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Discrete Cosine Transformation

What: The DCT transformswithout loss, the sour ce Image samples
to a domain wher e they can be mor e efficiently encoded

8x8 8x8
sampleb L
H sample bl

Row processing Column processing

Constraints: 2 cyclesareavailablefor every data element to be
processed, meaning in thiscase 128 cycles
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Case Study

Floating point Algorithm

Eile Edit Yiew Insert Farmat Help

D= gl o] /=@ | )

Sc_fixed<ll,15,SC_RND,SC_SAT> data output[64]; Al

void jpeg fdct fixed ()
i

#pragma FP_ANALYZE architecture Parrot types

//#pragma FP ANALYZE architecture Parrot architect
float tmp0, |tmpl, tmpZ, tnp3, tmpd, tmpd, tmnp6, tmp7;
float tmpl0)] tmpll, tmplZ, tmpl3;

float z1, =zZ, z3, z4, z5, z11, z13; -
/ t?f?f?f?f?f/
const float|C _seven = 0.707106781;
const fleat|C five = 0.541196100;
const float|One three = 1.306562965;

const float|O three = 0.382683433;
JREEEEE AR AA S -

int ctr;
int 1 = 0;

/*added for freeze...*/
S*copy the data*/

float dataptr([64];
for {ctr=0;ctr<ad;ctr++)
{
dataptr[ctr]=sc_fix(data_output[ctr],B,B,SC_RND,SC_SAT);
1

/* Pass 1: process rows. */

for {ctr = 8-1; ctr >= 0; ctr--} |
tnpl = dataptr[0+i] + dataptr[7+i];
tnp? = dataptr[0+i] - dataptr[7+i];
tupl = dataptr[l+i] + dataptr[6+i];
tnpb = dataptr[l+i] - dataptr[6+i];

tnpZz = dataptr[2+i] + dataptr[5+i]; n
tmpS = dataptr[2+i] - dataptre[5+1]; [ ron ler
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Case Study

Fixed-point SystemC Algorithm

Converted with CoCentric Fixed-Point Designer (Synopsys)

ENEdit{Compile Source _ O] ]
File Edit Search Options Repors  Windows Help
File: src.coes [ Line: 1, Char: 0

G d =] % ] 2 5|
Import Save Edit Print Cut Copy Paste Compile | € hench
y &

sc_fixed<11,15,5C_END, S5C_BAT»> data_ocutput[6d];

void jpeg fdet_fized()
{

$pragma FP_ANALYZE architecture Parrot types;
//#ﬁ}' CLI F‘D_ZMZTV RSl e nF =R e bk Bl =) arrot_arcbitect
sc_fixed<11,13,8C_END, SC_SAT>| tmpl;

sc fixed«11,13,8C END, 8C_BAT>| tmpl;
sc_fixed<11,13,8C_BND, SC_B&T>| tmpi;

sc fixed<11,13,8C RND, SC BT tmpl;
sc_fixed«<11,13,8C_REND, SC_BAT>| tmpd;
sc_fixed<11,13,8C RND, SC_S&T>| tmph;
sc_fixed«11,13,8C_END, 2C_BAT>| tmph;
sc_fixed<11,13,8C REND, SC_S&T:| tmpT;
sc_fixed«11,13,8C BND, 2C BAT>| tmpl0;
sc_fixed<1l,13,3C_RND, BC_BaTx| tmpll;
sc_fixed«<11,13,8C END, 2C_BAT»| tmplZ;
sc_fixed<11,13,8C_BND, SC_B&T>| tmpl3;
sc_fixed<11,15,8C END, 2C BaT»| zl;
sc_fixed«<11,15,8C_REND, S5C_BAT>| z2;

sc fixed<11,13,8C RND, SC S&Tm| z3;
sc_fixed«<11,15,8C_RND, S5C_BaT»| zd;
sc_fixed<11,15,8C RND, SC_S&T:| z5;

sc fixed«11,13,8C BND, 2C BAT»| z11;
gc_fixed<11,13,3C_RND, BC_BATx| z13;

/x-x-a-rx—x-r/
gsc_fixed<11,2,5C_RND, S5C_BAT> P seven = 0.707106781;
: sc_fixed<ll,Z,8C RND, BC_BAT> p_five = 0.541196100;

sc_fixed«<11,2,8C_RND, B5C_BAT> Pne three = 1.306562965; S
sc_fixed<11,2,3C RND, SC SAT> D three = 0.382683433; on ler
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Case Study

Initial Architecture

Create Architecture
File Edit Search Options “Windows Help

File: F:\marketing\ART w214 demos\im_demodiprojects'design2architecture.pra

[ (O] %]

| Line: 1, Char. 0

5 H |8 | & & B B |F |O
Impod Save | Edit | Print Cut Copy Paste | Run Lib

// Datapath

instantiate("artd library","inport", "inport 1"});
instantiate| ”artd_library" "outport", "outport 1"} ;

instantiate(”artd_library","alu","alu_l");

instantiate("artd_library","romctrl","romctrl_l");
instantiate(”artd_library","acu","acu_l");
instantiate("artd library","ron", "rom 1");
instantiate(”artd_library","ram","ram_l");

instantiate ("artd library","multp","multp 1"); // pipelim
/¢ Multibranch Controller (ctrldelay = 3, jumpdelay = Z)
£

instantiate(”artd_library","mbc_23","ctrl");

