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INTRODUCTION TO THE
TOPICS COVERED

T'he discussion of this block will be divided into
the following parts:

Overview of general block structure
Analysis of the most important blocks
Generation of control signals

Timing diagram using the processing of the
first two lines as an example.




Process Sub Systern |
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(PS S) ROM rom_data E GBIGRAM —m PE
1 I
I 1
CTRL rom_addr p ) i ;ra;rct—rl- R pe_ctrlI..I
. . . PRAM_CTRL PE_CTRL
» This block deals with decoding, and P | F— - -
1ts structure 1s divided mnto three B
blocks:
> ROM: where the PSS control
signals are stored. The values
. . MSS
stored 1n this block are actually
stored 1 the MSS. T
1 1
> PRAM: where the samples to be b | ceicrau RoTATION YT~
decoded are stored. Ry A B !
v . CTRL 1 pram_ctrl 1 peictrIAl..I
> PE:where the decoding
. . PRAM_CTRL PE_CTRL
algorithm 1s processed. | ROM_CTRL




st_rnew

rnew_load
c\k:E RNEW |

PROCLESSING

rram_rnw=s|
rram_addr—»]
new_rdata RRAM —
| j I I i M I i ' I \ (P I r ) r_ram_default—»
H clk —
st_iter
index_phasel
old_gamma
The structure of this block s intended to implement e phesez i
: g : 2 - SECOND_PHASE 4 ext_gz E
algorithm 5 shown in the figure. o raddis e
gram_waddr—»{

o o 0 o - 0 gram_we-»|

The algorithm in questionis the result of various G_RAM e Jeanew load
.o e : : "
optimizations; it divides the decodingwork into two o :'j:‘
phases:
Algorithm 5 The memory-optimized SCMS algorithm with layered schedule
~ ~ . y . I: forn =0to N —1do - For all columns

The first phase runs from line 7 to line 25; 2 (e = Ofchamnel) P, = hannel) b LLRs

. . . 3: end for

1t takes care of_updating vectors'value, torm o 1dn } > For all ows

. o e e . . g 5: it =10,0,0, 41,41, true
previously initialized in line 9. ¢ end for

7 forl = 110 Lar do
8: form =010 M — 1do

During the second phase, the new corrected 9 ) (o0, 4+00,0,+1,41. false)
10: for n € H(m) do
> 1 S(=1) _ ar (I=1)
values of the samples (next_gamma) will be I T S N
. . . . 12: if sgn(a) # .o and (notry, .ol ) then
generated. This correction1s made using b =0
the array of values previously updated 5 W
during the first phase. i D ap ¢ rD.0p x sgn(a)
18: if |a| < r'.m, then
. . o - . 19: r,[,"l.mz — r'f,’f.m,
As the LDPC algorithm is iterative, 1t1s necessary to o rhm ¢ ol
5 ~ - 21: P 4 H'I
save the array values calculated in the first step to be 2 o < ma then
~ o B 23: Ty .2 — |
reused for subsequent iterations. 2 i
25: 1 or
o . 26: :nr n € H(m) do
The R_RAM memoryis used to store the arrays of e
values calculated during the first phase, then read et

during subsequent iterations.

. . 1 . ]
Algorithm 4 Computing 3., from ri compact data structure
< ifn = r\).i then

(1) ) s U] ()
Bimn = Tm .Qn X Ty .SP X Ty M2

30, —rl

: end if

)

1

2

3: else
) s ! !

4: ol X rf,,'m[; X 7‘5,4 Sy

5




GRAM

This memory 1s used for storing values, as in the
second one, the previously analyzed gamma values
must also be used to generate the correct values.

For this reason, a single-access memory 1s used within
the project. Its use, however, makes it necessary to have
clock strokes i which no phase 1s processed, and the
memory 1s accessed 1n reading mode for the second
phase.

