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CONFIDENTIAL INFORMATION

The information contained in this presentation is the confidential and proprietary
Information of Synopsys. You are not permitted to disseminate or use any of
the information provided to you in this presentation outside of Synopsys

without prior written authorization.

IMPORTANT NOTICE

In the event information in this presentation reflects Synopsys’ future plans, such plans
are as of the date of this presentation and are subject to change. Synopsys is not
obligated to update this presentation or develop the products with the features and
functionality discussed in this presentation. Additionally, Synopsys’ services and products
may only be offered and purchased pursuant to an authorized quote and purchase order
or a mutually agreed upon written contract with Synopsys.
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Disparity map of a stereo image

« Disparity is  Computed « Used to compute

: : disparity map
horizontal shift (for each pixel) depth
shift = disparity

é

------------- - —

Left Camera Right Camera

N |
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Very compute intensive, butLvﬁery regular -

= | 7:4;;\

scanline

 Slide a window along the
epipolar line and compare
contents of that window with
the reference window in the
left image

* Matching cost: Sum of Squared Difference (SSD)

Matching cost
» 4K images, >30fps, block size=16x16, max-range=100pix, RGB ’\/\’\/W disparity
2>8M*30*16*16*100*3=20 TMAC/s
- 20K mults/cycle @1GHz

 Architecture optimization: Specialization, ILP, vectorization, multicore, memory?? - Design space exploration

» Application optimization: Reuse, algorithm? —> Arch/appl co-optimization
* Regular algorithm
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ASI

—

Application Flexibility

» ASIP: Application-Specific Instruction Set Processor

— Anything between general-purpose uP and hardwired data-path
— http://en.wikipedia.org/wiki/Application-specific_instruction-set_processor

P architecture exploration

General Purpose
Microprocessor
Extensible
Processor A
Application- S
Specific uP/DSP |
Programmable
Datapath P
Hardwir
Datapa

ed
g
Power & Performance Efficiency —

— Deploys classic hardware tricks (parallelism and customized data paths) while retaining programmability —

Hardware efficiency with software programmability

« Common examples

— DSPs, accelerators, filter engines, packet processors, in-house proprietary processors

Y synorsys
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ASIP Designer SDK

Compiler Back End and Parallel DSP Architectures

» Target architectures — Central or distributed register file(s)
— ILP with multiple slots — Limited capacity
— E.g. 5 slots, typically heterogeneous —Deep pipeline
— Wide SIMD — Typically, ~10 stages, with 5 stages for the execute pipe

« Compiler optimizations

— VLIW Scheduling including — Aggressive scheduling — Register allocation for distributed
software pipelining for inner . register files
and higher-level loops 0

>0 cycles
addi r1d,r6,#-4 O )y @ > -2 CyCIeS
St | av ze.72 RD R[3]
N bt OLD »
1d v3,VH[V4':r9? | m . ' v2vive
14 2 ﬁrolog’ue‘ o LT ducy = UG
W i vmrser) | ] v |l » OLD NEW
™ [ a w3 v(rar=re) | av va Loop v5,vd,vl | sum v6,v2,v5 WR R[3]
VH(r5+=r | mulr v2,vl,vd | add vO,v0,v6 NEW

. E
jr r1s - Anti-dependency oy
nop | add ve,v,ve still respected j;

' A Standard A Aggressive
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Out of the box compilation on a trv32p5x
|deal multicore parallelization would require 166000 cores!

