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typedef enum {VID, GFX} pipe_kind e;

typedef enum {DSI_A, DSI_B, DP_A, DP_B, HDMI}
interface_kind e;

rand interface_kind_e interface_kind;

rand pipe _kind e pipe_kind;
constraint pipe_kind c {
pipe _kind == VID -> pipe id inside {0,1,2};
pipe _kind == GFX -> pipe_id inside {3,4,5};
}

endclass;

typedef enum {LCDO, LCD1l, LCD2, TV} overlay kind e;

class process_stream extends uvm object; T—3NX([ZE|Y ETT=
rand int pipe id; AR)—LDT4—ILFE
rand overlay kind e overlay kinds SUALEELTLS
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process_stream
pipe_id
class process_stream extends uvm_object; overlay_kind
constraint pipe2overlay c { interface_kind
pipe kind == GFX -> overlay kind != LCDO; * Graphics PipeldA—/\—L AT ULCDOIZT—2ELA T
pipe kind == VID -> overlay kind != LCD1; * Video PipeldA—/\—L AT ULCDIZT—2ELAT
}
constraint overlay2interface c { e .
overlay kind == LCDO -> interface_kind == DP_A; * LCDOILDP ADAI=T —FiEL Al
overlay kind == LCD1l -> interface kind inside {DSI_A, DSI_B}; * LCD1‘iDSI_AiT:[iDSI_B(:%_QﬁELE}
overlay kind == LCD2 -> interface _kind inside {DSI_A, DSI_B, DP_B}; « LCD2(%DSI A. DSI Bif“liDP B'—j—_“_/)-ligbﬁ_r
overlay kind == TV -> interface_kind inside {DP_A, HDMI}; i - N _‘
} « TVIZDP AZFE/=IZHDMIIZT—4ELTA]
endclass;
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process_multi_stream

class process multi_stream extends uvm_object; StreamS[O]
rand process_stream streams|[]; 1 ~40)I|'Z§|J
constraint num streams { AR)—LE pipe_id =1
stream.size inside {[1:4]};

overlay_kind = LCD2
pipe. overlay. interfaceld interface=kind = DSI=A

}

constraint resource unique c {

AN —LIEICRLGSHIERE
THCTIER DALY

foreach (streams[i]) {

foreach (streams[j]) { streams[1]
if (i '= j) { i id =
streams[i] .pipe_id !'= streams[j].pipe_id; plpe=Id — 2
streams[i] .overlay kind !'= streams[j].overlay kind; Overlay=klnd = LCDO
streams[i] .interface kind != streams[]j].interface_kind; interface kind = DP A
} — —
} } streams|2]
} pipe_id = 4
. X X X overlay kind = LCD1
SHEELEE0 ) SV/UVMA—k DA —/\—Ayk Y

S AV RNSH4A . BRHT O —Fk . interface_kind = DSI_B
uvm_object_utils

2022/06/23

SYSTEMS INITIATIVE



EDIOIT—H%IET HH?

e CNETIZTERLI-CE
s EHDMINRAN)—LBIZEHFH2HIFERZEOETIY
e LAMALZOHIZHFELTLNS
e FI-RBYTULVZWZ &L
o thDAR)—LAMEBNESRICEFH-HGAN)—LERIB (EIETESHZL
o B LHHEBE MIBRREOARIZITOIOU VB THDARSER
o AMN)—LDFUF L, F-IFEHRLBRTO 12— LD ER
¢ ZDXS5HBIBD ARELSystemVerilogTET) VI TERLY -
BIREDARE Eonf-)V—RZEWNEIIILEIRIDEKIA ...

accellera 2022/06/23




1)) —R%&PSSTETIUVY

component display c { resourceA 7Y D 15. Resource objects
enum pipe kind e {VID, GFX}; PEEEPACEYAE N ==l il c
resource pipe r {— HEEET T EHATEE Resource objects represent computational resources available in the execution environment that may be
. - . assigned to actions for the duration of their execution.
rand pipe kind e kind;
constraint { ELRAY7 RYE2—F N DC
kind == VID -> instance_id in [0..2]; Bueh VAl et ok Eealels) 2! w
kind == GFX -> instance_id in [3..5]; NOEGEAVEEE 5 5 pipe_pool Q
} m ‘
) PoollZlE ) Y—Z 8 A T% N Pipe0 ~ | | interface_pool
pool [6] pipe r pipe pool; A VREVRELEL T EHVATHE overlay_pool DSI A
enum overlay kind e {LCDO, LCDl1l, LCD2, TV}, . —
_kind_ Pipe LCDO
resource overlay r {
rand overlay kind e kind; N - DSl B
constraint {Insta;ce id == (int)knd; j;#ff?igf%ﬁ%gz Plpe2 LCD1 —
- / / "E\
} MABLENR I 5N B DP_A
pool [4] overlay r overlay pool; —
enum interface kind e {DSI_A, DSI B, DP A, DP B, HDMI}; Pipe3 LCD2
resource interface r ({ DP A
rand interface kind e kind; . —
constraint instance_id == (int)kind; Plpe4 LCD3
) < HDMI
pool [5] interface r interface pool; Plpe5 ~_
} \_/
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15. Resource objects

Resource objects represent computational resources available in the execution environment that may be
assigned to actions for the duration of their execution.
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N DC
component display c { resourcelaction|Z &k o Tlockah 3 W T
action process_strean .~ JEAVEUE et a0V IO DA AES S = — 0~ D
lock pipe r pipe; % 4} PipeO ~ interface_pool
lock overlay r overlay; overlay_pool
lock interface_r interface; LCDO DSI_A
S process_stream Pise S
drive stream(pipe.instance_id, D I_B
rvertio s i) Pzl | |
} A DP_A
} Pipe3d LCD2
} BEDAE -RBonfz) V—XZEI\E bP_A
= - - — Pipe4
5 &SRBV ERET 5 & AR P LCDS
R HDMI
Pipe5 ~
~
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pipe_r