To eliminate this problem and guarantee independence
between the first and second phase, this memory 1s
replaced by a dual-port memory.

gram_raddr—»
gram_we—»|
gram_waddr—

clk —

0 1 2 3 4 5 6 7 8 9

i_clk { f f f _‘I |_i |—1 l—{ |—-

phase ———{ ST_PHASE | D | ST_PHASE Y PHASE 0} ND_PHASE
phase_index ——{ 0o X 1 X X n2 Y 01 { o Xomn
mw \ /

Egaddr—(u){1x W=l ~1 o JEnElE
|
(4]

wpaTA ————{ Ny(0) J{ Ny(1) X X Nvin-2) ¥ Nyin-1)
RDATA Ny(0) Ny(1)

0 1 2 3 4 5 [} 7 8 9

RCLE N NN (N R S R G A N D

st_phase /
phase_index { o O . 2 ¥ e 0 N4 2
nd_phase Il
phase2_index { o UiEmE
B[ radar {0 ¥ 1 :X Bl s
o RDATA {hve) Ty X
E [ we \ / '
O 8| et ——— (0 {1 X = e e N1 2

WDATA ————{_ Ny X Ny() X JCNvin2) ¥ Nyin-1) ) Nve) )T Nva) X Nyie)




st_rnew

Parallelisation of
the two phases

r_ram_default

rnew_load
clk E R_NEW |

rram_rnw —»
rram_addr —»]

new_rdata

clk—

phase ——— PE
phase_index ——

Finally, what 1s missing actually to

process the two phases in parallelis to 4\/ ne_gamra
ensure that the array of values A
calculated during the first phase is ok
stored, as needed during the second
phase.
]
For this reason, the register G_NEW e o ]
was introduced, which 1s 1dentical to e LS )] |
R_NEW, but unlike 1t, 1ts value 1s only ok~

phasel_index

updated at the end of the first phase in
order to store the new value array.

old_gamma

phase2_index

SECOND_PHASE
gram_raddr-»] \_/
gram_waddr-»|

gram_we-»|

ghew_load
\_"‘-"‘"I_J:clk
clk—]

next_gamma




PL "Timing diagram SR SN RSl N N S

i_sresetn /
i_ce /
si_phase /
3| phasel_index —{ e ¥ - e ey o ) N @)
. ‘E_ stmew [\ S .
The timing diagram opposite E g —
summarises all the features discussed 3{ i phase /
bOVC &) phase2 index {_i@ Y i )} i@
d .
i raddr i@ i X i@ X i@
. . . . . { " x o X m
Following the worktlow, 1t 1s interesting : 0 , 2o e
] ] . o| 3 waddr ———{ i@ ¥ im X .. Y 2 X iy N o X v K @)
tO nOte the fOHOWHIg pOIDt& woaTA ————( ov(0) YL ovi) ¥ .. Jovin2) Y ovin-1) { ovio) § Nv() X Ovi2)
= The constant use of both s " P —
. addr ————{ 0 1 0 1
GRAM read and write 5 wokTA e ——
Opera tionS RDATA —————{ rDATA(0) b rDATA(1)
2 5[ load f
: %‘ WDATA ——{ rDATA(0) X rDATA(1) X ... YrDATA(n-2){rDATA(n-1)) rDATA'(0) \ rDATA'(1) }{ rDATA'(2)
) Thz altedmatlon Of RRAM = ROATA ————{/DATA(0) Y rDATA(1) ¥ .. YrDATA(n-2){rDATA(n-1){ rDATA'(0) }{ rDATA'(1)
read and write operations.
p 2 5[ load I\
. g‘ WDATA ({DATA(n-1)
. The updatlng Of tl/le e RDATA { rDATA(n-1)

G_NEW _REG values at the
end of the first phase.

i_prev_gamma ————( Ov(0) J_ ov(1) ¥ .. X Ovin-2) { Ovin-1) { 0Ov(©) )} Ov() )} Ov@)
o_next_gamma {w) X Ny(t) ) Ny)

I/0 DATA




PRAM / BARREL  /<in_rot

/ SHIFTER /4:2 next_gamma
mem_raddr—»|
mem_waddr—»| ot |_|
This block handles the management of new mem_we_: GBIGRAM Ouz_ mlﬁ // > > old_gamma
and old gamma values sent and received, U
respectively from the PE. k=
Its imitial structure, shown in the 1mage above,
1s already equipped with two barrel shifters for
the rotation of the values to be analyzed. This
1s because, to parallel the first and second
phases, 1t will also be necessary to manage n
parallel the data to be sent and those to be / BARREL /~in ol T
rewritten iIn GBIGRAM. Ll |
In this case, the only optimization 1s T e : Ny
implementing a bypass process that allows the L], e - AN, .
data coming from a previous PE processing to il b
be analyzed directly without the need to clk — ——

rewrite them 1 memory.