ﬁ SYNOPSY
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for (int i=é+half_bluck_size: i=left-=h-half_block size; i++)

i

for (int j=@+half block size; j<left-mw-half block size; j++)
1

if (j+disparity min-half block size=0 || j+disparity max+half block size=COL -1) {
for (int range=disparity min; range<=disparity max; range++)

550 = 8;

for (L r = -half_block size + i; 1 r == half_block size + i; 1 r++)

for (L c = -half block size + j; 1 c == half block size + j; 1 c++)
i
r=1r:
rc=1.c+ range;
if ({rc=8) |] (rc=(COL -1})) {
pix[@] = 128;
pix[1l] = 128;
pix[2] = 128;
1
else {
pix[@] = right-=data[r_ r*COL*CH+std: :min(std::max({@, r c), COL-1)*CH];
pix[1l] = right-=data[r r*COL*CH+std: :min(std::max(8®, r c), COL-1)*CH+1];
pix[2] = right-=data[r r*COL*CH+std: :min{std::max(®, r c), COL-1)*CH+Z];

¥

550 += sguare(left-=data[l r*COL*CH+L c*CH] - pdix[@])
+ square(left-=data[l_r*COL*CH+1 c*CH+1] - pix[1])
+ square(left-=data[l r*COL*CH+L c*CH+2] - pix[2]):

1
if (550 = 550 value[i*COL+j] - THRESHOLD)
disp[i*C0L+j] = range;
550 value[i*COL+j] = 55D;
1
1
1
o, I
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Straight forward specialization and RGB-vectorization
13x faster, though still far insufficient

Ift:| ¢ acc
9N diff-sar>
b
( L)
rht:| r
91 (diff-sar>
b acc

» SIMD3: RGB pixel in w32
» Specialized diff-sqr-acc
2 cycle innerloop feasible:

— Zloop + aggressive software pipelining

¢

— ILP: Load || compute
- 6.4 Titer/s > 12.8 Tcyc/s
s @1GHz - 12.8 Kcores
« Still very unpractical

Y synorsys

22946
= 22948
v 22052
» 22956
= 22060
* 22062
» 22966
= 22970
+ 22974
= 22976

22978
= 22980

22584
» 22986

22988

22996
= 22992
£ 22994
» 22998
= 23002

23086
+ 23008

= TTATA

» 10608
= 10612
+ 10616
» 10624
= 16632
» 10636
» 10640
= 10644
» 10652
= 10660
» 10668
» 10672
= 18676
» 10630
= 10234
* TRRAR

2

C.SWSP

do
my
c.li
do

my
C.lw
C.lw
C.add
s5d
c.add
c.add
C.add
C.add
C.lwsp

c.add
c.addi

e Tuen

my
1w

1w

Iw

ssd
add
ssd
add
55d
add
add
add

nops PbUIIIIUéF:EI‘dI I:FI?(]HIIJHUH
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®26, -50 | o7
®*36, 38 og
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®2%9, B - 100
¥27, 24 181
®x12, x11 102
*3, =13 183
¥9, B(xl2) 164
x14, Bi{x8) 185
¥12, »5 186
*30, %, x14 ——_|

*B, x5

¥29, x30 189
®13, =17 118
®11, =17 i il
%38, 6B(x2) »112
*®2%, =28, 12 113
w26, B{x19) =114
¥28, x29 115
*18, x5 116
¥26, 1 117
w11 [ =S R ] T
%18, 76

x22, x12

¥24, x19 | mv  x23,
¥26, x24 | mv  x25,
x27, 3({x251)

x28) 3(x261)

w27 NI (x25!)
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for {int range=disparity min; range==disparity max: range++)
55D = B;

for {(Lr = -half_block size + i; 1 r == half_block size + i; 1 r++]

for (L c = -half_block size + j; 1 c == half_block size + j; 1 c-
i

rr=1r;

rc=10c+ range;

-—tlﬂI_______________T_Eff_jfrssd:*:Lrsigrec*]&Left-}data[L_r*[DL*[H+1_c*EH],*:Lrﬂigre
188

1
if (55D = S50 walue[i*COL+j] - THRESHOLD)
disp[i*COL+j] = range;

550 value[i*C0L+j] = 55D;
1

1

.

for (int range=disparity min; range==disparity ma
97 {

98 550 = B

e

=160
161

=162 for (Lc=
163 i
164 -
185 rc
166

=167
168 I
169
118 1
111

for (L r = -half_block size + i; 1 r == half bl
-half block size + j: 1 c == half_

Lr:
L c + range;

