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iImplementation
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Goal
Finding the best performance for minimal energy & area.




Where can you optimize?

Change the Change the
algorithm. architecture.

Optimized
code

mapping.




Changing the architecture.

SIMD

Exploit data level parallelism
(DLP)




Changing the architecture.

VLIW

Exploit instruction level
parallelism (ILP)
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Changing the architecture.

<fu type="ID" pname=-'id_abu'> <!-- IDs -->
<input index=-"0" source="abu.i"/>
< ffu>
<fu type="ID" pame=-'id_lsu'>
<input index=-"0" source="abu.i"/>
< ffu>
<fu type="ID" pame='id_alu'>
<input index="0" source="abu.i"/>
</fu>
<fu type="ID" pame='id mul'>
<input index=-"0" source=-"abu.i"/=
< ffu>
<fu type="ID" pname=-'id _rf’>
<input index=-"0" source="abu.i"/>
< ffux

<fu type="LSI" pame='lsn’ ID="1d_lsu"> <!-- Flls -->
<input index=-"0" source="imm.Q"/=
<input index="i" source="rf.{" >
<input index="2" source="rf.0" >
</fu>
<fu type="ALU" pname=‘alu’ ID="1d alu" config=-"i">
<input index=-"0" source="rf.0"/=
<input index="i" source="rf.{"/>
< ffu>
<fu type="MUL" mame-'mul’ ID=-"1d mul" config-"i">
<input index=-"0" source=-"rf.0" >
<input index=-"i" source="rf.i"/>
< ffux
<fu type="AF" name=-'rf’ ID="id_rf"»
<input index="0" source="imm.0Q"/>
<input index=-"i" source="lsu.i"/=
<input index="2" source="alu.i"/>
<input index="3" source="mul.0Q"/=
</fu>
<fu type="ABU" pame=’abu’ ID="1d abu" config=-"i">
<input index=-"0" source="alu.i"/=
<input index=-"i" source="rf.{i"/>
< ffu>
<fu type="IU" pname='imm’>
<input index="0" source="abu.i"/>
< ffu>




Changing the architecture.

<fu type="ID" pname=-'id_abu'> <!-- IDs -->
<input index=-"0" source="abu.i"/>
< ffu>
<fu type="ID" pame=-'id_lsu'>
<input index=-"0" source="abu.i"/> G . .
hical
<fu type="I0" pname-'id_alu’> ra p Ica VI eW'
<input index="0" source="abu.i"/>
</fu>
<fu type="ID" name=’1d_mul’> $ xdot ~/CGRA/build/convolution/<name>/report/architecture.dot
<input index=-"0" source=-"abu.i"/=
< ffu>
<fu type="ID" pname=-'id _rf’>
<input index=-"0" source="abu.i"/>
< ffux

outl abu
outy

<fu type="LSI" pame='lsn’ ID="1d_lsu"> <!-- Flls --> out
<input index-"0" source="imm.0"/> in
<input index=-"i" source-"rf.i"/> a0
<input inder="2" source="rf.0"/> in0

</fu>

<fu type="ALU" pname=‘alu’ ID="1d alu" config=-"i">
<input index=-"0" source="rf.0"/=
<input index="i" source="rf.{"/>

< ffu>

<fu type="MUL" mame-'mul’ ID=-"1d mul" config-"i">
<input index=-"0" source=-"rf.0" >
<input index=-"i" source="rf.i"/>

< ffux

<fu type="AF" name=-'rf’ ID="id_rf"»
<input index="0" source="imm.0Q"/> f outl
<input index=-"i" source="lsu.i"/=
<input index="2" source="alu.i"/>

in ut
ouf)
<input index="3" source="mul.0Q"/= in0 A DULD
<ffu> ol w s/
<fu type="ABU" pame='abu’ ID="id_abu" config=-"i"> - inl

<input index=-"0" source="alu.i"/=

<input index=-"i" source="rf.{i"/>
< ffu>
<fu type="IU" pname='imm’>

<input index="0" source="abu.i"/>
< ffu>

out@outy




Changing the architecture.