Graphics PipeldZ4—/A\—L AT LCDOICT—2ELAT]

process_stream overlay r

* Video PipeldA—/\—L AT ULCDIZT—RELA T

« LCDOIZDP ADHMIZT—4EL T

interface_r

« LCD1I&EDSILAZE=(EDSIBIZT—4XELA]

action process_stream {

constraint pipe2overlay c ({
pipe.kind == GFX -> overlay.kind !'= LCDO;
pipe.kind == VID -> overlay.kind !'= LCD1;

}

constraint overlay2interface c {

overlay.kind == LCDO
overlay.kind == LCD1
overlay.kind == LCD2
overlay.kind == TV

-> interface
-> interface

-> interface
-> interface

.kind
.kind
.kind
.kind

in
in
in

« LCD2I&DSIA. DSI BZF/=I&DP BIZT—4ELH]
e TVIZDP AZEf=[ZHDMIIZT—4EL A

DP A;

[DSI_A, DSI_B];
[DSI_A, DSI_B, DP B];
[DP_A, HDMI];

—

T—
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class process_stream extends uvm_object; SystemVeri]og

constraint pipe2overlay c {
pipe.kind == GFX -> overlay.kind != LCDO;
pipe.kind == VID -> overlay.kind != LCD1;

}

constraint overlay2interface c {
overlay kind == LCDO -> interface kind == DP A;
overlay kind == LCDl1 -> interface kind inside {DSI_A, DSI B};
overlay kind == LCD2 -> interface kind inside {DSI_A, DSI_B, DP B};
overlay kind == TV -> interface kind inside {DP_A, HDMI};

}

endclass
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action process multi stream {
rand int in [1..4]
num_ streams;

activity {
parallel {
replicate (num_streams)

do process stream;

}
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action process multi stream {

rand int in [2..20] num_streams; Eg—t;b\; 5 ':

70 avE
activity { 4 /7- :/“ 1 —)I/

parallel {
replicate (ndm_streams) {
do process_stream;

}

} pipe
} 0
} overlay
TV
action my scenario_26 { BREN ~—,| interface
activity { T HDMI
parallel { T~ -
do process_stream with {size == 60;} ;\

do random schedule with {
forall (p: process_stream) ({
p-size == 12; }
};

1T20RWVWR Y —L EREFIC
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Problem #1: DDR/\°—““'~7*“°}/I~
. DDRIZR—STHRENS

e group. bank, row, column TYEFTE o]
¢ RI—R—URNITEET7 IR
¢ AEYAUPO—SEYTL Y 2 DA
DR) =T HNE
« BIROR—IUADT U ERIELEL

4 Gb Addressing Table

Configuration 1Gb x4
° A Bk | S ]— /\_: 5 # of Bank Groups 4
E E’J . )(:E ) : ‘/ I\ 7 0) Bank Address BG Address BGO~BG1

7*:)}> I\éx I\ l/\;(*ﬁEIE-d—é 7.—: Bank Address in a BG BAO~BA1
& D read/write 7TRLRAD T —4 Row Address AO~ATS

Column Address AO0~A9

?/Z%EEE‘Z?% Page size 512B
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Problem #3: Problem #1 & #20)%EAJ¢
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] ! o) LY "Cﬁf - é 9 A= 7 [Z7& & é 1 - m
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HAKEE 5 Read/Write T Xk

KUGEHRA b 55 LT read/write TR RAFEEIZENB Z &

e O RT LRIZExecutor®aA7 BN DHFEHET I EEE
s FHAREL S AT LAER)EEE

« K% read/write ARL— 3V EFEEH

c SURLHTRUADIRL—3%FEE

c INBLIRTEENTD
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Executor\t’zZ%L\)ﬂE'} a)
O Jd4xaL— 3y

DRATFLTWL DDcoreMFZ BN EEE

package config pkg {
const int NUM_CORES

~—

Fexecutor[Z[XZFDid & & [ 7trait’ A

}

struct core_traits_s : executor_trait_s {

rand int in [0 .. config pkg::NUM CORES -
1] core id; )
) - “trait” % Dcore DEL S|

component cores_cC

7
executor_group_ c<core_traits_s> {

executor c<core_traits_s> cores

[config pkg::NUM CORES] ;
( &-core_idx#HA1k

exec init down {
foreach (c : cores[i])

c.trait.core_id = i;

add_executor(c) ;

}

EARIRER O R T L
AEYDES

H B

component pss_top rand addrs_c {

transparent_addr_ space_c<> sys_mem;

exec init up {

transparent_addr region_s<> region;
- region.size (1 << 40 );
region.addr 0x80000000;
(void) sys_mem.add region(region) ;

}

}

X “rait” [FEFE E VS BB, PSSHEHRETIE Executor L ENDAT7SA TS VIZEREINTWATZ R Ea—FD=HEEL LT
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KRB read/write E4E : State Object

