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1.1 ⁸ ⁸ ┘ ≤⇔≡─ SystemVerilog 

SystemVerilog│Ɫכ♪►▼▪ ⁸ ⁸ ┘ ╩ ⌐ ∆╢ ─ ≢∆⁹ ⌂╢

≢│№╡╕∑╪⁹♦◙▬fi╩ ∆╢ ⌐│ ≤─ ⅜ ⌐⌂╡╕∆⁹∕─ ⅜

⌐ ↕╣╢ ≤ ∂ ≢ ↕╣≡™╣┌⁸ ⌐⁸ ≈⁸ ⌐ ╩ ℮ ⅜

╕∆⁹ 

 

ⅎ┌⁸₈req ⅜ ⇔√╠⁸1~3◒꜡♇◒ ⌐ ack ⅜ ⇔⌂↑╣┌⌂╠⌂™₉≤™

℮ ─ │⁸SystemVerilog≢│ ─ ⌐ ↄ ⅜ ╕∆⁹ 

 

 
 

↓╣│ SystemVerilog≢▪◘כ◦ꜛfi≤ ┌╣╢ ≢∆⁹↓─ ♪כ◖ה☻כ♁╩ ⌐

∆╢ ⌐╟╡⁸ ⇔√ ⅜ ⌐ ∫≡™╢⅛╩ ∆╢ ⅜ ╕∆⁹⇔⅛╙⁸ ⌐

∫≡™⌂™ ╩ ⌐ ∆╢ ⅜ ╕∆⁹ 

 

 
 

SystemVerilog≢│ ↄ─♦כ♃ ╩ ∆╢ ⅜ ╕∆⅜⁸∕╣╠│ ≤⇔≡ ≢

↕╣╕∆⁹ ⅎ┌⁸♩ꜝfi◙◒◦ꜛfi─ ╩ ─ ⌐ ∆╢ ⅜ ╕∆⁹ 

 

 

assert property (@(posedge clk) req ## [1:3] ack)  

 else $display("@%0t: FAIL",$time);  

module  test(input clk,req,ack);  

 

 default clocking cb @(posedge clk); endclocking  

  

 sequence check_req_ack;  

  req ##[1:3] ack;  

 endsequence  

  

 assert property (check_req_ack)  

  else $display("@%0t: FAIL",$time);  

...  

endmodule  

t ypedef enum bit { READ, WRITE } d irection_e;  

class packet_t ;  

rand bit [31:0]   addr;  

rand bit [31:0]   data;  

rand direction_enum  direction;  

ra nd int unsigned   transmit_delay;  

 constraint word_boundary  

 {  

  addr[1:0] == 2 ôb00;  

 }  

 covergroup cg ;  

  coverpoint  addr ;  

  coverpoint  data ;  

 endgrou p 

function new;  

 cg = new;  

endfunction  

endclass  
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♩ꜝfi◙◒◦ꜛfi─♦כ♃ ⌐ ⇔≡ ╩ ╡ ≡╢ ⅜ ╕∆⁹◒ꜝ☻─ⱷ♁♇♪

randomize() ╩ ┬≤ rand ─ ™√ ─ⱷfiⱣכ⌐ ⅜ ╡ ≡╠╣╕∆⁹╕√⁸

╩ ⅎ≡ ╩ ∆╢ ╙ ╕∆⁹ ⅎ┌⁸SystemVerilog≢│ addr ─ ╩꞉ה♪כⱣ►

fi♄ꜞכ⌐ ∆╢ │ ≢∆⁹ ─ ⌐ ╩◒ꜝ☻ ⌐ ⇔╕∆⁹ ⌂ ⌐ ⌂

∞↑ⱷ♁♇♪ randomize() ╩ ┬ ⌐╟╡ ⌐♩ꜝfi◙◒◦ꜛfi╩ ∆╢ ⅜ ╕∆⁹

⇔⅛╙⁸ ╩ ⌐ ⌐∆╢ ⅜ ╕∆⁹↓─ ╩ כꜝ◄⁸≡⇔ ╩ ≈♩ꜝ

fi◙◒◦ꜛfi╩ ⌐ ∆╢ ⅜ ╕∆⁹ 

 

ꜝfi♄ⱶ⌐ ⇔√ ╩ ⌐⇔√♩ꜝfi◙◒◦ꜛfi╩ ⇔≡ ╩ ℮ ⁸ ─

╙ ⌐ ⌂╦╣⌂↑╣┌⌂╡╕∑╪⁹ כ◌♇▼♅⁸ DUT ─ ≤ ↕╣╢ ≤

─ ╩ ℮ ─ ⅜ ⌐⌂╡╕∆⁹SystemVerilog⌐│∕╣╩◘ⱳכ♩∆╢ ─ ⅜

№╡╕∆⁹ 

 

⌐⁸ ⇔√♩ꜝfi◙◒◦ꜛfi─ ╩ ↑⁸ ─ ™ ⌐ ╩ ╘⌂↑╣┌⌂╡╕∑╪⁹

™ ─♩ꜝfi◙◒◦ꜛfi╩ ⌐ ∆╢ ⌐│⁸ ⅜ ⌐◌Ᵽכ⇔√ ╩ ⇔ↄ

⇔⁸ ≈⁸ ─ ╩ ⌐ ∆╢ ⅜ ≢∆⁹ ⁸☻◖▪Ⱳכ♪ ⅜ ⌐

⌂╡╕∆⁹SystemVerilog─ functional coverage │∕─ ⌐ ⅎ╢ ╩ ⇔╕∆⁹ 

 

─ ≢│⁸addr ⁸ ┘⁸data ─◌Ᵽ꜠♇☺╩ ╘≡™╕∆⁹◌Ᵽ꜠♇☺ ╩◒ꜝ☻─

⌐ ∆╢ ╙ ╕∆⁹ ⇔⁸◌Ᵽ꜠♇☺ ╩◒ꜝ☻ ⌐ ∆╢≤◌Ᵽ꜠♇☺ ↓

─ ≢│ cg ⅜ ⌐ ↕╣╢ ⅜№╡╕∆⁹∕─ ⁸◌Ᵽ꜠♇☺הⱳ▬fi♩╩ ⌐

∆╢ ⅜ ╢ ⅜№╡╕∆⁹◌Ᵽ꜠♇☺│ covergroup◒ꜝ☻─ⱷ♁♇♪ sample() ╩

┬ ⌐╟╡ ∆╢ ⅜ ╕∆⁹ ⅎ┌⁸ ─ ⌐⇔≡◌Ᵽ꜠♇☺ ╩ ╘╕∆⁹ 

 

 
↓─ ⌐⁸ ⇔√♃▬Ⱶfi◓≢◌Ᵽ꜠♇☺ ╩ ╘╢ ⅜ ╕∆⅜⁸♩ꜝfi◙◒◦ꜛfi⅜

⇔√ │ ≢╙◌Ᵽ꜠♇☺╩ ∆╢ ╙ ╕∆⁹ ⅎ┌⁸◒ꜝ☻ ─ⱷ♁♇♪

post_randomize() ⌐◌Ᵽ꜠♇☺ ╩ ∆╢ ⅜ ╕∆⁹ 

 

 
↓─ post_randomize()│ virtual ≢│№╡╕∑╪⅜⁸◒ꜝ☻ ⌐ ⌂╢ ╩∆╢ ⅜

╕∆⁹ randomize()⅜ ┌╣╢≤ ∏↓─ ╙ ┌╣╕∆⁹ 

 

─ ⅛╠ ⌐ ⌂ ↄ─ ⅜ SystemVerilog⌐ ╦∫≡™╢ ⅜ ⅛╡╕∆⁹ 

1.2 Verilog≤─ ⌂  

1.2.1 SystemVerilog│ Verilog─ superset 

SystemVerilog│ ⌐ Verilog╩ ╪≢™╕∆⁹ ─ │⁸SystemVerilog⅜ ⅎ≡™╢ ⌂

╩ ⇔≡™╕∆⁹ 

packet_t  packet;  

...  

assert( packet .randomize());     

packet.cg .sample();  

class packet_t ;  

...  

function void post_randomize;  

 cg.sample() ;  

endfunction  

endclass  
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 1-1 SystemVerilog≤ Verilog─  

SystemVerilog│↓─ ⌐╙ ↄ─ ╩ ╖╕∆⅜⁸ ─ ≢│ ⌂ ╩ ⇔╕⇔√⁹

Verilog│ ≤⇔≡ SystemVerilog⌐ ╕╣╕∆⅜⁸ ⌐ ⅜№╢ ≢│№╡╕∑

╪⁹Verilog│♃▬Ⱶfi◓⌐ ⇔≡ ⅜№╢ ⁸◦Ⱶꜙ꜠כ◦ꜛfi ⅜ SystemVerilog≤

∆╢≤│ ╡╕∑╪⁹ ⅎ┌⁸ ─ ⌂ ╩ ⅎ≡╖╕∆⁹ 

 

 
 

Verilog HDL≢│⁸ ⌐ ⇔√ ─ inline initialization │◦Ⱶꜙ꜠כ◦ꜛfi─

≤ ⌐ ╦╣╕∆⁹ ∫≡⁸ ─ᵑ⁸ ┘⁸ᵒ⅜ ⌐ ⇔╕∆⁹≥∟╠⅜ ⌐ ∆

╢⅛ ⅛╡╕∑╪⁹ ⌐╟╡ ⅜ ⌂╢ ⌐⌂╡╕∆⁹SystemVerilog≢│⁸ ─

inline initialization │◦Ⱶꜙ꜠כ◦ꜛfi ∆╢ ⌐ ╦╣╕∆⁹ ∫≡⁸ᵑ─ ⌐ᵒ⅜

⇔╕∆⁹ 

1.2.2 ◦Ⱶꜙ꜠כ◦ꜛfi─ ♃▬Ⱶfi◓ simulation semantics  

SystemVerilog│ ⌐ Verilog⌐ ⇔™ ╩ ≥Verilogכ◦●꜠⁹╪∑╕╡№│≢↑∞√⇔

⌂╡⁸SystemVerilog│◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔≡ ⌐♃▬Ⱶfi◓╩ ⇔≡™╕∆⁹

[1] ≢│⁸∕─♃▬Ⱶfi◓╩₈Simulation Semantics₉≤ ╪≢™╕∆⁹↓─ ╩ ⇔ↄ

∆╢ ⅜ ≢∆⁹ ≢ ╩ ⇔╕∆⅜ │⁸ ╩ ⇔≡ ↕™⁹ ↕⌐╟╡⁸

◦Ⱶꜙ꜠כ◦ꜛfi ⅜ Verilog≤ ⌂╢ ⅜ ↄ ⇔╕∆⁹ 

module test;  

integer width = 5;   ă ᵑ 

integer  size;  

 

 initial begin  

  size = width;  ă ᵒ 

 end  

// ...  

endmodule  

Verilog 

bit, byte, 

shortint, int, 

longint 

logic 
enum, struct, 

union, class, 

package, 

program 

interface, 

modport, 

clocking block 

mailbox, 

semaphore 

assertions 

functional 

coverage 

constrained 

random value 

generation 

dynamic arrays, 

associative arrays, 

queues, multi-

dimensional arrays 

SystemVeril og  
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1.2.3 ≤ ⌐⅔↑╢◦Ⱶꜙ꜠כ◦ꜛfiה▬ⱬfi♩ 

SystemVerilog≢│ ╩ ⇔√ ⌐ ╩ ⅎ╢ ⅜ ╕∆⁹∕⇔≡⁸ ╩ ∆╢

◦Ⱶꜙ꜠כ◦ꜛfi─♃▬Ⱶfi◓│ Verilog≤ ⌂╡╕∆ [2] ⁹ ─ ⌂ ╩ ≡╖╕∆⁹ 

 

 
SystemVerilog≢│⁸ ╡ ≡_reset = 0  │◦Ⱶꜙ꜠כ◦ꜛfi⅜ ∆╢ ⌐ ⇔╕

∆⁹ ∫≡⁸_reset ⌐ ∆╢▬ⱬfi♩│ 0 ≢│ ↓╡╕∑╪⁹ ⁸▪◘▬fi

request = 1 ─ ⌂ ≢│◦Ⱶꜙ꜠כ◦ꜛfi 0≢ request⌐ ∆╢▬ⱬfi♩⅜ ↓╡╕∆⁹

↓─ ⁸ ─ ─ ⌐╟╡◦Ⱶꜙ꜠כ◦ꜛfi ⅜ Verilog≤│ ⌂╡╕∆⁹ 

 

∕─ ⁸ 0⌐⅔↑╢ ⌐│ ⅜ ≢∆⁹ ⅎ┌⁸ ─ ≢│⁸ ⌐╟╡

⌂╢◦Ⱶꜙ꜠כ◦ꜛfi ⅜ ⇔╕∆⁹ 

 

 
 

0⌐ ™≡⁸╙⇔ᵑ⅜ᵒ╟╡╙ ⌐ ∆╣┌⁸ᵒ⌐⅔↑╢ negedge _reset─▬ⱬfi♩│⁸

0⌐ ™≡ ↕╣╕∑╪⁹ ⌐⁸ᵒ⅜ᵑ╟╡╙ ⌐ ∆╣┌⁸ 0⌐ ™≡ negedge 

_reset─▬ⱬfi♩│ ⇔ↄ ↕╣╕∆⁹↓─ ⌂ race conditions╩ ↑╢ ⌐│⁸ ⅎ┌⁸

─ ⌐⇔╕∆⁹ 

 

 
nonblocking assignment NBA ᵓ│ ─ ᵔ╟╡╙ ⌐ ⇔╕∆⁹ ∫≡⁸ᵓ⅜ ∆

╢ ⌐⁸negedge _reset─▬ⱬfi♩⅜ ∟ ⌐ ∫≡™╕∆⁹ 

module test;  

logic  _reset = 0;  

logic  request;  

 

 initial begin  

  request = 1;  

  ...  

 end  

...  

endmodule  

initial begin  

 _reset = 0;      ă ᵑ 

 ...  

end  

...  

always @(posedge clk,negedge _reset)  ă ᵒ 

 if( !_reset )  

  q <= 0;  

 else  

  q <= d;  

initial begin  

 _reset <= 0;     ă ᵓ 

 ...  

end  

...  

always @(posedge clk,negedge _reset)  ă ᵔ 

 if( !_reset )  

  q <= 0;  

 else  

  q <= d;  
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↓─ ⁸♥☻♩ⱬfi♅⅜ ∆╢♃▬Ⱶfi◓⌐╙ ⅜ ≢∆⁹SystemVerilog─ program╩

⇔≡♥☻♩ⱬfi♅╩ ∆╢≤ Verilog─♥☻♩ⱬfi♅≤ ⌂╢ ╩⇔╕∆⁹program─꜡☺

♇◒│ reactive region≢ ⇔╕∆⁹DUT ≢ ∆╢ ─ ⅜ ⇔√ ⌐ program─꜡☺♇

◒⅜ ⇔╕∆⁹ │₈Simulation Semantics₉╩ ⇔≡ ↕™⁹ 

 ⱪ▬♃ה♃כ♦⌂ 1.2.4

SystemVerilog─ │ⱪ▬♃ה♃כ♦⌂ ⌂╢ ∞↑≢│№╡╕∑╪⁹ ⅎ┌⁸

SystemVerilog≢ ↕╣√ two-state♦כ♃ bit⁸byte⁸shortin⁸int⁸longint │⁸ ─

↕⅛╠◦Ⱶꜙ꜠כ◦ꜛfi─ ─ ─ⱪ▬♃ה♃כ♦─↓⁹∆╕╡⅜⌂≈⌐ ⌐╟╡⁸

forꜟכⱪ─ ≢ four-state─ Verilog integer ╩ ∆╢ ⅜№╡╕∑╪⁹ ⅎ┌⁸forꜟכ

ⱪ╩ ─ ⌐ ∆╢ ⅜ ╕∆⁹ 

 

 
⇔⅛╙⁸i++  │ i =i+1 ╟╡╙ ⌐ ⇔╕∆⁹ ╖⌐⁸SystemVerilog ⌐│ forꜟכⱪ╟╡╙

⌂ foreach ⅜ ↕╣╕⇔√⁹foreach ⅜☻◒♇♦fi▬הⱪכꜟ│≢ ↕╣╢─

≢ ≢∆⁹ ─ │ ▪꜠▬ Pstatus ─ ╩ⱪꜞfi♩⇔≡™╕∆⁹ 

 

 

1.2.5 ─  

Verilog ≢│ ╩ wire⁸reg⁸ │⁸integer≢ ∆╢ four-state≢∆⁹↓─ ⁸ ─◒꜡♇

│♃כ꜠Ⱡ▼☺ה◒ ⇔╕∑╪⁹ 

 

 
clk ─ │⁸clk==1ôbx≢№╢ ⁸ ─♩◓ꜟ ⅜ ⇔╕∑╪⁹ ∏ ⌐⁸clk

─ ╩ ⇔⌂↑╣┌⌂╡╕∑╪⁹Verilog≢│⁸ ─ ⌐ ⅛⌂↑╣┌⌂╡╕∑╪⁹ 

 

 
↓─ ≢─ │⁸clk = 0;  ⅜ 0⌐ ™≡ clk ⌐ ∆╢▬ⱬfi♩╩ ⇔≡⇔╕

℮ ≢∆⁹↓─ │⁸SystemVerilog ≢│ ⌐ ⇔╕∆⁹SystemVerilog⌐│ two-state─ bit

for( int i  = 0; i  < 10; i++ ) beg in  

...  

end  

string  Pstatus[] = '{ "FINISHED", "RUNNING", "WAITING", "SUSPENDED",  

    "KILLED" };  

 

initial begin  

 foreach(Pstatus[i])  

  $write("%s ",Pstatus[i]);  

 $display();  

end  

reg  clk;  

 

 always  

  #10 clk = ~clk;  

reg  clk;  

 

 initial begin  

  clk = 0;  

  fo rever #10 clk = ~clk;  

 end  
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⅜№╡╕∆⁹bit ─ │ 1ôb0 ≢∆⁹ ╩♃כ꜠Ⱡ▼☺ה◒♇꜡◒⁸≡∫ ─ ⌐ ↄ

⅜ ╕∆⁹ 

 

 

clk ⌐ 1ôb0╩ ∆╢ │№╡╕∑╪⁹ ⁸DUT⅜ Verilog☻♃▬ꜟ≢ 

 

 

─ ⌐ ⅛╣≡™≡╙ ─ │№╡╕∑╪⁹ 

1.3 ┘ ─ ─ⱦꜟ♦▫fi◓הⱩ꜡♇◒ 

1.3.1  

≤│⁸module⁸program⁸interface⁸checker⁸package⁸primitive⁸ ┘⁸configuration≢

∆⁹↓╣╠─ ╩ ⇔≡ ┘ ╩ ⇔╕∆⁹ 

 

≢│⁸↓╣╠─ ─ ╩ ⇔╕∆⅜⁸SystemVerilog─ ⅜ ≢│⌂™ ≢

─ ╩ ∆╢ │ ⇔™≤ ⅎ╠╣╕∆⁹ │⁸ ─ ╩ ⌐ ╗ ╩ ╘

╕∆⁹ ╩ ⇔√ ⁸ ╩ ∆╢ ≢⁸ ╩ ╗≤ ⅜№╢≤ ™╕∆⁹ 

1.3.2 module 

module│ ⌂ⱦꜟ♦▫fi◓הⱩ꜡♇◒≢⁸ ≤⇔≡⁸♦◙▬fi╩ ∆╢ ⌐ ↕╣╕∆⁹

─♥☻♩ⱬfi♅╩ ∆╢ ⌐╙ ∆╢ ⅜ ╕∆⁹module│ ≢№╡⁸

SystemVerilog─ ↄ─ ╩ module ⌐ ∆╢ ⅜ ╕∆⁹ ─ ⌐│⁸∕─ ⌂

│ ↕╣≡™╕∑╪⁹ ⅎ┌⁸module⌐│ ─ ⌂ ╩ ╗ ⅜ ╕∆⁹ 

 

· ⱳכ♩ 

♃כ♦ · ⁸ ⁸struct⁸union  

· ◖fi☻♃fi♩ 

· class 

· Ɽ♇◔כ☺⌐ ↕╣≡™╢▪▬♥ⱶ─▬fiⱳכ♩ 

· ◘Ⱪꜟכ♥▫fi 

· module⁸program⁸interface⁸ ┘ primitive─▬fi☻♃fi☻ 

· class○Ⱪ☺▼◒♩─▬fi☻♃fi☻ 

· continuous assignment 

· procedural block 

·  

 

⌐ ⌂ RTL module─ ╩ ⇔╕∆⁹↓─ ≢│⁸SystemVerilog╩ ∆╢ ⅜№╡╕

∑╪⁹ ⌐⁸ ─♦◙▬fi╩∕─╕╕ ∆╢ ⅜ ╢ ╩ ⇔≡™╕∆⁹ 

 

bit  clk;  

 

 always  

  #10 clk = ~clk;  

module dut(clk,...);  

input  clk;  

...  

endmodule  
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∞↑ ∆╢≤∆╣┌⁸always_comb ─ ≢∆⁹Verilog☻♃▬ꜟ≢ ↄ≤ 

 

 
≤⌂╡╕∆⁹SystemVerilog⌐│☿fi◦♥▫ⱦ♥▫הꜞ☻♩╩ ∆╢ ⅜№╡╕∆⁹ 

1.3.3 program 

program│♥☻♩ⱬfi♅╩ ∆╢ ≤⇔≡ ↕╣╕∆⁹♦◙▬fi⌐ ∆╢ │№╡╕∑

╪⁹module≤ ⌂╡▬fi☻♃fi☻╩ ≈ │ ╕∑╪⁹ ⇔⁸module≤ ♃כ♦─ ╩

∆╢ ⅜ ╕∆⁹╕√⁸◘Ⱪꜟכ♥▫fi ♃☻◒⁸ ┘⁸ⱨ□fi◒◦ꜛfi ╩ ∆╢ ╙

╕∆⁹ 

 

programⱩ꜡♇◒╩ ≢ ∆╢⌐│◦☻♥ⱶ♃☻◒$exit╩ ∆╢ ⅜ ╕∆⁹◦☻♥ⱶ

♃☻◒$finish╩ ∆╢ ╙ ╕∆⅜⁸$exit─ ⅜ ≢∆⁹ 

 

program│♥☻♩ⱬfi♅≢№╢ ⁸DUT ≤ ∂ⱳכ♩ ╩ ⇔╕∆⁹ ⁸◒꜡♇◒

╩ ⅝⁸program≤ DUT─ⱳכ♩─ │ ⌐⌂╡╕∆⁹ ⌐ ∂ ╩ ∆

╢ ╩ ↑╢ ⌐⁸SystemVerilog⌐│ interface╛ modport─ ⅜№╡╕∆⁹ 

 

module≤─ ╙ ⅝⌂ │⁸program─ ⅜ reactive region≢ ╦╣╢ ≢∆⁹ ∟⁸♦◙▬

fi─꜡☺♇◒╩ ⇔√ ⌐ program─꜡☺♇◒⅜ ⇔╕∆⁹ ∫≡⁸program─꜡☺♇◒⅜

∆╢ ⌐│⁸♦◙▬fi≢ ⇔√ ⅜ ⇔√ ⌐№╡╕∆⁹↓╣⌐╟╡⁸race free

⌂ ╩ ∆╢ ⅜ ╕∆⁹ 

 

module≤ ⌂╡⁸program≢│ alwaysⱪ꜡◦כ☺ꜗ╩ ∆╢ │ ╕∑╪⁹initial ⱪ꜡◦כ

☺ꜗ╩ ⇔≡♥☻♩╩ ⇔╕∆⅜⁸program⌐ ╕╣╢ ≡─ initial ⱪ꜡◦כ☺ꜗ⅜ ∆

╢≤◦Ⱶꜙ꜠כ◦ꜛfi⅜ ⇔╕∆⁹↓─ ⌂ ⅜№╢ ⁸UVM ─Ɽ♇◔כ☺╩ ∆

╢ ⌐│⁸program╩ ∆╢ │ ↕╣≡™╕∑╪⁹ 

 

program│♥☻♩ⱬfi♅≢№╢ ⁸ ⅜ⱪ▬♃ה♃כ♦⌂ ↕╣╢─⅜ ≢∆⁹ ─

≢│ interface╩ ⇔≡™╕∆⁹ 

 

module FullAdder(output sum,cout,input a,b,cin);  

wire  w1, w2, w3;  

 

HalfAdder m1(w1,w2,a,b);  

HalfAdder m2(sum,w3,w1,cin);  

or(cout,w2,w3);  

endmodule  

 

module HalfAdder(output  sum,cout,input a,b);  

 

always_comb  

 {cout,sum} = a+b;    

endmodule  

always @(a,b)  

 {cout,sum} = a+b;  
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1.3.4 interface 

interface│ⱳכ♩ ─ ≢⁸ ⌐│⁸ ─ ╩ ≈─ ⌐ ╘╢ ≢№╢≤

∆╢ ⅜ ╕∆⁹ ⇔⁸ ⌂╢ ≢│⌂ↄ⁸ ╩ ∆╢ ─ ⱪ꜡♩◖ꜟ ╩

╗ ⅜ ╕∆⁹╕√⁸interface╩ ∆╢ ─ ꜟכꜙ☺⸗╩ ⌐ ⅎ╢ ╙ ╕∆⁹

ⅎ┌⁸bus_request │⁸master⸗☺ꜙכꜟ≢│ input≢№╢─⌐ ⇔≡⁸slave⸗☺ꜙכꜟ≢

│ output≤⇔≡ ╩∆╢ ⅜ ╕∆⁹↓─ │ modport⌐╟╡ ↕╣╕∆⁹ 

 

interface⌐│ ─ ⌂ ╩ ╗ ⅜ ╕∆⁹ 

 

· ▬fi♃כⱨ▼ה☻כⱳכ♩  

· modports 

 fiꜛ◦כ◘▪ ·

· initialⱪ꜡◦כ☺ꜗ 

· alwaysⱪ꜡◦כ☺ꜗ 

· finalⱪ꜡◦כ☺ꜗ 

· ◒꜡♇◐fi◓הⱩ꜡♇◒ 

· ₁ 

 

⌐⁸class≤ ∆╢≤ interface ╩ⱳ▬fi♃כ≢ ⅝ ∆ ⅜ ╕∆⁹↓─ │ virtual 

interface≤⇔≡ ╠╣≡™╕∆⁹↓─ ⌐╟╡⁸signal꜠ⱬꜟ⅛╠ transaction ꜠ ⱬꜟ ┼─

⅜ ⌐⌂╡╕∆⁹ ∫≡⁸╟╡ ─ ™ ╩ ∆╢ ⅜ ╕∆⁹ ⅜ ↑╣

┌⁸ ─ ⅜ ⇔╕∆⁹ ⌐│⁸ ─ ⅜ ∆╢≤ ⌐ ╙

⇔╕∆⁹ 

 

interface simple_if(input bit clk);  

logic [1:0]  request , grant ;  

...  

endinterface  

 

program test(simple_if sif);  

 

 initial begin  

  @(posedge sif.clk) sif.request <= 1;  

  repeat (2) @( sif.clk);  

  ...  

 end  

...  

endprogram  

 

module top;  

bit  clk;  

 

simple_if  sif(clk);  

test TEST(.*);  

dut DUT(.*);  

 

 initial  

  forever #10 clk = ~clk;  

...  

endmodule  
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⌐ ⌂ ╩ ⇔╕∆⁹ ⌐№╢ ⌐⁸◒꜡♇◐fi◓הⱩ꜡♇◒─ ╛ modport─ ╩

╗ ⅜ ╕∆⁹∕─ ⁸initial ⱪ꜡◦כ☺ꜗ⌐ ─ ╩ ╗ ⅜ ╕∆⁹↓

╣╠─ ⌐ ⇔≡│⁸module≤ ⇔≡™╕∆⁹ 

 

 
interface─ │ module≤ ↄ ≡™╕∆⁹ ⅎ┌⁸ ─ ⌐⇔≡▬fi☻♃fi☻╩ ╡♥☻♩

ⱬfi♅⌐ ⇔╕∆⁹ 

 

 

1.3.5 checker 

checker│▪◘כ◦ꜛfi⁸ ┘⁸∕─⸗♦ꜞfi◓╩◓ꜟכⱧfi◓∆╢ ─◖fi☻♩ꜝ◒♩≢∆⁹

checker╩ ─fiꜛ◦כ◘▪⁸≡⇔ ⅜ ∆╢ ╩ ∆╢ ⅜ ╕∆⁹ 

 

⌐ ⌂ ╩ ⇔╕∆⁹ ≢│⁸ a⁸b⁸c ⌐ꜝfi♄ⱶ⌐ ╩ ⇔≡™╕∆⁹ ⇔⁸a

≤ b ⌐│ ⅜№╡⁸ ⌐ 1⌐⌂╠⌂™ ⌐⇔≡™╕∆⁹ ⌐⁸ ⇔√ ╩ ⇔

⌐ꜟכꜙ☺⸗╢™≡ ⇔≡™╕∆⁹ 

 

 
checker╩ ∆╢ │⁸checker─▬fi☻♃fi☻╩ ╡╕∆⁹↓╣│ interface╩ ∆╢ ≤

≢∆⁹ ⅎ┌⁸ ─ ⌐⇔≡▬fi☻♃fi☻╩ ╡╕∆⁹ 

interface simple_bus ( input logic clk );  

wir e req, gnt;  

wire [7:0] addr, data;  

 

 clocking sb @(posedge clk);  

 input gnt;  

 output req, addr;  

 inout data;  

  property p1;  

   req ##[1:3] gnt; endproperty  

 endclocking  

 

 modport DUT ( input clk, req, addr,  output gnt,  inout data );  

 modport STB ( clocking  sb );  

 modport TB ( input gnt,  output req, addr,  inout data );  

 

endinterface  

module top;  

logic  clk  = 0 ;  

 

simple_bus SBUS(clk);  

test TEST(.*);  

dut DUT(.*);  

...  

endmodule  

checker check(event clk, output logic out1, out2, out3);  

rand bit a, b, c;    

 m: ass ume property (@clk $onehot0({a, b}));  

 

assign out1 = a;    

assign out2 = b;  

assign out3 = c;  

endchecker : check  
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♥☻♩ⱬfi♅≢ clock─▬ⱬfi♩⅜ ↓╢≤ checker check ⅜ ⇔╕∆⁹∕⇔≡⁸ a⁸b⁸

┘⁸c⌐│ ⅜ ™ ⌐ ⅜ ↕╣╕∆⁹♥☻♩ⱬfi♅⅜ ≤⇔≡™╢─│ checker─

≢∆⁹ 

1.3.6 package 

module⁸interface⁸program⁸ ┘ checker│꜡כ◌ꜟ⌂ ╩ ⇔╕∆⁹∕╣╠─ ≢

↕╣√ │⁸ ⌐│ ⌐│ ⅎ╕∑╪⁹ ∫≡⁸ ─◖fiⱨꜞ◒♩⅜№╡╕∑╪⁹

⁸package│ ╩ ∆╢ ─ ≢∆⁹package ≢ ⇔√ ╩ ─ⱦꜟ♦▫fi◓ה

Ⱪ꜡♇◒ ≢ ∆╢ ⅜ ╕∆⁹ 

 

│ ⌂Ɽ♇◔כ☺─ ≢∆⁹ ─ⱪ▬♃ה♃כ♦⁸│ ⁸♃☻◒⁸ⱨ□fi◒◦ꜛfi

─ ↄ─ ╩ ⇔╕∆⁹ 

 

 
Ɽ♇◔כ☺≢ ⱪ⁸▬♃ה♃כ♦╢™≡╣↕ ⁸ⱷ♁♇♪ ╩ ∆╢ הⱪכ◖☻⁸│⌐

○Ɑ꜠כ♃ :: ╩ ⇔⌂↑╣┌⌂╡╕∑╪⁹ 

 

 

module test;  

logic  a, b, c;  

bit  clock;  

 

check C1(posedge clock,a,b,c);  

  

 initial  

  repeat (10) #10 clock = ~clock;  

   

 always @(a,b,c)  

  $displ ay("@%0t: a=%b b=%b c=%b", $time,a,b,c);  

 

endmodule  

`ifndef  PACKAGE_SVH 

`define  PACKAGE_SVH 

 

package Package;  

 parameter OPERAND_WIDTH = 4;  

 parameter OPERATOR_WIDTH = 3;  

 typedef enum logic [OPERATOR_WIDTH - 1:0]  

  { ADD=3'b001, SUB=3'b010, XOR=3'b100 } op code_e;  

endpackage  

 

`endif  

` include " Packages.pkg  "  

 

module test;  

Package::opcode_e  op;  

 

 initial begin  

  op = Package::ADD;  

  ...  

 end  

endmodule  
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─♃כ꜠Ɑ○הⱪכ◖☻ ╩ ∆╢ ⌐│⁸import ╩ ⇔╕∆⁹ ⅎ┌⁸ ─ ⌐⇔

╕∆⁹ 

 

 
package╩ ↄ ∆╢ ⌐│⁸UVM ╩♪כ◖ה☻כ♁─ ╗ ╩ ╘╕∆⁹ ↄ─ ⌂

SystemVerilog ⅜ ↕╣≡™╕∆⁹ 

1.3.7 primitive  

─ꜟⱬ꜠ה♩כ◕ ╩ ⌐∆╢ ≢∆⁹SystemVerilog╩ ─ ≤⇔≡ ∆╢

⌐│⁸primitive ╩ ≤∆╢ │ ™≤ ⅎ╠╣╕∆⁹ ⌐ ⌂ ╩ ⇔╕∆⅜⁸

≢│ primitive─ ╩ ⇔╕∆⁹ 

 

 
 

│ 2 ─ multiplexer╩ ⇔≡™╕∆⁹ ≢ ∆ ─♩כ◕⁸⌐ ╩ ≢ ⇔╕

∆⁹SystemVerilog─ ≈ ╩ ⇔≡™╕∑╪⁹ 

Ẽ 

1.3.8 configuration 

configuration│♦◙▬fiה◖fiⱨ▫◓꜠כ◦ꜛfi╩ ∆╢ ─ ≢∆⅜⁸ ≢│ ╩

∆╢ ⌐⇔╕∆⁹ 

` include " Packages.pkg  "  

 

module test;  

import  Package::*;  

opcode_e  op;  

 

 initial begin  

  op = ADD; 

  ...  

 end 

endmodule  

// mux2  

primitive mux2 (mux, control, dataA, dataB);  

output mux;  

input control, dataA, dataB;  

 table  

  // control dataA dataB mux  

  0 1 0 : 1 ;  

  0 1 1 : 1 ;  

  0 1 x : 1 ;  

  0 0 0 : 0 ;  

  0 0 1 : 0 ;  

  0 0 x : 0 ;  

  1 0 1 : 1 ;  

  1 1 1 : 1 ;  

  1 x 1 : 1 ;  

  1 0 0 : 0 ;  

  1 1 0 : 0 ;  

  1 x 0 : 0 ;  

  x 0 0 : 0 ;  

  x 1 1 : 1 ;  

 endtable  

endprimitive  
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fiꜛ◦◒꜠◖ה☺♇ⱬכ● 1.4 Garbage Collection  

SystemVerilog≢│ ⌐ⱷ⸗ꜞכ╩ ╡ ≡╢ ⅜ ╕∆⁹◒ꜝ☻─▬fi☻♃fi☻╩ ∆╢

╛♄▬♫Ⱶ♇◒ה▪꜠▬⌐ ╩ ╡ ≡╢ ⅜ ≢∆⁹Java≤ ⌐⁸SystemVerilog≢│

ⱷ⸗ꜞכ─ ⅜ ⌐ ─כꜞ⸗ⱷ╢╟⌐◒כꜞהכꜞ⸗ⱷ│◙כꜚ⁹∆╕╣╦⌂ ╩

∆╢ │№╡╕∑╪⁹ 

 

⌐ ╡ ≡╠╣√ⱷ⸗ꜞ⁸│כ ⅜ ⇔⌂ↄ⌂∫√ ─ ⌂ ⌐ ↕╣╕∆⁹

─ │◦Ⱶꜙ꜠כ♃─ ⌐╟╡ ⌂╡╕∆⁹ 

 

automatic ╩ ≈ ⌐ⱷ⸗ꜞכ╩ ╡ ≡√ ⁸∕─ ╩ ⅜ⱪכ◖☻√⇔ ∆╢

≤ⱷ⸗ꜞכ│ ↕╣╢ ⌐⌂╡╕∆⁹◒ꜝ☻≢│⁸ ≡─ⱷfiⱣכ⅜ automatic ╩ ≈

⌐ ⅜ ↕╣≡™╕∆⁹ ∫≡⁸◒ꜝ☻ ─ⱷ♁♇♪ task ┘ function ≢ ⌐ⱷ

╩כꜞ⸗ ╡ ≡╢ ╩⇔≡╙ⱷ⸗ꜞכ ⅜ ∆╢ │№╡╕∑╪⁹ ⁸ ⌐

static ╩∆╢≤ automatic │ ↕╣╕∆⁹static⌂ⱷfiⱣכ⌐ⱷ⸗ꜞכ╩ ╡ ≡√ ⁸

∕─ⱷfiⱣכ⌐ null╩ ∆╢≤ ╡ ≡√ⱷ⸗ꜞכ╩ ∆╢ ≤⌂╡╕∆⁹module≢│⁸

≡─ⱷfiⱣכ⅜ static≢№╢ ⌐ ↕╣≡™╕∆⁹ 

 

─ ⌐ ™≡⁸test ⌐ ꜟ♪Ɫfiה☻ꜝ◒╢™≡╣↕ packet│ static≢∆⁹ ∫≡⁸ᵑ─

≢ packet⌐ ╡ ≡╠╣√ⱷ⸗ꜞכ│ ↕╣╕∑╪⁹ 

 

 
packet⌐ ╡ ≡╠╣√ⱷ⸗ꜞכ╩ ∆╢ ⌐│⁸ ─ ╩ ⇔⌂↑╣┌⌂╡╕∑╪⁹ 

 

 
⁸◒ꜝ☻─ⱷfiⱣכ│ automatic≢№╢ ⁸ ⅜ ⇔ ⌂╡╕∆⁹ ─ ─♃☻◒ check()

≢ ↕╣≡™╢ header⌐ ╡ ≡╠╣√ⱷ⸗ꜞכ│ ⌐ ↕╣╕∆⁹ 

 

 

class packet_t;  

// ...  

endclass  

 

module test;  

packet_t  packet;  

 

 initial begin  

  packet = new;  ă ᵑ 

  ...  

 end  

endmodule  

packet = null;  

class header _t;  

 // ...  

endclass  

 

class packet_t;  

 // ...  

 task check();  

 header_t  header = new;  

 // ...  

 endtask   

endclass  
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ꜟ♪Ɫfiה☻ꜝ◒ header│꜡כ◌ꜟ⌐ ↕╣≡™╢ ⁸♃☻◒ check()⅜ ∆╢≤ header│

⇔⁸ ╡ ≡╠╣√ⱷ⸗ꜞכ│ ↕╣╢ ⌐⌂╡╕∆⁹ 

1.5 Ɽ♇◔כ☺ 

≢ ↄ ↕╣≡™╢ ⌂Ɽ♇◔כ☺⅜ ⇔╕∆⅜⁸ ≢│∕╣╠─ ╩

⇔╕∆⁹ ⅎ┌⁸UVM │ ⌂ SystemVerilog Ɽ♇◔כ☺≢∆⅜ ╩ ─ ⌐ ⌡╕

∆ [5] ⁹ 

1.6 ≢ ™╢◦fi♃♇◒☻  

SystemVerilog ─◦fi♃♇◒☻╩ ∆╢ ⁸ ─ ╩ ∆╢ ⌐⇔╕∆⁹ ≢№

╢ ⅛╠⁸ ⌂◦fi♃♇◒☻╩ ∆╢ ╩ ↑╕⇔√⁹◦fi♃♇◒☻─ ⌐≈™≡│⁸

╩ ⇔≡ ↕™⁹ 

 

  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

14   

 ⱪ▬♃ה♃כ♦ 2

 ♩◒▼☺Ⱪ○ה♃כ♦≥ⱪ▬♃ה♃כ♦ 2.1

│ⱪ▬♃ה♃כ♦ ─ ≢№╡⁸∕╣╠─ ⌐ ∆╢ ╩ ╖╕∆⁹ ⅎ┌⁸int │ 32ⱦ

♇♩─ ⅝ ≢-2147483648⅛╠ 2147483647╕≢─ ≢ ↕╣⁸ ⌂ ⅜

≢ⱪ⌐│⁸SystemVerilog▬♃ה♃כ♦⁹∆╕™≡╣↕ ╘ ◙כꜚ≥ⱪ▬♃ה♃כ♦√╣╠╘

⅜ ─↓ⱪ⅜№╡╕∆⁹▬♃ה♃כ♦╢∆ ≢│ ≤⇔≡ ╩ⱪ▬♃ה♃כ♦─ ™╕∆⁹ 

 

╩ⱪ▬♃ה♃כ♦ ╩♩◒▼☺Ⱪ○ה♃כ♦≡⇔ │♩◒▼☺Ⱪ○ה♃כ♦⁹∆╕⇔ ╩

↑≡ Ⱪ☺▼◒♩⌐│⁸○ה♃כ♦⁹∆╕⇔ ⱪ⁸▬♃ה♃כ♦⁸ ⁸ ⅜ ╡ ≡

╠╣╢ ⌐⌂╡╕∆⁹ 

 

 2-1 

 
 

addr │ 32ⱦ♇♩─ logic ≤⇔≡ ↕╣≡™╕∆⁹addr │ ⌂⇔≢∆⁹addr ⌐ ⇔≡

⌂ ⅎ┌⁸+, - ,  * , / , &, | , ̂ ╩ ∆╢ ⅜ ╕∆⁹ 

 

delay │ 32ⱦ♇♩─ ≢∆⁹ ⇔⁸two-state≢∆⁹ ∟⁸delay │ x⁸ │⁸z─ ╩

╡ ╕∑╪⁹ 

 

│ string ╩♃כ♦─ ⌐כꜙ◐⁹∆≢כꜙ◐≈ ∆╢ │ⱷ♁♇♪≢ ™╕

∆⁹ 

 

map │ ╩כ◐─ ≈ ≢∆⁹ │♃כ♦─ ≢∆⁹↓─ ⌂▪꜠▬╩

associative array≤ ┘╕∆⁹ 

 

fixed │ ─ ⅝↕╩ ≈▪꜠▬≢∆⁹↓↓≢⁸[10] │[0:9] ─ ≢∆⁹ 

 

dynamic │♄▬♫Ⱶ♇◒⌂▪꜠▬≢∆⁹▪꜠▬─ ⅝↕╩ ⌐ ⇔╕∆⁹▪꜠▬─

╙ ⌐ ╡ ≡╕∆⁹ 

Ẽ 

2.2 Logic  

Logic │ ≈─ 0, 1, x , z ╩ ∟ ⱪ≢∆⁹▬♃ה♃כ♦╢ 0│ ─ ╩ ∟╕∆⁹

⌐⁸ 1│ ─ ╩ ∟╕∆⁹x │ unknown╩ ⇔╕∆⁹ │ high-impedance╩ ⇔╕

∆⁹ ╩ ∆╢ ⌐ ™╕∆⁹ ≢│ donôt care conditions≤⇔≡ ⇔╕∆⁹

x ┘ z │Ɫכ♪►▼▪⌐│ ⇔╕∑╪⅜⁸♁ⱨ♩►▼▪ ⌐ ╩ ∆╢ ⌐ ↕╣╕

∆⁹ 

 

SystemVerilog≢│⁸Verilog≢ ↕╣╢ reg ╩ ∑∏⁸logic ╩ ⇔╕∆⁹reg│Ɫכ♪

►▼▪─꜠☺☻♃╩ ↕∑╢ ⁸ ⇔⌂™ ⅜ ╘╠╣≡™╕∆⁹logic │ net╩

∆╢ ⅜ ╢ ≢№╣┌⁸ ≢╙ ∆╢ ⅜ ╕∆⁹ ⇔⁸net ≤ ⌂╡⁸logic

│ ─♪ꜝ▬Ᵽכ╩ ≈ │ ╕∑╪⁹ ⇔√ ⁸◖fiⱤ▬ꜟכꜝ◄ה⅜ ↕╣╕

logic [31: 0]  addr;  

int    delay;  

string   q[$];  

real    map[string];  

shortint   fixed[10][20];  

byte    dynamic[];  
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∆⁹↓╣│⁸logic │ ♪ꜝ▬Ᵽכ⌐ ⇔≡ resolution─ⱷ◌♬☼ⱶ╩ ∫≡™⌂™ ≢∆⁹

net ─ ⌐│⁸wired or╛ wired and≤™℮ resolution─ⱷ◌♬☼ⱶ⅜ ╦∫≡™╕∆⁹ 

2.3 ≤ Singular and aggregate types  

│ⱪ▬♃ה♃כ♦ singular ≤ aggregate ⌐ ↕╣╕∆⁹ │ ╡

≈─ ≢ ↕╣╕∆⁹ │☻♩ꜝ◒♅ꜗ structures ╛▪꜠▬─ ⌐ ─ ≢

↕╣╕∆⁹ 

 

Integral types byte, shortint, int, longint, integer, logic, bit, reg, time │ ╩ √⌂↑╣┌

≢∆⁹╕√⁸string ╙ ╩ √⌂↑╣┌ ≢∆⁹ ⇔⁸↓╣╠─ ≢╙▬fi♦

♇◒☻╩ ∆╢ ⅜ ╕∆⁹ ∫≡⁸▪꜠▬ ⌐ ⅎ╢ ⁸ ≤ ∆╢ ⅜ ™≢

∆⁹ 

 2-2 

 
 

addr │ singular≢∆⁹ ⌂╠⁸addr = 0;  ─ ⌐ addr ≢ ⌐ ∆╢ ⅜ ╢

⅛╠≢∆⁹addr[1] ⁸ │⁸addr[3:0] ─ ⌐ ∆╢ ⅜≢⅝╕∆⅜⁸ ⁸▪꜠▬≢│№

╡╕∑╪⁹∕╣╠│⁸№ↄ╕≢╙ ─ⱦ♇♩╩ ∆╢ ─▪◒☿☻ ╩ ⇔≡™╕∆⁹ 

 

⁸addr_array │ ≢∆⁹addr_array = 0; ─ ⌂ ╩∆╢ │ ╕∑╪⁹

∏⁸addr_array [0] ⁸addr_array[expr] ─ ⌐⇔≡ ⇔╕∆⁹ 

 

─ ⌐ ↕╣≡™╢[31:0] ─ ⌂ │ SystemVerilog≢│ packed dimension≤ ┌╣

╕∆⁹∕╣│⁸ⱦ♇♩ ╩ ∆╢ ─ ⌐⇔⅛ ⅞╕∑╪⁹↓╣⌐ ⇔≡⁸C/C++≢™℮

╩ SystemVerilog≢│ unpacked dimension≤ ┘╕∆⁹addr_array ─ [20]│ unpacked 

dimension≢∆⁹ 

Ẽ 

2.4 Ⱡ♇♩≤ Nets and variables  

│♩◒▼☺Ⱪ○ה♃כ♦ net ≤ variable ⌐ ↕╣╕∆⁹net │⁸ ─♪ꜝ▬Ᵽ

⁸╡╟⌐כ ⅜ ↕╣╕∆⁹ ∟⁸ ⌂ↄ≤╙ ≈─♪ꜝ▬Ᵽכ─ ⅜ ∆╢≤⁸net

─○Ⱪ☺▼◒♩─ ╙ ⇔╕∆⁹ ⁸variable │ ╡ ≡╢ ⅜ ↕╣╢ ─╖

⅜ ↕╣╕∆⁹ ꜟכꜙ☺⸗⁸≡∫ ─ │⌐כ꜡ⱨה♃כ♦╛ net ╩ ⇔⁸behavior

─ ⌐│ variable ╩ ⇔╕∆⁹ 

 2-3 

 
 

↓↓≢ a⁸ ┘⁸b │ net ≢∆⁹a⁸ │⁸b ─ ╣⅛⅜ ∆╢≤ my_or ⌐ ⇔™ ⅜

↕╣╕∆⁹↓─ │ ╡ ⇔╕∆⁹ ─ ⌐ ⅝ ⅎ╢ ╙ ╕∆⁹ 

 

 

logic [31: 0]  addr , addr_array[20] ;  

wire  a, b, my_or;  

assign my_or = a | b;  

wire  a, b, my_or;  

logic  tmp;  

 

assign my_or = tmp;  

 

always @(a,b)  

 tmp = a | b;  
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↓─ ≢ ⅛╢ ⌐⁸variable ╩ ∆╢ ⌐│⁸ ╡ ∆ ╩ ⌐ ∆╢

⅜№╡╕∆⁹ 

Ẽ 

2.5 net  

net │ logic ≤ ⌐ 4 ≈─ ╩ ∟ ╕∆⁹net ⌐│⁸wire⁸tri⁸tri0⁸suppy0⁸wand⁸

triand⁸tri1⁸supply1⁸wor⁸trior⁸trireg⁸uwire ⅜№╡╕∆⁹ 

 

uwire│ unresolved wire │ unidriver wire╩ ⇔╕∆⁹ ∟⁸ ─♪ꜝ▬Ᵽכ╩ ≈ ⅜

⌂™ wire╩ ⇔╕∆⁹ 

 

net │ Verilog≤ ⌂ ╩ ∟⁸ ⇔ ™ ⌂─≢ ╩ ⇔╕∆⁹ 

2.6 Two-state  

SystemVerilog⌐│⁸bit⁸byte⁸shortint⁸int⁸longint ─ two-state ⅜№╡╕∆⁹↓╣╠│⁸x⁸

┘⁸z ─ ╩ ∆╢ │ ╕∑╪⁹ ⁸ 0≢ ↕╣╕∆⁹2 ⇔⅛╙√⌂™ ⁸

⌐│⁸◦Ⱶꜙ꜠כ◦ꜛfi⅜ ↕╣╕∆⁹╕√⁸ ─ ╩ ↄ ⅜ ╕∆⁹ 

 

two-state   

bit  1ⱦ♇♩─ ≢ 0⁸ │⁸1╩ ∆╢⁹ ⌂⇔≢∆⁹ 

byte 8ⱦ♇♩ ≢ C/C++─ char ⌐ ∆╢⁹ ⅝─ 8ⱦ♇♩

≢∆⁹ 

shortint  16 ⱦ♇♩─ ⅝─ ╩ ⇔╕∆⁹C/C++─ short ⌐

⇔╕∆⁹ 

in t  32ⱦ♇♩─ ⅝─ ╩ ⇔╕∆⁹ 

longint  64ⱦ♇♩─ ⅝─ ╩ ⇔╕∆⁹C/C++─ long long ⌐

⇔╕∆⁹ 

 

⇔⌐∆╢⌐│⁸ unsigned╩ ⇔╕∆⁹ ⅎ┌⁸byte unsigned│ ⌂⇔─ 8ⱦ♇

♩ ⌐⌂╡╕∆⁹SystemVerilog≢│⁸C/C++≤ ⌂╡⁸unsigned⅜ ─ ╤⌐ ⇔╕∆⁹ 

 

 2-4 

 
 

reset │ ⱦ♇♩≢⁸0⁸ │⁸ ─ ╩ ╡╕∆⁹ 

 

data │ 32ⱦ♇♩─ ⌂⇔ ≤ ∂≢∆⁹ ⇔⁸data[0] ⁸data[3:2] ─ ⌐ ∆╢

⅜ ╕∆⁹ 

 

barray │ 8ⱦ♇♩ ─▪꜠▬≢∆⁹↓↓≢⁸barray[128] │ barray[0:127] ≤ ∂

╩ ∟╕∆⁹ 

Ẽ 

bit   reset;  

bit [31:0]  data;  

byte   barray[128];  
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 2-5 

 
 

clk │ two-state ≢№╢ ⁸ 0≢ ↕╣╕∆⁹ ∫≡⁸ ⌐ ╩∆╢ │№

╡╕∑╪⁹ ⁸ ─ ⌐ logic ╩ ∆╢≤ ⅜ ⌐⌂╡╕∆⁹◦Ⱶꜙ꜠כ◦ꜛfi

0⌐⅔™≡ clk ─▬ⱬfi♩ negedge clk ⅜ ↓╢ ⌐ ⇔≡ ↕™⁹ 

 

 
0⌐⅔™≡ clk ─▬ⱬfi♩╩ ↑╢ ⌐│⁸ ─ ⌐⇔╕∆⁹ 

 

 
Ẽ 

2.7 Four-state  

net ⌐ ⅎ≡ ─ ⌂♃▬ⱪ⅜№╡╕∆⁹ 

 

