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Simulating OpenPiton RTL



Anatomy of a Simulation

e Simulation model
— Design under test (DUT) RTL
— Top-level test bench

— Simulator compiler arguments
* Verilog macros, include directories, monitor params, etc.

e Test stimuli
— Assembly tests
— C tests

— Source/sink bit vectors
* Based on infrastructure from Christopher Batten’s group at Cornell



OpenPiton Simulation Models

Table 3: OpenPiton Simulation Models

Name Type
manycore C/Assembly
chip_fpga_bridge Unit Test
dmbr Unit Test
dmbr_test Unit Test

fpga_chip_bridge Unit Test
fpga_fpga_hpc_bridge | Unit Test
fpga_fpga_lpc_bridge | Unit Test

ifu_esl Unit Test
ifu_esl_counter Unit Test
ifu_esl_fsm Unit Test
ifu_esl_htsm Unit Test
ifu_esl_lfsr Unit Test
ifu_esl_rtsm Unit Test
ifu_esl_shiftreg Unit Test
ifu_esl_stsm Unit Test
jtag_testbench Unit Test




Simulation Scripts/Tools

* sims
— piton/tools/src/sims/sims, 1.262
— Adapted from OpenSPARC T1
— Build individual simulation models and run test stimuli

— Regressions
e Single simulation model

— Supports Synopsys VCS, Cadence Incisive, and Icarus Verilog
e Synopsys VCS recommended

* contint
— piton/tools/src/contint/contint, 1.0
— Calls sims

— Continuous integration bundles
e Multiple simulation models

— Currently only supports SLURM job scheduler and Synopsys VCS



Simulator Choice

Synopsys VCS, Cadence Incisive and Icarus
Verilog are all supported

Commands shown are for Icarus Verilog

For VCS, replace icv with vcs

For Cadence Incisive, replace icv with ncv




Building a Simulation Model

* Required sims arguments
-sys=<silmulation model>

~icv build

e Other useful arguments

—-icv build args=<ICV arguments>
—-debug all




Simulation Model Build Outputs

* stdout and sims.log

* build/<simulation model>/<build id>/
-build 1d=<name>
e Defaultisrel-0.1




Example: The manycore Model

* s1ms —-sys=manycore -icv build
— sims. log: check for build errors
* Check for SIGDIE

—build/manycore/rel-0.1/




Hands-on: The manycore Model

* cd SPITON ROOT/build
* s1ms —-sys=manycore -icv build
* Check Outputs

— sims. log: check for build errors

—build/manycore/rel-0.1/a.out




Running a Simulation

* Required sims arguments
-sys=<silmulation model>
—1CcV_run
<test stimuli>

 Varies by simulation model type (assembly file, source/sink
prefix)

e Other useful arguments
-build id=<name>
-gul
* Requires —debug all during build



Simulation Outputs

* Depends on test type

* stdout and sims.log
— PASS (HIT GOOD TRAP)

* Test binary (diag.exe)

e Memory image (mem. image)
 Assembler log (midas.log)
* Symbol table (symbol.tbl)
* Performance log (perf.log)
e Statuslog(status.log)



Example: Assembly Test Simulation

* s1ms —-sSysS=manycore -—-1CV run
princeton—-test-test.s

— C tests have similar syntax




Hands-on: Assembly Test Simulation

* cd SPITON ROOT/build

* s1ms —-sSysS=manycore -—-1CV run
princeton—-test-test.s
— Should take 2-5mins




Example output

L£J12230000 LU WIND oLuggooagg

spcB: 251235688 @ sethi:e4 @ spl:ge @ -iXX B -iXX B - XX

spcB: 25124500 il -ixx D -:1Xx B spl:ge @ -:1Xx B - iXX
25125000: CO: WM: 9800000080