550 #= ssd(*{unsigned*)&left-=data[l_r*COL*
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RVV with custom vector instr alike solution

Fu rther VeCtorlzatlon DP: 512b + 1 Idst unit + with optimal (dyn)

scheduling - 2 cycle innerloop
16x faster, but still far insufficient

» SIMD3x16 - 24x16=384b vectors " ;
» Specialized vector diff-sgr-acc b
2 cycle innerloop feasible, assuming:
— Zloop + software piplineing rht: r
— ILP: Load || compute d
- 16x faster: 400 Giter/s > 800 Gcyc/s b

« @1GHz - 800 cores
hd Stl” Very unpractlcal 14952 2 nop | 1w %27, BixT) TZ@ | FFASLE AmMpLEMENTATLON
14960 addi x29, x5, B | nop 128 pix t chess storage(VM)* p lpixel = &lpixels[{i-half block :
14968 addi %30, ¥25, @ | nop 129 pix t chess storage(VM)* p rpixel = &rpixels[{i-half block -
14976 addi  x28, x16, B8 | nop 13'3' . _
o 14984 do x23, 32 | nop bzl int row inc = I
° 14992 no v wl, x14(x36!') -
HOW tO proceed : 15860 nc-E : W wB, x9(x29!) =133 for (L r = -half bleck size + i; 1 r = half block size + i;
) 15868 nop | v wB, x0{x291) 134 - _ o _ _
—_ Outerloop SIMD Over Wh0|e Image? ol_'—]ﬂllﬁ 550 ¥28+=vl, vl | 1w vwl, x1d4{x38") 135 .:_-:-: block size must be integer .',| tiple of Vector len
. . 15024 addi %@, =B, @ | nop 136 for (int 5= B; s = E*half_blc-ck size; s+=V5IZE) { _
94Kp|x vectors?? Wide memory?? 15832 bge ¥28, ®27, 24 | nop =137 35D = pix_ssdac(55D,*(vpix T chess_storage(WM)*)(p_lpixs
15640 nop | sw %26, B{xB) 122 1
15648 addi »27, x28, B | nop 133 . . . .
15656 addi %26, 26, 1 | nop =148 p lpixel+=CO0L*row inc; p rpixel+=C0L exp*row inc;
15864 addi  x25, x25, 1 | nop 141
15872 2 nop | sw  x27, 4(x7!) 143 }
15680 2 addi x4, x24, 1 | nop 143
1TCaoo = A e wr 1 I rmAan ].44
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LFT:

SS8D
3x16x16

 Datapath: matrix of diff-sqr-sum; 768 MAC
* M-Regs: SIMD3x16x16 (LFT+RHT) + shift
* Vector load/store: SIMD3x16=384b

e Column reads? - Vector address _

Y synorsys

Even more specialization/SIMD!
16x16pix shift reg to avoid very wide loads

. )
(Vector address has an arbitrary address per
lane
« Read column
Vector address Vector address Vector address
gather/scatter conflict free rotate only
Mem- banks : Mem- banks : . | Mem-banks E
Expenswe and Large shuffle Can be too
indeterministic can be expensive limited
and timing critical
<167? <327
N _J

Synopsys Confidential Information
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.regular layout will cause memory access conflict on column addresses

- [~ [- [~ [~ [~ [~ [~ [~ [~ [~ [-[- [~ [~ [-
DD LD D D LD D LD LD WD D DD D D D
T T T T Ty T T T T T Ey TR Ty R Ey Ty
=F = =P o =f =f = = = o =f =per = = =
N I N I e B e W W L B B e T B B e B
[ e T o T o ot O i s s

oynupays Confidential Information

fn B e B B B B e B e B B B B B e B B B B |
Lo e e e Y e e s o o i o Y Y o Yo e o
- [~ [~ [- [~ [~ [~ [~ [~ [ [~ [~[- [~ [~ [~
WDOUD LD D D MDD WD MDD D DD WD D D
L L L7 L) W LD LD W W) LD W LLw L L
=f f =F =P =f =F = =F =F =f =f =r=r = =f =p

