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Dante’s Inferno
he Nine Circles of Hell

Circle I: Limbo
‘The souls of Pagans and the unbaptized wander the caves o
Limbo in loneliness with the desperation to meet God.

S
M Circle 11: Lust

The souls lust are endlessly blown and spiraling in the winds

of a violent storm.

W Circle I11: Gluttony
Because of thelr cold nature, the souls of gluttony sutfers the
Coldness of a ceaseléss oy rain.

W Circle IV: Greed
“Miesouls of greed are consumed in a pit of smelting gold. as
“theyclaw thelr way to escape, only to be swept back into the
pit.
Circle V: Anger
An gndless Battle of walling souls takes place on a murky
swamp.

W Circle VI: Heresy
Souls are entrapped in a flaming pit, guarded by demons for
those who attempt (6 escape.

Circle VII: Violence
Those who possessed a thirst for violence are condemned to
drown ina lake of boiling blood.

®* |s cau

: - A o Souls are thrown into a pit of darkness, endlessly beaten and
4§ L5 tortured by demons.
[ ] . I \ y :
d n ots o re q I r -4 ) ’ M Circle IX: Treachery
N - 7 i Satan Is fmprisoned in ice from the waist down n the very
3 g center of Circle IX, displyed as a trophy of treachery.

Circle VIII: Fraud




1\\5 GOOD NEWS! It could be worse...
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® Therefore, the desigr ent must be a highly interactive with fast

interactions, much visualization and with plenty of guidance as well as re-use of
earlier work.
@
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unication.




® Protocols includ \ onal control but also

power /voltage control.




for each chunk 7 J.rjl‘tlElJ.lzle M i i
| for{i =0; 1 < 16; 1 = i+1) {
ETEIEE £ RN TE5EE F | cur_addr = read_addr + z=(i);
(The initial values in tions zero them | w = do mem_read cur_addr;

copy chunk into first 16 words w[®8..15] of the message schedule array do w urite 1 w;
Extend the first 16 words into the remaining 48 words w[16..63] of the message s for(i = 16; i < B4 1= i+1) {
for i from 16 to 63 wl5 = do w_read (1-15);
s@ := (w[i-15] rightrotate 7) xor (w[i-15] rightrotate 18) xor (w[i-15] rig| w2 = do w_read ({-‘2)5
s1 := (w[i-2] rightrotate 17) xor (w[i-2] rightrotate 19) xor (w[i-2] rightsl M%E = 3':' “—Peag El_%?),
i1 e wii-16 ° {7 1 w7 = do u_read (i-7); .

W] = w[i-16] + s+ w[i-7] 4 s 50 = (rrot7 uilf) © (rrotiS wlf) ° (rshiftd wif);
e - e to current hoch velue- £l = ({rrotl? w2) © (rrotl9 w2) © (rshiftl0 w2);
Initialize working variables to current hash value: suml = do add wif =0:

a := he sun2 = do add w7 =1;
b :=h1 sum = do add suml sun?;
c :=h2 co w_weite 1 sums
d := h3 }
e := h4 a = hi;
‘ f := h5 b = hl:
h := h7 e = ha;
L, ) . f = h;
Compression function main Loop: ¢ = hh;
for i from @ to 63 h = h7;

51 := (e rightrotate 6) xor (e rightrotate 11} xor (e rightrotate 25) A{ Main compression loop

ch := (2 and f) xor {(not e) and g) fordi =05 1 < Bd; 1= i+41) |

templ := h + S1 + ch + k[i] + w[i] wi = do w_read i;

5@ := (a rightrotate 2) xor (2 rightrotate 13) xor (a rightrotate 22) ki = do k_lDDkUE i L

maj := (a and b) xor (a and c) xor (b and c) Eﬁ f Egpgti)f%we épggd_;ll e) (rrot23 e);

temp2 := S8 j — ?

ene e t4 = do add h 51;

15 = do add ch ki;

n “ ¢ t6 = do add t4 wi;
E = temp1(= do adai tE(tE; )~ )
=e 50 = (rrot2 &) © (rrotld &) © (rrotZ2 a);

e :=d + templ maj = fa &by " (a&c)” (h&c)

d:=c tenp? = do add 50 najs

c:i=b h=g;

b :=a g = f;

a := templ + temp2 f=e

e = do add d templ;
Add the compressed chunk to the current hash value: d f E’
he := he + a E ; EI:
:; 1= :: +b a = do add templ tempZ;

= +C
h3 := h3 +d £ Update hashes
h4 := h4 + e hO = do add hO a;
hs := hs + f hl = do add hl b;
h6 := h6 + g hZ = do add hZ c;
h7 := h7 + h h3 = do add ha d;

hd = do add hd e;
Produce the fimal hash value (big-endian): EE z gg :gg EE -FE
digest := hash := h@ append h1l append h2 append h3 append h4 append hS5 append h& app h7 = do add K7 ﬁ’