Control signals

generator

The last of the three blocks 1s the ROM and
what 1s interesting 1s not the hardware
implementation but the software
mmplementation that leads to the generation of
the signals that will then be stored mside the

ROM.

For this purpose, Python code was written to
describe the behavior of the entire datapath
and simulate data movement within it.

For this purpose, values can be set at program
launch to set the memory elements within the
circuit, leading to a delay in propagating the
data.

In this case, the two memory elements register

at the mput of the PE and the GBIGRAM.

/" BARREL

Z

SHIFTERR /"~

4L

ck —

GBIGRAM

—

BARREL
SHIFTER

/;.

PE



LDPC Base graph and its parity check matrices

index | index index | index 20 | 123] 51 | 267 | 130 | 79 | 258 | 161 ] 180 13| 120 | 260 | 105 | 210 % |12 2
i J [0 [ N 22| 115 | 157 | 279 | 153 [ 144 | 283 | 72 | 180 % 0 | 13 [ 123 22| 2 [ 105
[0 250 | 307 135 = 21 0 0 0 0 0 0 0 0 0 0 0 0 0
% 1w 27 183 278 [ 260 | 156 | 80 | 204 | 6 | 1990 100 [ 222 [ 175 01 73
226 | 50 25 4o 2 | 7| 21 (119w 13|27 | 2| 215 | 308 | 49 297 143
:33 33? % 26 | 1 [ 293 | 113 | 160 | 330 [ 163 | 23 || 31 256 | 66 | 177 | 219 75
oot o 67 | 31 [ 13 | 21 [ @ | 9 [ 50 | 100 2% | 162 | 128 2 108
e E 6 W[ @ (22| 6 | % [ @ 000 0 0
5| 5 5] 11 [ 23 [0 [ 61 177 ][ 150 207 102 [ 210 | 192 ES] 103
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N z 0 [0 [0 0 [0 287 [ 217 | = 5} pi} h t d f h h 3.1
e e - PR ['hese parameters define which values
190 | 242 220 | 62 [ 88 [ 76 [ 189 [ 103 | 88 | 146 |33 [ 170 | 114 56 199 .
% 10 o] 750 | 316 | 207 | 104 | 154 | 224 [ 112 | 209 8 [ 20 & 304 7]
= - ' AE R AR AE e AT e shetersate e are to be analyzed for decoding.
BN 137 167 [ 200 | 25 | 150 | 104 | 215 | 150 | 166 105 [ 33 | 137 101 @ [ &
5 2 104 | 114 | 76 | 158 | 164 [ 39 | 76 | 18 0 [0]0 0100
-0 L 0 00 0 00 230 | der | & | 197 60 [ 4 | 161
555 76 | 5] 112 %‘_35 54 | 348 ';ET i) | 148 | 296 | 186 | 0 | 320 | 153 | 537 . . oy
T T [ 136 | L L EE T ) 05| [202 | 5 | 68 [W08 | 12 [ 197 [ 142 I 1 d d t}l 1 f
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EMRI I 2] 18 [ 231 |21 | 41 [ 302 [ 14123 0 [0 [0 [o0o[o0]o0]o . .o .
e 02| 30 [ 206 | 204 | 68 | 224 | 9 | 177 [ 320 [ 207 | 192 | 199 [ 100 | & | 231 al h bl