0 0 |07 (07 0 07 00 0 00 07 07 0000 07 07 00
(T [ T It o T o s o T I R e
e B B e B e B B e e B B B B e B B B |
QDo oo oo o oo oD 0 o0
- = |- 0= [~ [- [~ - [~ [~ [- [0 [~ [~ [~
O D D D D D D D LD D WD DD D D D
L L7 L (L7 WD L) WD LD LD W L0 LWL W L L
Sl s L B s B e e e i - o s s

0] 0] 0] 0] 0] 0 0] 0] 0] 0] 0]0s] 08] 0%] 0]
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- Optimized data layout for conflict free row and column access

— Memory layout of 1 pixel per memory address

» “Vector” addressing (1 address per vector element) will allow both row and column access
— But...

Key architectural features

Row and column image access

* Images are typically stored sequentially in memory by row

» “Scalar” addressing (1 address per vector) will allow row access only

/

Conflict
at bank3

Y synorsy.



1588
1956
2604
2812
2628
2028
2836
2644
2852
2060
2068
2876
2088
2684
2652
2106
2108
2116
2126
2124
2128
2132
2136

Single cycle innerloop

computing a 16x16 SSD matrix

23X faster; without extra memory bandwidth

» Specialized regs/datapath/memlif/pipelined

« Column reads? - Vector address
 |ILP: Load || shift || compute (1 cycle innerloop!)
» 35Gcyc/s ; @1GHz - 35 cores

rshift
1shift
rshift
1shift
rshift
lshift
rshift
lshift
rshift
lshift
rshift
rshift
1shift
do
addi
1w
ssd2d
addi
addi

sh
andi
bne

HHMMMM!MMMMMMMMMMMMMMMM

Y synorsys

=3, 24

*»13, =B, -25
x14, 12{x2)
»14,x15,1Ft, rht
®1%, x19, 1
»20, =20, 1

®x15, 1{x18!)
®14, =%, 7
®x17, =14, 88

[RY
1w
[RY
1w
(&Y
[RY
(&Y
[RY
v
[RY
1w

Ly
Ly
(&Y
[RY

Ve,
vl,
Ve,
vl,
v,
vl,
v,
vl,
vl,
Ve,
Vi,

vl,
vl,
vl,
vl,

#1{vpl!)
®x1{wvpB!)
®1iwpl!)
*x1{wpB!)
®1i{wvpl!)
w1 ({wpB!)
®1i{wvpl!)
w1 ({wpB!)
®1i{wvpl!)
#1{vpl!)
®Bi{vpl!)

¥1iwpB!)
1 (wpB!)
®1i{wvpl!)
w1 ({wpB!)

L]
R R R R ]
D=l enLn

VM
DM (16 Banksiofi24b)

16xzl6 crossbar
(assuming conflict free accesses)

IIIIIIIIIIIIIIII)

X[32] : LFT RHT
w32 V4] [15x16] [15x16]
vlgintz4
x13,14,15 | vl6uint24 | 384K "Ishift" "rshift”
‘ vapiz | ¢ b T | - ot

L l ssd2d
agu :vagu7 Yalu xtfup § :r\e/é ; (pipelined)

vpix © 17 mpix t ldelay:

for {int i=0; i=W5IZE-1; i++) chess unroll Lloop{*) { L7 = *ypl; wpl=vpl+bc(l); Ldelay
L7 = *ypl;

