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Purpose of Study VhdICohen[g

Publishing

 Are checkers useful?

« [Easyto use?
— Create, instantiate, Intuitive results, Easy debug

« What was our experience?
— Process of using checker: Checkers are COOL!
— Application issues £9
— Tool issues
— Conclusions
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« Classification of assertions
« Classification of checker instantiations
 The cache controller model
 Example of checker declaration and instantiation
 Design experience
— Without checkers
— With checkers
 Impressions and conclusions
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Classification of Checkers
Assertions and Instances

checker chk(...);

Static

ap_static: assert property(...);

concurrent

"'-_-I assertion

always @ (clk) begin: c_al
ap_procl: assert property(...);
ap_immd1: assert(...);
end:c_al

final begin : c_final
ap_immd2: assert(...);
end: c_final

Procedural
concurrent
assertion

Immediate
assertion

endchecker : chk

chk chkl(...);

end:m_al

Checker
module m( ...); Instantiation

Static

endmodule : m

checker \

instance N

Procedural
checker
instance

Ben Cohen, VhdiCohen PuUblishing
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Checkér
Declaration
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Assertion
A Static
A procedural

Checker instance
A Static
A Procedural

Checker assertion
type has
significance when
instantiated
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N 1o
Emulation of Static Checker
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Instance (chk1) in a Module

EMULATION

Sk
checker chk(...);

. Emulation of static checker
Static module m(...); inst
instance
ap_static: assert property(...); ::::r"g::‘nt N // ehk chki();

Static
concurrent
assertion

always @ (clk) begin:c_al
ap_procl: assert property(...);
ap_immd1: assert(...); concurrent

end:c_al assertion

Procedural

ap_static: assert property(...);

always @ (clk) begin:c_al
ap_procl: assert property(...);

ap_immd1: assert(...); concurrent
end:c_al assertion

Procedural

final begin: c_final
ap_immd2: assert(...);
end: c_final

Immediate

assertion

endchecker : chk

final begin : c_final

ap_immd2: assert(...);
end: c_final procedure
Checker
Instantiation endmodule : m

endmodule : m

Static instantiation is identical to module instantiation

When a checker is instantiated as a static checker instance, all of its code behaves as if it were
instantiated directly in the module after the proper argument associations are made.
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Emulation of Procedural
Checker Instance in a Module

EMULATION

~ S

checker chk(...);

ap_static: assert property(...);

always @ (clk) begin: c_al
ap_procl: assert property(...);
ap_immd1: assert(...);

end:c_al

final begin : c_final
ap_immd2: assert(...};
end: c_final

endchecker : chk

Static
concurrent
gssertion

Procedural
concurrent
assertion

Immediate
~ssertion

module m(...);

always @ (posedge clk) begin: m_al

.. i'.ll(enb)begin- rmreifl
*... chkchk2(..);
end "W S

end : m_al

endmodule : m

Procedural
checker
instance

Design Verification Conference and Exhibition
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module m(...);

always @ (posedge clk) begin: m_al

*of

Static concurrent

.....

end:m_al

— assertion goes here

always @ (posedge clk) begin:c_al
ap_proc: assert property(...);
ap_immd1:assert(...);

final begin: c_final
ap_immd2: assert(...);
end : c_final

endmodule : m

Procedural

concurrent assertion
goes here

Final procedure
goes here

AProcedural concurrent assertions of checker

instanced procedurally behave in-block.

AStatic assertions of that checker behave inline to where instanced
Ben Cohen, VhdICohen Publishing
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The Model i Cache Controller
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Cache Controller Timing N
read and write-through cache Publishing

User Main o[ [ 1] . L]
interface Memory d /7\_\
data_vid | Cache Controller Interface /—\ aaar
busy <«— Control mem_rd v cache exists(addr)
i mem_wr
rd — S mem_addr cache[adar]
wr —>| mamn busy
mem_rd_data MEMORY
addr mem_rd
9 mem_wr daia
cache_exists MEMm_Wr
rd_data < Cache :
Memory | cacne data mem_addr /
wr_data —)p — \
mem_wr_data
clk —
SN — A
rst_n —
= data_vid N
rd_data _ E—
T T T T T T T T T T T T T T T T T T T T T T T T T T
2 ] Main Memory Read with Cache Miss

i .
rd \
adar clk - [ [ L] ]

cache exists(addr)