Soufce: https://en.wikipedia.org/wiki/SHA-2



T=me =haZse;
protocol fourphase alwayson; PI’OTOCOI ThiS unit leks

$include "tuypes,inc"

ff Macros to access HFL functions
define zx = "\\z, Z¥ z";

ff Right shift by constant

define rshiftd = "\\u, do_rshift w '3";
define rshiftl0 = "W\u, do_rshift w "10";
ff Rotate by constant

define rrot2 = "W, do_rrot o ‘2"
define rroth = "\, do_rrot o 'R
define rrot? = "thw+ do_rrot w '7";
define rrotll = "\hw, do_rrot o '11%; 3
define rrotld = ""'\"'\U.l, dD_r"r"D‘t W '13"; PrOfOCOIS the SUbUnItS ll-qlk
define rrotl? = "\\w, do_rrot w '17";
0 define rrotld = "W, do_rrot o 18"
define rrotld = "\, do_rrot o '19%;
define rrot22 = "\, do_rrot o ‘22"
define rrot?5 = "\hw, do_rrot o '25%;

ff Memory interface
action mem_read:Memfead provided by external via pulseecho alwayson;
action mem_writeiMenRead provided by external via pulseecho alwaysons

action
action

action

w_readilread  provided by external via pulseecho alwaysons
w_uwriteilurite provided by external via pulseecho alwaysons

k_lookup:kthl provided by external via combinational alwayson;

define H = 10; A Maw number of big adders to use
action add:Add[H provided by "add" via combinational alwayson;

subroutinge main @ read_add-iadde -> resisignatlie

Number of units available to the

#include "declarations, inc”

#include "constarts, inc' SChed U I er
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Node Browser |Waveforms |Cl:

_3i#oomfjj Show dependencies:
9550 }560
| |

\

Vector:

clk
reset

FS?U
I

req
block _addr[15:0]
ack

signature [255:0] 0x3695bb942c7bledelc0424a98aTbedef5b2c9d99b




Node Browser |Waveforms
_zihoomfjj Show dependencies:

Vector: } Iﬂaﬂ Iﬂgu |

clk

reset

req
block addr[15:0]
ack

signature[255:0] 0x3695bb%42c7bledelcl424a98aTbedef5b2c9d99bded454581d36d5396£7




slow
medium
4phase

fast

NOTE: Only the number of units and protocols were changed®.

%




mation sequence from database

7

RTL FEV: Formal equivalence verification
synthesis

= “»




Ff Lawer 1

for{l = 05 1 < DEPTH; 1 = 1+1) {
(rame ml; sum = do get_b 1;

protocol fourphase alwayson; for(x = 05 = < WID; = = »+1) §

. \ o fordy = 05 y < HT; y = y+l) {
tinclude "tupes,inc d = z¢ (yslID+0s
0 = do M_rd o_addr+ i)):
// Macros to access HFL functions 3 = dgugeEiw %Pial?a s
define zx = "\\z, ZX z'; sum = do add sum (do nul w ald;

define N = 4; ff Humber of external units to use
defing WID = 28;

define HT = 2&;

define HIDDEM_LAYERS = 3;

define DEPTH = 16;

Befine DUTPUTS = 10; /4 For hidden layers

ff External unit interfaces N = HIDDEH_LAYERS + 25

action M_rd:MRead[M] provided hy external via combinational alwayson; FDP(%EH%E - g: iageBE;Tﬁz }E§EE+1)1?HEP+1) L
action R_rd:RRead[N] provided by external via combinational alwayson; oriL = _’d b ; _l 1) 4DEPTH4 1Y«
action R_wr:RUrite  provided by external via pulseecho alwaysons sum = oo g8t (((ZH_ aHfPI' ¥ 103
action get_w:ltbl[N] provided by external via combinational alwayson; fDP(J,‘_O’ J < DEFTH; j = j+1) { .
action get_hb:Ethl[M] provided by external via combinational alwayson; al = do R_rd (((zx quET}"E}*DEPTH+J}J
action act:fct provided by "act" via combinational alwauson; ul ‘_dD get_w layer j 1 )
action add:Add[N] provided by "add" via combinational alwayson; sum = do add sun (do mul w ajl;
action mul:Mul[H] provided by "mul" via combinational alwayson;

res = do relu sum;
do R_wur 1 res;

res = do relu sum;
do R_we {{(zx layer)-1)+DEPTH+1) res;

subroutine main ¢ read_addriadde - choice:lindes

#include "declarations.inc” 1

P S Output layer: determine max

maw = 03
choice = 03
— for{l = 05 1 < OUTPUTS; 1 = 1+1) {

sum = do get_b ((N-1)#DEPTH+1);
for{j=0; j < DEPTH; j = j+1) 1
aj = do R_rd ((N-2)*DEPTH+j3;

w =doget whN jl;

sum = do add sum (do mul w aj);

res = do relu sum;

ifl res > max ) f
choice = 1;

max = res;

return;
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Property driven tests +
Formal property verification

CPT: Proven correctness preserving transformation

LFV: Local formal refinement verification

DTS: Previously verified transformation
] sequence from database

(CPT|LFV | DTS)*
CRTL
RTL

synthesis

FEV: Formal equivalence verification