<fu type="ID" pname=-'id_abu'> <!-- IDs -->
<input index=-"0" source="abu.i"/>
< ffu>
<fu type="ID" pame=-'id_lsu'>
<input index=-"0" source="abu.i"/> .
Important points
<fu type="I0" pname-'id_alu’> m p n I n .
<input index="0" source="abu.i"/>
<ffu> .
<fu type="ID" mame-’1d mul’> 1. Each ID must have a unique name.
<input index=-"0" source=-"abu.i"/=
< ffu>
<fu type="ID" name-'1d_rf’> 2. All IDs must be connected to the ABU, for the program to advance.
<input index=-"0" source="abu.i"/>
<ffux g
3. FUs are connected to their corresponding IDs.
<fu type="LSI" pame='lsn’ ID="1d_lsu"> <!-- Flls -->
<input index=-"0" source="imm.Q"/=
<input index="i" source="rf.{" >
<input index="2" source="rf.0" >
</fu>
<fu type="ALU" pname=‘alu’ ID="1d alu" config=-"i">
<input index=-"0" source="rf.0"/=
<input index="i" source="rf.{"/>
< ffu>
<fu type="MUL" mame-'mul’ ID=-"1d mul" config-"i">
<input index=-"0" source=-"rf.0" >
<input index=-"i" source="rf.i"/>
< ffux
<fu type="AF" name=-'rf’ ID="id_rf"»
<input index="0" source="imm.0Q"/>
<input index=-"i" source="lsu.i"/=
<input index="2" source="alu.i"/>
<input index="3" source="mul.0Q"/=
</fu>
<fu type="ABU" pame=’abu’ ID="1d abu" config=-"i">
<input index=-"0" source="alu.i"/=
<input index=-"i" source="rf.{i"/>
< ffu>
<fu type="IU" pname='imm’>
<input index="0" source="abu.i"/>
< ffu>




Optimizing code mapping.

id_abu
.text

nop

bcr inl, in@®

jai ©

id_rf
.text
nop

srm r@,
srm rl,
srm r2,
lrm r2
lrm_srm
srm r@,
lrm r2
lrm srm
srm r@,
lrm r2
lrm_srm
srm r@,
lrm r2
lrm srm
srm r@,
lrm r2
lrm_srm
srm r@,
lrm r2
lrm srm
srm r@,
lrm r2
lrm_srm
lrm_srm
nop

in®
in@
in®

rl,
in2
rl,
in2
rl,
in2
rl,
in2
rl,
in2
rl,
in2

in®

in@

in®

in@

in®

id_lsu
.text

nop

sla WORD, in2, inl

sla WORD, in2, inl

sla WORD, in2, inl

sla WORD, in2, inl

sla WORD, in2, inl

sla WORD, in2, inl

sla WORD, in2, inl

nop

imm
.text

nopi

imm ©

imm 4

imm 65536
nopi

imm ©
nopi

nopi

imm -64572
nopi

nopi

imm ©
nopi

nopi

imm 63818
nopi

nopi

imm ©
nopi

nopi

imm -25323
nopi

nopi

imm ©
nopi

id_alu
.text

nop

add outl,

add outl,

add outl,

add outl,

add outl,

add outl,

add outl,

nop

in@,

in@,

in@,

in@,

in@,

in@,

in@,

inl

inl

inl

inl

inl

inl

inl

id_mul
.text

nop

nop

Parallel Assembly (PASM)




Optimizing code mapping.

l id_abu id_rf id_lsu imm id_alu id_mul
.text .text .text .text .text .text
nop nop nop nopi nop nop

imm @
srm r@, in@ imm 4
srm rl, in®@ imm 65536
srm r2, in@ nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl | imm -64572
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl | imm 63818
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl | imm -25323
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
ber inl, in@ lrm_srm r7, r2, in2 nopi
nopi
nopi
jai @ nop nop nopi nop nop

Parallel Assembly (PASM)

Important points.

1. All IDs are specified in different columns.



Optimizing code mapping.

id_abu || id_rf id_lsu imm id_alu id_mul
.text .text .text .text text .text I m po rta nt pOI ntS.
l nop nop nop nopi nop nop ﬂ
J_Ilm
srm r0, i@ imm 4 1. All IDs are specified in different columns
srm rl, in®@ imm 65536
srm r2, in@ nopi : :
T sla WORD, in2, inl | imm o 2. Instruction execution starts at count 1,
lrm srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi (nOt count O)
lrm r2 sla WORD, in2, inl | imm -64572
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl | imm 63818
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl | imm -25323
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
ber inl, in@ lrm_srm r7, r2, in2 nopi
nopi
nopi
jai @ nop nop nopi nop nop

Parallel Assembly (PASM)




Optimizing code mapping.

id_abu || id_rf id_lsu imm id_alu id_mul

.text .text .text .text .text .text I m po rta nt pOI ntS

nop nop nop nopi nop nop

imm ©

srm r0, i@ imm 4 1. All IDs are specified in different columns
srm rl, in®@ imm 65536
srm r2, in@ nopi : :
T sla WORD, in2, inl | imm o 2. Instruction execution starts at count 1,
lrm_srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi (nOt count O)
lrm r2 sla WORD, in2, inl | imm -64572 “rc ” H
trm srm rl, r2, in@ nopi add outl, in@, inl 3. jal 0” ends program execution.
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl imm @
lrm_srm rl, r2, in® nopi add outl, in@, inl
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl | imm 63818
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi a
lrm r2 sla WORD, in2, inl | imm © d S b f d
lrm_srm rl, r2, in® nopi add outl, in@, inl Detalle I A Can e Oun
srm r@, in2 nopi
lrm r2 sla WORD, in2, inl | imm -25323 on
lrm srm rl, r2, in@ nopi add outl, in@, inl
srm r@, in2 nopi .
irm r2 sla WORD, in2, inl | imm © httpS//Oncoursetuenl
lrm_srm rl, r2, in® nopi add outl, in@, inl

ber inl, in@ lrm_srm r7, r2, in2 nopi

nopi
Ii jai @ nop nop nopi nop nop |'I

Parallel Assembly (PASM)




Debugging

& sim - Default ———s—— 1 | gg| Wave - Default

s s e eeeeeessssssssn | Jse Modelsim.