S wr /
addr | / N~

busy
data_vid wr_data
rd_data y U busy |/ QU

1 2. 2 4

L/

mem_\.-.'r )
Read with data in Cache —— )
" I X
o data d

User Interface Write
Ben Cohen, VhdlCohen Publishing Memory rd/wr access parameterized 3of 23




Cache Controller Architecture

Cache Controller

miss
mem_rd_data
rd_data G _rd_ Main
= cache[addr]

Memory
rd—| Interface

; tUs;er W main_mem_valid | mem_rd

interface data_vid._| T

busy<— mem_addr
addr ) mem_wr_dag
wr_data
ck —-
filling_cache_
cache_exists In\lalldlates

addr resets
Checker Function
chk_immd Inline assertiongnstantiatedporocedurally
chk_rd_cntrl Read miss/hitinstantiatedstatically

chk_rd_wr_cntlr RD/WRniscellaneougnstantiatedstatically

chk_wr_cntrl Write througland cachejnstantiatedtatically
chk_reset Resetjnstantiatedstatically
chk_fifo LRUFifoassertionsinstantiatedstatically
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CACHE_MEM R — E

Cache entries

cache_wr_data
S ,
______ cache_
Wr_addr M Er read

wr_cache .
0 cache_entry
cache_mem [JEaEEE =

_bhandling

cache_data
()

addr2invalidate

invalidate

cache exists

war O 0

dk O—> ot
@
resetn O—> o)
O @<\‘
o ~
\PO o ®
Checker Function 0\\‘5
chk_invalidate Cache invalidates)stantiatedprocedural
chk_immd Inline assertionsnstantiatedprocedurally
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Importcache_ctl_pky |
checkerchk_invaliddte <
logic[0: 2**MAIN_MEM_ADDRESS W]od¢he valid Formal
logic[MAIN_MEM_ADDRESS WIDTH arguments
[0 : (CACHE_SHHcache mem_addr L
logic[ CACHE_SIZE O]cache_entry ge
1
logic[MAIN_MEM_ADDRESS_WDI[ddr2invalidate, | a0 e
logicfound_existing_entry se®
|.Og|CC|.k,rSt_I);- . Elaboration
timeunitlns; timeprecision 100ps; time check

If (CACHE_SIZE > 10&&ro("cache size is too large"];
default clockinglefault_cl@ (posedgelk); endclocking ]_ Defaults
default disabldf Irst_n

| Ben Cohen, VhdICohen Publishing 110f 23
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Example of a Checker Declaration
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function logicheck cache entrydMT(); =
automatic logisuccess =0; // If==1 then it was not invalidated E—
automatiant i; Must
for (=0;i <= CACHE_SIZEi++)beqgin: forl return a
ifcache_enfijr=1 &&ache_mem_afildr= addr2invalidatepin : if 1 single
success = 1: // found cache line | \Jyalue
break;
end: if 1
end: forl
if (succesxjheck cache_entry4MT =0; // was not invalidated
elsecheck cache_ entry4MT; // was invalidated
endfunction check cache entry4MT Egggt;]oer;e -

/[ static concurrent assertion
ap_invalidateassert property(/ Static assertion
##1cache valaddr2invalidate] &&check cache_entry4MT()
// static concurrent assertion To be
ap_nothing2invalidatssert propertyfqund _existing_ehtry instantiated
else $errqfnothing to invalidate"); procedurally
endchecker chk_invalidate