spcB: 25125500 il -iXx B -iXx B -iXx 0 spl:ee o - XX

25126500:tpcl reg-updated -> spc(@) thread(e0) window(®) val = 800020000068
25126500:tnpcl reg-updated -> spc(@) thread(@) window(@) val = 00002000806C
25126500:tstatel reg-updated -> spc(@) thread(@) window(@) val = 4400001200
25126500:ttypel reg-updated -= spc(@) thread(®) window(@) val = 1680
25126500:htstatel reg-updated -=> spc(@) thread(@) window(@) val = ©
25126500:pc-updated -= spc(@) thread(®) window(@) val = 000088122000
251265008 :npc-updated -= spc(@) thread(®) window(®) val = 000800122004
25126500:t1 reg-updated -> spc(®) thread(@) window(®) val = 1
25126500:reg updated -> spc(@) thread(®) window(l) rsl(la)->00000006000000000 rs2(00)->0000000000000000 reg#(gl) v
al = oPEeEREREREEERE]
(25126580 ) Info-perm spc(@) thread(0) pc(0000080000122000) npc(0POOOREEOE122004) opcode(83468000)
spcB: 25126508 © 00122008 @ wryspl:04 @ -iXx 0 -iXx 0 -iEM B spl:@e
Info: spc(@) thread(®) Hit Good trap
25127088: CO: WM: 8leoppppon

spcl: 251275688 @ sethi:08 @ wryspl:04 @ -:Xx B -iXx B -iXx
251275600: Simulation -= PASS (HIT GOOD TRAP)
$Tinish called from Tile "/tank/mmckeown/research/projects/piton/openpiton/piton/verif/env/manycore/pc _cmp.tmp.v"
, Line 355.
§finish at simulation time 251275608

VCS Simulation Report
Time: 25127580 ps
CPU Time: 2.250 seconds; Data structure size: 1.6Mb
Sat Jun 11 81:88:19 2816
sims: sim stop Sat Jun 11 ©1:08:19 EDT 2016
sims: "perf = perf.log"
sims: "regreport -1 > status.log”
sims: stop time Sat Jun 11 ©1:88:20 EDT 2016



Debugging Simulations

* Monitors (manycore)

— Non-synthesizeable Verilog modules
— Instantiated in top-level test bench

— X-module references DUT signals
* Print useful output
* Check properties

* Tools for parsing simulation output

—pc grep <log>, reg grep <log>, etc.




Debugging Simulations

5797580:Info cpu(@) cpx IFILL RET packet received -> 18001108108008008008PEA11AG111111111111111111111106AFA1A1AE11

1100600000000000000001000001000010000011000111111111110600100000100001010601110016000
5798580:Info cpu(@) cpx IFILL RET packet received -> 10001P0810800801810800A1100101060PA1110000EA10A00A10ARA1AERAEAL

00001000000APEEEOAR1166000A]11106E0001000AAEEAAEEAAAAEEARRE1AANEAAEARAEAEAAEEAANE0EE
S801000: CO: WM: DBeeeBEOOB

----- fgpoeEoooEREEER10100000

pul@) p r p recelved -= 110008100000800E
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

©) window(@) val = 0000028
1

-> 5pc(@) threa

5806500 :npc-updat

(5806500 ) Info-perm spc(@) thread{B} pc(@eeefffffeeeee24) npc(epeafffffoeee028) opcode(B853c0000)
spcB: 5806500 - XX 8 - XX 8 -:X% 6 -:Xx 8 sethi:24

5887808 L15 TILEG:

Core STB info:
STBB: B8
STB1l: B8

TILE® Pipeline: * X X
Stage 1 status: Operation: L15 REQTYPE IFILL

TILE® S1 Address: 8xfffeeeee2s
L15 MON END




Debugging Simulations with VCS & DVE

e Waveforms - DVE
— Build with —debug all
— Run with —gui

 Example:
—sims —-sys=manycore -vcs build
—debug all

—slms —-sys=manycore -VCS run
princeton-test-test.s -gui




Debugging Simulations

DVE - TopLevel.1 - [Data.1] /tank/mmckeown/.../manycore/rel-0.1/simv M B ty € 1:33AM % Michael Mckeown {if
E File Edit View Simulator Signal Scope Trace Window Help . = |

® Il 0 xlps - |52 aA] Jen]lee b [B]2 = [co] BB B-E-or- e m-|[E 5] iy e [eaaaalols @ al B
= CTPRMBBRBAGE S [|&] EEEA=NE)

