,

B 8.21 HWHH copy MREMY REH &3

class BadTr extends Transaction;

rand bit bad_crc;

virtual function Transaction copy();
BadTr bad;
bad=new () ;
bad.src=src; /1 B8R
bad.dst=dst;
bad.data=data;
bad.crc=crc;
bad.bad_crc=bad crc;
return bad;
endfunction

endclass:BadTr

8.5.1 copy data /&
—F LA R copy BMBER DB QIR — ML BH copy data, AHE
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A R R R R B T BB oY R AT 8.5 WRERM

ARARFENRLDBER, XHEH copy REEMEN EAEBATRS. THEE
K HRE .

f48.22 {#ffl copy data R¥EIA T F R

class Transaction;
rand bit[31:0]src,dst,datal 8]; /7 ER
bit{31:0]cre;

virtual function void copy data{input Transaction tr);
COpy.SrC=Src; / /5 B
copy.dst=dst;
copy.data=data;
COpY.CrC=CIrC;

endfunction

virtual function Transaction copy();
copy=new();
copy_data (copy) ;

endfunction

endclass

HEYEBEP,copy data TEMBBEMER—R. HAETYETEREMN copy_
dataFE. FUEEE—- PRI S.B) Transaction A, M4iM A Transaction::
copy_data fYRT 8, T LA FHIZ SR, BR Y copy data & X W bad_crc #yAf
E.ERBE— BadTr A]#. FIULBEAREH LR URBH BB REMHAER, I
#l 8. 23 fif /R .

f8.23 fFH copy data BREAIT BE FHE

class BadTr extends Transaction;

rand bit bad_crc;

virtual function void copy data (input Transaction tr);

BadTr bad:

super.copy data(tr); 7/ B EEEE

Scast (bad, tr); / BRAREREREY RE

bad.bad _crc=bad crc; // BRI IRAERHIE
endfuncticn

virtual function Transaction copy();
BadTr bad;

bad=new () ; // BlE BadTr X%
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copy_data (bad); /7 B B

return bad;

endfunction

endclass:BadTr

852 EESHMENR

BFEH copy TERFBESCGE - TMHMMNR. copy REM — Pt kst 28 &
SEH X RER . BHEBERMA A KR A RSB — 8 R K, X
M ARIEEAHR.

518.24 ffR] copy BB 55 H 2K
class Transaction;
virtual function Transaction copy(Transaction to=null);
if(to==null)

copy=new () ; /1 B N &
else :
copy=to; /] HEEBRA TR

copy data (copy);

endfunction

//ER B 8. 22 HH) copy data F s

endclass

XHEME-ARZAREATHEBGHBISE UL ESH BN REAZ
FREFITIRARE. MRRAEATLAEERAELL . RSB -1 Hext g, 51
MEERHARIER.

MARRCEARETHRBTEENT - TMHOSE AFEBRERIADY B
Badtr) MMM P&,

%l 8.25 EAHH copy REMNY BHEFLE

class BadTr;

virtual function Transaction copy(Transaction to=null):;

BadTr bad;
if (to==null}

bad=new ()} ; /BB E R
else

assert (Scast (bad, to)}; // EHERXWS
copy_data (bad) ; /1 B BB

return bad;
endfunction

endclass:BadTr
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8.6 HHZEISHLLE T

BEGRABNEEESAENNBREY RBENTE. RIEN—T B2 &
ALK E T EERNRE. MEGEEREAAAAIRBERYY -RIEHTE R4
RS EHEEmMERT .

OOP if 7 7l N SystemVerilog, SLIF VR A B8 & r ik ok €l — Al LA FE gy
¥, B -FEMSENTLUHEY REEASGEH EEXHLRE, B A" victual” 5 817
HITE ., BE_FEPA B (pure virtua D F B X E—MBALHRMFEIER, — 1 hh
SRV EMBXRNEAFTAFREFENERA X ENEA R G, XBiE"pure” XY
—AHEFHERBEEX MANRNNESTHNEFIE. BRE ABAEREEHMBESE
AR BEPHATLIE L. NYEHMRIESSSFMLRM) fRifiRE X
— AR R SRR R el LA R E{EEE 2 IR M,

] 8. 26 MR BaseTr B— 1M EFEHLE. CU—-—2FHROBEHI id M count 7
oW ERBRIEE T EH IDEER —KE 8. UTHEHTHE.EH MR
FHIME .

Bi8.26 {HFAMEITEAHRAE

virtual class BaseTr;

static int count; [/ T BB R KB
int id; // ME— W HF id

function new{);
id=count++; /! =P8N —1 ID

endfunction

pure virtual function bit compare (input BaseTr to):
pure virtual function BaseTr copy (input BaseTr to=null);
pure virtual function void display(input string prefix="");

endclass:BaseTr

YRAT LA B BaseTr KRB AWM . HEH AU BZAXBNONR, KEEYEY B
KA ETHE O E AR R KL,

1 8.27 45 i T Transaction M E X, P M BaseTr 23 Efik. HF Transac-
tion METH MG E T EMALEE L AUATREMNKFEShERE.

$i 8.27 Transaction25¥ BT HiZ A

class Transaction extends BaseTr;
rand bit[Bl:D]src,dst,crc,data[ﬁ];

extern virtual function bit compare (input BaseTr to);

extern virtual function BaseTr copy(input BaseTr to=null);
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extern virtual function void copy_data

(input Transaction copy):
extern virtual function void display (input string prefix="");
extern function new();

endclass

% 8.28 Transaction J7ikRISE
function bit Transaction::compare (input BaseTr to);
Transaction tr;
assert(Scast{tr,to)); /B co RBRNIEMAER
return {{this.srec==tr.src}é&é
(this.dst==tr.dst) &&
(this.crc==tr.crc) &&
(this.data==tr.data)};

endfunction:compare

function BaseTr Transaction::copy (input BaseTr to=null);
Transaction cp:
if (to==null)cp=new()
else $cast (cp, to);
copy data(cp};
return cp;

endfunction

functien void Transaction: :copy data(Transaction copy);
COpY.SLC=SIC; 7/ B BRI
copy.dst=dst;
copy.data=data;
COPY.CLC=CLC;}

endfunction

function void Transaction::display{string prefix="");
Sdisplay("%sTransaction%0d src=%h,dst=%%x,crc=%x",
prefix,id,src,dst,crc);

endfunction:display:

function Transaction::new();
super.new() ;

endfunction:new
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e T A ST S S R RS )

R
foh 5 S ool B O o T AR ORER ST A S — R W iR F X B AR A — S TR
T DL Rl ACES I B s B R LA

8.7 [ I

A ETAR LS A — A B B0 B UK R 0 A 8 — 0T LU R T 3 R BE AT AR
WA B IERR I, B — SR ER K TGO R — 7, LU
MRBFEAERRAEENBR TEATKARR, REGIKhEErT REAET M.

(D HE AR

(DOHAFFEF;

(3)FERH 55 ;

(H¥EFFRAMBEFFRE;

(524 3 &5 Fat 12 70 4,

(6) W 8 o 7 35 #U3R .

SHABRMMFTATEMER EERERSHREB P TIN, A o fe A [ ¥ 0583,
RSB NFERFE P EMEMRPELWTFREF. XTERNFLETXFRE
B OF B F o] LL7E S W8 P OR [R) 10 2 . A 3t o LGl A 1R ok Ay 9K B 2% 38 A
FHINREM AT EHE Driver 2.,

fEE 8.8 Hp,Driver: irun fEFELBREA P HH — 1 transmit {EFHF. EREFT
FZA L MBEAENE A (pre callback L% Al run #i7 A, EREZEFZH . WE
FHEEE R (postecallback){EF . EWHHAH. BRIAKE T REES BHES G, FTL
run XA H transmitc,

el DtV srii- task pre_callback;
f‘ A e,
orever begln endtask
<pre_callback>
transmit(tr);
<post_callback> task post_callback;
end
endtask endtask
M 8.8 [bFEFERE

RA] LAY Driver::run EX W — P BT . REGEATEN Y BE MyDriver: : run
MRS R R, XERNBRRENRRENNENT A TGS EAFTFETEERY
EHRAERS. —BERNERETER AT ECFREEBIMARES B £, 1k,
PR AT LA HE i -— A = AR 55 T R 16 B0 B R 0 R AU

8.7.1 g —{NHEEE
A B P 450 7 T2 0 % v B 7 R BB o oy B {EE 4% B R 30 28 o . DR 3h 36

© XFEE AR B verilog 89 PLI FIH K # SVA EIE X %,
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EHMEXTHMAMEAEE  ERABEFEH— ’i“IuEiﬁlﬁt*ﬁ“EHﬂ:ﬁﬁi% 3K 3
(A — AN BA SR TFE A L XA LI I B AR, EEERE-THER.E
EEIP AV HL AR
%l 8.29 [nljE A3
virtual class Driver cbs; // 3K3ha% [l i
virtual task pre tx(ref Transaction tr,ref bit drop);

7/ BRI T B8 A SE el sh

endtask

virtual task post tx(ref Transaction tr);
/ /ERAAE BT [ 38 R A £ 30
endtask

endclass

) 8. 30 ¢ A 8 8 i 9K Bh 28 2

class Driver;

Driver cbs cbs[$]

task run();
bit drop:

Transaction tr;

forever begin
drop=0;
agt2drv.get (tr);
foreach (cbs[i])cbs[i].pre tx(tr,drop):
if(!drop)continue;

t ransmit (tr);

foreach(cbs[i])cbs[i].post tx(tr);
end
endtask

endclass

TREHMWEER Driver chs B— PR XK, H pre_tx Ml post_ tx REHWEBH
he ZREN-THAMEFEEIF RSFEHENFTH -1, REXPFEE - RALHR
i) 405 B2 oR 30, OOP 1) AL W 88 A A i il fh X 43

8.7.2 FEREBERXRFIANTH
1 4 4 — o DL R E R AR TE A T8, 10318 — A R R H R, FEMBIKT
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“"‘{ﬁFﬂ — A B X REE YL E FFBER . [B 9 AT LA e 10 2 4R AR B A LB T
REE = HBHIE. IR LIEEH push_back{}jﬁ% push_ front (), XE P FAREEL
HHoaBRIFERAAXE . Sl R EHEEEMEFRER BAKEEZFZR

HRIEAHR.MAE—TFF NG ZEAUEE SR,
Bl 8. 31 {71 60 9 B AT B LR TE A 89 i

class Driver cbs drop extends Driver cbs;

virtual task pre tx(ref Transaction tr,ref bit drop);
// B 100 FEFFHEIESF 11
drop=(Surandom_range (0, 99)==0);

endtask

endclass

program automatic test;
Environment env;
initial begin
env=new();
env.gen_cfg();
env.pbuild();

begin /7 BRI A B MR &
Driver cbs drop dcd=new/()};
env.drv.cbs.push back (dcd); // B ABRBhz%BAFI

end

env.run();
env.wrapup () ;
end

endprogram

8.7.3 WHHE T

04 ARk B9 3 T B B T R A9 £ U % i1 (Design Under Test,DUT)Y, MW F—4 4 HE T
H 3% (atomic transaction) B DUT . {nab M {5 B 8 DUT, K WA TEEAS —THS
AR BEFHRERNEEAER B AR FXEARNANEETHAR - HIT R F
BIF, — M AFREH TR — A 555 0 8Ok B 518, i B E MR A
Bl e S R KB ETT

B 8. 3Z At T N BRMIC TR, EH RS FEMAE - MBS, Bk
FIRGAF— AR T 558 A iR 5 0 & 32 UE 09 52 R 55 45 A DL 2 89
WEES., SHFE-TAIIPERARERITESER 0 ILE B RRIFE),1 4
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PCR (AR REL MR (FREER—KEME #a) L) .
#8.32 RTETHESHERICHR

class Scoreboard;

Transaction scbl 5] /7 1R 09 58 i 55 55 1 BA 37

function void save_expect (input Transaction tr);
scb.push_back(tr);

endfunction

function void compare_actual (input Transaction tr);

int gl $]

g=scb.find index(x)with(x.src==tr.src);

case (g.size())
0:5display ("No match found™);
lzscb.delete{q[ﬂj};
default:

$display("Error,multiple matches found!");
endcase
endfunction:compare actual

endclass:Scoreboard

8.7.4 5{EREIARICHHETTEH

THEHAMKFGEE e 8 cx THa s EAa Y R, 3 B 7695 3h 3% i 5 35 BA 5
AT —15H. TEELHRICHREETE-TCoRAIW, XHEEABEAT
EXRRFBENRS. THHARASHBRABNAB. AR EFTZEACHERAESF RS
iC iR Z R KRR . LE B

&) 8.33 0 /AR 5 A [0 v A

class Driver cbs_scoreboard extends Driver cbs;

Scoreboard scb;

virtual task pre tx(ref Transaction tr,ref bit drop):
/KBS BAE R
Scb.save expected(tr);

endtask

function new(input Scorebocard scb);

this.scb=scbh;
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A RS ERRER ST T el S AR S Wl R A R R
endfunction
endclass

program automatic test;

Environment env;

initial begin
env=new();
env.gen _cfg();

env.build();

begin // I8 scb [
Driver cbs scoreboard dcs=new(env.scb);
env.drv.cbs.push back(dcs); // B AW EEEAF

end

env.run{);
env.wrapupi{);
end

endprogram

RZ @ R RIS A ThRE T 25 A 11 08 . 38 4% W 0 2% AT LUAE A — 1 191 98 3k L B il
AMESFMBEFNSS. BUNEEBEEESEHTHREDUTERAEZERSHITIER
o

A E2EIRK AR BEREEREHAET 1S F 4B P IHERAEEE
HEEIAMETFS, ZE-FEMOBATE . FEOT . XEMAFE64HGLFERE
SHFLEH U EAF ERRAEN R LEGLAENBENNRASERRER . MEMARE
Fam THEFLEEREREL. XFE—K, T TERSERZ UM 54
BOBRTREATE/ITESRT . A KAIBAERLEENZ M B TFRERIE.BRE
FUOEBRITAREHEBNRER. SR . TLUHEFEBE TR MBRRAZ PR
WCAE SR @ o BEE TN EE RIS .

8.7.5 {& ARG XE 4 1EE

R —- e R e A e 35 45 4h PR AR WA % R OR A TR TR BT L GE A3 5 Ah — A 8 O
FWIRE. ATREISN TS REFHERNEFREFXAHER, NREZESLBEE
EEZANLHL AT LMER Sdisplay (“"sm”) R B R ENERLER AR B AR EESR
Fe At (7] 98 A4 BT 1 A0 S 180 GE AL 71 A m) B 4G [a] 38 . BB R 9 A, o o0 00 R S0 N I 3K R B o
R .
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8.8 ZHMLBAE

Bl X 2 SR AR AR AR T BE B B — AT — RIS R BB A (I — TR R
FEADREBR AN -FREBERYAR. AVESREROMEL—TRUATLESH

BEXE,

8.8.1 —{1WEERME(stack)

— PN . 60 B A HI B R MEAR (stack) , BB T AR (push) F U AR (pop) 77 5 K A7 & 1
BURIEHE. B 8. 34 g3l T — A TREATE R AR

B 8.34 {3 AT BOAY MR

class IntStack;
local int stack[100]; /R EBEE

local int top;

function void push (input int i); /7 DA TH g R B
stack[ ++topl=i;

endfunction:push

function int pop () ! /7 T 5% R
return stack| tap-—];
endfunction

endclass:IntStack

FHPHERAOREETE RERATREBHRAXR., MRS EBH L, IE
2R B EHEE REHEEL BB (int)) BB IER (real). EHESFHEMN
REEK BEEHEFTESN - EFRERH S HERAZONE. ADEPRAS LB
=] B .

7£ SystemVerilog R0 LL AN - HERXRVN SN . FEFHRX QAN RS
EXER, IHMEUTESEEANER (module) B EFILNEEMMNESHNE.BEXH
HEEME K. SystemVerilog MESHAAL T C++PHEEK.

# 8.3 R— 1B HERE. HPEBR THES -7 E XARAER inc,

$18.35 S¥bwHERRE
class Stack # (type T=int);

local T stack[100]; /1 RARENE

local int top;

function void push(input T 1), /7 M TR B ke
stack[ ++topl=i;

endfunction:push
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function T pop(}:
return stack| top- -1;
endfunction

endclass:Stack

8.8 Siucszx 243

/7 MTOUEE ) £

#8.36 RIE T — A FERERMMRAETHIE.

#8.36 fFRHESEILPHERE
initial begin
Stack # (real)rStack;

rStack=new();
for(int i=0; i<5; i++)}

tStack:push{i* 2,0} ;

for{int i=0; i<5; i++}

$display("s £ ",

rStack.pop());

end

/7 B — AT RSB A AR

/B R

/B E R

B % 4 2% (atomic generaton) R H B MM BEMH F, —BREX T —IMEHE
MR BAZEHEIHEMBIRRBHEER. FIS.ITHNRFAESKAM 8.6, HE
BT TS8R EEMEINR, RERNYERIEXLIH .
EHRERP —PTROARER AT UGX B R 74 8. 26 F1 8 BeaeTr £, W AXATHRELN

HERKIELTH—EHT.
%i8.37 FHERMEAANSHARNRESRE

class Generator #(type T=BaseTr);

mailbox gen2drv;
T blueprint; /B E X R

function new (input mailbox gen2drv);
this.genZdrv=genzdrv;
/7 BIBEBAR BRI R

blueprint=new();

endfunction

task run{):
T tr;
forever begin
assert (blueprint.randomize); // ¥ ZHEH1L
tr=blueprint.copy(); -k
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gen2drv.put (tr}; /! BB
end
endtask

endclass

{3 F 8. 27 F01 8. 28 A transaction s F b Bl o K K A 8%, HR R FT LA B — A R R
WHERFET. ERshEER.EHA 7. 4 FTIAAERSL e BRUAO L HFE,

#8.38 S EEREMNF AN ES

program automatic test;

initial begin
Generator #(Transaction)gen;
mailbox gen2drv;
gen2drv=new{l);

gen=new (gen2drv) ;

fork

gen.run{);

repeat (5} begin

Transaction tr;

gen2drv.peek(tr); /] RBTF—1T8%
tr.display();
gen2drv.get (tr); /7 MR EF

end

join any
end

endprogram // test

8.8.2 XTSHMUEMEI

ERVERALOMR BN YNIESTAEXRTFH FRBFEE, REE NS K. X
F 4 T 0 ek vl DABE AR 2 J5 A 9 3K IR 1] .

ERZEAALEN -FERESL. Sl TR EREX T E . REHEABRES
PR, EKAHN TS B A2 ok U Ak i ik,

MBATEE LETHREANAEENHEHAMSEF XY, A DFEHSRARRE
R-1TKHE. BZ FAXNLERNE AN EXTMEL,

RO BEFEPREHE N EETULEBRORESHILZE., I Generator X f#i
copy L. BRFEHAMERBIMNES. XL, YHEFF SRR L TEGHMER ., display
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FREERMBEERT LSRR EMNEERT N, R EEMILaTE BT L
HAETVNRESTHABFPHEZNRLH.

BIE.0O0PERDPHRAETUTH . SRETHRNORDEGTHE. . ERS8LN
HEREATLUERTHRAEMELINIBELEY FHELTIEINRERNHEEHEE MRD,
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REGRBARAEZMNRERALE 2D REFREZ & WREHRBZR PG
RTEMVEMBEEA N THMERBRAT A DMES. REFHHLTHE
R ?

Bl 9.1 BRO—KEEEHATCENDBEFRY
module dff (output loglic q,q_1,
input logic clk,d, reset_1);
always @ (posedge clk or negedge reset l)begin
q <=d;
g l<=!d;
end
endmodule

SZHEsEMEE T ABEERTRSKRSE -THREUAIT 7. HLHAN
BARANEALHHM,

9.1.2 heeBEX
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9.3 IhHEME & KR AH T

7T W I O R R R BT SRS 50 T R AR S R R T L T AT R A, 7
R0 SystemVerilog Mk F & h X E R MBA NG BE ST RAE, THREHBTHE
RIMNRBAMBERR. R RS EEMY A BRI MBI EE S H— &
BE—-TEIEHE,

BIO.2 B HEFH AR A FUHEE. MXBFRAILZ4E port B8, BiF 2 &
RIE B —Fp g JE #R L 3) .

B19.2 —DEBAXNREIRERE S
Program automatic test (busifec.TB ife);
class Transaction;
rand bit{ 31:0]data;
rand bit[ 2:0]port; /AN E D (port) BB

endclass

covergroup CovPort;
coverpoint tr.port; S/ iR
endgroup
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initial begin
Transaction tr;
CovPort ck;
ck=new();
tr=new():
repeat (32)begin
assert (tr.randcocmize};
ifc.cbh.port<=tr.port;
ifc.cb.data<=tr.data;
ck.sample () ;
Rifc.ch;
end
end

endprogram

/7 LA

/BT LA R
/-1 EF
/7R EERIEO R

/7 MR R
/O EFER—T RS

Wo.2 BT -THINEFIFLEESHED L. XM MKEFEA CovPort #

FHAXM port FERMBEHITRE, AFTEROBME.32 KEEIFEF

1 & Bl L B

A NBART 7B Tl VCS iR ERmEm—Hao,

B19.3 AT N R AR
Coverpoint Coverage report
CoverageGroup:CovPort
Coverpoint:tr.port
Summary
Coverage:87.50
Goal:100
Number of Expected auto- bins:8

Number of User Defined Bins:0

Number of Automatically Generated Bins:7

Number of User Defined Transitions:0

Automatically Generated Bins

Bin # hits at least
autol[ 1] 7 1
autol 2] 7 1
autol 3] 1 1
autol 4| 5 1
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auto[5] 4 1
autol 6] Z gl
autol 7] 6 1
AUEL MRAFAE7ET 123456 7. BREEE-EHEN OB port, at

least —REEHAE—-TEODHANCELEESFETEANREEGP (hioRE, AT
BI.IIFHEREXT at_least HIMNE.