4-state   

logic 4 ╩ ≈ 1 ⱦ♇♩─ ≢ 0⁸1⁸x⁸ │⁸z ╩ ⇔╕∆⁹

⌂⇔≢∆⁹ 

reg logic≤ ∂ ╩ ∟╕∆⁹ 

reg╩ ╩⇔⌂™ ⌐ logic ⅜ ↕╣╕⇔√⁹ 

inte ger 4 ╩ ≈ 32ⱦ♇♩─ ⅝ ≢∆⁹ 

time  4 ╩ ≈ 64ⱦ♇♩─ ⌂⇔─ ╩ ⇔╕∆⁹ 

 

integer─╖ ⅝≢∆⁹Γ integer│ int ≤ ∂ ⅝Δ≤ ∆╢≤ ™≢⇔╞℮⁹

SystemVerilog⌐│ two-state ─ int╛ longint⅜№╢ ⁸integer╛ time╩ ∆╢ │ ╡№

╡╕∑╪⁹ ─ ⌐ logic ╩ ⇔╕∆⁹ 

 

 
 

four-state ─ ╩ ∆╢ ⁸ ⅜ two-state≢№╢⅛ ⅛╩ ∆╢ ⅜ ≡ ╕∆⁹∕

─ ⌂ ⁸◦☻♥ⱶהⱨ□fi◒◦ꜛfi $isunknown ⅜ ⌐ ⅝╕∆⁹ 

 

bit  clk;  

 

always  

 #10 clk = ~clk;  

logic  clk;  

 

initial begin  

 clk = 0;  

 forever #10  clk = ~clk;  

end  

logic  clk = 0;  

 

initial begin  

 forever #10 clk = ~clk;  

end  

interface simple_if(input bit clk);  

logic  grant,  

 request,  

 reset;  

endinterface  
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2.8 real⁸shortreal≤ realtime 

SystemVerilog⌐│⁸ ≤⇔≡ real⁸shortreal⁸ ┘⁸realtime⅜№╡╕∆⁹real│ C/C++─

double⌐ ⇔╕∆⁹shortreal│ C/C++─ float⌐ ⇔╕∆⁹realtime│ real≤ ≢∆⁹↓

╣╠─ ╩ ⇔≡ real ≤ ┘╕∆⁹ ⅜ ─ ⌐ ╡ ≡╠╣╢ ⁸ ╡ ≡╠╣

∏⌐⁸ ╘╠╣√ ⅜ ↕╣╕∆⁹ ⅎ┌⁸ 

 
⌐ ™≡⁸num│ 1⌐⌂╡╕∆⁹ 

2.9 void  

SystemVerilog⌐│ void ⅜№╡╕∆⁹ ≤⇔≡⁸ ╩ ↕⌂™ function╩ ∆╢ ⌐ ⇔╕

∆⁹ 

 

 2-6 

 
 

╩ ↕⌂™ function╩ task─ ⌐ ∆╢ ⅜ ╕∆⁹SystemVerilog/Verilog≢│⁸function

⅛╠ task╩ ┘ ∆↓≤│ ╕∑╪⁹task╩ void function≤⇔≡ ∆╢ ⌐╟╡∕─ ╩

∆╢ ⅜ ╕∆⁹ 

Ẽ 

2.10 Chandle  

↓─ │⁸ ≤⇔≡ DPI≢ ↕╣╕∆⁹ 

 

 2-7 

 
Ẽ 

2.11 Class 

Class╙♦ה♃כ♃▬ⱪ≢∆⁹ ≢ ⇔ↄ ⇔╕∆⁹ 

2.12 String♦ה♃כ♃▬ⱪ 

↓─ │⁸8 ⱦ♇♩ byte ⅛╠ ↕╣╢ ≢∆⁹C/C++─ char*⌐ ⇔╕∆⁹const 

char*≢│№╡╕∑╪⁹C/C++≤ ⌂╡⁸ ─ ╦╡⌐♫ꜟ \ 0 ╩ ╖╕∑╪⁹ 

 

logic [7:0]  request;  

...  

if( $isunknown(request)  )  

 $display("4 - state value detected on request=% b",request);  

real  r;  

int  num;  

 

r = 0.5;  

num = r;  

function void check();  

// ...  

endfunction  

chandle  variable_handle;  
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─ ↕╩ N≤∆╢≤⁸string ─ ⌐│⁸▬fi♦♇◒☻ 0⅛╠ N-1╩ ∆╢ ⅜

╕∆⁹▬fi♦♇◒☻ 0│ ─ ╩ ⇔⁸N-1 │ ─ ─ ╩ ⇔╕∆⁹ ╩

⇔⌂™ string ─ │⁸ ↕ 0─ ≢ ↕╣╕∆⁹ 

 

 2-8 

 
 

default_ language[0] │ S ╩ ⇔╕∆⁹↓↓≢⁸òSystemVerilogò │ string ─ꜞ♥ꜝꜟ

≤ ┌╣╕∆⁹↓─ ─ ⌐⁸string ─ ╩ ∂ ─ ≢ ∆╢ ⅜ ╕∆⁹ 

 

string ─ꜞ♥ꜝꜟ│ string ∞↑≢ ↄ⁸integral♦ה♃כ♃▬ⱪ⌐╙ ∆╢ ⅜ ╕∆⁹ 

 

 
 

name⌐│ AB ⅜ ↕╣╕∆⁹name╩ ─ ≢ ∆╢≤ 16706≤⇔≡ ╦

╣╕∆⁹ 

 

⇔√ ⌐ C++≤ ⌂╡ string │ const char* ≢│⌂™─≢⁸ ╩ ∆╢ ⅜ ╕∆⁹ 

 

 
 

city ─ │ Tokyo⌐⌂╡╕∆⁹ 

Ẽ 

 

string ─ ⌐│ ─ ⌂ ╩ ∆╢ ⅜ ╕∆⁹ ⌐⁸ ─ ○Ɑ꜠כ♃

│ ⌐ ⌂○Ɑ꜠⁹∆≢♃כ 

 

  

str1 == str2  ≈─ ⅜ ⇔↑╣┌ 1 ⌐⌂╡╕∆⁹ ⇔ↄ⌂™ ⌐│ 0

≤ ↕╣╕∆⁹ 

str1 != str2  str1 == str2 ─ ≢∆⁹ 

str1 < str2  

str1 <= str2  

str1 > str2  

str1 >= str2  

≈─ ╩ ⅝ ≢ ⇔⁸ ⇔↑╣┌ ╩ ⇔⁸

─ ⌐│ 0╩ ⇔╕∆⁹ 

{str1,str2, é,strn}  ╩ ⇔╕∆⁹ 

{multiplier{ str}}  ╩ ⇔√ ╡ ⇔╕∆⁹ 

str[index]  index ≢ ⇔√ byte ╩ ⇔╕∆⁹index │ 0 ⅛╠

N-1─ ≢⌂↑╣┌⌂╡╕∑╪⁹↓↓≢⁸N │ ─ ↕╩

⇔╕∆⁹ 

str.method( é) string ⌐ ↕╣≡™╢ method ╩ ⇔╕∆⁹ 

 

string  default_language = ñSystemVerilog ò;  

string  current_project_language = default_language;  

shortint  name = ñABò;  

string  city = ñtokyoò;  

city[0] = ñTò;  
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 2-9 

 
 

∆╢≤ ─ ⌂ ⅜ ╠╣╕∆⁹ 

 

 
Ẽ 

 

string ⌐ ↕╣≡™╢ method⌐│ ─ ⌂ function⅜№╡╕∆⁹ 

 

method   

function int len();  str.len()│ str ─ ↕╩ ⇔╕∆⁹ ─

↕│ 0≢∆⁹ 

function void putc(int i, byte c);  str.putc(i,c) │ str[i]=c ≤ ∂≢∆⁹ 

function byte getc(int i);  x=str.getc(i) │ x=str[i] ≤ ∂≢∆⁹ 

function string toupper();  str.toupper() │ ⌐ ⇔√ ╩ ⇔╕∆⁹

str ─ │ ╦╡╕∑╪⁹ 

function string tolower();  str.tolower() │ ⌐ ⇔√ ╩ ⇔╕∆⁹

str ─ │ ╦╡╕∑╪⁹ 

function int compare(string s);  str.compare(s)│ C/C++─ strcmp(str,s) ≤ ∂≢∆⁹ 

function int icompare(string s);  str.icompare(s) │ C/C++─ stricmp(str,c) ≤ ∂≢

∆⁹ 

function string substr(int i, int j);  str.substr(i,j) │▬fi♦♇◒☻ i ⅛╠ j ╕≢─

╩ ⇔╕∆⁹ 

function integer atoi();  

function integer atohex();  

function integer atooct();  

function integer atobin();  

str.atoi() │ ╩ ⇔≡™╢ ⅜ ∆ 10

╩ ⇔╕∆⁹ ⅎ┌⁸ str ⅜ó123ó≢№╣┌⁸

str.atoi() │ 123╩ ⇔╕∆⁹ 

atohex()│ 16 ⁸atooct()│ 8 ⁸atobin()│ 2

≢∆⁹ 

function real atoreal();  str.atoreal() │ str ⅜ ∆╢ ╩ ⇔╕∆⁹ ⅎ

┌⁸str ⅜ ó3.14ó ≢№╣┌⁸str.atoreal() │ 3.14╩

⇔╕∆⁹ 

function void itoa(integer i);  

function void hextoa(integer i);  

function void octtoa(integer i);  

function vo id bintoa(integer i);  

function void realtoa(real r);  

integer i ╩ ⌐ ⇔≡ str ⌐ ⇔╕∆⁹ 

─ function ╙ ≢∆⁹ 

 

string  s,  

  system_verilog = "SystemVerilog",  

  is = "is",  

  great = "great",  

  na = "na";  

 

s = {system_verilog," ",is," ",great,"!"} ;  

$display("s=%s",s);  

   

s = {"ba",2{na}} ;  

$display("s=%s",s);  

s=SystemVerilog is great!  

s=banana  
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ⅎ┌⁸ 

 

 
│⁸BANANA ╩ⱪꜞfi♩⇔╕∆⁹ ─ⱷ♁♇♪─ ╩ ⌐ ⇔╕∆⁹ 

 

 
for-loop ⌐╟╡⁸ s─ ⅛╠ ∏≈ ╡ ⇔≡ⱪꜞfi♩⇔≡™╕∆⁹ꜟכⱪ─

│ s.len()≢ ↕╣╕∆⁹ 

2.13 Event♦ה♃כ♃▬ⱪ 

Event○Ⱪ☺▼◒♩│ ⌐ ⇔≡™╢ ─ⱪ꜡☿☻─ ╩ ╢ ⌐ ⌂ ╩ ⇔

╕∆⁹ⱪ꜡☿☻│ event○Ⱪ☺▼◒♩╩ ⇔≡⁸▬ⱬfi♩⅜ ∆╢╕≢ ∟ ⌐ ╡╕∆⁹

∕─ ⁸∕─ⱪ꜡☿☻│ inactive⌐⌂╡╕∆⁹ ─▪◒♥▫Ⱪ⌂ⱪ꜡☿☻│ event○Ⱪ☺▼◒♩

⇔≡ trigger ○Ɑ꜠כ♃- > ╩⅛↑⁸ ∟ ⌐№╢ⱪ꜡☿☻ ⇔╕∆⁹ 

 

 2-10 

 
 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

string  s;  

 

s = { "ba",2{"na"} };  

$display("%s", s.toupper() );  

string  s;  

...  

s = "It's raining.";  

   

for( int i = 0; i < s.len() ; i++ ) begin  

 $write("%c", s.getc(i) );  

end  

$display();  

class X;  

event  ev;  

 

task check;  

 $display("@%0t: waiting for ev to occur." ,$time);  

 @ev;  

 $display("@%0t: ev released.", $time);  

endtask  

endclass  

 

module test;  

X x;  

 initial begin  

  x = new;  

  x.check();  

  $display("@%0t: main completed",$time);  

 end  

 initial begin  

  #10;  

  - >x.ev ;  

 end  

endmodule  
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Ẽ 
 

@ev│◄♇☺ה☿fi◦♥▫Ⱪ≢⁸ ≈⁸ev─ ╩ ⇔≡™╕∑╪⁹ ∫≡⁸ev⌐ trigger╩

↑╢♃▬Ⱶfi◓⅜∏╣╢≤@ev│ ↕╣╕∑╪⁹ ⅎ┌⁸ ─ ⅜ ⅎ╠╣√≤⇔╕∆⁹ 

 

╙⇔⁸ᵑ⅜ᵒ╟╡ ⌐ ∆╣┌⁸@ev│ ⇔ↄ ↕╣╕∆⁹ ⌐⁸ᵒ⅜ᵑ╟╡╙ ⌐ ∆

╣┌⁸@ev│ ↕╣╕∑╪⁹↓─ ⌂ race-conditions╩ ↑╢ ⌐│⁸꜠ⱬꜟה☿fi◦♥▫Ⱪ

⌂ ╩⇔╕∆⁹ 

 

 
↓─ ⌐ ╣┌⁸ᵓ≤ᵔ─ ⌐ ⇔⌂™≢ wait│ ⇔ↄ ↕╣╕∆⁹ 

2.14 Typedef 

⌐ ╩ⱪ▬♃ה♃כ♦╢™≡╣↕ ™≡ ╩ⱪ▬♃ה♃כ♦™⇔ ∆╢ ⅜ ╕∆⁹↓

─ ╩ ™╢≤ ⌐ ─ⱪ▬♃ה♃כ♦╢∆ ╩ ∆╢ ╙ ╕∆⁹ ⌐│⁸

C/C++─ ⌐ typedef ⅜ ↕╣╕∆⁹ 

 

 2-11 

 
 

uvalue│ ⌂⇔ 32ⱦ♇♩ ≤⌂╡╕∆⁹ 

Ẽ 

 

╕√⁸↓─ ╩ ∆╢≤⁸╕∞ ╩ⱪ▬♃ה♃כ♦™⌂⇔ ⌐ ∆╢ ⅜ ╕∆⁹

⌐ ⇔№℮ ╩ⱪ▬♃ה♃כ♦─≈ ∆╢ ⌐│⁸↓─ ⅜ ⌐⌂╡╕∆⁹↓─

╩ forward typedef ≤ ┘╕∆⁹C++─ forward declaration⌐ ⇔╕∆⁹ 

 

@0: waiting for ev to occur.  

@10: ev released.  

@10: main completed  

#- I Simulation completed at time 10 ticks  

initial begin  

 @ev;     ă ᵑ 

end  

...  

initial begin  

 - >ev;      ă ᵒ 

end   

initial begin  

 wait( ev.triggered() ) ;   ă ᵓ 

end  

...  

initial begin  

 - >ev;      ă ᵔ 

end   

typedef int unsigne d uint;  

uint  uvalue;  
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 2-12 

 
 

≈─◒ꜝ☻ Producer≤ Consumer⅜ ⌐ ⇔≡™╕∆⁹Consumer╩ ∆╢ ⁸ ∞

Producer─ ⅜↕╣≡™⌂™ ⁸forward typedef⅜ ⌐⌂╡╕∆⁹ 

Ẽ 

2.15 Enum 

Enum♦ה♃כ♃▬ⱪ│ ∆╢ ╩ ≈◖fi☻♃fi♩╩ ∆╢ ≢∆⁹ ╩ ⌐

∆╢ ⅜ ╕∆⅜⁸ ⌐ ↕∑╢ ╙ ╕∆⁹ 

 

C++─ enum ≤ ⇔≡™╕∆⅜⁸ ⌂╢ ╙№╡╕∆⁹ ⅎ┌⁸enum♦ה♃כ♃▬ⱪ⌐

integral type logic⁸bit⁸byte⁸shortint, int ₁ ╩ ∆╢ ⅜ ╕∆⁹╕√⁸enum♦ה♃כ

♃▬ⱪ⌐│ ⌂ methods⅜ ↕╣≡™╕∆⁹♃▬ⱪ⅜ ↕╣╢≤⁸int ⅜ ↕╣╕∆⁹

⌐ ╩ ⇔╕∆⁹ 
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typedef Producer ;  

 

// Consumer  

class Consumer;  

string  name;  

Producer  producer ;  

 

function new(string name);  

 this.name = name;  

endfunction  

 

function void setProducer(Producer p);  

 producer = p;  

endfunction  

endclass  

 

// Producer  

class P roducer;  

Consumer  consumer;  

string  name;  

 

function new(string name);  

 this.name = name;  

endfunction  

 

function void setConsumer(Consumer c);  

 consumer = c;  

endfunction  

endclass  

enum {GREEN, YELLOW, RED} light1, light2;  

enum bit[1:0] { READY, READ, WRITE } state, next;  

enum { bronze=3, silver, gold } medal;  

enum bit[ 3:0] { a= 4'h3, b= 4'h7, c }  alphabet;  
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ligh t1 ⁸ ┘⁸light2 │ int ─ enum♦ה♃כ♃▬ⱪ≢∆⁹GREEN=0⁸YELLOW=1⁸RED=2

≤⌂╡╕∆⁹ 

 

state ⁸ ┘⁸next │ bit ─ enum♦ה♃כ♃▬ⱪ≢∆⁹◘▬☼│ 2 ⱦ♇♩≢∆⁹

READY=2ôb00⁸READ=2ôb01⁸WRITE=2ôb10≤⌂╡╕∆⁹ 

 

medal │ int ─ enum♦ה♃כ♃▬ⱪ≢∆⁹bronze=3 ⁸silver=4 ⁸gold=5 ≤⌂╡╕∆⁹ 

 

alphabet │ 4ⱦ♇♩─ enum♦ה♃כ♃▬ⱪ≢∆⁹a=4ôh3⁸b=4ôh7⁸c=4ôh8 ≤⌂╡╕∆⁹ 

 

↓↓≢⁸ ⅜ ≢∆⁹ │ enum♃▬ⱪ─ ⌂ ⌐╟╡ ⅜ ╦╣╕∆⁹

ⅎ┌⁸light1 │ int ⌂─≢⁸light1 ─ │ 0≤⌂╡╕∆⁹ ∫≡⁸√╕√╕ light1

─ │ GREEN≤ ⇔╕∆⁹ ⇔⁸ ╙↓─ ⌐ ⅜ ™≤│ ╡╕∑╪⁹ 

 

medal │ int ⌂─≢⁸ │ 0≤⌂╡╕∆⁹ ⇔⁸0⌐ ∆╢ enumꜝⱬꜟ⅜ ™ ⁸

⌐ ⌂ ⅜ ↕╣≡™╢ ⌐⌂╡╕∆ [3] ⁹↓─ ╩ ↑╢ ⌐│⁸ ─ ╣⅛─

⅜ ≢∆⁹ 

 

· ╩ ⌐ ∆╢⁹ ⅎ┌⁸medal= bronze;  ╩ ∆╢⁹ 

· ─ enumꜝⱬꜟ─ ╩ 0⌐ ∆╢⁹ 

 

│ ╩ ⇔√ ≢∆⁹ 

 

 
Ẽ 

 

─ ⌐ ↕╣╢ enum╩ anonymous enum≤ ┘╕∆⁹ ⁸↓─ ⌐ ∑∏⁸enum♦

╩ⱪ▬♃ה♃כ ⇔╕∆⁹∕℮∆╢  ⱪ≤⌂╡╕∆⁹▬♃ה♃כ♦⌂ꜟⱣכ꜡◓⁸╡╟⌐

 

 2-14 

 
 

ⱪ▬♃ה♃כ♦ controller_e ╩ ≢╙ ⅎ╢ ⌐⌂╡╕∆⁹ 

Ẽ 

 

enum⌐│ ⌂ method⅜ ↕╣≡™╕∆⁹ 

 

method   

function enum first();  ─ enum ꜝⱬꜟ╩ ⇔╕∆⁹ 

function enum last();  ─ enum ꜝⱬꜟ╩ ⇔╕∆⁹ 

function enum next( int unsigned N = 1 );  ╟╡ N ─ꜝⱬꜟ╩ ⇔╕∆⁹ ─

ꜝⱬꜟ─ │ ⌐ ╡╕∆⁹ 

function enum prev( int unsig ned N = 1 );  ╟╡ N ─ꜝⱬꜟ╩ ⇔╕∆⁹ ─

enum {GREEN, YELLOW, RED} light1=GREEN , light2=RED ;  

enum bit[1:0] { READY, READ, WRITE } state=READY , next=READ ;  

enum { bronze=3, silver, gold } medal=bronze ;  

enum bit[3:0] { a=4'h3, b=4'h7, c }  alphabet=c ;  

typedef enum {GREEN, YELLO W, RED}  controller_e ;  

controller_e  light1=GREEN,  

   light2=RED;  
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ꜝⱬꜟ⌐ ↄ≤ ─ꜝⱬꜟ⌐ ╡╕∆⁹ 

function int num();  Enum ⌐ ↕╣≡™╢ꜝⱬꜟ ╩ ⇔╕∆⁹ 

function string name();  ─ enum ꜝⱬꜟ ╩ ⇔╕∆⁹ 

 

 2-15 

 
 

│♪כ◖─ color_e ─ ≡─ꜝⱬꜟ╩ ⌐ⱪꜞfi♩⇔╕∆⁹ │ ⌐ ⌐⌂╡╕

∆⁹ 

 

 
Ẽ 

2.16 Constants 

Constants│ ─ ™√○Ⱪ☺▼◒♩≢ ⅜ ⇔╕∑╪⁹SystemVerilog⌐│⁸parameter⁸

localparam⁸ ┘⁸specparam⅜№╡╕∆⁹↓╣╠│⁸elaboration ⌐ ⅜ ⇔╕∆⁹∕╣⌐

ⅎ≡⁸ ⌐ ∆╢ const⅜№╡╕∆⁹ 

 

SystemVerilog≢│⁸◖כ♪─ ≢ ∆╢ ⅎ┌⁸100⁸4ôb0101⁸òTokyoò ╩ꜞ♥ꜝ

ꜟ≤ ┘⁸constant≤ ⇔╕∆⁹ꜞ♥ꜝꜟ│ ⇔√ ≢ ⌐⌂∫≡™╕∆⁹ ⁸

constants│◖fiⱤ▬ꜟ⅜ ⇔√ ⌐ ╘≡ ⅜ ⇔╕∆⁹ 

 

 2-16 

 
 

≢ ∆ ⌐ ≤♃▬ⱪ╩ ∆╢ ⅜ ╕∆⁹ │ ≢ ─ │ ™≤ ™╕

∆⅜⁸ ∞↑ ⅜ ≢∆⁹ 

typedef  enum { GREEN=1, YELLOW=3, RED=10 } color_e;  

 

module test;  

color_e  c;  

 

 initial begin  

  c = c. first ;  

  fore ver begin  

   $display("%s=%0d",c. name,c);  

   if( c == c. last  )  

    break;  

   c = c. next ;  

  end  

 end  

  

endmodule  

GREEN=1 

YELLOW=3 

RED=10 

parameter  left = 100,  

  right = 200;  

parameter  mid = (left+right)/2;  

parameter  real  PI = 3.14;  

parameter  WIDTH = 4'h c;  

parameter  WIDTH32 = 12 ;  
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WIDTH≤WIDTH32⌐ ⇔≡ ↕™⁹ ∂ 12⅜ ↕╣≡™╕∆⅜⁸WIDTH│ 4ⱦ♇♩, 

WIDTH32│ 32 ⱦ♇♩─Ɽꜝⱷכ♃≢∆ [1] ⁹ ╩ ∆╢ ⌐⁸ ╩ ⅝ ⇔╕∆⁹ 

 

 
 

∆╢≤⁸ ─ ⌂ ╩ ╕∆⁹ 

 

 
 

∫≡⁸ 

 
( WIDTH == WIDTH32 ) == 1 ôb1 

 

≤⌂╡╕∆⅜⁸ 

 
( {left,WIDTH} == {left,WIDTH32} ) == 1 ôb0 

 

≤⌂╡╕∆⁹ 

Ẽ 

2.17 Cast ○Ɑ꜠כ♃ 

♃▬ⱪ╩ ∆╢ ⌐ ⇔╕∆⁹typeô(expr)─ ⌐⇔≡ ⇔╕∆⁹ ⅎ┌⁸ 

 
intô(2.0*3.1) 

shortintô({8ôhFA,8ôhCE}) 

 

─ ⌂ ™ ≢♃▬ⱪ╩ ⇔╕∆⁹type─ ╦╡⌐ ╩ ∆╢≤ⱦ♇♩ ╩ ∆╢ ⅜

╕∆⁹ ⅎ┌⁸ 

 
4ô(- 1)  

 

│⁸4ôb1111≤ ∂≢∆⁹╕√⁸type─ ╦╡⌐ signed⁸ ┘⁸unsigned╩ ∆╢ ⅜ ╕∆⁹

ⅎ┌⁸ 

 

parameter  left = 100,  

  right = 200;  

parameter  mid = (left+right)/2;  

parameter  real  PI = 3.14;  

parameter  WIDTH = 4'h c;  

parameter  WIDTH32 = 12;  

 

module test;  

 

 initial begin  

  $display("left=%0d right=%0d mid=%0d",left,right,mid) ;  

  $display("PI=%g",PI);  

  $display("WIDTH=%b WIDTH32=%b",WIDTH,WIDTH32);  

 end  

  

endmodule  

left=100 right=200 mid=150  

PI=3.14  

WIDTH=1100 WIDTH32=00000000000000000000000000001100  
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unsignedô(- 4)  

signedô(4ôb1100) 

 

─ ⌂ ™ ⅜ ╕∆⁹ ╩ ≤⇔≡ ⇔≡⅔⅝╕∆⁹ 

 

 2-17 

 
 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

2.18 $cast ♄▬♫Ⱶ♇◒  

$cast◦☻♥ⱶה♃☻◒│ ⌐♃▬ⱪ ╩ ℮ ─ ≢∆⁹function≤⇔≡ ┬ ≤⁸

task≤⇔≡ ┬ ─ ⅜№╡╕∆⁹ 

 

task≤⇔≡ ┘ ⇔√ ⁸ ⅜ fail ⇔√ ⌐│ ⅜☺כ☿♇ⱷהכꜝ◄⌐ ↕╣╕∆⁹

function≤⇔≡ ┘ ⇔√ ⁸ ⅜ ∆╣┌ 1╩ ⇔⁸fail⇔√ ⌐│ 0╩ ⇔╕∆⁹

│☺כ☿♇ⱷהכꜝ◄─ ╕∑╪⁹ ─ ⌂ ≢∆⁹ 

 
function int $cast( singular dest_var, singular source_exp  );  

task $cast( singular dest_var, singular source_exp );  

 

enum ⌐ ╩ ⇔√ ⌐$cast ◦☻♥ⱶה♃☻◒╩ ∆╢ ⅜ ™≢∆⁹ ─

╩ ⌐⇔≡ ↕™⁹ 

module test;  

int     tmp;  

logic [7:0]    regA;  

logic signed [7:0]  regS;  

strin g   buffer;  

 

 initial begin   

  tmp = int'(2.0*3.1);  

   

  buffer = $sformatf("%h", shortint' ({8'hFA,8'hCE}));  

  $display("tmp=%0d %s",tmp,buffer.toupper);  

   

  $display("%b", 4' ( - 1));  

   

  regA = unsigned' ( - 4);  

  regS = signed' (4'b1100);  

  $display("regA=%b r egS=%0d",regA,regS);  

 end  

  

endmodule  

tmp=6 FACE  

1111  

regA=11111100 regS= - 4 
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 2-18 

 
 

↓╣╩ ∆╢≤⁸ ─ ⌂ ╩ ╕∆⁹today +2│ enum ≤ ↕╣⌂™─≢⁸

⌐ enum ⌐ ╩⇔≡™╕∆⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

2.19 ⌂  

2.19.1 ꜞ♥ꜝꜟ─  

Verilog≢│ꜞ♥ꜝꜟ─ ─ⱦ♇♩⅜ x │ z ≢№╣┌⁸∕─ ⅜ ⌐ ↕╣╕∆⁹ ⅎ

┌⁸ 

 

 
 

─ ⁸v │ ≡─ⱦ♇♩⅜ x ⌐ ↕╣╕∆⁹ ⇔⁸ ≡─ⱦ♇♩╩ 1⌐∆╢ │ ╕∑╪⁹ 

 

 
≢ ≡─ⱦ♇♩╩ 1⌐ ∆╢ ⅜ ╕∆⅜⁸WIDTH ⅜ 64⌐⌂╢≤ ⇔⌂ↄ⌂╡╕∆⁹

∟⁸↓─ │ scalable≢│№╡╕∑╪ [2] ⁹v = ~0; ╙ ≢∆⅜⁸0│ 32ⱦ♇♩≢№╢ ⁸

─ ⅜№╡╕∆⁹ 

 

SystemVerilog│↓─ ╩ ∆╢ ⌐⁸ô0⁸ô1⁸ôx⁸ôz ╩ ⇔╕⇔√⁹↓╣╠─ꜞ♥

ꜝꜟ│ ≢⁸ ↕│ ─ ↕≢ ↕╣╕∆⁹ 

 

ꜞ♥ꜝꜟ  

ô0 ≡─ⱦ♇♩ ⌐ 0╩ ⇔╕∆⁹ 

ô1 ≡─ⱦ♇♩ ⌐ 1╩ ⇔╕∆⁹ 

ôx⁸ │⁸ôX ≡─ⱦ♇♩ ⌐ x╩ ⇔╕∆⁹ 

ôz⁸ │⁸ôZ ≡─ⱦ♇♩ ⌐ z╩ ⇔╕∆⁹ 

 

typedef enum { Sunday, Monday , Tuesday, Wednesday, Thursday,  

  Friday, Saturday }  week_e;  

 

module test;  

week_e  today,day;  

 

 initial begin    

  today = Sunday;  

  $cast(day,today+2) ;  

  $display("today is %s and the day after tomorrow is %s.",  

   today.name, day.name);  

 end  

  

endmodule  

today is Sunday and the day after tomorrow is Tuesday.  

parameter WIDTH = 32;  

logic [WIDTH - 1:0] v = óbx ;  

v = 32ôff_ff_ff_ff 
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 2-19 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

2.19.2 ▬fi♦♇◒☻  

─ ⌐ ╩ⱦ♇♩ ≢ ⇔√™ ⅜№╡╕∆⁹↓─ ⌂ ⁸SystemVerilog

≢│ⱦ♇♩ ╩ ∆╢ ⅜№╡╕∆⁹ 

parameter  WIDTH = 32;  

module test;  

logic [WIDTH - 1:0]  val;  

 

 initial begin   

  val = 0;   // all 0's  

  print("val",val);  

   

  val = 'bx;   // all x's  

  print("val",val);  

   

  val = 'bz;   // all z's  

  print("val",val);  

   

  val = '0 ;   // all 0's  

  print("val",val);  

   

  val = '1 ;   // all 1's  

  print("val",val);  

   

  val = 'z ;   // all z's  

  print("val",val);  

   

  val = 'x ;   // all x's  

  print("val",val);  

 end  

  

function void print(string msg,logic [WIDTH - 1:0] v);  

 $display("%s=%b",msg,v);  

endfunction  

endmodule  

val=000000000000000000000 00000000000  

val=xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  

val=zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz  

val=00000000000000000000000000000000  

val=11111111111111111111111111111111  

val=zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz  

val=xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  
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 2-20 

 
 

 
Ẽ 

 

  

module test;  

int  stat e = '{ 31:0, 3:0, default:1  };  

logic [15:0]  value = '{ 15:1, 14:0, 0:1, default: 'bz  };  

 

 initial begin   

  $display("state=%b",state);  

  $display("va l ue=%b",value);  

 end  

  

endmodule  

state=01111111111111111111111111110111  

va l ue=10zzzzzzzzzzzzz1  
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3 ⱷfiⱣכ≢ ⱪ▬♃ה♃כ♦╢╣↕ Aggregate data types  

─ⱷfiⱣכ⅛╠ ↕╣╢ SystemVerilog♦ה♃כ♃▬ⱪ╩ ⇔╕∆⁹↓─ ≢│⁸

ⱪ⁸▬♃ה♃כ♦─ ┘⁸ⱷ♁♇♪⌐ ⇔╕∆⁹ 

 

· structure 

· union 

· array 

· array methods 

 

◒ꜝ☻╙ⱷfiⱣכ≢ ╣⧵ⱪ≢∆⅜⁸▬♃ה♃כ♦╢╣↕ ≢ ╩ ∆╢ ⅝⌂ ⌂

─≢ ─ ≢ ∆╢ ⌐⇔╕∆⁹ 

3.1 ☻♩ꜝ◒♅ꜗ Structures  

Structure│ ≈⅛─ⱷfiⱣכ╩ ≡⇔≥ⱪכꜟ◓─≈ ⱪ≢∆⁹▬♃ה♃כ♦√╘ ⱷfiⱣכ│

╩ⱪ▬♃ה♃כ♦╢⌂ ≈ ⅜ ╕∆⁹ⱷfiⱣכ╩ ⌐ ⁸ │⁸ ∆╢ ⅜ ╕

ⱪכꜟ◓⁹∆ ≤⇔≡ ∆╢ ╙ ╕∆⁹ 

 

Structure⌐│ packed structure≤ unpacked structure⅜№╡╕∆⁹unpacked structure⅜ default≢⁸

unpacked╩ ⅝╕∆⁹packed structure≢│ⱷfiⱣכ ⅜ ⇔√ⱷ⸗ꜞכ⌐ ↕╣╕∆⁹

∫≡⁸structure ╩ ≈─ ≤⇔≡ ∆╢ ⅜ ╕∆⁹∕─ ╡⁸packed structure─

ⱷfiⱣכ│ integral type≢⌂↑╣┌⌂╡╕∑╪⁹unpacked structure─ ⌐│⁸ⱷfiⱣכ⅜

⇔√ⱷ⸗ꜞכ⌐ ↕╣╢ │№╡╕∑╪⁹ 

 

 3-1 

 
 

pixel │ anonymous structure╩ ⇔≡™╕∆⁹ ⁸pixel_s ┘ food_s ▬♃ה♃כ♦│

ⱪ≤⇔≡ ↕╣≡™╕∆⁹ ⌐№╢ ⌐⁸ⱷfiⱣכ╩ ∆╢ ⌐│♪♇♩╩ ⇔╕∆⁹

struct { b it [7:0] r, g, b; }     pixel;  

typedef struct { bit [7:0] r, g, b; }   pixel_s;  

typedef struct { string name; int price; }  food_s;  

 

module test;  

pixel_s  px;  

food_s  fd;  

 

 initial begin   

  pixel.r = 0;  

  pixel.g = 255;  

  pixel.b = 255;  

   

  px.r = 255;  

  px.g  = 100;  

  px.b = 64;  

   

  $display("pixel=(%0d,%0d,%0d) px=(%0d,%0d,%0d)",  

   pixel.r,pixel.g,pixel.b,px.r,px.g,px.b);  

    

  fd.name = "bread";  

  fd.price = 250;  

  $display("food=(%s,%0d)",fd.name,fd.price);  

 end  

endmodule  
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ⱷfiⱣה♃כ♦─כ♃▬ⱪ╩ ⌐ ∆╢ ⅜ ╕∆⁹pixel_s ─ ─ ♃ה♃כ♦⌐

▬ⱪ⅜ ∂≢№╢ ⌐│⁸ⱷfiⱣכ ╩◌fiⱴ≢ ╢ ⅜ ╕∆⁹ 

 

ⱷfiⱣכ │ ⌐│ ⅎ╕∑╪⁹ ∏⁸☻♩ꜝ◒♅ꜗ╩ ∆○Ⱪ☺▼◒♩⁸ ┘⁸♪♇♩╩ ™

ⱷfiⱣכ ╩ ⇔⌂↑╣┌⌂╡╕∑╪⁹ 

Ẽ 

3.1.1 Packed ☻♩ꜝ◒♅ꜗ packed structures  

packed structure─ ⌐│⁸ ≤⇔≡ ℮ ⅜ ╢ ⁸ ⌂ ⅜ ╕∆⁹ ╩ ∆─

⅜ ⅛╡ ™≤ ™╕∆⁹ 

 

 3-2 

 
 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
 

pack1 ⅜ 64ⱦ♇♩─○Ⱪ☺▼◒♩≤⇔≡ ↕╣≡™╢ ⅜ ⅛╡╕∆⁹pack1 ╩ⱦ♇♩ה☻

ꜝ▬☻≢ ∆╢ ⅜ ╢ ╙ ⅛╡╕∆⁹ ≡─ⱷfiⱣכ⅜ ⇔√ⱷ⸗ꜞכ ⌐ ↕

╣╕∆⁹ ∆╢ │⁸ ─ⱷfiⱣכ⅜ⱦ♇♩─ ⌐ ∆╢ ≢∆⁹ 

 
63 16 8 0 

a 32ⱦ♇♩  b 16ⱦ♇♩  c 8ⱦ♇♩  d 8ⱦ♇♩  

 

Ẽ 

3.1.2 ☻♩ꜝ◒♅ꜗ┼─ ─  

ⱷfiⱣכ╩ ⌐ ∆╢ ⅜ ╢─│ ╠⅛≢∆⅜⁸ ≤⇔≡╙ ╩∆╢ ⅜

╕∆⁹ ╩ ∆╢ ⌐│⁸structure literal ó{... }╩ ⇔╕∆⁹ 

struct packed  signed {  

 int a;  

 shortint b;  

 byte c;  

 bit [7:0] d;  

} pack1;  

 

program automatic test;  

 

 initial begin  

  $display("$bits(pa ck 1)=%0d",$bits(pack1));  

  pack1.b = - 1;  

  pack1[15:8]  = 8'hab;   // access to c  

  pack1[62]  = 1;  

  $display("pack1=%h p ack 1[15:8]=%h", pack1 , pack1[15:8] );  

 end  

  

endprogram  

$bits(pa ck 1)=64  

pack1=40000000ffffab00 p ack 1[15:8]=ab  
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 3-3 

 
 

↓╣╩ ∆╢≤⁸ ─ ⌂ ╩ ╠╣╕∆⁹ 

 

 
Ẽ 

3.2 ꜚ♬○fi unions  

Union│ ≈─○Ⱪ☺▼◒♩╩ ⌂╢ ≢ ∆╢ ⅜ ⱪ≢∆⁹structures▬♃ה♃כ♦╢

≤ ⌐⁸packed union─ ⅜№╡╕∆⁹structures≤─ ™│⁸ⱷfiⱣכ⅜ ∂ ╩ ∆

╢ ⌐№╡╕∆⁹ 

 

╩ ∆╢ ⅜ ≢№╢ ⁸ ⱷfiⱣה♃כ♦─כ♃▬ⱪ│ ⌂╡╕∆⁹ ⁸ⱷ⸗ꜞכ

─ ╩ ≈ ⌐ ⅎ╕∆⅜⁸ ⌐│ ⅜♪♇ⱫכⱣכ○─ ⅝™≤™℮

╩ ∫≡™╕∆⁹ ⌂ ╩ √⌂™─≢№╣┌⁸union│ ╩ ▬♃ה♃כ♦⅝═╢↑

ⱪ─ ≈≢№╢≤ ⅎ╕∆⁹ 

const int START = 100;  

typedef struct {  

 int addr = 1 + START;  

 int crc;  

 byte data [4] = '{4{1}};  

} packet;  

 

program automatic test;  

packet  pkt;  

 

 initial begin  

  print(pkt);  

    

  pkt = '{ 1, 2, '{ 3, 4, 5, 6} } ;  

  print(pkt);  

 end  

  

function void print(packet p);  

 $display("addr=%0d crc=%0d data={%0d,%0d,%0d,%0d}",  

  p.addr, p.crc,  

  p.data[0], p.data[1], p.data[2],p.data[3] );  

endfunction  

endprogram  

addr=101 crc=0 data={1,1,1, 1}  

addr=1 crc=2 data={3,4,5,6}  
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 3-4 

 
Ẽ 

3.2.1 Packedꜚ♬○fi packed  unions  

Packed structures≤ ⌐○Ⱪ☺▼◒♩ ≤⇔≡ ∆╢ ⅜ ╕∆⁹ ⇔⁸packed unions─

⌐│⁸ ≡─ⱷfiⱣכ⅜ ∂ⱦ♇♩ ╩ √⌂↑╣┌⌂╡╕∑╪⁹ 

 

 3-5 

 
 

↓╣╩ ∆╢≤⁸ ─ ⌂ ╩ ╕∆⁹ 

 

typedef union {  

 int   ivalue;  

 shortreal  fvalue;  

 string  svalue;  

} value_u;  

 

module test;  

value_u  val;  

 

 initial begin  

  val.ivalue = 100;  

  $display("val.ivalue=%0d",val.ivalue);  

   

  val.fvalue = 3.14;  

  $display("val.fval ue=%g",val.fvalue);  

   

  val.svalue = "IEEE";  

  $display("val.svalue=%s",val.svalue);  

 end  

  

endmodule  

typedef union packed {  

 shortint   short_value;  

 bit[1:0][7:0]  byte_value;  

 bit [15:0]   bit_value;  

} slice_u;  

 

module test;  

slice_u  u;  

 

initial begin  

 u = 16'habcd;  

 $display("u.short_value=%h",u.short_value);  

 $display("upper=%h lower=%h",u.byte_value[1],u.byte_value[0]);  

 $display("u[15: 8]=%h u[7:0]=%h",u[15:8],u[7:0]);  

 $display("u=%h",u);  

end  

endmodule  
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Ẽ 

3.2.2 ♃◓ ⅝ꜚ♬○fi tagged unions  

Tagged unions│♃▬ⱪה♅▼♇◒ ╩ ⅎ√♦ה♃כ♃▬ⱪ≢∆⁹ ╩ ⇔√♃◓≤ ╩

∆╢♃◓⅜ ⇔⌂™ ⁸  ⁹∆╕╡⌂≥כꜝ◄⌐

 

 3-6 

 
 

val. name ⌐  ò123.456ò ╩ ⇔√ ⌐⁸val. r ╩ ⇔≡™╢ ⌐⁸♃◓─

⅜ ↓∫≡™╕∆⁹ ∆╢≤ ─ ⌂ ⅜ ╠╣╕∆⁹ 

 

 
Ẽ 

3.3 Packed ▪꜠▬≤ unpacked▪꜠▬ packed and unpacked arrays  

SystemVerilog≢│⁸ ─ ⌐ ∆╢ ╩ packed array⁸ ─ ⌐ ∆╢

╩ unpacked array≤ ┘╕∆⁹ ⅎ┌⁸ 

 
bit [1:0][7:0] TwoBytesArray [20];  

 

─ ⌐ ™≡⁸[1:0][7: 0] │ packed array⁸[20] │ unpacked array≢∆⁹↓─ ─ packed 

array│ ≢∆⅜⁸ ─ packed array│ vector≤╙ ┌╣╕∆⁹ 

3.3.1 Packed ▪꜠▬ packed arrays  

Packed arrays│ vector╩ ⌐ ∆╢ ─ ≢∆⁹Packed arrays─ⱦ♇♩│

⌐≤╠╣╢ ⅜ ↕╣≡™╕∆⁹ 

u.short_value=abcd  

upper=ab lower=cd  

u[15: 8]=ab u[7:0]=cd  

u=abcd  

typedef union tagged {  

 real   r;  

 string  name;  

} rvalue_u;  

 

module test;  

rvalue_u  val;  

 

 initial begin  

  val = tagged r  123.456;  

   

  val = tagged name  $sformatf("%g",val.r);  

  $display("val.name=%s",val.name);  

   

  $display("val.r=%g",va l.r);  // error on tag  

 end  

  

endmodule  

val.name=123.456  

#- W Inconsistent use of a tagged member: write=name read=r  

val.r=0.0  
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 3-7 

 
 

bytes │ 2Ᵽ▬♩─ ╩ ⇔≡™╕∆⁹bytes[2] ≤ bytes[1] │ ⌐ ⇔√ ⌐

⇔╕∆⁹ 

 

bytes 

bytes[2]  bytes[1]  

[7]  [6]  [5]  [4]  [3]  [2]  [1]  [0]  [7]  [6]  [5]  [4]  [3]  [2]  [1]  [0]  

 

╩ bytes ≤⇔≡ ∆╢ ⅜ ╕∆⁹ ─ⱦ♇♩╩ bytes[2][7] ⁸ ─ⱦ♇

♩╩ bytes[1][0] ≤⇔≡ ∆╢ ⅜ ╕∆⁹ 

 

bytes[2] │ⱦ♇♩ ≤⇔≡ bytes[1] ╟╡╙ ─ ⌐№╡╕∆⁹ 

Ẽ 

3.3.2 Unpacked ▪꜠▬ unpacked arrays  

Unpacked arrays│ packed arrays≤ ⌂╡ ⌂▪꜠▬≢∆⁹ ∟⁸▪꜠▬─ ⅜ ⇔√

⌐ ∆╢ │№╡╕∑╪⁹ ⇔≡™⌂™ ⌐⁸unpacked≤ ┌╣╕∆⁹ 

 

 3-8 

 
 

name │ 4 Ᵽ▬♩─ ⅝↕╩ ∫≡™╕∆⁹name[0] ⁸name[1] ⁸name[2] ⁸name[ 3] ─ ⌐

∆╢ ⅜ ╕∆⅜⁸∕╣╠─Ᵽ▬♩│ ⇔≡™╕∑╪⁹ 

 

name[3]   name[2]   name[1]   name[0]  
 

Ẽ 

 

Unpacked arrays│◘▬☼╩ ∆╢∞↑≢ ╩ ╕∑╢ ⅜ ╕∆⁹ ⅎ┌⁸ ─ ≈─

│ ∂≢∆⁹ 

 
shortint  matrix[0:7][0:127];  

shortint  matrix[8][128];  

 

∟⁸unpacked array─ ⌐ ™≡⁸[N] │[0:N - 1] ≤ ∂ ╩ ∟╕∆⁹packed arrays⌐

⇔≡↓─ ╩ ∆╢ │ ╕∑╪⁹ 

3.3.3 ▪꜠▬─ operations on arrays  

Unpacked arrays⌐ ╩ ╡ ≡╢ ⌐│⁸array literals ó{... }╩ ⇔╕∆⁹ ⅎ┌⁸ 

 
real  r[3] = ó{ 1.2, 3.4, 5.6 }; 

 

─ ⌐ ⇔╕∆⁹↓─ ⌐│⁸ r[0]=1.2 ⁸r[1]=3.4 ⁸r[2]=5.6 ≤⌂╡╕∆⁹array 

literals≢│ ╡ ⇔ replication operators─ ╩∆╢ ⅜ ╕∆⁹ 

bit [2:1][7:0]  bytes;  

bit [7:0]  name[3:0];  
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 3-9 

 
 

↓╣╩ ∆╢≤ ─ ╩ ╕∆⁹ 

 

 
Ẽ 

 

array literals⌐│▪꜠▬─▬fi♦♇◒☻╩ ∆╢ ⅜ ╕∆⁹ 

 

 3-10 

 
 

↓─ │ 1 ⅛╠ 12 ╕≢─ ─ ╩ⱪꜞfi♩⇔╕∆⁹2 ⅜ 28 ⌂─≢⁸2:28 ≤

⇔≡™╕∆⁹31 ─ ⅜ ™─≢⁸default:31 ≤⇔≡™╕∆⁹ 

 

╩ ∆╢ ⌐⁸enum╩ ⇔≡™╕∆⁹ ≤ ∆╢ ⌐⁸enum─ꜝⱬꜟ│ 1⅛╠ ╕

∫≡™╕∆⁹$cast╩ ⇔≡™╢ ⌐╙ ⇔≡ ↕™⁹enum╩ ∑∏⌐ ─ ╙№╡╕

∆⁹ ⅎ┌⁸associative arrays╩ ∆╢≤ ⌐ ╕∆⁹ ╩ ⌐ ∆╢ ⌐ foreach ╩

⇔≡™╕∆⁹ 

 

∆╢≤⁸ │ ─ ⌐⌂╡╕∆⁹ 

 

module test;  

int  a[1:2][1:3] = '{ '{0,1,2}, '{3{4}} };  

 

 initial begin  

  $display("a [2]=(%0d,%0d,%0d)",a[2][1],a[2][2],a[2][3]);  

  $display("a[1]=(%0d,%0d,%0d)",a[1][1],a[1][2],a[1][3]);  

 end  

  

endmodule  

a[2]=(4,4,4)  

a[1]=(0,1,2)  

module test;  

enum { January=1, February, March, April, May, June, July,  

 August, September, Octo ber, Novembe r, December } month ;  

int  days[1:12] = '{ 2:28, 4:30, 6:30, 9:30, 11:30, default:31  };  

 

 initial begin  

  foreach(days[i]) begin  

   $cast(month ,i);  

   $display("%s=%0d",month .name,days[i]);  

  end  

 end  

  

endmodule  
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Ẽ 

 

▪꜠▬─◖Ⱨכ╙ ⌐ ╕∆⁹ 

 

 3-11 

 
 

▪꜠▬╩ task╛ function⌐ ⅝ ∆ ╙ ╕∆⁹print_foods ╩ ⌐⇔≡ ↕™⁹ 

 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

3.3.4 ▪꜠▬─▪◒☿☻ indexing and slicing of arrays  

▪꜠▬─ ╩ ╡ ∆↓≤│ ⌐ ╕∆⁹ ╩ ╢≤ ≢∆⁹ 

January=31  

February=28  

March=31  

April=30  

May=31 

June=30  

July=31  

August=31  

September=30  

October=31  

November=30  

December=31  

module test;  

string  your_food s[5] =  

   '{ "bread", "milk", "rice", "fish", "meat" };  

string  my_foods[5];  

 

 initial begin  

  my_foods = your_foods ;  

  my_foods[0] = "noodle";  

   

  print_foods("your foods:",your_foods);  

  print_foods("my foods:",my_foods);  

 end  

  

function void print_foods(string msg,string foods[]);  

 $write(msg);  

 foreach(foods[i])  

  $write(" %s",foods[i]);  

 $display;  

endfunction  

 

endmodule  

your foods: bread milk ri ce fish meat  

my foods: noodle milk rice fish meat  
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 3-12 

 
 

v32[24 +: 8] │₈ⱦ♇♩ 24⅛╠ⱦ♇♩ ⌐ 8ⱦ♇♩₉≤™℮ ≢∆⁹≈╕╡⁸

8ôhab╩ ⇔╕∆⁹v32[23 - : 8] │₈ⱦ♇♩ 23⅛╠ⱦ♇♩ ⌐ 8ⱦ♇♩₉≤™

℮ ≢∆⁹≈╕╡⁸8ôhcd≢∆⁹ ∆╢≤ ─ ╩ ╕∆⁹ 

 

 
Ẽ 

3.4 ♄▬♫Ⱶ♇◒ה▪꜠▬ dynamic arrays  

SystemVerilog≢│▪꜠▬─ ⅝↕╩ ⌐ ∆╢ ⅜ ╕∆⁹↓─ ⌂▪꜠▬╩ dynamic 

arrays≤ ┘╕∆⁹unpacked arrays⌐─╖ ↕╣╢ ≢∆⁹new○Ɑ꜠כ♃╩ ⇔≡▪꜠

▬⌐ ╩ ╡ ≡⌂↑╣┌⌂╡╕∑╪⁹ ╡ ≡╩ ℮ ─ dynamic arrays─◘▬☼│ 0≢∆⁹

╩ ╡ ≡∏⌐▪꜠▬╩ ∆╢≤⁸ ⌐│⁸ ⇔╕∆⁹dynamic array─ │

◘▬☼╩ ∑∏⌐ ⇔╕∆⁹ ⅎ┌⁸ 

 
int  iarray[];  

 

│ dynamic array iarray ╩ ⇔╕∆⁹iarray ╩ ∆╢ ⌐ ╩ ╡ ≡╢ ⅜№╡╕

∆⁹↓─ ≢│⁸▪꜠▬─ ⅝↕│ 0≢∆⁹ 

 

♄▬♫Ⱶ♇◒ה▪꜠▬⌐│ ─◖fi☻♩ꜝ◒♃⁸ ┘⁸ⱷ♁♇♪⅜№╡╕∆⁹ 

 

· new[] ◖fi☻♩ꜝ◒♃ 

· size() ⱷ♁♇♪ 

· delete() ⱷ♁♇♪ 

 

3.4.1 New[ ]◖fi☻♩ꜝ◒♃ 

dynamic arrays─ ⌐ new○Ɑ꜠כ♃╩ ⇔╕∆⁹▪꜠▬⌐ ╩ ╡ ≡╢ ⌐⁸

╩ ∆╢ ⅜ ╕∆⁹╕√⁸ ─▪꜠▬⅛╠◖Ⱨכ∆╢ ╙ ╕∆⁹ 

 

module test;  

logic [31:0]  v32 = 32'hab_cd_ef_12;  

logic [7:0]   v8;  

 

 initial begin  

  v8 = v32[15:8] ;    // extract "ef"  

  $display("v8=8'h%h",v8);  

   

  v8 = v32[24 +: 8] ;   // extract "ab"  

  $display("v8=8'h% h",v8);  

   

  v8 = v32[23 - : 8] ;   // extract "cd"  