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A e o S0 it [0 ot T 2e i | FoTo o olololo extrapolate the rotation value
AN 3 o oTolorToToToTo ol 200z 316 [ e 1t
e %5 | 189 [ 9 | 160 | (K EEL A ECAR NS A . .
155 [ 114 87 155 51 EOoRE @ 5
i ol = = o T o o w E AN = associated with each column.
% [ 112 216 b3 20 109 ] %1 ] 36 | 13| 93 | 293 | 145 | 206 | 21 | 160 188 ] 43 1100
0 0 ] 2 [i] 21 [ 1331286 | 105 [ 134 [ 111 | 53 | 221 910 [:-0 0 0
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4 107 | 181 | 205 | 7% | 904 [ 711 p5) 26 54 211 [ 253 [ 217 [ 118 | 12| 173 | 274 | 20 pir] 48
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0 121 | 276 | 220 | 201 | 187 | 97 4 128
1 89 87 | 208 | 18 | 145 | 94 6 23
3 84 0 30 [ 165 | 166 | 49 33 [ 162
4 20 | 275 | 197 5 108 | 279 | 113 | 220
6 150 | 199 [ 61 45 82 | 139 | 49 43
7 131 | 153 [ 175 [ 142 | 132 | 166 | 21 186
8 243 | 56 79 16 | 197 | ¢ 6 96
10 136 | 132 [ 281 34 41 106 | 151 1
11 86 | 305 | 303 | 155 | 162 | 246 | 83 | 216
12 246 | 231 [ 253 | 213 | 57 | 345 [ 14 | 22
13 219 | 341 [ 164 | 147 | 36 | 269 | 87 24
14 211 | 212 | 53 69 | 115 | 185 5 167
16 240 | 304 | 44 96 | 242 | 249 [ 92 | 200
17 76 | 300 | 28 74 | 165 | 215 | 173 [ 32
18 244 | 271 [ 99 0 143 | 120 [ 235
20 144 | 30 [ 319 [ 30 | 113 | 121 2 172
21 12 | 357 | 68 | 158 | 108 | 121 | 142 | 219
22 1 1 1 1 1 1 0 1
25 0 0 0 0 0 0 0 0
0 157 | 332 | 233 | 170 | 246 | 42 24 64
1 102 [ 181 [ 205 | 10 | 235 | 256 [ 204 | 211
26 0 0 0 0 0 0 0 0
0 157 | 332 | 233 | 170 | 246 | 42 24 64
1 102 | 181 | 205 | 10 | 235 | 25 | 204 | 211
26 0 0 0 0 0 0 0 0
0 205 | 195 | 83 | 164 | 261 | 219 | 185 2
1 236 | 14 | 292 | 59 | 181 [ 130 | 100 [ 171
3 194 | 115 | 50 86 72 | 2% 24 47
12 231 [ 166 | 318 | 80 | 283 | 322 | 65 [ 143
16 28 | 241 | 201 | 182 | 254 [ 295 | 207 [ 210
21 123 | 5 267 | 130 | /9 [ 258 | 161 [ 180
22 115 | 157 | 279 | 153 | 144 | 283 | 72 | 180
27 0 0 0 0 0 0 0 0

It 1s important to note that analyzing the rows
i the order described by the base graph leads
to situations where, when moving from one
row to another, there 1s a significant
difference 1in the number of columns
analyzed.

This means that it will be necessary to stop
one of the two phases In many cases because
it 1s waiting for the other to finish.

This problem 1s solved by reordering the
rows at the beginning of the process.