Ben Cohen, VhdICohen Publishing 120of 23



Example of a Checker =
5 - VhdICohen
Instantiation (cache mem.sv)

always @ (posedge clk) begin : cache_mem_handling
automatic logic succesmund_existing_entryound_empty line;
automatic int 1, j, found_index; ——
. . checker chk_invalidate
success =0; found_existing_entry =0; 55 invalidatessert propertyé )
found_index =0; found_empty line =0; ap_nothing2invalidatesert property.§;
i g . . . endcheckerchk_invalidate
if (invalidate) begin : ifl
cache valid[addr2invalidate]<= 1'bO;
for (int j=0; j<= CACHE_SIZl=j+1) beqin : forl
if(cache_entry[j]==1 && cache_mem_addr[j] == addr2invalidate) begin : if2
found_existing_enteyl'b1;
found_index=j;
success=1,;
if (found_existing_entry) cache_entry[j] <=1'b0; // empty line
break;
end : if2
end : forl :
chk_invalidate chk _invalidate 1(.7);checks for invalidatd i
| nd - ifT

I Ben Cohen, VhdICohen Publishing 130f 23




Example of a checker application

VhdICohen
Publlshlng 5,

_ Need a static concurrent assertion to enable inline beh
logicclk); Immediate assertion is a concurrent assertion

/[ static concurrent assertion
ap_test _nowssert propery@ posedgeclk) the whad)se
$errof"msg, the_what=%b at %t", the_what, $time);
endchecker chk immd
/[ cache_controller
always@ posedgeclk)begin: main_mem_accesses
é
if (wr)begin: wr_2main // Start of a write
chk_immachk_immd_wr_cycle _timer _ndgt O
.the_what(wr_cycle timer==0),
.msg("wr signal when memory counter !=0"),
.clk(clk));

checkelchk_lmmd(loglme_what_‘ A
stringmsg,

1 Ben Cohen, VhdlCohen Publishing 140f 23
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Marks the need of checks during RTL design definition

Not yet know what is in the checker @ -

— but feel that there should be something S 1Y

—~The what's in the chedas® can b
Example :

module dut(..);

always @ (posedge clk) begin
if (rd && mode==FAST) begin

some_code A

chk_rd_mode_fast chk _rd_mode _ fast 1 ( *);

I Ben Cohen, VhdICohen Publishing 150f 23
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o Started with a single checker declared within the module
— Because requirements were too loose
— Single checker became too complex

 Reconsidered the use model
— Smaller targeted checkers

— As design matured:
* More checkers created
e More static concurrent assertions within a checker
* More elaboration time checks
e Less clutter in RTL

— Assertions challenge the design and requirements !
» Clarify requirements and ease RTL design

— Even if assertions are correctly or incorrectly written

* Review of assertions helped the RTL design and debug

1 Ben Cohen, VhdlCohen Publishing 160f 23
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Incorrect Assertions yield
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False Sense of Security Publishing

4

Assertions collocated in checkers help in the review process

sequence q_wr_wr;
int v_addr;
@ (posedge clk) (Srose(wr), v_addr=addr) ##[1:%] wr && addr==v_addr;
endsequence - g_wr_wr

property p_wr rd: INCORRECT
intv_addr, v data; [ WRERLION } D M

disable iff(q_wr_wr triggered)
($rose(wr), v_addr=addr, v_data=wr_data) |->

##[1-8) rd && addr==v_addr ##[1-3] rd_data==v_data:
endproperty - p_wr_rd
ap_wr_rd : assert property((@ (posedge clkj p_wr_rd);

Data read
must be
same as
what was
written

_ Correct
property p_wr_rd; .
int v_addr, v_data; assertion
first_match(($rose(wr), v_addr=addr, v_data=wr_data) ##1
I(wr && addr==v_addr)[*1:$] ##1 rd && addr==v_addr) |->
##[1:MEM_CYCLES] rd_data==v_data;
endproperty : p_wr_rd
always @ (posedge clk)
I | ap_wr_rd : assert property(p_wr_rd);

Ben Cohen, VhdICohen Publishing 17of 23



Checker / Code Ratio

 cache_controller ~ 200 lines with some comments
— Includes checker instantiations ~ 18 lines

« cache_mem -140 lines with some comments
— Includes checker instantiations ~ 9 lines

« fifo_mem ~100 lines
— Includes ~100 lines

. Checkers ?’gi
— chk_rd_cntrl ~60 lines
— chk_invalidate ~38 lines
— chk_immd ~ 7 lines
— chk_wr_cntrl ~90 lines
— chk_rd_wr_cntlr ~30 lines
— chk_fifo ~90 lines
— chk_reset ~ 7 lines

| Ben CohenYyhdICohenPublishing
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—_