  $display("v8=8'h%h",v8);  

 end  

 

endmodule  

v8=8'hef  

v8=8'hab  

v8=8'hcd  
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 3-13 

 
 

sarray │◘▬☼⅜ 5⌐ ╡ ≡╠╣≡™╕∆⁹ │ shortint─ 0≢∆⁹ 

 

v10 ⅜☼▬◘ה▬꜠▪│ 5≢∆⁹▪꜠▬ │ 10≢ ↕╣╕∆⁹ 

 

fixed_s │◘▬☼⅜ 6⌐ ↕╣√▪꜠▬≢∆⁹ │(1,2,3,4,5,6) ≢∆⁹ 

 

copy_s │ fixed_s ╩◖Ⱨ⁹∆╕™≡⇔כ 

 

∆╢≤ ─ ⌂ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

3.4.2 size()ⱷ♁♇♪ 

▪꜠▬─ ⅝↕╩ ∆ ≤⇔≡ ─ ⌐ ↕╣≡™╕∆⁹ 

 
function int size();  

 

ⅎ┌⁸ ─ ⌐ ⇔╕∆⁹ 

 

 

module test;  

shortint  sarray[], v10[], copy_s[],  

  fixed _s[6] = { 1, 2, 3, 4, 5, 6 };  

 

 initial begin  

  sarray = new[5] ;   // (0,0,0,0,0 )  

  print("sarray",sarray);  

   

  v10 = new[5](10) ;   // (10,10,10,10,10)  

  print("v10",v10);  

   

  copy_ s = new[fixed _s.size()](fixed _s) ;  // (1,2,3,4,5,6)  

  print("copy_s",copy_s);  

 end  

 

function void print(string msg,shortint a[]);  

 $write("%s=",msg);  

 fore ach(a[i])  

  $write(" %0d",a[i]);  

 $display;  

endfunction  

endmodule  

sarray= 0 0 0 0 0  

v10= 10 10 10 10 10  

copy_s= 1 2 3 4 5 6  

byte  barray[];  

 

if( barray. size  == 0 )  

 barray = new[10];  

...  
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↓─ │⁸♄▬♫Ⱶ♇◒ה▪꜠▬⌐ ╠∏⁸ ≡─▪꜠▬⌐ ⇔≡ ∆╢ ⅜ ╕∆⁹

ⅎ┌⁸◐ꜙכ⌐╙ ∆╢ ⅜ ╕∆⁹ 

 

 

3.4.3 Delete()ⱷ♁♇♪ 

▪꜠▬╩ ⌐∆╢ ≤⇔≡ ─ ⌐ ↕╣≡™╕∆⁹ 

 
function void de lete();  

 

↓─ ╩ ┬≤⁸▪꜠▬─ ⅝↕│ 0≤⌂╡╕∆⁹ ⌐⌂╢≤⁸▪꜠▬ ─ ⁸ ™│⁸

╩ ∆╢ │ ╕∑╪⁹ 

 

 3-14 

 
 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

3.5 ▪꜠▬─◖Ⱨכ array assignments  

⌐ ⇔√ ─▪꜠▬ ╡ ≡─ ╩ ⇔╕∆⁹fixed array╩ dynamic array⌐◖Ⱨכ∆╢

⅜ ╕∆⁹▪꜠▬─ ⅝↕⅜ 0─♄▬♫Ⱶ♇◒ה▪꜠▬⌐ ⇔≡╙◖Ⱨכ∆╢ ⅜ ╕∆⁹

↓↓≢⁸◖Ⱨכ≤│♄▬♫Ⱶ♇◒ה▪꜠▬⌐ ╩ ╡ ≡≡⁸▪꜠▬ ─◖Ⱨכ╩ ℮≤™

℮ ≢∆⁹♄▬♫Ⱶ♇◒ה▪꜠▬⌐ ⌐ ⅜ ╡ ≡╠╣≡™╢ ⌐│⁸deleteⱷ♁♇♪

⅜ ⌐ ↕╣√ ⌐⌂╡╕∆⁹ 

byte  q[$];  

int  week[string];  

 

$display("q.size=%0d",q. size ());   

q =  '{ 1, 2, 3, 4, 5 };  

$display("q.size=%0d",q. size ());  

 

week = '{ "Sunday":0, "Monday":1 };  

$display("week.size=%0d",week. size ());  

module test;  

int  i5[];  

 

 initial begin  

  i5 = new[5];  

  $display("size of i5=%0d",i5.size());  

   

  i5. delete ;  

  $display("siz e of i5=%0d",i5.size());  

 end  

  

endmodule  

size of i5=5  

size of i5=0  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

42   

 3-15 

 
 

▪꜠▬ b │ dynamic array⌂─≢⁸ │ new○Ɑ꜠כ♃≢ ╩ ╡ ≡╢ ⅜№╡╕∆⅜⁸

↓↓≢│◘▬☼⅜ ⇔≡™╢▪꜠▬ a ⅛╠ ◖Ⱨ⁹∆╕™≡⇔כ 

 
b = a;  

 

⌐╟╡⁸b │ a ≤ ∂ ╩ ∟╕∆⁹ 

 

↓↓≢▪꜠▬ b ─◘▬☼│ 10≤⌂╡╕∆⅜⁸ 

 

b = c;  

 

⌐╟╡⁸▪꜠▬ b ⅜ ↕╣╕∆⁹ ⌐│⁸ 

 
b.delete();  

b = new [c.size()](c);  

 

≤™℮○Ɑ꜠כ◦ꜛfi⌐ ⇔™≢∆⁹ ≤⇔≡⁸▪꜠▬ b ─◘▬☼│ 8≤⌂╡╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

 

Ẽ 

module test;  

int  a[10:1] = '{ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };  

int  b[];  

int  c[] = new [8];  

 

 initial begin  

  print("a",a);  // (1,2,3,4,5,6,7,8,9,10)  

 

  b = a ;  

  print("b",b);  // (1,2,3,4 ,5,6,7,8,9,10)  

 

  c = '{ 8{ - 2} };  

  b = c ;  

  print("b",b);  // ( - 2, - 2, - 2, ..., - 2 )  

 end  

  

function void print(string msg,int ar[]);  

 $write("%s:",msg);  

 foreach(ar[i])  

  $write(" %0d",ar[i]);  

 $display;  

endfunction  

 

endmodule  

a: 1 2 3 4 5 6 7 8 9 10  

b: 1 2 3 4 5 6 7 8 9 10  

b: - 2 - 2 - 2 - 2 - 2 - 2 - 2 - 2 
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 3-16 

 
 

new○Ɑ꜠כ♃╩ ∑∏⌐ dynamic array ordered ╩ ⇔≡™╕∆⁹ │ ─ ⌐⌂╡

╕∆⁹ 

 

 
Ẽ 

3.6 Associative ▪꜠▬ 

⌂▪꜠▬─◘▬☼⅜ ≢⁸ ≈⁸ ∆╢▪꜠▬─▬fi♦♇◒☻⅜ ⇔≡™╢

⌐│⁸dynamic arrays│ ⌂ ≢∆⁹∕─ ╩ √↕⌂™ ⌐│⁸associative arrays╩

∆╢ ⅜ ⅜ ↄ⌂╡╕∆⁹ 

 

associative arrays│⁸ ⅜כ◐ ⅎ╠╣╢≤ ╩♃כ♦╢∆ ∆ⱴ♇ⱪ≢∆⁹∕⇔≡⁸◐כ

⌐│ ⌂ ⅜ ↑╠╣≡™╕∆⁹ 

 
associative arrays╩ ⌂▪꜠▬≤⇔≡ ∆╢ ⅜ │≡⇔≥כ◐⁹∆╕ ה♃כ♦⌂₁

♃▬ⱪ╩ ∆╢ ⅜ ╕∆⁹associative arrays─ │ ─ ⌐ ⌂™╕∆⁹ 

 
data_type array_id [ index_type ];  

 

ⅎ┌⁸ 

 

bit  state[process];  

 

─ ⌐ ⇔╕∆⁹♄▬♫Ⱶ♇◒ה▪꜠▬≤ ⌂╡⁸ ⇔√ ≢▪꜠▬⅜ ⌐⌂╡╕∆⁹

∟⁸ ⅜ 0─ associative array⅜ ↕╣╕∆⁹ ∫≡⁸new○Ɑ꜠כ♃≢ ╩ ╡ ≡

╢ │№╡╕∑╪⁹index_type ≤⇔≡ ≢⅝╢ ⅜ ≈⅛ ⇔╕∆⁹ 

 

[index_type]   

[*]  Wildcard index ♃▬ⱪ≤ ┌╣⁸ ─ ╩▬fi♦♇◒☻≤⇔

≡ ∆╢ ⅜ ╕∆⁹ ⇔⁸four state ─ ╩▬fi♦♇◒☻≤

⇔≡ ∆╢ │ ╕∑╪⁹ 

module test;  

string  random[1:5] = '{ "e", "b", "f", "c", "d" };  

string  ordered[];  

 

 initial begin   

  ordered = { "a", random[2], random[4:5], random[1],  

    random[3], "gLast" };  

   

  $write("ordered:");  

  f oreach(ordered[i])  

   $write(" %s",ordered[i]);  

  $display;  

 end  

  

endmodule  

ordered: a b c d e f gLast  

associative array 
key data 
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[string]  ▬fi♦♇◒☻│ string ♃▬ⱪ≢∆⁹ ≡⇔≥כ◐╙ ↕╣╕

∆⁹ ⅝ ⅜ ↕╣╕∆⁹ 

[class] ◒ꜝ☻ה○Ⱪ☺▼◒♩╩▬fi♦♇◒☻≤⇔╕∆⁹○Ⱪ☺▼◒♩│

C++≢™℮ⱳ▬fi♃כ⌐ ∆╢─≢⁸▬fi♦♇◒☻≤⇔≡♫ꜟ

null ╙ ─כ◐⁹∆╕╣↕ │ ╕∫≡™╕∆⅜⁸ ∆╢

◦Ⱶꜙ꜠כ♃⌐╟╡ ⌂╡╕∆⁹ ⌐│⁸○Ⱪ☺▼◒♩─▪♪

≥╢™≡∫⌂⌐כ◐⅜☻꜠ ⅎ≡ ™≤ ™╕∆⁹ 

[integer]  

[int]  

[shortint]  

[byte]  

[longint]  

─▬fi♦♇◒☻╩ ⇔╕∆⁹ ⇔⁸four state ─ ╩▬fi

♦♇◒☻≤⇔≡ ∆╢ │ ╕∑╪⁹ 

3.6.1 Associative▪꜠▬─ ─  

associative▪꜠▬─ ⅜ ⇔⌂™ ⁸ ─ ╣⅛⅜ ⇔╕∆⁹ 

 

· ▪꜠▬ ⅜ LHS≤⇔≡ ↕╣≡™╢ ⌐│⁸ ⅜ ⌐ ╡ ≡╠╣╕∆⁹ 

· ▪꜠▬ ⅜ LHS≤⇔≡ ↕╣≡™⌂™ ⌐│⁸ │ ╡ ≡╠╣╕∑╪⁹ 

 

SystemVerilog─ associative arrays─ ≢כ◐⁸│ ∆▪꜠▬ ⅜ ⇔⌂™ ─ ╩

≢⅝╢ ↕⌐№╡╕∆⁹ 

 

 3-17 

 
 

price │ string ⌐כ◐╩ ≈ associative array≢∆⁹ ⌐ ™≡ ╩ 100⌐ ⇔≡™╕

≢כ◐⇔╙⁹∆ ⅜♃כ♦∆ ⇔⌂™ ⌐│ ≡⇔≥♃כ♦╩100 price ⌐ ⇔╕

∆⁹ 

 

│ price.size==0 ≢№╢ ⁸price[key] │ ⇔╕∑╪⁹ ⌐╟╡⁸price[key]

─ ⅜ ╠╣⁸price[key] ==100 ≤⌂╡╕∆⁹price[key]++ ─ ⌐⁸price[key]

│ 101⌐⌂╡╕∆⁹ ╕╡⁸price[ñbreadò]==101≢∆⁹ 

 

∕─ ⁸price[key] += 20 ⌐╟╡ price[ñbreadò]==1 21 ≤⌂╡╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

module test;  

int  price[string] = '{ default : 100  };  

string  key;  

 

 initial begin  

  key = "bread";  

  price[key]++ ;     // 101  

  $display("%s=%0d",key,price[key]);  

   

  price[key] += 20 ;     // 121  

  $display("%s=%0d",key,price[key]);  

 end  

endmodule  
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3.6.2 Associative ▪꜠▬─  

▪꜠▬╩ ∆╢ ⌐ ─ ⌂ methods⅜№╡╕∆⁹ 

 

method   

function int num(); 

function int size(); 

▪꜠▬⌐ ↕╣≡™╢ ╩ ⇔╕∆⁹ 

function void delete( [input index] );  index ⅜ ↕╣╣┌⁸index ⌐כ◐╩ ≈

╩ ⇔╕∆⁹∕─ ⅜ ⇔⌂™ ⁸

╙ ↕╣╕∑╪⁹ 

index ⅜ ↕╣√ ⁸▪꜠▬─ ╩ ≡

⇔╕∆⁹ 

function int exists( input index );  ⇔√ index ╩ ≈ ⅜ ∆╢⅛♅▼♇

◒⇔╕∆⁹ ∆╣┌ 1 ╩ ⇔⁸ ⇔⌂↑╣

┌ 0╩ ⇔╕∆⁹ 

function int first( ref index );  ▪꜠▬─ ╩כ◐─ index ⌐☿♇♩⇔╕∆⁹ 

▪꜠▬⅜ ─ ⁸0 ╩ ⇔╕∆⁹ ≢⌂™

⌐│⁸1╩ ⇔╕∆⁹ 

function int last( ref index );  ▪꜠▬─ ╩כ◐─ index ⌐☿♇♩⇔╕∆⁹ 

▪꜠▬⅜ ─ ⁸0 ╩ ⇔╕∆⁹ ≢⌂™

⌐│⁸1╩ ⇔╕∆⁹ 

function int next( ref index );  ↕╣√ index ╟╡╙ ⌐ ⅜כ◐™⅝

∆╣┌ index ⌐☿♇♩⇔≡ 1╩ ⇔╕∆⁹

⇔⌂™ ⁸0 ╩ ⇔╕∆⁹index ⌐ │№

╡╕∑╪⁹ 

function int prev( ref index );  ↕╣√ index ╟╡ ≈ ⅜כ◐─ ∆

╣┌ index ⌐☿♇♩⇔≡ 1╩ ⇔╕∆⁹ ⇔

⌂™ ⁸0 ╩ ⇔╕∆⁹index ⌐ │№╡

╕∑╪⁹ 

 

 3-18 

↓─ │⁸ ⇔√ word─ ╩ ⌐ ⇔≡™╕∆⁹ ⇔√ ⁸ ≡─ words╩ ⌐

╡ ⇔≡ⱪꜞfi♩⇔╕∆⁹◐כ⅜ ≢№╢─≢⁸ ⌂ ≢ words⅜ ╡ ↕╣≡™╕∆⁹ 

 

word⅜ ↕╣≡™⌂™ ≢│ ─ │ 0≤⌂╡╕∆⁹↓╣│⁸word_count ▪

꜠▬─♃▬ⱪ⅜ int ≢№╢⅛╠≢∆⁹ ∫≡⁸ ─  

 
word_count["river"]++;   

 

╩ ⌐│ word_count[ ñriver ò] │ 1 ≤⌂╡╕∆⁹ ⌐òriver ò⅜ ╣╢≤⁸

word_count[ ñriver ò] │ 2≤⌂╡╕∆⁹ 

bread=101  

bread=121  
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↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

3.6.3 Associative▪꜠▬הꜞ♥ꜝꜟ  associative array literals  

associative arrays─ ...}ó ꜟꜝ♥ꜞה▬꜠▪│⌐ }  ╩ ⇔╕∆⁹ 

 

 3-19 

 
 

♃כ♦≥כ◐⁸│⌐ ─ ╩◖꜡fi : ≢ ∫≡ ⇔╕∆⁹↓↓≢│ ╩⇔≡™

╕∑╪⅜⁸default ╙ ⅎ╢ ⅜ ╕∆⁹ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

module test;  

int  word_count[string];  

string  word;  

 

 initial begin  

  word_count["river"]++;  

  word_count["sea "]++;  

  word_count["mountain"]++;  

  word_count["sky"]++;  

  word_count["star"]++;  

  word_count["river"]++;  

  $display("the number of words : %0d", word_count.size );  

 

  if( word_count.first(word)  )  

   do 

    $display("%s=%0d",word,word_count[word]);  

   while ( word_count.next(word) );  

 end  

endmodule  

the number of words: 5  

mountain=1  

river=2  

sea=1  

sky=1  

star=1  

module test;  

integer  work_hours[string] = '{ "Sunday":0, "Monday":8,  

   "Tuesday":10,  "Wednesday":10, "Thursday":8,  

   "Friday":8, "Saturday":0 } ;  

string  key;  

  

 initial begin  

  if( work_hours.first(key) )  

   do 

    $display("%s=%0d",key,work_hours[key]);  

   while( work_hours.next(key) );  

 end  

endmodule  
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כꜙ◐ 3.7  queues  

Queues│ ♃כ♦⁹∆≢▬꜠▪⌂ ─ stacks⁸ ┘⁸queues≤⇔≡ ∆╢ ⅜ ╕

∆⁹Queues≢│⁸▪꜠▬≤ ∂ ⌐ ▬fi♦♇◒☻⌐╟╡ ⌐▪◒☿☻⇔╕∆⁹ ─

│▬fi♦♇◒☻⅜ 0 ≢∆⁹ ─ ─▪◒☿☻⌐│▬fi♦♇◒☻ $ ╩ ⇔╕∆⁹ │

─ ⌐ ⌂™╕∆⁹ 

 

 

qi │ ╩ ⌐ ≈ queue≢∆⁹qs │ string ─ ╩ ≈ queue≢∆⁹qs ─ ─

│ 100⌐ ↕╣≡™╕∆⁹Associative arrays≤ ⌐⁸ ⇔√ ≢ queues⅜ ⌐⌂╡╕

∆⁹ ∟⁸ ∆╢≤⁸ 0─ queue⅜ ⇔╕∆⁹new○Ɑ꜠כ♃╩ ∆╢ │№╡

╕∑╪⁹ 

 

 3-20 

 
 

↓─ ⌐№╢ foods ─ ⌐⁸queue⌐ ╩ ╡ ≡╢ ⅜ ╕∆⁹foreach ╩ ╢≤⁸

foods ╩ ─▪꜠▬≤ ∂ ⌐ ⅎ╢ ⅜ ⅛╡╕∆⁹queue─◘▬☼╩ N ≤∆╢≤⁸queue

│[0:N - 1] ─▪꜠▬⌐ ⇔╕∆⁹ 

 

↓─ ╩ ∆╢≤⁸ ─ ╩ ╕∆⁸ 

 

 
Ẽ 

Friday=8  

Monday=8 

Saturday=0  

Sunday=0  

Thursday=8  

Tuesday=10  

Wednesday=10  

int   qi[$];  

string  qs[$:100];  

module test;  

byte  empty_queue[$];  

string  foods[$] = { "bread", "milk", "meat", "rice", "noodle" };  

int  data[$] = { 1, 2, 3 };  

real  weight[$:100];  

 

 initial begin  

  $display("empty_queue.size=%0d",empty_queue.size);  

   

  $write("foods:");  

  foreach(foods[i ])  

   $write(" %s", foods[i] );  

  $display;  

 end  

  

endmodule  

empty_queue.size=0  

foods: bread milk meat rice noodle  
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─כꜙ◐ 3.7.1 queue operators  

Queues⌐│▪꜠▬≤ ─ ╩ ∆╢ ⅜ ╕∆⁹▪꜠▬≤ ⌂╢ │⁸queues│

≢№╢ q כꜙ◐⁹∆≢ ⌐ ⇔≡ q[a:b]  ⁹∆≢כꜙ◐╙

 

 
─כꜙ◐ ≢⁸{}  │ ─ queue╩ ⇔╕∆⁹{} ╩כꜙ◐╩ ⌐∆╢ ⌐ ∆╢ ⅜

╕∆⁹ ⅎ┌⁹ ─ ⌐⇔≡ ™╕∆⁹ 

 

 
q │ꜞ☿♇♩↕╣╕∆⁹ 

 

 3-21 

 
 

data│ 3─ queue≤⇔≡ ↕╣≡™╕∆⅜⁸ ─ queue {} ≢ꜞ☿♇♩↕╣≡™╕∆⁹

∆╢≤ ─ ╩ ╕∆⁹ 

 

 
Ẽ 

 

▪꜠▬┼─ ╡ ≡≢ ─ ⌂ ⅜ ≢⇔√⁹ 

q[a:b] │ b- a+1 ─ ╩ ⁹∆≢כꜙ◐≈ ⇔⁸ 

 

 ╙⇔ a > b ≢№╣┌⁸  ⁹∆╕╡⌂⌐כꜙ◐─

 ╙⇔ a == b ≢№╣┌⁸√∞ ≈─ ╩  ⁹∆╕╡⌂⌐כꜙ◐≈

 ╙⇔ a < 0 ≢№╣┌⁸q[a:b] │ q[0:b] ≤ ∂≢∆⁹ 

string  q[$];  

...  

q = {};  

module test;  

int  data[$] = { 1, 2, 3 };  

 

 initial begin  

  print_data();  

   

  data = {} ;  

  print_data();  

 end  

 

function void print_data;  

 $write("data:");  

 foreach(data[i])  

  $write(" %0d",data[i]);  

 $display;  

 $display("data.size=%0d",data.size);  

endfunction   

endmodule  

data: 1 2 3  

data.size=3  

data:  

data.size=0  
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↓─ ─ ╙⌐כꜙ◐╩ ∆╢ ⅜ ╕∆⁹ ─כꜙ◐⁸⇔ ⁸ ≥כꜙ◐─ ─

│כꜙ◐ ⌐ ─ ≢∆⁹ ⅎ┌⁸ 

 

 
│⁸ ─ ≤ ∂≢∆⁹ 

 

 

 3-22 

 
 

q ╩ ∫≡ q ╩ ⇔≡™╕∆⁹ ∆╢≤ ─ ╩ ╕∆⁹ 

 

 
Ẽ 

╩כꜙ◐ 3.7.2 ∆╢ queue methods  

▪꜠▬─ ⌐ ⅎ≡ ─ ⌂ methods╩ ∆╢ ⅜ ╕∆⁹ⱷ♁♇♪─ ⌐╟╡

♃כ♦ │⁸☻♃♇◒⁸  ⁹∆╕╡⌂⌐כꜙ◐⁸│

 

ⱷ♁♇♪  

function int size(); Queue─ ╩ ⇔╕∆⁹ 

function void insert(input integer index, 

input element_t item);  

⇔√ index ⌐ ╩ ⇔╕∆⁹

⅜ ⇔ↄ⌂™ ⁸ ╙ ↕╣╕∑╪⁹ 

function void delete( [input integer index] );  index ⅜ ↕╣√ ⁸∕─ index ⌐№

╢ ╩ ⇔╕∆⁹ 

ordered = { "a", random[2], random[4:5], random[1],  

    random[3], "gLast" };  

q = { q[0], q[$] };  

tmp = { q[0], q[$] };  

q = tmp;  

module test;  

int  q[$] = { 2, 4, 8 },  

 one = 1 ;  

 

 initial begin  

  print("q",q);    // {2,4,8}   

  q = { one, q[0], 3, q[1:$] } ;  // {1,2,3,4,8}  

  print("q",q);  

 end  

 

function void print(string msg,int a[$]);  

 $write("%s:",msg);  

 foreach(a[i])  

  $write(" %0d",a[i]);  

 $display;  

endfunction  

endmodule  

q: 2 4 8  

q: 1 2 3  4 8  
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index ⅜ ↕╣√ ⁸queue ─ ≡─

╩ ⇔╕∆⁹ 

function element_t pop_fr ont();  Queue─ ─ ╩ ⇔≡ ⇔╕∆⁹ 

function element_t pop_back();  Queue─ ─ ╩ ⇔≡ ⇔╕∆⁹ 

function void push_front(input element_t 

item);  

Queue─ ⌐ ╩ ⇔╕∆⁹ 

function void push_back(input element_t 

item);  

Queue─ ⌐ ╩ ⇔╕∆⁹ 

 

 3-23 

 
 

∆╢≤ ─ ╩ ╕∆⁹ 

 

 
Ẽ 

3.8 ▪꜠▬ array querying functions  

SystemVerilog │▪꜠▬─ ╩ ∆╢ ─◦☻♥ⱶ ╩ ⇔╕⇔√⁹ ⅎ┌ ─ ⌂

◦☻♥ⱶ ⅜№╡╕∆⁹ 

 

module test;  

int  q[$] = { 1, 4, 6 };  

 

 initial begin  

  print("q",q);   // {1,4,6}  

  q. push_front(0) ;  

  q. push_back(7) ;  

  print("a",q);   // {0,1,4,6,7}  

  q. insert(2,2) ;  

  print("q",q);   // {0,1,2,4,6,7}  

  q. delete(0) ;  

  print("q",q);   // {1,2,4,6,7}  

  q. delete ;  

  print("q",q);   // {}  

 end   

function void print(string msg,int a[$]);  

 $write("%s:",msg);  

 foreach(a[i])  

  $write(" %0d",a[i]);  

 $display;  

endfunction  

endmodule  

q: 1 4 6  

a: 0 1 4 6 7  

q: 0 1 2 4 6 7  

q: 1 2 4 6 7  

q:  
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≢↓╣╠─ ─ ╩ ⇔╕∆⁹ 

3.9 ▪꜠▬ array manipulation methods  

SystemVerilog│▪꜠▬╩ ∆╢ ⌐ ─ ⌂ⱦꜟ♩▬fi ╩ ⅎ≡™╕∆⁹ 

 

·  

· ↑ 

· reduction  

 

reduction │▪꜠▬⅛╠ ≈─ ╩ ↄ ╩ ⇔╕∆⁹ ⅎ┌⁸▪꜠▬ ─ ╩

╘╢ ⅜№╡╕∆⁹ 

3.9.1 ▪꜠▬ array locator methods  

Array locator methods│ queues╩ ╗ ≡─ unpacked arrays⌐ ∆╢ ⅜ ╕∆⁹↓╣╠─

ⱷ♁♇♪│▪꜠▬─ ╩ ⅎ╠╣√ ≢ ⇔╕∆⁹ │ꜞ☻♩≤⇔≡ queue⌐

↕╣╕∆⁹ │ ─ꜞ☻♩⁸ │⁸ ┼─▬fi♦♇◒☻─ꜞ☻♩⌐⌂╡╕∆⁹

╩ with ╩ ⇔≡ ⇔╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐ ⇔╕∆⁹↓─ │⁸3 ╟╡ ⅝™ ─▬fi♦♇◒☻─ꜞ☻♩╩ queue⌐ ⇔╕∆⁹

↓↓≢⁸item │▪꜠▬─ ╩ ∆ ≢◖fiⱤ▬ꜝכ⅜ ⌐ ⇔╕∆⁹ 

 

─ methods⌐│ with ⅜ ≢∆⁹ 

 

method   

find() ╩ √∆ ≡─ ╩ ⇔╕∆⁹ 

find_index()  ╩ √∆ ┼─▬fi♦♇◒☻─ꜞ☻

♩╩ ⇔╕∆⁹ 

find_first()  ╩ √∆ ─ ╩ ⇔╕∆⁹ 

fin d_first_index()  ╩ √∆ ─ ─▬fi♦♇◒☻╩

⇔╕∆⁹ 

find_last()  ╩ √∆ ─ ╩ ⇔╕∆⁹ 

find_last_index()  ╩ √∆ ─ ─▬fi♦♇◒☻╩

⇔╕∆⁹ 

 

$left  

$right  

$low  

$high  

$incr ement  

$size  

$dimensions  

$unpacked_dimensions  

int  qi[$];  

...  

qi = array.find_index with (item > 3);  
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 3-24 

 
 

⅜ ≈─ ⇔⅛⌂™ ≢╙⁸queue≢ ╩ ↑ ╠⌂╣┌⌂╡╕∑╪⁹↓╣╩

∆╢≤ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

 

─ methods⌐ ⇔≡│⁸ ╩ ∆╢ ⅜ ╕∆⁹ 

 

method   

min() ╩ ⇔╕∆⁹ 

max()  ╩ ⇔╕∆⁹ 

unique()  ─ ™ ─ꜞ☻♩╩ ⇔╕∆⁹ 

unique_index()  ─ ™ ─▬fi♦♇◒☻─ꜞ☻♩╩ ⇔

╕∆⁹ 

 

module test;  

int  data[] = '{ 10, 1, 20, 30, 1, 50 },  

 q[$];  

  

 initial begin   

  q = data. find with (item >= 30) ;  

  print("q",q);    // {30,50}  

   

  q = dat a. find_index with (item >= 30) ;  

  print("q",q);    // {3,5}  

   

  q = data. find_last with (item == 1) ;  

  print("q",q);    // {1}  

   

  q = data. find_last_index with (item ==1) ;  

  print("q",q);    // {4}  

   

  q = data. find_first with (item < 0) ;  

  print("q",q);    // {}  

 end  

function void print(string msg,int a[$]);  

 $write("%s:",msg);  

 foreach(a[i])  

  $write(" %0d",a[i]);  

 $display;  

endfunction  

endmodule  

q: 30 50  

q: 3 5  

q: 1  

q: 4  

q:  
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 3-25 

 
 

─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

3.9.2 ▪꜠▬ ─ ╩ ∆╢ array ordering methods  

↓╣╠─ methods│▪꜠▬ ─ ╩ ╣ ⅎ╢ ╩ ∫≡™╕∆⁹▪꜠▬ ⌐ ↕╣

≡ ⅜ ↕╣╕∆⁹ ⇔⁸associative arrays⌐ ∆╢ │ ╕∑╪⁹ 

 

 

method   

reverse() ▪꜠▬ ─ ╩ ⌐ ═ ⅎ╕∆⁹with

╩ ∆╢ │ ╕∑╪⁹ 

sort()  ╩ ⌐ ═ ⅎ╕∆⁹with ╩

∆╢ ⅜ ╕∆⁹ 

rsort()  ╩ ⌐ ═ ⅎ╕∆⁹with ╩

∆╢ ⅜ ╕∆⁹ 

shuffle()  ╩ꜝfi♄ⱶ⌂ ⌐ ═ ⅎ╕∆⁹with

╩ ∆╢ │ ╕∑╪⁹ 

 

module test;  

int  data[] = '{ 1, 2, 3, 1, - 3, 2, 6 },  

 q[$];  

  

 initial begin  

  q = data. min ();  

  print("q",q);   // { - 3}  

  q = data. max();  

  print("q",q);   // {6}  

  q = data. unique ();  

  print("q",q);   // {1,2,3, - 3,6}  

  q = data. unique_index ();  

  print("q",q);   // {0,1,2,4,6}  

 end  

 

function void print(string msg,int a[$]);  

 $write("%s: ",msg);  

 foreach(a[i])  

  $write(" %0d",a[i]);  

 $display;  

endfunction   

endmodule  

q: - 3 

q: 6  

q: 1 2 3 - 3 6  

q: 0 1 2 4 6  
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 3-26 

 
 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

3.9.3 ▪꜠▬╩ ∆╢ array reduction methods  

∕─ ⅜ ∆ ╡⁸▪꜠▬─ ─ ⅛╠ ≈─ ╩ ⅝ ∆ ≢∆⁹with clause╩ ∆

╢ ⅜ ╕∆⅜⁸with│ ╩ ╢ ⌐ ↕╣╕∆⁹integral types─ ≡─ unpacked arrays⌐

∆╢ ⅜ ╕∆⁹ ─ ⌂ methods⅜№╡╕∆⁹ 

 

method   

sum() ▪꜠▬ ─ ╩ ⇔╕∆⁹with ╩

∆╢ ⅜ ╕∆⁹ 

product()  ▪꜠▬ ─ ╩ ⇔╕∆⁹with ╩

∆╢ ⅜ ╕∆⁹ 

and() ▪꜠▬ ─ⱦ♇♩ ─ AND & ╩ ⇔╕

∆⁹with ╩ ∆╢ ⅜ ╕∆⁹ 

or() ▪꜠▬ ─ⱦ♇♩ ─ OR | ╩ ⇔╕

∆⁹with ╩ ∆╢ ⅜ ╕∆⁹ 

xor() ▪꜠▬ ─ⱦ♇♩ ─ XOR ╩ ⇔╕

∆⁹with ╩ ∆╢ ⅜ ╕∆⁹ 

 

↕╣╢ ─♃▬ⱪ│⁸ ≤⇔≡⁸▪꜠▬ ≤ ∂♃▬ⱪ≢∆⁹ 

module test;  

int  data[] = '{ 10, 2, 4, 8, 10, 20 };  

 

 initial begin  

  print("data",data);  // {10,2,4,8,10,20}  

  data. reverse ();  

  print( "data",data);  // {20,10,8,4,2,10}  

  data. sort ();  

  print("data",data);  // {2,4,8,10,10,20}  

  data. rsort ();  

  print("data",data);  // {20,10,10,8,4,2}  

  data. shuffle ();  

  print("data",data);  

 end  

function void print(string msg,int a[]);  

 $write("%s:",msg);  

 foreach(a[i])  

  $write(" %0d",a[i]);  

 $display;  

endfunction  

endmodule  

data: 10 2 4 8 10 20  

data: 20 10 8 4 2 10  

data: 2 4 8 10 10 20  

data: 20 10 10 8 4 2  

data: 10 10 2 4 20 8  
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 3-27 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

─ 

 
r = data.sum;  

 

│ ─ │⌂™≤ ™╕∆⁹r==15 ⌐⌂╢ │ ⌐ ≢⅝╕∆⁹≢│⁸ ─ │≥℮

≢⇔╞℮⅛  

 
r = data.sum with (item*2);  

 

r==30 ⌐⌂╡╕∆⁹↓─ ─ │⁸₈▪꜠▬ ╩ ⇔≡ ╩ ╢₉≤™℮ ≢∆⁹

∫≡⁸30⌐⌂╡╕∆⁹ 

 

─ sum│ ≢∆⁹3╟╡ ⅝™ ─ ╩ ╘╢ ⅜ ≢∆⅜⁸ ⌐ ⇔≡ ⌂

⅜ ↕╣≡™╕∆ [3] ⁹ 

 
r = data.sum with ((item>3)*item);  

 

⁸(item>3)*item ⌂─≢⇔╞℮⅛ ⌐ ⅎ┌⁸ ─ ⌐ ⇔≡│™↑⌂™─≢⇔╞℮

⅛  

 
r = data.sum with (item> 3);  

 

↓─ ⁸r==2 ≤⌂╡╕∆⁹item>3 ╩ √∆ │ 4≤ 5─ ≈≢∆⁹≈╕╡⁸ item>3

⅜ ≤⌂╢─│ №╡╕∆⁹ │ 1⌂─≢⁸r==2 ≤⌂╡╕∆⁹ 

 

((item>3)*item) │ 3 ╟╡ ⅝⌂ ─ ╩ ╢ ⌐⌂∫≡™╕∆⁹with◒꜡כ☼│ ╩

∆╢ ⌐ ↕╣╕∆⁹ ─ ≢│№╡╕∑╪⁹ 

Ẽ 

 

module test;  

int  data[] = '{ 1, 2, 3, 4, 5 },  

 r;  

  

 initial begin  

  r = data. sum;  

  $display("r=%0d",r);  // 1+2+3+4+5=15  

  r = data. sum with (item*2) ;  

  $display("r=%0d",r);  // 2*(1+2+3+4+5)=30   

  r = data. sum with ((item>3)*item) ;  

  $display("r=%0d",r);  // 4+5=9  

 end  

endmodule  

r=15  

r=30  

r=9  
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─ ⅜ ∆ ⌐ array reduction methods╩ ∆╢ ⌐│ ⅜ ≢∆⁹ ⅜ ⌂ ╩╙

℮ ≈ ⇔╕∆⁹ 

 

 3-28 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

1+1+1==3 ≢№╢⌐╙ ╦╠∏⁸state.sum │ 1⌐⌂∫≡™╕∆ [3] ⁹state.sum─♃▬ⱪ│

state─ ─♃▬ⱪ bit≤ ∂≢∆⁹ ∫≡⁸1ⱦ♇♩─♃▬ⱪ≢∆⁹↓─ ⁸state.sum⅜ ≤⌂

∫≡™╕∆⁹↓─ ╩ ↑╢ ⌐│⁸ⱦ♇♩ ╩ ∆╢ ⅜№╡╕∆⁹state─ │ 5

⌂─≢⁸3ⱦ♇♩№╣┌ ≢∆⁹∕─ ⌐⁸3'b0+state.sum ≤⇔╕⇔√⁹ 

 

↓─ ⌐ ™≡⁸◦Ⱶꜙ꜠כ♃│ ⌂ⱦ♇♩ ╩ ™≡ state.sum╩ ⇔╕∆⁹ ⅎ┌⁸↓─

│ 32 ⱦ♇♩≢ ⇔╕∆⁹ ∫≡⁸state.sum⌐│ 3 ⅜ ⇔ↄ ╕∫≡™╕∆⁹ │⁹

$display() ⌐№╡╕∆⁹↓─ │⁸◖fiⱤ▬ꜟ ⌐ⱦ♇♩ ╩ ⇔⌂↑╣┌⌂╡╕∑╪⅜⁸

state.sum─ ─ⱦ♇♩ ╩◖fiⱤ▬ꜟ ⌐ ╢ ⅜ ╕∑╪⁹ ─ⱥfi♩│ state.sum─

≢∆⁹ ⌐╟╢≤⁸array reduction methods⅜ ∆ ─♃▬ⱪ│⁸▪꜠▬ ≤ ∂♃▬ⱪ≢∆⁹

∟⁸ ⱦ♇♩≢∆⁹ ⌐⁸ $display() │⁸state.sum│ ⱦ♇♩≢№╢≤ ⇔≡™╕∆⁹

⁸3ôb0+state.sum│⁸$display() ⌐ⱦ♇♩ ⅜ ⱦ♇♩≢№╢ⱥfi♩╩ ⅎ≡™╕∆⁹ 

Ẽ 
 

  

module test;  

bit  state[5] = '{ 1, 0, 0,  1, 1 };  

 

 initial begin  

  $write("state= ");  

  foreach(state[i])  

   $write("%b",state[i]);  

  $display;  

   

  $display("state.sum=%0d", state.sum );  

  $display("state.sum=%0d", 3'b0+state.sum );  

 end  

endmodule  

state= 10011  

state.sum=1  

state.sum=3  
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4 ◒ꜝ☻ classes  

4.1 ◒ꜝ☻─  

─ⱪ▬♃ה♃כ♦│☻ꜝ◒ fi▫♥כꜟⱩ◘≥♃כ♦⁸≢≈ functions⁸ ┘ tasks ⅛╠ ↕

▫♥כⱪ꜡Ɽ╩♃כ♦⁸│≢☻ꜝ◒⁹∆╕╣ properties ⁸◘Ⱪꜟכ♥▫fi╩ⱷ♁♇♪

methods ≤ ┘╕∆⁹◒ꜝ☻⌐│ new≤ ┌╣╢ ⌂ⱷ♁♇♪⅜№╡⁸◖fi☻♩ꜝ◒♃≤

┘╕∆⁹◖fi☻♩ꜝ◒♃│◒ꜝ☻─▬fi☻♃fi☻ ≈╕╡⁸○Ⱪ☺▼◒♩ ╩ ⇔╕∆⁹

SystemVerilog─◒ꜝ☻─ │ C++─∕╣╟╡ Java─◒ꜝ☻⌐ ≡™╕∆⁹ 

 

 4-1 

 

⌂♩ꜝfi◙◒◦ꜛfi⅜ simple_transaction ≤⇔≡Ɽ♇◔כ☺ ⌐ ↕╣≡™╕∆⁹

◒ꜝ☻⌐│ⱷ♁♇♪≤⇔≡⁸new⁸get_name ⁸ ┘⁸ print ⅜ ↕╣≡™╕∆⁹ 

 

ⱷfiⱣכname│ local≤⇔≡ ↕╣≡™╢ ⁸◒ꜝ☻─ ⅛╠ ∆╢ │ ╕∑╪⁹

◒ꜝ☻─ ⅛╠ name╩ ∆╢ ⌐│⁸ⱨ□fi◒◦ꜛfi get_name() ╩ ⇔⌂↑╣┌⌂╡╕

∑╪⁹ 

 

⌐⁸◒ꜝ☻⌐│ static⌂ⱷfiⱣכcounter ⅜ ↕╣≡™╕∆⁹↓─ⱷfiⱣכ│◒ꜝ☻─▬fi

☻♃fi☻ ╩ ⇔╕∆⁹static≢№╢ ⁸↓─◒ꜝ☻─ ≡─▬fi☻♃fi☻⌐ ⇔≡ ≈─

counter ⅜ │ⱪ▬♃ה♃כ♦⁹∆╕╣↕ int⌂─≢⁸ │ 0≤⌂∫≡™╕∆⁹◒ꜝ☻─

package Pkg;  

parameter  ADDR_WIDTH = 32;  

parameter  DATA_WIDTH = 32;  

typedef logic[ADDR_WIDTH - 1:0]  addr_t;  

typedef logic[DATA_WIDTH - 1:0]  data_t;  

 

class  simple_transaction;  

static  int   counter;  

local  string  name;  

addr_t   addr;  

data_t   data;  

 

function new(string name,addr _t a=100,data_t d=0);  

 this.name = name;  

 addr = a;  

 data = d;  

 counter++;  

endfunction  

 

function string get_name();  

 return name;  

endfunction  

 

virtual  function void print;  

 $display("name=%s",name);  

 $display("addr=%h",addr);  

 $display("data=%h",data);  

end function  

endclass  

endpackage  
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▬fi☻♃fi☻╩ ╢ ⌐│⁸new◖fi☻♩ꜝ◒♃⅜ ∏ ┌╣╕∆⁹ ∫≡⁸new≢ coun ter

─ ╩⇔╕∆⁹ 

 

print() │ virtual ≤⇔≡ ↕╣≡™╕∆⁹↓─◒ꜝ☻⅛╠ ⇔√◒ꜝ☻≢↓─ ╩

⅝ ⅎ╢ ⅜ ╕∆⁹ 

Ẽ 

♩◒▼☺Ⱪ○ה☻ꜝ◒ 4.2 ☻fi☻♃fi▬ה☻ꜝ◒  

╩ⱪ▬♃ה☻ꜝ◒ⱪ≢∆⁹○Ⱪ☺▼◒♩│◒ꜝ☻─▬fi☻♃fi☻≢∆⁹▬♃ה♃כ♦│☻ꜝ◒

≈ ╩ ⇔≡⁸ ─ ⌐ ⌐○Ⱪ☺▼◒♩╩ ╡ ≡╕∆⁹ 

 

 
 

≤ ╡ ≡╩ ⌐ ℮ ╙ ╕∆⁹ 

 

 
 

╣─ ≢╙ ⌐○Ⱪ☺▼◒♩╩ ╡ ≡╢ ⅜ ╕∆⁹SystemVerilog≢│↓─ ╩○

Ⱪ☺▼◒♩הⱢfi♪ꜟ≤ ┘╕∆⁹○Ⱪ☺▼◒♩╩ ╡ ≡≡™⌂™Ɫfi♪ꜟ⌐│♫ꜟ null

⅜ ╡ ≡╠╣╕∆⁹♫ꜟ─Ɫfi♪ꜟ≢ⱪ꜡Ɽכ♥▫╛ⱷ♁♇♪⌐▪◒☿☻∆╢≤⁸ ⌐│⁸

⇔╕∆⁹ ⅎ┌⁸ ─ ⌂ ╩∆╢≤◦Ⱶꜙ꜠כ♃⅜ ⇔╕∆⁹ 

 

 
∫≡⁸ ─ ⌐ ∆╢─⅜ ≢∆⁹ 

 

 

▫♥כⱪ꜡Ɽה☻ꜝ◒ 4.3 ┘ⱷ♁♇♪┼─▪◒☿☻ 

SystemVerilog≢│⁸ⱪ꜡Ɽכ♥▫ ┘ⱷ♁♇♪┼─▪◒☿☻⌐│Ɫfi♪ꜟ≤♪♇♩ . ╩

⇔╕∆⁹C/C++─ ⌂ - > │ ╕∑╪⁹ ⅎ┌⁸ ─ ⌐ ⇔╕∆⁹ 

 

 

static⌂ⱷfiⱣכ◖☻⁸│☻☿◒▪─┼כⱪה○Ɑ꜠כ♃╩ ∆╢ ⅜ ╕∆⁹ ⅎ┌⁸ 

 

simple_transaction::counter  

 

─ ⌐ ∆╢ ⅜ ╕∆⁹ 

4.4 ◖fi☻♩ꜝ◒♃ 

⌐ ⇔√ ⌐⁸◒ꜝ☻─◖fi☻♩ꜝ◒♃╩ new≤ ┌╣╢ function≤⇔≡ ⇔╕∆⁹ ⇔⁸

SystemVerilog≢│ ╡─♃▬ⱪ╩ ∑∏⌐ ─ ⌐ ⇔╕∆⁹ 

simple_transaction  tr = new(ñTR1ò); 

 

simple_transaction  tr ;  

tr  = new(ñTR1ò); 

 

simple_transaction  tr ;  

tr.addr = 0;  

 

simple_transaction  tr;  

...  

if( tr == null )  

 tr = new( ñTR1ò);  

simple_transaction  tr ;  

tr  = new(ñTR1ò); 

tr.pr int ();  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

59   

 

 
◒ꜝ☻╩ ∆╢ ⌐◖fi☻♩ꜝ◒♃─ ╩ ∆╢≤⁸◖fiⱤ▬ꜝכ⅜ ⌐ ─ ⌂

─◖fi☻♩ꜝ◒♃╩ ⇔╕∆⁹ 

 

 
─◒ꜝ☻╩ⱬכ☻⌐⇔≡ ⇔™◒ꜝ☻╩ ∆╢ ⌐│⁸◖fi☻♩ꜝ◒♃─ ─ │

super.new() ≢⌂↑╣┌⌂╡╕∑╪⁹ 

 

 4-2 

 
 

⇔√◒ꜝ☻ simple_transaction ╩ ⇔≡ delayed_simple_transaction ◒

ꜝ☻╩ ⇔≡™╕∆⁹↓─◒ꜝ☻─◖fi☻♩ꜝ◒♃─ ─ ≢ ─◒ꜝ☻─◖fi☻♩ꜝ◒♃

╩ ╪≢™╕∆⁹╕√⁸ⱷ♁♇♪ print ─ ╙ ⇔≡™╕∆⁹ 

 

ⱬה☻כ◒ꜝ☻ simple_transaction ─◖fi☻♩ꜝ◒♃ new≢│ name │ ─Ɽꜝⱷ

─↓⁹∆╕™≡∫⌂≥♃כ ⁸◘Ⱪ◒ꜝ☻ delayed_simple_transaction ≢╙◖fi☻♩ꜝ◒

♃╩ ⇔⌂↑╣┌⌂╡╕∑╪⁹ 

Ẽ 

4.5 ♃▬ⱪ ─◖fi☻♩ꜝ◒♃ ┘ ⇔ 

new◖fi☻♩ꜝ◒♃─◒ꜝ☻ה♃▬ⱪ│ ─ ╡╟⌐ⱪ▬♃ה☻ꜝ◒─ ↕╣╕∆⁹ ⅎ

┌⁸ 

 

 
─ ⁸new─◒ꜝ☻ה♃▬ⱪ│ simple_transaction ≢∆⁹new─ ╩ⱪכ◖☻ה☻ꜝ◒⌐

∆╢ ⌐╟╡◖fi☻♩ꜝ◒♃╩ ⅎ╢ ⅜ ╕∆⁹ ⅎ┌⁸ 

 

function new(...);  

...  

endfunction  

function new;  

endfunction  

class delayed_simple_transaction extends  simple_transaction;  

int  delay;  

 

function new(string name,addr_t a=100,data_t d=0,int delay=0);  

 super.new(name,a,d) ;  

 this.delay = delay;  

endfun ction  

 

function void print;  

 super.print();  

 $display("delay=%0d",delay);  

endfunction  

 

endclass  

simple_transaction  tr ;  

tr  = new(ñTR1ò); 
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tr 2 ─♃▬ⱪ│ simple_transaction ≢∆⅜⁸delayed_simple_transaction ─◖fi☻

♩ꜝ◒♃╩ ╪≢™╕∆⁹↓─ ⁸tr2 │ ⌐│ delayed_simple_transaction ─▬fi

☻♃fi☻╩ ⇔≡™╕∆⁹ ∫≡⁸tr2.print │ delayed_simple_transaction ::print

╩ ┘ ⇔╕∆⁹↓╣│ virtualⱷ♁♇♪─ ≢∆⁹ 

4.6 Static◒ꜝ☻הⱪ꜡Ɽכ♥▫ 

◒ꜝ☻⌐ ⇔√ⱷfiⱣ⁸│כ ≤⇔≡⁸automatic≢∆⁹ ☻fi☻♃fi▬ה☻ꜝ◒⁸≡∫ ⌐

⇔╕∆⁹⇔⅛╙⁸ⱷ♁♇♪⅜ ┌╣╢≤ ⁸ ┘⁸ⱷ♁♇♪ ─ │☻♃♇◒ ⌐

↕╣╕∆⁹ ™ ⅎ╢≤⁸ ─ │ ↕╣≡™╕∑╪⁹ 

 

☻ⱪ─▬fi☻♃fi▬♃ה☻ꜝ◒∂ ≡⌐ ⌂ⱷfiⱣכ╩ ∆╢ ⌐│⁸static≤™℮

╩ ⇔╕∆⁹ⱪ꜡Ɽ⁸▫♥כ ┘⁸ⱷ♁♇♪⌐ ⇔≡↓─ ╩ ∆╢ ⅜ ╕∆⁹

staticⱷfiⱣכ│ ≈⇔⅛ ⇔⌂™≤™℮ ╩ⱪכ◖☻ה☻ꜝ◒⁸╠⅛ ⇔≡ staticⱷfi

Ᵽכ┼─▪◒☿☻╩∆╢ ⅜ ╕∆⁹◒ꜝ☻─▬fi☻♃fi☻╩ ╢ │№╡╕∑╪⁹ 

 

 4-3 

 
 

simple_transaction  tr 2;  

tr2  = delayed_simple_transaction:: new( .name( ñTR2ò),.delay(500) );  

class packet;  

static  int  cou nter = 0;  

logic [31:0]  addr, data;  

string   name;  

 

function new(logic [31:0] a=0,d=0);  

 addr = a;  

 data = d;  

 counter++;  

 name = $sformatf(" packet_%04d",counter);  

endfunction  

 

virtual function void print;  

 $display("name=%s",name);  

 $display("addr=%h",addr) ;  

 $display("data=%h",data);  

endfunction  

endclass  

 

module test;  

packet  p;  

 

 initial begin  

  p = new;  

  p.print;  

   

  $display("the number of instances=%0d", packet::counter );  

 end  

endmodule  
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counter │ static⌂─≢⁸packet ◒ꜝ☻⌐ ⇔≡ ≈⇔⅛ ⇔╕∑╪⁹ ∟⁸ ≡─

packet ─▬fi☻♃fi☻⌐ ⌂ ≢∆⁹↓─ ≢│⁸packet ○Ⱪ☺▼◒♩─◌►fi♃כ≤

⇔≡─ ╩ ∫≡™╕∆⁹ 

Ẽ 

4.7 Static◒ꜝ☻הⱷ♁♇♪ 

static◒ꜝ☻הⱪ꜡Ɽכ♥▫≤ ⌐ⱷ♁♇♪╙ static⌐ ∆╢ ⅜ ╕∆⁹ ⇔⁸staticⱷ♁

♇♪≢│⁸static⌂ⱪ꜡Ɽכ♥▫⇔⅛▪◒☿☻∆╢ ⅜ ╕∑╪⁹ 

 

 4-4 

 
 

getCounter │ staticⱷ♁♇♪≤⇔≡ ↕╣≡™╕∆⁹↓─ function─ ≢│⁸static⌂ⱪ꜡Ɽ

⁸▫♥כ │⁸static⌂ⱷ♁♇♪⇔⅛ ∆╢ │ ╕∑╪⁹ ⅎ┌⁸getCounter ─ ≢

name╩ ∆╢≤◖fiⱤ▬ꜟ⁹∆╕╡⌂≥כꜝ◄ה 

Ẽ 

4.8 StaticⱷfiⱣכ─  

StaticⱷfiⱣכ─ ╩ⱪכ◖☻ה☻ꜝ◒⁸│ ⇔╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐⇔≡ ┘ ⇔╕∆⁹◒ꜝ☻─ ╩ ⇔≡ ∆╢ ╙ ╕∆⅜⁸ ╡ ╘╠╣╢

≢│№╡╕∑╪⁹ ⅎ┌⁸ 

 

 