E =l
Sim |'|* jlﬂ‘)j E-|* nput wire clk,

; ; ‘bz
Hierarchy [Tyme VKD 53 input wire rst,

{ Faxi_lite_slave_rf (axi_lite_slave_rf) Module o-impsel2 ‘he

TEbw r_rf16x160_ref (bw_r_rf16x160_ref) Module &= core_ref_clk 54 o .

g ) ' O AR R
-g;io;;jakej(odb(bciopja)KeJob] mogu:e i Copy t wire [TC_8_ANI_LITE_ADDR_WIDTH-1:0]  s_axi_awaddr,
mbr_mon (dmbr_mon odule ~B-pll_rst_n ‘hzzzzzzzzzzzzzzzz
- - Show Source : : 3
{kfake_mem_ctrl (fake_mem_ctrl) Module o-clk_en = . t wire =_axi_awvalid,
Lkiob_mon (ioh_mon) Module -5 pll_lock B Show Schematic . ‘bz .
TFiosplitter_axi_lite (iosplitter_axi_lite_updated) Module -B-pll_bypass g£le Show Path Schematic ut red ?E:X 1_awready,
-{kitag_mon (jtag_mon) Iodule -B- pll_rangea[4:0] efe Show From/Te Path Schematic...
TF12_mon (12_mon) Module o-clk_muez_sel[1:0] s il Trass St ite data channel
TFI15_messages_mon (cmp_|15_messages_mon) Module -B-jtag_clk = Sl Mem; t wire [ZC_S AKI LITE DATA WIDTH-1:0] ?Eam_wdata,
{0 monitor (monttor] Module o jtag_rst_| CnmrJAsser:inn , |t wire [Zc s aMI LITE DaTA WIDTH/8-1:0] sj}jiiuzz:g}i,zzzzzzz
Tk network_mon (manycore_network_mon) Module -~ jtag_modesel ‘hzz
T sas_intf (sas_intf) Module o jtag_datain A New Wave View s_axi_wvalid,
{ksas_tasks (sas_tasks) odule & jtag_dataout Add To Lists b Add To Mew Wave View Cirl+d Sngi rend
Tk sparc_pipe_flow (sparc_pipe_flow) Module ~B-@sync_mux Add To Watches b [ 7
™ Create new group
21k system (system) Module B-oram_on Show Befintion Seope
-e- oram_traffic_gen = 9 ad address channel
=} chipset (chipset) Module ~B- gram_gumimy_gen Expand All t wire [JC_ 2 A¥I TITE ADDE WIDTH-1:0] s_axi_araddr,
t + Wodul = T Collapse All ‘hzzzzzzEzzzzzzzzzee
{tso_mon (tsa_man) odule ollap t wire s_axi_arvalid,

{Edynamic_input_top_16_para (dynamic_inpul_top_15_para) Module Select All ‘bz

Tk dynamic_node_top_wrap_para (dynamic_node_top_wrap_para) Module Show Yalue Annotation ut rag s_axi_arready,

{Fosplitter_axi_lite (iosplitter_axi_lite) Module = 'bx

{Enoc_axilite_bridge (noc_axilite_bridge) Module Set Radix ' lod data channel

{Enoc_axilite_bridge_boot (noc_axilite_bridge_boot) Module Set Bus... ut reg [C_S_2¥I _LITE_DATA _WIDTH-1:0] s_axi_rdata,

{kuart_hoot_splitter {uart_hoot_splitter) Module Set Expressions... 'hEXEXXEXXEXXERKER =
4| | | --rLc‘tapioramic\Kﬁn Highlight ltem N eown/research/projects/pitonfopenpiton/pitonfdesignichipsetfaxi_lite_slave_riftlfaxi_lite_slave rfyv | 31 ¥ Reuse
Icmp_tnp.system‘chip -l —I—“ i i Emup LLow Baver Objects
= Type: [ =] Severity: 27 =] Code: [Al e 4 ® Set Breakpoint.