A T - — £ = | - -
0AD right bleck at the start of the disparity range

= B chess wector ptrepix © chess storage(WM)= wvpr = vptr_col init{&rpixels[(y)*rwidth + xc+
Bl vpix © 7 mpix t rdelay;
= b2 for (int i=8; i=<VSIZE-1; i++) chess unroll loop(*) { r7 = *wpr; vpr=vpr+bc(l); rdelay
B3
&4 ff iterate over disparity range AND find the minimum
B5 int val = Bx7fIfffff;
il int loc;
&7 int idx=DISPARITY MIN;
&8 vint24 t* restrict pssd2 = S5D;
= B9 for {int range=8; range<=DISPARITY RANGE; range++) {
= 70 vpix © r7 = *vpr: vpr=vpr+bc(l);
= 71 ssd2d{ldelay, 17, rdelay, r¥, rdelay,idx,val,loc);
72 I
73
= 74 disp[(y+HALF BLOCK SIZE)*width+xc+8+HALF BLOCK SIZE] = loc;
75
76
= 77 if ({y&7) = B8]
Synopsys Confidential Information © 2021 Synopsys, Inc. 12



Explored architectures

Still a 35x away from real-time!
Performance-size tradeoff

A
g 900
x 800
g 700
® | 600
3! 500
= &) °
o 400 T /
;: trv32p5-16x16-ext
300 [tnv32p5-simd16-ext |
23X
200 / trv32p5-scalar-ext
trv32p5
o0 -/
o o
0
0 1\ 100 10000 1000000

Real_t|me@ 1GHZ bl Information chcle for 30fpS@UHD © 2021 Synopsys, Inc. 13

Y synorsys



Reuse of partial results
Architecture support for efficient storage and processing of partial results

LFT: RHT: LFT: RHT:

\ R

col-ssd is partial result for:
- 2nd col blue-red
- 1st col orange-green SSD

« Same square-difference computed multiple times

partial result
* Column-SSD can be reused storage |[*

* Requires storage of partial results
— small size, but high bandwidth (8kByte)

— For each pix-col-read, one partial vector store and one
partial vector load

« Compute multiple outputs in parallel (16 outputs)

completed SSD
l (summed of 16 cols)

- S‘/nUPS‘/S Synopsys Confident to 38D min instructions




Rewrite application code, compiler solves all detalls

Match computation memory performance to optimize area

—> Optimization of C code: Native code development / testing

-=> Improved performance because partial result reuse (virtually 16x)
= 3 cycle ssd2d instruction (256 MAC/cycle); mixed latency

—> overall 5x more performance and 3x area reduction

5424 126616
5432 126616
5440 126616
5448 126616
5456 126616
5464

¥ ¥F YT = ¥ ¥ ¥ ¥ ¥

- 5504
- 5512
- 5520 26616
. 5528 26616
- 5536 1 26616
- 5544 | 26616

Fraa oy mpa

rshift v wvd, =x0{vpl!)
rshift v w1, x11{wpB!)
1shift v wd, 0x10(x3)
do %18, Ox28 v w5, 0Ox108(x29!)
ssd2d w6 v w1, x11{wvpB!)
1w %13, Oxc(x2) v w2, 0x8(x3)
sumZd  v/,vb,u5 v w5, OxIB(x291]
ssd2d w6 vl, x11{wpB!)
min2d w4 w7 wvi sy wb,  0x10(x30!)

addi ¥23, x23, 0x10
ext vdwd x29,v2,x19
SwW %209, Ox10(x27!)
ext vdwd x13,v2, x11
SW x13, 0x10(x26!)
ext vdwd x29,v2,x1
ext vdwd x13,v2, %21

I
|
|
|
|
|
|
|
| v
|
|
|
|
|
|
|
|

h

3 cycle loop
—>3cyc ssd2d

2 load, 1 store
Pix and sum in VM

Y synorsys

N

// 1iterate over disparity range AND find the minimum
vint24 t vSsDmin = bc(Oxffffff);

vint24 t vDSPmin = bc(0);

int idx=-disparity;

vint24 t* restrict pssd2 = S50;

for (int range=0; range<DISPARITY RANGE; range++) chess loop range(5,}) {
vplx t r7 = *wypr; vpr=vpr+bc(1)
vint24 t ssd col = ssd2d(ldelay,17,rdelay, r7, rdelay);
vint24 t wsSDblc = um2d(ssd_col,SsDlrangel);
vS50min = min2d{wSSDblc,wsSDmin, idx, vDSPmin);
pssd2[range] = ssd col; 1