=3 TB_CGRA_Top [TB_CGRA_Top/... 3375 x x A0xx 20940 74004 1
y EE =

[14] ' $ cd ~/CGRA/benchmarks/convolution/<name>

[13]

(2] $ make sim

[11]

[10]

o To add register file :
[71 2

[6] 8000

o TB_CGRA_Top

[3] -740
[2]
[11 {

[0]
dut

=-4 CGRA_Core_inst

-8 1DMemory(5]

_';j"‘ IDMemory[4]

-l IDMemory[3]

++-ml IDMemory[2]

=+l IDMemory[1]

-l IDMemory[0]

=+ LocalMemory[0]

)-8l CGRA_Compute Wrapper_inst
=+l Assign_wires[0]
+}- LOADER _inst

=3 CGRA_Compute inst
++-ml stallGroups[0]
bl IF_id_abu_inst
bl id_abu_inst
::r_r-j IF_imm_inst

E\ PO O SNV C YN NSO

- imm_inst

=l rfinst
=2 Outputs(o] & s
- Inputs[3] | Namy
-l Inputs[2] 3

+-4 Inputs[1]

- Inputs[0]

) #ASSIGN#58
& #ASSIGN#59
& #ASSIGN#62
P #ASSIGN#65
& #ASSIGN#85

CGRA_Core_inst

&

CGRA_Compute_Wrapper_inst
-+l Isu_inst

-l IF_id_lsu_inst
-l id_Isu_inst
++-l abu_inst
-l IF_id_mul_inst
bl id_mul_inst
-l IF_id_alu_inst

-l id_alu_inst
-4 mul_inst 9032220 ns
+-al alu_inst Cursor 1 9032210 ns

0
m Library l BE Memory List l@ sim ]_é » [L‘] CGRA_testbench.v lﬂ Wave ] rf_l nSt

=

CGRA_Compute_inst

¢




Makefile

make sim

Runs modelsim with GUI.

make run

Runs modelsim in the command line.

make compare

Runs simulation and compares the output with actual one (given in compare directory).

make performance

Runs simulation and gives quick performance estimates (less accurate).

make report

Runs simulation and generates a report in build/<name>/report (slower but accurate).

make clean

Cleans the build directory for the benchmark.




Optimization Hints
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Optimization Hints

Bypassing
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Optimization Hints

Bypassing

Add




Optimization Hints

Bypassing

Multiply

Store

Load

Add



Optimization Hints

SIMD

outl abu
OUlly 4ane
out
i
no0
in0




Optimization Hints

Bypassing + SIMD




Optimization Hints

Single Cycle Loop

| id abu | id Llsu | imm | id alul

| nop | lgi BYTE. out® | imm 128 | nop

| nop | lgi BYTE, ouwt@ | imm 128 | 1tu owt®, in@. inl
| bcai 28, in@ | 1gi_sgi BYTE., out®, inl | imm 128 | 1tu out@, inB, inl
| nop ; delay slot 1 | 1gi_sgi BYTE. out8, inl | imm 128 | 1tu owtd®, in@, inl
| nop : delay slot 2 | lgi_sgi BYTE. out®. inl | imm 128 | 1tu owt®, in@. inl
| nop | sgi BYTE, inl | nopi | 1tu out@, inB, inl
| nop | sgi BYTE., inl | mopi | mop

| jai @ ; terminate execution | nop | nopi | nop

I | | |




Optimization Hints

Automatic Adding ABU
Data reuse address (for

generation accumulation)




Changing the algorithm

Given
Implementation

Change the
Edge

Detection

algorithm. Sobel.

Canny etc.




Changing the algorithm

Given
Implementation

Change the
Edge
Detection

algorithm. Sobel.

Canny etc.

In case, you use a different algorithm, provide us with the C implementation as well.




Server List

co2.ics.ele.tue.nl
co3.ics.ele.tue.nl
co4.ics.ele.tue.nl

co9.ics.ele.tue.nl

col0.ics.ele.tue.nl
col3.ics.ele.tue.nl

col’.ics.ele.tue.nl



Resources

m Assignment details and guideline
https://oncourse.tue.nl