State Object(XRDENETHEE S

AEYT FLR%EBH

state addr_s { /
| !
rand bit[64] addr; / AFEY®DclaimEHLA T

rand transparent addr claim s <> claim;
constraint claim.addr == addr; ROMET FLAANE#HIFY

constraint claim.size in [1,2,4,8];

read/write M BT H 14 XA EHIlEY
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HE X875 read/write E14E

component mem _ops_c { 5 >4 Ls75CPU core® claim

action write_a action write_a {

input addr_s inp; input addr_s inp;

rand executor claim s<core traits s> core; ) }
- - - - rand executor claim s<core_ traits_ s> core;

rand bit [64] data; bit [64] data;
exec body ({ exec body {
addr _handle_t h = make handle from claim(inp.claim); addr handle t h = make handle from claim(inp.claim);
match (imp.claim.size) ({
[1]: write8(h, data[7:0]); match (imp.claim.size) ({
[2]: writel6(h, data[15:0]) [1]: data[ 7:0] = read8(h);
[4]: write32(h, data[31:0]); [2]: data[l5:0] = readlé6(h);
[8]: write64 (h, data[63:0]); [4]: data[31:0] = read32(h);
} [8]: data[63:0] = read64 (h) ;

}

} // mem ops_c
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JUF LTV RAEREAVRZIV AL
component rand addrs_c { component rand addr_ test _c{/m
rand addr c rand_addrss

mem oOps_C mem ops;
pool addr_s addr p;

bind addr p *;

action rand addr test a {

action rand addrs_a {
output addr_s out;

! %ﬂfft’{lé’%('}'ﬁb\ ac:iivitzd{ ddr ::rand addr g
SUBLET LR EH A TR R
select {

do mem ops_c::write_ a; : e
do mem ops c::read a; write 5 read ZXE1T

b}

2022/06/23
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HEARKPGAE) T AR

AT LTHERTIRED

component pss_top rand addrs _c {

AEYELATEEE

~-"(_rand_addrs_a ~-"_rand_addrs_a

y

transparent_addr_ space_c<> sys mem;
exec init up {...}

!
!

4

cores_c cores; addr_s addr_s
addr = 0x3425 addr = Oxabf1
rand _addr_ test c rand_addr_ test[10]; 4 $
action entry a { read_a write_a
activity {

schedule {
replicate (100) {
do rand addr_ test c::rand addr test_a;

o
;

.- "{_rand_addrs_a ~-"(_rand_addrs_a

)
i

4 y

} addr_s addr_s
} addr = 0x3792 addr = 0x9af2

\ 4 \ 4

write_a o write_a

§
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Solution #1: DDRR—I TR A R

CPU||CPU||CPU|CPU CPU||CPU||CPU|CPU

T _. |
aal e o

[
aalll laa

<+, [ >
> e
<+—p_, (>
<> e

Cache-Coherent Switching Fabric
L3 Cache / Snoop Filter

Problem #1: I y I : ' I
. — M emor
DDRAEYa>v kAa—5 Cost”:cf’”rzr ControIIZr PCIE Ethernet Offload
R—UIRTA b F f

'_I '_|
DDR DDR
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Solution #1: DDR/\-*‘)?*“‘)‘/F
. DDRIZA—STHFiEN D

« group. bank, row, column THEFTE .oyt

s B—ARN—TURNIEERT /LR

« AEIAFA—=Z[EUTLy b A
) =D P E

« RIGHR—IADTILAILE

4 Gb Addressing Table

Configuration 1Gb x4
° E E(J )(:Eljjyl\n_jd)/\_:‘\ # of Bank Groups 4
Bank Address BG Address BGO0~BG1

7*:)}> I\EZ I\ l/\x*ﬁ;IE-d—éf: Bank Address in a BG BAO~BA1
& D read/write TRLRAD L —47 Row Address AO~ATS

Column Address AO0~A9

‘/Xéffﬁﬁ?é Page size 512B
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DDRAEYND-TFRLA—HZADETYH

KPERA b : 7 RFULRADY—4 > X% State Object FAHWWTET Y VT 95 &

component ddr_page_addrs_c { State Object [(XEJL b1 > Z % prev
state ddr_page_s | [C&kY— O REMZHIFITED
rand bit [ 2] group;
rand bit [ 2] bank?
rand bit [16] row; DDROD/\O_:)EELEEII
rand bit [10] column;
rand bit [64] addrs ﬁg;‘ké;h'f:'y' P L X
constraint addr[18: 9] == column;
constraint addr[34:19] == row; AT U 9 /r 713'%0)%”%’{]
constraint addr[36:35] == bank;=—
constraint addr[38:37] == group;

}

pool Z4ERk L T bind 9%

pool ddr page s ddr page p;
bind ddr_page p *;

2022/06/23
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DDRAEYND-TFRLA—HZADETYH

action ddr_ same_page_a {
output ddr_page_s ddr_page; y &—:)0)77 ‘t’Z |: ) |~
/ EN) Ly ahnE
constraint c {
ddr page.group == ddr_ page.prev.group 7 o B == s
ddr_page.bank == ddr_page.prev.bank ; - s\ Fr ° oS 1?0)7 l\ I/Z*E;Eﬁ/ﬁ@
ddr_ page.row == ddr_page.prev.row IEJ /\/7 O)E d‘%)/\_ ~ H %%*ﬁﬁﬁ{ﬁ L,'CEFS <
ddr page.column == ddr page.prev.column ’\0)77 't'x I: v "
bi N=DRAYFUITHEL
}
action ddr_same bank a { action ddr next col a {

output ddr_page_s ddr page; output ddr page_ s ddr page;

constraint c { constraint c {

ddr page.group == ddr_page.prev.group g ddr page.group == ddr page.prev.group ;

ddr page.bank == ddr_page.prev.bank 2 ddr page.bani == ddr page.prev.bank g

( ddr_page.row != ddr_page.prev.row || ddr page.row == ddr page.prev.row g
ddr page.column != ddr_ page.prev.column ) ; ddr page.column ==