¥

ff 550col

Fint*padispl (y+HALF BLOCK SIZE P*width+xc+l +HALF _BLOCK S51ZE] = exi_waio{vl

*#(int*)&displ (y+HALF BLOCK SIZE)*width+xc+4 +HALF BLOCK SIZE] = ext v4i8(vD
5 ext wdiB(vD

*(int*)&displ (y+HALF BLOCK SIZE)*width+xc+8 +HALF BLOCK SIZE]
*¥{1int*)&disp[ (y+HALF_BLOCK SIZE)*width+xc+12+HALF BLOCK SIZE] = ext wd4i8({vD

Synopsys Confidential Information

SPmin,@);
SPmin,1);
SPmin,2);
SPmin,3);
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Other Area (7nm)

Tmatch v1.0 - datapath block diagram

20% smaller, 6.5x faster (5.5x more needed)

2D SSD

VM 44%

DM (16 Hanks of 24b) |

g i [N T T T T A V ALU
11%
A LI dl.I lll I IIJ I Lll I il.i IILIJ I.ILI hllil.I 3
Y Y ¥ Y Y Y Y ¥ Y ¥ Y Y VY ¥ ¥ V¥ 2D Reg

16x16 crossbar 11%
(assuming conflict free accesses) V Reg

VP[2] [ 13%
{ : : : : : : /\/ :
1 H H H H H H /\/ H I'q_

¥ Y A Y

X[32] 1 [iFT RHT

w32 VAl T ]l [15x16] [15x16]
13 vigine2g L0 e

X L Vl6uint24.| 3844 | | 1 | "1shist "rshift"

'\1;'4P§lx: E E E E E E —— [

AN T N N Yy \ J

~
LA LN r A I | l y ¥ 4V ¥ ssd2d el
\ agu / \vagu/ \ alu / ¥xt/upq/ \sum2d/ \min2d/ (pipelined)
L _

- SYNOPSYs' Synopsys Co.NEW . ~formation © 2021 Synopsys, Inc. 16



Tmatch v1.1 feature additions
1.6X bigger, 2.4x faster. Enable single cycle kernel inner loops

« Separate Vector accumulator memory (AM)
— 24b x 16 wide memory to accumulate SSD across pixel disparity range
— Separate read and write ports

» Scalar based AGU for AM

— Base + increment (post-modify) using dedicated scalar (X) registers
5 slot instruction parallel issue

— Does not increase instruction word size (remains 64-bit)

Fug 2 nop | s ML, W{xX3) %3
3952 2 nop | nop | W 1ft, x38{vpl!) | nop | nop 44 ff iterate over disparity range AND find the mindimum

3960 2 nop | nop | v rht, x30(vpd!) | nop | nop =45 voint24 t vs5SDmin = bcu{@xffffff);

3968 2  addi %29, x28, @ | v w13, 1(x3) =46 vint24 t vDSPmin = bc(@);

3976 2 nop | v w3, 17{x3) =47 int ids=-disparity;

3984 2 nop | nop | v rht, x30{wvpd!) | nop | nop 48 vuint24 t chess storage(AM) * restrict pssd2 = S5D;

3992 2 nop | nop | v rht, x38{vpd!) | nop | nop =45 for {int range=0; range=disparity range; range++) chess loop range(7Y,) chess prepare for pipelining §
4000 2  nop | 1d w4, AM{x28+=x30] | 1w rht, x38{vpd!) | nop | ssd2d w2,v8,vl =50 vpix_t r7 = ®wpr; vpr=vpribc(l);

4808 2 nop | 1d w4, AM{x28+=x30] | v rht, x38{vpd!) | nop | ssd2d vZ,v@,vl =51 rdelay = rshift{rdelay.r7):

4016 BE st w2, AN{x29+=x30] | 1d v4, AM{x28+=x30] | v rht, x38{vpd!) | minsum2d v3,wl3,vd | ssd2d w2,v0,vl =52 vuint24 t ssd_col = ssd2d(ldelay, rdelay):