Chronologic VC8 simulator copyright 1991-2014 Force Yalue » I=|
Contains Synopsys proprietary information.
Compiler version I-201d.03 Pull6d; Runtime version I-2014.03 Fulléd; Jun 11 01:36 2016 Add Dump...
WCD+ Writer I-2014.03_Fulled Copyright (o) 1991-2014 by 8ynopsys Inc. Dump
The file '/tank/mmckeown/research/projects/piton/openpiton/build/inter.vpd' was opened = = _'J
Lo Histol Search Files ASearch Identifiers /ACpen..

dve> I

Adds signals to new Wave view, Drb stopped: | Ops e e e




Debugging Simulations

DVE - TopLevel.2 - [Wave.1] /tank/mmckeown/.../manycore/rel-0.1/simv E» fy 1)) 1:35AM 2 MichaelMckeown 1
& ol 72 File Edit Yiew Simuator Signal Scope Trace “Window Help =13 x|
6 0753225 xlps -+ (38| a4 00000 & Bikei - & #[ayEdge | 1 wiele @aa@l e

+ w  Jm&B

B

‘Name ‘Value ‘ 10735000, 10740000, 10745000, 10750000, 10755000, 10760000, 10765000, 10770000, 10775000, 107e_]

& |Group1 |
o-core_ref_ck sl (L ULy iy Uy
e-io_ck sia->st | (SN [ I I [ S [ S [
o-rst_n =t 1 ||
=B intf_chip_data[31:0] 32'h81c0_8000
- &~ intf_chip_channel[1:0] Zh3-=2'h
- intf_chip_credit_back[2:0] Fhi-=3'hd
+. = chip_intf_data[31:0] 32'h0000_0000
=& chip_intf_channel[1:0] 2'ho
+-e-chip_intf_credit_back[2:0] aho
-Mew Group

|ZDDDDDID |4DDDDDID ‘EDDDDD‘D |BDDDDDID ﬂDDDD‘DD ‘WZDDDDIDD |14DDDDIDD |1EDDDDPD ‘WBDDDD‘DD |ZDDDDDIDD |ZZDDDDIDD |24DDDD|[

FIE || £ )

Ready @ finished: axi_lite_slave rf| 25127500ps E]REHzEe]

20



Exploring the assembly test suite

* piton/verif/diag/assembly/

* Diaglists (piton/verif/diag/*.diaglist)
— Groups of assembly tests and assembly test declarations

— Assembly test declaration
label testfile.s <sims arguments>

— Assembly group definitions
<groupname sys=mymodel sims args>
testl testl.s
</groupname>
— Groups can be nested



Diaglists

<tilel sys=manycore -x tiles=1 -y tiles=1=
<cmp_default name=default=

<all tilel passing=
{all tilel passing no rtl csm=

<tilel mini>
<princeton-test=

ﬁrinnetun-test-test princeton-test-test.s -finish mask=3 -midas args=-DTHREAD COUNT=2 -midas args=-DTHREAD
_S —

basic-io-test basic-io-test.s

uart-hello-world uart-hello-world.s

</princeton-test=

<tilel mini icache=

bypass win bypass win.s

/747 fail _perf _chase 11hit chase.pal -midas args=-pal diag args=-lenbytes=512 -midas args=-pal diag args=-
stride=16 -midas args=- pal diag args=-nodisablell warmup -midas args=-pal diag args=-expect time=3 -midas args=-pa
1 diag args=-expect string=L1 1ld hit

dmiss imiss Dmiss imiss.s

done retry trap done retry trap.s
exu alu exu alu.s

hp reg rdwr hp reg rdwr.s
ihit sameset Ihit sameset.s

imiss branches Imiss branches.s
imiss oddeven Imiss oddeven.s

intr basic2 intr basic2.s



Common Test Flags

-rtl timeout=

— Number of cycles sims will wait before timing out the test
—S1m run args=

— Arguments (e.g. plusargs) to Verilog simulator
-midas_ args=

— Arguments to assembler, midas

— Thread count, thread stride, and more

-finish mask=
— Mask specifying threads to wait for




Types of tests

* Thousands of assembly tests
— |FU, TLU, etc
— arch

* fp, exu, mem, trap, etc.
— TSO tests
— PAL-generated (randomized) tests
— C tests




Running a Regression

* Groups of tests as defined in diaglists

e Tests utilize the same simulation model
— One build, multiple test runs

* sims -sim type=vcs —group=<regression
name>

— Simulation model specified by group declaration
— -sim type=vcs replaces -vcs build and -vcs run