─ ⌐ ∆╢ ⅜ ╕∆⁹↓↓≢ ∆╢ │ sample ╢№≢ꜟ♪Ɫfiהꜟ♫⅜ ≢∆⁹♫

╩ꜟ♪Ɫfiהꜟ ⇔≡◒ꜝ☻─ⱷfiⱣ⁸≥╢∆☻☿◒▪⌐כ ⌐│⁸ ⇔╕∆⅜⁸

staticⱷfiⱣכ┼─▪◒☿☻│ ≢∆⁹ ─ │ ⌐ ⇔╕∆⁹ ♪Ɫfiהꜟ♫⁸⇔

ꜟ│ ╦⌠ ╩ ⅝ ↓∆ ⌐ ⅜╢ ⁸staticⱷfiⱣכ◖☻ה☻ꜝ◒│☻☿◒▪─┼כⱪ

╩ ∆╢ ⅜ ╕⇔™≤ ⅎ╕∆⁹ ─ ╩ ⌐⇔≡ ↕™⁹ 

 

class static _s ample;  

static int  counter = 0;  

string   name;  

 

functi on new();  

 name = $sformatf("sample_%04d",++counter);  

endfunction  

 

function void print;  

 $display("name=%s",name);  

endfunction  

 

static  function int getCounter();  

 return counter;  

endfunction  

endclass  

static _s ample::getCounter()  

static _s ample  sample;  

$dis play(ñ%0dò,sample.getCounter()) ;  

$display(ñ%0dò,sample.counter); 
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4.9 This 

↓╣╕≢─ ≢ ╙ ⇔≡™╕∆⁹ⱷ♁♇♪ ≢ ∂ ⅜ⱷfiⱣכ≤ ⌐ ∆╢ ⁸

─◒ꜝ☻─ⱷfiⱣכ╩ ∆╢ ⌐ ⇔╕∆⁹ ⅎ┌⁸ ─ ╩ ⇔≡ ↕™⁹

this─ │ ≢∆⁹this─ ⅜ ™≤⁸ ─ name╩ ∆╢ ⌐⌂╡╕∆⁹ 

 

 

4.10 Ɫfi♪ꜟ─▪꜠▬ 

╩▬꜠▪─♩◒▼☺Ⱪ○ה☻ꜝ◒ ∆╢ │ Ⱪ☺▼◒♩┼─ⱳ▬fi○ה☻ꜝ◒⁸⅜╪∑╕

╩▬꜠▪─כ♃ ∆╢ │ ≢∆⁹ ⅎ┌⁸ 

 

 
─ᵑ│◒ꜝ☻ sample_t┼─Ɫfi♪ꜟ─▪꜠▬╩ │☼▬◘ה▬꜠▪⁹∆╕™≡⇔ 10≤

⇔≡™╕∆⅜⁸◒ꜝ☻┼─Ɫfi♪ꜟ│ ↕╣≡™╕∑╪⁹ ∟⁸C++≤ ⌂╡⁸◖fi☻♩ꜝ

◒♃│ ⌐ ┌╣╕∑╪⁹ ∫≡⁸▪꜠▬─ ╩ ⌐ ⌂℮ ⅜№╡╕∆⁹ⱨ□

fi◒◦ꜛfi initArray⅜∕─ ╩ √⇔≡™╕∆⁹ 

$display(ñ%0dò, static _s ample :: getCounter() ) ;  

$display(ñ%0dò, static _s ample :: counter);  

class sample_t ;  

string  name;  

 

function new(string name);  

 this .name = name;  

endfunction  

 

endclass  

cla ss sample_t;  

string  name;  

 

function new(string name);  

 this.name = name;  

endfunction  

...  

endclass  

...  

module test;  

sample_t  sample_array[10] ;   ă ᵑ 

 

 initial begin  

  initArray();  

  ...  

 end  

 

function void initArray();  

 foreach(sample_array[i])  

  sample_arra y[i] = new($sformatf("sample_%0d",i)) ;  

endfunction  

  

endmodule  
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4.11 ◒ꜝ☻─◖Ⱨכ 

╢∆כⱢfi♪ꜟ╩◖Ⱨה☻ꜝ◒ ⅜ ╕∆⁹◖Ⱨ⁸≥╢∆כ ≈─Ɫfi♪ꜟ⅜ ○ה☻ꜝ◒∂

Ⱪ☺▼◒♩╩ ∆╢ ╩♩◒▼☺Ⱪ○ה☻ꜝ◒⁹∆╕╡⌂⌐ ∆╢ ⌐│⌂╡╕∑╪⁹ 

 4-5 

 
 

s1 ≤ s2 │ ♩◒▼☺Ⱪ○ה☻ꜝ◒∂ ⇔≡™╕∆⁹ ⁸s3 │ s1 ≤ Ⱪ○ה☻ꜝ◒╢⌂

☺▼◒♩╩ ⇔╕∆⅜⁸ⱷfiⱣכ─ │ ∂≢∆⁹s3 │ s1 ─ ╩◖Ⱨכ⇔≡ ╠╣╕⇔√⁹

↓─◖Ⱨ⁸│כ ⁸shallow copy≢∆⁹ ∟⁸recursive⌐│◖Ⱨ⁹╪∑╕╣↕כ 

Ẽ 

4.12 ◒ꜝ☻─ ≤◘Ⱪ◒ꜝ☻ 

─◒ꜝ☻⅛╠ ⇔≡ √⌂◒ꜝ☻╩ ∆╢ ⅜ ╕∆⁹ ⇔™◒ꜝ☻≢│ ─◒ꜝ

☻─ⱷfiⱣכ╩∕─╕╕ ∆╢ ⅜ ╕∆⁹SystemVerilog≢│ Java≤ ⌐ ─◒ꜝ☻

╩ extends⇔≡ ⇔™◒ꜝ☻╩ ⇔╕∆⁹ ─◒ꜝ☻╩ⱬה☻כ◒ꜝ☻ base class⁸ ⇔

™◒ꜝ☻╩◘Ⱪ◒ꜝ☻≤ ┘╕∆⁹ 

 

 
 

─ ≢ ⇔√ delayed_simple_transaction │ simple_transaction ─◘Ⱪ◒ꜝ☻

≢∆⁹◘Ⱪ◒ꜝ☻ ⌐ⱬה☻כ◒ꜝ☻≤ ∂ⱷfiⱣכ╩ ╗ ⁸◘Ⱪ◒ꜝ☻ ≢ⱬה☻כ◒ꜝ

☻─ⱷfiⱣכ╩ ∆╢⌐│ super. ≢ ⇔╕∆⁹ ⅎ┌⁸super.print ─ ⌐ ⇔╕∆⁹ 

 

ⱬה☻כ◒ꜝ☻─ ≡─ⱷfiⱣכ⅜◘Ⱪ◒ꜝ☻⌐ ⅎ╢╦↑≢│№╡╕∑╪⁹ⱬה☻כ◒ꜝ☻≢

local ╩ ≈ⱷfiⱣכ│◘Ⱪ◒ꜝ☻⁸ ┘⁸◒ꜝ☻ ≢│▪◒☿☻∆╢ ⅜ ╕∑╪⁹ 

 

class sample;  

int  identifier,  

 state;  

 

function new(int id,int s);  

 identifier = id;  

 state = s;  

endfunction  

 

function void print;  

 $display("identifier=%0d state=%0d",identifier,state);  

endfu nction  

endclass  

module test;  

sample  s1, s2, s3;  

 

 initial begin  

  s1 = new(10,8);  

  s2 = s1 ;  

  // ...  

  s3 = new s1 ;  

  // ...    

 end  

endmodule  

class subclass extends baseclass  

...  

endclass  
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ⱷfiⱣכ┼─▪◒☿☻ ╩∆╢≤⁸∕─ⱷfiⱣכ┼─▪◒☿☻╩ ⌐∆╢ ⌐│ ∏▪◒☿

☻∆╢ ─ ⅜ ⌐⌂╡╕∆⁹ ≤⇔≡⁸∕─ ┘ כ꜠ꜙⱣⱫ♇♪⅜◦Ⱶכ○─⇔

♃─Ɽⱨ◊כⱴfi☻⌐ ⇔╕∆⁹∕─ ╩ ⌐ ™≡▪◒☿☻ ╩ ∆╢ ⅜№╡

╕∆⁹ 

4.13 $cast 

◒ꜝ☻ B⅜◒ꜝ☻ A─◘Ⱪ◒ꜝ☻≢№╣┌⁸◒ꜝ☻ B─○Ⱪ☺▼◒♩╩◒ꜝ☻ A─Ɫfi♪ꜟ⌐

╡ ≡╢ ⅜ ╢─│ ⌐ ≢⅝╕∆⁹ ⌂ ⌐№╢ ⌐│⁸Ɫfi♪ꜟ⌐

∆╢ ⅜ ⅛ ⅛ ⌐ ╠⅛≢│№╡╕∑╪⁹∕─ ⌂ ⁸$cast ╩ ∆╢ ⅜

╕∆⁹ ⇔√$cast≤ ⌐⁸function ≤ task ⅜№╡╕∆⁹ 

 

 

function ≢│Ɫfi♪ꜟ─ ⅜ ≢№╣┌ ╩⇔≡ 1╩ ⇔╕∆⁹ ─ ⌐│⁸0

╩ ⇔╕∆⁹task ─ ⌐│⁸  ⁹∆╕╡⌂≥כꜝ◄┌╣№≢

4.14 Virtual ⱷ♁♇♪ virtual methods  

C++≢™℮ virtual functions≤ ∂ ≢∆⁹ⱬה☻כ◒ꜝ☻⌐ virtualⱷ♁♇♪ vm ╩ ∆╢≤⁸

↕╣√◒ꜝ☻─○Ⱪ☺▼◒♩⌐ ∆╢ⱷ♁♇♪ vm ╩ ┘ ⇔╕∆⁹ ™ ⅎ╢≤⁸◒ꜝ

⅜ꜟ♪ⱪ≢╙⁸Ɫfi▬♃─☻ꜝ◒ה☻כⱢfi♪ꜟ⅜ⱬה☻ ↕╣√◒ꜝ☻─▬fi☻♃fi☻╩

⇔≡™╣┌⁸ ↕╣√◒ꜝ☻─ vm ╩ ┘ ⇔╕∆⁹ ⇔⁸ ⇔√◒ꜝ☻⌐╙ⱷ♁♇♪ vm

⅜ ↕╣≡™⌂↑╣┌⌂╡╕∑╪⁹ ╩ ⇔╕∆⁹ 

 

 4-6 

 

function int $cast( singular dest_var, singular source_exp );  

tas k $cast( singular dest_var, singular source_exp );  

 

class base_transaction;  

virtual  function void print;  

 $display("base_transaction no members.");  

endfunction  

 

function void print_class;  

 $display("base_transaction");  

endfunction  

endclass  

 

class transact ion extends  base_transaction;  

rand bit [15:0]  addr, data;  

 

function new(bit [15:0] a=0,d=0);  

 addr = a;  

 data = d;  

endfuncti on 

 

function void print;  

 $display("transaction has two members: addr=%0d data=%0d",  

  addr,data);  

endfunction  

function void print_c lass;  

 $display("transaction");  

endfunction  

endclass  
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◒ꜝ☻─ │ ─ ⌐⌂∫≡™╕∆⁹◒ꜝ☻ transaction │ⱬה☻כ◒ꜝ☻

base_transaction ─ ╩ ⇔≡™╕∆⁹base_transaction::print │ virtual≤⇔≡

↕╣≡™╕∆⁹◘Ⱪ◒ꜝ☻≢│ print ╩ ⇔≡™╕∆⅜⁸virtual ─ ╩ ↑╢

│№╡╕∑╪⁹♥☻♩ⱬfi♅│ ─ ⌐⌂∫≡™╕∆⁹ 

 

 
 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

4.15 ▪Ⱪ☻♩ꜝ◒♩ה◒ꜝ☻≤Ⱨꜙ▪הⱣהꜟꜗ♅כⱷ♁♇♪ 

◒ꜝ☻╩ ∆╢ ⌐╟╡⁸◒ꜝ☻─ ╩╟╡ ⌐ ⇔≡ ⅝╕∆⁹ ⅎ┌⁸◘Ⱪ◒ꜝ☻

│ⱬה☻כ◒ꜝ☻⌐ ═≡╟╡ ↄ─ ╩ ⇔╕∆⁹∕─ ⁸ⱬה☻כ◒ꜝ☻─ כꜟ√╘

ꜟ ⱷ♁♇♪─ ⌐ ℮ ⅜ ≤⌂∫≡™╕∆⁹ 

 

⌂ⱬה☻כ◒ꜝ☻─ ╩↑∞ꜟכꜟ⁸ ∆╢ ⅜ ╕∆⁹↓─ ⌂◒ꜝ☻╩▪Ⱪ☻♩

≥☻ꜝ◒ה♩◒ꜝ ™╕∆⁹◘Ⱪ◒ꜝ☻≢│ꜟכꜟ⌐ ⌂ ╩ ⇔╕∆⁹▪Ⱪ☻♩ꜝ◒

⁸│☻ꜝ◒ה♩ ─ ⌐ ⇔╕∆⁹ 

 

 
▪Ⱪ☻♩ꜝ◒♩ה◒ꜝ☻│ ≢№╢ ⁸▬fi☻♃fi☻╩ ╢ │ ╕∑╪⁹ⱷ♁♇♪─

│ signatures ∞↑⅛╠ ∆╢ ⌐⇔╕∆⁹∕─ ⁸ pure ╩ ™╕∆⁹ 

 

module test;  

base_transaction  base;  

transaction   tr;  

 

 initial begin   

  base = new;  

  tr = new(10,50);  

  base.print;   // base_transaction::print  

  base.print_class;  // base_transaction::print_class  

  tr .print;   // transaction::print  

  tr.print_class;  // transaction::print_class  

  base = tr ;  

  base.print ;   // transaction::print  

  base.print_class ;  // base_transaction::print_class   

 end  

endmodule  

base_transaction no members.  

base_transaction  

transaction h as two members: addr=10 data=50  

transaction  

transaction has two members: addr=10 data=50  

base_transaction  

virtual class abstract_c lass;  

...  

endclass  
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◘Ⱪ◒ꜝ☻│ print ─ ╩⇔⌂↑╣┌⌂╡╕∑╪⁹ ⌂ ╩⇔⌂™ ⁸◘Ⱪ◒ꜝ☻

╙▪Ⱪ☻♩◒ꜝ☻⌐⌂╡⁸▬fi☻♃fi☻╩ ∆╢ │ ╕∑╪⁹ 

 

 
◘Ⱪ◒ꜝ☻ some_class ≢│ print ⱨ□fi◒◦ꜛfi╩ ⇔√─≢⁸some_class ─▬fi☻

♃fi☻╩ ╢ ⅜ ╕∆⁹ 

♃כ꜠Ɑ○הⱪכ◖☻☻ꜝ◒ 4.16 class scope resolution operator ::  

◒ꜝ☻─Ɽꜝⱷכ♦⁸♃כ♃♃▬ⱪ⁸staticⱷfiⱣכ⌐▪◒☿☻∆╢ ⌐│↓─○Ɑ꜠כ♃╩

⇔╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐ ⇔╕∆⁹ ╩♩♇◕כ♃⁸│™ ⌐∆╢ ╩♃כ꜠Ɑ○הⱪכ◖☻╙⌐ ⇔╕∆⁹

ⅎ┌⁸ 

 

 
─ ⌐ ↄ ⅜ ╕∆⁹↓─ ╩ ⱪכ◖☻╗ ⌐ randomize() ⅜ ↕╣≡™╢ ⁸

╩ ↑╢ ⅜ ╕∆⁹ 

 

ⱦꜟ♩▬fiה◒ꜝ☻╩ ∆╢ │♃כ꜠Ɑ○הⱪכ◖☻☻ꜝ◒⁸│⌐ ≤⌂╡╕∆⁹ ⅎ

┌⁸ 

 

 
 

⌐ ™≡⁸process○Ⱪ☺▼◒♩╩ ╢ │ ⌂™ ⁸process:: │ ─○Ɑ꜠⁹∆≢♃כ 

virtual class abstract_c lass;  

pure virtual function print(string key,bit [31:0] data);  

...  

endclass  

 

cl ass some_class  extends abstract_class ;  

virtual function print(string key,bit [31:0] data);  

...  

endfunction  

...  

endclass  

 

static _s ample::getCounter()  

rs = std::randomize(a,b,c);  

process  job[] = new [3];  

...  

foreach(job[i])  

 fork  automatic int k = i;  

  jo b[k] = process:: self();  

 join_none  
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 4-7 

 
 

◒ꜝ☻ sample_t│Ɽꜝⱷה♃כ♦≥♃כ♃▬ⱪ─ ⌐ static⌂ꜞ☻♩הⱫ♇♪╩ ∫≡™╕∆⁹

◖fi☻♩ꜝ◒♃⌐╟╡⁸ ∂◒ꜝ☻─○Ⱪ☺▼◒♩⅜ꜞ☻♩⌐ ↕╣╕∆⁹ꜞ☻♩│ ≈

⌂─≢ static ⅜ ⅎ╠╣≡™╕∆⁹ 

 

 
Ẽ 

class sample_t;  

parameter  PI = 3.14;  

typedef enum { RED, GREEN, YELLOW }  color_e;  

static  sample_t  head,  tail;  

sample_t  next;  

string  name;  

 

function new(string name);  

 this.name = name;  

 add_list(this);  

endfunction  

 

stati c  function void add_list(sample_t obj);  

 if( tail == null ) begin  

  head = obj;  

  tail = obj;  

 end else begin  

  tail.next = obj;  

  tail = obj;  

 end  

 obj.next = null;  

endfunction  

endclass  

module test;  

sample_t:: color_e  color;  

sample_t   sample;  

 

 initial be gin  

  color = sample_t:: GREEN; 

   

  $display("PI=%g %s=%0d",  

   sample_t:: PI, color.name,color);  

    

  sample = new("C1");  

  sample = new("C2");  

  sample = new("C3");  

 

  sample = sample_t:: head;  

  while( sample != null ) begin  

   $display("%s",sample.name) ;  

   sample = sample.next;  

  end  

 end  

endmodule  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

68   

4.17 ⱷfiⱣכ┼─▪◒☿☻ local and protected  

╩☻☿◒▪─┼כⱷfiⱣה☻ꜝ◒ ∆╢ ⌐⁸local⁸ ┘⁸protected╩ ∆╢ ⅜ ╕∆⁹

local │⁸ⱷfiⱣכ┼─▪◒☿☻╩ ∂◒ꜝ☻─♃▬ⱪ⌐∞↑ ⇔╕∆⁹protected │◘Ⱪ

◒ꜝ☻─╖⅜▪◒☿☻≢⅝╢ ⌐ ⇔╕∆⁹ 

 

 4-8 

 
 

◒ꜝ☻ extended ⅛╠ attribute ⌐▪◒☿☻∆╢ │ ╕∑╪⁹◒ꜝ☻ other │◒ꜝ☻

base ≤ ≢№╢ ⁸name⌐▪◒☿☻∆╢ │ ╕∑╪⁹ 

Ẽ 

4.18 ⱷ♁♇♪╩◒ꜝ☻─ ⌐ ∆╢  

ⱷ♁♇♪─ ⅜ ↄ ∆╢ ⌐│◒ꜝ☻─ ⅜ ↄ⌂╡⁸◒ꜝ☻─ ╩ ⇔⌐ↄↄ

⌂╡╕∆⁹∕─ ⌂ ⁸ ⌂ⱷ♁♇♪─ ╩◒ꜝ☻─ ⌐ ∆╢ ⅜ ╕∆⁹extern

╩⇔√ⱷ♁♇♪─ ╩◒ꜝ☻⌐ ⇔⁸◒ꜝ☻─ ⌐ ─ ╩ ⇔╕∆⁹ 

 4-9 

 
 

class base;  

local  int  attribute = 0;  

protected  string  name;  

byte   state;  

endclass  

 

class extended extends base;  

function void check;  

 $display("%0d",attribute);  // access error on attribute  

 $display("%0s",n ame);   // ok  

endfunction  

endclass  

 

class other;  

extended  e = new;  

function void do_something;  

 $display("%s",e.name);   // access error on name  

endfunction  

endclass  

class packet;  

static int  counter = 0;  

logic [31:0]  addr, data;  

string   name;  

 

function new( logic [31:0] a=0,d=0);  

// ...  

endfunction  

 

extern virtual function void print (string msg) ;  

endclass  

 

function void packet::print (string msg) ;  

// ...  

endfunction  
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◒ꜝ☻─ ⌐ⱷ♁♇♪╩ ∆╢ ╩ⱪכ◖☻ה☻ꜝ◒⌐ ⇔╕∆⁹ ─ ⌐│ virtual⅜

╕╣≡™⌂™ ⌐ ⇔≡ ↕™⁹ 

 

◒ꜝ☻─ ⌐ⱷ♁♇♪╩ ∆╢ ⁸◒ꜝ☻⅜ ↕╣≡™╢ⱨ□▬ꜟ≤ ∂ⱨ□▬ꜟ⌐ⱷ♁♇

♪╩ ∆╢ ⅜ ╕⇔™≤ ⅎ╕∆⁹ ─ⱨ□▬ꜟ⌐ ∆╢≤ ─ ⅜ ∆╢ ╣⅜

№╡╕∆⁹ 

 

· ⱨ□▬ꜟ╩`include⇔⌂↑╣┌⌂╠⌂™⁹ 

· ⇔™ ⌐ⱨ□▬ꜟ╩`include⇔⌂↑╣┌⌂╠⌂™⁹ 

· ⱨ□▬ꜟ─ ⅜ ╦⇔ↄ⌂╢⁹ 

 

Ẽ 

4.19 Ɽꜝⱷכ♃⌐╟╢ ◒ꜝ☻─ parameterized classes  

ↄ─♦כ♃ ⌐│ ⇔√ ⅜№╡╕∆⁹ ⅎ┌⁸ ⁸ ┘⁸ │ ⅜ ≈

⌂ ≢∆⁹ ⇔√ ╩ ≈─◒ꜝ☻⌐ ∆╢≤ ∂ ╩ ↄ ⅜ ↄ⌂╡╕∆⁹

SystemVerilog─◒ꜝ☻│Ɽꜝⱷכ♃⌐╟╡ ∆╢ ⅜ ╕∆⁹↓─ │ C++─ template 

class⌐ ≡™╕∆⁹ 

 

╢∆⌐כ◐╩ ≤ ╢∆⌐כ◐╩ │ ∂ ╩ ∟╕∆⁹ ⌂╢ ♦─כ◐⁸│

⅜ⱪ▬♃ה♃כ ⌂╢∞↑≢∆⁹↓─ ⌂ ♃כⱤꜝⱷ╩כ◐⁸ KEY⁸♦ה♃כ♦─♃כ♃

▬ⱪ╩Ɽꜝⱷכ♃ DATATYPE ≤⇔≡◒ꜝ☻╩ ⇔╕∆⁹∕⇔≡⁸◒ꜝ☻ ≢│⁸KEY ≤

DATATYPE ╩ ⇔≡ ╩ ⇔╕∆⁹ ∆╢ │⁸◒ꜝ☻─▬fi☻♃fi☻╩ ╢ ⌐⁸

KEY≤ DATATYPE⌐ ╩ⱪ▬♃ה♃כ♦─ ⇔╕∆⁹ ⅎ┌⁸ ─ ⌐ ⇔╕∆⁹ 

 

 
∆╢ ─ │ ─ ⌐⌂╡╕∆⁹ 

 

 

class dictionary_t #(type KEY=int , DATATYPE=int) ;  

DATATYPE data[KEY];  

 

function int register( KEY key , DATATYPE data );  

...  

endfunction  

 

function int exists(KEY key);  

 return data.exists(key);  

endfunction  

 

function void delete;  

 data.delete;  

endfunction  

...  

endclass  

module test;  

dictionary_t#(int,string)  dictionary = new;  

...  

if( !dictionary.exists(10 0) )  

 dictionary.register(100, òBooksò);  

...  

endmodule  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

70   

 4-10 

 
 

↓─◒ꜝ☻│⁸associative array╩ ↄ─♦ה♃כ♃▬ⱪ⌐ ∆╢ ⅜ ╢ ⌐ ⇔√◒ꜝ

☻≢∆⁹ │⁸ ╩כ◐─ ∟⁸ ╩♃כ♦─ ≈ ⌐⌂╡╕∆⁹ ┼▪◒☿☻

∆╢ ╙ ⇔≡™╕∆⁹ ⌐ ╩ ⇔╕∆⁹ 

 

class map #(type KEY = int,type DATA = int) ;  

DATA array[KEY];  

string  name;  

 

function new(string name);  

 this.name = name;  

endfunction  

 

function void put(KEY key,DATA data);  

 array[key] = data;  

endfunct ion  

 

function DATA get(KEY key);  

 return array[key];  

endfunction  

 

function int exists(KEY key);  

 return array.exists(key);  

endfunction  

 

function int first(output KEY key);  

 return array.first(key);  

endfunction  

 

function int next(output KEY key);  

 return ar ray.next(key);  

endfunction  

 

function void delete(int key);  

 array.delete(key);  

endfunction  

 

function void clear();  

 array.delete();  

endfunction  

 

function void print;  

KEY key;  

 $display("size=%0d",array.size());  

 if( array.first(key) )  

  do 

   $display("% - 8s %8g",key,array[key]);  

  while( array.next(key) );  

endfunction  

endclass  
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↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

4.20 ◒ꜝ☻─ⱨ◊꞉כ♪ typedef class  

─◒ꜝ☻╩ ∆╢ ⌐│⁸ⱨ◊꞉כ♪ ⅜ ≢∆⁹ ≤⇔≡◒ꜝ☻ ─ ⅜

↓╡╕∆⁹ ⌐ ≈─◒ꜝ☻╩ ∆╢ │ ⌂─≢⁸ⱨ◊꞉כ♪ ⅜ ⌐⌂╡╕

∆⁹ 

 

ⅎ┌⁸ ─ ⌐ ≈─◒ꜝ☻ C1⁸ ┘⁸C2─ ⅜ ⇔≡™╢ ⁸≥∟╠⅛─◒ꜝ

☻╩ ⌐ ⌐ ⇔⌂↑╣┌⌂╡╕∑╪⁹ 

 

 
◖fiⱤ▬ꜝכ⅜◒ꜝ☻ C1╩◖fiⱤ▬ꜟ⇔≡™╢ │ C2│ ≢∆⅜⁸typedef⌐╟╡ C2⅜

⌐ ↕╣≡™╢─≢⁸◒ꜝ☻ C1 ≢◒ꜝ☻ C2 ╩ ⁹╪∑╕╡⌂│⌐כꜝ◄╙≡™≡⇔

◖fiⱤ▬ꜝכ│ ╩◄ꜝⱲ꜠כ◦ꜛfi ⌐ ⇔╕∆⁹ 

module test;  

map #(string,real)  weight;  

string    key;  

 

 initial begin  

  weight = new("Foods      Weight");  

   

  weight.put("meat",1000.3);  

  weight.put("bread",200.5);  

  weight.put(" rice",5000.9);  

   

  $display("%s",weight.name);  

   

  weight.print;  

   

  weight.clear();  

  weight.print();  

 end  

  

endmodule  

Foods      Weight  

size=3  

bread       200.5  

meat       1000.3  

rice       5000.9  

size=0  

typedef class C2;  

 

class C1;  

C2 c;  

endclass  

 

class C2;  

C1 c;  

endclass  
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 4-11 

◒ꜝ☻ producer│◒ꜝ☻ consumer╩ ⇔≡™╕∆⅜⁸consumer│ ∞ ↕╣≡™╕∑╪⁹

∫≡⁸ⱨ◊꞉כ♪ ⅜ ≢∆⁹ 

 

 
 

producer_t ::print() ─ ≢⁸ ─ cons umer.name ╩ ⇔≡™╕∆⁹◖fiⱤ▬

│כꜝ name ┼─ ⅜ ⇔™⅛ ⅛╩↓─ ≢│ ∆╢ │ ╕∑╪⁹ ⇔⁸◦fi♃♇

│◒♇▼♅ה☻◒ ⅎ╕∆⁹consumer.name ─ ≤⇔≡─ ♅▼♇◒│◄ꜝⱲ꜠כ◦

ꜛfi ⌐ ╦╣╕∆⁹ 

 

◒ꜝ☻╩ ∆╢ │ ─ ⌐⌂╡╕∆⁹ 

 

typedef consumer_t ;  

//  

// producer  

//  

class producer_t;  

consumer_t  consumer;  

string   name;  

 

function new(string name);  

 this.name = name;  

endfunction  

 

function void set_consumer(consumer_t con);  

 consumer = con;  

endfunction  

 

funct ion void print;  

 $display("self=%s consumer=%s",name,consumer.name);  

endfunction  

endclass  

//  

//  consumer  

//  

class consumer_t;  

producer_t  producer;  

string   name;  

 

function new(string name);  

 this.name = name;  

endfunction  

 

function void set_producer(producer _t pro);  

 producer = pro;  

endfunction  

 

function void print;  

 $display("self=%s producer=%s",name,producer.name);  

endfunction  

endclass  
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↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

─ꜟ♪Ɫfiה☻ꜝ◒ 4.21  

─ꜟ♪Ɫfiה☻ꜝ◒ ⌐Ɫfi♪ꜟ─ ╩∆╢ ⅜ ╕∆⅜⁸ ⌐ ∆╢

⅜№╢ ⁸ ⅜ ≢∆⁹ ╩ ™≡ ╩⇔╕∆⁹ 

 

 4-12 

↓↓≢│⁸virtual interface╩ ⇔√ ╩ ⇔╕∆⁹◒ꜝ☻⁸ ┘⁸interface│ ─ ⌐⌂∫≡

™╕∆⁹ 

 

 
 

╩ꜟ♪Ɫfiה☻ꜝ◒⁸∏ ⌐ ╩∆╢ ╩ ⇔╕∆⁹ 

 

module test;  

consumer_t  c = new("C1");  

producer_t  p = new("P1");  

 

 initial begin  

  c.set_producer(p);  

  p.set_consumer(c) ;  

   

  c.print();  

  p.print();  

 end  

endmodule  

self=C1 producer=P1  

self=P1 consumer=C1  

interface simple_if;  

logic [7:0]  request;  

 

initial begin  

 request = 0;  

end  

 

endinterface  

 

class sample_t;  

virtual simple_if  vif;  

 

function new(virtual simple_if sif);  

 vif = sif;  

 $display("sif.request=%b",sif.request);  

  

endfunction  

 

endclass  
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↓─ ╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
 

ꜟ♪Ɫfiה☻ꜝ◒ sample⌐◒ꜝ☻ה○Ⱪ☺▼◒♩╩ ╡ ≡╢♃▬Ⱶfi◓│◦Ⱶꜙ꜠כ◦ꜛfi

≢№╢ ⁸▬fi♃כⱨ▼כ☻─ initial ⱪ꜡◦כ☺ꜗ⅜ ⇔≡™╕∑╪⁹↓─ ⁸

sif.request == óx≤⌂∫≡™╕∆⁹ 

 

─ꜟ♪Ɫfiה☻ꜝ◒⁸⌐ ≤ ╩ ⌐ ℮ ╩ ⇔╕∆⁹ 

 

 
 

↓─ ╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
 

↓─ ⁸sample⌐◒ꜝ☻ה○Ⱪ☺▼◒♩╩ ╡ ≡╢ ⌐│⁸ ⌐╙ ▬fi♃כⱨ▼כ☻

─ initialⱪ꜡◦כ☺ꜗ⅜ ⌐ ⇔≡™╕∆⁹ ∫≡⁸sif.request == 0≤⌂∫≡™╕∆⁹ 

 

─ꜟ♪Ɫfiה☻ꜝ◒⁸≥╢∆ ≤ ─♃▬Ⱶfi◓│ ╘≡ ⌐⌂╡╕∆⁹ 

Ẽ 

 

  

module top;  

sample_t  sample = new(SIF) ;  

 

simple_if SIF();  

 

endmodule  

sif.request=xxxxxxxx  

module top2;  

sample_t  sample;  

 

simple_if SIF();  

 

 initial begin  

  sample = new(SIF) ;  

 end 

 

endmodule  

sif.request=00000000  
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5 ⱪ꜡☿☻ processes  

5.1 ◦Ⱶꜙ꜠כ◦ꜛfiהⱪ꜡◦כ☺ꜗ structured procedures  

◦Ⱶꜙ꜠כ◦ꜛfiהⱪ꜡◦כ☺ꜗ│ ⌐◦Ⱶꜙ꜠כ♃⅛╠ ↕╣╢ ─Ⱪ꜡♇◒

≢∆⁹ ─ⱪ꜡◦כ☺ꜗ⅛╠ ↕╣╕∆⁹ 

 

· initialⱪ꜡◦כ☺ꜗ 

· alwaysⱪ꜡◦כ☺ꜗ 

· finalⱪ꜡◦כ☺ꜗ 

· ♃☻◒ task  

· ⱨ□fi◒◦ꜛfi function  

 

initial ⱪ꜡◦כ☺ꜗ≤ alwaysⱪ꜡◦כ☺ꜗ│◦Ⱶꜙ꜠כ◦ꜛfi ≤ ⌐ ╩ ⇔╕∆⁹

initial ⱪ꜡◦כ☺ꜗ│ ⇔⁸ⱪ꜡◦כ☺ꜗ─ ─ ⅜ ∆╣┌ⱪ꜡◦כ☺ꜗ ─

│ ⇔╕∆⁹ ⁸alwaysⱪ꜡◦כ☺ꜗ│ ╡ ⇔ ⇔⁸◦Ⱶꜙ꜠כ◦ꜛfi⅜ ∆╢

╕≢ ╩ ↑╕∆⁹ 

5.1.1 initial ⱪ꜡◦כ☺ꜗ 

initial ⱪ꜡◦כ☺ꜗ│◦Ⱶꜙ꜠כ◦ꜛfi─ ⌐ ∞↑ ∆╢ⱪ꜡◦⁸≢ꜗ☺כ ─

╩∆╢ ⌐ ⇔╕∆⁹ ⅎ┌⁸ ─ ⌂ ╩ ⇔╕∆⁹ 

 

 
initial ⱪ꜡◦כ☺ꜗ≢ ↕╣√ │ ─ ─ ⌐╟╢▬ⱬfi♩╩ ↓⇔╕∆⁹ ⅎ┌⁸

─ ─ _reset = 0; ⌐╟╡ @(n egedge _reset) ─▬ⱬfi♩⅜  0 ≢ ⇔╕∆⁹

∫≡⁸ ─ ⌂ alwaysⱪ꜡◦כ☺ꜗ⅜ ∆╢≤  0 ≢ⱪ꜡◦כ☺ꜗ─ if ⅜ ⇔╕∆⁹ 

 

 
 

⁸ ─ ⌂ ≢│⁸_reset ⌐ ∆╢▬ⱬfi♩│  0 ≢ ↓╡╕∑╪⁹ 

 

 

initial begin  

 _reset = 0;  

 q = { 1, 2, 3, 4, 5 };  

 packet = new;  

 ...  

end  

always @(posedge clk,negedge _reset)  

 if( ! _reset )  

  q <= 0;  

 else  

  q <= d;  

module test;  

logic  _reset = 0;  

...  

 initial begin  

  q = { 1, 2, 3, 4, 5 };  

  packet = new;  

  ...  

 end  

...  

endmodule  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

76   

SystemVerilog≢│⁸ ─ │◦Ⱶꜙ꜠כ◦ꜛfi⅜ ∆╢ ⌐ ╦╣╕∆⁹↓─ │

Verilog≤ ⅝ↄ ⌂╡╕∆⁹ 

 

progarm≢│ alwaysⱪ꜡◦כ☺ꜗ╩ ∆╢ ⅜ ⌂™ ⁸initial ⱪ꜡◦כ☺ꜗ≢

─ ╩ ⇔╕∆⁹ ⅎ┌⁸ ─ ⌂ ╩⇔╕∆⁹ 

 

 
≤⇔≡⁸programⱩ꜡♇◒─ initial ⱪ꜡◦כ☺ꜗ│ module⌐ ↕╣╢ initial ⱪ꜡◦כ

☺ꜗ≤│ ⅜ ⌂╡╕∆⁹program ─ initial ⱪ꜡◦כ☺ꜗ│ reactive region≢ ∆╢ ⁸

DUT⌐ ∆╢ ─ ╩ ∆╢ ⌐│ ⇔ↄ№╡╕∑╪⁹ 

5.1.2 alwaysⱪ꜡◦כ☺ꜗ 

alwaysⱪ꜡◦כ☺ꜗ│ ╡ ⇔ ∆╢ ─Ⱪ꜡♇◒≢∆⁹SystemVerilog⌐│⁸ 

 

· always 

· always_comb 

· always_latch 

· always_ff 

 

⅜№╡╕∆⁹ 

5.1.2.1 alwaysⱪ꜡◦כ☺ꜗ 

alwaysⱪ꜡◦כ☺ꜗ│ ≢++ⱪ≢∆⁹C/Cכꜟ⌂ ∆╢≤ ─ ⌐⌂╡╕∆⁹ 

 

 

∫≡⁸alwaysⱪ꜡◦כ☺ꜗ│ ╠⅛─♃▬Ⱶfi◓ ╩ ╕⌂↑╣┌⌂╡╕∑╪⁹always

ⱪ꜡◦כ☺ꜗ⌐ ╩ ╗∞↑≢│ ≢∆⁹ ⅎ┌⁸ 

 

 

│ clock ⌐ 0≤ 1╩ ⌐ ╡ ≡╢⅛╙ ╣╕∑╪⅜⁸ ─☻꜠♇♪⌐ ⅜ ╡ ≡╠

╣⌂™ ⁸◦Ⱶꜙ꜠כ♃│꜡♇◒↕╣√ ⌐ ╡╕∆⁹ ─ ⌐♃▬Ⱶfi◓ ⅜ ⌐⌂╡

╕∆⁹ ─  fi≢∆⁹ꜛ◦כ꜠Ⱡ▼☺ה◒♇꜡◒│

 

 

╙ ↄ ╦╣╢ alwaysⱪ꜡◦כ☺ꜗ─ │ ─ ⌐⌂╡╕∆⁹ 

 

 

program test(simple_if sif);  

 

 initial begin  

  #3 sif.request <= 1;  

  #7 sif.request <= 2;  

  #9 sif.request <= 3;  

  #35 $exit () ;  

 end  

...  

endprogram  

while ( 1 ) ;  

always clock = ~clock;  

always #10 clo ck = ~clock;  

always @(posedge clock)  

 q <= d;  
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SystemVerilog≢│ ─ⱪ꜡☿☻⅜♃▬Ⱶfi◓ ⌐ ⇔≡Ⱪ꜡♇◒∆╢≤⁸ ─ⱪ꜡☿☻

№╢™│☻꜠♇♪ ⌐ ⅜ ↕╣╕∆⁹√≤ⅎ ⅜ 0─♃▬Ⱶfi◓ #0 ≢╙↓

─ ⅜ ↓╡╕∆⁹ ⌐⁸↓─ ╩ ⇔≡ ⌂ ─ ╩ ∆╢ ⅜ ╕

∆⁹ 

 

ⅎ┌⁸ ─ for ≢ⱪכꜟ ≡⇔≥♪♇꜠☻╩☻כ◔♩☻♥─≈ ⌐ ∆╢ ≢∆⅜⁸

∕╣╠─☻꜠♇♪│ ⌐│ ╩ ⇔╕∑╪⁹for ╩◒♇꜡Ⱪהⱪכꜟ ∆╢≤⁸♃▬Ⱶ

fi◓ #0 ≢ ⱪ꜡☿☻⅜Ⱪ꜡♇◒⇔⁸ ─☻כ◔♩☻♥─≈ ⅜ ⇔╕∆⁹∕─ ⌐

│⁸j == 3≤⌂∫≡™╕∆⁹♥☻♩◔⁸0⁸1⁸2╣∙╣⧵⁸⌐☻כ╩ ╡ ≡╢ ⌐ fork Ⱪ꜡♇

◒─ ╡ ≢ j─ ╩ k⌐ ⇔≡™╕∆⁹ ≈─ forkⱩ꜡♇◒│ ─ k╩ ⇔╕∆⁹ 

 

 

5.1.2.2 always_combⱪ꜡◦כ☺ꜗ 

╖ ╦∑ ╩ ∆╢ ─Ⱪ꜡♇◒≢∆⁹Verilog ⌐│⌂™ Ⱪ꜡♇◒≢∆⁹Verilog ≢

╖ ╦∑ ╩ ∆╢ ⁸ ⅜ ∆╢ ≡─ ╩☿fi◦♥▫ⱦ♥▫הꜞ☻♩

@(... ) ≤⇔≡ alwaysⱪ꜡◦כ☺ꜗ⌐ ⇔⌂↑╣┌⌂╡╕∑╪⁹☿fi◦♥▫ⱦ♥▫הꜞ☻

♩⌐ ↕╣√ ⅜ ⇔√ ─╖ ╖ ╦∑ ⅜ ∆╢ ⁸ ⌂☿fi◦♥▫ⱦ♥

─♩☻ꜞה▫ │ ⇔ↄ⌂™◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ⅜╡╕∆⁹ 

 

SystemVerilog ─ always_combⱪ꜡◦כ☺ꜗ│☿fi◦♥▫ⱦ♥▫הꜞ☻♩╩ ∆╢ ╩

∫≡™╕∆⁹ ⅎ┌⁸ 

 

 
⅜ ⅎ╠╣╢≤⁸◖fiⱤ▬ꜝכ│☿fi◦♥▫ⱦ♥▫הꜞ☻♩ @(a,b) ╩ ⇔╕∆⁹↓─

─ ╙№╡╕∆⁹always_combⱪ꜡◦כ☺ꜗ─ ─ ⌐ ⇔≡ ─Ⱪ꜡♇◒≢│ ╩

∆╢ │ ╕∑╪⁹ 

 

™│⁸ ⅜ ╖ ╦∑ ≢│⌂™≤ ↕╣╢ ⁸◖fiⱤ▬ꜝכ⅜ ╩ ⇔╕∆⁹

ⅎ┌⁸ 

 

 
 

─ ≢│ꜝ♇♅⅜ ↕╣╢ ⁸◖fiⱤ▬ꜝכ│ ⱷ♇☿כ☺╩ ⇔╕∆⁹ 

5.1.2.3 always_latchⱪ꜡◦כ☺ꜗ 

always_latchⱪ꜡◦כ☺ꜗ│ always_comb≤ ≡™╕∆⁹ ™│⁸always_latch│ꜝ♇♅ ╩

∆╢ ─ⱪ꜡◦⁹∆≢ꜗ☺כ ∟⁸ⱪ꜡◦כ☺ꜗ⅜ꜝ♇♅─ ⌐⌂╡ ⌂™ ⁸◖fiⱤ▬

ꜟ ⌐ ⅜ ↕╣╕∆⁹ ⅎ┌⁸ ─ │ ─ ⌐⌂╡╕∆⁹ 

 

for( int j = 0; j < 3; j++ )  

 fork automatic int k = j;  

  run_test(k);  

 join_none  

#0 $display("Let them go. ");  

always_comb  

 {co,sum} = a+b;  

 

always_comb begin  

 if( s )  

  a = b;  

end  
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sel ─ ⌐ ╦╠∏⁸ ⌐⁸q ⌐│ ⅜ ↕╣╕∆⁹ ∫≡⁸ꜝ♇♅─ ╩ √

⇔≡™╕∑╪⁹ ⁸ ─ │ ⇔ↄ⌂╡╕∆⁹ 

 

 
 

⇔⁸ ─ │ ─ ⌐⌂╡╕∆⁹ 

 

 
 

↓─ │ ─ ≤ ∂≢∆⁹ 

 

 
 

ꜝ♇♅╩ ∆╢ ⌐≈™≡│ ╩ꜟכꜟ─ ⇔≡ ↕™⁹ 

5.1.2.4 always_ffⱪ꜡◦כ☺ꜗ 

↓─ⱪ꜡◦כ☺ꜗ│ ꜟꜗ◦fi◔כ◦⌂ ╩ ∆╢ ⌐ ↕╣√ ≢∆⁹ⱪ

─ꜗ☺כ◦꜡ ≢▬ⱬfi♩ ⇔⁸ ╩ posedge │ negedge≢ ⇔⌂↑╣┌⌂╡╕

∑╪⁹╕√⁸Ⱪ꜡♇◐fi◓ה♃▬Ⱶfi◓ ╩ ∆╢ ⅜ ╕∑╪⁹ ⅎ┌⁸ ─

│ ꜟꜗ◦fi◔כ◦™⇔ ≢∆⁹ 

 

 
 

⁸ ─ ─♩ⱬfi▬ה◒♇꜡◒│⌐ ⅜ ™ ⁸ ⇔ↄ№╡╕∑╪⁹ 

 

 
 

╕√⁸ ─ ⌐│ ─▬ⱬfi♩ ⅜№╢  ⁹∆╕╡⌂≥כꜝ◄⁸

 

always_latch  

 if( sel )  

  q = a;  

 else  

  q = b;  

always_latch  

 if( sel )  

  q = d;  

always_latch  begin  

 q = a;  

 if( sel )  

  q = d;  

end  

always_latch  begin  

 if( sel )  

  q = d;  

 else  

  q = a;  

end  

always _ff  @(posedge clk)  

 q <= d;  

always _ff  

 q <= d;  
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5.1.3 final ⱪ꜡◦כ☺ꜗ 

◦Ⱶꜙ꜠כ◦ꜛfi─ ⅜ ⇔√ ≢ ╩ ↑╢ⱪ꜡◦⁹∆≢ꜗ☺כ◦Ⱶꜙ꜠כ◦ꜛfi│

⇔≡™╢ ⁸ ╩ ∆╢ ╩ final ⱪ꜡◦כ☺ꜗ⌐ ∆╢ │ ╕∑╪⁹ │⁸

◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆╢ ╩ⱪꜞfi♩∆╢ ╩ ⇔╕∆⁹ 

 

 
 

─ final ⱪ꜡◦כ☺ꜗ╩ ∆╢ ⅜ ╕∆⅜⁸∕╣╠─ⱪ꜡◦כ☺ꜗ│ ─ ⌐

↕╣╕∆⁹ 

5.2 Ⱪ꜡♇◒ block statements  

Ⱪ꜡♇◒ │ ─ ╩ ⌐ⱪכꜟ◓─≈ ╘╢ ≢∆⁹ ─ ⅛╠ ↕╣≡╙Ⱪ꜡♇◒≤

⇔≡ ≈─ ⌐⌂╡╕∆⁹Ⱪ꜡♇◒ ⌐│⁸begin-endⱩ꜡♇◒≤ fork-joinⱩ꜡♇◒⅜№╡╕∆⁹ 

5.2.1 begin-endⱩ꜡♇◒ 

Ⱪ꜡♇◒╩ begin≤ end≢ ╪≢ ⇔╕∆⁹Ⱪ꜡♇◒ ─ │ ⅛╠ ⌐ ⇔╕∆⁹ ⌐

⅜ ↕╣√ ⁸ │∕─ ⌐ ⇔√ ⌐ ⇔≡─ ⌂ ╩ ⇔╕∆⁹ 

 

 5-1 

 
 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

always_ff @(posedge clk) begin  

 @(negedge clk);  

 q <= d;  

end  

final begin  

 $display( ...);  

...  

end  

 

module test;  

 

 initial begin  

  #10 print(1);  

  #20 print(2);  

  #30 print(3);  

 

  $display("@%2t main completed.",$time);  

 end  

  

function void print(int value);  

 $display("@%2t value=%0d", $time, value);  

endfunction  

endmodule  

@10 value=1  

@30 value=2  

@60 value=3  

@60 main completed.  
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5.2.2 fork -join Ⱪ꜡♇◒ 

╩ ∆╢ ⌐ ⇔╕∆⁹SystemVerilog⌐│⁸ fork-join⁸ fork-join_any⁸ fork-

join_none─ ⅜№╡╕∆⁹Ⱪ꜡♇◒ ─ │ ⌐ ⇔╕∆⁹Ⱪ꜡♇◒ ─ │ ⱪ꜡☿

☻ ☻꜠♇♪ ≤⇔≡ ⇔╕∆⁹ ╡╟⌐♪כ꞉כ◐─ ⅜ ─ ⌐ ⌂╡╕∆⁹ 

 

  ♪כ꞉כ◐─

join ≡─ ⱪ꜡☿☻⅜ ∆╢╕≢⁸ ⱪ꜡☿☻│ ∟ ⌐ ╡╕

∆⁹ 

join_any  ╣⅛ ≈─ ⱪ꜡☿☻⅜ ∆╢╕≢⁸ ⱪ꜡☿☻│ ∟ ⌐

╡╕∆⁹ 

join_none ≡─ ⱪ꜡☿☻╩ ⇔╕∆⅜⁸ ⱪ꜡☿☻│ ╩ ⇔╕

∆⁹ ↕╣√ ⱪ꜡☿☻│⁸ ⱪ꜡☿☻⅜Ⱪ꜡♇◒∆╢⅛ ∆

╢╕≢ ╩ ⇔╕∑╪⁹ 

 

join_none╩ ∆╢ ⁸ ⱪ꜡☿☻⅜Ⱪ꜡♇◒∆╢╕≢ ⱪ꜡☿☻─ │ ⇔╕∑╪⁹↓

─ ⌐╟╡⁸ ⱪ꜡☿☻│ ⅛─ ≢♃▬Ⱶfi◓ ⌐╟╡ ╩Ⱪ꜡♇◒╩⇔≡ ⱪ꜡

☿☻⌐ ╩ ∆╢ ⅜№╡╕∆⁹ 

 

join_none│ⱪ꜡☿☻╩Ⱪ꜡♇◒⇔⌂™ ⁸ⱨ□fi◒◦ꜛfi function ≢♃▬Ⱶfi◓ ∆╢

⌐ ∆╢ ⅜ ╕∆⁹ 

 

 
 

 5-2 

 
 

ⱪ꜡☿☻⅜ ≈─ ⱪ꜡☿☻╩ ⇔≡™╕∆⁹∕─ ⁸ ⱪ꜡☿☻│ join ╩ ⇔╕∆⁹

↓─ ⌐╟╡⁸ ⱪ꜡☿☻│ ─ ╩Ⱪ꜡♇◒⇔╕∆⁹ ≤⇔≡⁸ ≈─ ⱪ꜡☿

☻│ ╩ ↑ fi◓↕╣╕∆⁹ꜞכꜙ☺◔☻⁸╡ ≈─ ⱪ꜡☿☻─ ≢ ⌐ ⇔√

ⱪ꜡☿☻⅜ ⱪ꜡☿☻─ ╩ ⌐⇔╕∆⁹ 

 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

function void q_process;  

 fork  

  wait( ev.triggered() ) q.push_back(1);  

 join_none  

endfunction  

module test;  

 

 initial begin  

  fork  

   #10 print(1);  

   #20 print (2);  

   #30 print(3);  

  join  

  $display("@%2t main completed.",$time);  

 end  

  

function void print(int value);  

 $display("@%2t value=%0d", $time, value);  

endfunction  

endmodule  
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Ẽ 

 5-3 

 
 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 
 

 5-4 

 
 

print(1)─ ⱪ꜡☿☻⌐│♦▫꜠כ⅜ ↕╣≡™╕∑╪⅜⁸ ⱪ꜡☿☻⅜Ⱪ꜡♇◒∆╢⅛ ∆

╢ ⁸ ⱪ꜡☿☻│ ∟─ ≢∆⁹↓─ ╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

@10 value=1  

@20 value=2  

@30 value=3  

@30 main completed.  

module test;  

 

 initial begin  

  fork  

   #10 print(1);  

   #20 print(2);  

   #30 print(3);  

  join_any  

  $display("@%2t main completed.",$time);  

 end  

  

function void print(int value);  

 $display("@%2t value=%0d", $time, value);  

endfunction  

endmodule  

@10 value=1  

@10 main completed.  

@20 value=2  

@30 value=3  

module test;  

 

 initial begin  

  fork  

       print(1);  

   #20 print(2);  

   #30 print(3);  

  join_ none  

  $display("@%2t main completed.",$time);  

 end  

  

function void print(int value);  

 $display("@%2t value=%0d", $time, value);  

endfunctio n 

endmodule  
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Ẽ 

 

Ⱪ꜡♇◒ ≢ ↕╣√ ⱪ꜡☿☻│ ⱪ꜡☿☻⅜Ⱪ꜡♇◒∆╢╕≢ ╩ ⇔╕∑╪⁹↓─

⁸ ─ ⌐│ ⌂ ⅜ ≢∆⁹ ─ │ ↄ ╠╣≡™╕∆ [1][3] ⁹ 

 

 5-5 

 
 

forꜟכⱪ─ ⌐ fork-join_none⅜№╡⁸ꜟכⱪ i ─ ╩ⱪꜞfi♩⇔≡™╕∆⁹i ─

⅜ 1⁸2⁸3≤ⱪꜞfi♩↕╣╢ ╩ fi◓≢∆⅜⁸▫♦כ◖╢™≡⇔ ⌐ ⇔≡ │ ─

⌐⌂╡╕∆⁹ 

 

 
 

fork-join_none⌐╟╡$write ─ⱪ꜡☿☻⅜ ↕╣╕∆⅜⁸ ⱪ꜡☿☻⅜Ⱪ꜡♇◒∆╢╕≢⁸

ⱪ꜡☿☻│ ⇔╕∑╪⁹for ⅜ⱪכꜟ ⇔√ ⌐ ⱪ꜡☿☻│Ⱪ꜡♇◒⇔╕∆⅜⁸↓─ ⌐

│ i==4 ≤⌂∫≡™╕∆⁹ ∫≡⁸ ≈─$write ─ⱪ꜡☿☻│ 4 ╩ⱪꜞfi♩⇔╕∆⁹ ╠⅛─

≢ ⱪ꜡☿☻─ ╩ ∆╢ ⅜№╡╕∆⁹ 

Ẽ 

 

fork Ⱪ꜡♇◒ ─ ⱪ꜡☿☻│ ⱪ꜡☿☻≤ ⌂╢♃▬Ⱶfi◓≢ ∆╢ ⁸ ─ ╩

⇔≡⅔ↄ ⅜№╡╕∆⁹ 

 5-6 

 
 

@ 0 main completed.  