0 250 | 307 | 73 | 223 | 211 | 294 | 0 | 135
1 69 | 19 | 15 | 16 | 198 | 118 | 0 | 227
2 226 | 50 | 103 | 94 | 188 | 167 | 0 | 126
3 159 | 369 | 49 | 91 | 186 | 330 | 0 | 134
5 100 | 181 | 240 | 74 | 219 | 207 | 0 | &4
6 10 | 216 | 39 | 10 | 4 | 165 ] 0 | 83
9 59 | 317 | 15 0 | 29 [ 243 | 0 | 53
10 229 | 288 | 162 | 205 | 144 | 250 | 0 | 225
11 110 | 109 | 215 | 216 | 116 | 1 0 | 205
0 12 191 17 164 21 216 | 339 0 128
13 9 | 357 | 133 | 215 | 115 | 201 | 0 | 75
15 195 | 215 | 298 | 14 | 233 | 53 0 | 135
16 23 | 106 | 110 | 70 | 144 | 347 | 0 | 217
18 190 | 242 | 113 | 141 95 304 0 220
19 35 | 180 | 16 | 198 | 216 | 167 | 0 | 90
20 239 | 330 | 189 | 104 | 73 | 47 0 | 105
21 31 | 346 | 32 | 81 | 261 | 188 | 0 | 137
22 1 1 1 1 1 1 0 1
23 0 0 0 0 0 0 0 0
0 2 76 | 303 | 141 | 179 | 77 | 22 | 96
2 239 | 76 | 294 | 45 | 162 | 225 | 11 | 236
3 117 73 27 151 | 223 96 124 | 136
4 124 | 288 | 261 46 256 | 338 0 221
5 71 | 144 | 161 | 119 | 160 | 268 | 10 | 128
7 222 | 331 | 133 | 157 | 76 | 112 | 0 | 92
8 104 | 331 | 4 | 133 | 202 | 302 | 0 | 172
9 173 | 178 | 80 | 87 | 117 | 50 2 | 56
11 220 | 295 | 129 | 206 | 109 | 167 16 11
1 12 102 | 342 | 300 93 15 253 60 189
14 109 | 217 | 76 | 79 | 72 | 334 | 0 | 95
15 132 | 99 | 266 | 9 | 152 | 242 | 6 | 85
16 142 | 354 | 72 | 118 | 158 | 257 | 30 | 153
17 155 | 114 83 194 | 147 | 133 0 87
19 255 | 331 | 260 | 31 | 156 | 9 | 168 | 163
21 28 | 112 | 301 | 187 | 119 | 302 | 31 | 216
22 0 0 0 0 0 0 [105] 0
23 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0
RADDR | WADDR | WDATA | DATA(0) | DATA(1) | DATA(2) | RDATA
0 0 o7(0) | 0y(0) 04(1) 0~(2) —
2 1 O7(1) | O7(0) | Oy(1) 0v(2) | 04(0)
3 2 0%(2) | O4(0) | O4(1) | Ov(2) | Ov%(2)
RADDR | WADDR | WDATA | DATA(0) | DATA(1) | DATA(2) | RDATA
0 0 O7(0) | O(0) 07(1) 07(2) —
2 2 Oy(1) | O(0) | Oy(1) Ov(2) | O(0)
3 3 O9(2) | O%(0) Oy(1) | O%(1) | O(2)

In addition to reordering rows, it 1s also
possible to reorder columns.

This optimization stems from the observation
that two successive rows often have columns to
process in common. For this reason, a bypass
option has been added.

To take full advantage of this feature, 1t1s
necessary first to process the second phase
within the PE, relating to the columns that are
also presentin the next row.

However, this reordering of addresses mevitably
affects the index's choice for the first phase. It
can no longer be chosen simply by increasing
its value each time but must be congruent
with that used for the second phase. In this
way, the unread gamma values will not be
overwritten.
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INPUT_BS

DATA_BS

OUTPUT_BS

0

_ == o O O

Oy(0)[rot(0)]
Oy(1)[rot(1)]
O0y(2)[rot(2)]
07(3)[rot(3)]
Ov(4)[rot(4)]

BYPASS | CE

INPUT_BS

DATA_BS

OUTPUT_BS

07(0)[rot(0)]
Ov(1)[rot(1)]
O~v(2)[rot(2)]

O~(0)[rot(0)]
O~(1)[rot(1)]

e e = = R = R =

(1)
(2)
07(3)
O7(4)
(4)
(4)

[ T = Y e T S S Y

rot(4)] | Oy
Ov(4)[rot(4)] | Oy(3)[rot(3)]

[
[
[rot(3)] | Oy
[
[
Ov(4)[rot(4)] | Oy(3)[rot(3)]

3)[rot(3)]

(0)frot(
(1)frot(
(2)[rot(2)]
(3)[rot(
(3)[rot(
(3)[rot(

O~(0)[rot(0)]
Ov(1)[rot(1)]

O~(2)[rot(2)]

(0)[rot(
(1)[rot(
O7(2)[rot(2)]
(2)[rot(
(2)[rot(

O7v(2)[rot(2)]

INPUT_BS

DATA_BS

OUTPUT_BS

A final consideration should be made
when 1t 1s necessary or optional to
pipeline the barrel shifter.