Checkers
LOC
Assertions
Cover property
Declarations
Instantiations

DUT
LOC

LOC: checker/DUT

Checker instances/DUT < 3%

330
34

6 —
7
10

440

~ 75%

—_
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Checker Impressions -1
Clear demarcation between RTL and verification code V;ldbllc}zhen N
ublishing

2
e

« Verification and supporting code outside RTL code —

— Reduced clutter in RTL 2 =k
5O«
Supporting code (signal / functions) ’{%
— No concern about interference or confusion with the RTL
» Organized and structured solution
 Amenable to building small to medium verification units
« Instantiated statically or procedurally within RTL ?

— If instantiated procedurally, then must differentiate e
e static assertions => behave inline -

e procedural assertions => in -block

— Must be careful in using static concurrent vs procedural concurrent
assertions

« Collocate common assertions statements £ ! 5
— Otherwise multiple instantiations will cause duplicate assertions

Ben Cohen, VhdICohen Publishing 190f 23
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Facilitates reviews
Verification code is collocated

« Adopts a higher level view of verification
Each checker envelops a related aspect of verification

« Configuration checks at elaboration time are useful
Elaboration checks can be included in checkers

 Shorter code
CLK & reset inference

« Ignored by synthesis tools

i
I Ben Cohen, VhdICohen Publishing 200f 23
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 Limitationsi Not a big issue
—But ... Must wunderstand the rul es
« Limitations on what can be declared
— Wh a tnotsn the body of a checker
e parameter, localparam and specparam
* Module, interface, program, class ®
 task, void functions, blocking assignments,
» Functions with side effects

A if, for,case(in alwaysinitial procedures)
 hierarchical references

 Limitations on where instantiated

— Wherever a concurrent assertion may appear
« Statically or procedurally in always, initial, final

— lllegal infork...join, forkjoin_any or fork.join_noneblocks ®

I Ben Cohen, VhdICohen Publishing 21of 23
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« Are checkers useful?
— Yes, group related code and assertionsinto single entities
— Can be instantiated inline with RTL or statically
— Significantly reduces LOC of RTL
— Eases review process of verification code
« What was our experience?

— Process of using checkers
» Easy & like it; checkers are cousins of modules
» Procedural concurrent assertions useful for in -block behavior when instantiated
— Different style than normal
 static concurrent assertions: useful for inline behavior when instantiated procedurally

— Tool issues
» Very few vendors support checkers, as of December 2009

— Conclusions
» Checkers represent a good addition to IEEE 18032009
» Checkers should be used in design and verification

D))
®))

| Ben Cohen, VhdICohen Publishing 220f 23
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Slides and code can be downloaded from
http://SystemVerilog.us/DvCon2010/

Ben Cohen, VhdICohen Publishing 230f 23
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 To be used only if questions arise

Ben Cohen, VhdICohen Publishing 240f9
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e Those include:

a) Parameter, localparam and specparam

b) Module, interface, program, class

c) Task, void functions, blocking assignments,

d) Functions with side effects

e) if, for, while, case statements (in always, and

initial

procedures)

f) All hierarchical referencing, into or out of a checker, is
disallowed

1 Ben Cohen, VhdlCohen Publishing 250f 9
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checker chk rdhit(

logic data vld, busy, rd, wr, cache exists, clk, reset n);
always @ (posedge clk) begin : al

if(rd) begin : rdl // Illegal in a checker sd
assert(wr == 1'b0); |
if ($past(cache exists)) // if i1s illegal in a checker
assert (busy==1'b0);
end : rdl If, for, case are
end: al not allowed here

function logic rd cache(logic rd, wr, cache exists, busy):
if(rd && !wr &&_cache_exists & !busy)
rd cache = 1'bl;
else if, for, while, case &' &'
rd cache = 1'b0; allowed in functions
endfunction : rd cache

ap rd hit: assert property (@ (posedge clk)

rd noWr (rd, wr, cache exists, busy)); %%

ap rd hit2: assert property(@ (posedge clk)

rd && cache exists |-> !wr ##1 !busy):

endchecker : chk rdhit

Ben Cohen, VhdICohen Publishing 260f 9
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« ltis illegal to instantiate checkers in
— fork...join,
— fork...join_any, or
— fork...join_none blocks