@ 0 value=1  

@20 value=2  

@30 value=3  

module test;  

 

 initial begin  

  for( int i = 1; i <= 3; i++ )  

   fork  

    $write("%0d",i);  

   join_none  

  #0 $display;  

 end   

endmodule  

444  

module test;  

 

 initial begin  

  for( int i = 1;  i <= 3; i++ )  

   fork automatic int k = i ;  

    $write("%0d",k);  

   join_none  

  #0 $display;  

 end   

endmodule  
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fork ⅜ ∆╢ ⁸i ─ ⅜ k ⌐ ↕╣╕∆⁹k │ automatic≢№╢ ⱪכꜟ⁸ ∞↑ k

⅜ ↕╣╕∆⁹ ∟⁸ ≈─ ⱪ꜡☿☻│ ─ k ╩ ∆╢ ⌐⌂╡╕∆⁹∕╣╠│⁸ ⌐

1⁸2⁸3≢∆⁹ ∫≡ ─ ╩ ╕∆⁹ 

 

 
Ẽ 

5.2.3 Ⱪ꜡♇◒ block names  

begin-end⁸ ┘⁸fork-join Ⱪ꜡♇◒⌐│ ╩ ↑╢ ⅜ ╕∆⁹ ↑√ ╩ ⅛╠

∆╢ ⅜ ╕∆⁹begin ┘ fork ─♪כ꞉כ◐ ⌐◖꜡fi : ≢ ∫≡ ╩ ⅎ╕∆⁹

╙⌐♪כ꞉כ◐─ ╩ ↑╢ ⅜ ╕∆⁹ ⅎ┌⁸ ─ ⌐ ╩ ↑╕∆⁹ 

 

 

5.3 ♃▬Ⱶfi◓⌐╟╢ procedural timing controls  

♃▬Ⱶfi◓─ ⌐│⁸ #≢ ╕╢ ⌐╟╢ ≤▬ⱬfi♩ @≢ ╕╢ ⌐╟╢

─ ⅜№╡╕∆⁹ 

5.3.1 ⌐╟╢ delay control  

∆╢ ⌐ ⇔√ ⅛╠⁸ ⇔√ ∞↑ ⇔√ ⌐ ╩ ∆╢ ╩ ∟

╕∆⁹ ⌐ ∆╢≤⁸ ─ ⌐ ╦╠∏∕─ⱪ꜡☿☻│ ╩ ⇔╕∆⁹ ─

≢↓─ ╩ ⇔╕⇔√⅜⁸╙℮ ≡╖╕∆⁹ 

 
ⱪ꜡☿☻│⁸#0 ─ ╩⇔≡™╕∆⁹ ╩ ⅎ┌⁸ ⌐ ╩ ™≡™╕∆⁹for ꜟ

ⱪכ ≢ ⱪ꜡☿☻╩ ⇔≡™╕∆⅜⁸join_none╩ ⇔≡™╢ ⁸ ⱪ꜡☿☻│ ╩

⇔╕∆⁹ ↕╣√ ⱪ꜡☿☻│ ∟─ ⌐⌂∫≡™╕∆⁹ ⱪ꜡☿☻⅜Ⱪ꜡♇◒∆╢╕

≢∕─ │ ⇔╕∆⁹ ∫≡⁸≥↓⅛≢ ⱪ꜡☿☻│ ∟─ ⌐ ╠⌂↑╣┌⌂╡╕∑╪⁹ 

 

for ⅜ⱪכꜟ ⇔√ ⌐⁸#0 ╩כ꜠▫♦─ ™√─│⁸ ⱪ꜡☿☻⌐ ─♅ꜗfi☻╩ ⅎ╢

≢∆⁹ 

5.3.2 ▬ⱬfi♩ event control  

Ⱡ♇♩╛ ─ ─ ⌐ ⇔≡ ╩ ℮ ⅜▬ⱬfi♩ ≢∆⁹ ↄ ╠╣≡™╢

▬ⱬfi♩≤⇔≡│⁸posedge⁸negedge⁸ ┘⁸edge⅜№╡╕∆⁹↓╣╠│⁸◄♇☺ה☿fi◦♥▫

Ⱪה▬ⱬfi♩ edge-sensitive event control≤ ┌╣╕∆⁹ 

 

▬ⱬfi♩  

posedge 0⅛╠ ─ ┼─ ⁹ ™│⁸x⁸ │⁸z⅛╠ 1┼─ ⁹ 

negedge 1⅛╠ ─ ┼─ ⁹ ™│⁸x⁸ │⁸z⅛╠ 0┼─ ⁹ 

edge posedge⁸ │⁸negedge─▬ⱬfi♩⁹ 

 

ⅎ┌⁸ ─ ⌐⇔≡▬ⱬfi♩ ╩ ™╕∆⁹ 

123  

begin: create_transaction  

...  

end: create_transaction  

 

for( int i = 1; i <= 3; i++ )  

 fork automatic int k = i ;  

  $write("%0d",k);  

 join_non e 

#0 $display;  
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™│⁸ 

 

 
 

unpacked▪꜠▬─ ╩ ≈ ⁸▪꜠▬ ≢ ≈ │ ╕∑╪⁹ ⅎ┌⁸ ─ │◖fi

Ɽ▬ꜟ  ⁹∆╕╡⌂≥כꜝ◄⌐

 

 
─ ⌂ ⌐ ⅝ ∆ ⅜№╡╕∆⁹ 

 

 

5.3.3 ꜠ⱬꜟה☿fi◦♥▫Ⱪה▬ⱬfi♩ level-sensitive event control  

№╢ ⅜ √↕╣╢╕≢ ∟╩∆╢ ⅜꜠ⱬꜟה☿fi◦♥▫Ⱪה▬ⱬfi♩ ≢∆⁹

⁸wait ╩ ⇔╕∆⁹ ∆╢ ≤⇔≡│⁸wait fork⁸ ┘⁸wait_order⅜№╡╕∆⁹ ⅎ

┌⁸ ─ ⌐כꜙ◐⁸│ ⅜ ╣╠╣╢─╩ ∫≡™╕∆⁹ 

 
 

wait ⅜ ⇔√ ⁸╙⇔ q.size() == 0 ≢№╣┌⁸q.size() > 0 ⌐⌂╢╕≢⁸ ∟

⌐ ╡╕∆⁹ ⁸wait ⅜ ⇔√ ⌐ q.size() > 0  ≢№╣┌⁸ │ ⇔≡ ⌐ 

 
index = q.pop_front  

 

╩ ⇔╕∆⁹↓─ ⌐│⁸ⱪ꜡☿☻│Ⱪ꜡♇◒⇔╕∑╪⁹ 

♩fi☻⌐╟╢▬ⱬfi◔כ◦ 5.3.4  

╩☻fi◔כ◦ ⇔≡▬ⱬfi♩ ╩∆╢ ⅜ ♩fi☻⅜ⱴ♇♅∆╢≤▬ⱬfi◔כ◦⁹∆╕

⅜ ↕╣╕∆⁹ ⅎ┌⁸ 

 

always @(negedge clk)  

 assert( packet.randomize() )  

 else $display("randomization failed.");  

always @( posedge  clk)  

 q <= d;  

 

bit  state[3];  

 

always @(state)  

 $display("@%0t:",$time,state.xor);  

bit  state[3];  

 

always @(state[0]  or state[1]  or state[2])  

 $display("@%0t:",$time,state.xor);  

 

int  q[$], index;  

...  

wait( q.size() > 0 ) index = q.pop_front;  

...  
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⌐ ☻fi◔כ◦⁸≡™ abc⅜ⱴ♇♅∆╢≤⁸$display ⅜ ↕╣╕∆⁹ⱴ♇♅∆╢╕≢│⁸▬

ⱬfi♩ ⅜ ╩Ⱪ꜡♇◒⇔╕∆⁹ 

5.4 ⱪ꜡☿☻ process control  

5.4.1 wait fork  

↓─ │⁸ ─ⱪ꜡☿☻⅜ ⇔√ ≡─ ⱪ꜡☿☻⅜ ∆╢─╩ ∟╕∆⁹ ⇔⁸

ⱪ꜡☿☻⅜ ⇔√ ⱪ꜡☿☻│ ↕╣╕∆⁹ ⅎ┌⁸ 

 

 
⌐ ™≡⁸ ⱪ꜡☿☻│⁸proc1⁸proc2⁸proc3⁸ ┘⁸proc4⅜ ∆╢╕≢Ⱪ꜡♇◒⇔╕∆⁹ 

 
 

∏⁸proc1 │ proc2⅜ ∆╢╕≢ ⱪ꜡☿☻│Ⱪ꜡♇◒⇔╕∆⁹≥∟╠⅛─ ⱪ꜡☿☻⅜

∆╢≤ ⱪ꜡☿☻│ proc3⁸ ┘⁸proc4╩ ⇔╕∆⁹ ⇔⁸↓╣╠─ⱪ꜡☿☻─ │

⇔≡™╕∑╪⁹ ⱪ꜡☿☻⅜ wait fork╩ ∆╢≤ ∟ ⌐ ╡⁸proc3⁸ ┘⁸proc4─

⅜ ⇔╕∆⁹proc1 │ proc2─ ⅜ ⇔≡™⌂↑╣┌⁸ ⱪ꜡☿☻│ ≈─ ⱪ꜡☿

☻─ ╩ ≈ ⌐⌂╡╕∆⁹ 

 

bit  clk, a, b, c;  

 

sequence abc;  

 @(posedge clk) a ##1 b ##1 c;  

endsequence  

 

initial begin  

 @ abc $display( "@%0t: Saw a - b- c", $time );  

end 

...  

fork  

 proc1 ();  

 proc2 ();  

join_any  

fork  

 proc3 ();  

 proc4 ();  

join_none  

wait fork;  

ⱪ꜡☿☻ 

proc1 

proc2 

proc3 

proc4 
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 5-7 

 
 

─ fork ≢ ≈─ ⱪ꜡☿☻⅜ ↕╣╕∆⁹∕─ ─ ≈ ⱪ꜡☿☻⅜ ∆╢≤ⱷ▬

fiהⱪ꜡☿☻│ ≈─ ⱪ꜡☿☻╩ ⇔╕∆⁹↓─ ≢⁸ ≈─ ⱪ꜡☿☻⅜ ⁸ │⁸

∟ ⌐№╡╕∆⁹ⱷ▬fiהⱪ꜡☿☻│⁸wait fork ≢ ≡─ ⱪ꜡☿☻⅜ ∆╢╕≢ ∟

╕∆⁹ ─ fork ≢ ╠╣√ ⱪ꜡☿☻ print(3)⅜ ╙ ↄ ╩ ⇔╕∆⁹ ⱪ꜡☿☻│∕

─ ⌐ ╩ ⇔╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

5.4.2 disable fork  

↓─ │⁸ ─ⱪ꜡☿☻⅜ ⇔√ ≡─ⱪ꜡☿☻─ ╩ ⇔╕∆⁹ │ ≢

─ ⌂◦fi♃♇◒☻╩ ∟╕∆⁹ 

 

 
─ ⱪ꜡☿☻╩ ⇔≡⁸ ╣⅛─ ⱪ꜡☿☻⅜ ⇔√ ≢ ─ ≡─ ⱪ꜡☿☻╩

↕∑╢ ⌐ ⌂ ≢∆⁹ 

 

module test;  

 initial begin  

  fork  

   #10 print(1);  

   #20 print(2);  

   #30 print(3);  

  join_any  

  fork  

   #1 print(4);  

   #2 print( 5);  

   #3 print(6);    

  join_none  

  wait fork ;  

  $display("@%2t main completed.",$time);  

 end  

function void print(int value);  

 $display("@%2t value=%0d", $time, value);  

endfunction  

endmodule  

@10 value=1  

@11 value=4  

@12 value=5  

@13 value=6  

@20 value=2  

@30 value=3  

@30 main completed.  

disable fork ;  
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 5-8 

 
 

ⱷ▬fiהⱪ꜡☿☻│ ≈─ ⱪ꜡☿☻╩ ⇔≡™╕∆⁹ ⇔⁸∕─ ─ ≈─ ⱪ꜡☿☻⅜

∆╢≤⁸ ─ ⱪ꜡☿☻╩ ⇔╕∆⁹ ∫≡⁸print(2) ⁸ ┘⁸print(3)  ─ │◐ꜗ

fi☿ꜟ↕╣╕∆⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

◙כꜚ 5.5 ─ⱪ꜡☿☻ fine-grain process control  

SystemVerilog≢│⁸ⱪ꜡☿☻│ⱦꜟ♩▬fi⁹∆≢☻ꜝ◒ה ∟⁸process≤™℮ class⅜ ⇔╕

─◒☻♃╩♩◒▼☺Ⱪ○ה☻ꜝ◒─⧵⁹∆ ≤⇔≡Ɽ☻∆╢ ⌐╟╡⁸ ⌂ⱪ꜡☿☻ ╩

∆╢ ⅜ ╕∆⁹process◒ꜝ☻│ ⌐ ⌐ ↕╣≡™╕∆⁹ 

 

 
 

process─○Ⱪ☺▼◒♩│ ⱪ꜡☿☻⅜ ↕╣√ ⌐ ⌐ ╠╣╕∆⁹new○Ɑ꜠כ♃≢

process─○Ⱪ☺▼◒♩╩ ╢ │ ╕∑╪⁹ 

 

ⱷ♁♇♪  

self() ↓─ ┘ ⇔╩ ∫≡™╢ⱪ꜡☿☻─○Ⱪ☺▼◒♩╩ ⇔╕∆⁹ 
process p = process::self();  

─ ⌐⇔≡ ⇔╕∆⁹new ○Ɑ꜠כ♃≢ process○Ⱪ☺▼◒♩╩

module test;  

 initial begin  

  fork  

   #10 print(1);  

   #20 print(2);  

   #30 print(3);  

  join_any  

  disable fork ;  

  $display("@%2t main completed.",$time);  

 end  

  

function void print(int value);  

 $display("@%2t v alue=%0d", $time, value);  

endfunction  

endmodule  

@10 value=1  

@10 main completed.  

#- I Simulation completed at time 10 ticks  

class process;  

typedef enum { FINISHED, RUNNING, WAITING, SUSPENDED, KILLED } state;  

static function process self();  

function state status();  

function void kill();  

task await();  

function void suspend();  

function void resume();  

function void srandom( int seed );  

function string get_randstate();  

function void set_randstate( string state );  

endclass  
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╢ ⅜ ⌂™─≢⁸↓─ self() │ⱪ꜡☿☻╩ ∆╢ ─

─ ≢∆⁹ 

status()  ⱪ꜡☿☻─ ╩ ⇔╕∆⁹ 

FINISHED ⱪ꜡☿☻│ ⌐ ⁹ 

RUNNING ⱪ꜡☿☻│ ⁹ 

WAITING ⱪ꜡☿☻│ ∟ ⌐ ∫≡™╢⁹ 

SUSPEN DED ⌐ ↕╣≡⁸ ╩ ∫≡™╢⁹ 

KILLED ⌐ ↕╣√⁹ 

kill()  ⱪ꜡☿☻╩ ⇔╕∆⁹ ≡─ ⱪ꜡☿☻╙ ⇔╕∆⁹ 

await()  ─ⱪ꜡☿☻─ ╩ ∟╕∆⁹ ─ ╩ ≈ │ ╕∑

╪⁹ ∫≡⁸p.await() ─ ⌐ ⇔⌂↑╣┌⌂╡╕∑╪⁹↓↓

≢ p!=process::self() ≢∆⁹ 

suspend() │ ─ⱪ꜡☿☻╩ ⇔╕∆⁹ ⌐ ⇔≡™╢ⱪ꜡☿☻

⌐ ⇔≡│ ─ ╙№╡╕∑╪⁹ 

resume() ⇔≡™╢ⱪ꜡☿☻─ ╩ ⇔╕∆⁹ 

 

status╩ ═╢ ⌐│⁸process::FINISHED ─ ╩♃כ꜠Ɑ○הⱪכ◖☻⌐ ⇔⌂↑╣┌⌂

╡╕∑╪⁹ ⌐⁸static⌂ⱷ♁♇♪╩ ∆╢⌐│⁸process::self() ⌐ ⌐ ⇔⌂↑╣

┌⌂╡╕∑╪⁹ 

 

process│◒ꜝ☻≢∆⅜⁸◖fi☻♩ꜝ◒♃ new│ ↕╣≡™╕∑╪⁹ ™ ⅎ╢≤⁸process╩

new∆╢ │ ╕∑╪⁹ ∫≡⁸ⱪ꜡☿☻╩ ╡ ∆ ⌐│⁸process::self() ╩ ∆╢

⅜ ≢∆⁹ 

 

 5-9 

 
 

≈─ ⱪ꜡☿☻╩ ⇔≡™╕∆⁹ 

 

job[0] 0≢ ⇔⁸ 0≢ ⇔╕∆⁹ 

module test;  

process  job[] = new [3];  

 

initial begin  

 foreach(job[i])  

  fork  automatic int k = i;  

   begin  

    job[k] = process::self() ;  

    #k  $display("@%0t: process - %0d ended ",  

     $time,k);  

   end  

  join_none  

   

  foreach (job[i]) // wait for all processes to start  

   wait( job[i] != null  );  

  $display("@%0t: all processes started.",$time);   

   

  job[0]. await() ; // wait for first process to finish  

   

  $display("@%0t: main completed",$time);  

 end  

endmodule  
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job[1] 0≢ ⇔⁸ 1≢ ⇔╕∆⁹ 

job[2] 0≢ ⇔⁸ 2≢ ⇔╕∆⁹ 

 

0≢│⁸ ≡─ ⱪ꜡☿☻⅜ ╩ ⇔≡™╕∆⁹ ─ ⱪ꜡☿☻│ 0≢ ⇔≡

™╢─≢⁸ⱷ▬fiהⱪ꜡☿☻│ 0≢ ⇔╕∆⁹ 

 

─ ⱪ꜡☿☻│ 2≢ ∆╢─≢⁸◦Ⱶꜙ꜠כ◦ꜛfi│ 2≢ ⇔╕∆⁹

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 
 

  

@0: all processes started.  

@0: process - 0 ended  

@0: main completed  

@1: process - 1 end ed 

@2: process - 2 ended  

#- I Simulation completed at time 2 ticks  
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6 assignment statements  

כ꜡ⱨה♃כ♦⁸│⌐ continuous assignments≤ⱦⱫ▬ⱦ▪ procedural assignments

⅜№╡╕∆⁹ ≤⇔≡│⁸Verilog ≤ ╦╠⌂™─≢ ╩ ⇔╕∆⁹↓─ ≢│⁸

SystemVerilog ─ ─╖ ⇔╕∆⁹ 

6.1 Ɽ♃כfi ⌐╟╢ assignment patterns  

☻♩ꜝ◒♅ꜗ ┘▪꜠▬⌐ ⇔≡⁸Ɽ♃כfi╩ ⇔≡ ╩ ∆╢ ⅜ ╕∆⁹Ɽ♃כfi

╩⁸ô{... }─ ⌐ ⇔╕∆⁹{} ─ ⌐│⁸ⱷfiⱣכ⌐ ⁸כ◐╢∆ │⁸▬fi♦♇◒☻╩

∆╢ ⅜ ⁸כ◐⁹∆╕ │⁸▬fi♦♇◒☻╩ ∆╢ │ ≤ ┌╣╕∆⁹

╩ ⇔⌂™ │⁸ positional notation ≤ ┌╣╕∆⁹ ╩ ∆╢ ⌐│⁸

≤ ╩◖꜡fi ≢ ╪≢ ⇔╕∆⁹ ⅎ┌⁸ 

 
int ival = ó{ 7:1, 0:1, defaut:0 };  

 

─ ⌐ ∆╢≤⁸ ⅛╠ⱦ♇♩ 7─ ⌐ 1⁸ⱦ♇♩ 0─ ⌐ 1⁸∕╣ ─ ⌐│ 0╩

⇔╕∆⁹ ∫≡⁸ival ==32ôh0000_0081 ≤⌂╡╕∆⁹ 

 

 6-1 

 
 

Ɽ♃כfi ╩ ⌐ ↄ ⅜ ⁸כ◐⁸⅜∆╕ │⁸▬fi♦♇◒☻╩ ∆╢ │ ╕∑

╪⁹↓─ ╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

typedef struct { real x, y; } real_point;  

 

module test;  

parameter  SIZE = 5;  

int   iarray[SIZE] = '{ default: 1 } ;  

integer  state = '{ 31:1, 16:1, 1:1, default:0 } ;  

real_point  pt = '{ x:1.23, y: 4.56 } ;  

int   a, b, c, d, e;  

  

 initial begin  

  $write("iarray:");  

  foreach(iarray[i])  

   $write(" %0d",iarray[i]);  

  $display;  

   

  $display("state=%h",state);  

   

  $display("pt={%g,%g}",pt.x,pt.y);  

   

  iarray = '{ 0, 1, 2, 3, 4 };  

  '{a,b,c,d,e} = iarra y;  

  $display("a=%0d b=%0d c=%0d d=%0d e=%0d",a,b,c,d,e);  

 end  

endmodule  

iarray: 1 1 1 1 1  

state=80010002  

pt={1.23,4.56}  

a=0 b=1 c=2 d=3 e=4  
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fiכ♃Ɽה▬꜠▪ 6.2  

packed array⌐ ╩ ∆╢ │ⱦ♇♩≢⌂↑╣┌⌂╡╕∑╪⁹ ∫≡⁸Ɽ♃כfi ╩∆╢

⅜ ╕∑╪⁹∕─ ╡⌐ { ... }  ╩ ⇔╕∆⁹ ⅎ┌⁸ 

 
bit [ 7:0] b 8 = { 1ôb1, 1ôb0, 1ôb1 }; 

 

─ ⌐ ⇔╕∆⁹↓℮∆╢≤⁸b8 == 8ôb0000_0101≤⌂╡╕∆⁹ ⁸↓─ │ 

 
bit [7:0] b8 = 8ôh05; 

 

≤ ™√ ⅜ ⅛╡ ™≢∆⁹{ ... }  │ⱦ♇♩╩ ∆╢ concatenate○Ɑ꜠⁹∆≢♃כ 

 
{co,sum} = a+b;   

 

─ ™ ⌐ ╣≡™╢≤ ™╕∆⁹ ⁸ô{ ... }  │▪꜠▬─ ○Ɑ꜠⁹∆≢♃כ 

 

{1ôb1,1ôb0,1ôb0}│ 3 ⱦ♇♩ 3ôb101╩ ╡╕∆⁹ {1,0,1} │ 96 ⱦ♇♩╩ ⇔╕

∆⁹ô{1,0,1}│▪꜠▬╩ ⅛╠ ⌐ 1⁸0⁸1≢ ⇔╕∆⁹ 

 

ⱦ♇♩ ≢╙⁸unpacked array─ ≢│Ɽ♃כfi ╩ ™╕∆⁹ ⅎ┌⁸ 

 
bit ub[1:0] = ó{ 1, 1 }; 

 

⌐╟╡⁸ub[1]==1ôb1⁸ub[0]==1ôb1≤⌂╡╕∆⁹↓↓≢⁸ ⌐│⁸ ≈─ ⅜

⇔≡™╕∆⁹ 

 

 

│ 1ⱦ♇♩≢∆⅜⁸ⱦ♇♩ ⌐ ⁸כꜝ◄╢∆ │⁸ │ ↕╣⌂™─⅜ ≢∆⁹ 

 

▪꜠▬─ ⌐│ ─ ╩ ∆╢ ⅜ ╕∆⁹ 

 6-2 

 
 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

ub[1] = 32ôb1; 

ub[0] = 32ôb1; 

module test;  

int  a = 1,  

 b = 2,  

 c = 3;  

int  iarray[3];  

 

 initial begin  

  iarray = '{ a, b, c } ;  

 

 $display("iarray: %0d %0d %0d",iarray[0],iarray[1],iarray[2]);  

 end  

endmodule  

iarray: 1 2 3  
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fiכ♃Ɽהꜗ♅◒ꜝ♩☻ 6.3  

☻♩ꜝ◒♅ꜗ⌐ ╩ ∆╢ ⌐│⁸Ɽ♃כfi │ ╘≡ ⌂ ⁸כ◐⁹∆╕╡⌂≥

┘⁸▬fi♦♇◒☻≢ ─ ╩∆╢ ⅜ ╕∆⁹ ⱪ▬♃ה♃כ♦⁸⌐ ⌐ ─ ╩∆╢

⅜ ╕∆⁹ ╩ ∆≤ ⅛╡ ™≤ ™╕∆⁹ 

 6-3 

 
 

bottle ─ ≢│⁸ⱷfiⱣכ ╩ ⇔≡™╕∆⁹ ∫≡⁸ ∆╢ │ ≤⌂╡╕∆⁹ 

 

unknown ─ │ ⇔ ⌂╡╕∆⁹ⱷfiⱣה♃כ♦─כ♃▬ⱪ ⌐ ╩⇔≡™╕∆⁹ ⌐⁸

─ ⅜ ≢∆⁹ ╩⇔⌂™≤♫ꜟ⅜ ≢№╢ ⁸ ⌐ ⇔╕∆⁹ 

 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

typedef struct { int  price; real weight; int stock;  

  string name, producer; } item_t;  

 

module test;  

item_t  bottle,  unknown;  

 

 initial begin  

  bot tle = '{ name:"water",producer:"A - company",  

   price:120, weight:1.5,stock:10 } ;  

  print(bottle);  

   

  $display;  

  unknown = '{ int: - 1, string:"???", default:1.23 } ;  

  print(unknown);  

 end  

 

function void print(item_t item);  

 $display("name=%s",item.name);  

 $display("producer=%s",item.producer);  

 $display("price=%0d",item.price);  

 $display("weight=%g",item.weight);  

 $display("stock=%0d",item.stock);  

endfunction   

endmodule  

name=water  

producer=A - company  

price=120  

weight=1.5  

stock=10  

 

name=??? 

producer=???  

pri ce= - 1 

weight=1.23  

stock= - 1 
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 6-4 

 
 

↓╣╩ ∆╢≤ ─ ╩ ╕∆⁹ 

 

 
Ẽ 

6.4 unpacked array─  

Ɽ♃כfi╩ ⇔≡▪꜠▬⌐ ╩ ╡ ≡╢ ⅜ ≢∆⁹↓╣│⁸Ɽ♃כfi≢│ ╡ ⇔

 ó{ n{element} } ⅜ ╢ ≢∆⁹Ɽ♃כfi╩ ™∏⌐⁸ ○Ɑ꜠כ♃

 { ... }  ╩ ⇔≡▪꜠▬⌐ ╩ ╡ ≡╢ ⅜ ╕∆⁹{ ... }│⁸ ⅜ ≢№╣┌⁸

ⱦ♇♩─ ⌐⌂╡⁸ ⅜▪꜠▬≢№╣┌▪꜠▬─ ○Ɑ꜠⁹∆╕╡⌂≥♃כ 

 

∆╢≤ ™╕∆⅜⁸ ─ ≈─ │ ∂ ⌐⌂╡╕∆⁹ 

 

 

⅜▪꜠▬⌂─≢⁸{ 1, 2, 3 } │▪꜠▬─ ≢∆⁹ ∟⁸ ≈─ ⅛╠ ↕╣╢ꜞ

☻♩╩ ╡╕∆⁹∕╣⅜⁸ 3 ─▪꜠▬ a3 ╩ ⇔╕∆⁹ ∫≡⁸a3[1]==1 ⁸

a3[2]==2 ⁸a3[3]==3 ≤⌂╡╕∆⁹ ⇔⁸ ─ │ ↕╣╕∑╪⁹ 

 

 
⁸ó{ 1, 2, 3 }│ ⌐╟╢▪꜠▬─ ≢∆⁹≥∟╠─ ╩ ∆╢⅛│ ╖

⌐╟╢≢⇔╞℮⅜⁸▪꜠▬⌐ ╩ ∆╢ ⌐│Ɽ♃כfi ╩ ∆╢ ⅜ ™│ ⌂™

≤ ⅎ╕∆⁹ ─ ⌐ ↄ ╙ ≢∆⁹ 

 

 

typedef struct { logic [7:0]  a; bit b; bit signed [31:0] c;  

   string name;}  abcs_t;  

 

module test;  

abcs_t  abcs = '{ a:1, b:0, c:256, name:"ABCS" } ;  

 

 initial begin  

  $display("a=%b b=%b c=%b name=%s",  

   abcs.a,abcs.b,abcs.c,abc s.name);  

   

  abcs = '{ default:'1, name:"" } ;  

  $display("a=%b b=%b c=%b name=%s",  

   abcs.a,abcs.b,abcs.c,abcs.name);  

 end  

endmodule  

a=00000001 b=0 c=00000000000000000000000100000000 name=ABCS  

a=11111111 b=1 c=11111111111111111111111111111111 name=  

int  a3[1:3];  

 

a3 = { 1, 2, 3 };  

a3 = ó{ 1, 2, 3 }; 

a3 = { 1: 1, 2: 2, 3: 3 };  

a3 = ó{ 1: 1, 2: 2, 3: 3 };  
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 6-5 

 
 

↓╣╩ ∆╢≤ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 
 

concatenation ○Ɑ꜠כ♃─ │⁸ ─ ⌐╟╡ ⌐⌂╡╕∆⁹ 

 6-6 

 
 

─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

module test;  

int  a3[1:3] , a9[1:9];  

 

 initial begin  

  a3 = { 1, 2, 3 } ;  

  print("a3",a3);  

  a3 = '{ 1, 2, 3 } ;  

  print("a3",a3);  

  a9 = { a3, 4, 5, a3, 6 } ;  

  print("a9",a9);  

  a9 = '{9{1}} ;  

  print("a9",a9);  

 end  

function void print(string msg,int a[]);  

 $write("%s:",msg);  

 foreach(a[i])  

  $write(" %0d",a[i]);  

 $display;  

endfunction  

endmodule  

a3: 1 2 3  

a3: 1 2 3  

a9: 1 2 3 4 5 1 2 3 6  

a9: 1 1 1 1 1 1 1 1 1  

module test;  

string  hello_world, hello , s2[2];  

 

 initial begin  

  hello = "Hello";  

  hello_world = { hello, ", world!" } ;  

  $display(hello_world);  

   

  s2 = { hello, ", world!" } ;  

  $display(s2[0],s2[1]);  

 end  

endmodule  

Hello, world!  

Hello, world!  
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↓─ ⌐♄▬♫Ⱶ♇◒⁸▬꜠▪ה ┘⁸associative array─ ╙ ⇔≡⅔⅝╕∆⁹ 

 

 6-7 

 

 

─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

  

module t est;  

int  da[];  

byte  aa[string];  

 

 initial begin   

  da = '{ 1, 2, 3, 4, 5 };  

  $write("da:");  

  foreach(da[i])  

   $write(" %0d",da[i]);  

  $display;  

   

  aa = '{ "bread":1, "noodle":2, "milk":3 };  

  foreach(aa[i])  

   $write("aa[%s]=%0d ",i,aa[i]);  

  $display ;  

 end  

endmodule  

da: 1 2 3 4 5  

aa[bread]=1 aa[milk]=3 aa[noodle]=2  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

96   

7 ≤ operators and expressions  

7.1  

SystemVerilog⌐ ↕╣√ ╩ ⌐ ╩ ⇔╕∆⁹ 

7.1.1 assignment operators  

C/C++≤ ∂ ⌐ ─○Ɑ꜠כ♃╩ ∆╢ ⅜ ╕∆⁹ 

 

=⁸ +=⁸ - =⁸ *=⁸ /= ⁸ %=⁸ &=⁸ |= ⁸ ^=⁸ <<=⁸ >>=⁸ <<<=⁸ ┘⁸>>>= 

7.1.2 ▬fi◒ꜞⱷfi♩ ┘♦◒ꜞⱷfi♩ ++⁸--  

C/C++≤ ∂ ⌐++⁸ ┘⁸-- ╩ ∆╢ ⅜ ╕∆⁹↓╣╠─○Ɑ꜠כ♃│ ╩

⇔╕∆⅜⁸ │Ⱪ꜡♇◐fi◓≤⇔≡ ⇔╕∆⁹ 

 

↓╣╠─○Ɑ꜠כ♃╩ associative array⌐ ∆╢ ⌐│ ╩ ≤⇔╕∆⁹ ⅎ┌⁸

a[ key ]++  ─ ≢⁸a[ key ]  ⅜ ⇔⌂™ ⁸ a[ key ]  ⅜ ⌐▪꜠▬⌐ ↕╣

╕∆⁹ │⁸ ╘ associative array≢ ╘╠╣√ ⌐⌂╡╕∆⁹ ⁸a[ key ]++  ⅜

⇔╕∆⁹ 

7.1.3  

SystemVerilog≢│⁸ ─ ╩ ∆╢ ⅜ ╕∆⁹ὼ╩ ╘╢ ⌐│⁸x**y ≤ ⇔╕

∆⁹ ⅎ┌⁸ 

 

 
 

≤∆╢≤⁸x==8 ≤⌂╡╕∆⁹ 

7.1.4 equality operators  

 

  

a === b ∆╣┌ 1⁸∕℮≢⌂↑╣┌ 0 ╩ ⇔╕∆⁹ │ x⁸ ┘⁸z ╩

╪≢ ╦╣╕∆⁹ ⅜ x⌐⌂╢ │№╡╕∑╪⁹ 

a !==b a===b ─ ≢∆⁹ ⇔⌂↑╣┌ 1⁸∕℮≢⌂↑╣┌ 0╩ ⇔╕

∆⁹ │ x⁸ ┘⁸z╩ ╪≢ ╦╣╕∆⁹ 

a == b ∆╣┌ 1⁸∕℮≢⌂↑╣┌ 0 ╩ ⇔╕∆⁹ ⇔⁸a⁸ │⁸b ─

╣⅛⅜ x⁸ │⁸z ─ ╩ ╗ ⌐│⁸ │ x ≤⌂╡╕

∆⁹ 

a != b a == b─ ≢∆⁹ ⇔⌂↑╣┌ 1⁸∕℮≢⌂↑╣┌ 0╩ ⇔╕

∆⁹ ⇔⁸a⁸ │⁸b ─ ╣⅛⅜ x⁸ │⁸z ─ ╩ ╗ ⌐│⁸

│ x≤⌂╡╕∆⁹ 

 

=== ─ ⌐│⁸x ┘ z╩ ╪≢ ⌐ ∆╢ ╩ ⇔╕∆⁹ ∫≡⁸ │ 0⁸ │⁸

1─ ╣⅛≢∆⁹ ⁸== │ four state ╩ ╗ ⌐│ ≢⅝⌂™─≢⁸ │ x≤⌂╡╕

∆⁹ 

 

x = 2;  

x = x**3;  
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 7-1 

 
 

─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

7.1.5 ꞉▬ꜟ♪◌כ♪ wildcard equality operators  

꞉▬ꜟ♪⁸0⁸1⁸│♪כ◌הx⁸ ┘⁸z─ ╣⌐╙ⱴ♇♅⇔╕∆⁹ 

 

  

a ==? b a == b ≤ ∂≢∆⁹ ⇔⁸b ⌐ ╕╣╢ x⁸ │⁸z│꞉▬ꜟ♪◌כ

♪≤⇔≡ ╦╣╕∆⁹ 

a !=? b a ==? b ─ ≢∆⁹a != b≤ ∂≢∆⁹ ⇔⁸b⌐ ╕╣╢ x⁸

│⁸z│꞉▬ꜟ♪◌כ♪≤⇔≡ ╦╣╕∆⁹ 

 

module test;  

logic [3:0]  a, b;  

 

 initial begin  

  a = 4'b0000;  

  b = 4'b0000;  

  print(a,b);  

  b = 4'b0101;  

  print(a,b);    

  a = 4'b010z;  

  print(a,b);  

  b = 4'b010z;  

  print(a,b);    

  a = 4'b010x;  

  print(a,b);   

  b = 4'b010x;  

  print(a,b);  

 end  

function void print(logic [3:0] x,y);  

 $display("4'b%b ==  4'b%b  %b",x,y,x==y);  

 $display("4'b%b === 4'b%b  %b",x,y,x===y);  

endfunction   

endmodule  

4'b0000 ==  4'b0000  1  

4'b0000  === 4'b0000  1  

4'b0000 ==  4'b0101  0  

4'b0000 === 4'b0101  0  

4'b010z ==  4'b0101  x  

4'b010z === 4'b0101  0  

4'b010z ==  4'b010z  x  

4'b010z === 4'b010z  1  

4'b010x ==  4'b010z  x  

4'b010x === 4'b010z  0  

4'b010x ==  4'b010x  x  

4'b010x === 4'b010x  1  
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a ==? b  ⌐ ™≡ ? ⅜ b ⌐ ™≡™╢─≢⁸b ⌐ ╣╢ ? (≈╕╡⁸x⁸ ┘⁸z )╩ donôt care

≤⇔≡ ℮≤™℮ ≢∆⁹a ⌐ ╣╢ x⁸ ┘⁸z │ wildcard≢│№╡╕∑╪⁹ ⅎ┌⁸

4ôb0101 ==? 4ôb010z│ ≢∆⁹ ⇔⁸4ôb010z ==? 4ôb0101 │ unknown x ≢∆⁹ 

 

 7-2 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

Ẽ 

module te st;  

logic [3:0]  a, b;  

 

 initial begin  

  a = 4'b0000;  

  b = 4'b0000;  

  print(a,b);   

  b = 4'b0101;  

  print(a,b);   

  a = 4'b010z;  

  print(a,b);   

  b = 4'b010z;  

  print(a,b);   

  a = 4'b010x;  

  print(a,b);    

  b = 4'b010x;  

  print(a,b);   

  a = 4'b110x;  

  print (a,b);  

 end  

function void print(logic [3:0] x,y);  

 $display(" 4'b%b ==? 4'b%b  %b",x,y, x==?y );  

 $display(" 4'b%b !=? 4'b%b  %b",x,y, x!=?y );  

endfunction   

endmodule  

4'b0000 ==? 4'b0000  1  

4'b0000 !=? 4'b0000  0  

4'b0000 ==? 4'b0101  0  

4'b0000 !=? 4'b0101  1  

4' b010z ==? 4'b0101  x  

4'b010z !=? 4'b0101  x  

4'b010z ==? 4'b010z  1  

4'b010z !=? 4'b010z  0  

4'b010x ==? 4'b010z  1  

4'b010x !=? 4'b010z  0  

4'b010x ==? 4'b010x  1  

4'b010x !=? 4'b010x  0  

4'b110x ==? 4'b010x  0  

4'b110x !=? 4'b010x  1  
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7.1.6 concatenation operators  

│{ » }─ ╩ ≈ ≢ ╩ ⇔╕∆⁹{} ─ ⌐ ∆╢ │ⱦ♇♩ ⅜

╕∫≡™⌂↑╣┌⌂╡╕∑╪⁹ ⅎ┌⁸{ a, 1ôb0 }│ ⇔™ ≢∆⅜⁸{ a, ó1 }│

⇔ↄ№╡╕∑╪⁹ 

 

↓─○Ɑ꜠כ♃│▪꜠▬ ≤⇔≡╙ ╦╣╢ ⅜№╡╕∆⁹▪꜠▬─ ⌐│⁸

{1,2,a[1:2],4} ─ ⌂ ™ ⅜ ╕∆⁹ ™│⁸ ─ ⌐╙ ╦╣╕∆⁹ 

7.1.7 inside○Ɑ꜠כ♃ set membership operator  

SystemVerilog⌐│ ─ ⅜ ─ ⌐ ╕╣╢⅛╩ ═╢ ⅜№╡╕∆⁹inside○Ɑ꜠⁸│♃כ

─ ⅜ ⌐ ╕╣╣┌ 1╩ ⇔╕∆⁹ ╕╣⌂↑╣┌ 0╩ ⇔╕∆⁹ ⇔⁸ ─ ⅜ ⌐

╕╣∏⁸⇔⅛╙⁸ ─ ≢ x⅜ ╠╣√ ⁸ │ x≤⌂╡╕∆⁹ 

 

─ ⌐│꞉▬ꜟ♪◌כ♪  ==? ⅜ ↕╣╕∆⁹inside○Ɑ꜠כ♃─ │

≢⁸ │{} ─ ⌐ ⁸ │⁸ ╩◌fiⱴ≢ ∫≡ ⅝╕∆⁹ │ open range list≤

┌╣╕∆⁹ 

 

 7-3 

 
 

open range list⌐▪꜠▬⁸ ⅜כꜙ◐⁸│ ↕╣√ ⁸∕─ ─ ≡⅜ ─ ≤⌂╡╕

∆⁹ ⅎ┌⁸{ 1, 2, q }  │{ 1, 2, 3, 4, 5 } ≤ ∂ ╩ ∟╕∆⁹ 

 

3ôb101 inside { 3ôb1?1 } │ 1≢∆⁹↓╣│⁸3ôb101 ==? 3ôb1?1≤ ∂⌂─≢⁸1≤

⌂╡╕∆⁹ 

 

⇔⁸3ôbz11 inside { 3ôb1?1, 3ôb011 }│ x≤⌂╡╕∆⁹ ⌐№╢ z│ donôt care≢

│⌂™─≢⁸ ⅜ x≤⌂╡╕∆⁹ 

module test;  

int  q[$] = '{ 3, 4, 5 };  

int  val;  

logic [2:0]  a;  

logic  r;  

byte  b;  

 

 initial begin   

  val = 3;  

  r = val inside { 1, 2, q } ;  

  $display("r=%b",r);   // 1    

  a = 3'b101;  

  r = a inside { 3'1?1 } ;  

  $display("r=%b",r);   // 1   

  a = 3'bz11;  

  r = a inside { 3'b1?1, 3'b011 } ;  

  $display("r=%b",r);   // x  

  b = 10;  

  r = b inside {[0:3], [8:20]} ;  

  $display("r=%b",r);   // 1  

  b = 200;  

  r = b inside {[0:3], [8:20]} ;  

  $display("r=%b",r);   // 0  

 end  

endmodule  
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↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

7.1.8 ⱦ♇♩כꜞ♩☻הⱶה○Ɑ꜠כ♃ <<⁸>>  

ⱦ♇♩ ╩ ∆╢⁸ │⁸Ᵽ▬♩ה☻꞉♇ⱪ ─ ╩ ⌐ ⌂ⅎ╢○Ɑ꜠⁹∆≢♃כ

⌐ ↕╣√≤⅝│ pack ⌐⌂╡⁸ ⌐ ↕╣√ │ unpack─ ≤⌂╡╕∆⁹ ™

│⁸ 

 
{ stream_operator [ slice_size ] stream_concatenation }  

 

─ ⌐⌂╡╕∆⁹stream_operator│ <<⁸ │⁸>>≢∆⁹>> │ ⅛╠ ┼ⱦ♇♩╩ ╡ ⇔╕∆⁹

<< │∕─ ≢∆⁹slice_size│ ⌐ ╡ ∆ⱦ♇♩ ╩ ⇔╕∆⁹ │ 1≢∆⁹ 

 

ⅎ┌⁸{ << { 4ôb1110  } } │⁸ ⅛╠ 1ⱦ♇♩∏≈ ╡ ∆─≢⁸4ôb0111  ⌐⌂╡╕∆⁹

⁸ { << 2 { 4ôb1110  } } │⁸ ⅛╠ 2ⱦ♇♩∏≈ ╡ ∆─≢⁸4ôb1011 ≤⌂╡╕

∆⁹ 

 

○Ɑ꜠כ♃ >> │ ⅛╠ⱦ♇♩╩ ⌐ ╡ ∆ ⌐⁸>> ≢│ slice_size╩ ∆╢ │№╡╕

∑╪⁹ 

 7-4 

 
 

r=1  

r=1  

r=x  

r=1  

r=0  

module test;  

int  i,  

 j = { "A", "B", "C", "D" };  

 

 initial begin   

  i = { >> {j}};     // "A" "B" "C" "D"  

  $display("%s%s%s%s expected ABCD",  

   i[31:24],i[23:16],i[15:8],i[7:0]);   

  i = { << byte  {j}};    // "D" "C" "B" "A"  

  $display("%s%s%s%s expected DCBA",  

   i[31:24],i[23:16],i[15:8],i[7:0]);   

  i = { << 16  {j}};    // "C" "D" "A" "B"  

  $display("%s%s%s%s expected CDAB",  

   i[31:24],i[23:16],i[15:8],i[7:0]);   

  i = { << { 8'b0011_0101 }};   // 'b1010_1100  

  $display("i=%h expected ac",i);   

  i = { << 4  { 6'b11_0101 }};   // 'b0101_11  

  $display("i =%h expected 17",i);   

  i = { >> 4  { 6'b11_0101 }};   // 'b1101_01  

  $display("i=%h expected 35",i);   

  i = { << 2  { { << { 4'b1101 }} }};  // 'b1110  

  $display("i=%h expected 0e",i);   

 end  

endmodule  
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∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

 7-5 

 
 

─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

⌐♄▬♫Ⱶ♇◒ה▪꜠▬╩ ∆╢ ⅜ ╕∆⁹ 

 7-6 

 

ABCD expected ABCD  

DCBA expected DCBA  

CDAB expected CDA B 

i=000000ac expected ac  

i=00000017 expected 17  

i=00000035 expected 35  

i=0000000e expected 0e  

module test;  

int   a, b, c;  

logic [10:0]  up [3:0];  

logic [11:1]  p1, p2, p3, p4;  

 

 initial begin  

  {>>{ a, b, c }}  = 96'h000000a1_000000a2_000000a3;  

  $display("a =%h b=%h c=%h",a,b,c);   

  {<< int { a, b, c }}  = 96'b1;  

  $display("a=%h b=%h c=%h",a,b,c);  

  up[3] = 11'h1ab;  

  up[2] = 11'h2cd;  

  up[1] = 11'h3ef;  

  up[0] = 11'h412;    

  { >> {p1, p2, p3, p4}}  = up;      

  $display("p1=%h p2=%h p3=%h p4=%h",p1,p2,p3,p4);  

 end  

endmodule  

a=000000a1 b=000000a2 c=000000a3  

a=00000001 b=00000000 c=00000000  

p1=1ab p2=2cd p3=3ef p4=412  

module test;  

byte   q[$];  

int   i;  

 

 initial begin  

  i = 32'h12_34_56_78;  

  { >>{q}}  = i;  

  $display("q: %h %h %h %h",q[0],q[1],q[2],q[3]);  

  { << byte {q}}  = i;  

  $display("q: %h %h %h %h",q[0],q[1],q[2],q[3]);  

 end   

endmodule  
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qכꜙ◐ ≢ ↕╣√ │ ↕╣≡⁸ ─ ⅜ ↕╣╕∆⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

⌐♄▬♫Ⱶ♇◒ה▪꜠▬╩ ∆╢ ⁸ ≤⇔≡⁸▪꜠▬⌐ ∆╢ ╩ ∆╢ ⅜

№╡╕∆⁹ 

 7-7 

 
 

ub │♄▬♫Ⱶ♇◒⁸≢─⌂▬꜠▪ה ⌐ │№╡╕∑╪⁹ ─ ╩⇔⌂™≤⁸b1

┘ b2 ⌐ │ ↕╣╕∑╪⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

7.2 ○Ɑꜝfi♪ operands  

7.2.1 Ɽכ♩☿꜠◒♩ part -select  

⇔√ ⱦ♇♩⌐▪◒☿☻∆╢ ⌐│ ─ ⌐Ɽכ♩☿꜠◒♩╩ ⇔╕∆⁹ 

 

 

msb_expr ┘ lsb_expr │ ╣╙◖fi☻♃fi♩─ ≢⌂↑╣┌⌂╡╕∑╪⁹ ∫≡⁸↓─

─Ɽכ♩☿꜠◒♩│◖fiⱤ▬ꜟ ⌐ ⇔╕∆⁹◖fi☻♃fi♩≢│⌂™ ╩ ⇔≡Ɽכ♩☿

꜠◒♩╩ ∆╢ ╙ ╕∆⁹∕─ │⁸▬fi♦♇◒☻ ⅝Ɽכ♩☿꜠◒♩ indexed part-

select ≤ ┌╣╕∆⁹▬fi♦♇◒☻ ⅝Ɽכ♩☿꜠◒♩│ ─ ⌂ ⌐⌂╡╕∆⁹ 

 

 

base_expr │ ─ ≢∆⅜⁸width │ ─ ≢⌂↑╣┌⌂╡╕∑╪⁹up_vect

│ⱦ♇♩ base_expr ⅛╠ ⌐ width ⱦ♇♩ ▪◒☿☻⇔╕∆⁹down_vect │ⱦ♇♩

bas e_expr ⅛╠ ⌐ width ⱦ♇♩∞↑▪◒☿☻⇔╕∆⁹ ╩ ⇔╕∆⁹ 

q: 12 34 56 78  

q: 78 56 34 12  

module test;  

byte  ub[], b1, b2;  

int  i;  

 

 initial begin  

  i = 32'h12_34_56_78;    

  { << byte { ub with [0:1] ,b1,b2 } } = i;  

  $display ("ub[0]=%h  ub[1]=%h b1=%h b2=%h ",  

   ub[0], ub[1], b1, b2 );  

 end  

endmodule  

ub[0]=78 ub[1]=56 b1=34 b2=12  

vect[msb_expr:lsb_expr]  

up_vect[base_expr +: width]  

down_vect[base_expr - : width]  
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∏⁸Ɽכ♩☿꜠◒♩─ ╩ ╘⁸∕─ ⁸ ─ⱦ♇♩ ⌐ ╦∑╢ ⅜ ⌐⌂╡╕∆⁹ 

 

 7-8 

 
 

↓╣╩ ∆╢≤⁸ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

7.3 ♃◓ ⅝ⱷfiⱣכ─  

⇔√ ≤ ∆╢ ─ ╩♅▼♇◒╩∆╢ ─ ≢∆⁹♃◓─ ™√ꜚ♬○fi─ⱷfi

Ᵽכ│ ─◦fi♃♇◒☻⌐ ™ ⇔╕∆⁹ 

 
tagged member_identifier [ expression ]  

 

↓─ ≢ⱷfiⱣכ member_identifier ⌐ ╩ ∆╢≤⁸♃◓│ⱷfiⱣכ ≤⌂╡╕∆⁹

─ⱷfiⱣכ ╩ ∆╢≤♃◓⌐  ⁹∆╕╡⌂≥כꜝ◄╢∆

 

logic [31: 0] a_vect;  

logic [0 :31] b_vect;  

 

a_vect[ 0 +: 8]  Ą [0:7]   Ą a_vect[7:0]  

a_vect[15 - : 8]  Ą [15:8]  Ą a_vect[15:8]  

b_vect[ 0 +: 8]  Ą [0:7]   Ą b_vect[0:7]  

b_vect[15 - : 8]  Ą [15:8]  Ą b_vect[8:15]  

module test;  

logic [31: 0] a_vect;  

logic [0 :31] b_vect;  

 

 initial begin  

  a_vect[ 0 +: 8] = 8'h12;  // a_vect[7:0]  

  a_vect[1 5 - : 8] = 8'h34;  // a_vect[15:8]  

  $display("a_vect=%h",a_vect);   

  b_vect[ 0 +: 8] = 8'hab;  // b_vect[0:7]  

  b_vect[15 - : 8] = 8'hcd;  // b_vect[8:15]  

  $display("b_vect=%h",b_vect);  

   

 end   

endmodule  

a_vect=xxxx3412  

b_vect=abcdxxxx  
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 7-9 

 
 

data ⌐♃◓ i ⅜ ↑╠╣≡™╕∆⁹∕╣ ─ⱷfiⱣכ ≢ ⁹∆╕╡⌂≥כꜝ◄≥╢∆

ⅎ┌⁸data.r │ ⁹∆╕╡⌂≥כꜝ◄ ⇔⁸r ─♃◓≢ ╩ ⇔ ∆≤ data.r ─ │

≤⌂╡╕∆⁹ ∆╢≤ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

 