Running a Regression

 Example:
sims —-sim type=icv —group=tilel mini

Table 4: OpenPiton Regression Suites

Name Description
all_tilel_passing All single tile tests
tilel _mini a mini set of single tile tests
all_tile2_passing All 2-tile tests
tile2_mini a mini set of 2-tile tests
tiled All 4-tile tests
tile8 All 8-tile tests
tile16 All 16-tile tests
tile36 All 36-tile tests
tile64 All 64-tile tests




Regression Outputs

 Simulation model will be built as usual in
build/<simulation model>/<build id>/

e Tests run sequentially
— Test results stored in build/<date> <id>

* Check results
— regreport <test results directory>




Regression Outputs

summary for /tank/mmckeown/research/projects/piton/openpiton/build/2016 86 11 @

Status:tilel mini | ALL |

PASS: 4
FADLE
Diag Problem:
License Problem:
MaxCycles Hit:
Socket Problem:
Timeout:
LessThreads:
Simics Problem:
Performance:
Killed By Job Q:
Unknown :
UnFinished:
flexlm error:

Cycles/Sec: 18358353 | 10358353 |
K Cycles: 2018733 | 2018733 |
#Diags Used: 46 | 46 |

Details for tilel mini

PASS:

Diag: basic-io-test:default:tilel mini:0:job64963983  PASS

Sat Jun 11 ©2:27:09 EDT 2016

sim.log: 26118508: Simulation -= PASS (HIT GOOD TRAP)

Cyc= 26118500, Sec= 1.910, C/5=13674607.3

sims: group name = tilel mini

sims: regress date = 2016 06 11

sims: regress time = 02 26 15

sims: /tank/mmckeown/research/projects/piton/openpiton/build/manycore/tilel 2016 06 11 8/simv +cpu num=8 +dowarnin
gfinish +doerrorfinish +spc pipe=8 +vcs+dumpvarsoff +TIMEOUT=50000 +wait cycle to kill=10® +tg seed=6 +good trap=00
00082000:1000122000 +bad trap=0000082020:1000122020 +efuse data file=efuse.img +asm diag name=basic-io-test.s +efu
se image name=default.dat +dv_root=/tank/mmckeown/research/projects/piton/openpiton/piton

Diag: bypass win:default:tilel mini:0:job57238650  PASS
Sat Jun 11 ©2:27:43 EDT 2016

sim.log: 26643500: Simulation -> PASS (HIT GOOD TRAP)
Cyc= 26643500, Sec= 2.1508, (/5=12392325.6

sims: group name = tilel mini

sims: regress date = 2016 06 11




Continuous Integration Bundles

* |nfrastructure for large scale continuous
Integration testing

e Supports multiple different simulation models

e Specified by XML files




Continuous Integration Bundles

<bundles>
<bundle name>
<asm test name=“asm test name”>
<sys>sim model</sys>

<asm diag name>test.s</asm diag name>
</asm test>

<asm regress name=‘“regress name”>
<sys>sim model</sys>
<group>regression name</group>
</asm regress>

<include>sub-bundle name</include>

</bundle name>

</bundles>



Continuous Integration Bundles

Table 5: OpenPitﬂn Continuous Integratiﬂn Bundles

Name

Description

git_push

a compact set of tests designed to run
for every git commit

git_push_lite

a light version of git_push with fewer
tests

nightly a complete set of tests desined to run
every night

pal_tests a set of PAL tests

all_tilel_passing | All single tile tests

tilel_mini a mini set of single tile tests

all_tile2_passing | All 2-tile tests

tile2_mini a mini set of 2-tile tests

tiled All 4-tile tests

tile8 All 8-tile tests

tilel6 All 16-tile tests

tile36 All 36-tile tests

tileG4 All 64-tile tests




Running a contint Bundle

e contint - continuous integration tool
— Currently requires SLURM job scheduler

e contint —--bundle=<bundle name>

 Example:
—contint --bundle=git push




contint Bundle Outputs

e All simulation models will be built and simulations submitted to
scheduler

e Results will be aggregated and printed to stdout

* Individual simulation results located in
— build/contint <bundle name> <date> <id>

e Re-process results

— contint --bundle=<bundle name> --check results
—-—contint dir=<results directory>
 Example:
— contint --bundle=git push —--check results --

contint dir=$PWD/contint git push 2016 6 19 0



contint Bundle Outputs

contint: Checking results for bundle item 'nightly dmbr_source sink 18'
contint: Total diags: 1
contint: Checking results for bundle item 'nightly dmbr_source sink 19'
contint: Total diags: 1
contint: Checking results for bundle item 'nightly dmbr source sink 2’
contint: Total diags: 1