RADEBAEEREOIO I EEAR M HF AN AN E 2T
NEF. EFREEREFT ALY PHFREABWAULLALE UERFE
CREASERTT. v RENAZARAS PR AP R A THERKER
TRET . HAAMNKEBEFHAR AL HESNERD., FXANBFRR.BHW
—NMNEE (BB RRFLE THEN O port M AMEKET 100748

L I
#19.4 —AERMNSMHE G ERE, 100X EHH

Coverpoint Coverage report
CoverageGroup:CovPort

Coverpolint:tr.port
Summary

Coverage:100

Goal:100

Number of Expected auto-bins:8

Number of User Defined Bins:(

Number of Automatically Generated Bins: 8

Number of User Defined Transitiocns:0

Butomatically Generated Bins

autol 0] l 1
autol 1] 7 1
autol 2] 7 1
autol 3] 1 1
autol 4] S 1
autol 5] 4 1
autol 6| 2 1
autol| 7] & 1
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¢ By 7 2H ) AR BESS B2 B, DA ik AR B 3ME

FTEZHWR AR BRFANEBEREILAREH A A XBEHMLLWE
A BEEFHAEFXTANTH. REAGERARE - ABEEHRAMEH %
‘ﬁ, AN, REELHHMERAF BN IS LI BC. BEEMAFENE
ARG BRFA. MER FREBRMNELBFER RS LELY o H
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FMEITRA A LS B A R R BT TR R AL B e T T R A
77 o XFALAT 5 55 B R R AR 0 A0 BB SR W B B LU . AR RAEE S rh ] A
THR FHABEEHRK A ARTEXN TR E P XHERO LT, AEE
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—PRETUGE LI EEL. XMIrEibREE TE4& AL 4. 8D ET I
RE\ETEATMEERE L, M, B E T LI BRI 20 S I B0

—AMEERLERBREVICEATURARKERE, mREAELT E
AURER  AEAH T OTH U AT ARNBREL ERERHLE
HEREANBRZEANENEL, IAMUANTELEAA XS T NE #
HAEM .

941 THREBEEXEEA

BEHTTUARF BRERBEY, ERAMNENT ESAHE oI se
REA AT AR, MBESHE X EXR, AL EHRVNEEZNT, AHER
BE, |

Bl 9.5 SABEME - HFAHM. M- ARIE R A MG E S OISR EH AT —
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#19.5 XHMINGEEFH

class Transactor;

Transaction tr;
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mailbox mbx in;
covergroup CovPort;
coverpoint tr.poxrt;

endgroup

function new{mailbox mbx_ in);
CovPort=new(); // EHLE A
this.mbx_in=mbx in;

endfunction

task main;
forever begin
tr=mbx_in.get; /! RBF—1H%
ifc.cb.port<=tr.port; // &iX P Fellizitd
ifc.cbh.data<=tr.data;
CovPort.sample(); /7 W R
end
endtask

endclass

9.5 AHEAMMA

MEEE S FENFEETER T R REARE MRS R 2. 243X 5 5 H0E &
BETURHON—1TEFEO MV GESMAEESEA. XA TR LUE T B EE
Al sample PR B SE M . BE4R B 9. 5 AR, s & fE covergroup MIE X R ERARK,
CPHERAAA L vait e R LHAEFSRIMH LA E.

MBERFEABRFEUET SRR EEA S EANGFET LSRR RER 2/ F
ERFMH NREE—PEEARAE N LT EM I ME . TLLE A sample F .

MEFREENCAMNHEARGE S kM EERA . LLTE covergroup A B 4 FEH
i H],

9.5. 1 {EAMOHHBHITHERE

EDEE R ERAME LGP KRN ERMER 8.7 WHRHRE. XTHE
ATLAREY M RIEMMIXE G ATERET IR REN B . R LLER TR
PREBEFERENOACE MM, (WRENMHPRETRE T/ EHE "G T" K,
HEZATULARMERMEL NP ERER AR PRB R ETREA“IFL", KA
BB EA QR Sl S 1ol R BT AR /. G0 8. 7. 4 T P B R Y i T 18] 9 o
Bk EMRAE A ME SN REREHNGEHY, RITETFEZ2AEHERENKEF PR
FLAMF FSHE. - DMEMER P EFEHBKERF RSB M2 EREES
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2% FRIB) A9 A -5 . b, BT LA(E P Bt ah i 1R R BOR B £ BE 5 Ab B g8

8 30MART—THWEHBA.EAMTEMA, FHNETESFBEHAEXNINE.
Bl 8. 29 B/n T BIIEpRE I Wl 8. 31 W & A — Nk, AW — D9 R 0] 8 ok B2,
AREREBBSE —TiCo®R. RACATAEEEEY priver cbs ¥R, Driver cbs
coverage,l&”ﬁyg post tx o) B i H A sample £ %. L EE R R RN -1
EHEARSYF A EERATI M EERRMESAEE YN MEEZH. T
ERAF T E XFER T K priver cbs coverage.

Bl 9.6 fHFINAEHE o 3 (A1 U ok 0 A I i
program automatic test;

Environment env;

initial begin
Driver cbs_coverage dcc;
env=new () ;
env.gen cfg(};
env.build();
/7 BRI B0 T 3% AR [B] 3 of 3K
dcc=new{) ;
env.drv.cbs.push back (dec); // i3 h 2% 69 BA 7]
env.run();
env.wrap_up{};

end

endprogram

Bl9.7 BT 80 DA B o R ad (o] i ol 4
class Driver_cbs_coverage extends Driver cbs;

covergroup CovPort;

endgroup

virtual task post_tx(Transaction tr);

CovPort.sample();// K% & R H
endtask

endclass

9.5.2 EHESEHMANESA

5 9.8 B EHH covpore FEMIATF S MAE trans ready FHEFHTRHE.
B19.8 WhtAME S

event trans ready;

covergroup CovPort @(trans ready);
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coverpoint ifc.cb.port; // OB R

endgroup

SHZEWMA sample FLHE M AFHMENEFLE TRESHEC ARG, I
i 9. 10 B 7 Y Bl B 35 i R 9 1

9.5.3 4 SystemVerilog BT 5 # TR %

MBCAET -APRIEMEE R SR A SVA RS AT L% m—~ 3 {4 &
o 08 F g

$19.9 7 systemvVerilog K & MIE

module mem(simple bus sb);
bit[ 7:0]data, addr;

event write event;

cover property
(€ (posedge sb.clock)sb.write ena==1)
->write_event;

endmodule

#9.10 {ER svak kW =4

program automatic test (simple bus sb);

covergroup Write cg @(S$Sroot.top.ml.write event);
coverpoint Sroot.top.ml.data;
coverpoint Sroct.top.ml.addr;

endgroup

Write cg wcg;

initial begin
weg=new () ;

// TE 403 9 h

sb.write ena<=]1;

#10000 $finish;
end

endprogram

9.6 HHhi KA

Eadm B RN EN? BEEES A HEE—1 T8 ®Fik LB, SystemVerilog
EUEREZHN“ChDND"RICFHFITIHMEAMEINARE. SBRCREFRIERASEN



260 mom MmEE®

AR, MPREE—TARBER BEZSAMTOHAE. TR, B KHE & A
Bl & . SystemVerilog #EE - T RETQRR TARIE. EHRKHFAKRR, AWK
CHELBILRE - H e B, 25 A 45 1T H 30X 2 8048 PRl v] LUE
iR R ST DR R g S B R NEUE

9.6.1 TTEEMZBEESE

BTN S AT R 2 2 B A AT B B(E A B X B B R O B
— g - TMRENE. EEEMEARENREHRUEFCHOEH.

— A3 TREZSMER O.7T.EEBRETEBRUANE., WREFELETH
EACHEERAER B ARG SH N XN AW E SRR T/BHNECT.5N. FAXER
HEAE-EFERRT -SSR . mMrAAEaAE—ERTLHERBENFERERE
MBEZR.

XEAATENWIE . (R% 20 6L 35 00 ] i B0 ol R H B LU FF
W L R AE 2 b 5 S AT 9T 2o B 4 1 o st 08 0 B A0 24 o i 0. XRE L AR BB b A i b
oD 46 GiE /9 5¢ JAT ] .

9.6.2 HIIEIEE

B 9.3 MM T T LR ], SystemVerilog ZHA W EE SR, EEIWEKE
A Rk Ak B PTEE AU v Bl . A F— 3oy N MRk H 20 Do aERYE ., Xt
T 3 WM port BRE.FHEENADAREMME. 9.6.8 TR PR M ETH & — MR X R
A9 . B RRIMNBE EE MM DEC eI E X6 . 801% 9.6.5 1 Fr
fi R BIAREE

9.6.3 RHBIEIZECHNEE

B AT auto_bin max W T HEEIECM R KR H . BaMR2 64, MEEH
s a3 1k #CI H e  id FE R 0 B KL System Verilog £ 488 B i B B 47 B &Y auto
_bin max ™. @416 LbAFE R A 65 536 P alRE{E, ATLL 64 4 bin *PAE — N EB
Bai 1 1024 1.

BELERRED XS TEATBAKRLH AR EME-REAsENCE T
A1 %A B9 U BN R R . R R B0 PR PR MK B 8 2R 16, 8l R E 4T 0
L B 9. 7.5 W BRI E X &,

FEAEEHAERERE - DFF I ELPMA — B E A ETNE auto bin max
WEAMTE., HRENERE)IRAR port LT H 3. HBE 8 M ATHEM. BT CRE
B R (B 38K YE T R T B2 0— 3, i1 23 — R E G B 4 — 7,

#9.11 fEMA] auto bin max FECEREM 2
covergroup CovPort;
coverpoint tr.port
{options.auto bin max=2;} // K 2 ™
endgroup
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o T T o L e X
s ikl M ,'E‘"-Qa-

R Ol b b AR e S e B T, LR S Sl
LBl ' b P A T e T LT ¥

VCSAHNBSRBERBRRTHASY, IRGERST 10000 FER.BHIA
A port B BIFA bin B, bin #HE RHFH.

#9.12 auto bin max WHE MK 2 K&

Bin # hits at least
autol 0:3] 15 1
auto[d:?] 14 1

f9.11 AR auto bin max EX— B & AW ETORH L RE TR EE
B Ay R0,

% 9.13 A EEZLAPHEH auto_bin max

covergroup CovPort;
options.auto bin max=2; // %W port Fl data
coverpoint tr.port;
coverpoint tr.data;

endgroup

9.6.4 XRIANHFITRE
i T LA A R AT R R B 0 A R I L R 7 L 0 0
U T AR AR R R L 2. 15 4 BT 0 7 ok VA4 2k SRV 90t R B 8. 400, XE— 4 3 podd

LA B 4 s B 0I5 Ak RA T REE, HAESR 2 B 16 4~6&, 10
R BEEh FalLGAR 0. 23 M F VW HiE . A ER 8.

#1914 @A BMFRERK

class Transaction;

rand bit[ 2:0]hdr len; /f EHE 017

rand bit[S:ﬂ]payload__len; /7 LB :0:15

rand bit[ 3:0]kind; /7 fUEl:0:15
endclass

Transaction tr;

covergroup CovLen;
lenlé6:coverpoint (tr.hdr_lent+tr.payvload len);
len32:coverpoint (tr.hdr len+tr.payload len+5’b0);

endgroup
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F 9. 14 BE - PMEEAMESFHERKERITRE, 84985 A AT LUEm
BEEREMTIEE, KA HEBSFEM M REX AT RES S WHRHE . AT
Bt e Ry K8 32,

FHAT 200 WCfET RO B, FTLL1B B lenie A 100V A9 B 2, H X HARRM B F 16
., HEH len32 A 8UMB R MMM T 2400, XHABEAGHHBERAHE
i B A bk (8 A R A BE LR LR 0:2200+0)(7+15), M TRAKEARE 2T R
LA st AER.

9.6.5 ERAAPEEXHNEXIRE

B eEATE A4S, mit 8. ek Ee 2 9 FE, mxtFHMABE. IR
R7 % B B A A g LIS M G T A S RIS 47 . SystemVerilog 25 H 3
MHHEEVWHEHEZ A TFHATE AEENEMNBHREGTS. TR CRBRBET LN
HREFEHL] M 9. 15 B,

915 HHEFKEENE
covergroup CovLen;
len:coverpoint (tr.hdr len+tr.payload len+5’b0)
(bins len[ ]=({0:23]};}

endgroup

fE5T 2000 KBV B H X T RER XA AH 5.83UMEHE, HEREMRAITUER
B 3 —— RN 23R 1D AmEa g, BRKEOLR7.BKHERE 15, 5F
PLE IR 22, M2 23! RAECH A PBH 0,22, M H 588 2B M 10000, X
B EMKPERAELCERTHRR.

$19.16 BEFEKEHNEZEREL

Bin # hits at least
len 00 13 i}
len 01 36 %
len 02 51 1
len 03 60 s
len 04 72 3
len 05 88 1
len 06 127 1
len 07 122 1
len 08 133 1
len 09 138 B
len Oa 115 1
len Ob 128 1!
len Oc L2 1
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len 0d gl | 1
len Oe L1 B
len Of 134 i
len 10 107 1
len 11 102 1
len 12 70 1
len 13 &5 1:
len 14 39 1
len 15 30 1
len 16 198 1
len 17 0 1

9.6.6 WMAEERMNE

B 9.17 4 — 4 4 LAF A & xind EITRHE. A 16 Mol fEH. BT Cc#amBEN
zero. W kindREHEH K O MM HITITH. BT REAOMWAFH L ~3 M PRI ZN
loWHAEER, BRHNAANEH. 8~ SRARM TOECHE, 252 i 8.hi_9.hi_a.hi
‘b.hi c.hi dhi eMhi £, FEFELZFEW hi e RAX B0 Hsk B ICHRED
MR, RE misc HEGRGRA R MR EPRE.E 4.6 17,

917 BELHE

covergroup CovKind;

coverpolnt tr.kind{

bins zero={0}; /7 11« kind==0
bins lo={[1:3],5}; /AL AR E 13 5 HIfH
bins hil [={[8:$]}; // 8 M8, . .15
bins misc=default; /1L ERRMTAE
} /1 BEHTS
endgroup // CoverKind

T coverpoint BEMKIES (1HIERXMN., XEEINCH AR ZHHETIE
FFYEEE G EA M begin...end HIE¥. B . KEBESHAERHGAFET S XM
end — .

M AR IRAESHEN EX T hi s BAHaPLL.

% 9.18 Ryt KR E

Bin # hits at least

hi_8 0 1
hi 9 5 1
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hi a
hi b
hi ¢
hi d
hi e
hi f
lo 16

N Ve B % T % N 7Y

misc 15

e e T = = = B S =

Zero 1

WYIRE L Ant, Lk FRIEAETAEZFWRERPAEIRBENBAOTEEAN. Sys-
temVerilog AH AZIEIE G . MBEESZBEBERERETSXWEHTBEMRME. &
EEME. I ENEEEEN RSEHRRNE. RAYME1TIEEN CREa Hat, IR
ABEIE R 100X P &3, |

1 MEFREREABELHANKMARBHH, Y R0 KN, H

7 mEFKETFR2HE XREARMNALRK, —BEAT . EHRELEL
MHE, ZPUEH default e HRBEGXARABTIECEH KT LH

81
G 9. 17 0 ni MSEEARANEATEAAE () kBT LRHE. XB—1R
A PeSE T 2 15 0T LR 4R B 28 [ O B LA R L th T LA A8 B 5k 2 430 19 T
N SHREEFRME. 7EH . 199, € neg LR sk B /REBE KA HIE:32"h8000_

0000. Bl- 2,147,483, 648, A B . & pos E T W sWMEER B R F S5 EE R
32'h7FFF_FFFF,. Bl 2 147 483 647,

B19.19 f{HHs f5&E G

int i;

covergroup range_cover;
coverpoint i{
bins neg={[$:~1]}: // fA{l
bins zero={0}: // &
bins pos={[1:%]; // IELH
}
endgroup

9.6.7 HFHBEXR

RATLAE I X RBF icc A SR MEMN. IMHMERVRATEEMCBN XA ES
PLERg i — e e mny kb &z . %) 9. 20 W EE T U reset N 0 W A port {H.iX B # reset
EaEHra.
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B19.20 R{FEZ—— HZ{IMEEE
covergroup CoverPort;
/1% reset==1 Rt REWEHE & BB
coverpoint port iff(!bus_if.reset);

endgroup

[ B #ly AR 1 AT LU A start F1 stop SRBOREHIE HH B F 7 0L 6.
$19.21 {3f] start Hl stop HEX

initial begin
CovPort ck=new () ; /7 LS
/7 SEA B (6 5 1k W B R R
# 1lns ck.stop():;
bus if.reset=1;
# 100ns bus_if.reset=0; // H{IR
ck.start ();

end

9.6.8 ABEXRBHES
X F X R, SystemVerilog 2 B A EEAMNRE -1 €.

B 9.22 HEEABMIEELE
typedef enum{INIT, DECODE, IDLE}fsmstate_e;

fsmstate e pstate,nstate; [/ FERARRL
covergroup cg fsm;
coverpoint pstate;

endgroup

THE VCSHUIMBEREREN -8R0 Rl s M REXENE.
B 9.23 HEAROEEBRE

Bin # hits at least
auto DECODE 15 1
autoc IDLE 11 1
auto INIT 10 1

265

WRFEEZ N BEBRDETCE AELFACE LT, TAEMBEREZ
S EH AR BRIER A CEH default SR E XL — 1. auto_bin max TEUE

B RRNE w FEARER.
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9.6.9 HRESE

AT DL A B RS R R A R B SRR R R (LT LA T A R 2 R R A Lt
il L X s A A e AR . Bl RAT AR B port AWAM 0N 1.2k 3,

#9.24 HMEFERAHBHERA
covergroup CoverPort;
coverpolint port{
bins tl1=(0=>1), (0=>2}), (0=>3):
}

endgroup

MG EE AT AR E R, ®RiEX (1,2=>3, )8 T HAH
et a9 (1=>3) . (1=>4) . (2=>3) Al (2=>4).

WU ETMEKEABERE. ERLIANESEIBTRNEIREEHT KK
B, BrLL (0=>1=>2)AEF (0=>1=>1=>2)Fl (0=>1=>1=>1=>2), MNP KT E R
F— A TR SHE. T HBEIEER: form: (0=>1[* 3]=>2). WRFEIL
1T 3. e sKEE.PLMEH 10*3:5].

9.6. 10 EXRTZMNBRFPERBREF

{0 LAGE ) X8 F wildcard RO E MRS RME. XXX P EM x.2 K2
BB UM O R | MEARK. FHUNRT - AHARSCHESS — 1 ORRMBRM.
55— AR KA B

B19.25 MW &EACHKERST
bit[2:0]port;
covergroup CoverPort;
coverpoint port{
wildcard bins even={3'b?7? 0};
wildcard bins odd={3'b?? 1};
!
endgroup

9.6. 11 ZHHEE

FEREFEI AL RTREAREAD WA EME. #wm,.—0 3 LiFE R Al fE H Ak
HHATE.O0~5, MEAERAADUENC . FRANEHERRARSEL 5% . T
MIEAT P dpi. ATLIAME LR MBS Ar A R EE . 3840 9. 6.5 5 & Fr iF A9 FF
. el ik SystemVerilog Hehtl e . RE M ignore bins HEBR MR LR AR
R R R §:
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$9.26 {fiH ignore bins M & &
bit[2:0]low ports 0 5; /1 REMBE 0-5
covergroup CoverPort;
coverpoint low ports 0 5{
ignore bins hi={[6,7]}; // BMEFHHET &

}
endgroup

“HAFEH low ports 0 SER¥WMERE 0:7. ignore bins HEER & & J5 19 9 4>
. AMBEESE NS 0:5, FUXTHHWEHRBHEEZREXFEIANECRRBRUSECR . XH
B BUE 6.

#9.27 {#f auto bin max Ml ignore bins K HE di 5L
bit[2:0]low ports 0 5; /1 RIEMRBM o-5
covergroup CoverPort;

coverpoint low_ports 0_5{

options.auto_bin max=4; f/0:1,2:3,4:5,6:7
ignore bins hi={[6,7]}; /! BEEEREMAE
]
endgroup

mMRAHHE X REFEH auto bin max B REH 4 2B TN, W22
WA TITEMEE. &6 9.27F . BEIFHFEM avto_bin max GIEB T W41,
0:1,2:3.4:5f 6:7. BETKBRF — 18 ignore bins ZREH T . FLUBAKRE =
TewtE. XTEEANESESERAGNMEE.5E 0%.33%.66% 1 100%,

9.6.12 A_|ZENE

FRREEA ML EEZER. . mMB MR BN ZRE. XREARFEMRAELS
o AR AT MY Bt Al LA illegal bins MG #f7HRiR. # illegal bins
LA R BN PR IR A 12 S B I PR T . X W Rt uT LA R R B B O 4 o W AT
WNEfE  MRAHIATEY TAGEORE BRERAMERFRE pin @ LINT
[v] &2

1 9.28 ffi}] illegal bins M K&
bit[2:0]low ports 0 5: // R EE 0-5
covergroup CoverPort;
coverpoint low ports 0 5{
illegal _bins hi={[6,7]};  // WMFH BERH
}
endgroup
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9.6.13 KEHMEBEZZE

WRZCSERS 7 RIREP N T B A, IR A st aT LUER 6k 5]
FURS S 1M BB . HX I AR E IR SystemVerilog 89 I 5B & i R 5L HER
FRSHWE SR, MHAT TRBCRS BT, IERSE R T, LU HE R
M EUER TR . MM EAAPEERTERASRIORESFFHRE
DL B ok, Pl LAME R e T LR .

M. B CRRESHEIUEABENFER SERRUATANE. EAEHR
TR AT g B A BBl F Ty U D) B3 2 Ok /D S A R MRS L.

0.7 RNBHER

Ba i ROERNERARAXAHWNE. RaAENRFERELSLZS SR
Z-MBRBRNAFFEBEPHALHAHR URBENORE RN MR, XMHFER
TREEMERCXE SR, e RN RERASSH A B S ARE. RS REN
BMAZEROZNERE, K — M N FHE, M5 — A M FE{ER , SystemVerilog
TENXMAZLLCREMAAREAS .

9.7.1 EXMZXNEZRWBITF

ATE A FEENE rFEMALNBEEEMg O BE. BUNREH A EGERSE
A8 RESTZEAALEMBHFET N im D #MHATT —8? SystemVerilog # ] cross 45
MR —THERN XA UL ESSAMAEGHE. cross B RATHERSES
HEBRENTRA. WRGEEAGFHEAXL . BEREWEBEFZEENRZPHETE, G0
handle.variable, R EH X coverpoint B RIAXLMERGE REEX MRS H
£ cross IR E.

B 9.29  tr . kind Ml tr.port FRIE THES . REXFNEEL L BxR T &
#14 . SystemVerilog S FEBIET 128(8X16) 4 4, B8 B — /> 14 ¥ 49 25 Xt 7T B 7% ) Kk
’Ht.