}; (ddr_page.prev.column + 1) & Ox3ff
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DDRAEYND-TFRLA—HZADETYH

action select_strategy a {
activity {
select { 5””’,—”
[8]: do ddr_ same page &;
[1]: do ddr_next col_a;
[1]: do ddr_same bank a;

}

action constrain_addr_a {
input ddr page_s ddr_page;
output addr_s out;

constraint out.addr == ddr page.addr;

}
} // component ddr_page_addrs_c

2022/06/23
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RDT ~LRAZER -

~ N

80% DR TH—R—

IREEM Saddri H 5

7 FLRZZEIRLT

read H write ZE1T

component ddr test c {
ddr page_addrs_c ddr page_addrs;
mem Ops_C mem ops;
pool addr_s addr p;
bind addr_p *;
action ddr_ test_a {
activity {
do
ddr page_addrs_c::select_strategy a;
L do ddr_page_addrs_c::constrain_addr_a;
select {
do mem ops_c::write_a;
do mem ops_c::read a;

b}




DDRAERYINVITRLARLU—H5 2 ADETYH

component pss_top ddr addrs_c

{

cores_c cores;

ddr_test_c ddr_test[10];
transparent addr space_c<> sys mem;

exec init up {...}

action entry a { 1%% E_l"ﬁE 7:'_.;:
activity ({
schedule {
replicate (100) {
do ddr_test_c::ddr_test_a;

ARgoa—)L

2022/06/23

e ddr_next_col_a
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Problem #2: cPU|[cPu| cpPu|crPu CPU||cPul|cPullcPU
#'—V“J:/:L o :t—'/‘/:/ A A A A A A A A
. ol LrT A 4 A 4 A 4 A 4 A 4 A\ 4 A\ 4 A\ 4

IRREEER (Lt e fet fer ) oo Jiet et o]
1t A A A 1t A A A
A\ 4 v A\ 4 \ 4 \ 4 \ 4

| L2 | | L2 |
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Trva-at—L KB ER

KOGHRA b :aE—LOPDY—H R %EF acton EZRAWTETY 995 L

action reset counter_a ({
output cl_state_s out;
enum cl state e {INVALID, EXCLUSIVE, MODIFIED, OWNED, SHARED}; constraint out.count == 0;
: \

component coherency c {

state cl_state_s {

rand cl_state_e cl_state;
constraint initial -> cl_state == INVALID; 9 _/7:‘ S, '\ 0)#__,(, S, :/:L

A T— kZEH

Ao bZ&')tvy 9 % action

rand int home core id:
v+ 1) ZF® "Home”
& 73 % core_id

rand int count;
constraint initial -> count == 0;

TAMRDAD VS

pool cl state s cl _state p;

bind cl_state p *; ——
pool Z4ERk L T bind 975

2022/06/23
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N N ~ s Lol s —® N N
Fyyra-aE—LO U REEBDET Y
ab§tract action tranéit:i..on_base_a { Z7_'— I‘O))\jj &Hjjj

input cl_state_s inp;

output cl_state_s out; o
constraint out.cout == inp.count +1; “/j' U TE?& = EE
constraint out.home_core_id == inp.home_core_id; “Home” core id %%IE

action invalid to_exclusive_a : transition_base_a ({ action exclusive_ to_invalid a : transition_base_a ({

constraint transition { - constraint transition {
}

activity ({ activity ({
do mem ops _c::read a with ({ do mem ops_c::write a with {
core.trait.core_id == this.inp.home core_ id; core.trait.core_id != this.inp.home core_id; };

}

b} “Home” core H 5E }

} // coherency_c fthad core M>EHT
acceller?)  2022/06/23
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Xooya-ae—LUVIKEBRODETIVY

C

component ipss_ top coherency simple c {

cores_c cores; l

rand addrs_c rand_addrs;
e ST (> 2.5 2 2L & bind -~ exclusive_to_invalid_a
coherency c coherency; ¢ - - =

pool addr s addr p;
bind addr p *; cl_state_s
state = INVALID
transparent addr space c<> sys mem; core id =2
exec init up {...} " count = 18
& AR RE7E v

)
> — —E— S o . . .
DATLAERYVEES > invalid_to_exclusive_a
action entry a { ¥

activity { — RN NN tar
do rand addrs c::rand addrs_a; 7 P L X % EE E‘Z t tc _Z ;\Cfazl\/E
State =
do coherency c::exclusive to_invalid a core_id =2
with { out.count == 20; }; count =19
\ 4