Summary for builds and runs

Status:ASM REGRESS |  ASM TEST | OTHER | ALL |
Both PASS: 14 | 52 | 39 | 105 |
Build FAIL: 0 | 0 | 0 | o |
Run FAIL: 0 | 0| 0 | o |
Item Count 14 | 52 | 39 | 105 |

PASS: 2197 2287

FAIL: 3

Diag Problem: 1
License Problem: 3]
MaxCycles Hit: ]
Socket Problem: 3]
Timeout: ]
LessThreads: 3]
Simics Probem: ]
Performance: 3]
Killed By Job Q: 0
Unknown: 3]
UnFinished: 7
flexlm error: 3]

Cycles/Sec: 740682 | 2976763 | 140951 | 773704 |
K Cycles: 762291179 | 46122272 | 33146 | 808446598 |
#Diags Used: 2200 | 51 | 39 | 2290 |

Summary for /tank/mmckeown/research/projects/piton/openpiton/build/contint nightly 2016 86 18 8/ assembly regressions only



contint Bundle Outputs

Details for nightly tile4 dmbr tiled4 tile4

Details for tile4 group

FAIL:

Diag: br stress:default:tile4:0:job149357 FAIL (HIT BAD TRAP)

Fri Jun 1@ 11:50:23 EDT 2016

sim.log: 253779580 : Simulation -> FAIL(HIT BAD TRAP)

Cyc= 253789500, Sec= 164.350, C/5=1544201.4

network config not specified, assuming 2dmesh configurationsims: group name = tile4

sims: regress date = 2016 06 18

sims: regress time = 69 16 52

sims: /tank/mmckeown/research/projects/piton/openpiton/build/manycore/contint nightly tile4 dmbr tile4 tile4 2016 86 10 8/simv +cpu num=8 +dowarningfinish
+doerrorfinish +spc_pipe=0 +asm_err_en +softint_off=1 +inst_check off=1 +vcs+lic+wait +ves+dumpvarsoff +finish mask=33 +TIMEOUT=500000 +wait _cycle to kill=
18 +max cycle—saaaaaa +tg seed= 0 +good trap=00060820060:1000122000 +bad | trap=00000882020:1000122020 -cm line+tgl+cond+branch+fsm -cm name br stress -cm dir /
tank/mmckeown/research/projects/piton/openpiton/build/manycore/contint nightly tile4 dmbr tile4 tile4 2016 @6 10 @ +efuse data file=efuse.img +asm diag nam
e=br stress.s +efuse image name=default.dat +fast boot +dv root=/tank/mmckeown/research/projects/piton/openpiton/piton

Details for ALL not in other groups

Details for nightly dmbr_assembly 1 one bin

Timeout:

Diag: contint nightly dmbr assembly 1 one bin 2016 @6 18 @ Timeout (TIMEOUT)

Fri Jun 18 11:52:58 EDT 2816

sim.log: 103372500 : Simulation -> FAIL(TIMEOUT)

sims: /tank/mmckeown/research/projects/piton/openpiton/build/manycore/contint nightly dmbr assembly 1 one bin 2016 06 10 8/simv +cpu num=0 +dowarningfinish
+doerrorfinish +spc_pipe=0 +vcs+lic+wait +vecs+dumpvarsoff +TIMEOUT=58000 +wait cycle to kill=1@ +tg_. seed=0 +good trap=0000082000:1000122000 +bad | trap=00808
082020:1000122020 -cm line+tgl+cond+branch+fsm -cm name cm data -cm dir ftank/mmckeown/researchfprojects/plton/openp1t0n{bu1ld{manycore/contlnt_nlghtly_dmb
r assembly 1 one bin 2016 86 18 0 +efuse data file=efuse.img +asm diag name=dmbr assembly 1 one bin.s +efuse image name=default.dat +dv root=/tank/mmckeown
/research/projects/piton/openpiton/piton