#9.29 HAMNEIXEEER

class Transaction;
rand bit] 3:0]kind;
rand bit[ 2:0]port;

endclass
Transaction tr;
covergroup CovFPort;

kind:coverpoint tr.kind; // BIEEFE 3 H kind
port:coverpoint tr.port; // Bl % A port
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G e et e ey e L P R T PO H A I O et AP T ST b 9 ? 53-1'-:'_3{. ‘ﬁ JI‘EL&'
R s DR e St s e SR R g e e AR o Ly Mg e M S D e e e R .

cross kind,port; // 8 xind # port & X

endgroup

— AP R P EQE T 200 M HEEHAH THESHME, M 9.30 frs. HEE,
Bif# kind F1 port W ET A Al BEEBBAER T BARA K 1/8 ML HEGEAB I,

B19.30 RAZXEIZEMAGERE
Cumulative report for Transaction::CovPort
Summary:

Coverage:95.83

Goal:100
Coverpoint Coverage Goal Weight
kind 100. 00 100 1
port _ 100. 00 100 il
Cross Coverage Goal Weight
Transaction: :CovPort 87. 50 100 1

Cross Coverage report
CoverageGroup:Transaction::CovPort
Cross:Transaction::CovPort
Summary
Coverage:87. 50
Goal:100
Coverpoints Crossed:kind port.
Number of Expected Cross Bins:128
Number of User Defined Cross Bins:0
Number of Automatically Generated Cross Bins:112

Automatically Generated Cross Bins

kind port # hits at least
autol 0] autol 0] i 1
auto[O] autol 1] 4 L
auts[O] autol 2] 3 T
autol 0] autel 5] 1 1

- = o=

9.7.2 WX EBEZELHITIRE
MBEFEIL SN ESZ O A EEN . TN B ES S Mo HTamiGS,
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System Verilog £ 8] 8 38 X {¢ i} = R VRt By = Vi
$19.31 fFHEELXEECHAT

covergroup CovPortKind;
port:coverpoint tr.port
{bins port[]={[0:$:|;
1
kind:coverpoint tr.kind

{bins zero={0}; /7 LTI E kind==
bins lo={[1:3]}: /7= RFEL:3HE
bins hi[ J={[8:5]: /7 8 TIRALH &

bins misc=default; /AR ERAMEAEA

!
cross kind,port;

endgroup

MERELTEEEIMBENC . BL2EALZEZNGE TSR AR EL. £ EB
MEE M 128 B 88, XEKWN kind BF 11 P :zero.lo.hi_8.hi_%.hi_a.
hi b.hi_c.hi d.hi e.hi f M misc. BHEMB M 87. 5K FA $ 90.91% . KK
AF 1o CHAE -MIHH W 2, XM EHESBANRE RSN, BEHbEME. W
I =% 3. A LBt —H.

&19.32 ISR LEERME
Summary
Coverage:90.91
Number of Ccverpoints Crossed:2
Coverpoints Crossed:kind port
Number of Expected Cross Bins:88
Number of Automatically Generated Cross Bins:80

Automatically Generated Cross Bins

port kind # hits at least
port 0 hi 8 3 1
port O hi a 1 1
port_0 hi b 4 1
port O hi c 4 1
port 0 R 4 1
port O hi e 1 ik
port O lo T 1
port O misc 6 i
port 0 ZEro 1 1
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port_1 hi 8 3 1

9.7.3 HRBRHEIBHSTXNEEE

B ignore bins MUML OCMBHE, ERXXEREP. R LLHEAH binsof I
intersect IR E E m A MB{EE. X H A L1ﬁ¢¢ﬁ9igﬂﬂre_bin3%m?§%ﬁfﬂg
kA4,

#19.33 R XHHEPHBEMBI bin

covergroup Covport;

port:coverpoint tr.port
{bins port[]={[0:5];
}

kind:coverpoint tr.kind{

bing 26ra=101}: /7 L1+ kind==0
bins lo={[1:3]}; /72 ERER L:3MIE
bins hi[ J={[8:%]; // 8 A~ S

bins misc=default; 1T R EBRARGTEHE

}

cross kind, port{
ignore bins hi=binsof (port)intersect{7};
ignore bins md=binsof (port)intersect{0}&&

binsof (kind) intersect{[9:11]};

ignore bins lo=binsof {kind.lo);
}

endgroup

% —4 ignore_bins HfFER#E T T ALK port A 7 F{EE xind HAHEH 1.
A kind B— 4 HAFEE X MIEAHEBRME T 16 €. =4 ignore bins F HH ik
. 2T R port O Fl kind & 9.10.11 B9 &, it 3 1~ 1,

ff ignore bins PN HCEEE I E RSP E XMW E. ignore bins lo BL{#
HT 6 KRHEEM kind. 1o B8R 128 3. T CHRULTMBERTFIANME L8 LIF
I, 0 zero M1 lo. f® hi_8.hi_9.hi_ar-hi_£. 00 K F13h 4 B & 76 4 3% 2 (740 &
WA LT e R F 2% iR & A B a2/,

HE binsof A EDFES (), T intersect {EOIRE A, BT LI FH K

31,

9.7.4 MEBEABEZEZFNEEFRHIRESISEESS

THMEARE EAEAREETHANRAE ST AN LEGEEN., MBERELEET -4
coverpoint Mol Bk X ITHFE X T coverpoint 358 H# cross iy i1
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da BB 4 PR L ZAE A IR AR O IX BB AN 2okt B A 6 B R U
Bl9.3¢4 JFEHALNEFZERAMNE

covergroup CovPort;
kind:coverpoint tr.kind
{bins zero={0};
bins lo={[1:3]};
bins hi[ ]={[8:8];
bins misc=default;
option.weight=5; // ESEP TS8R
}
port :coverpolint tr.port
{bins port[]={[0:5];
option.weight=0; // £ B8P R G{EM D2
}
cross kind,port
{option.weight=10;}// A TR X H E MR E

endgroup

9.7.5 NBNTEEBPRSHYRE

3¢ B A A [ R R T RE TR AR (] ) it ] bR R R BEE . 40, 4R AT B AR
BEAMBERESEREFWSRPERUD S W, h TrRWaE Gy T8 ERFES
Zohii B el 8 8 F A [8] g9 0 g L X 6 43 AR MEBR SE R (TRE A R Wi el S5— . i T LA
A B IR T 7R 3 R A A O T H Bt T e BT L R AR B A R B 228 X R O

MR ML EBIR — D TR E R R PR Z SRR E R, 5 D1 {E 5 2] it B
TRY AFHE—THOESAEMNEMNETRE, XN ESAETHFITRELHE
mR .

9.7.6 XEBHEMEBEARALTK

Fifi A 32 SR =5 00 58 OB R BURS 4, R BB W5 4 2% AT R Y B 18] ok g o MR 2 G N i 4
AW AR, BRRAWNHILLLEFEER a Ml b, B4 E =R XEHRE, (a==0,b
==0}.{a==1,b==0}Ml{b==1},

FlO. 35 ML TN AR HE S LR a8, R E Al S WL XA 5 RIHE.

#9.35 (HEHG %K ESR

class Transaction;
rand bit a,b;

endclass

covergroup CrossBinNames;
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a:coverpoint tr.a

{bins a0={0}:

bins al={1l};

option.weight=0;} /AR SR
b:coverpoint tr.b

{bins b0={0};

bins bl={1};

option.weight=0;} /AR b S
ab:cross a,b

{bins al0b0=binsof (a.al)&& binsof(b.b0);

bins alb0O=binscf(a.al)&é& binsof(b.b0);

bins bl=binsof(b.bl);}

endgroup
PS. 36 WERIFEATNEEREE . AEMHH pinsof K EAXA L EEWEE.
$19.36 {HH] binsof I3 L HFH

class Transaction;
rand bit a,b;

endclass

covergroup CrossBinsofIntersect;
a:coverpoint tr.a
{option.weight=0;}// ARITE K SHE 5 R
b:coverpoint tr.b
{option.weight=0;} // AHITRE G KE SR
ab:cross a,b
{bins aOb0=binsof (a)intersect{0}s&&
binsof (b)intersect{0};
bins albO=binsof (a)intersect{l}ss
binsof (b)intersect{0};
bins bl=binscof (b) intersect{l};}

endgroup

[ 3 o 7T LA A — N R R R R Y R B X R AR BE R R A AR
MBSEABERELRT.

£19.37 {EHPREXREARLEXES
covergroup CrossManual;
ab:coverpoint{tr.a,tr.b}
{bins aOb0={2'b00};
bins alb0={2'bl0};



274 Eog& DeEEE

wildecard bins bl={2'b? 1};

}
endgroup

WRRHESARARCEL N HHAAEEAENMRAEZLE RS, TL
HEHE 9.35 (AR, URRFECRLAEEOCHES ARAPLELNFHE B AH
i A R ) 9. 36 BATE . SRR AR B A I A9 R KL WU fE AT B 9. 37 MTESC.

0.8 HAHMELEA

MR BEEAMNE. SRS B EEB A 8. SystemVerilog £t i
fREl g — BB S, AT E AT LB ferf s o] LB E — Lo M EF AU 9T . Sys-
temVerilog AN fo R B il K S 8L A B, 1ERAE ik, 470 LUEHE 54
WA —-TRE . RGEMRESHIBRHERE,

9.8.1 EEHEREESASH

B 938 RET 1 EHEARA. EFHNSEIEABEAEFE R baMELEELE R
AW new PREL.

%9.383 @WHESE
bit[2:0]port; S {EH:0:7

covergroup CoverPort (int mid};

coverpoint port
{bins lo={[ 0:mid- 1]};
bins hi={[mid:$];
i
endgroup
CoverPort cp;
initial

cp=new(5) ; L Le=0Ed, Bi=517

9.8.2 HWMUSIHEEEZASH

o R A AR 7 08 T A s R i R ) B0 L o A S T RS A M O AL R o) L
BOE AT RAE IR 2 0] LA U 7 A R E R EMIT RN &,
Bl 9.39 &gl g
bit[?:O]port_a,pDrt_b;
covergroup CoverPort (ref bit| 2:0]port, input int mid);
coverpolint port {

bins lo={l O:mid- ® i;
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bins hi={[mid:$];
}
endgroup

CoverPort cpa,cpb;

initial
begin
cpa=new (port a,4); // port a,lo=0:3,hi=4:7
cpb=new (port b, 2); // port b,lo=0:1,hi=2:7
end

HGEsmada AEanslierm L EBRERE HE Y.
E#H 939 F WRMKHART input F W, W EFH mid W F m & ref,
REFAFIHRDSERIHETIREL . BHIRTHREFRU L2

“ ref B H L,

9.9 EEIEIM

fiRar LLfE A SystemVerilog 8 i gy A W HAHEWMINEE . ETA W FE A,
—~ P RLHIESHTHEHEEALG:; - REEYMET A THANEZALH . LM
FEABESWER G . B0 o] LAY £ B 55 20 b i 41 5204 R A T 2 5 A 380l AT BT
FRTESAPUELHENFAAOER. WEC &8 auto_bin_max fl weight
B IH . T b A Bl — 8 e T

9.9.1 BAXLHMESTHR

n P R G @ i 5 X - E ST T ERLEIML A REEL T SystemVerilog
SEMALOMERFREILES &, AWM. MBREAILITRES . BV RERH %
MFEFUERBAER ATEARRRAOMRSE. Flm, — %5 N 28R KBNS
—PUSENEREE. B0 PMBEHATUES N RESRSPHTE LML H L. E
RGBT AFANEER IFHETERALHRA T FTREREBENEREFE.

#9.40 EEHANELH(per-instance) IE 5

covergroup CoverLength;

coverpoint tr.length;
option.per_instance=l;

/) FEE(comment) PEHEBK LR
option.comment=Spsprintf ("% m"});

endgroup

T MASNPIB0-2000 NS 28 TIMA - T RUBMBFRHF O FARERE MKk LXR T8
e F-IEARRCEE, $REEFRPATHFREERS - THRWY?



2?6 % g E':.'é IJEHE.&I‘E’—‘:FE Fi.pEa HaesealiEaie S gainamedl - o PR R < e ST ey = il B el A i
YET per instance HAEMEE SHE , AEHTE S L8N A,
9.9.2 BEAMEFRE

Af PAZE 7 o AR P B LA IR 5 T 4. ERW LIS BEE, 6 A
WAL R R NS SRS X R R AT 2R T LU B A R B P RIBUERE B
MBHA - R LB — KRB G R4 LABERI B 9. 41 BT 9 type B0,

Bl9.41 H—-ATHEGHMEER

covergroup CoverPort;
type option.comment="Section 3.2.14 Port numbers";
coverpoint port;

endgroup

MRBRELDEEIRAT ARG ELPIMA LR ER, RERFAMOBERT

per-instance $# W,

B 9.42 RHENBBHALHIEETH
covergroup CoverPort (int lo,hi,string comment) ;
option.comment=comment;
option.per instance=l;
coverpoint port
{bins range={[ lo:hi]};
}
endgroup

CoverPort cp lo=new (0,3, "Low port numbers"™);

CoverPort cp hi=new{(4,7,"High port numbers");

9.9.3 EBEHE

BB AT AR R LSRR ERENESRER, BRAERELAR
iE—~ DMACRZESHLE B RESE I X S MR . R DI 2 M araeRE . BRE—1MEH
WERABGE, XFEFRUREZEEEE N ET RS, vl B AT LU 5 B A 8RR
Ao WRRME e 8 WEAE  H BT I 0 BT A 2H & 5t 48 6k 3k 3 3 B, IR 4 71 1A
f option.at least X ®W N 8 L ER.

option.at least MIRENHHEEFZHE . MATCSEMNTHARESRES. IREX
HE—TREJPERAMNZAFR.

SRmi. A 9. 2 FroR, B0 7 32 Bl AL & kind U548 B4 iy R BT A T B
B, MUAAEHLLEEENRESERNERTAEMED at_least,

0.9.4 HIREA
REFHAT BEHEERERSHENFAREENSG. KO THERRERAFERE
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HE PR ETREE ST T UAREIE B R RFHNCSEERMNE. EH
cross num print missing WA LAILF MM E TRAHHFAAHE, LHEZRER
HEGhe., HERMRESA L. 6 9. 43 iR HAZME LR ESERENBE,

#9.43 MIEMANE. . BFEEEC

covergroup CovPort;
kind:coverpoint tr.kind;
port:coverpoint tr.port
cross kind,port;
option.cross num print missing=1_000;

endgroup

9.9.5 EHEZXHBM

— A EAFERANEGRELAEAR LS BEANC LT EHHEN KT, ey
RE10NMERE. MRKRBERENET 10006 XHFMERS LT EK. 7R
HARRAERER., X R A M s RHE,

Big.44 FEEHEERHR
covergroup CoverPort;
coverpoint port;
option.goal=90; [/ RREB T E SR

endgroup

9.10 B FEBIRAI T

— BT RERBEFRFELESH/ TMELHAR, EEETESHELLE
EHAREEHE., WRRADLC FHARMRE 5 B H RAERSE.

MREHEARA TR EEERA A RN LR AER A KA E AT
XE b, WEMMAREZR I RBAHRORE D, £69.45 h HERER 6 LY
5. XA RBREBEEN IR T RAEESSBWSH.

$19.45 HEREMRKE
class Transaction;
rand bit[Z :thdr_len;
rand bit[ 3:0]payload len;
rand bit[ 4:0]1en;:
constraint length{len==hdr len+payload len;}

endclass

XAKMYEETET . len BN R HEARBSE 9.5).,
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1400

TN

w0 d

I
w600
400 -
200 \
G T T Ll T 1
0 5 10 IS 20 25

HHEKE
BM9.5 FHREEMAHI)HE

MRS AL KRENS SN AT solve. . .before AH(E 9.6) .
1000

A s
800
700
600
500
# 400
300
200

100
0

H

] 5 10 15 20 25
A
H9.6 MNIFFKKEMA solve.. .before P45 5 1 Bl (Y 1y 2 ) 48

Bl9.46 XHHFRFKHEMH sclve...before Z4K

constraint length{len==hdr len+payload len;

solve len before hdr len,payload len;}

solve...before AW BHEMEBEREB R dist Y, BR, IHAEEEMR. BN
len [FATHZR MK EZ M4 5,

0.11 fEfFEFBPHITESEEIT

FHAEEHRITHLED HelIERNEEZENKE. XATHRREERSFTCHR
X FH 35 B A7 3 BT gk T Bl AL i RE o b

EeREMmML . #/Msget_coverage ATLIGHI A B A M BB XK, Sget_cov-
erage I& [l — P F 0~100 M8, ZAKESTUERDIMANESH.

PRy LA{Ei ] get _coverage () Fl get _inst coverage () ¥R/ PMBENEH, K
FE-TRBATLUTEEALNLE AT - ESEARA CHNESR, W
CoverGroup::get coverage ()3 cglnst.get coverage (). 5 1 BAEGE o] — 14
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CHEALFIME SR AP cglnst .get_inst_coverage (). HWRIRAE LG HI
SRR SR FATEEE option.per_instance=1,

XEREREGEHALREE-ARKMAPENESR, WRESRKVFERENR
MESFRFAMZEIIHLRE I QXML B R %A L. TSR 7=l o g A 2
REHER.

I T LT O S R R — e EANITE KR SR ENE, HEX
PR iR RS . B FHVLA T SB AN BT EEORER
AfELEI bR, IR — KRR B 100N M BER, LELHT BEETELMHE
W AFEELZCEY REFEQBEESEMER? A LS AnENFRZhERE
mARRNK LR Rk BAMILE TR . BE8RGENIZAMRE—K. &N, 0E
i 32 8 e A 8 T 2o S BE AL A 7, PR o {o] T B3R i 3 i 7

MEGECBRACHBELEZRIEFE . ATUEAIRE S ROEITHE. KIEAA
L2 A K SQLEEE HRBENGTRPGRMNESREERE. LARFRINSHESR
ERMEMBEEMLZHLTERE T4,

FRIERA S UE TREBSRBBITIREFABEMAMMEMAFAAIERHRE., EE
AREERANETFEFTEEIMITHN.

9.12 ZEHEiE

AR M S E L T T A BT B BB e B AF 24 TR 6 B BL A X 77 % (CRT)
Bf, e .M XA EZRAES . @B SR H R IR &8, IR AR 95 JE 1
245 P G A DA Tt B R K 1S R R 45

HHASEEERTE T FRNRIETR FEFEERREHEQREEH .
ERFERMXUERISENHR. IETEREFERMUELERRNABAEFLLERS
FREOEMMXFFEROTOED, FO0 EREEELRB ELERTEAEH THRER
UE R I 3 B b 3 W O A A TR
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R4 ERES] TMEAEOEZRZITMUNLTFSG, XEYHHEONRRTELH
{55 KL T Verilog-1995 # R & O 48 iE £ 3% 28 (wire) . #1358 i 9w 1 (port) 2 53¢ £
EOGSHEEE-E. BENTHEEZRITRH WML FEFEHTHEEDZIT.

iR wylb . DUT B — N8 AEBEE — DO L—4 Driver 26 1]
BEsEEANEEZMED., FAMAREIETBAEERS — 1 Driver 2—— 1 5] fiE &
HaE — 8 A Driver X B E 6L N IK.REHMNERES N M HEEL, 4 System
Verilog 1, g2 O (virtual interface) 5 — /4% FE 2 O () 1] 885 Chandle) , 8] L i 13 {E HH & 32
ORMEx—a9,

U ER ERE P ARBRITARCESR I HOMKLESG., Sl -1 SRJERE
FEE SRAEReIEd —FPEE PR T USB S ES -MHREFTET FCH T
B, MAREMNRXFEPMIBEE O AT L7 &/ 2 68 A9
ar | .

SystemVerilog (IO ANBE TS PR AT LLAE 4 01 s oim AT $iUF7 1R A, axX
AU REEERON TR .EHEONBIEITHN initial BoF0 always Be L R ER
HESRENNS. BER . AHEAKTVEHNBHREEEOS, BEMNRAFEEH.BIF
Mo gt Hb 6 3 . F Reactive KA E M T7. A . SystemVerilog i& 5 £ 2 F M (LRM)
eyl A HER .

AEFH ZEEFEETLLMAEER web M3 T # . htip://chris. spear. net/system-

verilog.

10.1 ATM BHaSEHEO

BEOEFERLOHEREATFM A FGPAXTREMN— 8@ H 050, fTHE SRR
FFkfEE—TELERGIOEOPOBES. BEOEE -TTUHEZHEREABE
BB 3O 8 — R L

10,11 REEYEEONMKXTES
BAERAB TR 1O, @ L IZEORH 1 X4 8 ATM BB 35 5% £ 83 i

O BEOHREKLEZEZI (ref interface) ,
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o ":':‘jﬁg!".'.'-.‘-:--;':- e T, g e TR SN e L -.".":-'-'.-.__"'-'il Sowghe S el i Rt ""w-"'-:..f'-"\-%’u'}- - il

¥, 1 10.1 40102 HIRH T HFERAMRET @K ATM EO.

#110.1 AR Rx O

/! W modport MBfRERA Rx FE D

interface Rx_if (input logic clk};
logic[ 7:0]data;

logic soc,en,clav,rclk;

clocking cb @(posedge clk);
output data, soc,clav; // FHEEHN FRXFEN
input en:

endclocking:cbh
modport TB(clocking cb);

modport DUT (output en, rclk,
input data, soc,clav};

Endinterface:Rx_if

M10.2 FHBRS TxEOQ

/ /A modport HET#pEA Tx DO

interface Tx_if (input logic clk);
logic[7:0]data:;

logic soc,en,clav, tclk;

clocking cb @ (posedge clk);
input data, soc,en;
ocoutput clav;

endclocking:cbh
modport TB{(clocking cb);

modport DUT (output data, soc,en, tclk,
input clav);
endinterface:Tx if

XEFEOWUEBFRPMER, M 10. 3, X E/LIER A T 8 4 7 (hard-coded) 3
H &, rx0 # TxO,

B 10.3 FEAPAZONKLES
program automatic test(Rx _if.TB Rx0,Rxl,Rx2,Rx3,
Tx if.TB Tx0,Tx1,Tx2,Tx3,
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O onimeoo ot SSRRen WO e atEREE BEAEE RS
input logic c¢lk,output logic rst):
bit[7:0]bytes[ "ATM SIZE];

initial begin
/) BALR &
rst <=1;
Rx0.cbh.data <=0;
receive cellQ;

end

t ask receive cellD;
f(Tx0.ch);

Tx0.cb.clav <=1} /1 B ITRERNES
walt (Tx0.cb.soc==1); /] BEHEITTH R

feor(int i=0; i< ATM SIZE; i++)begin
wait (Tx0.cb.en==0); /] EEEEE
@{Tx0.cbh);

bytes[i]=TxU.cb.data;
@(Tx0.cb);
Tx0.cb.clav <=0; // B E{FS
end
endtask

endprogram

Mlo. 15 THRAEFSERAED SRITEFHHTF.

e
Testbench !

do Rx Tx mo

dl ml

i 4X4 ATM s

d-3' router m3

e — L — i —— L A e e e b

B10.1 FrdSHFAadEEOMRES
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oG TR B i — 3 0 5 6] 10. 6 thig IV & k. B 10. 4 FRIBIREIL T
— O GEORA) X AENERAMLTFE., FXDUTH 44 RX M4 4 TX
B0 R LATE B A — RO LR alfe s DUT sk#.