In this case, 1t will be necessary to
implement a chip enable to block the
data rotation process during the
bypass period.

Without a chip enable, all the data
mside the barrel shifter would
mevitably be lost during the bypass
period, as can be seen 1n the table on

the left.




PL Timing Diagarm

This timing diagram shows PE processing
in the case of the two rows of the base
graph.

The values highlighted 1n yellow
represent the columns present in both
TOWS.

The values highlighted 1n orange
represent the rotation value associated
with each column.

0 250 | 307 73 223 | 211 294 0 135

1 69 19 15 16 | 198 | 118 | 0 | 227 PE Control

2 226 50 103 94 188 167 0 126

3 159 | 369 | 49 | o1 | 186 | 330 | 0 | 34] — L4 L+ L+ L+ L+ L+ L+ L_
5 100 181 240 74 219 | 207 0 84 —

6 10 216 39 10 4 165 0 83 —

9 59 317 15 0 29 243 0 53

10 229 | 288 162 | 205 144 | 250 0 225 .

11 110 109 | 215 | 216 116 1 0 205 o Y1 X 17 ¥ w8 ¥ o Y 2 )} 3
12 191 17 164 21 216 | 339 0 128 / \ o
13 9 357 133 | 215 115 | 201 0 75 /

15 195 | 215 | 298 14 233 53 0 135

16 23 106 110 70 144 | 347 0 217 /

18 180 | 242 113 141 95 304 0 220 o ¥ =2 ¥\ s
19 35 180 16 198 | 216 167 0 90

20 239 | 330 [ 189 [ 104 | 73 | 47 0 [ 105 . - F
g; 311 34116 312 811 2(:‘1 1!138 g 1:15? ovo Y ovE ovEl
23 00000000—/’0)(1)(XWXmXquXa
0 2 76 303 141 179 77 22 96

> 539 75 594 5 162 | 225 1 236 oy Y ov() X X Ov(22) ) ov(z3) ¥ ova ¥ Nvo) X ov@)
3 117 73 27 151 223 96 124 | 136

4 124 | 288 | 261 46 | 256 [ 338 0 221 —

5 71 | 144 | 161 | 119 | 160 | 268 | 10 | 128 J 1 X o X 1

7 222 1331 [ 133 [ 157 | 76 [ 112 0 92 \BATA(TB)

8 104 | 331 4 133 | 202 | 302 0 172 \ X DATA ()

9 173 178 80 87 117 50 2 56

11 220 | 295 129 | 206 109 167 16 11 _

12 102 | 342 | 300 93 15 253 60 189 {_rDATA(0) Y DATA(1) \rDATA(17) ) {DATA(18) { rDATA(0) \ DATA(2) }( rDATA(3)
14 109 | 217 76 79 72 334 0 95 { DATA(0) }( DATA(1) X XIDATA(17) } {DATA(18) {_ rDATA(0) ) rDATA(2)
15 132 99 266 9 152 | 242 6 85

16 142 | 354 72 118 158 | 257 30 153 T\

17 155 114 83 194 147 133 0 87 {1DATA(18)

19 255 | 331 260 31 156 9 168 | 163 "DATA(1E)

21 28 112 | 301 187 119 | 302 31 216

22 0 0 0 0 0 0 105 0 oy Y ovi) f {_Oviea) Y ovi23) J ovia) N Nvio) X Nvi2)
gi g g g g g g g g { o JCwe) X NyE)
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PRAM
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i_clk
i_sresetn /
i_ce /
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