I Ben Cohen, VhdICohen Publishing 270f9
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wr when busy

Jeache_controller_th/cache_controller_1/data_vld

Jeache_controller_thjcache _controller_1jrd
feache_controller_tbfcache_controller1fwr

Jjeache_controller_thjcache_controller_1jaddr 111 J13

Jjcache_controller_th/cache_controller_1/rd_data T4 15
Jjeache _controller_thjcache_controller_1jwr_data 2 1175 1162 113
I= J11 113

fcache_controller_thycache_controller_1fap_write 2cache
fcache_controller_thy/cache_controller_1/cache_mem1fcache_mem_handling/iflfap_nothingZinvalidate_concurrent
Jeache_controller_th/cache_controller_1/mp_busy_no_rd_wr

Jcache_controller_tbjfcache _controller_1fap_read_miss

Jeache_controller_tbjcache _controller_1/mem_rd

Jeache_controller_tbjfcache _controller_1fmem_wr

feache_controller_thjcache_controller_1fmem_addr

fcache_controller_th/cache_controller_1/mem_wr_data

Jeache_controller_th/cache_controller_1/mem_rd_data 1162
Jcache _controller_thjcache_controller_1/cache _data 5
Jcache_controller_tbjfcache _controller_1/dk
Jeache_controller_tbjfcache _controller_1frst_n
Jfcache_controller_thycache_controller_1fwr_cyde_timer
feache_controller_thfcache_controller_1frd_cyde_timer

feache_controller_tbycache_controller_1finv

alidate
JAMvalica

Jcache_controller_tbfcache _controller_1fwr_addr
Jeache_contraoller_thjcache _controller_1faddr Zinvalidate

Jeache_controller_tbjcache_controller_1fcache_wr_data

Cursor 6 280 ns
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_I
) —--— = ‘---—
) -“.— — [ ‘-|
; — |
1
- i
# {cache_centroller_th/cache_controller_1/cache_exists 0
B 1n5 __I
o - E- N (VR v B (77
+  [cache_controller_th/test_mem_data 10 I T N - _- — 1oie |
+ ,' Jcache_controller_th/cache_controller_1fap_wr_rd ACTI‘.I’E _ |
+ " Jcache_controller_th/ap_wr_rd_memory AC'I'I'u'E

|+ B+ B+ 8+
R P T T

|+ B+ B+ B+

|+ S+

1+ B+

---Eﬂ--------l

’
J [cache _controller_thcache _contraller_1/cache_mem1/cache_mem_data(7] |9 (0 [ ! r r r r r r r 0 1T ]
:

___________!
_____________I
____ __I
E-__--__--__--__--__--__--__--__--__--__--__--__-|
I N S S S S S S
_ ___ti____
_____________I

Jcache_controller_th/cache_controller_1fwr_cache 0

____________I

4 4 4
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fcache_controller_tb/cache_controller_1/cache_mem 1/addr Zinvalidate

Ben Cohen, VhdICohen Publishing
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Assertion Report with forced failures vndiconen
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[ESEEEEES)

| A\ Assertions

AT Bo-ME | ..w

| Assertion TypéLar{ErIFailure Count|Pass Count  |Active Count |I'~"Iemor\-I |Peak Memary |Pe;i