4 |

r

stantiate_function
merge_busses
merge_regfiles

INPORT

ALU

RAM

ROM

4l

- -

g EA

i Iinstantiate(“libraryName "resourceMame","instanceName');

ROMCTRL
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Case Study

Default run

~ Summary

AL
Contraller

Init 0pot - 0 cegle
Run 221 pot @
Registers 42 fields - -

28 ports - 461 muxes
74 hits = 223 wiords

1223 cycles

ject/marketing/eva/systemC{DAC/designl
7 & @ & ’

pBnd  CondBnd | ZoomCut  Reset Frint

M[=] E3

FULETILE]

=11]
40
20

Column
processing

processing

alu_1

rormctel_1

Frog. Caunter

RT

Bottleneck
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Case Study
Architecture improvements : extra alu, acu’s and ram

Mapping: Assignment of variables/operations
File Edit Search Options Windows /expressionsto the extra resour ces

File: architecture.pra (madified) I

. X — assign_operation("/.../locp row/aluZ=","alu ")
[ = = & B > assign_operation("/.../loop colfaluzZ*","alu_2")
Import  Save Edit Print Cut  Copy Paste Run Lik

assign_wariable('"data_ic","ram 1"1;
assign_wariable("data_tmp","vram_ 2" ;
dedicate("romotrl 2", "acu 2" ;
dedicate("romctrl 3", "acu 3"1;

ff Datapath

instantiate("artd library","alu","alu 1");
instantiate("artd library","alu","alu 2");

. . i assign_expression("/ .../ /loocp row', +i,"acu 2'");
instantiate("artd likrarvy","romctrl", "rometrl 1"7; assign_expression('/.../loop row', +5,"acu 3" ;
instantiate("artd librarv","romctrl", "romoetrl 2"); assign_expression(“f...floop_col“,_+i,“acu_Z“),
instantiate("artd library","rometrl", "rometrl 3" assign:expression{“f...floop_col“,_+j,”acu 3y
instantiate("zartd librarw","son", "acu 1"7;

instantiate("artd library","acu","acu 2"} ;

instantiate("artd library","acu","acu 3");

finstantiate("artd_library","ram","ram 1");

instantiate("artd librarvy","ram","ram 2");

ALU ALU RAM RAM

instantiate("artd library", "mult","malt_1");

F4 o Multibranch Controller (ctrldelay = 3, Jumpde

instantiate("artd_ library","mbc 23", "ctrl");

ROMCTRL ROMCTRL

Frontier
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Only 1 fetch, by introducing temporary variables

Case Study
Algorithm improvements: better memory

dCCesSS

f* Pass 1: process rows.
for

{

[oty = (8 — 1,0ty == 0;ctr—
tmpl § (dataptr[ + i3] + + 111
tmp? § (dataptr[ + 11] - + 1171
tmpl § (dataptr[ + i3] + + 111
tmpb § (dataptr] + 1] - + i1]]
tmps2 § (dataptr[ L] + + 1171
tmpS § (dataptr[ + i3] - + 111
tmp3 § (dataptr[ + i1] + + 1i1]1
tmpd § (dataptr[ + 11] - + 1171
St Evermrpart—

;A Paszs 1

process rows.
for (ctr

Ll
tmp7
tpl

L

trph
tmpd
tmp5
tip3

tmp_ind
tmp_inl
tmp_ind
tmp_ind
tmp_ind
tmp_in5
tmp_inG
tmp_in7
!

tmpd

e

ey e
Frwrd N — ST L e T .
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CoeSudy Results

:_Summary

w wmceo> || 290 cycles mp 4 times better, but till too many

Registers 43 fie/d s ™ —
ALK B2 ports - B33 muxes
Controller 123 hits x 88 words

ctfmarketing/eva/systemC/DAC/design2 =]
2 ? = ’

IusE aEIELL ||_u pend CondBnd | ZoomOut  Reset Print

FPaotential

alu_1
alu_2
ramctrl_1
romctrl_2
romctrl_3

acu_1
acy_2
acu_3
rarn_1
rarn_2

rult_1

Frog. Counter

[E-]
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Solution:

1. User-defined corethat can add and subtract in 1 cycle

woid add_subl ( DATA inl,
DAT2 ind,
DATAE outl,
DATEZE outl)
{
fpragma OUT outl oute
outl= inl + in?Z;
outd= inl-in?2;

}

2. Pipelining row and column processing: m

Row processing

Column processing

AL Frontier
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Case Study

Pipelined design :results

— Summary

Init

Run
Registers
ML
Cantraller

0 pot - 0 cycle
a0 fields - 1240 hits

32 ports - 1029 muxes
205 hits # 72 words

2N

o i CondEnd

@

Zoamout Reset

126 cycles |

fmarketingfevafsystemC/DAC{dct_asu

=

Frint

within the constraints
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Case stud
1200 H
1000 H
800 A
600 -
400 -
200 -
O
better
default memory pipelining
access
[ cycles 1223 290 126
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