4824 2 st vZ,AM{x294+=x30] | 1d w4, AM{x28+=x30] | nop | minsum2d v3,v13,vd | ssd2d vZ,v@,vl =53 vuint24 t v55Dblc = sum2d{ssd col,55D[range]);

4832 2 st w2, AM{x29%+=x30] | ld w4, AM{x28+=x30] | nop | minsum2d v3,vw13,vd | ssd2d w2,v0,vl =54 v55Dmin = min2d{w55Dblc,vS5Dmin, idx,vD5Pmin);

4840 2 st w2, AM{x20+=x30] | 1d w4, AM{x28+=x30] | nop | minsum2d v3, w13, wd | ssd2d v2,vB,vl =55 pssd2frange] = ssd col; // S5Dcol

4848 2 st w2, AM{x29%+=x30] | nop | nop | minsum2d v3,vw13,vd | nop 56

4856 2 st v2,AM{x29+=x30] | nop | nop | minsum2d v®,v13,vd | nop =57 Flint*)&disp[ (y+HALF BLOCK SIZE)*width+xc+0 +HALF BLOCK SIZE] = ext w4i8(wDSPmin,0);

4864 2 addi x13, =12, @ | add wpb,wpd,vd =58 #int*)&disp[ (y+HALF BLOCK SIZE)*width+xc+d +HALF BLOCK SIZE] = ext w4i8(wD5Pmin,1);

4872 2 ext viwB x26,v13,x8 | =59 *{int*)&disp[ (y+HALF BLOCK SIZE)*width+xc+8 +HALF BLOCK SIZE] = ext w4iB(wD5SPmin,2):

4880 2 ext vdwB x26,v13,x30 | sw ®26, 16({x22!) =G0 #(int*)&disp[ (y+HALF BLOCK SIZE)*width+xc+12+HALF BLOCK SIZE] = ext w4i8(wD5Pmin,3):

4888 2 ext vdwl x26,v13,x1 | sw x26, 1l6(x23!) =61 vpr=vpr+bc{l-disparity range);
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match v1.1 - datapath block diagram

Y synorsys

o

CO m b| N ed Synopsys Confidential Information

768 MAC

NEW
VM Pl AM
DM (15 banksof24b) - 389b
]
|
|
|
|
|
|
|
|
|
h b k. h 116}{16 ‘|crc1)rss;:)ar‘| k. h k. b k. ]
fassuming conflict free accesses)
VP[2] L
{ i i%i [—s
; LL:.- - 7 TN
X[32] y
w32 \ N
\
®13
u t \4
P M
»28 ®30
™
, A
B sumad ’ NEW J
bl I (pipelined) ! J
|
b b ¥ 3 3 3 3 L L J b ¥ b ¥
W
\ agu / \v;au/ \ E;Tfl / xt!upy minZd; \aﬁaﬂf \agvu1 /
\ | |
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match V1.2 feature additions LT RHT:
Extend architecture to process 4 rows in parallel
1.23x bigger, 3.62 faster:

« Expand VM to 32-banks

— Enable parallel (awkward) 19-high
column direct access (4 rows)

— Provide bandwidth to support DMA interleaved access SSD
— 13 of 32-banks available every cycle 3x19x16
* Expand AM width by x4 A, p.
— Support accumulation of 4 row SSD U “l“
« Extend LFT, RHT, and ssd2d to support 4 rows (19x16) abcd A VB Ve VD
— 4x performance with <25% increase in size Qol Vo V4 V8 V12

Q1| Vi V5 Vo V13
* Restructure V to allow double (W) and quad (Q) access m———) o2 V2 V6 V1o | V14

— Minimize register file size increase az| V8 V7 Vi1 | V15
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match v1.2 - datapath block diagram Extended for 4 rows

VMo AM
DM (32 banks:ofi24b). = ¢ = ¢ 0 0 > 384b 3Bab | 38ab | 384b
. I T R T T T T T T S R - P L T Bl >
—
I :
I 3 2 N
I - - P H ‘.. R —
| s
[ ¥ ¥ ¥
|
|