B 10.4 FHEZDORHN T EBR

module top;
logic clk, rst;

Rx if Rx[ 4] (clk);
Tx if T=[4] (clk);

test t1{Rw,; Txrrst);

atm_router al(Rx[ 0],Rx[ 1],Rx[2],Rx[ 3],
tx[ 0], Tx[ 1], Tx[ 2], Tx[ 3],
clk,rst);

initial begin
clk=0;
forever # 20 clk=!clk;
end

endmoedule: top

10.1.2 EFRAEEOMMNKES

OOPEARKN— KR EA LG —-1E, EXPEAHAH LB IR, mMIEFEHER
B (hard-coded) I X R 4 . iXHE— K. BE7] LAB)EE — 4 Driver 2 Hl—~4 Monitor 3,3t
R ERE AR EETTH G BUBREE AN Z M.

fi 10. 5 B FF RABERHMF 4 > R FT 4 A T 8 M4 50 O R AE 38, SRR A B 10. 3
—H BARAEEET -HAEED vRx Ml vIx, XEE O AT L H %539 s 88
EAEABLEOWERBFT LT,

B 10.5 AR O AR E S
program automatic test (Rx_if.TB Rx0,Rx1l,Rx2,Rx3,
T 1L, T Tx0,;Tx1,Tx2,Tx],
cutput logic rst);
Driver drv[4];
Monitor mon[ 4];
Scoreboard scbl4];

virtual Rx_if.TB vRx[ 4]="{Rx0,Rx1,Rx2,Rx3};
virtual Tx_if.TB vTx[ 4]="(Tx0, Tx1,Tx2, Tx3};
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initial begin
foreach {scb[ i] ) begin
scb[ i]=new(i);
drv[il=new(scbli].exp mbx,i,vRx[i]);
mon[ i]=new (scb[i]. rcv_mbx, i, vTx[1i]);

end

end
endprogram

WA UAEAEEORALSR . MEHEEROP R P EAEORE. XEEOHRYA
AT L& 3% 45 v e 0] 10. 6 Hh e MR B PR .

i 10.6 fEAEEOQMEEL
program automatic test (Rx if.TB Rx[4],Tx if.TB Tx[ 4],

output logic rst);

initial begin
foreach (scb[ i])begin
scbli]=new(i}:
drv[i]=new(scb[i].exp mbx,i,Rx[i]);
mon[ i]=new (scb[i].rcv mbx,i,Tx[i]);

end

end
endprogram

1 10. 7 PR BAF L LB 10.3 bW ABRBEM. AEMHEEMEBHT SN Rx
MEEOSHTEN R0 WY BN,

B 10.7 {6 AR B H 0 3R g 4% 2K

class Driver;
int stream id;
bit done=0;
mailbox exp mbx;
virtual Rx if.TB Rx;

function new(input mailbox exp mbx,
input int stream_id,
input virtual Rx_1f.TB Rx);
this.exp mbx=exp mbx;
this.stream id=stream id;



ZGT R W o R O ———

this.Rx=Rx;

endfunction

task run (input int ncells, input event driver done);

ATM Cell ac;

fork // RHAE FIRE R - TR
begin
/7 MR (RS
Rx.cb.clav <=0;
Rx.cb.soc <=0;
ERx.cb;

[/ B fE, HRIRZERE —1{§7T
repeat (ncells)begin
ac=new
assert (ac.randomize};
if (ac.eot cell)break; // fEiE45HK
drive cell{ac);

end

$display("@%0t:Driver::run Driver[%0d]is done",
Stime,stream id);
—->driver_done;
end
join_none

endtask:run

task drive_cell (input ATM Cell ac);
bit[ 7:0]bytes[];

# ac.delay;
ac.byte pack{bytes};

$display("@%0t:Driver::drive cell (%0d)vci=%h",

Stime,stream id,ac.vci);

/1 HFET ot ob R B

@Rx.ch;
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Rx.cb.clav <=1; /B xfr
do

@Rx.cb;
while (Rx.cb.en !=0) /7 HHEERERE SRR
Rx.cb.soc <=1; /B F G
Rx.cb.data <=bytes[0]; /! BB —NFE
@Rx.cb;
Rx.cb.soc <=0; /G iR RS EE
Rx.cb.data <=bytes[1]; /BB — 1

for{int i=2; i<'ATM_SIZE; i++)Dbegin
@Rx.cb;
Rx.ch.data <=bytes[i];

End

BRx.cb;
Rx.cb.soc <=1'bz; /7 ¥t soc BEH
Rx.cbh.clav <=0;

Rx.cb.data <=8'bz; // TEBREAEAT
$display("@%0d:Driver::drive cell (%20d) finish",

$time,stream id);

// FHE ik Bid 2 i
exp_mbx.put (ac}) ;

endtask:drive cell t

endclass:Driver

10. 1.3 BAKXFESERFRAFRPPED

ABANTHEF DUTHNEEF HP DUTHEHBOMEDPHHEED, X FhRE
R Verillog P rAEN. W il —RBE AR O P Sk, 6 10.8 TR
B Lt 5 3 A B (test harness) EfEAm O3] R P AT OEET DUT B R,

f110.8 fl im0 RSP REEORNR AR

module top:;
bus ifc bus({); // Bl
test tl(bus); /7 i85t B e A% 1 48 W K A Oy
dut dl (bus) ; // i1t o 115 £ %% 45 puT
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endmodule

10, 9 R T AR P FHEOMEIFR,
#10.9 HHOFRSAHE OB REF

program automatic test (bus_ifc bus};
initial Sdisplay (bus.data); // {HHEORFS

endprogram

mBEERIT M — AT 25 E M4 4 AR? H10. 10 FRRRKHRAH T
— A BEFHERBETHRAINESD.

#1010 HOFRPEFFE RO TEHRR

module top;

bus_ifc bus(); // B0

new ifc newb(): /1 BHdE—1 &0

test t1(bus,newb); /7 fE A O A R

dut dl (bus,newb) ; // EHPA & OB DUT
endmodule

MEKREFEZLEYH 0.9OPHMLBF.FERODNEZPEES —1TEQ . mH
10. 11 5 g il i 78 BT /s .

$ 10. 11 5 O A & A P A 0 6 e
program automatic test (bus ifc bus,new ifc newb);
initial Sdisplay(bus.data); // HBEOES

endprogram

ERITHFREN— T HHEOERETERBCAN TN KB . XHHHEOED
A AKX A AT, B GER R FEA 0 TR 0T LUE 8% AR D
HARLA!

10. 1.4 {E/M XMR(EB&RRS| H ) EZEOQOMNRXERF

MBI SEFFEEEIN AR HEEO L IBATUEABFERPH
B O Mgtk g) B (XMR, Cross Module Reference), I 10. 12 fr7r. &0 %0 B BB 8

O. A EETERP g Y EEORERSE.
B 10. 12 i B 0 A XvR 9 iR

program automatic test();
virtual bus ifc bus=top.bus; //BE#th3|H
initial $display(bus.data); //fHHIEQES

endprogram
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4 b o s o e A (P e o i oA T R i i P B Pl L MR g o b e e
S gttt e diat e 0 s oy e o o, o - R T e TR AR

% B R B A ) B an s 1013 FaR.
&) 10.13  mOSRFAFEOMNHAR

module top;

bus ifc bus(); /7 BN

test t1(): /7 WA E w3 &
dut dl (bus); // DUT 318 {# H¥m 0 51 %
endmodule

BRI R 2 VMM % B0 5F Jr 2 BT HERE 19, & ol LU B WGRAHE e rT M. W6
10. 14 iR ERITHMM T - He 0, BRGKAARET ERE A KHIEEFH

10,14 FHE_-TEONTEAHR

module top:
bus_ifec bus(); // BliL#EQ
new_ifc newb (); // BILH —1
test t1(); // LPRFAE

dut dl (bus,newhb);

endmodule

7 10. 14 a9k HEBEAT LA FH A EH S M T 5084 10 12, 88 LIFETE
#2113 Fr i H: O A4 100 15,

@) 10.15 [ERAM A B3O A xvr R IF
program automatic test();
virtual bus ifc bus=top.bus;

virtual new ifc newb=top.newb

initial begin

$display (bus.data); /R AED
Sdisplay (newb.addr), /1 Bm—A4-4E0
end
endprogram

\ BIEHEE LR AN B NAEFPRRAEL LGS A
2 MOMEBEAL N ERERBUAEAETERHAFEL CEA
BHRAEHUREFORD, AR PUATELUFNEATIERANERNS

WED, B2 RARGRAXBFANTEARENEL  BRALEAX

B R A,
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3 S S S e P AR 5T A

10. 2 BEINZITAFRBRITACE

BIE — At A BRE K A TiORITATEF AR EE. RAUNEIEE
Bl RS — IR P & (R G0 R R B BT AT Y T BB A 4 R AL G B9 REB AL KR RE
DAAE g, i fo R B O KR T LA SR R R S M Al REAO B OO

10.2. 1 R4 (Mesh)i&it REl

B 10. 16 & T P ZWEAREB[ME, -8 6itHHF. CEMNBERTEAZE
AR A E RS SE A DUT dER A, XM XBRENBENARE Y — 14
BEOATESHEE., SHENRFEFEETUE X BEEOREAEEF TN Y M E
o i

B 10. 16 Bt ¥ aFHED x if B9CH . EH always P EH Sstrobe BB KITEN(F
S1E,

Bl 10.16 g fuitBARAED

interface X_if (input leogic clk);

logic[ 7:0]din, dout;

logic reset_1,load;

clocking cb @ (posedge clk);
cutput din, load;
input dout;

endclocking

always @cb
$strobe("@%0t:%$m:out=%0d,in=%0d, 1ld=%0d, r=%0d",

$time,dout,din,load,reset 1);

modport DUT (input clk,din,reset 1, load,
output dout);

modport TB{clocking cb,output reset 1);

endinterface
XS A T BER AN M) 10,17 FROR.

B 10. 17 (A X if BOAH SR

/R RBHR R AL AR 8 L iHE .

module dut (X _if.DUT xi);
logic[?:ﬂjcount;

assign xi.dout=count;
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S Mg S Sl e S T A S L L D e SRR R
e ST AR AR e W v B R ST e S TR R e el

always @(posedge xi.clk or negedge xi.reset 1)

begin
if{! »i.reset 1) count <=0;
else 1f (xi.load) count <=xi.din;
else count <=ccount+1;
end
endmodule

% 10. 18 P TZ M B generate BRI L NUM xT HE ORI H0E8.H S EH
T—1MWRFf.

B0 10.18  {E FI @ E O BUA MR &
parameter NUM XI=2; // it L 64 %

module top;
/7 BB A AR
bit clk;
initial begin
clk <=‘0;
forever # 20 clk=~clk;

end

/7 B N RO
X _if xi[NUM X1](clk);

/7 B &
test th();

// P4 N A DUT K
generate
for (genvar i=0; i<NUM XI; i+ + )
begin:dut blk
dut d(xi[i]);
end
endgenerate

endmodule:top

B 1019 P X EERXBAOMOREXT BB E O BA vei BEKE4A . vxi
BE TIESER PR ORAH top.xi ML FHE S ERRNBERE T E. ZOREPT —
B . AT RIEH 10. 18,48 environment XS H B TR X B D, A L%,
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SR R R R S L S N R e S I A
RE MRS ZE I TR AE.

MAELEREELHFEE-—TES OREZELPA - XEBEO, MREFIHATLURSA
8RR TR AL A B B RS AR A ERBARKDAENTE.

@ 10. 19 f# FH B 2 O A EER i F

program automatic test;

virtual X_if.TB vxi[NUM_X1]; // HE#& O ¥R

Driver driver[ J;

initial begin
/7 B R R R O B TR

vxi=top.xi;

// BB NN A 8% AT S
driver=new[NUM_XI];
foreach(driver[ i])

driver[ il=new(vxi[il, i);

foreach (driver[ i])begin
IRt <4,
fork
begin
driver[ij].reset ();
driver[j].lcad_pp[]:
end

join _none

r epeat (10) @ (vxi[ 0].cb);

end

endprogram

HREZMNTHRMH TR, R A EEEE AR Driver KWW E R T LT
FOMENE — AT AR B
5 10. 20 P .priver R - MRFEOR B ML ITTEHBNES.

i 10.20 FEHAEEDOMN Driver 3
class Driver;
virtual X if xi;

int id;
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function new(input virtual X if.TB xi, input int id);
this.xi=xi;
this.id=1id;

endfunction

task reset ();

$display("@%0t:%$m:Start reset{ $0d]",
$time, id);

/7 B EAL

Xl.reset_ 1 <=1;

xi.cb.load <=0;

Xi.cb.din <=0;

@(xi.cb)xi.reset 1 <=0;

@(xi.cb)xi.reset_1 <=1;

$display{“@%0t:%nuEkuireset[%ﬂd]“,
$time, id);

endtask:reset

task load op():
$display ("@%0t:$m:Start load[20d]",
$sime, id);
# # 1 xi.cb,load <=1;
xi.cbh.din <=id+10;

# # 1 xi.cb.load <=0;

repeat (5)@(xi.cb);

$display("@%0t:%m:End load[%0d]",
Stime,id);

endtask:load op

endclass:Driver

10.2.2 XE#EOFEH typedef

virtual X if.TB AJ LA ff] typedef B . B HETUR TR ERFHTIH®Y
modpor t 3 W A fCF A B . a0 10. 21 Ff 10. 22 of 4 WX 4 F 0K 3 B8 3 %

#10.21 XTEFEOM A typedef MBIAES
typedef virtual X_if.TB vx_if;
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program automatic test;
vx if vxi[NUM XI]; // BEORA

Driver'driver[];

endprogram

$ 10.22 7eWRzhFEBHEMHR typedef BIEHE O
class Driver;
vx 1f xi;

int id;

function new(input vx_if xi,input int id);
this.xi=xi;
this.id=id;

endfunction

endclass:Driver

10.2.3 ERWmOFEEROYA

B 0 B B 4 A BB AR S L (XMR) R B He D ¥4 . IO BALEN 5 —
MuEEERARD. FAETURMEPHBARBEN, FLURTES K, BIER
XMR JRUf# EC i P i 01 45 B0 A S0, N i 1l 3 B AT R B AT AL BER .

B 1.2 T - T2RBPKELXFBOMNNN. THETZMEAMHE,

B110.23 R E O AN T &
parameter NUM XI=2; /7 BB

module top;

/7 Flf N A~
X_if xi[NUM XI](clk);:

/7 Blie R &

test tbh(xi);

endmodule:top

B 10. 24 PRI F G T EED, BB T - MEEONA, X ERT LGSR
b B B A B H 6 R H, BR A AL I O BB IR A 1 R 3
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#1 10.24 fFHwmO &R EBEAOHRKLYES

program automatic test (X if xi[ NUM XI11);

Driver dr iver[];
virtual X if vxi[NUM XI];

initial begin
//MREEEOENNMEZ
if (NUM XI <=0)$finish;

driver=new[ NUM X 1];

vxi=xi; /7 ¥EHE OB e Vet {E 45 2 Hb BB HE O 3004

for (int i=0; i<NUM XI; i+ + )begin
driver{ il=new(vxi[i], i);
driver[i].reset:

end

end

endprogram

10.3 4 0 AR AT

mMEAXSPRNAUEALTEMNFEF.BEOQILUEY FREF.BS . initial A
alwaysBREMNE, EOLF T HATRZE#TEGHES MIEE. Tl & iE O]
LEEZRFSMATEEFESINFERF. RETEFAORNEHATIIINERBEN, X
RITHERBEHRS LHEMOAHN, XEFREFOV M RE T nodport IERAIEEHRM, X
— R lBES—H. £FKF/EITLIF]A B modport #F, B i1 RHAL Al {F A iX 4~ modport
IR AR AT WL .

X FARFRE AT St AT g FERER. XML ATRIET R
HEAMARADU . HEER TREE MO TFaRE. BE.FARFENGS TARA
DB E PN FRFRD.,

AU EEOPEAM S RRIED . ST U AXREEEMNA S, BlnE R B
WHRIRHBES . BT THREFREF A7 EF IR, SRR EE A 5 1 iR
WitFH e, YEFFEHAONEOATLL =4S . XA ET LM AT E AW
WRERER.

10. 3. 1 H47EMiEDO
BIRAGEMNME . ATMEERNANHEZERFTEEETMEN., & 10.25 FEED
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&4 initiatorSend Ml targetRev, XA MEFHERAENRS AR MR ZB EAHF,
XA O T A 8 fir 85K 47 M A& 1K M hE FEEE

#10.25 FAHMERN T UESFAIED
interface simple if (input logic clk};
logicl 7:0]addr;
logicl[ 7:0]data;

bus_cmd e cmd;

modport TARGET
(input addr,cmd,data,
import task targetRcv (output bus_cmd e c,
logicl7:0]a,d));

modport INITIATOR
(output addr,cmd,data,
import task initiatorSend {input bus cmd e c,
logic[ 7:0]a,d)
)7

/1 FATRE
task initiatorSend(input bus_cmd e c,
logic[7:0]a,d);
@ (posedge clk) ;
cmd <=cC;
addr <=a;
data <=d;
endtask

/7 FITEW
task targetRcv (output bus cmd e ¢,logic[7:0]a,d);
@ (posedge clk);
a=addr;
d=data;
c=cmd;
endtask

endinterface:simple if

10.3.2 &H{THMYED
B 10. 26 th B OCHL T AL BB RO B ATHOR . EAIH 1025 AAMRKE DA
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FHRF B LA 0] AT B8 8 o0 9 A B O . A B R i iR & a0 R 1B K.
#10.26 FEFEHBTHNESHED

interface simple_if (input logic clk);
logic addr;
leogic datay
logic start=0;

bus _cmd e cmd;

modport TARGET (input addr, cmd, data,
import task targetRcv (output bus cmd e c,
logic[7:0]a,d));

modport INITIATOR (cutput addr,cmd,data,
import task initiatorSend (input bus _cmd e c,
logic[7:0]a,d));

/] BITRIE
task initiatorSend (input bus cmd e ¢, logic[ 7:0]a,d);
@ (posedge clk);
start <=1;
cmd <=¢;
foreach(ali])begin
addr <=a[i];
data <=d[i];
@ (posedge clk);
start <=0;
end
cmd <=IDLE;
endtask

/1 BITEW

task targetRcv (output bus_cmd_e ¢, logic[7:0]a,d);
@ (posedge start);
c=cmd;
foreach(al i])begin
@ (posedge clk);
al i ]=addr;
dli]=data;

end
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endtask

endinterface:simple if

10.3.3 #FORBRERMN

BOafE Sy RTL RS R UEZM. ENENMNMHIER™EE LK, HEXK
ESXEMEIME PR HFBAR—THARNERE. RAZOMENHRABAERET RN
ER MUAERELEDSHAL. BOAEIERARELR. EAHTEENLS
MERRAKMRIEEMAT BN FTUMZIBENE XEBFREETHESF,

10. 4 %5

SystemVerilog PHFE L —FIIERERKWOER, E8G 7 &8 .0 F R 2ZE M@
G, EAEPREI TEHUE - TR ESE HEECEREIGT LTI HEONAR
MiRitEEE L. HAEECD . FUGESERBTLEETNEEIZ/ M YHEO L, B
O ASHAFESHFREFNEEDINANS EEFE. MLBEFNIZHEBRFRM
AEHEZOH,

HEOEBREZ THARSARH HEMMEOLRREM. XEHRTLASREDLE
HoAE 4t Verilog MO MELERNWER EVREHRTEE . HE -SRI RS
BB BFHRP L,
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5t 2 [y SystemVerilog iz F &

AR TR B S Fh SystemVerilog WEEE R TRIE—1®RiT. Wil FEF4E RN
RAPEULER, FW R R E, AERNM X FE2ER S EXANE T ML
FIEEES . T EAREIRZERMEN TS mEH A ThiE.

FM i B Sutherland(2006) H /a9 ATM A2 #4L. X 4~ F R % T Janick Bergeron
RS UEth 2= . Sutherland i SystemVerilog &2 T IR/ Verilog fUH,{EH 7 LIEE B M
4X4 B 16X16 i) ATM £l a9 il & €/ $urandom ™4 ATM {570, B8 H
) IDBEEXLFNEIT . ARREHNMEGR.

HEWLY &8 ATM 28 U164 52 B 8 61 F o7 LLA htip://chris. spear. net/system-
verilog T#. AFERHH rml¥Fa.

11.1 BT HIT

FRO BT AR & Z R GEE R A 111 AR A 4 ER R AME .

MAF G5

CIN i t
o| tEmR | - .

M1 §FES —— ST RS

RE PR N squat 0 11. 2 fi7R . "EA N AK€ UNI#3X{55TH) Utopia Rx #
0. # DUT ARRLEILARE TR . FHREANNIBA REH R =0, REBEHARG
JUH) VPl W IR RN TSR, ARRENEREZEUAR,

Bl 11. 1 PRI TIUZ SR 2 L 1 Rx A Tx B A6 O304

Bl11.1 TiJZ Rk

"timescale lns/1ns

'define TxPorts 4 // KL IR
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by
1

'define RxPorts 4 // #EW O M 1%

module top;
parameter int NumRx= 'RxPorts;

parameter int NumTx= 'TxPorts;

logic rstyelk;
/! RGP R AL
initial begin

rst=0; clk=0;

# Sns rst=1;

# Sns clk=1;

# Sns rst=0; clk=0;

forever

# 5ns clk=—~clk;

end

Utopia Rx[ 0:NumRx-1] (); // NumRx > Level 1 Utopia Rx #: [0

Utopia Tx[ 0:NumTx-1] (); // NumTx f> Level 1 Utopia Tx # 1

cpu ifcmif(); // Utopia management interface

squat # (NumRx, NumTx) squat (Rx, Tx, mif, rst, clk); // DUT

test # (NumRx, NumTx) tl{Rx, Tx, mif, rst, clk); // Test
endmodule : top

11.2  squat Wit HEHE

Gl 1L 2 MR FEREFAdRORERTEOMGS, X TERLS| ANITER
10 1.4 7. HIEAMIRA FEEHRE environment 2591, 8 11. 2 B8 F A 41$ Environment
11553 o

B 112 Wi EEMER

program automatic test
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Sefr sl S Fodiiat e L St R T et i e i D S SRR R e
# (parameter int NumRx=4, parameter int NumTx=4)
(Utopia.TB Rx Rx[ 0:NumRx- 1],

Utopia.TB Tx Tx[ 0:NumTx-1],
cpu_ifc.Test mif,
input logic rst, clk}:;

‘include "environment.sv"

Environment env;

initial begin
env = new(Rx, Tx, NumRx, NumTx, mif);
env.gen cfg();
env.build(};
env.run(};
env.wrap up();
end

endprogram // test

AT E D (RN CPU I ERRERGE . ) 11.3 FrR. A
Hry 8T B, CPU UL HRE 5% VPIBRH B RBEHRNERE.