|+l fcache_controller_th/ap_wr_rd_memory Concurrent  SVAon [u} 5 5 9608 . 1.3K
|4} feache_controller_th/cache_controller_1/ap_fifo_pop_on_mizs_full Concurrent  SVAon 0 4 0 0B 438
.ﬂ-‘ fcache_controller_thcache_controller_1/ap_fifo_push_on_miss Concurrent  SVAon i} 9 1] 0B 436
|+ fcache_controller_thjrache_contraller_1/ap_invalidate Concurrent  SVAon [u} it 0 0B 646
t-d /cache controller tb/cache controller 1/ap miss then data 2output Concurrent  5VAon 1 7 0 0B 1448
+--u& fcache_controller_thjcache_controller_1/ap_read_hit Concurrent  SVAon 0 116 1 436 968
+-- fcache_controller_thjcache_controller_1fap_read_miss Concurrent  SVAon 0 9 0 0B 1238
xi /cache controller th/cache controller 1/ap read miss busy data vld Concurrent  5VAon 1 8 i} 0B 1928
|+l fcache_controller_thjcache_controller_1/ap_wr_rd Concurrent  SVAon [u} 5 5 9608 . 1.3K
[ /cache controller th/cache contreller 1/ap write2cache Concurrent  SVAon 1 20 0 0B 1528
A /cache controller tb/cache controller 1/cache meml/cache mem handling/ifl/ap nothing2invalidate Immediate SVAon 1 10 1] i} i}
ﬂ—‘ ,.-'c:ac:he_c:ontrolle r_tb,.-’cac:he_controller_lfcac:he_meml,.-’c:ache_m.em_handling,.-‘i El,.-’ap_no thing2 iﬂvalidate_concurmnt Concurrent SVAon i 1 i 0B 548
A feache_controller_thcache_controller_1/cache_mem1fcache_mem_handling/wr_cache_updates/else1_mtdwr/ap_no_cache_line_found_dwrite Immediate SVaon 0 12 0 0 0
L‘—‘ fcache_controller_tb/cache_controller_1jcache_mem1fcache_mem_handling/wr_cache_updates/else1_mt4wr/ap_no_cache_line_found_4write_concurrent Concurrent  SVaon i] 12 1] 0B 7B
A feache_controller_thjcache_controller_1jcache_mem1fcache_readfif_exists/fimmed__ 131 Immediate SVAon [u} 119 0 0 0
+F& fcache_controller_th/cache_controller_1jcache_mem1/fcache_read/if_exists/while1fap_read_cache_line Immediate SVAon 1} &85 1} ] ]
|+l feache_controller_thjcache_controller_1jcache_mem1fcache_readfif_existsfwhile1fap_read_cache_line_concurrent Concurrent  SVAon 0 885 0 0B 4308
|4 feache_controller_th/cache_controller_1/RU_fifo/a_illegal_fifo_cmd_1 Concurrent  SVAon 0 0 0 0B 0B
.ﬂ-‘ fcache_controller_th cache_controller_1,LRU_fifo/ap_pop_error_1 Concurrent  SVAon i} 213 1] 0B 438
|+ fcache_controller_thjrache_controller_1ARU_fifofap_push_data Concurrent  SVAon [u} 19 0 0B 1448
+i-& fcache_controller_th/cache_controller_1/LRU_fifo/ap_push_error_1 Concurrent  SVAon 0 213 0 0B 436
++-u fcache_controller_thjcache_controller_1/main_mem_accesses/rd_from_main/ap_rd_cyde_timer_not_zero Immediate SVAon 0 9 i} ] ]
ﬂ—‘ Fi ache_contmlle r_tb,.-’ cac:he_cont rolle r_l fmain_mem_ac: ce ssesn-rr_?main,.fap_wr_cyc:le_t ime'r_no t_[J Immediate SVAon : 12 a 1] 1]
ﬂ—‘ /cache controller tb/cache controller 1/main mem accesses,/wr Zmain/ap wr cycle timer not 0 concurrent Concurrent  SVAon 1 12 o] 0B 438 |
+-A /cache controller tb/cache controller 1/mp busy no rd wr Concurrent  5VAon 4 56 0 0B 488 |
[ /cache controller th/cache contreller 1/mp no simultaneous rd wr Concurrent  5VAon 1 212 0 0B 488
A feache_controller_th/test/rifal Immediate SVAon 0 100 0 0 0
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4| Assertion TypeiLarJEriFailure Count|Pass Count  |Active Count |Memory |Peak Memary |