\

N
~

} 20D IKEEEBEFE D - exclusive_to_in@
Y—r DAEHE

|
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Foyla-ae—LIoVKEBROETIVY

component coherency c ({
- Reset Read Ht
... VD), WM o
TN
action invalid to_modified a : transition basd a { } J\ | )
action invalid to owned a : transition basd a { } 77N Probe Wike Hi Ve —\
action invalid to shared a : transition basd a { } \""’"ﬁd ’ T — 45""”"‘"’/
—_— — — — ) e Read Miss, Exdusive b
action exclusive to modified a : transition basd a { } RN ST
0 0 -, = - g g — S NG N SR s
action exclusive to shared a : transition basd a { } R \\ / \
L) | it _ A \ S -
I} \ S 1
N\ \ ~
! \ \\\\ \\ ///
E“ / \.\ \,\ . P \
- ” L] j'.l_ = & & \ NS \
action state selector a { count &%ﬂ[ii EE ol e A AP \%
- - - 51‘ "§ \ /“/ \'\ Il 1
; = ¥ /& \i A SN \®
rend ime coune M EHRIER TS 76 X7 W&
activity ({ / SR B\ \
{f : 2 T
select { [ 2 g NN
. . . . . [ | e \ % - .
do exclusive to invalid a with {out.count == this.count;}; |} P \%, e . )
. o - = .. . . v | b \Z NN
do modified to_invalid a with {out.count == this.count;}; // N \ \\/f’“
do owned to invalid a with {out.count == this.count;}; \S'Wd i \-\ B w
- .. . . . \ NG e
do shared to invalid a with {out.count == this.count;}; Fanaai. (R /(m d\ﬁ‘_‘_ e \
- - - ) N 18 . /| )
} "\\ y J \\ \\ / /" \_\ /,“
} Resad Hit e /( /" Rrad Hit
} Frobe Read Hi -\\\\\:m i l\ p | //, e HL
AT - LT <
} %2 invalid TI/RFESESHZ & T #e e

DFHIFRET FLRAZEBRATES

2022/06/23

SYSTEMS INITIATIVE




component coherency test c {
rand addrs_c rand addrs;
coherency c coherency;
pool addr_s addr p;
bind addr_p *;

action coherency test a {

rand int count; count aﬁéﬂ(ii%ﬂ?ﬁ‘ E) ﬁ%“ %,‘J jC_ % H- %)

activity {

FUELT FLRAZEEY
do rand addrs c::rand addrs_a; — <7 ) ZI-E@ H r7 S 9 j{_ vy

do coherency c::reset_counter_a;

do coherency c::state_selector_a

with { count == this.count;}; | . . B o
JE— L2 IUREERD
) TR L=l REHTE
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Xoya-ae—LUIRREEBOETYLY
/" amn
etmene borser nreneIe 4 VRS R i \\

coherency test c coherency test[10]; _exclusive_a
\ 4

Nt

D
transparent addr_space c<> sys_mem; 1§}Eﬁ E_"'ﬁ‘E;‘a: D
exec init up { ... } 3,7 = == exclusive_to_modified_a
SRATFLAEYDEE Lo L) |
action _entry a { v i D
activity {
schedule { modified_to _owned_a \
replicate (100) { )
do coherency test c::coherency test_a \ 4 D
ith == 20;}; . .
} with {count 0;} @d_to_mv@ )
) —EN0DIE—L Y \_ 3 g2
} KEBREETT < \ 9
} \\ \\ /

ZU I LEBDINTNOHE TIE
120F VL7 FLRAEBHATS
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Solution #3: Solution #1 & ;

#—V‘J /ld)'lklu\ %‘:BL\Té‘ié = S
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L7 TIEGEn a0y EN i W iy
o DDROD read/writed‘/\ I/— >E|/ X7
DRSO TR 5SS O————
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Problem #1 & #2 QS

ROGERA D b BT VAICEDHMEIT

component coherency ddr test c {
ddr page_addrs_c ddr_page_addrs;
mem Ops_C mem_oOps;

coherency c coherency;
pool addr_s addr p;
bind addr p *;

action coherency ddr test a {

rand int count;

activity {

do coherency c::reset_counter_a;

do coherency c::state_selector_a
with {count ==
this}count;};
}
}

do ddr_page addrs_c::select_stragety a;
do ddr _page_addrs_c::constraing addr_ a;

DDR/\> 9 7 FL XA %FER

/
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Problem #1 & #2 QS

component pss_top coherency ddr c { /r R 9 R 1':,

cores_c cores;
coherency ddr test c coherency ddr test[10];

—

invalid_to_exclusive_a

o
Y

D
transparent addr space_c<> sys mem; \ 4 D
.. L -+~ . o
exec init up { ...} £ FHRT B 7% exclusive_to_modified_a )
S = = =
action entry a { /ZTA} + U DEF D
activity { Y D
schedule { @ed_to_ow@
replicate (100) { )]
do coherency ddr test c::coherency ddr test_a 1! D )

with {count == this.count;};

200D —ED

¥ ZieE

FUFLEBDENTNDOHETIE
DDRD7 FLRAL— VAN BD
T7ATLEBINAT S
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CHAINING SCENARIO

CPU WRITE 1 MEMORY |—{ DMA TRANSFER 1 MEMORY *| DISPLAY SHOW
1 DMA TRANSFER | MEMORY 1 CPU READ
SIMPLE SOC
DISPLAY
REER - CPU DMA
Source = fHiGIR
Sink = TRV MEMORY
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A9 AT LAD R EE ES
(DVCon US 2020&Y)

Power \
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CPU CPU
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m CPU CPU
Y .
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= ~
System
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SRTFLURNILDESE

extend component pss_top {
// RTL Agents
dma c dma;
lte c 1lte;
display c display;

// Execution agents

pool [4] execution agent r cpu;

pool [1] lte cip r lte vip;

extend component pss_ top {
// Address Space
contiguous addr space c<mem trait s> mem addr space;
addr region s<mem trait s> dram region;
addr region s<mem trait s> flash region;
exec int {
dram region.trait.kind = DRAM;
mem addr space.add region(dram region) ;
mem addr space.add region(flash region);

}

acceller?)  2022/06/23
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AEYINYIT7ENLIZBHIPHLD
FIAZD " ATA4Z22ATR

i ObjectType%_’—\ (Fra=258mK ) (F—4EREDED 4 )
H@IE LT : DA LL—70 FIALAZ2TD
Wy D S =iy, r— 3 VEIHT ALY
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Flow Object Typez X @ILLH I/ \VIT7ZE

package common target ({
buffer data buffer {
rand addr_space pkg::addr claim s<mem trait s> mem seg;