%l 11.3 cruEMEN
interface cpu ifc;
logic BusMode, Sel, Rd DS, Wr_RW, Rdy Dtack;
logic [11:0] Addr;
CellCfgType Dataln, DataOut; [/TER 1L 11 E X

modport Peripheral
(input BusMode, Addr, Sel, Dataln, Rd DS, Wr RW,
output DataCut, Rdy Dtack);

modport Test
(output BusMode, Addr, Sel, Dataln, Rd DS, Wr RW,
input DataOut, Rdy Dtack};

endinterface : cpu_ifc

t ypedef virtual cpu_ifc.Test vCPU T;

WP S A 11,4 § Utopia #0058 W i+ squat JF 778 {5, &% MK ATM
B0, 3O HA i) 22 0% F o Jic B A28 B0 B e 2 L 8 932 75 T4 1 0 38 OF & M modport .
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%l 11.4 Utopiaf®EH
interface Utopia;

parameter int IfWidth=8;

logic [ IfWidth-1:0] data;
bit clk in, clk_out;

bit soc, en, clav, valid, ready, reset, selected;

ATMCellType ATMcell; // ATM {5 L M B &

modport TopReceive (
input data, soc, clav,

output ¢lk in, reset, ready, c¢lk out, en, ATMcell, valid );

modport TopTransmit (
input clav,
inout selected,
output clk in, clk out, ATMcell, data, soc, en, valid,

reset, ready );

modport CoreReceive ( ;
input clk in, data, soc, clav, ready, reset,

output clk out, en, ATMcell, valid );

modport CoreTransmit (
input clk in, clav, ATMcell, valid, reset,

output clk out, data, soc, en, ready );

clecking cbr @ (negedge clk out);
input c¢lk in, clk out, ATMcell, valid, reset, en, ready;
output data, soc, clav;

endclocking : cbr

modport TB_Rx (clocking cbr);

clocking cbt @ (negedge clk out);
input clk_out, clk_in, ATMcell, soc, en, valid,
reset, data, ready;
output clav;

endclocking : cbt



1.2 Anvagam 303

U s S e L TR T T e R e R ST R n’:}ﬁ:.‘é.—ﬁf:’i@‘iﬁﬁfq Ee

modport TB Tx (clocking cbt);

endinterface

typedef virtual Utopia vUtopia;
typedef virtual Utopia.TB Rx vUtopiaRx;
typedef virtual Utopia.TB Tx vUtopiaTx;

11. 2 Ik & BB

environment X EMEXLESMBZEL . W8 2.1 R, EXNMXBEAET T 22 ML ¥
L&A, Bl E AR IKahds ARSI, EES TR A 2058 =4
PLEE BT R LG8 BT HEHFMNASGEUELHRZNER TR K.

#l 11.5 Environment 258 & &

class Environment;

UNI generator gen[ |;
mailbox gen2drv] ];

event drv2genl |;

Driver drvl ];

Monitor mon[ J;

Config cfg;

Scoreboard scb;

Coverage cov;

virtual Utopia.TB Rx Rx[ |;
virtual Utopia.TB Tx Tx[];
int numRx, numTx;

VCPU T mif;

CFU_driver cpu;

extern function new{ input vUtopiaRx Rx[ |,
input vUtopiaTx Tx[ ],
input int numRx, numTx,
input vCPU T mif);

extern virtual function void gen cfg();

extern virtual function void build(}:

extern virtual task run();

extern virtual function void wrap up():

endclass * Environment

{Ef 11. 6 ¥ . Environment 2 f) #J 5 o8 88 1 StestSplusargs () RE I F F K
VCS #ifi HE ¥+ ntb_random seed XN SHRB I HEIBOHNE#HT. R
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ﬁ'$value$plusargs{}‘Iuﬁﬁlﬂi‘b‘ii#ﬁm{ﬁu $ﬁﬁ§ﬁﬁi¥ﬁ$ﬁ&ﬂffﬁ%ﬁﬂ%
MEEMTF. T EEHECHBRRAERT XN B AREHR MU AMERANER

i HE
# 11.6 Environment EHF L

// ¥i& environment < il

funct ion Environment#new( input vUtopiaRx Rx[ 1,
input vUtopiaTx <[],
input int numBRx, numTx,
input vCPU T mif);

this.Rx=new| Rx.size()];

foreach (Rx[i]) this.Re{i]=Rx[i]:
this.Tx=newl Tx.size () };

foreach {Tx[ i]) this .Tx[ il= Tx[ i:] 2
this.numRx=numRx;
this.numTx=numTx;

this.mif=mif;

cfg=new (numRx, numIx) ;

if (StestSplusargs ("ntb random seed")} begin
int seed;
$value$plusargs ("ntb_random seed=%d", seed);
S$display("Simulation run with random seed=%0d4d", seed);
end
else
S$display("Simulation run with default random seed");

endfunction : new

// BEVLL RS & R F

function void Environment: gen cfg();
assert (cfg.randomize());
cfg.display();

endfunction : gen cfg

Ff R AR # T environment Af &
N AEBEENENMEERE Y ME BEE A A E MR,
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7/ FERE T LA G0 7S AR A iR
function void Environment:s:build();
cpu=new{mif, cfq):
gen= new| numRx ] ;
drv=new[ numRx] ;
genZdrv= new| numRx | ;
drv2gen=new[ numRx ] ;
scb=new(cfqg);

cov=new();

/7 BN RAERR
foreach (gen[ i]) begin
gen2drv[ il=new () ;
gen[ i]=new gen 2drv[ i], drvEgerl[ il,
cfg.cells per chan[i], i);
drvl i]=new(gen2drv(i], drv2gen[i], Rx[i], i);

end

/7 Br W aR
mon= new[ numTx ] ;
foreach (monl i)

mon[ il=new(Tx[i], i);

/¢ 38 3 8] 3 o AR 4 T 4 1 2 4K 3 28 A AR
begin
Scb Driver cbs sdc=new(scb):
Scb Monitor cbs smc=new(scb);
foreach (drv{il) drv[i].cbsq.push_back{sdc];
foreach (mon[i]) mon[i].cbsq.push back (smc);

end

/O EGEEIERBERE A BEF R R RE
begin

Cov_Monitor_cbs smc=new (cov);
foreach (mon[i])

mon[ i].cbsq.push back (smc) ;
end

endfunction : build
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/1 IR E RS R AR IS A AR
/1 AR B BR A E

task Environment:run();

int num gen runningy;

// CPU $& O &6 70 & Se 91 0 1k

cpu«ruan () ;

num_gen running=numRx;

/7 R B R BWORIE IS 3 K 4 3 IR Bl 48
foreach (gen[ i]) begin
int j=1i; // EXBHENEER, AT REFT KIE
fork
begin
if (cfg.in use Rx[j])
gen[jl.run(); //EFFEER/EE
num_gen_running- - ;// W/ 0K g 28 i HL
end
if (cfg.in use Rx[3]) drvl j].run();
join none

end

/7 RS Tx fl HEGE IS 3 W 2R
foreach(mon[ i]) kegin
int j=i; //AEXHBRENEER , AT REFT LM
fork
mon[j].run{];
join none

end

/1 FTEETE IR AR R S et
fork : timeout block
wait (num gen running ==0);
begin
repeat (1_000 000) @ (Rx[ 0].cbr):
sdisplay ("€ 30t: $m ERROR: Generator timeout ¥, $time);

cfg.nErrors++ ;
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T RS o TR PR o TSR sl AN S S P & < PR
end
join any

disable timeout block;

// % P RCHE K B R AR A e AR
repeat (1_000) @ (Rx[0].cbr);

endtask : run

/BT EEENER/ME T

function void Environment: wrap up():
S$display( "@8%0t: End of sim, %0d errors, %0d warnings”,
$time, cfg.nErrors, cfg.nWarnings);
scb.wrap up;

endfunction : wrap_up

] 11. 6 H iy Environment = build J5 % il & [5] #8 28 (Scb_Driver_cbs) E # T i 73 # #
DX A28 WSHLSs , nf 11. 7 fRR. Scb_ Driver chs ZWHIEE A X iC . K 30 2% =
325 (Driver_cbs) @0 11. 20 fiiR.

B 10,7 [ T IR Bh 3% MC R

class Scb Driver cbs extends Driver cbs;

Scoreboard scb;

function new (input Scoreboard scb);
this.scb=scb;

endfunction : new

// BB A5 TR 3% Flid R

virtual task post_tx{(input Driver drv,
input UNI _cell cell);
scb.save expected(cell);

endtask : post_tx

endclass : Scb Driver cbs

) 11. 8 A i Bl i & Scb_Monitor_cbs ¥ U R ES FEH BI040 M . M AL 23 BY [l 4 3 26
Monitor_cbs @ 11. 21 ffR .

) 11.8 EIFEAERE T IHRIAICOR

class SCb_Munitor_cbs extends Mnnitc:-r_cbs;

Scoreboard scb;
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function new (input Scoreboard scb);
this.scb=scb;

endfunction : new

/7 FEUCE A {5 70 A& BE 7T R
virtual task post rx( input Monitor mon,
input NNI cell cell}:
scb.check actual{cell, mon.PortID};
endtask : post_rx

endclass : Scb_Monitor cbs
environment i if Cov Monitor cbs [MIVEZEIEHE T WP AF A 22 26, il 11. 9 FR.
G119 [WURASHER T WM B R R

class Cov Monitor cbs extends Monitor cbs;

Coverage cov;

function new (input Coverage cov);
this.cov=cov;

endfunction ! new

/AR B E T R B R R

virtual task post rx( input Monitor mon,
input NNI_cell cell);
CellCfgType CellCfg=top.squat.lut.read(cell.VPI);
cov.sample (mon.PortID, CellCfg.FWD);
endtask : post _rx

endclass : Cov Monitor cbs

BEOLECE XM B HRnGl 11. 10 fion. HF M nCells Bl RE M E T & B M
VLB 2 c_ncells valid RIEE T A BMAMMECK T 00 44K c_nCells_reasonable
BRI T 2 5 W 89 5 70 0 A 8O T 1000 4>, 30 3R 4 58 3 47 5 4 o a] W4, T LA B 28 B
BIE XA,

A it BEBAH in use e IWE T ATM X PLATE R I A v T 726 11. 6 1
run FEBEMAHA T ZEAHA. URFEREHARMEIE.

¥4 cells_per chan 12 {5 JC Bl HL 8 43 BC 3 %5 G888, 49 ] zero_unused_chan-
nels {1 JC @ B HAE T E R 0, A BIORM ./ S Bif5I0(cells_per chan) ZRi
FRMBAREIE(in_use Rx), B AAS—MEESEBMGEIGAEN 0B, BREA
2B M RIER D,

) 11.10 A& 2%k

class Config;
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Smnap et

int nErrors, nWarnings; // B &L
bit [ 31:0]) numRx, numTx; // S EH—H

rand bit [31:0] nCells; //{RICHI B
constraint ¢ nCells valid
{nCells>0; }
constraint ¢ nCells reasonable
{nCells<1000; )}

rand bit in use Rx[]; J/RVFERI A /4 E

constraint ¢ _in use valid

{in use Rx.sum>0; } /I BELTE— RXEE

rand bit [ 31:0] cells per chan[];
constraint ¢ sum ncells sum // #1505 BB & 4~ E
{cells per chan.sum==nCells;} // ZHBEHFETHNAEE T nCells

//IEREHEENFELIEIREN O
constraint zero unused channels
{foreach (cells per chan[i])
|
// in_use ¥ Aef, ok M in_use Rx[]
solve in_use Rx{ i] before cells per chan[i];
if (in_use Rx[i])
cells per chan[i] inside {[1:nCells]};
else cells per chan[i]==0;

extern function new (input bit [ 31:0] numRx, numTx) ;
extern virtual function void display(input string prefix="");

endclass : Config

fEcEMAN ZMEERBMMF 11,11 iR,

Bl 11.11 {FoCme KR

typedef struct packed {
bit [ "TxPorts—1:0] FWD;
bit [11:0] vPI;

} CellCigType;
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FCE XA ik 11,12 frow,

Gl 11.12 R B 2K M 7 ik

function Config# new {input bit [ 31:0] numRx, numTx);
this.numRx=numRx;
in_use Rx=new| numRx];

this.numTx=numTx;
cells per chan=new numRx];

endfunction : new

function void Configsidisplay(input string prefix);
S$write ("% sConfig: numRx=% 0d, numRx=% 0d, nCells=%0d (",
prefix, numRx, numRx, nCells);
foreach {cells _per_chan[ ily
$write("%0d ", cells per chan[i]);
$write("), enabled RX: ", prefix);
foreach (in use Rx[i]) if (in use Rx[i]) $write("$0d ", 1)
$display;

endfunction : display

ATM ZZ L0 UNI M0 A945 70, &% NNI R 15T, X efE ma st & F O0P
ML V& M e Rt BT AR A typederf X, WRABELMIEEARZ 45 UNI
%A GFC. VPI E 7 NNI A EH 438 T VPILE, #11.11 #111. 13 B9 X 3k 3 Suth-
erland(2006) ,

#l11.13  uNT {5 TEHE
typedef struct packed {

bit [3:0] GFC;

bit [7:0] VPI;

bit [15:0] VCI;

bit CLP;

bit [2:0] PT;

bit [7:0] HEC;

bit [0:47] [7:0] Payload;

} uniType;

% 11.14 NNI 5T

typedef struct packed {
bit [11:0] VPI;
bit [15:0] VCI;
bit CLP;
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& et i E
bit [2:0] PT;
bit [7:0] HEC:
bit [0:47] [7:0] Payload;

} nniType;
UNI #1 NNI1 {574 3 BIE — e ae JE S — 2R, an g 11. 15 B

i 11.15 amM{5LE R
typedef union packed {

uniType uni;

nniType nni;

bit [0:52] [7:0] Mem;
} ATMCellType;

WS A R ATM {F20. 4 11. 16 BT /R, UNI_cell XY & B # 8. 26
F X BaseTr ¥,

#| 11.16 UNI cell X

class UNI cell extends BaseTr;

// 38

rand bit [3:0] GFC;

rand bit [7:0] VPI;

rand Dbit [15:0] VvCI;

rand bit CLP;

rand bit [2:0] PT;
bit [7:0] HEC;

rand bit [0:47] [7:0] Payload;

// EAE
static bit [7:0] syndrome[ 0:255];

static bit syndrome not generated=1;

extern function new();

extern function void post randomize();

extern virtual function bit compare (input BaseTr to);

extern virtual function void display(input string prefix="");
extern virtual function void copy data(input UNI cell copy):
extern virtual function BaseTr copy(input BaseTr to=null);
extern virtual function void pack (output ATMCellType to);
extern virtual function void unpack(input ATMCellType from);
extern function NNI_cell to NNI();

extern function void generate_syndrome();
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extern function bit [ 7:0] hec (bit [ 31:0] hdr):
endclass : UNI _cell

1 11.17 & UNIEc ik

# 11. 17 UNI cell {§ Gk

function UNI cell:new();
if (syndrome not generated)
generate syndrome () ;

endfunction : new

// TERTA M B E B E S i | HEC

function void UNI cell:post randomize():
HEC=hec ({GFC, VPI, VCI, CLP, PT}):

endfunction : post randomize

/1 MBS T
7/ 8] LA — 2 BUH . IR (B A L A i 38
function bit UNI cell:compare{input BaseTr to);
UNI cell cell;
$cast (cell, to);
if (this.GFC! =cell.GFC) return 0;
if (this.VPI!=cell.VPI) return 0;
if (this.VCI!=cell.VCI) return 0;
if (this.CLP! =cell.CLP) return 0;
if (this.PT! =cell.PT} return 0;
if (this.HEC!=cell.HEC) return 0;
if (this.Paylcad! =cell.Payload) return 0;
return 1;

endfunction : compare

/7 AR LS TR R AN

function void UNI_cell:=display(input string prefix);
ATMCellType p;

Sdisplay("$sUNT id:%0d GFC=%x, VPI=%x, VCI=%x, CLP=%Db, PT=%x,
HEC=%x, Paylnad]: 0l=%x",
prefix, id, GFC, VPI, VCI, CLP, PT, HEC, Payloadl 0]);
this.pack(p);

Swrite("%s", prefix):;
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foreach (p.Mem{ i]) Swrite ("%x", p.Mem[i] ):
$display;

endfunction : display

/7 Bl {5 70 i B3 i
function void UNI cell:copy data(input UNI_cell copy);
copy.GFC=this.GFC;
copy.VPI=this.VPI;
copy.VCI=this.VCI;
copy.CLP=this.CLP;
copy.PT=this.PT;
copy.HEC=this.HEC;
copy.Payload=this.Payload;

endfunction : copy data

/) iR AR

function BaseTr UNI cell: copy(input BaseTr to};
UNI cell dst;
if (to==null) dst=new(};
else Scast(dst, to);
copy_data (dst) ;
return dst;

endfunction : copy

/7 B3 AT B — 70 Bl
function void UNI cellpack (output ATMCellType to);
to.uni.GFC=this.GFC;
to.uni.vVPI=this.VPI1;
to.uni.VCI=this.VCI;
te.uni.CLP=this.CLP;
to.uni.PT=this.PT;
to.uni.HEC=this .HEC;
to.uni.Payload=this.Payload;

endfunction : pack

/) BT B A BB chis MR

function void UNI cell:unpack (input ATMCellType from);
this.GFC= from.uni.GFC;
this.VPI=from.uni.VPI;
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this.VCI=from.uni.VCI;
this.CLP=from.uni.CLP;
this.PT=from.uni.PT;

this.HEC= from.uni.HEC;
this.Payload= from.uni.Payload;

endfunction : unpack

// R4 UNI {§ I 4 NNI {5 T

function NNI cell UNI cell:to NNI();
NNI cell copy;
copy=new() ;
copy.VPI=this.VPI; // NNI{E7CHY VPI E B
copy.VCI=this.VCI;
copy.CLP=this.CLP;
copy.PT=this.PT;
copy.HEC=this.HEC;
copy.Payload=this.Paylecad;
return copy;

endfunction : to NNI

/1 T HE HEC B syndrome (4
function void UNI_cell::generate_syndrome();
bit [ 7:0] sndrm;
for (int i=0; i<256; i=i+1 } begin
sndrm=1i;
repeat (8) begin
if (sndrm[ 7]===1'bl)
sndrm= (sndrm<1) ~ 8'h07;
else

sndrm= sndrm<< 1;
end
syndromel i ]=sndrm;
end
syndrome not generated=0;

endfunction : generate syndrome

// R X R E) HEC

function bit [7:0] UNI _cell:hec (bit [31:0] hdr);
hec=8'h00;
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repeat (4) begin
hec= syndrome[ hec~hdr[ 31:24]];
hdr=hdr<«8;

end

hec=hec”8'h55;

endfunction : hec

NNI cell % JLF 1 UNI cell K—H.fH NNI_cell WA GFC B, h & A ¥ # AL UNI_
cell BTk,

#)11.18 £ UNI{EEMBEN R E 8 kg 8.2 W, RAEHT4 -1 UNIXKEH
blueprint BAHLIE G ARG EHIE] 4 R E % driver.

f1 11. 18 UNI generator K

class UNI_generator;
UNI_cell blueprint; // Blueprint {§JL
mailbox gen2drv; // driver W) Mailbox

event drv2gen; // driver 5¢ BBt B 2 {4
int nCells; /7 BREERETE
int PortID; /7 B R i B {E T ?

functien new (input mailbox genZdrv,
input event drv2gen,
input int nCells, PortlD);
this.gen2drv=gen2drv;
this.drv2gen=drvZgen;
this.nCells=nCells;
this.PortID=PortID;
blueprint=new();

endfunction : new

task run{);

UNI cell cell;

repeat (nCells) begin
assert (blueprint.randomize());
$cast{cell, blueprint.copy{));
cell.display(Spsprintf ("@%0t: Gen%0d: ", $time, PortiD));
genzZdrv.put (cell);
@drv2gen;// % ¥ driver 5% &,

end

endtask : run
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endclass : UNI generator

%] 11. 19 B Driver KL UNIEL A XS ATM 32#¥l. Driver B T 41 11. 20
mEEEE S, EEXFAEZEMTEIR LR Driver KH —1 Driver_cbs MR K5,
Driver cbs B pre tx ()Ml post_tx O FIEMN SR Driver W R, HH P X™W K0T,
TEFE Driver cbs 2 F X Hif# | typedef class Driver, & #f Driver % & S WI{# A

typedef class Driver_cbs.