+-A feache_controller_th/ap_wr_rd_memary Concurrent — SvAon ] &8 7T 1% LK
i+ fcache_controller_th/cache_controller_1fap_fifo_pop_on_miss_ful Concurrent  SVAon 0 104 0 0B 438
+-A Jeache_controller_th/cache_contraller_t/ap_fifo_push_on_miss Concurrent  5VAan ] 109 0 0B 43R
+-A feache_controller_th/cache_controller_1fap_invalidate Concurrent  SVAon 0 150 0 0B 848
i+ feache_controller_th/cache_controller_1fap_miss_then_data_Zoutput Concurrent  SVAon 0 109 0 0B 736
+-A feache_controller_th/cache_controller_1/ap_read_hit Concurrent  SVAon 0 102 0 0B 95E
+-A fcache_controller_th/cache_controller_1/ap_read_miss Concurrent  SVAon 0 109 0 0B 1286
+-A feache_controller_th/cache_controller_1/ap_read_miss_busy_data_vid Concurrent — SvAon ] 109 i ] 1445
+-A feache_controller_thfeache_controller_1fap_wr_rd Concurrent  SVAon 0 &8 7 LXK 17K
& Jcache_contraller_th/cache_controller_1/cache_mem1/cache_mem_handing/if1/ap_nothingZinvalidate Immediate  SvAan 0 150 i 0 0
+- feache_controller_th/cache_controller_1/cache_mem1/cache_mem_handing/if1/an_nothingZinvalidate_concurrent Concurrent  SVAon 0 150 0 0B 848
A& Jcache_controller_th/cache_controller_1/cache_mem1/cache_mem_handing/wr_cache_updatesfelse 1_mt4wr/ap_no_cache_line_found_4write Immediate  SVAon 0 112 0 0 0
+- fcache_controller_th/cache_controller_1/cache_mem1/cache_mem_handing/wr_cache_updatesfelsel_mt4wr fap_no_cache_line_found_4write_concurrent  Concurrent  SVAon 0 112 0 0B 736
A Jeache_controller_thjcache_contraller_i/cache_mem1fcache_readfif_existsfmmed__131 Immediate  SVAon 0 153 0 0 0
+-A feache_controller_th/cache_controller_1/cache_mem1/cache_readif_exists/while1/ap_read_cache_fine Immediate  SVAon ] 72 i 0 i
+-A fcache_controller_th/cache_controller_1/cache_mem1/cache_read/if_exists/while1/ap_read_cache_line_concurrent Concurrent  SVAon 0 722 0 0B 4308
i+ feache_controller_th/cache_contraller_1/LRU_fifo/a_illegal_fifo_cmd_1 Concurrent — SvAon ] 0 i 0B ]
i+ fcache_controller_th/cache_controller_1/LRU_fifo/ap_pap_error_1 Concurrent  SVAon 0 1163 0 0B 438
+-A Jeache_controller_th/cache_contraller_t/LRU_fifo/ap_push_data Concurrent  5VAan ] 153 0 0B 726
i+ fcache_controller_th/cache_controller_1/LRU_fifo/ap_push_error_1 Concurrent  SVAon 0 1163 0 0B 438
+-A feache_controller_th/cache_controller_1/main_mem_accessesfrd_from_mainfap_rd_cyde_timer_nat_zero Immediate  SVAon 0 109 0 0 0
+-A feache_controller_th/cache_controller_1/main_mem _accesses ar_2main/ap_wr_cyde_timer_not_0 Immediate  SVAon 0 106 0 0 0
i+ feache_controller_th/cache_controller_1/main_mem_accesses wr_2main/ap_wr_cyde_timer_not_0_concurrent Concurrent  SVAon 0 106 0 0B 438
+-A feache_controller_th/cache_controller_1fmp_busy_no_rd_wr Concurrent — SvAon ] 645 i ] 436
+- fcache_controller_th/cache_controller_1/mp_no_simultaneaus _rd_wr Concurrent  SVAon 0 1163 0 0B 438
A& Jcache_contraller_th/test/begin_dwr/a0 Immediate  SvAan 0 4 i 0 0
A jeache_controller_thitest/rifal Immediate  SVAon 0 1050 0 0 0
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