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BSV Debug -- $display

N

® See a bug, not sure what causes it
® Add $display statements

® Recompile

@ Run

® Still see bug, but you have narrowed it
down to a smaller portion of code

® Repeat with more display statements...

® Find bug, fix bug, and remove display
statements
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BSV Display Statements

N

® The $display() command is an action
that prints statements to the simulation
console

® Examples:
s $display(“Hello World!”);
= $display(*“The value of x 1s %d”, X);

s $display(““The value of y i1s “,
fshow(y));
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Ways to Display Values

Format Specifiers

L

N

® %d — decimal
® %b — binary
® %0 — octal

® 9%h — hexadecimal

® %0d, %0b, %00, %0h

= Show value without extra whitespace
padding
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Ways to Display Values

fshow

L

N

@® fshow is a function in the FShow
typeclass

@ It can be derived for enumerations and
structures

® Example:

typedef emun {Red, Blue} Colors
deriving(FShow) ;

Color c = Red;
$display(“c is “, fshow(c)); Prints“cis Red”

Oct 23, 2015 http://csg.csail.mit.edu/6.175

TO4-5



BSV Debugging
Waveform Viewer

N

@ Simulation executables can dump VCD
waveforms
m ./bsim dut -V test.vcd

@ Produces test.vcd containing the values of all
the signals used in the simulator
= Not the same as normal BSV signals

@ VCD files can be viewed by a waveform viewer
m Such as gtkwave

® The signal names and values in test.vcd can be
hard to understand
m Especially for structures and enumerations
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Bluespec GUI Example

N

® We use Bluespec GUI + gtkwave to view
waveform of VCD files

s gtkwave Installed In visifarm matchines

@® SSH with -X
s Ssh —X username@yvlsifarm-03.mit.edu
= Windows may need some tools
* Cygwin/X
® Use onecycle processor in lab5 as
Example
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Bluespec project

N

® We have set SceMi to generate it when
building the project
= project.bld: workstation-project-file

= $ cd scemi/sim
= $ build —v onecycle
= onecycle.bspec is the project file
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Simulation:
generate VCD file

N

$cp
../../programs/build/assembly/vmh/simple.riscv.vmh

mem.vmh
$ ./bsim_dut —V out.vcd > log.txt &
$ ./tb
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N

- ww Project Files - on.. — ©

Project File Editor

Project Edit

Open Bluespec GUI

$ bluespec onecycle.bspec

Build Tools Window | Message

' |0 ../Bridge.bsv

. |0 ../ResetXactor.bsv

O ../SceMiLayer.bsv

O sre/FourCycle.bsv

O sre/OneCycle.bsv

O sre/TwoCycle.bsv

O srcTwoStage.bsv

O src/TwoStageBTB.bsv
O includes/Btb.bsv

O Includes/CsrFile.bsv

O includes/DMemory.bsv
O includes/Decode.bsv

O includes/DelayedMemory.bsv
O includes/Ehr.bsv

" |0 includes/Exec.bsv

O includes/Fifo.bsv

O includes/IMemory.bsv
.00 includes/Meminit.bsv

. |0 includes/MemTypes.bsv

)

=

) = fr=f 2|2

The project

.fonecycle.bspec is opened.

g <

/afs/athena.mitedu/user/s/z/szzhang/6.175/abs/scemiisim 7




Open Module Browser

N

® Window = Module Browser

Froject Edit Build Tools ﬂlrﬂnwl Message

|| ]| ProjectFiles
. /onecycle Editor Window
Package Window
Type Browser

Module Browser
Schedule Analysis
Minimize All
Close All

Activate Module Browser Window /afs/athena.mit.edu/users/z/szzhang/6.175/1abb/scemisim
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Module Browser

Top level module

N
¥

Wave Viewer

mkBridge O CLK Clock View Source
O RST_M Reset

JumpTo Inst

Send Can Fire

Signals

Send Will Fire

Send Reg Output

Module Hierarchy ==

B methods provided

Send Clock

Methods Send Predicate

Send Body

u Send To Wave

GtkWave 126 packages 15 modules
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Medule View Wave Viewer

B mkEridge 0 CLK Clock View Source

B scemi
O RST_N Reset
bridge JumpTo Inst

O cpuToHost ProcTypes::CpuToHostData
O tep_port_number ReadOnly#{UInt#32)) O EN_cpuToHost Bool
0O open_port "