@ 11.19 driver

typedef class Driver cbs;

class Driver;

mailbox gen2drv; // H TIFE & & 88 KX RIETT
event drv2gen; // BRI A EHRCELEEE
vUtopiaRx Rx; // KiX{ETCHE 1FC

Driver cbs cbsql $]; // B8 XF £ 5 BAF

int PortID;

extern function new (input mailbox gen2drv,
input event drvZ2gen,
input vUtopiaRx Rx,
input int PortiD);
extern task runf();

extern task send (input UNI cell cell);

endclass : Driver

// new(): F1% driver Xf &
function Driver: new(input mailbox gen2drv,
input event drvagen,
input vUtopiaRx Rx,
input int PortID):
this.gen2drv=genZ2drv;
this.drv2gen=drv2gen;
this.Rx=Rx;
this.PortID=PortID;

endfunction : new

// run() : BT driver
/7R SR E K% pur
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task Driver:s:rund);
UNI_cell cell;
bit drop=0;

// FIER Ak N
Rx.cbr.data<=0;
Rx.cbr.soc<=0;
Rx.cbr.clav<=0;

forever begin
// M mailbox BAF| 3R —MFIT
genZdrv.peek (cell);
begin: Tx
/¢ IR [E] 7
foreach [cbsq[ iy begin
cbsq i].pre tx(this, cell, drop);
if (drop) disable Tx; // A& %KX {ETG

end

cell.display($psprintf ("@%0t: Drv%0d: ", $time, PortID));
send({cell);

// KK el i
foreach (cbsgl il)
cbsql i].post_tx(this, cell);

end : Tx

gen2drv.get (cell); // M mailbox # B 15 T
->drv2gen; // M H & A% %15 oAb M 52 B
end

endtask : run

// send() : FLfFILARIES DUT
task Driver: send(input UNI cell cell};
ATMCellType PkL;

cell .pack(Pkt) ;
Swrite ("Sending cell: ");
foreach (Pkt.Mem i)
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Swrite ("$x", Pkt.Mem[ i]); $display;

// 38 I #8845 o0

@ (Rx.cbr);

Rx.cbr.clav<=1;

for (int i=0; i<=52; i++) begin

/MR EEERE. AR SR
while (Rx.cbr.en===1'bl}@ (Rx.cbr);

[/ BAAELIFRES EEBES . ZETT 0(i==0)
Rx.cbr.soc<= (i==0);
Rx.cbr.data<=Pkt.Mem il;
@ (Rx.cbr);

end

Rx.cbr.soc<="2;

Rx.cbr.data<=8"'bx;

Rx.cbr.clav<=0;

endtask

) 11. 20 #) Driver F 2 F P EIEE S . oA EGE DAL K XSG RA. Driver
s EH - TRANMK THANSESS. WL LLE P & Driver cbs J kM i &Y
HEE .M AT EBE & Driver .

#%1 11. 20 Driver EIH%

typedef class Driver;

class Driver chs;
virtual task pre tx{input Driver drv,
input UNI cell cell,
inout bit drop);

endtask : pre tx

virtual task post tx({input Driver drv,
input UNI_cell cell);
endtask : post tx

endclass : Driver cbs
i # 2% (Monitor) 2 R 45 — 18] 539 8138 4E 55 » £ B8] — 5 Jo i i R (E 55
%) 11. 21 Monitor B HH

typedef class Monitor;
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class Monitor cbs;
virtual task post rx(input Monitor drv,
input NNI_cell cell);
endtask : post_rx

endclass : Monitor cbs

#) 11. 22 ) Monitor 2 Driver 2 ML, (# ] typedef fR IR 451 28 Xf Monitor cbs
PRI 4 6

%l 11.22 Monitor ¥
typedef class Monitor cbs;

class Monitor;

vUtopiaTx Tx; // ¥ # DUT & tH B B #1#: O
Monitor cbs cbsql$]; // [BlRXF &R &Y BA 7
int PortlD;

extern function new{input vUtopiaTx Tx, input int PortlID):
extern task runi();
extern task receive (output NNI cell cell);

endclass : Monitor

// new () : &% R

function Monitor:new (input vUtopiaTx Tx, input int PortID);
this.Tx=Tx;
this.PortID=PortID;

endfunction : new

// run{(): IZ4T monitor

task Monitor: run();
NNI cell cell;

f orever begin
receive (cell);
foreach (cbsql il)
cbsql i].post rx(this, cell); // EWE £ /5 B [F] iR
end

endtask : run

// receive () : M DUT BEH{E o0, 3T AL A nNT 48 X 09 (5 ot
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task Monitor: receive (output NNI cell cell);
ATMCellType Pkt;

Tx.cbt.clav<=1;
while{(Tx.cbt.soc!==1"bl && Tx.cbt.en!==1"'b0)

@ {Tx.cbt);
for (int i= 0; i<=52; i++ ) begin
/7 R AEFRE TEIT SR

while {Tx.cbt.en!==1'b0) @ (Tx.cbt);

Pkt .Mem| i |=Tx.cbt .data;
@ (Tx.cbt);

end
Tx.cbht.clav<=(;

cell=new():;
cell .unpack (Pkt) ;
cell.display(Spsprintf ("@%0t: Mon%0d: ", $Stime, PortID)};

endtask : receive

i 43 (scoreboard) i 1 save expected PR ¥ M Driver K18 #1 ¥ M5 o0, 15 70 L PR
-y W5 9028 Cmonitor) B9 check actual BA¥IEI . save expected () BRI H B 11.7 &Y
B #8{F % Scb Driver cbs#post tx () M, check_actual () A% eIl 11. 8 &) scb_
Monitor cbs:post_rx () PR ¥Rl .

4 11.23 244 (Scoreboard) 2
class Expect cells;

NNI cell of $1:

int iexpect, liactual;

endclass : Expect cells

class Scoreboard;
Config cfg;
Expect cells expect_cells[]:
NNI cell cellql $];

int iexpect, iactual;

extern function new(Config cfg);

extern virtual function void wrap up():;
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extern function veid save expected (UNI_cell ucell);
extern function veoid check _actual (input NNI cell cell,
input int portn);
extern function void display(string prefix="");

endclass : Scoreboard

function Scoreboardnew (Config cfg);
this.cfg=cfq;
expect cells=new|[ NumTx];
foreach (expect cells[i])
expect cells[i]=new(};

endfunction : Scorebcard

function void Scoreboard: save expected(UNI cell ucell);
NNI _cell ncell=ucell.to NNI;
CellCitgType CellCfg=top.squat.lut.read(ncell.VPI);

$display("@%0t: Scb save: VPI=%0x, Forward=%b",
$time, ncell.VPI, CellCfg.FWD);
ncell.display(Spsprintf ("@%0t: Scb save: ", Stime)):

[/ FRAE IO R DI Tx i O
for (int i= 0; i<NumTx; i++)
if (CellCfg.FWD[i]) begin
expect _cells[i].q.push back (ncell); // BSR4 H] g
expect cells[i].iexpect++ ;
iexpect++;
end

endfunction : save expected

function void Scoreboard: check actual (input NNT cell cell,
input int portn);
NNT cell match;
int match idx;

cell.display(Spsprintf ("€%0t: Scb check: ", Stime)):

if (expect_cells|portn].q.size{)==0) begin
$display("@ %0t: ERROR: $m cell not found, SCB TX% 0d empty”,
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$time, portn);
cell.display ("Not Found: ");
cfg.nExrrors++;
return;

end

expect_cells[portn].iactual++;

lactual+ +;

foreach (expect cells[portn].q i]) begin
if (expect_cells[portn].q i].compare(cell)) begin
Sdisplay("@%0t: Match found for cell", $Stime);
expect cells[portn].q.delete(i);
return;
end

end

$display("@% 0t: ERROR: %m cell not found", $time);
cell.display{"Not Found:");
cfg.nErrors++;

endfunction : check actual

I wmB RS RARE

function void Scoreboard:wrap up{);

Sdisplay("@%0t:%m %0d expected cells, %0d actual cells Eoxd?,;

$ time, iexpect, iactual);

/1 FERFKH{ETT
foreach (expect cells[ i]) begin
if (expect cells[i].qg.size()) begin
$display ("@%0t:%m cells remain in SCB Tx[ 4 0d] at end of test"
$time, i});
this.display("Unclaimed:");
cfg.nErrors++;
end
end

endfunction : wrap up

[ EBIESRANE . FERTAR
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function void Scoreboard::display(string prefix);
Sdisplay("@%0t:%m so far %$0d expected cells, %0d actual
revd", §$time, iexpect, lactual);

foreach (expect cells[i]) begin

$display ("Tx[ $0d]: exp= %0d, act= %0d",

i,expect cells[i].iexpect,expect_cells[i].iactual);
foreach (expect cells[i].q i)
expect cellsli].qlj].display(
$psprintf ("% sScoreboard: Tx%0d: ", prefix, i}):

end

endfunction : display

g 11. 24 MR YEE DI RER A R B, TEHEERHM P REAHEE Hi
E Coverage X B & NI HIL T covergroup. ¥ H Coverage i sample () BB ¥ L,
#R I5 8 B couvergroup B sample () BRELEIC % .

#11.24 HRER 528

class Coverage;
bit [1:0] src;
bit [ NumTx-1:0] fwd;

covergroup CG_Forward;

coverpoint src
{bins src[J=([0:3]};
option.weight=0;}

coverpoint fwd
(bins fwd 1= {[1:15]}; // B fwd==0
option.weight=0;}

cross src, fwd;

endgroup : CG_Forward

function new;
CG Forward=new; // #il4t covergroup

endfunction ; new

/1 TR A B R

function void sample (input bit [1:0] src,
input bit [ NumTx-1:0] fwd);
$display ("@% 0t: Coverage: src=%d. FWD=%b", 5time, src, fwd);

this.sre=8rc;
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this.fwd=fwd;
CG Forward.sample();
endfunction : sample

endclass : Coverage
%l 11. 25 # cpU driver 1 EF T a1 CPU #E LBy J7 %,

] 11.25 CPU driver P 3
class CPU driver;
vCPU T mif;
CellCfgType lookup [ 255:01; // Efl M ERE
Config cfg;
bit [ NumTx-1:0] fwd;

e xtern function new(vCPU Tmif, Config cfqg):

extern task Initialize Host ();

extern task HostWrite (int a, CellCfgType d); // FLHE
extern task HostRead (int a, output CellCfgType d):
extern task run{);

endclass : CPU_driver

function CPU driver:s=new (vCPU T mif, Config cfg):;
this.mif=mif;
this.cfg=cfqg:;

endfunction : new

task CPU _driver: Initialize Host ()
mif.BusMode<=1;
mif.Addr<=0;
mif.DataIn<=0;
mif.Sel<=1;
mif.Rd DS<=1;
mif.Wr RW<=1;

endtask : Initialize Host

task CPU driver::HostWrite (int a, CellCfgType d); // AL &
#10mif.Addr<=a; mif.DatalIn<=d; mif.Sel<=0;
#10 mif .Wr RW<=0;
while (mif.Rdy Dtack!==0) #10;
#10mif.Wr RW<=1; mif.Sel<=1;
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while (mif.Rdy Dtack==0) #10;

endtask : HostWrite

task CPU driver:HostRead (int &, output CellCfgType d);
#10mif.Addr<=a; mif.Sel<=0;
#10mif.Rd DS<=0;
while (mif.Rdy Dtack!==0) #10;
#10 d=mif.DataOut; mif.Rd DS<=1; mif.Sel<=1;
Alternate Tests 377
while (mif.Rdy Dtack==0) #10;

endtask : HostRead

task CPU driver:run();
CellCfgType CellFwd;

Initialize Host();

/7 EVEENRE
repeat {10} @ (negedge clk);
Swrite ("Memory: Loading ... ");
for (int i=0; i<=255; i++) begin
CellFwd.FWD=$urandom();
'ifdef FWDALL
CellFwd.FWD="1
‘endif
CellFwd.VPI=1i;
HostWrite(i, CellFwd);
lookupl i]=CellFwd;

end

/7 KR fF AR
Swrite("Verifying ...");
for (int i=0; i<=255; i++) begin
HostRead(i, CellFwd);
if (lookupl i]!=CellFwd) begin
$display ("FATAL , Mem Loc 0x% x contains 0x% x, expected Ox%x",
i, lookupl i), CellFwd);
$finish;
end

end
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Sdisplay("Verified"};

endtask : run

11. 3 B

) 11. 2 A B 18 AL AG B R TR AR . AR IERAIE L AR I T WX Y 2 BB R
EEVBAEMEE. BT EERARRBRMTIETT.

11.3.1 - NiX—RE—NTETHAK

BTSN AT R —MEo0, 6 11. 26 Frox. Al DL 7 B AL 40 AGd o 97 2
Config AR NET B LM R W RE— DA R T, o LU A A~E570, R G
BUH 24w, LLZIT BE KR FFF1.

B 11.26 HE -MMFmmiid

preogram automatic test
# (parameter int NumRx=4, parameter int NumTx=4}
(Utopia.TB Rx Rx[ 0:NumRx-1],
Utopia.TB Tx Tx[ 0:NumTx-1],
cpu ifc.Test mif,
input logic rst, clk);

'include "environment.sv"

Environment env;

class Config 1 cell extends Config;

constraint one_cells {nCells==1; }

function new (input int NumRx, NumTx) ;
super.new (Numk=x, NumTx) ;
endfunction : new

endclass : Config 1 cells

initial begin

env=new (Rx, Tx, NumRx, NumTx, mif);

begin // NFE 1 M5 T
Config 1 cells cl=new (NumRx, NumTx) ;
env.cfg=cl;

end
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env.gen cfg(): // BBHERE 1 ML
env.build{);
env.run();
env.wrap up(};

end

endprogram // test

11.3.2 HIEFREFT

T R & 3 - S fF Uk A MM = iR, B 1. 27 FFR. REE
BT HIRERE AR ERE driver @326, KRG 768 5% o 8 X A 3 2 k.

il 11.27 3T driver [l R{ECH E R
program automatic test
# (parameter int NumRx=4, parameter int NumTx=4)
(Utopia.TB Rx Rx[ 0:NumRx-1],
Utopia.TB Tx Tx[ﬂ : NumTx- l] '
cpu_ifc.Test mif,
input logic rst, clk);

*include "environment.sv"

Environment env;

class Driver cbs drop extends Driver cbs;
virtual task pre_tx (input ATM cell cell, ref bit drop);
/R 100N FEFRHNBER 14

drop= (5 urandom range (0, 99)==0) ;
endtask

endclass

initial begin
env=new (Rx, Tx, NumRx, NumTx, mif);
env.gen_cfg();

env.build();

begin // BBEETF A

Driver cbs drop ded=new();

env.drv.cbs.push back(ded); // B A driver B\ ¥
end
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env.run();
env.wrap up();
end

endprogram // test

11.4 4

AEBRTWOABEABWEFWE -T2 ERNNKLEE. @ EEM2 5,
FUR B8 B — A SO R B8 B ST B /Y I 5K L 3% B B Zh Rk

AR FEELAEAWERA S ETLIEE ATM 28 PLI 100 0 ThEE R &
3% 2 0] LUE o 3X T 47 0 BF 9T SystemVerilog YV & .
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#l 12.1 Systemverilog LB A cif & F&F factorial

import "DPI-C" function int factorial {input int 1);

preogram automatic test;
initial begin
for (int i=1; i<=10; i++)
$display("%0d4! =%0d", i, factorial(i}):
end

endprogram

import iEA)FE B T SystemVerilog F#F factorial 8 HHMEF (W C.C++ ) 5E
B DPI-C" & X &2 —1 DPI FRF . ZIBANE KR ITHAET FEFHZSH.
# 12. 1 {# A SystemVerilog PR int 68 M2 N F A S BBEEHESRESLT C

M int REIERFC, #12.2 i) C RBUEZ — M BB B A FTLA DPL# Y 2 3162

T__.

12.

A
s

TRE .

g 12.2 CIEE factorial BA¥
int facterial (int 1) {

if {i<=1) return 1;

else return i* factorial(i-1};
}

1.2 & A(import)=BA

import FHEHE X T CAES MR B Y E A, B {#f FH /) /& SystemVerilog ) g K &Y,
B FHEE C R =8B — 1> SystemVerilog B #. void KR C ok ¥ W 8 B 5
™ SystemVerilog {F % 80 & void BREL.

g C s 82 IR SystemVerilog P A W R UERARBFHOREL, &

] 12. 3 1, C R B test 7E SystemVerilog HFE MR T 7 H R B my test., HHN expect f&
SystemVerilog 18— TR 8 7. BT LUE C e ¥ expect B 5 3 SystemVerilog 1 ) fex-
pect. X0} expect B~ T 2RFAFBNAS HkiEiE CIEF RIS, W fexpect & Sys-
temVerilog FRIMBABHFAES. THEFEATLUBER .G, A B expect BHEF F A

—iK

LRBH . REHIFA-IRKBRSH,
B 12.3 HTFARBHAE

program automatic test;

(/A CBREA  test" A " my_test”

import "DPI-C" test=function void my test():

U SystemVerilog #9 int ZRIEE R 2. M CHBP int ERMAREMNBETFAERMRIERS.
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initial my test():

//C RS XRIARSA . W E BN R

import "DPI- C" \expect=function int fexpect();
if (actual ! = fexpect(}) $display("ERROR");

endprogram

% SystemVerilog . LEAFAATEFOM S H T LIS AFRERF..H 0 program,
module, interface.package & WiF P LB W sunit. EFANTEFFREESHEHEH
MSBPER. MRAFEEMREN LT AR —13 AR 0] LK import 5 8
BAE — 1 package F.HEFEM M 5 A package., XX import 75 B (1T ] 15 s &F
£ HTE % package .

12.1.3 ¥ A r

BARCTREFULAZNSHIEFRASH. AEELT 2RO F 0 R input
(B % #8 M\ SystemVerilog i[5 C 28 ¥0) . B RS Eiy 75 1wy 4 7] LLE X4 output # inout,
SH 6 ref MABE . REATLUE | — MR AAE. BB L8 mREAARA
viod, i pR & A iR [El{H .

Bl 12.4 B¥ImE

import "DPI- C" function int addmul ( input int a, b,
cutput int sum);

import "DPI- C" function void stop model():;

KT CRIGT AR, IR AT LG8 A B YOE LR const. X HF — B TR A
TRETHEE.CESRFEMNSME.

Bl 12.5 ZBPAHEWM factorial FRIF
int factorial (const int i) {

if (i<=1)return 1;

else return 1* facteorial(i-1);

}

12.1.4 SHER

Wt DPT 1% 336 i 4 A0 ik 5845 %9 S FHDC R 1Y) & L. — 4~ J& System Verilog i, — 4 &
CIEEM., W EmRME AN RERAMBIELR ., SystemVerilog { H 25 K BE b 8 504 2
RLVANEXTIEERCAFE, (VCSTHARZRIFAMFRAFEM C L XM ve hdrs.h.
PRl LA B A SO M B RIICARR 25 L)
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i 12.1 554 T SyetemVerilog Fil C i5 & TR A M B 2 8 A 88 26 R i ek 41 5%
A, CHEEMAEREL M svdpi hE X, BUABGHEE 12.4 12,5 /pF .4
KR AE 12.6 /NI PAZ.

# 12.1 SystemVerilog I CIEE Z B EA DY

SystemVerilog Cid A COH )
__by;:.e | char char’
shortint short int short int’

int int int”
longint long long int long int’
shortreal float float”
real double double’
string const char’ char' *
string| NJ const char' ’ char'’
bit svBit or svBit® or

logic, reg

unsigned char
svlogic or

unsigned char

unsigned char
svLogic® or

unsigned char’

bitlN:0] const svBitVecVal® svBitVecVal’
regl N:0] const svlogicVecVal#* svlogicVecVal®
logicl N:0]
open arrayl| | const svOpenArrayHandle svOpenArrayHandle
chandle const void”® void’

BEREIENEALBREHFAHH, Fld.SystemVerilog ¥ 8 bit ¥ &
MATE CiEE P svBit, M svBit £ k X 4 svdpi.h # & E B & %
unsignedchar £ %, EXF - RULE A THOETBENBELE N EFZ N

#1E.
SystemVerilog if § 2% F it (LRM) B 7 A o 389 18 [] 5 BR & 29 “ /) 26 &Y (small

values)”, fil §§ void. byte. shortint. int. longint. real. shortreal. chandel I
string, LA B EHEI R bit M logic WIHLFFH . RBCAMEERE bit 6: 0] XM E . H X
X BEK bR BGR 01— 4~ 45 0] svBitVecVal &5 M H5 & .

12.1.5 SABEERY

Fl12.6 ML T M HEAH CIESHRYREEPTHE I RY . MATESH C HE
Cwrapper) , XD THEREMAEE. #FP Verllog i) real XRIMH K CIEF
(] double SR, |

§i12.6 S A cE¥AE

import "DPI-C" function real sin{(input real r);

initial $display{("sin(0)=%f", sin(0.0)):
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12. 2 ##ERPEH C FERF

Py C LR AT G40 & — A0 OB RY il fn — AR B 38 X M A BUBR Verilog B RY
e, e CARBHB AR R Verilog 55 %ol & BB WE R FHE
HER KSR —4 C/CH+REM 7 it 8es e, BRZITHRSIEEMH
¥ HREAA -MHEMAMRAHER.BEESA S RERAHMNARBEYfFHED
] LA Be % 45 WK 40 Y X R .

12.2.1 ([FRABSEERITES

Bl L2.7TAHT T BEEH CRE. EFH-ITBSERRRF T REMNT
¥iE.

B 12.7 fEH— SRR R

# include<svdpi.h>

vold counter’ (svBitVecVal * o,
const svBitvVecval * i,
const svBit reset,
const svBit load) |

static unsigned char count=0; /7 R R ROE

if {(reset) count=_0; /1 B

else if (load) count=+*1i; /7 0 3R BUE
else count+ + ; /7 T8
count &=0x7f; // BE i o

* o=count;
}

reset Ml load (FERE— TR EMLLHFE S, TLLENTEL svBit XRIBFITIEE, M
svBit ko MIfAi I B unsigned char KM, WA i BEXCRAE T HEMNEMER. EHHN
svBitVecVal AR LB, HEELL const 5 & M A SE 17 1518 , 32X = 8 45 & 45 1) 49 3
HA LIS HERHAEASWEAEUE . MO AREREERBM S — ik, R, reset
M load A5 S HEEIRICH const, EAFP.7 it RERTFE-INTTFHERHER S,
BT LA B d R s A

kAt svapi . h & T SystemVerilog DPI & MM F kMg L., KEZETERMFA
B oL BR AR TS BT 4 5 7T 2, & W AR K 47 25 # include 7RIS 4],

fl12.8 %5t 7 1 AWM CiEF 7 T ¥R A% Y SystemVerilog B .

Bl 12.8 f AR STEHERY 7 AT IXTE &

import "DPI-C" function void counter?7 (output bit [ 6:0] out,
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input bit [6:0] in,
input bit reset, load);
program automatlic counter;
bit [ 6:0] out, in;

bit reset, load;

initial begin
$monitor ("SV: out=%3d, in=%3d, reset=%0d, load=%0d\n",
out, in,reset, load);
reset=0;
load=0;
in=126;
out=42;
counter7 (out, in, reset, load): // ERSEE

# 10 reset=1;
counter’ (out, in, reset, load); /1 B

end

endprogram

12.2.2 chandle ¥{{EXHR

chandle®$#5 26 ® it iF 5 £ SystemVerilog (X8 P HFEH — 1~ C/C++HEEH. —
chandleZ M EHE EB AR BERIFMHIBZ LRG0 32 el HF 64 7.