 

 

 

 

  

typedef union tagged  {  

 int  i;  

 real  r;  

} data_t;  

 

module Top;  

data_t  data;  

 initial begin  

  $display(" ---  Ch07_Ex_N009 --- ");    

  data = tagged i  10*2;  

  $display("a.i=%0d", data.i );  // ok   

  $display("a.r=%g", data.r );  // error on tag   

  data = tagged r  3.14;  

  $display("a.r= %g", data.r );  // ok  

 end  

endmodule  

a.i=20  

#- W Inconsistent use of a tagged member: write=i read=r  

a.r=0.0  

a.r=3.14  
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8 procedural programming statemetnts  

SystemVerilog≢ √⌐ ↑ ⅎ╠╣√ ⁸ │⁸ ↄ ™╠╣╢ ╩ ⌐ ⇔╕∆⁹ 

8.1 if  

if ─ │ ─ ⌐⌂∫≡™╕∆⁹unique_priority ⅜ ≢∆⁹ 

 

 
unique_priority │⁸ ─ ⁸ │⁸ ⌐ ∆╢ ╩ ∆╢ ≢♪כ꞉כ◐─

∆⁹ 

8.1.1 ≡─ ╩ fully specified  

unique-if ≤ priority-if ⌐ ™≡ else◒꜡כ☼⅜ ⇔⌂™ ⁸ ╩ √↕⌂™ ⅜ ∆

╢≤ ─כꜝ◄⌐ ≤⌂╡╕∆⁹ ⇔⁸unique0≢│⁸◄ꜝכ⅜ ╕∑╪⁹unique0─ 0│

OFF⌐ ⇔⁸ⱷ♇☿כ☺╩ suppress∆╢ ≢∆⁹ ⅎ┌⁸ 

 

 
╙⇔ a ⅜ 1⁸3⁸4⁸5⁸ │⁸6≢№╢≤⁸ ╩ √∆ if -else-if ⅜ ⇔⌂™ ⁸ ⌐◄ꜝ

⅜☺כ☿♇ⱷהכ ↕╣╕∆⁹priority-if ╙ ≢∆⁹RTL ─ ≢│⁸full case≤

┌╣╢ ≢∆⁹ 

8.1.2 unique-if⁸unique0-if  

if -else-if ─ ⅜ⱪ♇ꜝכⱣכ○│⌐ ™ ╩ ∆╢ ≢∆⁹ ╕╡⁸ │ ≢№╢

⁸ │ ⌐ ⇔⌂™ ╩ ⇔╕∆⁹↓─ ⁸ ╩ ⌐ ∆╢ ⅜

╕∆⁹ ⁸ ⅜ⱪ♇ꜝכⱣכ○─ ⁹∆╕╡⌂⌐כꜝ◄≥╢∆ ⇔⁸unique0-if │◄ꜝ

╩☺כ☿♇ⱷהכ ⇔╕∑╪⁹ ⅎ┌⁸ 

 

 

conditional_statement ::=  

 [ unique_priority ] if ( cond_predicate ) statement_or_null  

 { else if ( cond_predicate ) statement_or_null }  

 [ else statement_or_null ]  

 

unique_priority ::= unique | unique0 | priority  

bit [2:0]  a;  

...  

unique if( a == 0 )  

 $display( ñ0ò);  

else if( a == 2 )  

 $display( ñ2ò);  

else if( a == 7 )  

 $display( ñ7ò);  

bit  a, b, c;  

 

a = 1;  

b = 1;  

c = 0;  

unique if( a )  

 a = 0;  

else if( b )  

 b = 0;  

else if( c )  

 c = 0;  
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│⁸ ─ if ≤ ─ else-if ⅜ ⌐ ∆╢ ╩☺כ☿♇ⱷהכꜝ◄⁸ ↕∑╕

∆⁹ ─ ≢│⁸parallel case≤ ┌╣╢ ≢∆⁹unique ╩∆╢ ⌐╟╡ ─

⌐≈⌂⅜╡╕∆⁹ 

8.1.3 priority -if  

if -else-if ─ │ ⇔√ ⌐ ↕╣⌂↑╣┌⌂╠⌂™ ╩ ∆╢ ≢∆⁹↓─ │⁸

─ ⌐ ⇔╕∆⁹ 

 

 8-1 

 
 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

8.2 case  

◦fi♃♇◒☻│ ─ ⌐⌂∫≡™╕∆⁹ 

 

 

module test;  

logic [3:0]  a;  

 

 initial begin  

  a = 0;  

  check(a);  

  a = 2;  

  check(a);  

  a = 3;  

  check(a);  

 end  

 

task check(input [3:0] a);  

 unique if  ((a==0) || (a==1)) $display("0 or 1");  

 else if (a == 2) $displ ay("2");  

 else if (a == 4) $display("4");  

endtask  

endmodule  

0 or 1  

2 

#- E D:/Users/Artgraphics/TestData/SVDesigner/SV/Primer/Ch08/  

Ch08_Ex_N001.sv (L16) Nomatch violation: test  

case_statement ::=  

 [ unique_priority ] case_keyword ( case_expression )  

 case _item { case_item } endcase  

 | [ unique_priority ] case_keyword (case_expression )matches  

 case_pattern_item { case_pattern_item } endcase  

 | [ unique_priority ] case ( case_expression ) inside  

 case_inside_item { case_inside_item } endcase  

 

unique_priorit y ::= unique | unique0 | priority  

case_keyword ::= case | casez | casex  
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8.2.1 unique-case⁸unique0-case  

if -else-if ≤ ⌐ unique⁸ ┘⁸unique0╩ ∆╢ ⅜ ╕∆⁹ ╙ ≢∆⁹ ∟⁸ 

 

· case-selection≢ ⅛╣√ │ ≢№╢ ⁹ 

· ≡─ ⅜ ↕╣≡™╢ ⁹ 

· ⇔√ ⁸unique-case ⅜כꜝ◄│≢ ╕∆⁹ 

 

─ ⌂▪ⱪꜞ◔כ◦ꜛfi≢│⁸↓─ │ ─ ⌐ ∟╕∆⁹ 

 

 8-2 

 

key==6─ ⁸ ≈─ ╩ √∆ ⁸unique-case⌐ ⇔╕∆⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

Ẽ 

8.2.2 priority -case  

if -else-if ─ ≤ ≢∆⁹ ≡─ ⅜ ↕╣≡™╢ ⁹∕⇔≡⁸ │ ⅛╠ ⌐

↕╣╢ ≢∆⁹╙⇔ case─ ╩ √∆ case_item⅜ ⇔⌂™ ⁸priority-case┼─ ─ⱷ

⅜☺כ☿♇ ╕∆⁹ ⅎ┌⁸ ─ ≢⁸a=4⁸5⁸6⁸ │⁸7─ ⁸ ≤⌂╡╕∆⁹ 

module test;  

logic [0:3]  key;  

logic [0:1]  data;  

 

 initial begin   

  key = 0;  

  #10 key = 1;  

  #10 key = 2;  

  #10 key = 4;  

  #10 key = 8;  

  #10 key = 6;  

 end  

 initial $monito r("@%2t: da ta=%0d",$time,data);   

 always @(key)  

  unique casez (key)  

    4'b???1:  data = 0;  

    4'b??10:  data = 1;  

    4'b?1?0:  data = 2;  

    4'b1000:  data = 3;  

    default:  data = 0;  

  endcase  

endmodule  

@ 0: data=0  

@20: data=1  

@30: data=2  

@40: data=3  

#- E D:/Users/A rtgraphics/TestData/SVDesigner/SV/Primer/Ch08/  

Ch08_Ex_N002.sv (L19) Unique - case violation: test  

@50: data=1  
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8.2.3 inside○Ɑ꜠כ♃≤ if ┘ case  

inside○Ɑ꜠כ♃│ if ┘ case ≢╙ ∆╢ ⅜ ╕∆⁹ 

 

 8-3 

 
Ẽ 

 8-4 

 

priority casez(a)  

3'b00?: $display("0 or 1");  

3'b0??: $display("2 or 3");  

endcase  

module test;  

int  iarray[5] = { 1, 2, 3, 4, 5 },  

 a;  

 

 initial b egin  

  a = 11;  

  if( a inside  { iarray, [8:20] } )  

   test1();  

  else  

   test2();  

 end  

...   

endmodule  

module test;  

parameter  WIDTH=8;  

logic [WIDTH - 1:0]  a;  

 

 initial begin  

  a = 1;  

  check(a);  

  a = 3;  

  check(a);  

  a = 11;  

  check(a);  

  a = 21;  

  check(a) ;  

  a = 65;  

  check(a);  

 end  

 

task check(input logic [WIDTH - 1:0] a);  

 case (a) inside  

 1:  $display("a=1");  

 [2:4]:$display("a=%0d in [2:4]",a);  

 [10:12], [20:30]:  

  $display("a=%0d in [10:12] or [20:30]",a);  

 default:$display("unmatch a=%0d",a);  

 endcase  

endtask  

endmodule  
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inside○Ɑ꜠⁸≢─⌂♃כ ╩ ∆╢ ⅜ ╕∆⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

ⱪכꜟ 8.3 loop statements  

SystemVerilog≢ ↕╣√ ⌐≈™≡ ⇔╕∆⁹ ⱪכꜟ⁸ ≢│⁸ ⌐⁸continue⁸ ┘⁸

break ╩ ∆╢ ⅜ ╕∆⁹ 

8.3.1 for  

SystemVerilog≢│ for ╩ⱪכꜟ ∆╢ ╩ ∆╢ ⅜ ╕∆⁹ ⇔√ │⁸

automatic─ ╩ ⱪכꜟ∟ ≢─╖ ∆╢ ⅜ ╕∆⁹ 

 

 8-5 

 
 

C/C++≤ ∂ ⌂◦fi♃♇◒☻≢ for ╩ⱪכꜟ ∆╢ ⅜ ╕∆⁹ ⱪכꜟ⁸⇔ │

C/C++≤ ⌂╡ begin-end≢ ╕⌂↑╣┌⌂╡╕∑╪⁹ 

 

↓─ ≢│⁸i++ ⁸ ┘⁸break ╩ ─ⱪכꜟ⁹∆╕™≡⇔ ≢│ i ╩ ∆╢ │

╕∑╪⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

 
 

↓─ ─ ⌂ ⌐│⁸ ∆╢ foreach ─ ⅜ ⌐⌂╡╕∆⁹ 

Ẽ 

a=1 

a=3 in [2:4]  

a=11 in [10:12] or [20:30]  

a=21 in [10:12] or [20:30]  

unmatch a=65  

module test;  

int  iarray[10];  

 

 initial begin  

  for( int i  = 0; i < 100; i++ ) begin  

   if( i < iarray.size() )  

    iarray[i] = i;  

   else  

    break;  

  end 

  

  $write("iarray:");  

  for( int i = 0; i < iarray.size(); i++ )  

   $write(" %0d",iarray[i]);  

  $display;  

 end  

endmodule  

iarray: 0 1 2 3 4 5 6 7 8 9  
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8.3.2 repeat  

⇔√ ╩ⱪכꜟ↑∞ ∆╢ ≢∆⁹ ╩ ⇔ↄ ≢⅝⌂™ │ⱪכꜟ⁸ ⇔

╕∑╪⁹◦fi♃♇◒☻│ ─ ⌐⌂╡╕∆⁹ 

 

 
ⅎ┌⁸ ─ ⌐ ⇔╕∆⁹ 

 

 

8.3.3 foreach  

foreachꜟ ⱪ│⁸כ ≡─▪꜠▬⌐ ∆╢ ⅜ ╢ ⱪכꜟ⌂ ≢∆⁹▪꜠▬ ≤ꜟ

ⱪכ ╩ ⱪכꜟ≢↑∞╢∆ ╩ ∆╢ ⅜ ⱪכꜟ⁹∆╕ │⁸◖fi

Ɽ▬ꜝכ⅜ ⌐ ⇔╕∆⁹ │⁸automatic≢ read only≢∆⁹◦fi♃♇◒☻│

─ ╡≢∆⁹ 

 

 

 8-6 

 
 

ⱪכꜟ i │ int ⌐ ↕╣╕∆⁹ ─ foreach≢│▪꜠▬─ ╩⇔≡™╕∆⁹

─ foreach≢│▪꜠▬ ─ ╩ ⌐ⱪꜞfi♩⇔≡™╕∆⁹ ≈─ foreach≢ ⱪכꜟ∂

i ╩ ⇔≡™╕∆⅜⁸↓╣╠│ ₁─ ≢∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

repeat ( expression ) statement_or_null  

module test;  

int  q[$];  

 

 initial begin  

  

  repeat( 8 )  

   q.p ush_back($urandom_range(0,255));  

  ...  

 end  

endmodule  

foreach ( ps_or_hierarchical_array_identifier [ loop_variables ] )  

 statement  

 

loop_variables :: = [ index_variable_identifier ]  

 { , [ index_variable_identifier ] }  

module test;  

int  iarray[10] ;  

 

 init ial begin  

  foreach(iarray[i])  

   iarray[i] = i;  

 

  foreach(iarray[i])  

   $display("iarray[%0d] = %0d",i,iarray[i]);   

 end  

endmodule  
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Ẽ 
 

foreach ╩ ─▪꜠▬⌐ ∆╢ ⅜ ╕∆⁹ ─ │ foreach╩◐ꜙכ⌐ ⇔≡™╕∆⁹

⌐כꜙ◐ ⇔√ ⁸ │ int ⌐ ↕╣╕∆⁹ 

 

 8-7 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

 

─ │ associative ▪꜠▬⌐ ⇔╕∆⁹↓─ ─ associative▪꜠▬─◐כ│ string⌂─≢⁸

⌐ ⱪכꜟ╢╣↕ │ string ─כ◐⁹∆╕╡⌂⌐ ⌐ ╦∑≡ ╩ ∆╢

⅜№╡╕∆⁹ ⅎ┌⁸◐כ key ╩ⱪꜞfi♩∆╢ ⌐│⁸ 

 
$display(ñarea_code[%s] = %0dò,key , area_code[ key ]);  

 

─ ⌐ ⇔╕∆⁹ 

iarray[0] = 0  

iarray[1] = 1  

iarray[2] = 2  

iarray[3] = 3  

iarray[4] = 4  

iarray[5] = 5  

iarray[6] = 6  

iarray[7] = 7  

iarray[8] = 8  

iarray[9] = 9  

module test;  

string  qs[$]  = '{ "hello", "world", "from", "Tokyo" };  

 

 initial begin  

  foreach(qs[i])  

   $display("qs[%0d] = %s",i,qs[i]);  

 end   

endmodule  

qs[0] = hello  

qs[1] = world  

qs[2] = from  

qs[3] = Tokyo  
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 8-8 

 
 

╩כ◐─ ≈ associative▪꜠▬─ ≢∆⁹foreach⌐ ∆╢ ─כ◐│ ⌐ ╦∑

≡ ↕╣╕∆⁹foreach ─ ─כ◐≢ ╩ ∆╢ ⅜ ╕∆⁹ 

 

│כ◐ string │כ◐⁸≢─⌂ ⌂ ⅝ ⁹foreach∆╕╣↕♩כ♁≢ ≥╢∆ⱪכꜟ≢

∕─ ⅜כ◐≢ ↕╣╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

8.3.4 while  

while │ ⅜ true ≢№╢ ╡⁸ ╡ ⇔≡ ╩ ⇔╕∆⁹ ─◦fi♃♇◒☻╩ ∟

╕∆⁹ 

 

 
↓─ ⅜ ∆╢∆╢ ⌐ expression ⅜ ≢⌂↑╣┌⁸while │ⱪכꜟ ⇔ ─

⌐ ╡╕∆⁹ 

8.3.5 do-while  

SystemVeilog≢│ do-while ╩ ∆╢ ⅜≢⅝╕∆⁹◦fi♃♇◒☻│ ─ ⌐⌂∫≡™╕∆⁹ 

 

 
stat ement_or_null  ╩ ⇔⁸expression ⅜ true ≢№╢ ╡ doⱩ꜡♇◒╩ ╡ ⇔

╕∆⁹ 

module test;  

int  area_code [string]  = '{  

  "San Francisco":415,  

  "San Jose":408,  

  "Berkeley":510,  

  "New York":212,  

  "Los Angeles":213 };  

 

 initial begin   

  $display("% - 20s Area Code","City");  

  $display(" ------------------------------- ");  

 

  foreach(area_code[i])  

   $display("% - 20s %3d",i,area_code[i]);   

 end   

endmodule  

City                 Area Code  

-------------------------------  

Berkeley             510  

Los Angeles          213  

New York             212  

San Francisco        415  

San Jose             408  

while ( expression ) st atement_or_null  

do statement_or_null while ( expression ) ;  
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 8-9 

 
 

enum⌐ ↕╣≡™╢ꜝⱬꜟ╩ ⌐ ╡ ⇔≡ⱪꜞfi♩⇔≡™╕∆⁹ ⌂ↄ≤╙ ≈─ꜝⱬꜟ

⅜ ∆╢ ╩ ⇔√ ⌐⌂∫≡™╕∆⁹enum─ꜝⱬꜟ╩ ╘⅛╠ ⌐ ╡ ∆≤⁸

─ꜝⱬꜟ─ │ ─ꜝⱬꜟ⌐ ╡╕∆⁹∕─ ╩ ⱪכꜟ≡⇔ ╩ ⇔≡™╕∆⁹ 

 

∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

8.4 forever  

⌐ ╩ ╡ ⇔╕∆⁹◦fi♃♇◒☻│ ─ ╡≢∆⁹ 

 

 
 

♃▬Ⱶfi◓ ⅜ ↕╣⌂™≤⁸ ╩ⱪכꜟ⌂ ╡ ⇔╕∆⁹ ≤⇔≡⁸◦Ⱶꜙ꜠כ◦

ꜛfi│ ⇔╕∑╪⁹ ∏⁸♃▬Ⱶfi◓ ⅜ ↕╣⌂↑╣┌⌂╡╕∑╪⁹ ⅎ┌⁸ ─

⌐ ⇔╕∆⁹ 

 

 

8.5 return  

SystemVerilog≢│ C/C++≤ ⌐ return ╩ ∆╢ ⅜ ╕∆⁹ 

typedef enum { RED, YELLOW, GREEN, BLUE, WHITE } color_e;  

 

module test;  

color_e  color, first_color;  

 

 initial begin  

  first_color = color.first();  

  color = first_color;  

 

  do begin  

   $display( "%- 8s = %0d",color.name,color);  

   color = color.next();  

  end while ( color != first_color );    

 end  

endmodule  

RED      = 0  

YELLOW   = 1  

GREEN    = 2  

BLUE     = 3  

WHITE    = 4  

forever statement_or_null  

initial  

 forever #10 clk = ~clk;  
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 8-10 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

8.6 break  

↓─ ╠⅛ⱪכꜟ│ ↑ ∆ ⌐ ⇔╕∆⁹for ⱪכꜟ ⌐╙ ∆╢ ⅜ ╕∆⁹ ─

≢│ break ╩ foreachꜟ ≢ⱪכ ⇔≡™╕∆⁹ 

 

 8-11 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

module test;  

byte  barray[5] = { 1, 2, 3, 4, 5 };  

 

 initial begin   

  $display("barray[0..4]=%0d",sum(barray, - 1));  

  $display("barray[0..2]=%0d",sum(barray, 2));    

 end  

  

function int sum(byte ar[],int last_index);  

 sum = 0;  

 foreach(ar[i]) begin  

  sum += ar[i];  

  if( i == la st_index )  

   return sum ;  

 end  

endfunction  

endmodule  

barray[0..4]=15  

barray[0..2]=6  

module test;  

int  q[$] = '{ 10, 20, 30, - 1, 40, 50 },  

 val;  

 

 initial begin  

  foreach(q[i]) begin  

   val = q[i];  

   if( q[i] == - 1 )  

    break ;  

   $display("got: %0d",val) ;  

  end  

 end  

endmodule  

got: 10  

got: 20  

got: 30  
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8.7 continue  

↓─ ─ⱪכꜟ│ ╦╡⌐☺ꜗfiⱪ⇔≡ ╩ⱪכꜟ─ ∆╢ ≢∆⁹ ∟⁸↓─ ─

╩☻◐♇ⱪ∆╢ ╩ ∟╕∆⁹ for ⱪכꜟ ⌐╙ ∆╢ ⅜ ╕∆⁹ ─ ≢│

continue ╩ foreachꜟ ≢ⱪכ ⇔≡™╕∆⁹ 

 

 8-12 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 
 

  

module test;  

int  q[$] = '{ 10, 20, 30, - 1, 40, 50 },  

 val;  

 

 initial begin  

  foreach(q[i]) begin  

   val = q[i];  

   if( q[i] == - 1 )  

    continue ;  

   $display("got: %0d",val);  

  end   

 end  

endmodule  

got: 10  

got: 20  

got: 30  

got: 40  

got: 50  
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9 ♃☻◒≤ⱨ□fi◒◦ꜛfi tasks and functions  

SystemVerilog⌐│ ─ ⅜№╡╕∆⁹ 

 

· ♃☻◒⁸ ┘⁸ⱨ□fi◒◦ꜛfi─ ─ ╩ begin-end≢ ╗ │№╡╕∑╪⁹ 

· ╩ ↕⌂™ⱨ□fi◒◦ꜛfi╩ ∆╢ ⅜ ╕∆⁹ 

 

↓─ ⌐╟╡⁸ⱨ□fi◒◦ꜛfi╩♃☻◒─ ⌐ ℮ ⅜ ⌐⌂╡╕⇔√⁹♃▬Ⱶfi◓ ╩

√∏⌐ ╩ ⇔⌂™♃☻◒─ ⁸void function≤⇔≡ ∆╢ ⅜ ⅜ ↄ⌂╡╕

∆⁹ 

9.1 ♃☻◒ 

9.2 ⱳה♩כꜞ☻♩ 

ⱳכ♩⌐│ ─ ╩ ∆╢ ⅜ ╕∆⁹ 

 

· input 

· inout 

· output 

· ref 

 

ⱳכ♩─ ╩ ⇔⌂™ ⁸ ⅜ꜟכꜟ─ ↕╣╕∆⁹ 

 

· ─ⱳכ♩⌐ ⅜ ↕╣≡™⌂™ ⁸input⅜ ↕╣╕∆⁹ 

· ─ⱳכ♩⌐ ⅜ ↕╣≡™⌂™ ⁸ ─ⱳכ♩─ ⅜ ↕╣╕∆⁹ 

 

ⅎ┌⁸ 

 

 
⌐ ™≡⁸ⱳכ♩ a⁸ ┘⁸b ─ │ input⁸ⱳכ♩ u⁸ ┘⁸v ─ │ output≢∆⁹ 

 

ⱳה♃כ♦│⌐♩כ♃▬ⱪ╩ ∆╢ ⅜ ╩ⱪ▬♃ה♃כ♦⁹∆╕ ⇔⌂™ ⁸ ─ꜟ

⅜ꜟכ ↕╣╕∆⁹ 

 

· ─ⱳה♃כ♦⌐♩כ♃▬ⱪ⅜ ↕╣≡™⌂™ │ⱪ▬♃ה♃כ♦⁸ logic ⌐⌂╡╕

∆⁹ 

· ⱳכ♩─ ⅜ ─ⱪ▬♃ה♃כ♦≡™≡╣↕ ⅜ ™ │ⱪ▬♃ה♃כ♦⁸ logic

⌐⌂╡╕∆⁹ 

· ∕╣ ─ │⁸ ─ⱳה♃כ♦─♩כ♃▬ⱪ╩ ⇔╕∆⁹ 

 

ⅎ┌⁸ 

 

 
⌐ ™≡⁸ⱳכ♩ a⁸ ┘⁸b │ⱪ▬♃ה♃כ♦─ logic≢∆⁹ 

9.3 ♃☻◒ ─  

♃☻◒ ─ ╩ begin-end≢ ╗ │№╡╕∑╪⁹ 

task mytask(a, b, output logic [15:0] u, v);  

...  

endtask  

task mycheck (input a,[1:0]b,output int q);  

...  

endtask  
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 9-1 

 

Verilog ≤ ⌂╡⁸♃☻◒─ │ ↕╣≡™╕∆⁹begin-end╩ ™∏⌐ ╩ ⇔≡™

╕∆⁹ 

Ẽ 

9.4 ⱨ□fi◒◦ꜛfi 

SystemVerilog≢│ ╩ ↕⌂™ⱨ□fi◒◦ꜛfi╩ ∆╢ ⅜ ╕∆⅜⁸ⱨ□fi◒◦ꜛfi─

⌐ ∆╢ │ Verilog≤ ╦╡╕∑╪⁹ 

9.4.1 ⱨ□fi◒◦ꜛfi─  

─ ⅜ ↕╣╕∆⁹ 

 

· ⱨ□fi◒◦ꜛfi│◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∑∏⌐ ╠⌂↑╣┌⌂╡╕∑╪⁹ ⌐│⁸

#⁸## ⁸fork-join⁸fork-join_any⁸wait⁸wait_order⁸expect ╩ ∆╢ │ ╕

∑╪⁹ 

· ⱨ□fi◒◦ꜛfi⅛╠♃☻◒╩ ┘ ∆ │ ╕∑╪⁹ 

 

─ ⌐╟╢≤⁸ ⁸ⱨ□fi◒◦ꜛfi≢│♃▬Ⱶfi◓ ╩∆╢ ⅜ ⌂™ ⌐ ⅎ╕

∆⅜⁸∕╣│ ≢∆⁹ ⌐│ fork-join_none⅜ ╕╣≡™╕∑╪⁹fork-join_none│ ╩

⇔⌂™─≢ⱨ□fi◒◦ꜛfi ≢ ⌐ ∆╢ ⅜ ╕∆⁹ 

9.4.2 ⱳה♩כꜞ☻♩ 

ⱳכ♩⌐│ ─ ╩ ∆╢ ⅜ ╕∆⁹ 

 

· input 

· inout 

· output 

· ref 

 

ⱳכ♩─ ╩ ⇔⌂™ ⁸ ⅜ꜟכꜟ─ ↕╣╕∆⁹ 

 

· ─ⱳכ♩⌐ ⅜ ↕╣≡™⌂™ ⁸input⅜ ↕╣╕∆⁹ 

· ─ⱳכ♩⌐ ⅜ ↕╣≡™⌂™ ⁸ ─ⱳכ♩─ ⅜ ↕╣╕∆⁹ 

 

module test;  

bit  clk;  

 

 initial begin  

  trigger( 3);  

  $display("%0t: completed",$time);  

  $finish;  

 end  

 

 initi al  forever #10 clk = ~clk;  

   

task trigger(int count);  

 repeat( count) @(posedge clk);  

endtask endtask  

endmodule  
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ⅎ┌⁸ 

 

 
⌐ ™≡⁸ⱳכ♩ a⁸ ┘⁸b ─ │ input⁸ⱳכ♩ u⁸ ┘⁸v ─ │ output≢∆⁹ 

 

ⱳה♃כ♦│⌐♩כ♃▬ⱪ╩ ∆╢ ⅜ ╩ⱪ▬♃ה♃כ♦⁹∆╕ ⇔⌂™ ⁸ ─ꜟ

⅜ꜟכ ↕╣╕∆⁹ 

 

· ─ⱳה♃כ♦⌐♩כ♃▬ⱪ⅜ ↕╣≡™⌂™ │ⱪ▬♃ה♃כ♦⁸ logic ⌐⌂╡╕

∆⁹ 

· ⱳכ♩─ ⅜ ─ⱪ▬♃ה♃כ♦≡™≡╣↕ ⅜ ™ │ⱪ▬♃ה♃כ♦⁸ logic

⌐⌂╡╕∆⁹ 

· ∕╣ ─ │⁸ ─ⱳה♃כ♦─♩כ♃▬ⱪ╩ ⇔╕∆⁹ 

 

ⅎ┌⁸ 

 

 
⌐ ™≡⁸ⱳכ♩ a⁸ ┘⁸b │ⱪ▬♃ה♃כ♦─ logic≢∆⁹ 

9.4.3 ⱨ□fi◒◦ꜛfi ≢♃▬Ⱶfi◓ ╩ ℮  

fork-join_none╩ ∆╢≤ function ≢╙♃▬Ⱶfi◓ ╩∆╢ ⅜ ╕∆⁹fork-join_none│

⇔≡™╢ⱪ꜡☿☻╩Ⱪ꜡♇◒⇔⌂™─≢⁸function ≢ ⌐ ∆╢ ⅜ ╕∆⁹ ⇔⁸

function⅜ ╩ ∆ ⌐│ ⅜ ≢∆⁹ 

 

 9-2 

 

f unction logic [15:0] myf(int a,int b, output logic [15:0] u, v);  

...  

endtask  

function void  mycheck (input a,[1:0]b,output int q);  

...  

endtask  

module test;  

bit  done;  

 

 initial begin  

  check;  

  $display("@%0t: returned from check.",$time);  

  wait( done );  

  $display("@%0t: main completed.",$time);  

 end  

  

function void  check;  

 fork  

  #10  $display("@%0t: checking...",$time);  

  #50  $display("@%0t: ch ecking...",$time);  

  #60  begin  

    $display("@%0t: checking...",$time);  

    done = 1;  

      end  

 join_none  

endf unction  

endmodule  
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↓─ ≢│ⱨ□fi◒◦ꜛfi╩♃☻◒─ ⌐ ⇔≡♃▬Ⱶfi◓ ╩ ∫≡™╕∆⁹ ≢∆

⅜ⱨ□fi◒◦ꜛfi כ꜠▫♦≢ ╩∆╢ ⅜ ╢─╩ כ꜠▫♦⁹∆╕ ⌐ ╠∏

▬ⱬfi♩ @ev⁸@(posedge sig) ⁸ ┘⁸꜠ⱬꜟה☿fi◦♥▫Ⱪ wait 

(expr)  ╙ ≢∆⁹ 

 

fork-join_none│ ⌐ ∆╢ ⅜ ╢ ≢∆⁹↓─ ╩ ∆╢≤ ─ ⌂ ╩ ╕

∆⁹ⱨ□fi◒◦ꜛfi check│ ┌╣√ ≤ ∂ ⌐ ∫≡™╕∆⁹ 

 

 
Ẽ 

 

ⱨ□fi◒◦ꜛfi ⅛╠▬ⱬfi♩ ∟╩ ∆╢ - >ev ╙ ╕∆⁹ │ⱪ꜡☿☻╩

Ⱪ꜡♇◒⇔╕∑╪⁹ 

 

 9-3 

 
 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

9.5 ⌐ ╩ ∆╢  

♃☻◒⁸ ┘⁸ⱨ□fi◒◦ꜛfi⌐ ⅜№╢ ⁸ ↄ─ ⁸ ⌐│ ⌂ ⅜ ↕╣≡

™╕∆⁹∕⇔≡⁸ ╩ ∆╢ ⅜ ⌂↑╣┌⁸♃☻◒⁸ ┘⁸ⱨ□fi◒◦ꜛfi╩

┬ ⌐ ╩ ∑∏⌐ ╕∑╢ ⌐ ∆╢─⅜ ≢∆⁹SystemVerilog≢│⁸∕╣⅜ ≢∆⁹

◦fi♃♇◒☻│ ─ ⌐⌂∫≡™╕∆⁹ 

 

 

@0: returned from check.  

@10: checking...  

@50: checking...  

@60: checking...  

@60: main completed.  

#- I Simulation completed at t ime 60 ticks  

module test;  

event  ev;  

 

 initial begin  

  @ev $display("%0t: main completed.",$time);  

 end  

  

 initial  #60 trigger;  

   

function void  trigger;  

 - >ev ;  

endfunction  

endmodule  

60: main completed.  

#- I Simulation completed at time 60 ticks  

subroutin e( [ direction ] [ type ] argument = default_expression);  
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⌐ ╩ ∆╣┌ ⌐⌂╡╕∆⁹◘Ⱪꜟכ♥▫fi╩ ∆╢ │⁸ ╩ ⇔⌂™

∞↑ ╩ ∆╣┌ ™ ⌐⌂╡╕∆⁹ ⅎ┌⁸ 

 

 
⌐ ™≡⁸check ─ ┘ ⇔≢ left ⌐ ⇔≡ ⅜ ↕╣≡™⌂↑╣┌⁸left ⌐│ 0⅜

↕╣╕∆⁹ ⌐⁸right ⌐ ⇔≡ ⅜ ↕╣⌂↑╣┌-1 ⅜ ↕╣╕∆⁹ ⌂Ɽꜝⱷכ

♃│▪꜠▬ ∞↑≢∆⁹ 

 

▪꜠▬ ╩♅▼♇◒∆╢ ⌐│⁸check(array) ─ ⌐ ┘╕∆⁹▪꜠▬─ ∞↑╩♅▼

♇◒∆╢ ⌐│⁸check(array,3,10) ─ ⌐ ┘ ⇔╕∆⁹ 

 

◘Ⱪꜟכ♥▫fi╩ ┘ ∆ ⁸ ≢Ᵽ▬fi♪∆╢ ⅜ ╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐ ┘ ∆ ⅜ ╕∆⁹ 

 

 9-4 

 

 

↓╣╩ ∆╢≤ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

function void  check(int a[],int left=0,int right= - 1);  

...  

endfunction  

check(.a(array));  

check(.a(array),.left(3),.right(10));  

check(.left(3),.a(array));  

module test;  

int  iarray[] = { 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 };  

 

 initial begin  

  print(iarray);      // 0..9  

  print(iarray,8);      // 8..9  

  print(.a(iarray ),.start(2),.last(5));  // 2..5  

 end  

  

task print(int a[],int start=0 ,int last= - 1);  

int  ri ght = last== - 1?a.size() - 1:last;  

 $write("a[%0d..%0d]:" ,start,right);  

 for( int i = start; i <= right; i++ ) begin  

  $write(" %0d",a[i]);  

 end  

 $display;  

endtask  

endmodule  

a[0..9]: 0 1 2 3 4 5 6 7 8 9  

a[8..9]: 8 9  

a[2..5]: 2 3 4 5  
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9.6 ╩ ∆ⱨ□fi◒◦ꜛfi─  

╩ ∆ⱨ□fi◒◦ꜛfi╩ ─ ≢ ℮ ⅜ ≢∆⁹ ⌐ ∆╢≤◖fiⱤ▬ꜝכ⅜

ⱷ♇☿כ☺╩ ⇔╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐ ∆╢≤◖fiⱤ▬ꜝכ│ ⱷ♇☿כ☺╩ ⇔╕∆⁹↓─ ≢│ⱨ□fi◒◦ꜛfi⅜

∆ ╩ ⇔≡™⌂™ ⁸◖fiⱤ▬ꜝכ⅜ ╩ ⇔╕∆⁹ ≤⇔≡⁸↓─ ─

│ ⇔™ ≢∆⁹ ╩ ∆╢ ⁸ ╙ ∆╢≤│ ╠⌂™─≢⁸ ─ │

≢│№╡╕∑╪⁹ ╤⁸ ─ ⌐ ⅝ ⅎ√ ⅜ ╕⇔™≤ ⅎ╕∆⁹ 

 

 
⅝ ⅎ╩⇔⌂™≢ ╩ ∆╢⌐│⁸ 

 

 
─ ⌐⇔≡ⱨ□fi◒◦ꜛfiכ◖הꜟ╩ voidⱨ□fi◒◦ꜛfi╩ ┘ ∆⅛─ ⌐ ∑⅛↑╕∆⁹ 

9.7 ┘ ⇔ 

♃☻◒⁸ ┘⁸ⱨ□fi◒◦ꜛfi ≢ ┘ ⇔╩ ℮ ⁸automatic─ ⅜ ≢∆⁹

automatic ⌐╟╡⁸ ⅜☻♃♇◒⌐ ↕╣╕∆⁹ 

 

 9-5 

 
 

ⱨ□fi◒◦ꜛfi factorial ╩ automatic≤⇔≡ ⇔≡™╕∆⁹↓─ ⁸ n⁸ ┘⁸ ╡

factorial │☻♃♇◒ ⌐ ↕╣╕∆⁹ ∫≡⁸ ┘ ⇔⅜ ⇔ↄ ╦╣╕∆⁹↓╣╩

∆╢≤ ─ ⌐⌂╡╕∆⁹ 

 

std::randomize(a,b,c);  

assert( std::randomize(a,b,c) )  

 else $display("%s(L%0 d) randomize failed."  

   ,`__FILE__,`__LINE__);  

void ô( std::randomize(a,b,c) ) ;  

module test;  

 

 initial begin  

  for( int i = 0; i <= 7; i++ ) begin  

   $display("%0d! = %0d",i,factorial(i));  

  end  

 end  

  

function automatic  int factorial(int n);  

 if( n < 2 )  

  return 1;  

 else  

  return n*factorial(n - 1);  

endfunction  

endmodule  



SystemVerilog  

   

Copyright © 2018, 2019 Artgraphics. All rights reserved. 

122   

 
Ẽ 

9.8 ◒ꜝ☻─ⱷ♁♇♪≤ ┘ ⇔ 

◒ꜝ☻ ⌐ ↕╣√ⱷ♁♇♪│⁸♦ⱨ◊ꜟ♩≤⇔≡ automatic≢∆⁹↓─ ╩ ∆╢≤

⌐ ┘ ⇔╩ ℮ ⅜ ╕∆⁹ ─ ╩◒ꜝ☻─ⱷ♁♇♪≤⇔≡ ⅝ ⅎ≡╖╕∆⁹

⇔⁸ ⌂ automatic ─ ╩ ↑≡№╡╕∆⁹ 

 

 9-6 

 
 

◒ꜝ☻ sample_t ⌐ⱨ□fi◒◦ꜛfi factorial()⅜ ↕╣≡™╕∆⁹ⱨ□fi◒◦ꜛfi⌐│

⌐ automatic/static ⅜≈™≡™⌂™ ⁸ ≤⇔≡ automatic ⅜ ↕╣╕∆⁹ ∫≡⁸

┘ ⇔│ ⇔╕∆⁹ 

Ẽ 

9.9 ⱷ♁♇♪ ≢─ ─  

static⌂ⱷ♁♇♪ ≢─ ─ ─ ⌐│ ⅜ ≢∆⁹↓─ │⁸static⌂ begin/end

Ⱪ꜡♇◒⌐╙ ↕╣╕∆⁹ 

 

0! = 1  

1! = 1  

2! = 2  

3! = 6  

4! = 24  

5! = 120  

6! = 720  

7! = 5040  

class sample_t;  

...  

function int factorial(int n);  

 if( n < 2 )  

  return 1;  

 else  

  return n*factorial(n - 1);  

endfunction  

 

endclass  

 

module test;  

sample_t  sample;  

 

 initial begin  

  sample = new;  

   

  for( int i = 0; i <= 7; i++ ) begin  

   $display("%0d! = %0d",i, sample.factorial(i) );  

  end  

   

 end  

endmodule  
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 9-7 

 
 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
 

╩ ∆╢≤⁸T1.shift(1)⁸ ┘⁸T1.shift(2) ⅜ ⇔≡™⌂™ ⅜ ⅛╡╕∆⁹T1.shift() │

static≢№╢ ⁸ 

 

 

module top;  

 

test1 T1();  

test2 T2();  

 

 initial begin  

  T1.shift(1);  

  T1.shift(2);  

   

  T2.shift(1);  

  T2.shift(2);  

 end  

  

endmodule  

 

program test1;  

  

function void shift(logic [7:0] data);  

begin  

 logic [7:0]  sdata = 1 << data ;  

 $display("shifted=%h",sdata);  

end  

endfunction  

 

endprogram  

 

program automatic  test2;  

  

function vo id shift(logic [7:0] data);  

begin  

 logic [7:0]  sdata = 1 << data ;  

 $display("shifted=%h",sdata);  

end  

endfunction  

 

endprogram  

shifted=01  

shifted=01  

shifted=02  

shifted=04  

logic [7:0]  sdata = 1 << data;  
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⅜◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∞↑ ⇔╕∆⁹↓─ ≢│⁸data == óx ≢№╢ ⁸sdata 

== 1≤⌂╡╕∆⁹⇔⅛╙⁸◦Ⱶꜙ꜠כ◦ꜛfi ⌐⁸↓─ │ ⇔╕∑╪⁹ ∫≡⁸

─ ⌂ ⌐⌂╡╕∆⁹ 

 

⁸T2.shift()│ automatic≢№╢ ⁸ 

 

 
│ beginⱩ꜡♇◒⅜ ∆╢ ⌐ ⅜ ╦╣⁸ ⇔™ ╩ ╕∆⁹ 

Ẽ 

 

─ │⁸automaticⱷ♁♇♪ ≢─ static ─ ⌐ ∆╢ ╩ ⇔╕∆⁹ 

 9-8 

 

 

ⱷ♁♇♪ check()│◒ꜝ☻ ≢ ↕╣≡™╢─≢ automatic≢∆⁹ flag│ static≤⇔≡ ↕

╣≡™╕∆⁹flag ─ │⁸◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∞↑ ╦╣╕∆⁹ ⁸ r

│ automatic⌂─≢⁸ │ⱷ♁♇♪⅜ ∆╢ ⌐ ╦╣╕∆⁹ 

 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

9.10 ≤⇔≡─▪꜠▬ 

▪꜠▬╩ ⌐ ∆╢ ⅜ ╕∆⁹ ≢Ɽ☻∆╢ ⁸♃☻◒⁸ ┘⁸ⱨ□fi◒◦ꜛfi⅜

┌╣╢≤⁸▪꜠▬─◖Ⱨכ⅜ ╦╣╕∆⁹ ≤⇔≡♄▬♫Ⱶ♇◒ה▪꜠▬╩ ∆╢≤⁸

≤⇔≡⁸ ◘▬☼─▪꜠▬⁸♄▬♫Ⱶ♇◒⁸▬꜠▪ה ╩כꜙ◐⁸┘ ∆╢ ⅜ ╕∆⁹

≤⇔≡♄▬♫Ⱶ♇◒ה▪꜠▬╩ ∆╢≤ ⅜ ╕╡╕∆⁹ 

logic [7:0]  sdata = 1 << data;  

class X;  

 

task check( );  

 static byte flag = 0 ;  

 real  r = 123.4 ;  

  

 $display("flag=%0d r=%0g",flag,r);  

 flag = 12;  

 r = 101;  

endtask  

endclass  

 

module test;  

X x;  

 

 initial begin  

  x = new;  

  x.check();  

  x.check();  

 end  

endmodule  

flag=0 r=123.4  

flag=12 r=123.4  
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 9-9 

 
 

≈─ ≢▬꜠▪ה◒♇ⱪ╩♄▬♫Ⱶ▬♃ה▬꜠▪╢⌂ ↑╢ ⅜ ╢ ≢∆⁹ ◘▬☼─

▪꜠▬ fs ╩♄▬♫Ⱶ♇◒ה▪꜠▬≢ ↑╢ ⅜ ╢─│ ∞≤ ™╕∆⁹ qsכꜙ◐⁸

│ qs[0:$]─▪꜠▬≢№╢ ⁸ ⌐♄▬♫Ⱶ♇◒ה▪꜠▬≢ ↑╢ ⅜ ╕∆⁹ 

 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

9.11 import ┘ export 

SystemVerilog│⁸ ─ ≤─▬fi♃כⱨ▼כ☻ DPI Direct Programming Interface ╩

ⅎ≡™╕∆⁹↓↓≢│⁸C/C++≤─▬fi♃כⱨ▼כ☻╩ ≤⇔≡⁸ ╩ ⇔╕∆⁹ 

 

C/C++≢ ╩fi▫♥כꜟ√╣↕ ∆╢ ⌐│⁸import ╩ ⇔╕∆⁹SystemVerilog≢

╩fi▫♥כꜟ√⇔ C/C++≢ ∆╢ ⌐∆╢ ⌐│⁸export ╩ ⇔╕∆⁹ ╣─ ╙⁸

∆╢ ⌐ ⇔⌂↑╣┌⌂╡╕∑╪⁹ ⅎ┌⁸ ─ ⌐ ⇔╕∆⁹ 

 

module test;  

str ing  ds[],  

 fs[5] = '{ "One", "Two", "Three", "Four", "Five" },  

 qs[$] = { "Monday", "TuesDay", "Wednesday", "Thursday",  

   "Friday" };  

  

 initial begin  

  ds = new[5];  

  foreach(ds[i])  

   ds[i] = $sformatf("%0d",i+1);  

 

  print(ds);  // passing dynamic array  

  print(fs);  // passing fixed array  

  print(qs);  // passing queue  

 end  

  

function void print(string a[]);  

 $write("array:");  

 foreach(a[i])  

  $write(" %s",a[i]);  

 $display;  

endfunction  

endmodule  

array: 1 2 3 4 5  

array: One Two Three Four Five  

array: Monda y TuesDay Wednesday Thursday Friday  
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import ─ ⌐│⁸↓─ ╩fi▫♥כꜟ⁸┌╣№⅜ ∆╢ ⅜ ╕∆⁹export─ ⌐│⁸

─fi▫♥כꜟ ╩ SystemVerilog≢ ⇔⌂↑╣┌⌂╡╕∑╪⁹ │ exportꜟכ♥▫fi─

╩ ⇔≡™╕∆⁹ ─ ≤ ↄ ∂≢∆⁹ 

 

 
 

exportꜟכ♥▫fi─ ≢ importꜟכ♥▫fi╩ ┘ ∆ ╙ ╕∆⁹ 

 

  

export "DPI - C" function check;  

export "DPI - C" function xp;  

export "DPI - C" task waitTime;  

export "DPI - C" function xp_packed;  

 

import "DPI - C" function logic toSvLogic(byte i);  

 

import "DPI - C" function void getLogic(logic [7:0] lv[1:0],  

  output byte [1:0],logic [7:0] lv2[0:1]);  

  

import "DPI - C" task printBits();  

  

import "DPI - C" function void import_N008();  

f unction int check(byte v);  

 return v%4;  

endfunction  

 

function void xp(logic [3:0] a,inout logic [7:0] b [1:0],  

 sho rtint si);  

 $display("a=%b b[0]=%h b[ 1]=%h, si=%0d",a,b[0],b[1],si);  

 b[0] = 4'b11xx;  

 b[1] = 4'b00zz;  

 si = 256;  

endfunction  

 

task waitTime(int delta);  

#10  $display("@%0t: waitTime",$time);  

endtask  

 

function void xp_packed(input S x,inout S y,output U z);  

 $display("x=%b y=%b",x,y);  

 z.a = 3'b010;  

endfunction  
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10 ◒꜡♇◐fi◓הⱩ꜡♇◒ clocking blocks  

◒꜡♇◐fi◓הⱩ꜡♇◒│⁸◒꜡♇◒⌐ ⇔≡ ∆╢ ─♃▬Ⱶfi◓ skew ╩ ∆╢

≢∆⁹♃▬Ⱶfi◓╩ ∆╢≤⁸◒꜡♇◒─▬ⱬfi♩⌐ ⇔≡⁸ ⇔√♃▬Ⱶfi◓≢

⅜ ⇔╕∆⁹◒꜡♇◐fi◓הⱩ꜡♇◒⌐╟╡⁸ ₁─ ─ ╩ ∆╢ │ ↄ⌂

╡╕∆⁹ 

 

◒꜡♇◐fi◓הⱩ꜡♇◒│◐כ꞉כ♪ clocking≤ endclocking╩ ⇔≡ ⇔╕∆⁹clocking─

⌐⁸default⁸ │⁸global╩ ↑╢ ╙ ╕∆⁹ ⅎ┌⁸◦fi♃♇◒☻│ ─ ⌐⌂╡╕

∆⁹ 

 
clocking_event ⌐│◒꜡♇◐fi◓⅜ ∆╢▬ⱬfi♩╩ ⇔╕∆⁹ ⅎ┌⁸@(posedge 

clk) ─ ⌐ ╩⇔╕∆⁹▬ⱬfi♩⌐│⁸posedge⁸negedge⁸ ┘⁸edge╩ ∆╢ ⅜ ╕

∆⁹edge│ DDR (Double Data Rate)─ ≢∆⁹ 

 

default╩ ∆╢≤ ◒꜡♇◐fi◓ default clocking ≤⌂╡╕∆⁹◒꜡♇◐fi◓ה▬ⱬfi♩

⅜ ⌂ SystemVerilog ⌐ ™≡◒꜡♇◐fi◓─ ╩ ∆╢≤⁸ ◒꜡♇◐fi◓⅜

↕╣╕∆⁹ ⅎ┌⁸▪◘כ◦ꜛfi─ sequence╛ property≢ default clocking╩ ⇔╕∆⁹

default clocking╩ ∆╢≤⁸sequence╛ property─ ⅛╠◒꜡♇◐fi◓ה▬ⱬfi♩╩ ∆

╢ ⅜ ╢ ⁸╟╡ ─ ™ ╩∆╢ ⅜ ╕∆⁹ 

 

⅜╛╛ ⌂─≢◦fi♃♇◒☻⌐│ ╣∏⌐⁸ ⅛╠◒꜡♇◐fi◓─ ™ ╩ ┬ ⌐

⇔╕∆⁹◦fi♃♇◒☻─ │ ╩⅔ ╖ ↕™⁹ 

10.1 ╙ ⌂◒꜡♇◐fi◓הⱩ꜡♇◒ 

╙ ⌂◒꜡♇◐fi◓הⱩ꜡♇◒│ ─ ⌐⌂╡╕∆⁹ 

 

 

│⁸↓╣∞↑≢╙ ⅜№╡╕∆⁹@(posedge clk) ─ ╦╡⌐⁸ ⌐ @( cb )  ≤ ↄ

⅜ ╕∆⁹ ⌐⁸◒꜡♇◐fi◓הⱩ꜡♇◒ ─ posedge ╩ negedge ⌐ ⅎ╢∞↑≢ @( cb )  

│ @(negedge clk) ⌐ ╦╡╕∆⁹ 

10.2 ◒꜡♇◐fi◓כꜙ◐☻ה clocking skew  

◒꜡♇◐fi◓הⱩ꜡♇◒≢│ ⌐ input⁸output⁸inout ╩ ∆╢ ⅜ ╕∆⁹↓↓

≢⁸inout│ input ┘ output╩ ─↑∞╣≤╠⅛♩ⱬfi▬─◒♇꜡◒⁸│כꜙ◐☻⁹∆╕⇔

≢ ─◘fiⱪꜞfi◓⅜ ╦╣╢⅛⁸ │⁸ ⅜ ↕╣╢⅛╩ ⇔╕∆⁹ 

 

input ⌐ ⇔≡⁸ │ ─ ≤⇔≡ ↕╣╕∆⁹ ∟⁸◒꜡♇◐fi◓ה▬ⱬfi♩⅜

↓╢ ⌐ input ─◘fiⱪꜞfi◓⅜ ╦╣╕∆⁹output ▬ה◓fi◐♇꜡◒│כꜙ◐☻─

ⱬfi♩─ ─ ╩ ⇔╕∆⁹ 

 

clocking_declaration ::=  

 [ default ] clocking [ clocking_identifier ] clocking_event ;  

 { clocking_item }  

 endclocking [ : clocking_identifier ]  

 | global clocking [ clocking_identifier ] clocking_ event ; 

 endclocking [ : clocking_identifier ]  

clocking cb @(posedge clk); endclocking  
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ⅎ┌⁸ ─ ⌐ ∆╢ ⅜ ╕∆⁹ 

 

default ╩ ⇔≡⁸ ≡─ ⌐ ⇔≡ ─↓⁹∆╕™≡⇔╩כꜙ◐☻⌐ ⌐╟╢≤⁸

@(posedge clk) ─▬ⱬfi♩⅜ ↓╢≤⁸ ─ @(negede clk) ≢ output ⌐ ⅜ ↕╣

╕∆⁹ ⌐ ⅎ┌⁸@(posedge clk) ─▬ⱬfi♩⅜ ↓∫√ ⁸output ─ │ ─

@(negede clk) ≢ ↕╣√ ╩ ⇔≡™╕∆⁹ 

 

◒꜡♇◐fi◓ ╩ ⌐ ∆╢ ⌐│⁸ ─ ⌐ ⇔╕∆⁹ 

 
ↄ⌂≢↑∞♩כⱳהꜟ◌כ꜡ ⅛╠ ╩ ╡ ╣╢ ╙≢⅝╕∆⁹ 

 

 
╩כꜙ◐☻ ∆╢ ⁸ ≢⌂↑╣┌⌂╡╕∑╪⁹ 

 

clocking cb 1 @(posedge clk);  

 default input #1step output negedge ;  

endclocking  

 

clocking cb  @(clk);  

 input #1ps address;  

 input #5 output #6 data;  

endclocking  

clocking bus @(posedge clock1);  

 default input #10ns output #2ns;  

 input   data, ready,  

   enable = top.mem1.enable;  

 output  negedge ack;  

 input   #1step addr;  

endclocking  

 ♩ⱬfi▬ה◒♇꜡◒

input skew 

output skew 
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 10-1 

 
 