}

abstract action mem copy a ({
input data buffer buf in;
output data buffer buf out;
}
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IPA—7—DAT4225R

e [ Y—=R: N\ wpe Memory  DRAM Flash
Modem HEB VIPA S Memory~DEA
Memory2Memory :
I:B:gf‘n (a) Memoryh 5 S1+EBVIPA DB H Bluetooth ((( ))) DMA Flash DRAM || Power
(b) S EBVIPIL—TF 139 U v 5 Memory~DEA T : ' : :
S,
WiFi 2 - i
- NFC LTE o - Y
Modem k Memoryhs 5 44 EvVIPA / Modem ps L, \(\_;,
cPU | cPU —
2l comaA |5 = —
A4 Modem Bluetooth -be
. . cPU | cPU
v i —R: — wiri E : -
MemoryH 5 FHEBVIPA SEBVIPA 5 Memory ™ g ASodesn : NFC > @
Bus IF
Audio Display Display M rouchpad | 2“9 M camera
Codec Processor Touchpad Camera | P°°S°" Codec |
\ — ' — y
. 1 1 .
Memory2Memory : Memory2Memory :
DMA DMAMRX CPU (a) Memory BEHH L 8 @ \_Qﬂ))) e
(b) Memory A H —
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IP A —F—®D7 o3y

) ) Memor DRAM Flash
Mt;im /actlon <device-name> source a { \ GPS y
output data buffer ctb out;
CDMA } Bluetooth (( )) DMA Flash DRAM Power
Modem . . T
action <device-name> mem2mem a B : B :
- mem copy a {..}
WiFi - — NFC LTE = o o=
Modem k / Modem GPS —
CPU CPU —
=l CDMA :
Modem Bluetooth *9
. . . . . CPU CPU
action <device-name> sink a action <device-name> source_a { 7~ -
{ input data buffer ctb in; { output data_buffer ctb_out; e~ WiFi 15 : NFC ->
- - . ) Modem
} ’ Bus IF :
Audio Display Display M rouchpad | 2“9 M camera
Codec Processor Touchpad Camera Processor Codec
\ Disp IF pac ode : y
« >
v v
action core mem2mem a : action <core_mem2mem a
DMA mem copy a {...} CPU mem _copy a {...} B8Gncas Q_ﬂ))) 9-
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BEELEN EEEEERELE ENATEITE A [ RTL Block Diagram ] [ Action Traversal ]

activi ty { Flow Flow
// Source

select { LTE -
[10] : do lte source a; Modem R e_source_a

[20] : do cdma_source_a; l ;’
[10] : do camera source a; DRAM data_buffer
} | S - ¥
// Memory2Memory DMA __---- -@m@
replicate (2) { -
select { l \
do core mem2mem a; DRAM *»{ data_buffer |
do dma mem2mem a; l Y v
do bluetooth mem2mem a; DMA e -@m@
} l Re
} v
// Sink DRAM data_buffer
do display sink a; l \ v

} Display hRN ~ - i
} Processor display_sink_a
acceller?)  2022/06/23
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[ chaining_agent_c[0] ] [ chaining_agent_c[1] ]

LTE CDMA
extend component pss_top { Modem Modem
action entry { l l
schedule { DRAM DRAM

replicate (5) { ><

do sequential chaining a;

} DMA DMA

} } }
} DRAM DRAM

}

} !

DMA CPU
DRAM DRAM

Display )
Processor Audio

accellera 2022/06/23
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action sequential chaining a {
rand source_e source id;
rand mem2mem e mem2mem id0, mem2mem idl;
rand sink e sink_id;
rand int size;

covergroup chaining cg { activity {
. . // Source
source: coverpoint source_id; select
mem2mem 0: coverpoint mem2mem idO; [10] do let source a with {
mem2mem 1: coverpoint mem2mem idl; size == this,size:
sink: coverpoint sink_id; this.source id == LET SOURCE; }
cross chain: source, [20] : do cdma source a with {
memzmem 0, size == this.size;
mem2mem 1, this.source_id == CDMA_ SOURCE; }
=ik id:- [10] : do camera source a with {
sizef- size == this.size;
) ! this.source id == CAMERA SOURCE; }
}

// Memory2Memory

// .Sink

acceller?)  2022/06/23
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while (j < NOF_SCENARIOS) begin
// Randomly pick a new step at a time, accounting for transfer steps that
// have already been picked. There is no obvious set of constraints that
// can guarantee: (1) Exactly 2 steps will be picked for each transfer
// (2) first step will appear before second step for all transfers.
while (i < NOF_TRANSFERS*2) begin
if (available (move) and available(wait))
step = $random % 2; // 2 available steps
else if(available (move))
step = 0;
else
step = 1;
scenario_step[i] .type=step
scenario_step[i] .transfer id=get _available transfer id(step)
i++;
end
if (!'exists(scenario_step) begin add scenario(scenario_step);
j++;
end
end

TILTYX L&, kRGO F)A TR T
% L TR TIEAEL

A ZEHIET H=OIZ(E, FETI—FT
FERALTWSEMEERITDILELHD

ATYTHMNEZ -5, BIDELEHZREN
WWE(ZH B

BRC)Y—RAD—EHE=FHTHMDATAS
ATREBRESEAHIEMNTELL

PSSTIXSFUADHIME, RE., BHEIL., B, BIEZESHNICTRETES

HHIAA AT ADCEFEREI—FITHBIEN
TERW=H . ETETRLENDH D,
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package dma pkg {
const int NOF_TRANSFERS = 4;
state state_s {
rand bit move [NOF_TRANSFERS]
rand bit wait [NOF_TRANSFERS]
constraint initial —>-{.
foreach (move[i]) {
move[i] == O0;
wait[i] == O;