T Y Y Y T Y Y Y YT Y Y Y Y YT YT YY YT YRYYYYYY YD

32xl9 crosshar -\I
(assuming conflict free acossses) /,1

= N :: | .
1 f -4 -1 — |- — = — — —|# « | Direct loads
X[32] 1] Q4 LFT RHT VN
w32 [19x16] [19x16] \ N “
X13 : | 2p4b Ishift 'rshift {7 AN
= = . o B +» R - 4
! P M
f : 28 %30
i LU B
N — 1 ésumgd ssd2d
— I (pipelined) ]
|
3 3 k& 3 3 3 3 ¥ ki L J 3 3 3 4‘
N : :
a\g/u \v;au/ \ a\lﬁ / xﬂ'upy _%ﬁd; \ag\ﬂo,f \ agul /
“temsnnnnnalpbbaeanennans "‘ | |
h | | L
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Massive parallelism by combining specialization, ILP, SIMD
Even higher performance if we account for the partial result reuse

« Count OPS in Tmatch inner loop

20 loads
20 AGU 4*98 add
2 boundary (sum) 912 diff
Hwdo: check + incr 4*16 min-val 912 mul
2. cmp+add 20 boundary 4*16 min-idx 608 sum
64 loads + 1 64 loads + 1 gggq}r\% - 1 idx++ (RGB)
AGU AGU rsni 432 sum-col
EXG) nop | LD QL ARG LE+=XI | | W rNT, VMW[Wpl4+=1%L1Nn], X4\ nop | 55040 §9,LTT,MNT
928 nop 1ld gl,AMg{x28+=x30] | ¢ rht, WVMw[wpl+=1%lin].x24 |\nop | ssd2d gf,Lft,rht
93k Vst gf, AMg[x29%4=x30] |' 1d gl,AMg{x28+=x38] | v rht, WVMw[wpl+=1%lin],x24 | minsum2d qB,ql.q2.wa3 | ssd2d q8,Llft,rht
bdd st qb, AMg| x25+=x3D] | Ld gl, AMg{xdo+=x30] | nop | minsumid qu,ql,.qf,wa3d | ssdid go, LTt,rht
952 st gb, AMg[ x29+=x30] | 1d gl,AMg{x28+=x30] | nop | minsum2d qf,ql,q2,wa3 | ssd2d q@,Llft,rht
GRA st A AMA w0 IR I T T &EMed w38 AA0 | rnim | minim?d afl A1 A2 wa? | ssd?d A 1§+ rht

» 3835 OPS/cycle in inner loop @ 1GHZ = 3.8 TOPS
« 3.8TOPS/1.5W = 2.5 TOPS/W

B 5

4 3 B 1

321098765432109876543210987654321098765 4 3 2 1 0 9 8 7 6543210987654 3 2 10

Y synorsys

xxxxxxxxsl : ams_slots2 : aml slot s3 : vm _slot s4 : vec_slots5 : ssd slot11



minsum

Synthesis 7nm
Reg-WC

Reg-WA
Reg-WD

SSD

Reg-VP

vagu

768kGates (cell area)
Easily meeting 1GHz

— Pipelined instructions WP+wagu
* No congestion problems scalar
 Memory: Reg-X

— No memory timing problems
(including shuffle)

— Memory similar size as core
(with cyclic line buffers)

— Sufficient memory bandwidth
to stream in/out data

— PMis small

Y synorsys
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Explored architectures

Performance-size tradeoff

)
£ 900 05-16x16-AM4-ext (v1.2
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o
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Conclusion

» ASIP designer allows to easily explore many architecture alternatives
(special functions/regs/connections, SIMD, ILP, pipeline, memory-IF, ...)

« Compiler and synthesis in the loop give fast and accurate feedback

 High level application description (C code) enables easy optimization (Native verification)
« Compiler will solve all gritty details

« Efficient solutions ranging from very flexible to very dedicated architectures

* Programmability allows easier integration and wider applicability
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