◒꜡♇◐fi◓הⱩ꜡♇◒─ ⌐╟╡⁸@(posedge clk)─▬ⱬfi♩ ⁸2 ticks ⌐ b

─ ⅜ ↕╣╕∆⁹ │ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

כ꜠▫♦הꜟ◒▬◘ 10.3 cycle delay  

⅜♩ⱬfi▬ה◓fi◐♇꜡◒│כ꜠▫♦הꜟ◒▬◘ ↓╢─╩ ≈ ≢∆⁹ ⅎ┌⁸ 

 
##3 a = b;  

 

│⁸3 ꜟ◒▬◘ה◒♇꜡◒ ⌐ a = b ╩ │כ꜠▫♦הꜟ◒▬◘⁸≢↓↓⁹∆╕⇔ ◒꜡

♇◐fi◓ default clocking ≢ ╘╕∆⁹ 

 

╩כ꜠▫♦הꜟ◒▬◘╙≢fiꜛ◦כ◘▪ ⇔╕∆⁹↓─ │⁸◒꜡♇◐fi◓ה▬ⱬfi♩

leading clock ⅜ property⁸ │⁸sequence≢ ↕╣╕∆⁹ ⅎ┌⁸ 

 

 
⌐ ##2 ꜟ◒▬◘ה◒♇꜡◒⁸≡™  │ property p_ab ─ @(posedge clk) ⌐╟╡ ↕╣╕∆⁹ 

 

module test;  

bit  clk, a, b;  

 

clocking cb @(posedge clk );  

 input #1  a;  

 output #2  b;  

endclocking  

 

 initial  #100 $finish;   

 initial $monitor("@%0t: b=%b",$time, b);  

 initial forever #10 clk = ~clk;  

   

 always @(cb)  

  cb.b <= ~cb.a;  

 

 initial begin  

  #20 a = 1;  

  #40 a = 0;  

 end  

endmodule  

@12: b=1  

@32: b=0  

@72: b=1 

sequence s_ab;  

 a ##2 b;  

endsequence  

property p_ab;  

 @(posedge clk) z | - > s_ab;  

endproperty  
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↓─ ≢│⁸default ◒꜡♇◐fi◓╩ ╙כ꜠▫♦הꜟ◒▬◘⁸√╕⁹∆╕™≡⇔ ⇔≡™╕

∆⁹default ◒꜡♇◐fi◓⅜ ╩♩ⱬfi▬ה◒♇꜡◒│≢fiꜛ◦כ◘▪⁸≢─╢™≡╣↕ ⇔

≡™╕∑╪⁹ 

 

 

│ ─ ⌐⌂╡╕∆⁹ 

 
Ẽ 

  

module test;  

bit  clk, req, gnt, check;  

 

 default clocking  cb @(posedge clk);  

  

  property check_req_gnt;  

   $rose(check) | - > req ##[1:3]  gnt;  

  endproperty  

  

 endclocking  

  

 assert property (check_req_gnt)   

  else  

   $display("@%0t: FAIL",$time);  

 cover property (check_req_gnt)  

  $display("@%0t: PASS",$time);  

   

 initial begin  #20 req = 1;  #20 req = 0;  #20 req = 1;  end  

 initial begin  #40 gnt = 1;  #20 gnt = 0;  #20 gnt = 1;  end  

 initial begin  #20 check = 1;  #20 check = 0;  #20 check = 1;  

  #20 check = 0;  end  

 initial  repeat (10)  #10 clk = ~clk;  

endmodule  

@50: PASS 

@90: PASS 
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11 ⱪ꜡☿☻ ─ ≤  

11.1 ☿ⱴⱨ◊ semaphores  

☿ⱴⱨ◊│⁸ ─ⱪ꜡☿☻⅜ ∆╢ ⌐▪◒☿☻∆╢ ─ ≢∆⁹☿ⱴⱨ◊│

SystemVerilog─◒ꜝ☻≤⇔≡ ↕╣≡™╕∆⁹ ╩ꜟ♪Ɫfiה☻ꜝ◒⁸≡∫ ⇔≡⁸Ɫfi♪

ꜟ⌐ new○Ɑ꜠כ♃╩ ⇔≡○Ⱪ☺▼◒♩╩ ╡ ≡╢ ╩ ╡╕∆⁹ ⅎ┌⁸ 

 
 

─ ⌐⇔≡ ⇔╕∆⁹ ⌐│⁸☿ⱴⱨ◊│ ╩כ◐─ ∆╢Ᵽ◔♇♩≢∆⁹

⅜כ◐⌂ ∆╢ ╡ ⌐▪◒☿☻∆╢ ⅜ ⅜כ◐⁹∆╕ ⇔⌂™ ⅜כ◐⁸

⌐⌂╢╕≢ⱪ꜡☿☻│ √⌂↑╣┌⌂╡╕∑╪⁹ 

 

☿ⱴⱨ◊│꜡♇◒ ╩ ∆╢∞↑─◦fiⱪꜟ ⅜№╡╕∆⁹ ⌐♃כ♦╢∆ ⇔≡─ │

№╡╕∑╪⁹☿ⱴⱨ◊⅛╠ extends ⇔≡ √⌂◒ꜝ☻╩ ∆╢ ╙ ≢∆⁹

⌐╟╡⁸ⱷ♁♇♪ get ╩ ⌐ ∆╢ ⅜ ╕∆⁹ 

 

☿ⱴⱨ◊│◒ꜝ☻≢№╢ ⁸ ─ ⌂ⱷ♁♇♪╩ ⅎ≡™╕∆⁹ 

 

method   

function new(int keyCount = 0 ); ⇔√ ╩כ◐─ ≈☿ⱴⱨ◊╩ ⇔╕

∆⁹Ᵽ◔♇♩│ ─כ◐√╣↕ ≢ ↕

╣╕∆⁹ 

put()≢ ─כ◐∆ ⅜ get()⇔√◐כ─ ╟╡

╙ ™ ─כ◐⁸ ⅜ keyCount ╩ ⅎ╢

⅜ ↓╡╕∆⁹ 

function void put(int keyCount = 1);  ⇔√ ⌐◊ⱴⱨ☿╩כ◐─ ⇔╕∆⁹ ∆

כ◐ ─ │ 1≢∆⁹ 

╙⇔⁸ ╩כ◐⌂ ∫≡™╢ⱪ꜡☿☻⌐

⌂ ╩כ◐─ ∆ ⌐│⁸∕─ ∟

─ⱪ꜡☿☻─ ⅜ ⇔╕∆⁹ 

task get(int keyCount = 1);  ⇔√ ╩כ◐─ ⇔╕∆⁹ כ◐─

⅜ ∆╣┌ ┘ ⇔≡™╢ⱪ꜡☿☻─ │

⇔╕∆⁹ 

╙⇔⁸ ⅜כ◐─ ⇔⌂™ ⌐│⁸

┘ ⇔≡™╢ⱪ꜡☿☻─ ⅜Ⱪ꜡♇◒↕╣⁸

─כ◐ ⅜ ⌐⌂╢╕≢ ∟ ⌐⌂╡╕

∆⁹ 

function int try_get(int keyCount = 1);  ⇔√ ╩כ◐─ ⇔╕∆⁹ ⇔⁸ ┘

⇔≡™╢ⱪ꜡☿☻╩Ⱪ꜡♇◒⇔╕∑╪⁹ 

╙⇔⁸ ⅜כ◐─ ∆╣┌ ─ ╩

⇔╕∆⁹ 

╙⇔⁸ ⅜כ◐─ ⇔⌂™ ⌐│ 0╩

⇔╕∆⁹ 

 

 

semaphore  mutex ;  

mutex = new;  
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 11-1 

 
 

try_get ⅜Ⱪ꜡♇◒∑∏⌐ ∫≡™╢ ╩ ∆╢ ⅜ ╕∆⁹ │ ─ ⌐⌂╡

╕∆⁹ 

 

 

Ẽ 

11.2 ⱷהꜟכⱲ♇◒☻ mailboxes  

ⱷהꜟכⱲ♇◒☻│ producer≤ consumer╩╙≈ FIFOꜞ☻♩≢∆⁹FIFOꜞ☻♩│ ╠╣√◘▬

☼⁸ │⁸ ─◘▬☼╩ ≈ ⌐ ∆╢ ⅜ ╕∆⁹FIFO ꜞ☻♩⅜ⱨꜟ─ │⁸producer

╩♃כ♦│ ⅝ ╗ │ ╕∑╪⁹FIFOꜞ☻♩⅜ ─ ⁸ consumer│ √⌂↑╣┌⌂╡╕

∑╪⁹ 

 

 

☿ⱴⱨ◊≤ ⌐⁸ⱷהꜟכⱲ♇◒☻╙ SystemVerilog─◒ꜝ☻≤⇔≡ ↕╣≡™╕∆⁹Ɫfi

♪ꜟ⌐ new○Ɑ꜠כ♃╩ ⇔≡○Ⱪ☺▼◒♩╩ ╡ ≡╢ ╩ ╡╕∆⁹ ⅎ┌⁸ 

 
─ ⌐⇔≡ ⇔╕∆⁹ⱷהꜟכⱲ♇◒☻│◒ꜝ☻≢№╢─≢⁸ ─ ⌂ⱷ♁♇♪╩ ⅎ≡™

╕∆⁹ 

 

module test;  

semaphore  lock;  

int   rs;  

 

 initial begin  

  lo ck = new (3);   

  lock. get(3) ;  

  $display("@%0t: got %0d keys",$time,3);  

  lock. get(2) ;  

  $display( "@%0t: got %0d keys",$time,2);   

  rs = lock. try_get(10) ;  

  if( rs )  

   $display("@%0t: try_get got %0d keys",$time,310);  

  else  

   $display("@%0t:  try_get fai led",$time);  

 end  

 

 initial  #10 lock. put(2) ;  

endmodule  

@0: got 3 keys  

@10: got 2 keys  

@10: try_get failed  

#- I Simulation completed at time 10 ticks  

 

mailbox  fifo;  

fifo  = new (3) ;  

producer consumer 

mailbox (FIFO) 
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method   

function new(int bound = 0); ⱷהꜟכⱲ♇◒☻╩ ╡ ≡╕∆⁹bound ⅜ 0

≢№╢≤ⱷהꜟכⱲ♇◒☻│ ─◘▬☼╩

∟⁸producer │ ⇔≡Ⱪ꜡♇◒⇔╕∑╪⁹

bound ⅜ 0≢⌂™ ⁸ⱷהꜟכⱲ♇◒☻│

─◘▬☼≤⌂╡╕∆⁹ 

function int num();  ⱷהꜟכⱲ♇◒☻⌐ ∆╢ⱷ♇☿כ☺ ╩

⇔╕∆⁹ ∆ │⁸ ─ get⁸ │⁸put ╕≢

⌂ ⌂ ≢∆⁹ 

task put( singular message);  ⱷ♇☿כ☺╩ⱷהꜟכⱲ♇◒☻ FIFO ⌐

⅝ ╖╕∆⁹ⱷהꜟכⱲ♇◒☻⅜ⱨꜟ─ ⁸

⅝ ╗ⱪ꜡☿☻│⁸ⱷהꜟכⱲ♇◒☻⌐ ⅝

⅜ ╢╕≢ ∟ ⌐ ╡╕∆⁹ 

function int try_put( singular messag e); ⱷ♇☿כ☺╩ⱷהꜟכⱲ♇◒☻ FIFO ⌐

⅝ ╖╕∆⁹ ⇔⁸Ⱪ꜡♇◒⇔╕∑╪⁹ 

ⱷהꜟכⱲ♇◒☻⌐ ⅝⅜№╢ ⁸ⱷ♇☿כ

☺╩ ⅝ ╖⁸ ─ ╩ ⇔╕∆⁹ 

ⱷהꜟכⱲ♇◒☻⅜ⱨꜟ─ ⁸0 ╩ ⇔╕

∆⁹ 

task get( ref singular message );  ⱷהꜟכⱲ♇◒☻⅛╠ 1ⱷ♇☿כ☺╩ ╡ ⇔

╕∆⁹ 

ⱷהꜟכⱲ♇◒☻⅜ ─ ⁸ ╡ ∆ⱪ꜡☿

☻│⁸ⱷכꜟ⅜ ↄ╕≢ ∟ ⌐⌂╡╕∆⁹ 

function int try_get( ref singular message );  ⱷהꜟכⱲ♇◒☻⅛╠ 1ⱷ♇☿כ☺╩ ╡ ⇔

╕∆⁹ ⇔⁸Ⱪ꜡♇◒⇔╕∑╪⁹ 

ⱷהꜟכⱲ♇◒☻⅜ ─ ⁸0╩ ⇔╕∆⁹ 

ⱷ♇☿כ☺╩ ⇔ↄ ≢⅝╣┌ ─ ╩

⇔╕∆⁹ ⇔ↄ ╡ ∑⌂™ │⁸ ─

╩ ⇔╕∆⁹ 

task peek( ref singular message );  ⱷהꜟכⱲ♇◒☻⅛╠ 1ⱷ♇☿כ☺╩◖Ⱨכ⇔

╕∆⁹ 

ⱷהꜟכⱲ♇◒☻⅜ ─ ⁸◖Ⱨכ∆╢ⱪ꜡

☿☻│⁸ⱷכꜟ⅜ ↄ╕≢ ∟ ⌐⌂╡╕

∆⁹ 

function int try_peek( ref singular 

message ); 

ⱷהꜟכⱲ♇◒☻⅛╠ 1ⱷ♇☿כ☺╩◖Ⱨכ⇔

╕∆⁹ ⇔⁸Ⱪ꜡♇◒⇔╕∑╪⁹ 

ⱷהꜟכⱲ♇◒☻⅜ ─ ⁸0╩ ⇔╕∆⁹ 

ⱷ♇☿כ☺╩ ⇔ↄ◖Ⱨכ≢⅝╣┌ ─ ╩

⇔╕∆⁹ ⇔ↄ◖Ⱨכ ⌂™ │⁸ ─

╩ ⇔╕∆⁹ 

 

producer⅜ ⅝ ╪∞ⱷ♇☿כ☺─ ≤⁸consumer⅜ ╡ ∆ⱷ♇☿כ☺─ ⅜ ⇔⌂™ ⁸

╡ ⇔⅜ ⇔ↄ ⅎ⌂™ ⅜№╡╕∆⁹∕─ ⌂ ≢│⁸ ⌐ ∆╢ ⅜№

╡╕∆⁹ 
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│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

300╩ ⅝ ╗≤ⱷהꜟכⱲ♇◒☻⅜ⱨꜟ⌐⌂╢ ⁸ 400─ ⅝ ╖│Ⱪ꜡♇◒↕╣╕∆⁹ 

 

50⌐⌂╢≤ⱷכꜟ─ ╡ ⇔⅜ ╦╣╢ ⁸ 400─ ⅝ ╖⅜ ↕╣╕∆⁹100⁸200⁸

300╩ ╖ ╖ ⌐ 400⅜ ⅝ ╕╣╕∆⁹ 

Ẽ 

11.3 Ɽꜝⱷכ♃ ⇔√ⱷהꜟכⱲ♇◒☻ parameterized mailboxes  

ⱷהꜟכⱲ♇◒☻─♦כ♃⌐ ∆╢ producer/consumer─♦כ♃ │ ─ ╩ ⅝

↓⇔╕∆⁹↓╣╩ ↑╢ ⌐⁸ⱷהꜟכⱲ♇◒☻⌐♃▬ⱪ╩ ∆╢ ⅜ ╕∆⁹ │⁸

─ ⌐⌂╡╕∆⁹ 

 
mailbox #(type = dynamic_type)  

 

↓─ ─ⱷהꜟכⱲ♇◒☻╩ ∆╢≤⁸ⱷהꜟכⱲ♇◒☻─ ⅜◖fiⱤ▬ꜟ ⌐ ⌐⌂╢

⁸producer/consumer ─♦כ♃ ─ ╩◖fiⱤ▬ꜟ ⌐ ∆╢ ⅜ ╕∆⁹ 

module test;  

mailbox  mb;  

shortint  val;  

 

 initial begin  

  mb = new(3) ;  

  #10 mb. put(100) ; $display("@%0t: put val=%0d",$time,100);  

  #10 mb. put(200) ; $display("@%0t: put val=%0d",$time,200);  

  #10 mb. put(300) ; $display("@%0t: put val=%0d",$time,300);  

  #10 mb. put(400) ; $display("@%0t: put val=%0 d",$time,400);  

 end   

 initial begin  

  #50;  

  while( mb.num > 0 ) begin  

   mb.get(val) ;  

   $display("@%0t: got val=%0d",$time,val);  

  end  

 end  

endmodule  

@10: put val=100  

@20: put val=200  

@30: put val=300  

@50: got val=100  

@50: got val=200  

@50: got val=300  

@50: put val=400  

@50: got val=400  
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◖fiⱤ▬ꜟ ╢⌂≥כꜝ◄⌐ ⌐ error─ ╩ ↑╕⇔√⅜⁸◖fiⱤ▬ꜝכꜝ◄│≡∫╟⌐כ

≤ ⇔⌂™ ⅜№╡╕∆⁹ ⅎ┌⁸smb.put(lv) ≥כꜝ◄╩ ↕⌂™◖fiⱤ▬ꜝכ⅜

™≤ ⅎ╠╣╕∆⁹ 

Ẽ 

11.4 ⅝▬ⱬfi♩ named events  

event♦כ♃ ╩ ≈ │ ⅝▬ⱬfi♩≤⌂╡╕∆⁹ ╩ ⇔≡▬ⱬfi♩─ ╩

™╕∆⁹▬ⱬfi♩⅜ ∆╢╕≢⁸ ╩Ⱪ꜡♇◒∆╢ ⅜ ╕∆⁹▬ⱬfi♩ ∟│ ─◦

fi♃♇◒☻╩ ⇔╕∆⁹ 

 

 
 

class Mail extends mailbox#(string);  

// ...  

endclass  

class Mail2#(type T=string) extends mailbox;  

// ...  

endclass  

 

module test;  

mailbox   mb;  

mailbox#(string)  smb;  

Mail    mail;  

Mail2#(string)  mail2;  

Mail2    mail3;  

int    ida ta;  

logic [15:0]  lv;  

 initial begin  

  mb.put("this");  

  mb.get(idata);  

   

  smb.put(lv);   // error  

  smb.put("this");  

  smb.put(123);   // error  

  smb.try_put(123);   // error  

  smb.get(idata);   // error  

  smb.try_get(idata);  // error  

  smb.peek(idata);   // error  

  smb.try_peek(idata);  // error  

   

  mail.put("mail");  

  mail.put(123);   // error  

   

  mail2.put("mail2");  

  mail2.put(123);   // error  

   

  mail3.put("mail3");  

  mail3.put(10.3);   // error  

 end  

endmodule  

@ hierarchical_event_identifier  
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▬ⱬfi♩ ∟─ⱪ꜡☿☻╩≥↓⅛≢ ⇔⌂↑╣┌⌂╡╕∑╪⁹▬ⱬfi♩─ trigger ⌐│

─◦fi♃♇◒☻╩ ⇔╕∆⁹ 

 

 
ⅎ┌⁸ ─ ⌐ ⇔╕∆⁹ 

 

 

11.4.1 triggered 

▬ⱬfi♩ ∟ @ev │⌐fi◦♥▫Ⱪ≢∆⅜⁸ev☿ה☺♇◄│ ⅜ ™─≢ │ ╡╕∑╪⁹

↓─ ⁸@ev ∟─ⱪ꜡☿☻⅜▬ⱬfi♩ ╩∆╢ ╩ ⇔≡⇔╕℮ ⅜№╡╕∆⁹ 

 

 11-4 

@ev│◒꜡♇◐fi◓ה▬ⱬfi♩ @(posedge clk) ⁸ │⁸@(negedge clk) ≤ ⌂╡◄♇☺─

⅜ ╡╕∑╪⁹↓─ ⁸♃▬Ⱶfi◓⅜∏╣╢≤▬ⱬfi♩─ ╩ ⇔≡⇔╕™╕∆⁹

─ ≢│∕─ ⅜ ⅝≡™╕∆⁹ ╣─ initialⱪ꜡◦כ☺ꜗ⅜ ⌐ ⇔≡╙⁸@ev1⁸ │⁸

@ev2─≥∟╠⅛⅜ ↕╣╕∑╪⁹ 

 

 
 

│ ─ ⌐⌂╡╕∆⁹↓─ ⌐│⁸@ev2│ ↕╣≡™╕∑╪⁹ 

 

 
Ẽ 

- > hierarchi cal_event_identifier ;  

event  ev;  

 

initial begin  

 @ev;  

 $display("@%0t: released",$time);  

end  

  

initial begin  

 ...  

 #10 - >ev ;  

end  

module test;  

event  ev1, ev2;  

  

 initial begin  

  - >ev2;  

  @ev1; 

  $display("@%0t: ev1 released.",$time);  

 end  

  

 initial begin  

  - >ev1;  

  @ev2; 

  $display("@%0t: ev2 released.",$time);  

 end  

  

endmodule  

@0: ev1 released.  
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↓─ ╩ ∆╢ ⌐⁸SystemVerilog≢│▬ⱬfi♩─ ╩ ∆╢ triggered╩ ⇔

╕⇔√⁹ │ ─ ╡≢∆⁹ 

 

 
↓─ │⁸ ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐▬ⱬfi♩⅜ ↓∫≡ triggered ™╣┌ 1ôb1╩ ⇔

╕∆⁹ ⅝≡™⌂↑╣┌ 1ôb0 ╩ ⇔╕∆⁹↓─ ╩ ─ ⌐ ∆╢─⅜ ╙ ≢№

╢≤™╦╣≡™╕∆⁹ 

 

 
√≤ⅎ⁸- > hierarchical_event_identifier ⅜↓─ wait ╟╡╙ ⌐ ⅝≡╙⁸↓

─ wait │ ↕╣╕∆⁹ 

 

 11-5 

↓─ ≢│⁸@ev1⁸ ┘⁸@ev2─ ╦╡⌐⁸triggered╩ ⇔≡™╕∆⁹↓─ │ ╩

⇔≡™╢ ⁸▬ⱬfi♩⅜ ⇔√ ╩ ⌐ ⅎ╢ ⅜ ╕∆⁹ 

 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

11.4.2 ≤⇔≡─▬ⱬfi♩ה○Ⱪ☺▼◒♩ 

SystemVerilog≢│♃☻◒⁸ │⁸ⱨ□fi◒◦ꜛfi─ ┘ ⇔≢▬ⱬfi♩ה○Ⱪ☺▼◒♩╩Ɽꜝⱷ

≡⇔≥♃כ ⅝ ∆ ⅜ ╕∆⁹ ⅎ┌⁸ ─ ⌂ ╩∆╢ ⅜ ≢∆⁹ 

 

 

hierarchical_event_identifier.triggered  

wait ( hierarchical_event_identifier.triggered )  

module test;  

event  ev1, ev2;  

  

 initial begin  

  - >ev2;  

  wait (  ev1.t riggered()  );  

  $display("@%0t: ev1 released.",$time);  

 end  

  

 initial begin  

  - >ev1;  

  wait (  ev2.triggered()  );  

  $display("@%0t: ev2 released.",$time);  

 end  

 

endmodule  

@0: ev2 released.  

@0: ev1 released.  

task trigger( event ev );  

 - > ev;  

endtask  
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│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

11.4.3 wait_order  

⇔√ ⌐▬ⱬfi♩⅜ ∆╢╕≢⁸ ┘ ⇔≡™╢ⱪ꜡☿☻╩Ⱪ꜡♇◒⇔╕∆⁹▬ⱬfi♩

─ ⅜ ⇔√ ⌐ ╦⌂™ ⁸ │☻◒♇♃fi◦⁹∆╕╡⌂≥כꜝ◄⌐ ─ ⌐

⌂╡╕∆⁹ 

 

 
action_block ⌐ ╩ ↄ ⅜ ╕∆⁹action_block ⌐│ ╩ √⇔√ ⁸ ┘⁸

√↕⌂™ ─ ⌐ ⇔√ ╩ ⅝╕∆⁹ 

 

⌐ ∫≡ ⅝√▬ⱬfi♩⅜ ┘ ⁹╪∑╕╡⌂│⌐כꜝ◄╙≡⅝ ⅎ┌⁸ 

 
wait_order(a,b, c) ;  

 

│⁸▬ⱬfi♩⅜ a - > b - > c ─ ⌐ ↓╢╕≢⁸ ─ⱪ꜡☿☻╩Ⱪ꜡♇◒⇔╕∆⁹▬ⱬfi

♩─ ⅜ ⌐ ╦⌂™ ⁹∆╕╡⌂≥כꜝ◄⁸ ⇔⁸ ⅝√▬ⱬfi♩⌐ ⇔≡─

│№╡╕∑╪⁹ ⅎ┌⁸▬ⱬfi♩ a ≤▬ⱬfi♩ b ⅜↓─ ⌐ ⅝√ ⁸▬ⱬfi♩ c ⅜ ↓╢

⌐▬ⱬfi♩ a ⅜ ┘  ⁹╪∑╕╡⌂│⌐כꜝ◄╙≡∫↓

 

module test;  

event  ev;  

 

 initial begin  

  @ev; 

  $display("@%0t:  main completed.",$time);  

 end  

  

 initial begin  

  #30 trigger( ev );  

 end  

  

task trigger( event e );  

 #10 - >e;  

endtask  

endmodule  

@40: main completed.  

#- I Simulation completed at time 40 ticks  

wait_or der ( hierarchical_identifier { , hierarchical_identifier } )  

 action_block  
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 11-7 

 
 

↓─ │▬ⱬfi♩⅜ ╡⌐ ⇔╕∆⁹▬ⱬfi♩ c⅜ ⅝√ ≢ wait_order│ ⇔╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

11.4.4 ▬ⱬfi♩ ─  

▬ⱬfi♩הⱢfi♪ꜟ⌐ null╩ ∆╢≤Ɫfi♪ꜟ≤▬ⱬfi♩ ─ ╩ ⇔╕∆⁹╙⇔⁸▬

ⱬfi♩─ ╩ ∫≡™╢ ⅜ ™ ⁸▬ⱬfi♩≢ ↕╣≡™╢ ⅜ ↕╣╕∆⁹

ⅎ┌⁸ 

 
 

─ ⌐⇔≡ ⇔╕∆⁹ ⇔⁸@ev≢ ∫≡™╢ⱪ꜡☿☻⅜ ∆╢≤⁸▬ⱬfi♩ ∟ ⌐№

╢ⱪ꜡☿☻│ ⇔≡ ⇔╕∑╪⁹ 

 

null▬ⱬfi♩⌐ ⇔≡▬ⱬfi♩ ∟╩∆╢≤⁸ ⅜≥─ ⌐⌂╢⅛ ⅛╡╕∑╪⁹ ⅎ┌⁸ 

 

 
⌐ ™≡⁸@ev─ ⅜≥℮⌂╢⅛ ⅛╡╕∑╪⁹ 

 

module test;  

event  a, b, c;  

 

 initial begin   

  wait_order(a,b,c)  

   $display("@%0t: success",$time);  

   else $display("@%0t: fail",$time);  

  $display("@%0t: main completed.",$time );  

 end  

  

 initial begin  

  #1 - >a;  

  #1 - >a;  

  #1 - >b;  

  #1 - >a;  

  #1 - >c;     

 end  

endmodule  

@5: success  

@5: main completed.  

 

event  ev;  

...  

ev = null;  

event  ev  = null ;  

@ev; 
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↓─ ≢│⁸▬ⱬfi♩ ev1⌐ null╩ ⇔≡™╕∆⁹↓─▬ⱬfi♩╩ ∫≡™╢☻꜠♇♪│ ⇔

≡ ⇔╕∑╪⁹ 

 

 
 

│ ─ ⌐⌂╡╕∆⁹ev1─▬ⱬfi♩ ∟⅜ ↕╣∏⌐◦Ⱶꜙ꜠כ◦ꜛfi⅜ ⇔

≡™╕∆⁹ 

 

 
Ẽ 

11.4.5 alias  

▬ⱬfi♩הⱢfi♪ꜟ⌐ ╩ ∆╢ ≢▬ⱬfi♩─ ╩ ∆╢ ⅜ ╕∆⁹ ⅎ┌⁸ 

 
⌐╟╡⁸ev1 ≤ ev2 ⅜ ∂▬ⱬfi♩≤⌂╡╕∆⁹ 

11.4.6 ▬ⱬfi♩─ events comparison  

▬ⱬfi♩ ─ ⌐○Ɑ꜠⁸┘ == ♃כ!=  ╩ ⅎ╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐⇔≡ ∆╢ ⅜ ╕∆⁹ 

module test;  

event  ev1, ev2;  

 

 initial begin  

  @ev1; 

  $display("@%3t: Initial - 1 ended.",$time);  

 end  

  

 initial begin  

  @ev2; 

  $display("@%3t: Initial - 2 ended.",$time);  

 end  

  

 initial begin  

  #100 $display("@%3t: Initial - 3 ended.",$time);  

 end  

  

 initial begin  

  #10 ev1 = null;  

  - >ev1;  

  - >ev2;  

 end  

endmodule  

@ 10: Initial - 2 end ed.  

@100: Initial - 3 ended.  

#- I Simulation completed at time 100 ticks  

 

event  ev1, ev2;  

ev1 = ev2;  

 

if( ev != null )  

 - >ev;  
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│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

  

module test;  

event  ev, ev2;  

 

 initial begin  

  ev2 = ev;  

  @ev; 

  $display("@%0t: step1 is released.",$time);  

  @ev; 

  $display("@% 0t: step2 is released.",$time);  

   

  if( ev == ev2 )  

   $display("@%0t: ev and ev2 are the same.",$time);  

  else  

   $display("@%0t: this cannot happen.",$time);  

 end  

  

 initial begin  

  #1 - >ev2;  

  #5 - >ev;  

 end  

endmodule  

@1: step1 is released.  

@6: step2 i s released.  

@6: ev and ev2 are the same.  

#- I Simulation completed at time 6 ticks  
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fiꜛ◦כ◘▪ 12 assertions  

│fiꜛ◦כ◘▪ ⌐ ┬ ⌂ ⅛╠ ↕╣≡™╕∆⁹↓─ ─fiꜛ◦כ◘▪│≢

⌐≈™≡ ⇔╕∆⁹ ⅛™◦fi♃♇◒☻ ⌐│ ╣╕∑╪⁹ ⌐ ⇔≡│⁸ ⁸

┘⁸ ─fiꜛ◦כ◘▪╢∆ [4][6] ╩ ⇔≡ ↕™⁹ 

12.1  

fi│⁸ꜛ◦כ◘▪ ≤♦◙▬fi ╩ ⇔√ ⅜ ∆╢ ╩♅▼♇◒∆╢ ≢∆⁹

⇔⌂™ ⁸ ⌂꜠ⱳכ♩╩ ∆╢ ⅜ │⌐fiꜛ◦כ◘▪⁹∆╕ №╡╕∆⁹ 

 

fiꜛ◦כ◘▪ · immediate assertions 

fiꜛ◦כ◘▪ · concurrent assertions 

 

fi│⁸ꜛ◦כ◘▪ ─ ≤ ⌐ ⇔≡ ∆╢ ≢∆⁹ ─

▪◒♥▫Ⱪ⌐⌂∫≡™╢╦↑≢│№╡╕∑╪⁹ ⌐ ⅎ┌⁸ ─ if -then-else ≢∆⁹↓─

fiꜛ◦כ◘▪│fiꜛ◦כ◘▪─ ≢╙ ↕╣╢ ⅜ ↄ ╠╣╕∆⁹ ⅎ┌⁸ ⅜

⇔≡™╢ ╩ ∆╢ ⌐ ⇔╕∆⁹ ─ │⁸∕─ ≢∆⁹ 

 

 
 

⁸ ≥fiꜛ◦כ꜠ꜙfi│◦Ⱶꜛ◦כ◘▪ ⇔≡ ⇔⌂⅜╠ ╩ ∆╢ ≢∆⁹

≢fiꜛ◦כ◘▪ ⇔≡™╢▬ⱬfi♩⅜ ∆╢≤⁸ ≤♦◙▬fi─ ╩♅▼♇◒⇔╕∆⁹

↓─♅▼♇◒│♦◙▬fi─◦Ⱶꜙ꜠כ◦ꜛfi≤ ⇔≡™╕∆⁹ 

 

fi≤™℮≤⁸ꜛ◦כ◘▪ ⌐│⁸ ╩fiꜛ◦כ◘▪ ⇔╕∆⁹ 

fiꜛ◦כ◘▪ 12.2 immediate assertions  

│⌐fiꜛ◦כ◘▪ assert ⁸assume⁸cover ─ ⅜№╡╕∆⁹∕╣∙╣─◦fi

♃♇◒☻│ ─ ⌐⌂∫≡™╕∆⁹ 

 

 
action_block│ ⅜ ⁸ │⁸ ─ ─ ╩ ⇔╕∆⁹ ⇔√ ⁸ ─ ⅜

↕╣╕∆⁹↓─ │ pass statement≤ ┌╣╕∆⁹ ─ ─ │⁸else◒꜡כ☼

≢ ⇔╕∆⁹↓─ │ fail statement≤ ┌╣╕∆⁹ 

 

assert │ ⇔√ ⅜ ∆╢ ╩ ⇔╕∆⁹ ⇔⌂™ │⁸ ⌐ ∆╢≤ ↕

╣╕∆⁹ ⅜ ⅝≡⁸assert ⌐ else◒꜡כ☼⅜ ↕╣≡™⌂™ ⁸$error⅜ ┘ ↕╣╕

∆⁹ 

 

assume │ ⇔√ ⅜ ∆╢ ╩ ⇔╕∆⁹↓─ │⁸ⱨ◊כⱴꜟהⱬꜞⱨ▫◔כ◦ꜛfi

⌐ꜟכ♠─ ↕╣╕∆⁹◦Ⱶꜙ꜠כ♃⌐ ⇔≡│ assert ≤ ⌐ ╦╣╕∆⁹ 

packet_t  p;  

...  

p = new;  

assert ( p.randomize() )  

 else $fatal(0, òpacket_t::randomize() failed. ò);  

...  

assert ( expression ) action_block  

assume ( expression ) action_block  

cover ( expression ) statement_or_null  

action_block ::=  

 statement _or_null  

 | [ statement ] else statement_or_null  
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cover │◌Ᵽ꜠♇☺ ╩ ⇔╕∆⁹ ─ ╩ ╖╕∆⁹ 

 

· ⅜ ↕╣√  

· ⅜ ⇔√  

 

⌂ ╩ ∆ ⌐⇔╕∆⁹ 

 12-1 

 
 

assert ⌐ ⇔≡⁸fail statement─╖ ⇔≡™╕∆⁹ 50⌐ ™≡│⁸a==0⁸ ┘⁸b==0

≢∆⁹ ∫≡⁸ ⌐ ⇔╕∆⁹∕╣ ─ ≢│⁸ ⅜ ⇔╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

fiꜛ◦כ◘▪ 12.3 concurrent assertions  

≥fiꜛ◦כ꜠ꜙfi│♦◙▬fi─◦Ⱶꜛ◦כ◘▪ ⇔≡ ⇔╕∆⁹ │⁸◒꜡♇◒─

▬ⱬfi♩≤ ⅜♩ⱬfi▬ה◒♇꜡◒│fiꜛ◦כ◘▪⁹∆╕⇔ ⇔√ ⌐ ↕╣╕∆⁹

╩ ∆╢ ─ │⁸◘fiⱪꜟ sampled value ≤ ┌╣╕∆⁹SystemVerilog≢│◘fi

ⱪꜟ ─ ⌐ ⇔≡ ⌂ ╡ ─fiꜛ◦כ◘▪⁹∆╕™≡⇔╩╘ │ observed region≢

╦╣╕∆⁹ 

module test;  

bit  clk, a, b;  

 

 initial begin  

  a = 1;  

  b = 1;  

  #100 $finish;  

 end  

  

 initial forever #10 clk = ~clk;  

  

 always @(posedge cl k)  

  assert( a || b )  

   else $display("@%0t: assert failed.",$time);  

   

 initial begin  

  fork  

   begin  

    #20 a = 0;  

    #40 a = 1;  

   end  

   #40 b = 0;  

  join  

 end  

endmodule  

@50: assert failed.  
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 ♪♇꜠☻ה♅ꜟfi│ⱴꜛ◦כ◘▪ 12.3.1

─fiꜛ◦כ◘▪ ╩ P≤⇔╕∆⁹◒꜡♇◒ה▬ⱬfi♩ T⌐ ™≡ P─▬fi☻♃fi☻ p1⅜

↕╣╕∆⅜⁸p1─ │⁸ ⌐⁸ T ≢ ⇔╕∑╪⁹ ╙≢♩ⱬfi▬ה◒♇꜡◒─ p1

─ ⅜ ↕╣╕∆⁹ ∟⁸ T≢ ⇔√ P─▬fi☻♃fi☻─ │ ה◒♇꜡◒─⅛≈

▬ⱬfi♩≢ ↕╣≡ ⅜ ╕∆⁹ ⁸T ─ ─ⱬfi♩≢╙⁸P▬ה◒♇꜡◒─ ─▬fi☻

♃fi☻ p2⅜ ⇔╕∆⁹ ─fiꜛ◦כ◘▪⁸≡∫ ⅜ ≈≢№∫≡╙⁸∕─ ─▬

fi☻♃fi☻⅜ ⌐ ⇔╕∆⁹∕╣∙╣─▬fi☻♃fi☻│☻꜠♇♪≤⇔≡ ∆╢ כ◘▪⁸

◦ꜛfi│ⱴꜟ♅⁹∆╕╡⌂⌐♪♇꜠☻ה ⌂ ⁸№╢▬fi☻♃fi☻│◦Ⱶꜙ꜠כ◦ꜛfi

╕≢ ⇔ ↑╕∆⁹⇔⅛╙⁸↓╣╠─ⱴꜟ♅ה☻꜠♇♪│ ─♦◙▬fi─◦Ⱶꜙ꜠כ◦ꜛ

fi≤ ⌐ ⇔╕∆⁹ 

12.3.2 ◘fiⱪꜞfi◓ sampling  

─fiꜛ◦כ◘▪ ⌐ ↕╣╢◘fiⱪꜟ │⁸ │№╡╕∆⅜⁸preponed region⌐ ↑╢

╩ ⇔╕∆⁹ 

 

preponed region│ T─◦Ⱶꜙ꜠כ◦ꜛfiה♃▬ⱶה☻꜡♇♩─ ─ ≢∆⁹◘fiⱪꜟ

│⁸ T─◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢ ─ ╩ ⇔╕∆⁹preponed region─

│ postponed region≢∆⁹↓╣│⁸ T ─◦Ⱶꜙ꜠כ◦ꜛfiה♃▬ⱶה☻꜡♇♩─ ─

≢∆⁹ 

 

│⁸automatic ⁸ ꜟ◌כ꜡⁸│ ≢∆⁹↓╣╠─ ─ │ ∆╢ ─ ╩

⇔╕∆⁹preponed region─ ≢│№╡╕∑╪⁹ ⅎ┌⁸forꜟכⱪ≢ ⇔√ │ ─

╩ ⇔╕∆⁹◘fiⱪꜟ ─ ╩fiꜛ◦כ◘▪⁸│ ∆╢⌐≈╣≡ ⌐ ╠⅛⌐⌂╡╕

∆⁹ ≢│⁸↓─ ─ ≢ ∞≤ ™╕∆⁹ 

 ◒♇꜡◒הfiꜛ◦כ◘▪ 12.3.3

≡⇔⌐☻כfi│◒꜡♇◒╩ⱬꜛ◦כ◘▪ ╩ ⇔╕∆⁹◘fiⱪꜟ ⅜♩ⱬfi▬ה◒♇꜡◒│

⇔√ ⌐ ↕╣╕∆⁹ 

 

12.4 Ⱪכꜞ▪fi boolean expressions  

─fiꜛ◦כ◘▪ ─ │ boolean≢⁸ ─ ─ ≤ ∂≢∆⁹ ∟⁸ ⅜ 0⁸x⁸

│⁸z≢№╣┌⁸ false ≤⌂╡⁸∕╣ ≢№╣┌⁸ true ≤⌂╡╕∆⁹ 

☻fi◔כ◦ 12.5 sequences ≤ⱪ꜡Ɽכ♥▫ properties  

─fiꜛ◦כ◘▪ ∟⁸ ∆═⅝ │ⱪ꜡Ɽכ♥▫ properties ≢ ↕╣╕∆⁹

ⱪ꜡Ɽכ◦│▫♥כ◔fi☻⅛╠ ╖ כⱩ≥♃כ꜠Ɑ○ה☻fi◔כ◦│☻fi◔כ◦⁹∆╕╣╠≡

ꜞ▪fi ⅛╠ ↕╣╕∆⁹ ⌂ ⁸Ⱪכꜞ▪fi │ⱪ꜡Ɽ⁸⅜∆╕╡⌂⌐▫♥כⱩכꜞ▪

fi │ ╩ ╕⌂™ non-temporal ⁸ ╩fiꜛ◦כ◘▪ ∆╢ │№╡╕∑╪⁹

⅜♃כ꜠Ɑ○ה☻fi◔כ◦│⌐fiꜛ◦כ◘▪╢№─ ⌐⌂╡╕∆⁹ ⌂╢Ⱪכꜞ▪fi ≢

№╣┌⁸ fiꜛ◦כ◘▪ immediate assertions≢ ╗ ⅜ ™≢∆⁹ 

 

data 

T 

T⌐ ↑╢ data─◘fiⱪꜟ │ 1ôb1≢∆⁹1ôb0≢│№╡╕∑╪⁹ 

simulation 

time step 
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☻fi◔כ◦ ┘ⱪ꜡Ɽכ♥▫ │ ╩♩ⱬfi▬ה◒♇꜡◒─ ⇔≡ ╩ ⇔╕∆⁹

⌐ ≤⌂╣┌⁸ ≤♦◙▬fi⅜ match ∆╢ ≤ ↕╣╕∆⁹ ≢ ⅜

≤⌂╣┌⁸ ≤♦◙▬fi⅜ ⇔⌂™≤ ↕╣╕∆⁹ ≢│⁸↓─ ╩ⱴ♇♅⁸

┘⁸ⱴ♇♅⇔⌂™≤ ⇔╕∆⁹ ™│⁸pass⁸ ┘⁸fail≤╙ ⇔╕∆⁹ 

 

─▫♥כfi☻≤ⱪ꜡Ɽ◔כ◦⌂ ╩ ⇔╕∆⁹ 

 

 
| - >│ implication operator≤ ┌╣⁸if ─ ╩ ∟╕∆⁹○Ɑ꜠כ♃─ antecedent ⅜

≢№╣┌⁸ consequent ╩ ⇔╕∆⁹ ⅜ ─ ⁸ ⌐│ ⅜ ™ ⁸ │

ⱴ♇♅∆╢ ⌐⌂╡╕∆⁹ ⇔⁸∕─ ─ⱴ♇♅│ ─ ─ⱴ♇♅≤│ ⅜ ⌂╢ ⁸

↓─ ⌂ⱴ♇♅╩ vacuous pass ⌂Ɽ☻⁸ │⁸ ─⌂™Ɽ☻ ≤ ┘╕∆⁹ 

 

ⱪ꜡Ɽכ♥▫ ex1 ⌐ ™≡⁸a ⅜ ≢№╢≤⁸s1 ─ ⅜ ╕╡╕∆⁹s1 ⌐ ™≡⁸c ⅜ ≢

№╢≤ ꜟ◒▬◘ה◒♇꜡◒1 ⌐ b ─ ╩⇔╕∆⁹b ⅜ ≢№╢≤⁸ex1 ─ │ ⇔≡⁸

ⱴ♇♅∆╢≤ ↕╣╕∆⁹ 

 

☻fi◔כ◦ s1 ╩ꜟ◒▬◘ה◒♇꜡◒│ ⇔≡™╢ ⁸◒꜡♇◒─ ⅜≥↓⅛≢ ⌐↕╣

≡™⌂↑╣┌⌂╡╕∑╪⁹ⱪ꜡Ɽכ♥▫ ex1 ≢│◒꜡♇◒─ ⅜↕╣≡™╕∑╪⁹ ∫≡⁸

ⱪ꜡Ɽכ♥▫ ex1 ╩ ┬ⱪ꜡Ɽכ♥▫≢◒꜡♇◒─ ⅜↕╣≡™╢⅛⁸ │⁸default 

clocking ─ ⅜ ⌐⌂╡╕∆⁹ ⅎ┌⁸ex1 ╩ ┬ ≢ ─ ╩♩ⱬfi▬ה◒♇꜡◒⌐

⇔╕∆⁹ 

 

 

↓─ ⌐⇔≡ ↕╣√◒꜡♇◒╩ leading clock≤ ┘╕∆⁹ 

 

fi☻⁸◔כ◦⁸≡⇔≥ ┘⁸ⱪ꜡Ɽכ♥▫∞↑≢│ ⇔╕∑╪⁹ ⌐ ∆╢─│⁸

assert⁸assume⁸cover⁸ ┘⁸restrict ─ ≢∆⁹∕╣╠─ │ leading clock─▬ⱬfi♩⅜ ↓╢

≤ ⌐ ╩ ⇔╕∆⁹ ╩ │fiꜛ◦כ◘▪─⧵≥╢∆ ⅜ ∆╢╕≢

╩ ⇔╕∆⁹ 

 

↓─ ⅜ ∆ ⌐⁸ ⌐│⁸ⱪ꜡Ɽכ◦╛▫♥כ◔fi☻⌐◒꜡♇◒─ ╩ ╖╕∑╪⁹◒꜡

♇◒─ ╩ ╕⌂™ ≢ⱪ꜡Ɽכ◦╛▫♥כ◔fi☻─ ⅜ ⇔⁸╟╡ ↄ─ ⌐ ∆

╢ ⅜ ╢⅛╠≢∆⁹↓─▪ⱪ꜡כ♅⌐╟╡ ─ ─ ⌐ ⅜╡╕∆⁹ 

 

⁸implication operator⌐│ ⇔√○Ɑ꜠כ♃|=> ⅜№╡╕∆⁹↓─○Ɑ꜠⁸│♃כ ─

╩ ꜟ◒▬◘ה◒♇꜡◒1 ⌐ ⇔╕∆⁹ 

sequence s1;  

 c ##1 b;  

endsequence  

 

property ex1;  

 a | - > s1;  

endproperty  

assert property ( @(posedge clk)  ex1)  

  $display("passed @%0t",$time);  

 else  

  $display("failed @%0t",$time);  
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 12-2 

 
 

↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

 
 

4 ≈─Ɽ☻⅜ ↕╣≡™╕∆⅜⁸↓─ ⌐│ vacuous pass⅜ ╕╣╕∆⁹≥─Ɽ☻⅜ ─Ɽ☻

⅛│ ═╢╕≢ ⅛╡╕∑╪⁹ ♪♇꜠☻─fiꜛ◦כ◘▪│ ╩ ≈◦Ⱶꜙ꜠כ◦ꜛ

fiכ♠הꜟ⅜ ⇔≡™╕∆⁹ ⌐ ∆ │∕─ ≢∆⁹ 

 

⌐ ™≡⁸ ─ộ│ ─Ɽ☻⁸ ─ộ│ fail⁸ ─ộ│ vacuous pass≢∆⁹ ─ỏ│☻꜠♇

♪─ ╩ ⇔╕∆⁹ ─ │☻꜠♇♪─ ╩ ⇔╕∆⁹ │☻꜠♇♪ ╩

⇔╕∆⁹ 

 

 

module test;  

logic  a, b, c;  

bit  clk;  

 

 sequence s1;  

  c ##1  b;  

 endsequence  

 property ex1;  

  a | - > s1;  

 endproperty  

 assert property (@(posedge clk) ex1)  

   $display("passed @%0t",$time);  

  else  $display("failed @%0t",$time);  

 initial  repeat (10) #10 clk = ~clk;  

 initial begin  a = 0;  #20 a = 1;  #20 a = 0;  

  #20 a = 1;  #20 a = 0;  end  

 initial begin  b = 0;  #40 b = 1;  #20 b = 0;  end  

 initial begin  c = 0;  #5 c = 1;  end  

endmodule  

passed @10  

passed @50  

passed @50  

failed @90  

passed @90  
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─ ⌐ ∆╢≤ vacuous pass─꜠ⱳכ♩╩ ∆╢ ⅜ ╕∆⁹ 

 

 
 

cover property│ vacuous pass╩ │⌐ꜟ▬□ⱨה◓꜡≢─╢∆ vacuous pass│ⱪꜞfi♩↕╣╕

∑╪⁹ ─ ⌂ ╩ ╕∆⁹ 

 

 
Ẽ 

─☻fi◔כ◦ 12.6 sequence operations  

⌐☻fi◔כ◦ ≢⅝╢ ⌂○Ɑ꜠כ♃│ ─ ⌐ ╘╠╣╕∆⁹ 

 

○Ɑ꜠כ♃  

[* m]  

[*m:n]  
⇔√◒꜡♇◒≢─ ╡ ⇔╩ ⇔╕∆⁹

ⅎ┌⁸a[*3]  │⁸1 ⅔╩כ꜠▫♦─◒♇꜡◒

™≡ a ⅜ ╡ ∆ ╩ ⇔╕∆⁹ ∟, 

a[*3]  │ 
a ##1 a ##1 a  

≤ ∂≢∆⁹ 

[=m]  

[=m:n]  
─◒꜡♇◒≢─ ╡ ⇔╩ ⇔╕∆⁹ 

[ - >m]  

[ - >m:n ]  
goto○Ɑ꜠כ♃≤ ┌╣╕∆⁹ 

─◒꜡♇◒≢─ ╡ ⇔╩ ⇔╕∆⁹ 

##m 

##[m:n]  
╩כ꜠▫♦ה◒♇꜡◒ ⇔╕∆⁹ 

sig  throughout  seq  seq ╩ ⇔≡™╢ ⁸sig │ ≢⌂↑╣┌⌂

╡╕∑╪⁹sig │ │ ─ כ◦⁹∆≢

◔fi☻╩ ∆╢ │ ╕∑╪⁹ 

seq1  within  seq2  seq1│ seq2⌐ ╕╣╢ ╩ ⇔╕∆⁹ 

seq1  intersect  seq2  and ≤ ∂≢∆⅜⁸ ○Ɑꜝfi♪│ ⌐

⇔⌂↑╣┌⌂╡╕∑╪⁹ 

seq1  and seq2  ○Ɑꜝfi♪⅜ⱴ♇♅∆╣┌ ≤⇔≡ⱴ♇♅

⇔╕∆⁹ ⌐⁸ ○Ɑꜝfi♪│ ⌐ ⇔⌂

↑╣┌⌂╡╕∑╪⁹ 

seq1  or  seq2  ≥∟╠⅛⅜ⱴ♇♅∆╣┌⁸ ≤⇔≡ⱴ♇♅⇔

╕∆⁹ 

first_match  ─ⱴ♇♅⅜ ∆╢ ⁸ ╙ ↄ ∆╢

ⱴ♇♅╩ ⇔⁸ ─ⱴ♇♅╩ ⇔╕∆⁹ 

 

[=] ≤[ - >] ○Ɑ꜠כ♃│ ⌐ ≡™╕∆⁹ ≢ ∆╢≤ │ ∂≢∆⅜⁸ ─○Ɑꜝ

fi♪⅜ ∆╢≤ ⅜ ↄ ⌂╡╕∆⁹ ∏│⁸ ⌂○Ɑ꜠כ♃⅛╠ ╩ ∆╢ ⌐

⇔╕∆⁹ 

assert property (@(posedge clk) ex1)  

 else  $display("failed @%0t",$time);  

cover prope rty (@(posedge clk) ex1)  

 $display("passed @%0t",$time);  

 

 

passed @50  

failed @90  
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12.6.1 ##m 

##m │ m ─◒꜡♇◐fi♇◓ה◄♇☺ ꜟ◒▬◘ה◒♇꜡◒ ╩כ꜠▫♦─ ↄ ≢∆⁹

ⅎ┌⁸◒꜡♇◐fi◓ה◄♇☺⅜  @(posedge clk) ≢№╢≤∆╢≤⁸##2 │ 2  @(posege 

clk) ⅜ ↓╢╕≢ ≈ ╩ ⇔╕∆⁹  ☻fi◔כ◦─

 

a ## 2 b  

 

│⁸ ─◒꜡♇◐fi◓ה◄♇☺≢ a │ ꜟ◒▬◘ה◒♇꜡◒⁸2≢ ⌐ b │ ≢№╢ ╩

⇔≡™╕∆⁹↓─ ⅜ √↕╣╢≤⁸ ╢∆♅♇fi☻│ⱴ◔כ◦─ ⌐⌂╡╕∆⁹ 

 

m==0─ ⁹╪∑╕╡№│כ꜠▫♦⁸│ ∫≡⁸ 

 
a ##0 b  

 

│⁸a && b ≤ ∂≢∆⁹##0 │ⱨꜙכ☺ꜛfi fusion ≤ ┌╣╕∆ [6] ⁹ 

 