}

.
4

.
4

state A7z D
74 —JL FZ#HE
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action move a {
input state_s in_s;
output state_s out_s;
rand int transfer num;
constraint out_s.move[transfer num] ==

MOVE D #51E AY
BhHho1=E0NH]

1’bl; @—

constraint {@
foreach (out_s.move[i]) ({

out_s.wait[i] == in s.wait[i];
if (i '= transfer num) {
out_s.move[i] == in_s.move[i];

}
}
}
}

action wait a {
input state_s in_s;
output state_s out_s;
rand int transfer num;
constraint out_s.wait[transfer num] ==

fth D state D EH
Z1b LA
EWSHIFZERTE

1’bl @

constraint {@
foreach (out_s.wait[i]) {

out_s.move[i] == in s.move[i];
if (i '= transfer num) {
out _s.wait[i] == in s.wait[i];

WAIT D E5iEAY
Bh-o1=E0H

fth D state D EH
Z1b LA LY
EWSFIFZERTE
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import ip0_pkg::*

pool state_s state p;

bind state p *;

action dma transfer a ({
rand int transfer num;
move a M; -
wait a W;
activity ({

M with {transfer num == this.transfer num; }
W with {transfer num == this.transfer num; };

}
}

action all dma transfers a {
dma_transfe:_a DT[NOF_TRANSFERS];
activity ({

acceller?)  2022/06/23

® schedule {
replicate (i:NOF_TRANSFERS) {
DT[i] with {transfer num == i;}

.
14

TJBREDDMARTY T DR a—)L

component dma c {

[ NOF_TRANSFERS=2]

state_s

move:00 ---o_

wait:00 >
oo
k/

state_s

move:01 -—a

wait:00 S Y
---TTTT @e_a
b/

state_s
move:11

wait:00

y
\ 4
-
k’

state_s
move:11

wait:01 v
oo s
hf

— N\ N\ N

state_s
move:11

wait:11
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extend action wait _a {
constraint countones(in_s.move) == NOF_TRANSFERS;

I R TDERE (move) &4 o TH L 58 (wait) 375
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action move a {
input state_s in_s;
output state_s out_s;
rand int transfer num;
constraint out_s.move[transfer num] == 1’bl;
constraint ({
foreach (out_s.move[i]) {

out_s.wait[i] == in_s.wait[i];
if (i !'= transfer num) ({
out_s.move[i] == in s.movel[i];

}

}
}

action wait a {
input state_s in_s;
output state_s out_s;
rand int transfer num;

constraint out_s.wait[transfer num] == 1'bl;

constraint ({
foreach (out_s.wait[i]) {

out_s.move[i] == in s.move[i];
if (i != transfer num) ({
out_s.wait[i] == in_s.wait[i];

(2022
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package display pkg {
resource display engine stepO r {}
resource display engine stepl r {}
resource display engine_ step2 r {}
state state_s {
rand bit step0 [NOF_TRANSFERS] ;
rand bit stepl [NOF_TRANSFERS] ;
rand bit step2 [NOF_TRANSFERS] ;

rand bit [NOF_TRANSFERS] step0O_b;
rand bit [NOF_TRANSFERS] stepl b;
rand bit [NOF_TRANSFERS] stepl b;

constraint {foreach([stepO[i]) ({

step0_b[i] == stepO[i];
stepl b[i] == stepl[i];
step2 b[i] == step2[i];

b}

constraint initial -> {
foreach (stepO[i]) {

step0[i] == O0;
stepl[i] == O;
step2[i] == 0;

@@H@D:MMWB

SYSTEMS INITIATIVE

component display c {
action stream step0 _a {
input state_s in_s;
output state_s out_s;
rand int transfer num;

lock display engine_step0O_r engine_ 1;

constraint out_s.stepO[transfer num] == 1'bl;

constraint {
foreach (out_s.stepO[i]) {

out_s.stepl[i] == in_s.stepl[i];

out s.step2[i] == in s.step2[i];

if Ti 1= transfer_puﬁ) {
out_s.stepO[i] == in_s.stepO[i];

}
}
}
covergroup {
step0: coverpoint in_s.stepO_b;
stepl: coverpoint in_s.stepl b;
step2: coverpoint in_s.step2 b;
all: cross step0O, stepl, step2 {
ignore bins interleaving = all with (
((step0 | stepl) == step0) &&
((stepl | step2) == stepl) )

SteplZlixLTUY—XRZ0Ov Y
12EH®D!) V) —XIEPIPE,
2D HIZOVERLAY,
3D HIZINTERFACE

SteplEDHNLYTFE
HoJ1)ogL
ZTDYOXTHEHEIIToNS
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EHRFTEHIENT—IL
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component display c { display_pkg::state_s #15
import display pkg::*;
pool state_s state_p;
bind sample state p *;
action stream a ({

rand int transfer num;
stream step0_a sO;
stream stepl a sl1; o 522
stream step2 a s2;
activity {
sO0 with {transfer num == this.transfer num;}
sl with {transfer num == this.transfer num;} - ° sy
s2 with {transfer num == this.transfer num;} 0 #33