= link_ty I i O RDY_cpuToHost Bool
param T _ype 'gno O hostToCpu_sta Bi
O uclkgen MakeClocklfci#(Bit#(1)) PrL-sipipa: SR Send Will Fire

O EN_hosiTeCpu Bool
H Haing ook pw. PulseWire [ RDY_hostToCpu Bool Send Reg Output
O toggle_uclock

O iIMeminit_request_put MemTypes::Meminit
=
B rstgen O EN_iMeminit_request_put Bool Send Clock
=
[ Init_state O RDY_iMemInit_request_put Bool

clockGenerators [ iMeminit_done Bool Send Predicate

Send Can Fire

_noc

O RDY_iMeminit_done Bool

clk_port 00 dMeminit_request_put MemTypes::Meminit S Dy

B dut

g O EN_dMeminit_request_put Bool s i To Wave
O RDY_dMeminit_request_put Bool
O dMeminit_done Bool

O RDY_dMeminit_done Bool

prb_control

= dutlfe
O myrst MakeResetlfc
O resetting Reg#{Bool)
O didreset FIFO#({BIit#{1)) . E]

= m_dut Proc E methods provided
= m .cpuToHost()

0 pc Reg#(Bit#(32)) .dMeminit_done()

rf RFile .dMeminit_request_put()
iMem IMemory hostToCpu()

dMem DMemory .iMemInit_done()

[
hew) - cmtile .IMeminit_request_put()
O doProc E

O donerast
vl Next Prev GtkWave 126 packages 15 modules y

=

HEHEAE
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Open Waveform Viewer

N

Module View Wave ‘u’]ﬂWerl

0 CLK Clock VIGW Souece

Attach

O RST_N Reset
Load Dump File... — JumpTo Inst
= O epuToHost ProcTypes::CpuToHostData

Reload Dump Flle O EN_cpuToHost Bool
O RDY_cpuToHost Bool

Send Can Fire

Record Commands O hostToCpu_startpc Bit#(32) Send Will Fire

Clear History O EN_hostToCpu Bool
Save session... O RDY_hosiTeCpu Bool Send Reg Output

O iMeminit_request_put MemTypes::Meminit

Replay session...
O EN_iMemInit_request_put Bool Send Clock

O RDY_iMemiInit_request_put Bool

ons...
Opt O iMeminit_done Bool

Send Predicate

Allow XServer connections ::l
0O Close . Send Body

o

sofirst E methods provided Send To Wave

imem .cpuToHost()
dmem ~dMeminit_done{)

tohost .dMemiInit_request_put()

fromhost
[l =kdAmeee

.hostToCpu()
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Load VCD

N

Directory: /afs/athena.mit.eduuser/s/z/szzhang/6.175/lab5/scemi/sim _.| ‘

£ bdir dut B [IRT

1 gtkwave
7 info_dut
7 simdir_dut
1 tbinclude

4]

File name: out.ved

Files of type: All dump files (*.ved,” fsdb,".wif)
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Waveform Viewer

Fle Edit Search Time Markers WView Help

e DG & e =l | €@ & | Fromo sec To:[5830 us : :-- | Curser: 2 us
= 55T Signals Waves

B} SDUPO TR
BT

Type |Signals

Waveform

Filter:|

Append| Insert‘ Replace ‘
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Add Signals

® Add clock

N

Meodule View Wave \Viewer

to View

prb_control
B dutlfc
O myrst MakeResetifc
O resetting Reg#{Bool)
O didreset FIFOH#{BIit#{1))
E m_dut Proc
Sl rod
O pe Reg#(Bit#(32))
rf RFile
iMem IMemory
dMem DMemory
csrf CsrFile
O doProc
O donerest
softrst
imem

Oct 23, 2015
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O RST_MN Reset

O cpuToHeost ProcTypes::CpuToHostData
O EN_cpuToHost Bool

O RDY_cpuToHost Bool

O hostToCpu_startpc Bit#(32)

O EN_hostTeCpu Bool

O RDY_hostToCpu Bool

O iMeminit_request_put MemTypes::Memin

M EkT iRl sl id

< ) ]

i
=

B methods provided
.cpuToHost()
<dMemInit_done()
LAdMeminit_request_put()

View Source

JumpTo Inst

Send Can Fire

Send Will Fire

Send Reg Output

Send Clock

Send Predicate

Send Body

Send To Wave

GtkWave Ready 126 packages 15 modules
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Add Signals to View