 12-3 

 
 

cover property╩ ⇔≡⁸vacuous pass╩ⱪꜞfi♩⇔⌂™ ⌐⇔≡™╕∆⁹assert property ┘

cover property≢│ⱪ꜡Ɽכ♥▫ ab  ╩ ┘ ⇔≡™╕∆⁹↓╣╠─ ∞↑≢│ leading clock⅜

≢∆⁹ⱪ꜡Ɽכ♥▫ ab ─ ╩ ⇔≡ ╘≡ leading clock⅜ ⅛╡╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

12.6.2 ##[m:n] 

m⅛╠ n ╩כ꜠▫♦─ꜟ◒▬◘ה◒♇꜡◒ ↄ ≢∆⁹ ⅎ┌⁸ 

 
request ##[1:3] grant  

 

module test;  

bit  clk, a, b, z;  

 

 sequence seq ;  

  a ##2  b;  

 endsequence  

 property ab;  

  @(posedge clk) z | - > seq ;  

 endproperty  

 assert property (ab)  

  else $display("@%0t: FA IL",$time);  

 cover property (ab)  

  $display("@%0t: PASS",$time);  

 initial begin  #20 z = 1; #40 z = 0;  end  

 initial begin  #20 a = 1; #40 a = 0;  end  

 initial begin  #40 b = 1; #40 b = 0;  end  

 initial  repeat (11) #10 clk = ~clk;  

endmodule  

@70: PASS 

@90: FAIL  
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│⁸req uest ⅜ ꜟ◒▬◘ה◒♇꜡◒3 ╠⅛ ⁸1╠√ ⌐ grant ⅜ ⌐⌂╠⌂↑╣┌⌂╠⌂

™ ╩ ⇔╕∆⁹1 ⅛╠ 3 ꜟ◒▬◘ה◒♇꜡◒ ⌐ grant ⅜ ⌐⌂∫√ ≢ │

⇔╕∆⁹√≤ⅎ ─ꜟ◒▬◘ה◒♇꜡◒3 ╠⅛ 1 ⁸grant  ==1ôb1≢№∫≡╙⁸pass∆╢─│

─ ≢∆⁹ ≢│№╡╕∑╪⁹ 

 

 12-4 

 
 

∆╢≤ ─ ╩ ╕∆⁹ 

 

 
 

 
Ẽ 

12.6.3 [*m]  

b[*m] ⁸≢♃כ꜠Ɑ○הכꜞ♫כꜚ  ─ ⌐⇔≡ ™╕∆⁹b[*m]  ⅜ⱴ♇♅∆╢⌐│⁸b │

⇔√◒꜡♇◒─ ⁸ ⌐ ≢⌂↑╣┌⌂╡╕∑╪⁹∕⇔≡⁸○Ɑ꜠כ◦ꜛfi│ m-1 ◒꜡♇

ꜟ◒▬◘ה◒ ⌐ ⇔╕∆⁹b ⅜ ≢№╣┌⁸∕─ ≢○Ɑ꜠כ◦ꜛfi│ ⇔╕∆⁹ 

module test;  

bit  clk, a, b, z;  

 

 sequence seq;  

  a ##[1:2] b;  

 endsequence  

 property ab;  

  @(posedge clk) z | - > seq;  

 endproperty  

 assert property (ab)  

  else $display("@%0t: FAIL",$time);  

 cover property (ab) $display("@%0t: PASS",$time);  

  

 initial begi n #20 z = 1; #20 z = 0; #20 z = 1; #20 z = 0; end  

 initial begin #20 a = 1; #20 a = 0; #20 a = 1; #20 a = 0; end  

 initial begin #40 b = 1; #40 b = 0; end  

 initial repeat (11) #10 clk = ~clk;  

endmodule  

@50: PASS 

@110: FAIL  
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 12-5 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

 

module test;  

bit  clk, a, b, z;  

 

 sequence seq ;  

  a ##1 b[*2];  

 endsequence  

 property ab;  

  @(posedge clk)z |=> seq ;  

 endproperty  

 assert property (ab)  

  else $display("@%0t: FAIL",$time);  

 

 cover property (ab) $display("@%0t: PASS",$time);  

 initial begi n #5 z = 1; #10 z = 0; #30 z = 1; #10 z = 0; end  

 initial begin #15 a = 1; #10 a = 0; #30 a = 1; #10 a = 0; end  

 initial begin #25 b = 1; #20 b = 0; #20 b = 1; #10 b = 0; end  

 initial begin clk = 1; repeat (16) #5 clk = ~clk; end   

endmodule  

@40: PASS 

@80: FAIL  

a ##1 b[*2] Ą a ##1 b ##1 b 

a 

b 
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Ẽ 

12.6.4 [*m:n]  

[*m]≤ ⁹b[*m:n]∆≢♃כ꜠Ɑ○הכꜞ♫כꜚ⌐ ⅜ⱴ♇♅∆╢ ⌐│⁸ ה◒♇꜡◒√⇔

◄♇☺─ ≢ b │ ⌐ ≢⌂↑╣┌⌂╡╕∑╪⁹∕⇔≡⁸(b==1ôb1)≤⌂╢ │ m ⁸

n ≢№╢ ⅜ ≢∆⁹∕─ ╩ √∆ ─◒꜡♇◒≢○Ɑ꜠כ◦ꜛfi│ ⇔╕∆⁹ 

 

⇔⁸ ⅜ ≢∆ [4] ⁹ ⅎ┌⁸b[*2:4] │ 

 
(b ##1 b) ||  (b ##1 b ##1 b) ||  (b ##1 b ##1 b ##1 b)  

 

≤ ∂≢∆⁹(b ##1 b) ⅜ ≢№╣┌⁸○Ɑ꜠כ◦ꜛfi│ ⇔╕∆⁹ ⁸(b ##1 b) ⅜

≢№╢≤ ─◘Ⱪ◦כ◔fi☻╙ ⌐⌂╡╕∆⁹ ∫≡⁸ 

 

b[*2:4] == b[*2]  

 

≤⌂╡╕∆⁹ ™ ⅎ╢≤⁸:4 │ ⌐⌂∫≡™╕∆⁹ ⁸[*m:n] ─○Ɑ꜠כ♃⅜ ∆╢

─⅛ ⌐⌂╡╕∆⁹ ⅎ│ ─ ⌐⌂╡╕∆⁹ 

 

○Ɑ꜠כ♃[*m:n] ⅜ ⌐ ↕╣√ [*m] ≤ ∂ ⅝≢∆⅜⁸ ─○Ɑꜝfi♪⅜ ∆

╢≤[*m:n]!=  [*m] ≤⌂╡╕∆⁹ ⅎ┌⁸b[*2:4]  ##1 c │ 

 

(b ##1 b  ##1 c ) || (b ##1 b ##1 b  ##1 c ) ||  (b ##1 b # #1 b ##1 b  ##1 c )  

 

≤⌂╡╕∆⁹ ╠⅛⌐⁸(b [*2:4]  ##1 c) !=  (b [*2]  ##1 c) ≢∆⁹ 

 

 12-6 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 

module test;  

bit  clk, a, b, c, z;  

 

 sequence seq;  

  a ##1 b[*2:5] ##1 c;  

 endsequence  

 property ab;  

  @(posedge clk) z | - > seq;  

 endproperty  

 assert property (ab)  

  else $display("@%0t: FAIL",$time);  

 cover property (ab) $display("@%0t: PASS",$time) ;  

  

 initial begin #20 z = 1; a = 1; #20 z = 0; a = 0;  

  #20 z = 1; a = 1; #20 z = 0; a = 0; end  

 initial begin #80 b = 1; #60 b = 0; end  

 initial begin #140 c = 1; #20 c = 0; end  

 initial repeat (16) #10 clk = ~clk;  

endmodule  

@50: FAIL  

@150: PASS 
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Ẽ 

12.6.5 [=m]  

b[=m] │⁸ ∏⇔╙ ≡™⅔⌐☺♇◄ה◒♇꜡◒™⌂⇔ b │ m ≢№╢ ⅜ ╘╠╣╕∆⁹

ⅎ┌⁸b[=2] ╩ ≢ ↄ≤ 

 
...b ... b...  

 

≤™℮ ⌐⌂╡╕∆⁹↓↓≢⁸b │b==1ôb1╩ ⇔╕∆⁹ ─... ⌐│ b==1ôb1 ⅜№∫≡

│⌂╡╕∑╪⁹ ⅎ┌⁸b[=2] ##1 c │⁸ 

 
...b ... b...c  

 

≤⌂╡╕∆⁹ ─ b ⅜ ─ ⁸ ─b==1ôb1⅜ ╢ ⌐ c ⅜ ⌐⌂╢ ╩ ⇔≡™

╕∆⁹ ⁸c │ b ─ ≤│ ╡╕∑╪⁹ ∫≡⁸ ─ ≢│№╡╕∑╪⁹ 

 

...b ... bc  │⁸↓╣│ goto≢∆⁹  
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↓╣╩ ∆╢≤ ─ ⌂ ╩ ╕∆⁹ 

 

modul e test;  

bit  clk, a, b, c;  

 

 property p;  

  @(posedge clk) a |=> b [=2] ##1 c;  

 endproperty  

 assert property (p)  

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

  

 initial  #270 $finish;  

 initial forever #10 clk = ~clk;  

 initial begin #20 a = 1; #20 a = 0; #100 a = 1; #20 a = 0; end  

 initial begin #40 b = 1; #20 b = 0; #20 b = 1; #20 b = 0;  

  #60 b = 1; #20 b = 0; #20 b = 1; #20 b = 0; #20 b = 1;  

  #20 b = 0; end  

 initial begin #120 c = 1; #20 c = 0; end  

endmodule  
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30ns⅛╠ ⇔√☻꜠♇♪⅜ 

 
a.b.b.c  

 

╩ 130ns≢ ⇔≡™╕∆⁹ ∫≡⁸@130: PASS⅜ⱪꜞfi♩↕╣≡™╕∆⁹ ⁸150ns≢

⇔√☻꜠♇♪⅜⁸c ⅜ ⌐⌂╢ ⌐⁸250ns⌐ ™≡ 

 
a.b.b.b  

 

≤⌂∫≡™╕∆⁹ ∫≡⁸@250: FAIL≤⌂╡╕∆⁹ 

 

 
Ẽ 

12.6.6 [=m:n]  

b[=m:n] │ b ⅜ ∏⇔╙ ≡™⅔⌐☺♇◄ה◒♇꜡◒™⌂│≢ b│ m⅛╠ n ≤⌂╢ ╩

╘≡™╕∆⁹ ╩ ∆╢─≢⁸ ≢ ∆╢≤○Ɑ꜠כ♃─ │№╡╕∑╪⁹ ∏⁸

─○Ɑꜝfi♪⅜ ⌐ ↄ ⅜№╡╕∆⁹ 

 

ⅎ┌⁸b[=2:3] ##1 c ╩ ⌐ ↄ≤ 

 

... b... b... c  ⁸ │⁸ ... b... b... b... c  

 

≤⌂╡╕∆⁹ ∟⁸b ⅜ 2⅛╠ 3 ⌐⌂∫≡™╢ ⌐ c ⅜ ⌐⌂╢ ⅜ ≢∆⁹ ─ ⌂

│ⱴ♇♅⇔╕∑╪⁹ 

 

 

@130: PASS 

@250: FAIL  

bbbbc  

b...b...b...b...c  
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 12-8 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

30ns⅛╠ ⇔√☻꜠♇♪⅜ 

 
ab.bc  

 

╩ 110ns≢ ⇔≡™╕∆⁹ ∫≡⁸@110: PASS╩ⱪꜞfi♩⇔≡™╕∆⁹╕√⁸130ns≢ ⇔

√☻꜠♇♪⅜ c ⅜ ⌐⌂╢ ⌐⁸250ns⌐ ™≡ 

 
abbbbbb  

 

≤⌂∫≡™╕∆⁹ ∫≡⁸@250: FAIL≤⌂╡╕∆⁹ 

 

 
Ẽ 

module test;  

bit  clk, a, b, c;  

 

 property p;  

  @(posedge clk) a |=> b [=2:5] ##1 c;  

 endproperty  

 assert property (p)  

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

  

 initia l begin  

  #270 $finish;  

 end  

 initial forever #10 clk = ~clk;  

 initial begin #20 a = 1; #20 a = 0; #80 a = 1; #20 a = 0; end  

 initial begin #40 b = 1; #20 b = 0; #20 b = 1;  

   #20 b = 0; #40 b = 1; end  

 initial begin #100 c = 1; #20 c = 0; end  

endmodule  

@110: PASS  

@250: FAIL  
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12.6.7 [- >m] 

non-consecutive goto ○Ɑ꜠כ♃≤╙ ┌╣╕∆⁹ ─○Ɑꜝfi♪⅜ ↑╣┌[=m] ≤ ∂≢∆⁹

─○Ɑꜝfi♪⅜№╢≤[=m] ≤ ⌂╡╕∆⁹b [ - >2] ##1 c ╩ ⌐ ↄ≤⁸ 

 
... b... bc  

 

≤⌂╡╕∆⁹ 
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│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

 
Ẽ 

12.6.8 [- >m:n]  

[ - >m]⌐ ⇔≡ ≤⌂∫≡™╢ ™⅜№╡╕∆⅜⁸ ⌐│ ⇔ ™≤ ™╕∆⁹ 

module test;  

bit  clk, a, b, c;  

 

 property ab;  

  @(posedge clk) a |=> b [ - >2] ##1 c;  

 endproperty  

   

 assert property (ab)   

  else $display("@%0t: FAIL",$time);  

 cover property (ab ) $display("@%0t: PASS",$time);   

 initial begin #20 a =  1; #20 a = 0; #60 a = 1; #20 a = 0; end  

 initial begin #40 b = 1; #20 b = 0; #20 b = 1; #20 b = 0;  

  #20 b = 1; #20 b = 0; #20 b = 1; #20 b = 0;  

  #20 b = 1; #20 b = 0; end  

 initial begin #100 c = 1; #20 c = 0; end  

 initial repeat (22) #10 clk = ~clk;  

endmodule  

@110: PASS 

@190: FAIL  
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 12-10 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

 
Ẽ 

12.6.9 sig throughout seq 

☻fi◔כ◦ seq ╩ │ sig ⅜ ⌐ ≢⌂↑╣┌⌂╠⌂™ ╩ ⇔╕∆⁹sig │ │

─ ╩☻fi◔כ◦⁸≢ ∆╢ │ ╕∑╪⁹ 

 

sig ⅜ ─ ⌐ seq ⅜ⱴ♇♅∆╢≤ ↕╣╣┌ sig throughout seq │ⱴ♇♅⇔╕∆⁹

⌐ ⅎ┌⁸sig ⁸ │⁸seq ─ ╣⅛⅜ ≤⌂╢≤ sig throughout seq │ⱴ♇♅⇔╕∑╪⁹ 

 

module test;  

bit  clk, a, b, c;  

 

 property p;  

  @(posedge clk) a |=> b [ - >2:5] ##1 c;  

 endproperty  

 assert property (p)  

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

  

 initial begin  

  #270 $finish;  

 end  

 initial  

  forever #10 clk = ~clk;  

 initial begin #20 a = 1; #20 a = 0; #80 a = 1; #20 a = 0; end  

 initial begin #40 b = 1; #20 b = 0; #20 b = 1; #20 b = 0;  

  #40 b = 1; #100 b = 0; end  

 initial begin #100 c = 1; #20 c = 0; end  

endmodule  

@110: PASS 

@250: FAIL  
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 12-11 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

 
Ẽ 

12.6.10 seq1 within seq2 

fi☻⅜ⱴ♇♅⇔⌂↑╣┌⌂╡╕∑╪⁹◔כ◦─ ⌐⁸seq1│ seq2≤ ⁸ │⁸ ⌐

╩ ⇔⁸seq2─ ╟╡ ↄ⌂™ ⌐ seq1─ ⅜ ⇔⌂↑╣┌⌂╡╕∑╪⁹ 

 

module test;  

bit  clk, a, b, z;  

 

 property p;  

  @(posedge clk) $rose(z) | - > a throughout b[*3];  

 endproperty  

 assert property (p)   

  else $display("@%0t: FAIL",$time);  

 cover propert y (p) $display("@%0t: PASS",$time);  

  

 initial repeat (1 8) #10 clk = ~clk;  

 initial begin  #20 a = 1;  #80 a = 0;  #20 a = 1;  #40 a = 0;  end  

 initial begin  #20 b = 1;  #60 b = 0;  #40 b = 1;  end  

 initial begin  #20 z = 1;  #20 z = 0;  #80 z = 1;  #20 z = 0;  end  

endmodule  

@70: PASS 

@170: FAIL  

sig 

seq 

T1 T2 

sig│ T1⅛╠ T2─ ⁸ true ≢⌂↑╣┌⌂╠⌂™⁹ 
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 12-12 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

 
Ẽ 

12.6.11 seq1 and seq2 

⅜☻fi◔כ◦─ ⌐ ⇔≡ⱴ♇♅⇔⌂↑╣┌⌂╡╕∑╪⁹ │ ⇔⌂ↄ≡╙

™╕∑╪⁹ 

module test;  

bit  clk, z, a, b, c;  

 

 property p;  

  @(posedge clk) $rose(z) | - > a[*2] within b ##1 c[*3];  

 endproperty  

 assert property (p)   

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

  

 initial repeat (19) #10 clk = ~clk;  

 initial begin  #20 z = 1;  #20 z = 0;  #60 z = 1;  #20 z = 0;  end  

 initial begin  #40 a = 1;  #40 a = 0;  #80 a = 1;  #40 a = 0;  end  

 initial begin  #20 b = 1;  #40 b = 0;  #40 b  = 1;  #20 b = 0;  end  

 initial begin  #40 c = 1;  #60 c = 0;  #20 c = 1;  #60 c = 0;  end  

endmodule  

@90: PASS 

@170: FAIL  

seq1 

seq2 

T1 T2 

seq1│ T1⅛╠ T2─ ≢ⱴ♇♅⇔⌂↑╣┌⌂╠⌂™⁹ 
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 12-13 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

12.6.12 seq1 or seq2 

┌╣∆♅♇fi☻⅜ⱴ◔כ◦─⅛╣ ≤⇔≡ⱴ♇♅⇔√ ⌐⌂╡╕∆⁹ ╣⅛⅜ⱴ♇♅⇔√╠

○Ɑ꜠כ◦ꜛfi│ ⇔╕∆⁹ 

 

module test;  

bit  clk, a, b, c, d, e, z;  

 

 property p;  

  @(posedge  clk) $rose(z)| - >(a ##1 b) and (c ##1 d ##1 e);  

 endproperty  

 assert property (p)   

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

  

 initial repeat (16) #10 clk = ~clk;  

 initial begin  #20 z = 1;  #20 z = 0;  #60 z = 1;  #20 z = 0;  end  

 initial begin  #20 a = 1;  #40 a = 0;  #40 a = 1;  #20 a = 0;  end  

 initial begin  #40 b = 1;  #20 b = 0;  #60 b = 1;  #20 b = 0;  end  

 initial begin  #20 c = 1;  #40 c = 1;  #40 c = 1;  #20 c = 0;  end  

 initial begin  #40 d = 1;  #20 d = 0;  #60 d = 1;  #20  d = 0;  end  

 initial begin  #60 e = 1;  #20 e = 0;  end  

endmodule  

@70: PASS 

@150: FAIL  

seq1 

seq2 

T1 T2 

seq1≤ seq2─ ╣⅛⅜⅜ⱴ♇♅⇔⌂↑╣┌⌂╠⌂™⁹ ╣⅛⅜ⱴ♇♅∆╢≤ ⁹ 

seq1 

seq2 

T1 T2 

seq1≤ seq2│ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

seq1≤ seq2─ ⅜ⱴ♇♅⇔⌂↑╣┌⌂╠⌂™⁹ 
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 12-14 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

12.6.13 seq1 intersect seq2 

and○Ɑ꜠כ♃≤ ≡™╕∆⅜⁸ ⅜☻fi◔כ◦─ ⌐ ⇔⌂↑╣┌⌂™ ⅜ ↕╣

╕∆⁹ ∟⁸ │☻fi◔כ◦─ ⌐ ⇔⁸ ⌐ ⇔⁸ ⌐ⱴ♇♅⇔⌂↑╣┌⌂╡╕

∑╪⁹ 

 

 

seq1 and seq2 ╟╡╙ ™ ≤ ⅎ╕∆⁹ 

module test;  

bit  clk, a, b, c, d, z;  

 

 property p;  

  @(posedge clk) $rose(z) | - > a[*2] or (b ##1 c ##1 d);  

 endproperty  

 assert property (p)   

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

  

 initial repeat (15) #10 clk = ~clk;  

 initial begin  #20 z = 1;  #20 z = 0;  #40 z = 1;  #20 z = 0;  end  

 initial begin  #20 a = 1;  #40 a = 0;  #20 a = 1;  #20 a = 0;  end  

 initial begin  #20 b = 1;  #20 b = 0;  #40 b = 1;  #20 b = 0;  end  

 initial begin  #40 c = 1;  #20 c = 0;  #40 c = 1;  #20 c = 0;  end  

endmodule  

@50: PASS 

@130: FAIL  

seq1 

seq2 

T1 T2 

seq1≤ seq2│ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

seq1≤ seq2│ ⌐ ⇔⌂↑╣┌⌂╠⌂™ 

seq1≤ seq2─ ⅜ⱴ♇♅⇔⌂↑╣┌⌂╠⌂™⁹ 
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 12-15 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

12.6.14 first_match (seq) 

─ⱴ♇♅⅜ ∆╢ ⁸ ╙ ↄ ∆╢ⱴ♇♅╩ ⇔⁸ ─ⱴ♇♅╩ ⇔╕∆⁹ 

 ♃כfi☻┼─Ɽꜝⱷ◔כ◦ 12.7

─☻fi◔כ◦ ⌐Ɽꜝⱷכ♃╩ ∆╢ ⅜ ╕∆⁹Ɽꜝⱷכ◦⁸╡╟⌐♃כ◔fi☻│

↕╣╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐ ⇔≡⁸s1(re quest,grant) ─ ⌐ ∆╢≤⁸ 

 

 
≤ ∂ ─כ꜠▫♦הꜟ◒▬◘⁹∆╕╡⌂⌐ ╩Ɽꜝⱷכ♃⌐∆╢ ╙ ╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐ ⇔≡⁸s2(request,grant ,1,3 )─ ⌐ ∆╢≤⁸ 

 

 

module test;  

bit  clk, a, b, c, d, z;  

 

 property p;  

  @(posedge clk) $rose(z) | - > 

   (a ##[1:3] b) intersect (c ##2 d[*2]);  

 endproperty  

 assert property (p)   

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display ("@%0t: PASS",$time);  

  

 initial repeat (19) #10 clk = ~clk;  

 initial begin  #20 z = 1;  #20 z = 0;  #80 z = 1;  #20 z = 0;  end  

 initial begin  #20 a = 1;  #20 a = 0;  #80 a = 1;  #20 a = 0;  end  

 initial begin  #80 b = 1;  #20 b = 0;  #60 b = 1;  #20 b = 0;  end  

 initi al begin  #20 c = 1;  #20 c = 0;  #80 c = 1;  #20 c = 0;  end  

 initial begin  #60 d = 1;  #40 d = 0;  #60 d = 1;  #40 d = 0;  end  

endmodule  

@90: PASS 

@190: FAIL  

sequence  s1(a,b) ;  

 a ##[1:3] b  

endsequence  

request ##[1:3] grant  

sequence  s2(a,b,left,right) ;  

 a ##[l eft:right] b  

endsequence  

request ##[1:3] grant  
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≤ ∂ ⌐⌂╡╕∆⁹s2(request,grant,1,$) │ 

 

 
─ ⌐ ↕╣╕∆⁹◒꜡♇◐fi◓ה▬ⱬfi♩│ event♃▬ⱪ─Ɽꜝⱷכ♃≢ ↑╕∆⁹ ⅎ┌⁸ 

 

 
─ ⌐ ⇔≡⁸s3(posedge clk) ─ ⌐ ⇔╕∆⁹↓─ ┘ ⇔│⁸ 

 

 
≤⌂╡╕∆⁹ ─♩ⱬfi▬ה☺♇◄⁸⇔ ╩ ↑╢ ⌐│⁸event♃▬ⱪ≢ ↑╢ │ ╕

∑╪⁹ ⅎ┌⁸ ─ ⌐ ↑╕∆⁹ 

 

 
↓℮∆╢≤⁸s4(clk) │ 

 

 
≤ ↕╣╕∆⁹ 

12.8 ⌂◘fiⱪꜟ  

12.8.1 ◘fiⱪꜟ  

─ ╩ ∆╢ ─ ⌂ ╩ ⇔╕∆⁹ 

 

  

$sampled( expression )  ◘fiⱪꜟ ╩ ⇔╕∆⁹ 

$rose ( expression  

[, [clocking_event] ] )  
expression ─ LSB ⅜ 1⌐ ⇔√╠ true ╩ ⇔

╕∆⁹∕╣ │⁸ false ╩ ⇔╕∆⁹ 

$fell ( expression  

[, [clocking_event] ] )  
expression ─ LSB ⅜ 0⌐ ⇔√╠ true ╩ ⇔

╕∆⁹∕╣ │⁸ false ╩ ⇔╕∆⁹ 

$stable ( expression  

[, [clocking_event] ] )  
expression ─ ⌐ ⅜ ↑╣┌ true ╩ ⇔╕

∆⁹∕╣ │⁸ false ╩ ⇔╕∆⁹ 

$changed ( expression  

[ , [ clocking_event ] ]  )  
expression ─ ⅜ ∆╣┌ true ╩ ⇔╕∆⁹

∕╣ │⁸ false ╩ ⇔╕∆⁹ 

$past ( expression1  

[, [number_of_ticks ]  

[, [expression2 ]  

[, [clocking_event]]] ] )  

expression ≢ ∆ ─ ─ ╩ ⇔╕∆⁹ 

number_of_ticks ╢◒꜡♇◒ ⁹ │ 1⁹ 

expression2 ◒꜡♇◒ gating ⁹ │ 1ôb1⁹ 

clocking_event ◒꜡♇◒▬ⱬfi♩⁹ 

 

request ##[1:$] grant  

 

sequence  s3(event ev) ;  

 @(ev) a ##1 b  

endsequence  

@(posedge clk) a ##1 b  

sequence s 4 (reg sig);  

 @(posedge sig) x ##1 y;  

endsequence  

@(posedge clk) x ##1 y  
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 12-16 

 
 

$past(code) ⅜ ╢↑⅔⌐ꜟ◒▬◘ה◒♇꜡◒─ code ─ ╩ ⇔≡™╢ ⅜ ≢⅝╕

∆⁹ 

 

 
Ẽ 

12.8.2 ꜠ⱬꜟה☿fi◦♥▫Ⱪ ≤◄♇☺ה☿fi◦♥▫Ⱪ 

○Ɑ꜠כ♃ | - >⁸ ┘⁸|=>  ╩ ∆╢ │⁸  $rose⁸ ┘⁸$fell⅜ ⌐ ⅝╕∆⁹ ⅎ

┌⁸꜠ⱬꜟה☿fi◦♥▫Ⱪ 

 

 
─ ⁸z == 1ôb1≢№╡ ╡⁸ ╩ ⇔╕∆⁹ ⌂ ⁸◦Ⱶꜙ꜠כ◦ꜛfi ╕

≢⁸z == 1ôb1≢№╢≤⁸◒꜡♇◒ה▬ⱬfi♩⅜ ↓╢ ⌐ ─ ╩ ℮ ⌐⌂╡╕∆⁹ 

 

 
 

module test;  

bit  clk;  

logic  a, b;  

logic [3:0]  code;  

 

 always @(posedge clk)  

  $display ("@%0t: $sample=%0d $past=%0d",  

   $time, $sampled (code), $past (code) );  

   

 initial begin  

  code = 0;  

  #25 code = 1;  

  #20 code = 2;  

  #20 code = 3;  

  #20 code = 4;  

 end  

  

 initial  

  repeat (10) #10 clk = ~clk;  

endmodule  

@10: $sample=0 $past=x  

@30: $sample=1 $past=0  

@50: $sample=2 $past=1  

@70: $sample=3 $past=2  

@90: $sample=4 $past=3  

@(posedge clk) z | - > a ##1 b  

a ##1 b │@(posedge clk) ⅜ ↓╢ ⌐ ↕╣╢ ⁸ │ ↄ⌂™⁹ 

z 

@(posedge clk) z | - > a ##1 b  
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∆═⅝ ⌐╙ ⇔╕∆⅜⁸z ─ ⅜ 1ôb1⁸ │⁸1ôb0 ⌐ ⇔√ ⌐─╖⁸ ⅜

╡ ≈ ╩ ∆╣┌ ™ ⅜ ™≢∆⁹∕─ ⌂ ─ fi◦♥▫Ⱪ☿ה☺♇◄⁸│⌐

⌂  

 

 
│꜠ⱬꜟה☿fi◦♥▫Ⱪ╟╡ ⅛⌐ ⅜  fi≤⌂╡╕∆⁹ꜛ◦כ◘▪™

 

 12-17 

 
 

↓─ ⌂fi◦♥▫Ⱪ☿ה☺♇◄⁸│≢  $rose ╩ antecedent⌐ ⇔≡™╕∆⁹ ≤⇔√

⅜ ≡⅝╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

@(posedge clk) $rose(z) | - > a ##1 b  

module test;  

bit  clk, a, b;  

 

 property p;  

  @(posedge clk) $rose(a)  |=> $rose(b);  

 endproperty  

 assert property (p)   

  el se $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

   

 initial repeat (14) #10 clk = ~clk;  

  

 initial  #20 a = 1;  

 initial begin  #40 b = 1;  #20 b = 0;  #60 b = 1;  #20 b = 0;  end  

endmodule  

@50: PASS 

@(posedge clk) $rose(z) | - > a ##1 b  

a ##1 b │$rose(z) ⅜ ⌐⌂╢ ─@(posedge clk) ⌐─╖ ↕╣╢ ⁸ 

│ ™⁹ 

z 
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⌐ⱶꜝ◓▪▬♄ה♪♇꜠☻ ╢≤⁸30ns─╖ ─ ╩⇔≡™╕∆⁹ ─@(posedge clk)

▬ⱬfi♩ ⌐│⁸vacuous pass≤⌂∫≡™╕∆⁹ ⌐꜠ⱬꜟה☿fi◦♥▫Ⱪ⌐ ⇔≡ ╕∆⁹ 

 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

module test;  

bit  clk, a, b ;  

 

 property p;  

  @(posedge clk) a |=> $rose(b);  

 endproperty  

 assert property (p)   

  else $display("@%0t: FAIL",$time);  

 cover property (p) $display("@%0t: PASS",$time);  

   

 initial repeat (14) #10 clk = ~clk;  

  

 initial  #20 a = 1;  

 initial begin  #40 b = 1;  #20 b = 0;  #60 b = 1;  #20 b = 0;  end  

endmodule  

@50: PASS 

@70: FAIL  

@90: FAIL  

@110: FAIL  

@130: PASS 
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⌐ⱶꜝ◓▪▬♄ה♪♇꜠☻ ╢≤@(posedge clk) ▬ⱬfi♩⅜ ↓╢ ⌐ ─ ⅜ ╦╣

≥fi◦♥▫Ⱪ☿ה☺♇◄⁹∆╕™≡ ⇔≡⁸▪◒♥▫Ⱪ⌂☻꜠♇♪ ⅜ ↄ⌂∫≡™╕∆⁹ 

Ẽ 

12.9 ⱷ♁♇♪ triggered 

⅛√⇔♅♇fi☻⅜ⱴ◔כ◦─ ⅛╩ ═╢ ⅜ ╕∆⁹ⱴ♇♅⇔≡™╣┌⁸ 1ôb1 ╩

⇔⁸∕℮≢⌂↑╣┌ 1ôb0 ╩ ⇔╕∆⁹ │ ─ ⌐⌂╡╕∆⁹Ɽꜝⱷכ♃╩

∆╢ ╙ ╕∆⁹ 

 

 
ⅎ┌⁸ 

 

 
─ ⌐⇔≡ ⇔╕∆⁹↓↓≢⁸s1≤ s2│ fi☻≢∆⁹a◔כ◦√⇔ ⅜ ⌐⌂∫√ 1◒꜡♇

ꜟ◒▬◘ה◒ ⌐⁸s1 │ⱴ♇♅⇔⌂↑╣┌⌂╡╕∑╪⁹s1 ⅜ ↕╣╢⅛│ ≢│№╡

╕∑╪⁹ 

 

 
 

 sequence_instance.triggered  

or  

 formal_argument_sequence.triggered  

sequence s2;  

 @(posedge clk) a ##1 s1.triggered  ##1 b;  

endsequence  

a 

sequence s2;  

 @(posedge clk) a ##1 s1.triggered ##1 b;  

s1 

b 
s2 │ⱴ♇♅ 
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⅜☻fi◔כ◦─≈ ⌐ ☻fi◔כ◦⁹∆╕⇔ ex2│ 2◘▬◒ꜟ ⌐ ex1⅜ ⇔√⅛╩

═╕∆⁹ ⇔≡™╣┌ 1◘▬◒ꜟ ⌐ f ╩ ═╕∆⁹ex1⅜ ⇔≡™⌂↑╣┌⁸∕─

≢ ex2│ ⇔≡™⌂™ ⌐⌂╡╕∆⁹ 

 

 
 

│ ─ ╡≢∆⁹ 

 

 
 

↓╣∞↑≢│ ⅛╡ ™─≢⁸♄▬▪◓ꜝⱶ╩ ⇔╕∆⁹ 

 

module test;  

logic  a, b, c,  

 d, e, f;  

bit  clk;  

int  pass, fail;  

 

 sequence ex1;  

  @(posedge clk) $rose(a) ##1 b ##1 c;  

 endsequence  

  

 sequence ex2;  

  d ##1 e ##1 ex1.triggered  ##1 f;  

 endsequence  

  

 asp: assert property (@(posedge clk) ex2)  

   $display("@%0t: PASS",$time);  

  else  

   $display("@%0t: FAIL",$time);  

  

 initial begin  

  fork  begin  a = 0;  #20 a = 1;  #20 a = 0;  end  

   begin  b = 0;  #40 b = 1;  end  

   begin  c = 0;  #60 c = 1;  end  

   begin  d = 0;  #20 d = 1;  #40 d = 0;  end  

   begin  e = 0;  #20 e = 1;  #80 e = 0;  end  

   begin  f = 0;  #80 f = 1;  end   

  join  

 end    

 initial  repeat (10) #10 clk = ~clk;   

endmodule  

@10: FAIL  

@70: FAIL  

@90: PASS 

@90: FAIL  

@90: FAIL  
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⅜ ex2⁸ ⅜ ex1─▪◒♥▫ⱦ♥▫≢∆⁹ 

 
d ##1 e ##1 ex1.t riggered ##1 f  

 

⅜☻꜠♇♪ 8≤⇔≡ 30ns≢ ⇔⁸70ns≢ ex1.triggered╩ ╪≢™╕∆⁹↓─ ⁸ex1 ☻꜠♇

♪ 7 ⅜ ⇔≡™╕∆⁹ ∫≡⁸☻꜠♇♪ 8│ 1◘▬◒ꜟ ⌐ f╩ ═╕∆⁹90ns⌐ f==1⌂─

≢⁸☻꜠♇♪ 8│Ɽ☻⇔╕∆⁹♄▬▪◓ꜝⱶ≢ 8.7│☻꜠♇♪─ ╩ ⇔≡™╕∆⁹ 

 

⌂ ╩∆╢≤ 90ns≢☻꜠♇♪ 11⅜ ⇔≡™╢ ⅜ ⅛╡╕∆⁹ │ 90ns⌐ ™≡

ex1 ☻꜠♇♪ 16 ⅜ ⇔≡™⌂™⅛╠≢∆⁹ 

Ẽ 

12.10 default◒꜡♇◐fi◓ 

╕≢─ ≢│◒꜡♇◐fi◓ה▬ⱬfi♩╩◦כ◔fi☻⌐ ╪≢™╕⇔√⅜⁸default◒꜡♇◐fi◓

╩ │☻fi◔כ◦≥╢∆ ⌐⌂╡╕∆⁹ 

 

default◒꜡♇◐fi◓⅜ ╩♩ⱬfi▬ה◓fi☻⌐◒꜡♇◐fi◔כ◦⁸≥╢™≡╣↕ ∆╢

⅜ ↄ⌂╡╕∆⁹ ⅎ┌⁸ ─ ⌐⇔≡ default clocking ╩ ⇔≡ ⅝╕∆⁹ 

 

 
fi☻⁸◔כ◦fi⁸ꜛ◦כ◘▪ ┘⁸ⱪ꜡Ɽכ♥▫⌐◒꜡♇◐fi◓ה▬ⱬfi♩─ ⅜ ™ ⁸

default clocking⅜ ↕╣╕∆⁹ ╕╡⁸↓─ ⌐│ @(posedge clk) ⅜ ↕╣╕∆⁹ 

 

─ ≢│ default◒꜡♇◐fi◓הⱩ꜡♇◒ ⌐ⱪ꜡Ɽכ♥▫╩ ⇔╕∆⁹ 

 

default clocking  cb @(posedge clk); end clocking  

 

property check_request_grant;  

 request ##[1:3] grant;  

endproperty  

 

assert property (check_request_grant);  
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│ ─ ⌐⌂╡╕∆⁹ 

 

 
Ẽ 

12.11 ⱪ꜡Ɽכ♥▫ 

↓╣╕≢─ ≢ⱪ꜡Ɽכ♥▫╩ ⇔╕⇔√⅜⁸ ⇔≡™╢ │∕─ ≢∆⁹ⱪ꜡Ɽכ♥▫

⌐│↓─ ↄ─○Ɑ꜠כ♃⅜ ⇔⁸ ⌂ ╩∆╢ ⅜ ╕∆⁹ ⇔⁸∕╣╠─

│ ─ ╩ ⅎ╢─≢⁸↓↓≢│ ⌂○Ɑ꜠כ♃∞↑╩ ⇔╕∆⁹ 

 

○Ɑ꜠כ♃  

#- # 

#=# 
followed -by ○Ɑ꜠כ♃≤ ◔כ◦⁹∆╕╣┌

fi☻ה○Ɑ꜠כ♃| - > ┘|=> ⌐ ⇔≡™╕

∆⁹ 

followed -by○Ɑ꜠כ♃⌐│ vacuous pass⅜№

╡╕∑╪⁹ ∟⁸ ⅜Ɽ☻∆╢ ─╖ ⅜

Ɽ☻⇔╕∆⁹ 

#- ⱪ⅜№╡╕∆⁹♇ꜝכⱣכ○│⌐ # ⅜

Ɽ☻⇔√ ⌐ ─ ╩ ⇔╕∆⁹ 

#=# │ ⅜Ɽ☻∆╢≤ 1 ◒▬◘ה◒♇꜡◒

ꜟ ⌐ ─ ╩ ⇔╕∆⁹ 

always property_expr  property_expr ⅜ ⌐ ∆╣┌Ɽ☻⇔╕∆⁹ 

s_a lways [ constant_range ]  

 property_expr  
property_expr ⅜◦Ⱶꜙ꜠כ◦ꜛfi ⌐

⌐ ∆╣┌Ɽ☻⇔╕∆⁹ 

nexttime property_expr  ╙⇔ ─◒꜡♇◒⅜ ∆╣┌⁸∕─ ─ ─

module test;  

bit  clk, req, gnt, check;  

 

 default clocking cb @(posedge clk) ;  

  property  req_gnt ;  

   $rose(check) | - > req ##[1:3] gnt;  

  endproperty  

 endclocking  

  

 asp: assert property ( req_gnt )  

  else $display("@%0t: FAIL",$time);  

 cop: cover property ( req_gnt )  

  $display("@%0t: PASS",$time);  

   

 initial begin  #20 req = 1;  #20 req = 0;  

  #20 req = 1;  #20 req = 0;  end  

 initial begin  #60 gnt =  1;  #20 gnt = 0;  

  #60 gnt = 1;  #20 gnt = 0;  end  

 initial begin  #20 check = 1;  #20 check = 0;  

  #20 check = 1;  #20 check = 0;  end  

 initial  repeat (15)  #10 clk = ~clk;  

endmodule  

@70: PASS 

@130: FAIL  
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⅜ true ≢№╣┌Ɽ☻⇔╕∆⁹ ─◒

꜡♇◒⅜ ⇔⌂™ ╙Ɽ☻⇔╕∆⁹ 

nexttime [constant_expression ]  

 property_expr  
constant_expression ≢ ∆◒꜡♇◒ ⌐ ⅜

true ≤ ↕╣╣┌Ɽ☻⇔╕∆⁹◒꜡♇

◒⅜ ⇔⌂™ ⁸ ─ ╩ ∑⌂™

⁸Ɽ☻≤⌂╡╕∆⁹ 

s_nexttime property_expr  ─◒꜡♇◒⅜ ⇔≡ ⅜ ≤ ↕╣╣┌

Ɽ☻⇔╕∆⁹∕╣ │⁸fail ⌐⌂╡╕∆⁹ 

s_nexttime  [constant_expression ]  

 property_expr  
constant_expression ≢ ∆◒꜡♇◒ ⌐ ⅜

true ≤ ↕╣╣┌Ɽ☻⇔╕∆⁹◒꜡♇

◒⅜ ⇔⌂↑╣┌⁸fail ⌐⌂╡╕∆⁹ 

 

 12-20 

 
 

request ⅜ ⇔≡ true⌐⌂╡⁸1◒꜡♇◒ ⌐ grant⅜ true⌐⌂╣┌Ɽ☻⇔╕∆⁹∕╣

│⁸fail⌐⌂╡╕∆⁹ 

 

│ ─ ⌐⌂╡╕∆⁹ ⅜ ∆ ⌐ vacuous pass│№╡╕∑╪⁹ 

 

 
 

module test;  

bit  clk, request, grant;  

 

 default clocking  cb @(posedge clk); endclocking  

  

 property p;  

  request [*3] #=# grant;  

 endproperty  

 

 assert property (p)  

  $display("@%0t: PASS",$time);  

  else $display("@%0t: FAIL",$time);  

    

 initial repeat(13) #10 clk = ~clk;  

  

 initial begin  

  #20 request = 1;  

  #60 request = 0;  

 end  

  

 initial begin  

  #80 grant = 1;  

 end  

endmodule  

@10: FAIL  

@90: PASS 

@90: FAIL  

@90: FAIL  

@90: FAIL  

@110: FAIL  

@130: FAIL  
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Ẽ 
 

─ │ ™ ≢∆⁹ │ followed-by #- # ○Ɑ꜠כ♃≤ always○Ɑ꜠כ♃╩ ⇔≡™╕

∆⁹ ≢│ 

 
always !reset  

 

⅜ ╡ ≈ ╩ ⇔≡™╕∆⁹ ⌐ ╡ ≈⅛ ⅛│ ⅜ ╕∑╪⁹√≤ⅎ⁸◦Ⱶꜙ꜠כ◦

ꜛfi⅜ ⇔≡╙ ─ ⅜ ⌐ ∆╢⅛≥℮⅛╩ ∆╢ │ ╕∑╪⁹ ⌐ ⅎ╢

│⁸₈◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ⅜ ⇔⌂™ ⅜ ⇔⌂⅛∫√₉≤™℮ ≢∆⁹∕

─ ≢⁸↓─ ─ always│ weak always≤ ┌╣╕∆⁹ ─ ≢│⁸fail ⇔⌂⅛∫√

PASS≤ⱪꜞfi♩↕╣≡™╕∆⅜ weak─ ≢─ pass≤⇔≡ ⇔≡ ↕™⁹ 

 12-21 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

module test;  

bit  clk, done, reset;  

 

 default clocking cb @(posedge clk); endclocking  

  

 property p;  

  ##[0:5] do ne # - # always  !reset;  

 endproperty  

 

 assert property (p)  

  $display("@%0t: PASS",$time);  

  else $display("@%0t: FAIL",$time);  

    

 initial repeat(13) #10 clk = ~clk;  

  

 initial begin  

  #40 done = 1;  

  #20 done = 0;  

 end  

  

 initial begin  

  #20 reset = 1;  

  #20 reset = 0;  

 end  

endmodule  
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♄▬▪◓ꜝⱶ≢│Ɽ☻⅜ vacuous pass≤⇔≡ ↕╣≡™╕∆⁹ 

 

 
Ẽ 
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↓─ ≢│⁸s_always╩ ⇔╕∆⁹strongⱪ꜡Ɽכ♥▫⌂─≢ ⅜ ⌐ ╡ √⌂↑╣

┌⌂╡╕∑╪⁹s_always─ ⌐◦Ⱶꜙ꜠כ◦ꜛfi⅜ ∆╢ ⁸ │ fail ≤⌂╡╕∆⁹

↓─ ⅜⁸weak always≤ ⌂╢ ≢∆⁹ 

 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

@130: PASS 

@130: PASS 

@130: PASS 

#- I Simulation completed at time 130 ticks  

module test;  

bit  clk, a;  

 

 default clocking cb @(posedge clk); endclocking  

  

 property p;  

  s_always [2:3] a ;  

 endproperty  

 

 assert property (p)  

  $display("@%3t: PASS",$time);  

  else $display("@%3t: FAIL",$time);  

    

 initial repeat(11) #10 clk = ~clk;  

  

 initial begin  

  #60 a = 1;  

 end  

endmodule  
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♄▬▪◓ꜝⱶ╩ ╢≤ ╣≢ fail⇔√ ╩ ∆╢ ⅜ ╕∆⁹ 

 
Ẽ 
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↓─ │⁸nexttime property_expr ≢∆⁹ ┌╣№⅜◒♇▫♥ה◒♇꜡◒─ ─ ≢ ╩ ⇔

╕∆⁹ ⅜◒♇▫♥ה◒♇꜡◒─ ™ ⌐│⁸ ╩ ∑⌂™─≢₈fail ≢│⌂™─ ─Ɽ

☻₉≤ ╩ ⇔╕∆⁹ 

 

 
 

│ ─ ⌐⌂╡╕∆⁹ 100─Ɽ☻│⁸ ╣─ ≢─Ɽ☻≢∆⁹ 

 

@ 50: FAIL  

@ 90: PASS  

@110: PASS 

@110: FAIL  

@110: FAIL  

@110: FAIL  

module test;  

bit  clk, a;  

 

 default cl ocking cb @(posedge clk); endclocking  

 property p;  

  nexttime a ;  

 endproperty  

 assert property (p)  

  $display("@%3t: PASS",$time);  

  else $display("@%3t: FAIL",$time);  

  

 initial repeat(10) #10 clk = ~clk;  

 initial begin  

  #20 a = 1;  

  #60 a = 0;  

 end  

endmodule  
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♄▬▪◓ꜝⱶ╩ ╢≤⁸ ╣─Ɽ☻⅜ ≡™╢ ╩ ∆╢ ⅜ ╕∆⁹ 

 
Ẽ 
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│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

♄▬▪◓ꜝⱶ⌐╟╡ ╣─Ɽ☻╩ ∆╢ ⅜ ╕∆⁹ 

@ 30: PASS  

@ 50: PASS  

@ 70: PASS  

@ 90: FAIL  

@100: PASS 

#- I Simulation completed at time 100 ticks  

module test;  

bit  clk, a;  

 

 default clocking cb @(posedge clk); endclocking  

 property p;  

  nexttime [2] a ;  

 endproperty  

 assert property (p)  

  $display ("@%3t: PASS",$time);  

  else $display("@%3t: FAIL",$time);  

  

 initial repeat(10) #10 clk = ~clk;  

 initial begin  

  #40 a = 1;  

  #40 a = 0;  

 end  

endmodule  

@ 50: PASS  

@ 70: PASS  

@ 90: FAIL  

@100: PASS 

@100: PASS 

#- I Simulation completed at time 100 ticks  
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Ẽ 

 

 12-25 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

♄▬▪◓ꜝⱶ⌐╟╡⁸ ╣─ fail╩ ∆╢ ⅜ ╕∆⁹ 

module test;  

bit  clk, a;  

 

 default clocking  cb @(posedge clk); endclocking   

 property p;  

  s_nexttime a ;  

 endproperty  

 assert property (p)  

  $display("@%3t: PASS",$time);  

  else $display("@%3t: FAIL",$time);  

  

 initial repeat(10) #10 clk = ~clk;  

 initial begi n 

  #20 a = 1;  

  #60 a = 0;  

 end  

endmodule  

@ 30: PASS  

@ 50: PASS  

@ 70: PASS  

@ 90: FAIL  

@100: FAIL  

#- I Simulation completed at time 100 ticks  
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Ẽ 

 

 12-26 

 
 

│ ─ ⌐⌂╡╕∆⁹ 

 

 
 

♄▬▪◓ꜝⱶ⌐╟╡ ╣─ fail╩ ∆╢ ⅜ ╕∆⁹ 

module test;  

bit  clk, a;  

 

 default clocking cb @(posedge clk); endclocking  

 property p;  

  s_nexttime [2] a;  

 endp roperty  

 assert property (p)  

  $display("@%3t: PASS",$time);  

  else $display("@%3t: FAIL",$time);  

  

 initial repeat(10) #10 clk = ~clk;  

 initial begin  

  #40 a = 1;  

  #40 a = 0;  

 end  

endmodule  

@ 50: PASS  

@ 70: PASS  

@ 90: FAIL  

@100: FAIL  

@100: FAIL  

#- I Simu lation completed at time 100 ticks  
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Ẽ 
 

∕─ ─ⱪ꜡Ɽכ♥▫─ ╩ ⌐fiꜛ◦כ◘▪⁹∆╕⇔ ∆╢ ╩⅔ ╖ ↕™⁹ ⁸

↓╣╕≢ ─☻fi◔כ◦√⇔ ─fiꜛ◦כ◘▪╡╟⌐ ╩ ⌐ ∆╢ ⅜ ╕∆⁹

⌐♃כ꜠fi☻─○Ɑ◔כ◦⁸│ ╣╢ ⅜ ∞≤ ™╕∆⁹ 
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כ◌♇▼♅ 13 Checkers  

13.1  

⌐ ⅎ┌⁸♅▼♇◌כ│ ╩ ↄ ╘╢ ─◖fi♥▬♫⁹∆≢כ ⅎ┌⁸▪◘כ

◦ꜛfi│ⱪ꜡Ɽכ◦≥▫♥כ◔fi☻⅛╠ ↕╣╕∆⅜⁸∕╣╠⅜ ╢ ⌐ ⇔≡™╢ │ 

╕⇔ↄ№╡╕∑╪⁹♅▼♇◌כ│∕╣╠─ ╩ ╘╢∞↑≢⌂ↄ⁸ ⌂ ╩ ⅎ╢ ⅜

╕∆⁹ 

 

│כ◌♇▼♅ ⱪכ◖☻─ ⌐ ∆╢ ⅜ ╕∆⁹ 

 

· module 

· interface 

· program 

· checker 

· package 

· generate 

· ◖fiⱤ▬ꜟהꜚ♬♇♩ $unit  

 

│⌐כ◌♇▼♅ ─ ⌂ ╩ ╗ ⅜ ╕∆⁹ 

 

 fiꜛ◦כ◘▪ ·

 כ◌♇▼♅ ·

· ◌Ᵽ꜠♇☺ covergroups  

· default  clocking 

· ⱪ꜡◦כ☺ꜗ initial⁸always⁸always_comb⁸always_latch⁸always_ff⁸final  

 ☻fi☻♃fi▬הכ◌♇▼♅ 13.2

╩כ◌♇▼♅ ∆╢⌐│▬fi☻♃fi☻╩ ╡╕∆⁹▬fi☻♃fi☻│▪◘כ◦ꜛfi╩ ∆╢

⅜ ╢ ≢№╣┌≥↓≢╙ ꜗ☺כ◦꜡fi☻♃fi☻╩ⱪ▬הכ◌♇▼♅⁹∆╕╣ ⌐ ╢

⅜ ╕∆⁹ ─☻fi☻♃fi▬הꜟכꜙ☺⸗⁸│™ ꜟכꜙ☺⸗⌐ fi☻♃fi▬הכ◌♇▼♅⌐

☻╩ ↄ ╙ ╕∆⁹ │☻fi☻♃fi▬הכ◌♇▼♅⁸⇔ reactive region≢ ⇔╕∆⁹ 
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checker  mutex(logic [31:0] sig,event clock,output bit failure);  

 assert property (@clock $onehot0(sig) )  

  failure = 1'b0;  

 else  

  failure = 1'b1;  

endchecker  : mutex  

module test;  

logic [31:0]  bus;  

logic  res;  

bit  clk;  

 

mutex check_bus(bus,posedge clk,res) ;  

 always @(posedge clk)  

  scan <= res;  

 

 initial $monitor("@%0t: scan=%b",$time,scan);  

 initial repeat (10) #10 clk = ~clk;  

 initial begin  #20 bus = 1;  #40 bus = 3;  #20 bus = 0;  end  

endmodule  






































































































































































