TG 12.7 R NAFE— L6 LB AT AR R T, HTRERF
E—TRSERS FUUYEBEE - NMIRBANR. GBS TREMESHEE. WRER
BEE2UXHE—TCEF UAGBECAHEPETHRFARSETREP. EHFNHERSTE
ez B S RBIERM AR B ESHEA R ZEEn X RE#S TR, H 12.9
BT P HBERGFESH 7 7S, XM — 1T REITHBIEHTERR
ALENBENRREN - KRR EOE—TER . XMHFITLUERSE,

$112.9 FRHLFEEEITHRSERR
# include<svdpi.h>
# include<malloc.h>

# include<veriuser.h>

typedef struct { /1 BRI BUE RIS

unsigned char cnt;
} c?;
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.....

/) BIE— M REREN

void* counter7 new() {

c7* c= (c7*) malloc(sizeof(c7));
c—-> cnt=0;
return ¢;

}

/7 T EAR BT — 1 A

void counter?(c7 * inst,
svBitVecVal* count,
const svBitVecVal* i,
const svBit reset,

const svBit load) {

if {reset) inst->cnt=0; /! BA

else if {(load) inst->cnt=* i; YE:% LI

else inst->cnt++; /7T
inst->cnt &=0x7f; /! LR O

* count=inst->cnt; /7 VRAE 28 % A &

io printf("C: count=%d, i=%d, reset=%d, load=%d\n",
* count, *1i, reset, load);
}

EBFHE X T — T8 ik counter? new R4 B B AF L B, & F KR E—
chandle ZRIFHE 4 i 8 $t L AUE R GF T H counter? B{LHS,

CREEMT PLIESF io printt RITHHERKHER. XM FEFERSHEE C M
SystemVerilog fCH B RIEF FRH . HAER Sdisplay RE—HE AZF —1% 4.8
B EANHEXH. ZTFBEFA veriuser.h W& X.

XTI B AFEREABSTEAHTESMNKFEMEAEILIAR. Bt
BRAFEHAFEE., KR GT RS A G WA, mAEEm 8 et WA . s
WA LA e 8 b TR TSR e B T RR VR N L LB RS S TR 5t

B 12. 10 {9 A0 o7 S AR AR S R 7 R SR I RIKF &
import "DPI-C" function chandle counter7 new();
import "DPI-C" function void counter’

(input chandle inst,

output  bit [6:0] out,

input bit [6:0] in,

input bit reset, load);
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program automatic test;

// W3 B2s 6 A 5L
initial begin
bit [6:0] ol, o2, il, 12;
bit reset, load, clkl;
chandle instl, inst2; /7 16 c PR FE AR A (]

instl=counter7 new(};
inst2=counter?7 new{);
fork
forever #10 clkl = ~clkl;
forever @ (posedge clkl) begin
counter7 (instl, ol, il, reset, load);
counter? (inst2, o2, i2, reset, load);
end

join none

reset=0;
load=0;
i1=120;
i2=10;

@ (negedge clkl);
load=1;

@ {negedge clkl);
load=0;

end

endprograrnm

12. 2.3 {ERIEZ (packed)

R DPI-C O MR A R 46 (6 R R 3. X5 0K SystemVerilog 2 &
BEESH - IREZATEN CHAY, —PMIURED R svBitvecval REIFKR
7, 10 BUIR A HH W Fl 2 4 svBitvecval KRBT HEKRRIE.

MY fE % . SystemVerilog fFE BT BEA 2 FE WA T — 1 DP1 KR8 2Z )5 B ik

(fr LRM (1 GLH R Al ] DR AR R i T ke 1 R B A 1 AN i T



12.2 GEEeaczies 337

7 45k Sk 4F FH 59 8 000« BF A SystemVerilog R EANES~F4#ER., ECIEFPRFERR
1 4 A 1 Y TE 8 {E

4 5 7% B AE i (bit) BT (word) 2 J8] #F 47 ¥ #& . AR 4 7] LU X sV_PACKED_DATA_
NELEMS, @80, 6 40 i % 8 s mI 4~ 32 fir i /97 Canls 12. 1 Br7n) . o] LAl sv_PACKED_
DATA NELEMS (40) .

31:0
Unused 39:31

B 12.1 40 bR AT B M7 68

12. 2.4 RSB E

SystemVerilog FHIFFA MR EHF T HEHGER P RN D HIFHITEEBEHRN
avalfl bval®, n#k 12. 2 Fi8,

£12.2 ARTHBRD

P AR & aval bval Py AR A5 i aval bval

0 0 0 Z 0 1

1 1 0 X 1 1

BRI AR AR B logic £ H—TEN S F VIR aval RIFERMEAL,
bval RAFTE BB, FTUEMHE 1'o0E CIESHERMNE 0%0,1'b1 £ 0x1.1'bz £
0x2.1'bx & 0x3.

POAR A ) B EL W0 logic [31:0] lword f# Fl — X 32 L8 K svLogicvecval AF H
F B ERSMNEOEREN aval fI M bval 7, 32 L # lword RHEEELET B sv-
LogicVecval E#tHf, WEMM 32N ERBFMAESL 1 sviogicvecval T E B, H
— P REEEHRIZABE . F 2N TRCECTEEFNIZAEE XHKEIERS
fi. — 1 40 i B9 logic T & M K 32 i % 7F f£ — 1~ svlogicVecval % & +, #
LB EES 4T EHPBEHIZ.D). EF A TERPAFHOE 240 BHEA

aval 31:0

bval 31:0
Unused aval 39:31
Unused bval 39:31

12.2 40 LS PURE T B M LE0E

TR PIS00 2005 SystemVerilog i1 52 % T-HED A vpi vecval M@ L. HPEAN a M b Y
M:aval #l pvat i M PLU VPR 5000, 2008 BT 2% THHEE - 1 aX A EER
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e, MZBREFEMENETRBERELEMNT BAF SN . svlogicvecval K&
46 Fs_vpi vecval L, 5 FTE VPI(Verilog Programming Interface) 3% B sk F A
M logic R MR S B4 H .,

EHNEBEAFUBTHRAZ AT ERRETHENSR AN, 58 a
R FHH input logica,M4 EL# % MK —1 unsigned char £ & 7
i, Ti% ¥ input logic [0:0] b ] £ # 1% & svLogicVecval ¥ , Bl f#
CREA AL,

Bl 12. 11 5 7 — DR AMRE T RBEHFEH.
Bl 12. 11 k& z M XENITRERIKFES

import "DPI-C" function chandle counter7 new();

import "DPI-C" function void counter?
(input chandle inst,
output logic [6:0] out,
input logic [6:0] in,

input logic reset, load);

Bl 12.9 PR T BB EMAFHBARILRE. M 122 125 BT XBRE, Xt
reset.load M i S . A HBEI XM z MWHE. SEBRA T B IR R AR T B

Bl12.12 Ki#& x Moz {HKEITRERFT

/7 BB 12, 9 B counter7 B N R AT &

void counter7(c7T * inst,
svLogicVecVal* count,
const svLogicVecVal* 1,
const svLogic reset,

const svlogic load) {

if (reset & 0x2) { // {UFG &5 B bval fif
io printf ("Error: 2 or X detected on ieset\n\n"} z

return;
}
if (load & 0x2) { /UK EHR B bval v

io printf ("Error: Z or X detected on load\n\n"); .

return;
}
if (i->bval) { //{UREE 7 IR E K bval {7
io printf("Error: Z or X detected on i\n\n");

return;
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i T R o

if (reset) inst- >cnt=0; /7 B AL

else if (load) inst->cnt=i->aval; /7 I BUE

else inst->cnt+ +; /1 T8
inst->cnt&=0x7f; // BeEDLiE O
count->aval=inst->cnt; /! RS W AR

count->bval=0;
}

MRS AMRBEPHATRE SHEERITHIE P LY AR A AR LAA M VPI
Ji¥ vpi control (vpiFinish, 0). EF E M % B Kk X H vpi_user.h H & X,
vpiFinish T EREF ARBOREGHITS finish RHAEF .

12.2.5 AWM RSHWEFRZRIIMRSHE

WRGH DPIN AREFEANENRSERY BRELCHEENERLHIURER
BM.oLSELUT .

fE SystemVerilog il W EESFAFHPIEICRER BB R MRBLKR, g
bit M int K&K logic M integer. FHTEMERAAHRBEHTKREHANETNRELE
v o

T Cﬁ#ﬁﬁ-%%ﬁ@ﬁ% ﬂfﬁﬁ(q’ﬂ{l svBitVecval B % i, svLogicVecVal, {:F_
A iX eSS HBFEGH aval R E ERBHREE. YANRETRPiE
REEANE,. TERTE bval MV ESGFEXEE 2. 35 AARSERH %, BRIE
FTEEA 2HE XE, HUNFEFER bval A #E.

12.3 A CH+RF

ft SystemVerilog PRI LAER DPI A C & CH++FEF. EUMNHREKRAR,
WMAM CH+BEHATEBEIAR,

12.3.1 C++ hyit#38

Bl 12.13 E— N {ERAIUREBRARN 7 1 iHBESEH CH 2. ErTRIBE 12. 10 f
SystemVerilog fll i - & L B #1] 12. 14 g C+ + # % L5 (wrapper code) —E{# .

B 12.13 AR

class Counter’? {

public:
Counter7();
vold counter?7 signal (svBitVecVal* count,
const svBitVecVal* 1,
const svBit reset,

const svBit load);
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private:

unsigned char cnt;

Counter7:Counter7() {

ent=0; // T BRI G 1L

void Counter7:counter’7 signal (svBitVecVal* count,
const svBitVecVal* 1,
const svBit reset,

const svBit load} {

if (reset) cnt=0; /! B

else if (load) cnt=* i; // MEEE
else cnt++; AR

cnt &=0x7F; /! AN O

* count=cnt;
}

12.3.2 ®&ERE

DPI QM AMEN CHRECH+ . NEHENCEFEN TR, XHE—3k,
System Verilog e AN R P C+ + gk B AR AN T 2E BRI REE
R inken) BT R A FE.

e ik RAIEW LY C++E B My EE0Es ik, me 12. 14 Frx, #
— A7 counter? new AHiTEMEIET — XL I AEEIXS RO UK, B _-ITHES
F ¥ counter7, Rl X S A1 A WA C+ + kATt 80ER .

Bl 12. 14 ErS AU HIsERE

extern "C" void* counter7 new/()
{

return new Counter7;

R ViR € SR S A R

extern "C" void counter” (void* 1inst,
svBitVecVal* count,
const svBitVecVal* 1,
const svBit reset,

const svBit load)
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Counter?7 * c7= (Counter7 * } inst;

c7->counter? signal (count, i, reset, load):

}

fLFS extern “C"E&EIF C++BIFR . EABEBNIFEEMYER CHABARE.IHF
H AfE4T % ¥ V8 % (name mangling) . ¥R 0] LL#E SystemVerilog & F /& AT &
B ER AL — R T EBA extern “C” (...},

MRS MERE.CHHiTHEREXRREES L FE LR EH BEH
Boak, anf 12,9 B, By LAY X 5 A~ 88 0 ol LA {e RT an 4 12. 10 Ffr s g9 ] — 4~ 1l 55X
F&.

12.3.3 MEHZ(Transaction Level )C++ ERFE

HI 1T 45 5 ) C/C+ + {UHS 68 2 IR SystemVerilog 45 5 R B F A BIKEH W B R,
XFE AR R LB BN RS E - S S AR R E R E R ARG
FTRAEMEL. SFEVREARSOEHOME, GMEERANERE EHESF
2% 38 15 2 4 B0 A9 R

Bl 12. 15 g C+ i BRI AR FRMOED FHFTEmIERSS NN #RHET
BAE.

Bl 12.15 {ERFEEGEDH cr+ 8
class Counter7 |
public:
Counter7():;
void count();
void load {const svBitVecVal* 1);
void reset ();
int get();
private:

unsigned char cnt;

Counter7: Counter7 () { /it B PG
cnt=0;

}

v oid Counter7:count () { P Etih

cnt=cnt + 1:

cnt &= 0x7F; /l BEBLIE O
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void Counter?7: load (const svBitVecvVal* i) {

cnt=* 1;

cnt &= 0x7F; /I AITE 0

void Counter7: reset () {

cnt=0;

// M\ svBitVecval 84 PP 8 {H

int Counter7:get {} {
return cnt;
}

C++H reset.load Ml count B HEHEH RIS TP, I EHEME
F M SystemVerilog 1% 3% 3 6 X S a1 H5, InH1 12. 16 fif 7R,

B 12.16 Cc++ HFERITHBNTH LS EH % (wrapper)
% ifdef cplusplus
extern "C" {

#endif

void* counter7 new() {

return new Counter7;

void counter’ count (void* inst) {
Counter?7 * ¢'/= (Counter7 * ) inst;

c7->count () ;

void counter7 load(void* inst, const svBitVecVal* i) {
Counter?7 * ¢7= (Counter?7 * ) inst:

c7->load(1i);

void counter’ reset (void* inst) {
Counter?7 * ¢7= (Counter7 * )} inst;

cl->reset();
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S T e P e R N L bl R R T

}

int counter? get (void* inst) {
Counter?7 * ¢7= (Counter7 * } inst;

return c7->get () :

#ifdef cplusplus
}
#endif

M FEHEMAFSFRITREBHOOPHED ., #12. 17 X% SystemVerilog T A
BRAEYE CH W RAE, XATFHEE CHHuHEEALRT ., FE ger () REUE M
ME— T int (32 AFESH M AR pit[6: 0, AN G HEFTERRB — 4§ M
svBitVecval KR IS4, & 12.1 BiR . FAREA GER B8 5. B R B B /KR
(small value) . 8l void,byte,shortint. int. longint.real.shortreal, chandle, string

PAE bit #l logic 26 R ELFF(E .
$112.17 FHFZEA cr+ BEADNLES

import "DPI-C" function chandle counter7 new();

import "DPI-C" function void counter?7 count (input chandle inst);

import "DPI-C" function void counter7 load(input chandle inst,
input bit [6:0] i);

import "DPI-C" function void counter7 reset (input chandle inst);

import "DPI-C" function int counter? get {(input chandle inst);

/7 FHEH BT B 1 O LABRORE c++ SEBI A9 R

class Counter?;

chandle inst;

function new;
inst=counter7 new();

endfunction

function void count () ;
ccunter?*cc:unt {(inst)

endfunction

function void load(bit [ 6:0] val);

counter?7 load(inst, val);
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endfunction

function void reset () ;
counter’_reset (inst);

endfunction

function bit [6:0] get () ;
return counter’ get (inst);
endfunction

endclass : Counter?

Bl 12.18 (FHAFEMN c++ BEMMRATE

program automatic counter;

Counter? cl;

initial begin

cl=new;

cl. reset () ;

$display("SV: Post reset: counterl=%0d", cl.get());

cl. load (126) ;
if (cl.get () !=126) $display("Error in load");

cl. count{); // count=127
cl. count(); // count=20
i1f (cl.get () !=0) $display("Error in rollover");

end

endprogram

12. 4 LR AEA

PUMAER ILRE L T8 7 Wfl 7£ SystemVerilog #1 C P @R ME &, —RE
B CEBIMTRESIRA—IEA T - HERRER S - HAERRITHER,

12.4.17 —HYPH—URKRT

Bl 1219 B— it B EHER 2R 20 M RENTFERF. 86 12. 20 B ) Sys-
temVerilog {CHE R .
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12.19 HEFENREEW cFRIF
void fib (svBitVecval datal 20]) {

int i;

datal 0]=1;

datal1]=1;

for (i= 2; i<20; i++ )

datal i]=datal i-1] + datali-2];

}

Bl 12.20 EFNVTFHRIFOMLFES

import "DPI-C" function void fib
(output bit [ 31:0] data[ 20]);

program automatic test;

bit [31:0] datal 20];

initial begin

fib(data):

foreach (datal i]) $display(i,,datalil);
end

endprogram

E B 3E I H B4 A SystemVerilog {7 EEAMEHER . EMRECEFPITHE
3 4, 8 A AE fo] In 322 0] LUFE SystemVerilog 78] F C 4B i 84 .

12.4.2 —H¥PH—NORE
Bl 12.21 4 TR SRAME RN R C TR,

#l12.21 HBEMRESWABAMEERRZ c FEF
void fib (svLogicVecVal datal 20]) |

int i;

datal 0].aval=1; // WA % aval #il bval

datal 0] .bval=0;

datal 1].aval=1;

data[1].bval=0;

for (i= 2; 1<20; i++ ) {
datali].aval=data[i-1).aval + data[i-2].aval;
datal i].bval=0; // S TH# bval HE
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B 12.22 HUUREFAMEFNE c FTERFHPIEFES
import "DPI- C" function void fib(output logic [31:0] datal 20]);

p rogram automatic test;

logic [ 31:0] datal 20];

initial begin

fib(data});

foreach (datal i]) Sdisplay(i,,datal il);
end

endprogram

W12, 2.5 WHR T i — AR H N R IRE.

12.5  Jji% 4 (open array)

= 7 B fE SystemVerilog fl C Z B X EHHPBMR A AR Tk, N rBAEREK
{5 FE AT LUK A R ) 82 9 O X 4 i i UL FE SystemVerilog M fERE 70, W 7E C
REHAVAFTRETAETEE. IR ERELHE WERE — B -1 4AH
MARNEEL. LA EFRREMFERX C K. ERZM I ERMERH"IFHREYA (open
array)” FMIXf i () SystemVerilog FRIFERBIELN] . SEBIREE RS 0T LAREEA
KAGHBEM C .

12.5.1 EFHFHEA

# 12. 23 #0112, 24 R T 404 7€ SystemVerilog 1 C 2 8] 8 F FF S04 e f 58 — 4~
A . 7 SystemVerilog # import B P S M HE S IR B EMS BN R
— A IF B .

#112.23 FRAEEITHB4AW c TEFMBXES
impert "DPI-C" function void fib oa (output bit [31:0] data[ ),

P rogram automatic test;
bit [ 31:0] datal 20], r;

initial begin
fib oa(data);
foreach (datali])
$display (i,,datali]);
end

endprogram

C ALY AT LA A svOpenArrayHandle 253 Mg 8| FIFF L B0 . A Wi 45 1) — 4
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SEFUESFHBEERMER, R LLHH svGetArrayPtr % ¥ K B FR A9 3
HILE.

Bl 12.24  {F HEA I HOEEAHS c T
veid fib oa(const svOpenArrayHandle data oa) {
int 1, * data;
data= (int * ) svGetArrayPtr(data_oa);
datal 0]=1;
datal 1]=1;
for {(i= 2; i<=20; i++ )
datali]=datali-1] + datali-2];
}

12.5.2 FHBAMTGE

fE svdpi.h HE XL TREZA LAV FFACEBCHE N E R E (range) @ DPI . &
L E LM svOpenArrayHandle B HF LB H A W EEH. M A E M F
svBitVecVal i & svlogicVecval KB IEEH . A TEA HETLIBREE XA A
RAHER,

F12.3 FHRBEBEAES

R Wk
int svleft(h, d) “ g d # i
int svRight (h, d) HHIHEAR
int svLow(h, d) HEJIH TR
int svHighth, d) I LR
int svIncrement (h, d) MEREXNFRXTHETAHRNER L,
MREHFNDFEBLEWIER—1
int svSize{h, d) ¥ AW T EEEH: svHigh—svlow+1
int svDimension (h) TFTHBHARRK
int svSizeOfArray (h) L A7 i 1 a9 B0 Kb

7E#% 12.3 .4 & h 2 svOpenArrayHandle &, 1] d & int RKH,
EBGR PN EHEHAER N TELECHPEMBHOAR. LL 12. 4,

F12.4 FHEMEMNELREY

" | AUE S 3] !
void ' svGetArrayPtr (h) WAOABANTFHEAEE
void ' svGetArrElemPrr(h, il, ...) Buhpy—taR
void ' svGetArrElemPtrl(h, i1} — R - oE
void ' svGetArrElemPtr2th, i1, i2) —HBATH— 1R
void ' svGetArrElemPtr3(h, i1, i2, i3) ZHEMEH PN -
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12.5.3 fRBEXNREXHIFWNEA

e8] 12.24 fL.CREBERAR S PR HMEMN0~4, #l12.25 AT —1TEH
Yy R R, CeREUE R T sviow F1 svHigh 77 1% 3K 1 & B 2H o9 Y0 - Py A i B
L A EEHERM 0 B size— 1 T IRTR T

gl 12.25 RS8N BRI RCEAR c RBERINR Y&

import "DPI-C" function void mydisplay (inout int w1l ;

p rogram automatic test;
int a[6:1](8:3]; / /1 38 1 b 3 Bl ol B
initial begin
foreach (al i,3]) alil[3])=1i+73:
mydisplay({a);
foreach (ali,j]) $display("V: al $0d][%0d]=%0d",
i, 3, aLill3);

end

endprogram

Bl 12. 25 VA 761 12. 26 HRay C FREFF. & C 58 55 B P B804 8 O B R i B
. J7i% svLow(handle,dimesion)iR Bl 52 4R AV /MRS EH. FrUWEE N 6:1]M
B R . sviow(h, 1)i& Al 1, 28{lHb ., svHigh(h, 1)i& M 6, 7E C i for JEF 1, B %4 (& FH
svLow il svHigh.

svleft fll svRight FIER A F AP WA ARIIEMGARIE. XL 6: 1]k U,
Bich 6 11, ZEBY 12. 26 M9IE 6], svGetArrElemPtr2 7 ¥ Y i BB B — A 45 1] — 4 3
HEANICRMIE S .

Bl 12.26 SR AZ BTN c R
void mydisplay(const svOpenArrayHandle h) |
B 3 o i -
int lol=svLow(h, 1);
int hil=svHigh(h, 1);
int lo2=svLlow(h, 2);:
int hi2=svHigh(h, 2);
for (i=1lecl; i<=hil; i++) {
for {(j=1o02; j<=hi2; j++) {
int * a= (int*) svGetArrElemPtr2(h, i, 9);
io printf("cC: al $d][%d]=%d\n", i, j, * a):

* a=i*i;
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12.5.4 DPI| fESE (packed) BIFF M E A

16 DPL o, 4~ FE A0 2504 B 120 30 5 — 1 T 45 0 48 i 0 — > K % A 36 JE 4% 10 4
AL E EEMNESEBA. BEZREEHRAN TE K/DBEX S BB 0 FE K/ H# IR Bp
T, B, AR import B4 E X T A S M bit] 63:0] beal ], 37 LUK KBRS K
bit[1:0][ 1:3][6:-1] bpackl 9:1]f& @ % .