-
N
Medule View Wave Viewer
prb_control O CLK Clock View Source
El dutifc OD_IN Bit#(32)
O myrst MakeResetifc 0EN Bool SNTIDIO st
U resetting Reg#(Bool) miQ OUT Bit#(32) Send Can Fire
O didreset FIFO#{Bit#(1))
E m_dut Proc Send WIll Fire
EH m Proc
Eipc Reg#(Bit#(32)) Send Reg Output
ri RFile
iMem IMemory hd Send Clock
E dMem DMemory :j
csrf CsrFile —= Send Predicate
O doPrec B methods provided
O donerest -read() Send Body
softrst el
Send To Wave
Prev | GtkWave Ready 126 packages 15 modules
Oct 23, 2015 http://csg.csail.mit.edu/6.175
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Add Signals to View

L

N

® Add csrf.wr method

View Wave Viewer

O resetting Heg#(Bool) —
O didreset FIFO#{BIt#{1)) . |0 rd_idx Bit#{(12)

El m_dut Proc D rd Bit#32) JumpTo Inst
B m Proc O RDY_rd Bool
O pc Reg#(Bit#{32) mRwr_idx Maybe#{Bit#{12)) Send Can Fire

rf RFile .
iMem IMemory WEEM_wr Bool Send Will Fire

dMem DMemory WERDY_wr Bool
O cpuToHost ProcTypes::CpuToHostData Send Reg Output
O doProc O EN_cpuToHost Bool
O donerest O RDY couToHost Bool
softrst ' :
imem

Send Clock

Send Predicate

dmem Sand B
tohost .

fromhost ) Send To Wave

GtkWave Ready 126 packages 15 modules
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Add Signals to View

" @®Add can_fire, will_filre for rule doProc

N

Medule View Wave Viewer

prb_control View Source
& it illI=lc AN_FIRE_RL_doProc Bool

O myrst MakeResetifc e — JumpTo Inst

O resetting Reg#({Bool) cend Can Fire

O didreset FIFO#{Bit#(1))

e U Send Will Fire

EH m Proc

O pc Reg#{Biti#{32)) Send Reg Output

rf RFile

iMem IMemory Send Clock

dMem DMemory :]
csrf CsrFile ' £ Send Predicate

n B methods called
0O denerest L/esrt.RDY_wr() Send B

softrst fesri.rd()
../csri.started() Send To Wave
imem

Prev | GtkWave Ready 126 packages 15 modules Y
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Waveforms

1 Time Markers ‘iew Help

Readable value

L& Q

ke =] | €@ & | From]o sec To!|5830 us /

J Replace

Signals

Time
CLK [Clock] =0
pc [B1it#(32)] =000003C0
RDY _wr [Bool] =1
wr_idx [-] [Maybe#(Bit#(12))]=1780

wr_val [Bit#(32)] =00030000
EM_wr [Bool] =1
CAN _FIRE RL_doProc [Bool] =1
WILL_FIRE_RL_doProc [Bool] =1

aoon

ooD




Problem

N

@ No internal signals
= Optimized away during compilation
= But | want to see them for dubuggin
* For example: dinst
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Solution -- Probe

N

interface Probe#(type t);
method Action write(t X);
endinterface
modulle mkProbe(Probe#(t)) provisos(
Bits#(t, sz));

® Write to mkProbe will be recorded in
VCD file

s INnstantiate mkProbe for each signal that we
want to record
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Probe Example

import Probe::*;

N

module mkProc(Proc);
mkProbe#(DecodedInst) dInstProbe <- mkProbe;

rule doProc;

let dInst = decode(inst);
dInstProbe <= diInst;

endrule

endmodule
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After Adding Probe

N

L

Module

View Wave Viewer

=

1 softrst

B dutlfc
O myrst MakeResetlfc
O resetting Reg#{Bool)
O didreset FIFO#Bit#(1))
El m_dut Proc

m Proc

O pc Reg#(Bit#(32))
rf RFile

iMem IMemory
dMem DMemory
csrf CsrFile

mRdIinstProbe Probe#{Decodedinst)

O doProc

O donerest

O CLK Clock
O PROBE ProcTypes::Decodedinst
O PROBE_VALID Bool

K

View Source

JumpTo Inst

Send Can Fire

Send Will Fire

¥
= |

B methods provided
._write()

Find |

Oct 23, 2015
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Send Reg Output