} o3

} display_pkg::state_s #36

slo) #1867

sO#18
LY
display_pkg::state s #21

ns

o s

display_pkg:-state_s #25 -_—

action all stream a { A
stream a s[NOF_TRANSFERS]; G
activity { 51 037

schedule { o
replicate (i:NOF TRANSFERS) { R
s[i] with {transfer num == i;} ; 7

} 2 a1

} s

} —— display_pkg: state_s #44

} 2 =26

decellrs) - auzaponrs BV
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extend component soc_c {
import display pkg::*;
pool [6] display engine step0 r display engine stepO p;
bind display engine_step0 p *;
pool [4] display engine stepl r display engine stepl p;
bind display engine stepl p *;
pool [5] display engine step2 r display engine step2 p;
bind display engine step2 p *;
action all ip all tasks_a {
activity {
schedule {
replicate (i:DISPLAY STREAMS) ({
do display c::all stream a
with {comp == pss_top.soc.display[i];}’

DISPLAYY YV —X[ET—IL&h
BHOa bO—> THEHEE

Hda> raO—5MN
)Y —R=fERT 5 &
AMOa O—5M
)Y —RZRFTEH=0
) ) —RZ&HFE->TLVE:
AM)—LDET%
FOWEMNZLY
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extend action display c::stream a {
constraint pipe2overlay c {

package display_ pkg { s0.engine 1.kind == GFX -> sl.engine 1.kind '= LCDO;
enum pipe kind e {VID, GFX}; s0.engine 1.kind == VID -> sl.engine 1l.kind != LCD1;
extend resource display engine step0 r { }
rand pipe kind e kind; constraint overlay2interface c {
constraint { sl.engine 1.kind == LCDO -> s2.engine_1l.kind == DP_A;
kind == VID -> instance_id in [0..2]; sl.engine 1.kind == LCD1l -> s2.engine 1l.kind in [DSI_A, DSI_B];
kind == GFX -> instance_id in [3..5]; sl.engine 1.kind == LCD2 -> s2.engine 1l.kind in [DSI_A, DSI_B, DP B];
} sl.engine 1.kind == TV -> s2.engine_l.kind in [DP_A, HDMI];

}
enum overlay kind e {LCDO, LCD1l, LCD2, TV}; }

extend resource display engine stepl r ({
rand overlay kind e kInd; - -
constraint instance_id == int(kind);
}
enum interface kind e {DSI_A, DSI B, DP_A, DP B, HDMI};
extend resource display engine step2 r {
rand interface_kind_g_kind; - -
constraint instance_id == int(kind);

}

(2022
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move | wait
covergroup {
step0: coverpoint in s.step0O b; Pt #1 1111 0000
stepl: coverpoint in_s.stepl b;
all: cross stepO, stepl { Pt #2 1111 0011
ignore bins interleaving = all with (((step0 | stepl) != step0));
} Pt#3 | 0011 | 0001
} cg;

BRIERICIR E o - HIE BRI 5
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extend component soc c {
import dma pkg::*;
pool [8] dma engine step0 _r dma engine stepO p;

bind dma engine step0 p *;
pool [8] dma engine stepl r dma engine stepl p; - ~ £
bind dma _engine stepl p *; Ef& %) |P7b\ o) 7:J~ %)
S — )= I
eoort diopiey prat:t 128 —U—TLFUFid
pool [6] display engine step0_r display engine step0O p; _-EL L\ ':zﬁi L, —C
bind display engine step0 p *; ===
pool [5] display engine stepl r display engine stepl p; %1-{ é ;h' é
bind display engine stepl p *;

pool [4] display engine step2 r display engine step2 p;
bind display engine step2 p *;

action all ip all tasks a {
activity {
parallel {
schedule ({
replicate (i:DISPLAY STREAMS) {
do display c::all stream a with {comp == pss_top.soc.display[i];};
}

}
schedule {
replicate (i:DMA STREAMS) {
do dma c::all stream a with {comp == pss top.soc.dma [i];};

(2022
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action simple a ({

}

input buf in buf;
output buf out buf;
rand int transfer num;
simple step 0 a sO;
simple step 1 a sl;
simple step 2 a s2;
activity {

s0 with {transfer num

sl with {transfer num

s2 with {transfer num

}

this.transfer_num;

this.transfer num;
this.transfer_num;

— et et
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~e
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NOF_TRANSFERS=3 buf |----- mmaa, TORTAGS
NOF_TAGS=2 . SSSssgo-
(— state_s ) 1 (— state_s ) S=3I3.
move:000 /0 move:000 Sso.
wait:001 [T~ ~o 7 wait:001 | 7T~ : S
{ sc:0 ) ’ { sc:0 ) N Ss o
imple_step 0 _.7 ,’ imple_step_0_. \ So
f_t_f‘%s ate s tag id:0 II +s e tag_id:0 ) SO .
move:001 / move:001 / RS
wait:000 [T~ ~< ’ wait:000 [T~ ~< J S
. sc:1 ) S y L/ sc:1 h v R .
- - mple_s@4 . — mple_s@4 - .
(_t—f%s ate_s tag_ id:1 SE eﬁ_s tag_ id:1 \\
move:011 | move:011 I
wait:000 U< wait:000 [ T~ ~ |
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state_s N state_s
move:011 N move:011 ,/
wait:001 [ T~ ~. \ wait:001 [~~~ /
__sci2__ ) ¥ y \___sci2 ) v t
Sttt s ) states ) .
move:011 | h move:011 R
wait:011 Tt ! wait:011 [T 7T~ < e
sc:2 y sc:2 Y _-"
state s tag id:1 et tag_id:1
move:111 move:111
wait:011 [~~~ wait:011 [ ~~~<
S v S \ 4

\ sc:3 ) \ sc:3 )
simple_step_1_a simple_step 1 _a
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