1 12.27 HE4EHBREHBOMAES
import "DPI-C" function void view pack(input bit [63:0] bedl ]);

program automatic test;
bit [1:0][0:3][6:-1] bpack[9:1];

initial begin
foreach (bpack[ i]) bpack[ i]=1;
bpackl 2]=64"h12345678 90abcdef;

Sdisplay("SV: bpack[ 2]=%h", bpackl 2]); // 64 i
$display ("SV: bpack{ 21[ 0]=%h", bpack{ 21 0]); /7 3210
$display("sV: bpack[ 2][0][0]=%h", bpack 2][0][0]);// 8 {

v lew pack (bpack) ;
end

endprogram : test

B 12.28 (AR FF B4 9 c 1R BT
void view pack(const svOpenArrayHandle h) {

int i

for (i= svLow(h,1); i<svHigh(h,1); i++)
io printf ("C: b64{ £d]=% 11x\n",
i, * (long long int * )svGetArrElemPtrl(h, i));

}

ERH) 12.28 i CMEERs1IxMBRAEH R -7 64 I BE.REHLSEM
svGetArrayElemPtrl 2 RIIAH# M T long long int 2%,

12.6 HRBERGEKH

BEE)BLTE 5 0] REFE B % W {of £ SystemVerilog M1 C Z A fF 85 R, AWM A 7E
MR ARV X AMIBEERAZ -SRI EMS, A THALEHE
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F9 5 450 1 R0 31 B0 S AR UL A 55 4 o 3 L9 P 48 RO AR LS 408 O BA X X P R i KT e
Bxs#Aa r AU EEGRYT.,

12. 6.1 £ SystemVerilog #1 C 2 [@1 {5 % 4544

THE-THEZEATERGENBAEGHTRNG 7. ZEHWH =1 FTHR  HE
FH—TF. Pllz.2085 7T CEHMMEN. FE.CH char i AFHS TR XA HE
23 0 A 0] WU B 25 L B RLIZ S5 ) X char KB b unsigned PR . 2 &6 57 17 (4 Wil 7
PR SystemVerilog # LM 8- A 2 . IR A X BB E 17 /DR PR Intel X86 20 #1388 I, EM L
WEFVEMAMMAN E. Sun SPARC A ESFRKEF®, BT A1 760 i
SystemVerilog #[[] : r g, b,

Bl 12.29 FHFLEME c L

typedef struct {
unsigned char b, g, r: // x86 NEFp
//unsigned char r, g, b; // SPARC #& =

} * p_rgb;

void invert (p _rgb rgb) {
rgb->r=~rgb->r; // AR BUR
rgb->g=—~rgb->g;
rgb- >b=~rgb->b;
io printf ("C: Invert rgb=%02x,%02x,%02x\n",
rgb->r, rgb->g, rgb->b);
}

SystemVerilog Wi ¥ & i H AW EGHWRRAr — W RLWBRE FRHLE RS REIMRE
BFRIE. T4 reB T RIEHA . FT UL SystemVerilog 2 AEZE M KR FHEHFH.
GRBA M L packed BT, 1 8 LEBLBRFE R —1HF,

Bl 12.30 LR S
typedef struct packed { bit [ 7:0] r, g, b; } RGB T;

import "DPI-C" function void invert (inout RGB T pstruct);
program automatic test;

class RGB;
rand bit [ 7:0] r, g, b;
function void display(string prefix="");
Sdisplay("%$sRGB=%x,%x,%x", prefix, r, g, b);

endfunction : display
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e R e A N e e R P T IR R
/)RR B S B — T E
function RGB_T pack(};
pack.r=r; pack.g=g; pack.b=b;

endfunction : pack

/ /5 G5 48 S T ) W 45 28 AR
function void unpack {(RGB_T pstruct) ;
r=pstruct.r; g=pstruct.g; b=pstruct.b:
endfunction : unpack
endclass : RGB

initial begin
RGE pixel;
RGB T pstruct;

pixel=new;

repeat (5) begin

assert (pixel.randomize()); // ClEFEHLE R
pixel .display("\nSV: before "); //TEIR E
pstruct=pixel.pack{); R T S5kt
invert (pstruct): J/ A Cc RPUE M RLR
pixel .unpack (pstruct); /R R S M{E 45 3
pixel.display("SV: after "); /7 FTH)
end
end
endprogram

12.6.2 & SystemVerilog #1 C 2 @45 # F ¥ &

6 i DPL a] LAs =77 88 Bk C o [2] 5 45 SystemVerilog, A RER B A MM S H
(symbolic value) &)@ — 4~ FFF & . s F H X C A8 W 2= KB — 168 8 R AL AR
SHERE,

M C 2 — A FFF 5 24 SystemVerilog BB & B A DR R C 8 PR Bl — 445 1|
BEFHBNEH. ZFFTHECETPFLIENN static. MIE—TEHFHEL
B, ERSTRRAERST ERBERNBRBERABIERLT.

% 12.31 M cHuRE —NFERFER
char * print (p_rgb rgb} {

static char s[ 12];
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v AR o T R R e e e T R T B ‘

sprintf (s, "%$02x,%02x,%02x", rgb->r, rgb->g, rgbh~>b):
return s;
}

HABELTENMMBAETENRBOFR AN &5 BNFFILER B, 25 6%k, &
F] SystemVerilog #9$ display BRETED £ MR E M B, il B2 Z XM A L K print
Fik. B9k SystemVerilog GiF & H TH L F RS . FWHA S mAY print () ¥8 F A6
SEENEARANSR. IUTEREEB R T SystemVerilog fFaf ML A X AR
RS BB VA K 8 SystemVerilog E BT R, & 12. 32 B FHRRTFE—
4 HE Cheap) LA SZ R RV H .

§12.32 A —A4> c BIHE IR [a] — 4~ 1F

# define PRINT SIZE 12

# define MAX CALLS 16

#define HEAP SIZE PRINT SIZE * MAX CALLS

char * print(p_rgb rgb} {
static char print_heap[ HEAP SIZE+ PRINT SI ZE] ;
char * s;
static int heap idx=0;

int nchars;

s=&print heapl heap idx];
nchars=sprintf (s, "% 02x, % 02x,% 02x",
rgb->r, rgb->qg, rgb->b);

heap idx+=nchars+1; [/ AER S null !
if (heap idx>HEAP SIZE)

heap idx=0;
return s;

12.7 45 AJ5IE M RER S A J7 %

AT K5 8 (pure) B A XK (context) T A Flif Hi (generic) & A, — />4 i P03
FRRERSARTERL RARAREAEMAMBEE., BERERE— TR
AeViREMERAERESTE ASFETXHREALBEAHAUSOES MBEER
BGAR EEREMERTFEAEALH., MEREFHERBOE% L. JF 4 SystemVerilog
GiEes X ZR B R TRASEHERAPR AR, RIFSSWE —kiE
HERAS - XHHmLEREH. #12.5 b factorial P FH 12. 6 F#Y sin B EEE
EARBCHAENMNITRERUKB T ENREA.
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#12.33 FA-HEH
import "DPI-C" pure function int factorial (input int 1i);

import "DPI-C" pure function real sin{input real in);

SFAFEARETFENECSARMREN ETXEBURERA PLI TF.ACC it 2
VPI Jy ol & 3 4 8 SystemVerilog {£ 5, M EXEFAFTETEFER context REH .

B 12.34 S AKHKIEF
import “DPI-C" context task call sv(bit 31:0] data);

WRBAFERERA2SEEE . PERABEAFT L 7. BEEA GRERA MWLM PLL
FRUl L EMATERSE context LN R MBS . Sutherland (2004) % 3X 1 1Y
PRAEE L A genericGE M) ", A & SystemVerilog iIFE 52X FMH P B HFBEELELT]
MY, REEOATSARBEEARAY XBERATEPHEZEH FFHGAR,

FHXBRFATENGFECRAHO LT XHH . XA ER TR/ IF L.
bl BRI Ee R/ E  EUNAER T EEX IR L. R—HE R -1 EHFANE
FWRT —1T2FHEFHFE Uil SystemVerilog BIE X 54 PLI RE. & F B A8
JA Bt

— P KRB (context-aware) Y PLI IREIE M B X TR ANE B CEMEEA,
J B GE A 4K B% U R M hk ok U e) BRZ A A X BER S B

12.8 £ C 5 SystemVerilog #1535

Hil ] ) ) F 7 ¥ 1 4] £ SystemVerilog SR C {55, DPl th 2457 C L
H 8 F SystemVerilog §1 85 . # A SystemVerilog & 8] LA — MR C o8 $ 8
TE 25 R 0 18] AL %, A B — N R AE 38 40 B8 4 4R Y 9 #E ) (time -consuming) 4 % .

12.8.1 —1"BIREMNESHAE
B 12. 35 PR FAT — P EBERB.HFBESH T —4 SystemVerilog i§ % .

% 12.35 S H —1 systemVerilog FA%K
module block;

import "DPI-C" context function void c display();
export "DPI-C"™ function sv_display; /I BAERBEXHE S

initial c display():;

function void sv_display();
Sdisplay("SV: block"):
endfunction
endmodule : block



354 mi2sm systemverilog 5 CiEZEED

i;i Bl 12.35 P8 export FHER R "X AAN" . HESELFHYP

B FUMEEEF USSR EETRM BB FARTEANE
5, Zexport FRPEA LARBELLERHARBMBERF A,
FrL—BERBTER A2FHAET L.
f7 12. 36 2R A% B i R EAY C U,

) 12.36 £ cH i —4 SystemvVerilog T H PR %K

extern void sv _display();

void ¢ display () {
io printf ("C: ¢ _display\n");
sv_display(}:

}

EoksmE CRESMTIT. KRG H B SystemVerilog 9 $display 8§ B .0} 12. 27
7 .

1 12.37 {25 H A BARITE
C: c_display

SV: block

12.8.2 1A SystemVerilog B C i

SO 6 B KA (U2 SystemVerilog 5 /) (Rl gEk 7 — 26 C1F 5 80E HABE
SwRmENNLFE S IH . ALFRERAN LW RART. A7WEl8 T —4 SystemVerilog 4
AR N A R A 3 sl — B SN S b i3 e s 55 e Y C 1S

i 12,38 FIf| 12. 30 BEAFHBMNEVRE . EERT — 188 LA A R 1E
A FEER M . SystemVerilog A MA T C ¥ read file FTH M. X fE—
i an 2 R B A AL CAUBIA A — 45 1 e 80k 58 80X i 4

i 12.38 BiRPRANFHERG SystemVerilog

module memory;
import "DPI-C" function read file(string fname);
export "DPI-C" function mem build; // WH LW ELNXESH

initial

read file("mem.dat");
int mem J;

function mem build(input int size);

mem=new| sizel; // STECEN A NTE L X
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endfunction

endmodule : memory

TEE .70 12.38 P iexport FHARATMSH . BAXEGEECEERNEF NS

.
Bl 12.39 iy CARMBAT 30 ER— a4 S . AT EBRENL. HFR

K 28 B AQ RS A5 3Z ) b 1 THEBR T
@ 12,39 EWREAMGSCHHHHES HEREN c{UH

extern void mem build(int);

int read file{char * fname) {
int cmd;
FILE * file;

file=fopen (fname, "r"};
while (! feof (file)) {
cmd=fgetc(file);
switch {cmd)
{
case 'M': |
int hi;
fscanf {(file, "5d %d ", &hi);
mem build(hi);

break;

}

fclose(file);
}

B 12. 40 By @ AR LEA DL ATLREH 100 MTEBAFE.

B 12,40 5 AR R 65 4 3
M 100

12.8.3 A SystemVerilog £%& 8 C £ %

— M REHINTT RS S AIEINIES 2 2 I #E A Bl 6 BRAE 7 LA 00 200 6 FLAE 55 3K
Eﬁq

#l 12. 41 & SystemVerilog {CH N FFRAME ZMRE. HX FH 12.38, 4 1L
ABGE. BT mem read fil mem_write B ANME % .4+ 5I7 B 20ns A 10ns K JTTF. FA
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) read file REMEMR I —MEF . E‘-ﬁ]tﬁﬁ?ﬂf&ﬂ‘}ﬁ}% ‘FFﬂTﬁEiEEﬂﬁ HEE
A A[ 1A E S . import IEAIHEE read file W— A XBKR B A R HER
75 1 o 45005 TR VA FH A B R B — A S R eI AR

B 12.41 A G HILH M Systemverilog IR RIRIR
module memory;
import "DPI-C" context task read file(string fname);
export "DPI-C" task mem read;
export "DPI-C" task mem write;

export "DPI-C" function mem build;

initial read file("mem.dat");

int mem[] ;

function mem_build(input int size);
memznew[size];

endfunction

task mem read (input int addr, output int data);
# 20 data=mem| addr|;

endtask

task mem write(input int addr, input int data);
# 10 mem| addr]=data;
endtask

endmodule : memory

) 12. 42 F ) CKBY BT case &4, LA WTEHm ST 1EHE.
B 12.42 EEAS O EB S REN c 13

extern void mem read({int, int* };
extern void mem write (int, int);

extern void mem build (int);

int read file(char * fname)} {
int cmd;
FILE * file;

file=fopen (fname, "r");
while (! fecf(file)) {
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PRI R s

cmd= fgetc (file);
switch {(cmd) ({

case 'M': {
int hi;
fscanf (file, "%d %d ", &hi):
mem build(hi);
break;

}

case 'R': {
int addr, data, exp;
fscanf (file, "%c $d $d ", &cmd, &addr, &data);
mem read (addr, &exp);
if (data! =exp)

io printf ("C: Data=%d, exp=%d\n", data, exp)};

break;

}

case "W': {
int addr, data;
fscanf(file, "%c %d %d ", &cmd, &addr, &data);
mem write (addr, data):

break;

}

feclose(file);
}

Bl12. 43 A X EHFOTS ARERIAFELE R EERPHE 1w
THREGETREMSHIBIHE.

B112.43 HRAFEEMS S XM

M 100

W12 34

W 99 8

R 12 34

12.8.4 FRAXNRPRTE

fRa] L5 4 SystemVerilog ik . BREXHEXE DY F B, ETBREIRLUT IR
ARAECEBMABH(ER 12. 3.2 /h17) . AN Y SystemVerilog %i i 88 ¥ i¥ (elaborate)
AT X IR ARLEAE . RO X A A JF B £ 7E SystemVerilog #l C Q15 2 (6] 15 i — 1 %
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Y Spir e, - F o e L TR o oo R F R Lo
Wi AR AT e T R e e

23|, HEB C#H4ARBKE.SystemVerilog B H A Gkl F DPI fZi8 . AR ATLLE
=B CREERMES Z RIERBHMES].

THAFFHRBELHHONERERIER F, #] 12,45 A9 SystemVerilog L E X
T—NEREENGEHER. RERERESIAEFHEMNBE R IR, F 12, 44
PSS XHRER TN MO MLIEF SN AITRTFNIRAEHRITILKE A &
JG R BE UK Bl TR I EAAIE 12 #1777 HRE.

Bl 12.44 WA T H B EK oor IFBLRIA M 2 it
M0 1000
M1 2000
W0 12 34
Wl 12 88
W0 99 18
R1 22 44
RO 12 34
R1 12 88

Xt 2 AR R BB — 1 MAg S . SystemVerilog (AR LR - T HHUNR, BHEK
¥ mem_build WA Memory #)H i& o8 8. 15 B B Memory X 2 B 6] #5 1% 7 B — 4> System-
Verilog BAF 4, R L AT EFI R B C B, BN EHEREE—TIF B, T
VASHS MR I fr . XHF—K, FHMAF mem_read fl mem write §EH B — MM
SR CAURTAFEARENI S HERS],

Bl 12.45 HHNFHEEEKM Systemverilog Btk

module memory;
import "DPI-C" context task read file({string fname);
export "DPI-C" task mem read;
export "DPI-C" task mem write;

export "DPI-C" function mem build;

initial read file("mem.dat"); // A c B ER A

class Memory;

int mem |:

function new (input int size):
mem=new| size];

endfunction

task mem read(input int addr, output int data);
# 20 data=mem| addr] ;
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endtask

task mem write(input int addr, input int data);
# 10 men| addr |=data;
endtask : mem_write

endclass : Memory

Memory memgl S 1; // PFEXTRBAF

/7 BUSE— 4~ F7 89 A 47 36 B 3085 T A BA )
function int mem build(input int size);
Memory m;
m=new (slze};
memq.push back (m) ;
return memg.size()-1;

endfunction

task mem read(input int idx addr, output int data);
memg( idx].mem read (addr, data);
endtask

task mem write(input int idx, addr, input int data);
memg| idx].mem write (addr, data);
endtask

endmodule : memory

Bl 12.46 i FH oop NAFE IR AT 5 & R
extern void mem read(int, int, int* );
extern void mem write{int, int, int);

extern int mem build{int);

int read file(char * fname) {
int cmd, idx:;
FILE * file;

file=fopen (fname, "r");
while (! fecf(file)) {
cmd= fgetc(file);

359
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fscanf (file, "%d", &1dx);
switch (cmd)
{
case 'M': {
int hi, gidx;
fscanf (file, "sd 34 ", &hi);
gidx=mem build(hi);

break;

case "R': {
int addr, data, exp;
fscanf (file, "%c 5d %d ", &cmd, &addr, &data);

mem read(idx, addr, &expected):
1f (data! =expected)
io printf ("C: Data= %$d, exp= %d\n", data, exp):

break;

case '\W: |
int addr, data;
fscanf (file, "$Sc %d %d ", &cmd, &addr, &data);
mem write (idx, addr, data);

break:;

}
fclose (file);

}

12.8.5 T3 (context) BI& X

SARBA ETXRZEAEELKFENME, I Sunit BB program 8 # pack-
age fE Rl (scope) , ;X — A B @ Y SystemVerilog HiER—HH. MRKEL—IBHS
AR A EREE XA CRESEE inport IERFFEMERN ETF X hiT. X%
{4 T 7E SystemVerilog AN AFER P 2 HE L —D run 012 F . FMEH LA
Vilel B QT ER R N A &,

MR RER 12.35 FMAFE _TMER. GSARFEN CRBESEACHER.IE4 C
TEREMESAMSHIE UM LT OB HA K SystemVerilog 773,
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B 12,47 fE LS M TR AR
module top;
import "DPI-C" context function void ¢ _display ()

export "DPI-C" function sv_display;

block bl():
initial ¢ display():

function void sv_display ()7
Sdisplay("SV: top");
endfunction

endmodule : top

module block;
import "DPI-C" context function void c_display();

export "DPI-C" function sv_display;
initial c_display();

function void sv display{);
Sdisplay("SV: block"):
endfunction
endmodule : block

BB ER - C BB ERAACENAR, 43 AAT MR
SystemVerilog H .

B 12.48 & WA B0 R BT RO
C: c_display

SV: block

C: c_display

SV: top

12.8.6 EBSANHRMAERE

0 TE SystemVerilog fABS A LLFE R ¥R 4R A SRR A 7 8, A 80 C 77 ik th ol BLA B 8
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extern void sv_display():

svScope my_ scope;

vold save my scope () {

my scope=svGetScope() ;

void c_display() {
/7 fTED 2R R
io_printf("\nC: c_display called from scope %s\n",
svGetNameFromScope (svGetScope () ) ) ;

/7 BT e I
svSetScope (my scope);
io printf("C: calling %s.sv _display\n",
svGetNameFromScope (svGetScope () ) )
sv_display();
}

Filif CHR\BIMAT svGetNameFromScope () » 1% i ¥R [ 32 4F ¥4 A /F I 09 — 4~
Te8 . & A4 BB ATEN TRk . — R & C RIBE k80 At a9 46 B i, 5 — W 22k B
RAELHIEMB. svGetScopeFromName () FH2 ¥4 SystemVerilog ¥ Fi B B Z 77 8 45 &
A R [0l — 35 svScope B ] 7 LUt svGetScope () f# .

B 12. 50 ) SystemVerilog fAHH 25— PRI block AT — C HEFBEHELTF
XAEHE . 2 top BRI AT c_display () A #: 0, % J7 i 6 4 Al 5518 B 18] block, & T
FmE R plock Bt dhfy sv display(},M3E top MR 4 .

B 12.50 FEHREAIRE T X7 kB
module block;

import "DPI-C" context function void ¢ display();
import "DPI-C" context function void save my scope();

export "DPI-C" function sv display;
function void sv_display():
$display("SV: sm");

endfunction : sv display

initial begin
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save my scope();
c display();
end
endmodule : block

module top;
import "DPI-C" context function void ¢_display():

export "DPI-C" function sv display;

function void sv _display(}:
Sdisplay("SV: sm");

endfunction : sv_display
block bl {);
initial #1 c_display();

endmodule : top

B 12,51 B,

f] 12.51 svsSetscope {L %Y §i
C: c_display called from top.bl
C: Calling top.bl. sv_display
SV: top.bl. sv_display

C: c_display called from top
C: Calling top.bl. sv _display
SV: top.bl. sv display

AT LASE A AR YE RIS BEEOR(E C IR MEH B AT BHL, LA K R AR EH
. — AR ERML SN . B - EARTERTACHEFMEMN,

12.9 HHAMIBESZH

ABELERHTCHMCHHESHDPL, BEMEEX TN LIERBHRB/ . BEHA
F1r iR A Verilog By Ssystem(OV{EFH. MREFEm SR E PR (H,{# A vnix B system
() BB M WEXTITSTATUS Z25E X . ) 12. 52 P A9 SystemVerilog {8558 FH T 3 3 (wrapped)
system()#) C R¥1,

# 12.52 FHHE ¥ perl LA C A SystemVerilog %

import "DPI-C" function int call perl (string s);
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program automatic perl test;
int ret val;

string script:

initial begin
if (! $testSplusargs("script”)) begin
Sdisplay("No + script switch found"):
S finish;
end
$valueSplusargs ("script= %s", script):
$display("SV: Running ‘%08’ ", script);
ret val=call perl (script);
S5display("SV: Perl script returned %0d", ret _val );
end

endprogram : perl test
Bl 12. 53 BRI system () I F iR AR C £ 38R 3.
Bl 12.53 perl AR c £

# include "vc hdrs.h"
# include<stdlib.h>

$ include<wait.h>

int call perl{const char* command) f{
int result=system(command) ;
return WEXITSTATUS (result);

}

Fl 12. 54 5 H{E B IR F AR perl A,

¥l 12.54 ¢ #i SystemVerilog WM Perl A
# ! /usr/local/bin/perl

print "Perl: Hello world! \n" ;

exit (3)

12.10 % &
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WA ET XHE. A PLINERHEE T . 8T RETFHBETE4ITULBOCTRE
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