Send Clock

Send Predicate

Send Body

Send To Wave

GtkWave Ready 126 packages 15 modules
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GTKWave - /afs/athenamitedu/user/s/z/szzhang/6.175/lab5/scemi/sim/outycd@visifarm-08 EY x|
Markers ‘iew Help
54.'\ & || = & Frnm:|0 sec T0:|583CI us @ Marker: 3407 us | Cursor: 3360 us
Signals Waves
Time 3400 us

e

CLK [Clock] =0
pc [Bit#(32)] =000003B0

dInstProbe$PROBE [-] [DecodedInst] =40702D02F00

00000010
alid

0

ne

QooooD 0000

00000+ 0000007
lid
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Combine with Assembly

N

® Assembly code of compiled tests are in
s programs/build/*/dump

® Refer to the assembly code in debugging

Oct 23, 2015 http://csg.csail.mit.edu/6.175 T04-27



Debugging Scheduling

® GUI: schedule Analysis
» The same as “-show-shedule” BSC flag

N

Project Edit Build Tools ﬂlrﬂuwl Message

|| ]| ProjectFiles
. /onecycle Editor Window
Package Window
Type Browser

Module Browser
Schedule Analysis

Minimize All

Close All

Activate Schedule Analysis Window fafs/athena.mit.edu/user/s/z/szzhang/6.175/1ab5/scemi/sim o
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Select mkProc

Medule | Scheduling Graphs

Load Top Module
Load ...
Reload

rder Method Call | Rule Relations

pec-2014.07.A/lib/board_support/bluencc/bridges/Bridge_TCP.bsv", line 5, colu | 3

mkBridge s more urgent than
Yiew source
_ e "scemi_dut_dut_prb_control_unsetFlag":

Export Information ... mkDMemaory

Close mkDutWrapper dut_prb_control_enff.eng
TTECEM_aut_aut_pro_coft scemi_dut_dut_prb_control_setSample":

calls to mklMemory

scemi_dut_dut_prt mi_dut_dut_prb_control_nextSample.read

mkRFile

G0010 mkSceMiLinkTypeParameter

aming: "/opt/bluespec/Blu MkSceMiUint32Farameter t/bluencc/bridges/Bridge TCP.bsv", line 5. colu
mn &: (G0010) mkSceMiUlnt64Parameter
Rule "scemi_dut_dut_prb module_alu
"scemi_dut_dut_prb_contre =
"scemi_dut_dut_prb_cont Medule_aluBr scemi_dut_dut_prb_control_receiveTrigger':
calls to module_brAddrCalc
scemi_dut_dut_prt module_decode dut_prb_control_enff.eng

"scemi_dut_dut_prb_cont — bre "scemi_dut_dut_prb_control_unsetFlag":
calls to module_exec

maore urgent than

scemi_dut_dut_pri_contrel_enff.eng vs. scemi_dut_dut_prb_control_enff.eng
Module mkProc

Oct 23, 2015
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Output of Schedule Analysis

/
%
= From top to bottom
m b4
Medule Scheduling Graphs
Warnings Rule Order Method Call | Rule Relations
puToHost qHL_anrm: A
hostTeCpu o
iMemIinit_done Predicate
iMemInit_request_put csrf . ROY_wr &&
dMemInit_done iMem.RDY_reqg &&
dMeminit_request_put { (Exec. el | {Decode. u:rlecn_:icle (iMem.reqg(pc)) _'__-'il :64]1, Decucrle;
RL_doProc IE].E'I:DI:].E' {iMem.regipc)) [63], Decode.decode (iMem.reqgipc)) [63
? Decode.decods (iMem.regipc)) [62:58]
: Decode.decode (iMem.reg(pc)) [62:58], Decode.de
code (iMem.req(pc) ) [57], Decode.decode (iMem.xreg(pec)) [57]
? Decode.decode (iMem.req(pc) ) [56:52
: Decode.decode (iMem.reg(pc)) [56:52], Decode.dec
Oct 23, ode (iMem.reg({pc)) [51], Decode.decode (iMem.regipc)) [51] TO4-30




Alternative for Schedule
Analysis

N

® Add —show-schedule to project.bld

s Generate Info_dir/*.sched
s Contain same information as GUI outputs

Oct 23, 2015 http://csg.csail.mit.edu/6.175 T04-31



General Debugging Advice

@ Debugging is to guess what goes wrong

® Check warnings in compiler outputs
s Scheduling warnings
s Understand all warnings in mkProc

@ Stare at your code — prove its correctness
® Add $display — convenient & very useful
® Look at assembly code, locate position

® Dump VCD file and see waveform

N
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Note

N

@® Codes on the slide is a little different
from our labs

® Read src/includes to be familiar with
out lab setup.
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