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Diagram of JEM4.0 Binary Arithmetic Engine

* JEM CABAC design changes: [ EncodeContextBin (R, L, P, binVal) ]
— Increased precision for range (in 9-bit) and (MPS) probability v
state (in 15-bit), resulting in a LPS range table (i.e. _— gR = R>>2
rTab[512][64]) size of 36,384 bytes (i.e. 512 x 64 x 9bit). L+i s : 9F;=stP>>6R o Range Update
— Probability update with a so-called multi-hypothesis 2ot LPFSQ;LSaz[S -]E]LP; ]
probability update (not a topic of this contribution). .
. & binval ==0?
Rups
R =Rps R = Ryps
L 0 L=L+Ryps L=L
Multi-Hypothesis l l
Probability P_-=P >>m P 4= (25— P_)>>m
Update P; -= P>>8 P, += (215 — P)>>8
Ps= (P, + P;)>>1 P= (P, +P;)>1
bitstream Bitstream Renormalization (R,
; | buffer E L) E
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All Intra Main10

Experimental Results (1)

Y U V EncT DecT

Class A1 0.97% 0.98% 1.14% 99% 123%

Class A2 1.00% 1.06% 1.17% 99% 119%

Class B 0.85% 0.76% 0.72% 103% 120%

° l f d bl ( ] ) Class C 0.80% 0.37% 0.45% 96% 110%
Resu tS O lsa lng ln EM4'O Class D 0.60% -0.07% -0.07% 95% 105%

_ VCEG AZO7 BAC ADAPT WDOW Class E 0.64% 0.64% 0.81% 114% 130%

_ — _ — Overall 0.82% 0.63% 0.70% 100% 117%

Class F (optional) 0.69% 0.42% 0.07% 102% 116%

(Multi-hypothesis probability estimation)

Random Access Main 10
Over HM-16.6-JEM-4.0 (parallel)

— VCEG_AZO5_MULTI_PARAM_CABAC Y Y Y% EncT DecT

Class A1 0.93% 0.22% 0.78% 100%0 106%0
HE H H H H Class A2 0.83% 0.70% 0.76% 103% 106%0
(CABAC probability estimation with 2 windows) oo S o 7m0t o azor o aeot Looot Lot
Class C 0.81% 0.64% 0.64%0 999% 101%
Class D 0.60%0 0.22% 0.54% 102% 104%
Class E
Overall (Ref) 0.78% 0.44% 0.65% 101%0 104%
Class F (optional) 0.42% 0.45% 0.14% 100%0 101%

Low delay B Mainl10
Over HM-16.6-JEM-4.0 (parallel)

Y U \Y4 EncT DecT
Class A1
Class A2
Class B 0.81% 0.50% 0.09% 99% 106%
Class C 1.07% 1.28% 0.90% 109% 113%
Class D 1.08% -0.06% 0.00% 100%0 103%
Class E 0.68% -0.53% -0.38% 104% 108%
Overall (Ref) 0.92% 0.36% 0.18% 103% 107%
Class F (optional) 0.64% 0.27% 0.15% 99% 107%
Low delay P Main10
Over HM-16.6-JEM-4.0 (parallel)
Y U \Y4 EncT DecT
Class A1
Class A2
Class B 0.84% -0.15% -0.41% 97% 107%
Class C 1.03% 0.93% 0.63% 96% 101%
Class D 1.08% -0.56% -0.91% 102% 107%
Class E 0.66% -1.93% -0.78% 105% 113%
Overall (Ref) 0.91% -0.31% -0.34% 100%0 106%

Class F (optional) 0.42% 0.36% -0.32% 101% 107% 9 BROA DCOMD



Proposed LPS Range Update Table Design

» Architecture flexible LPS range update table design | EncodeContextBin (R, L, P, binvVal) |
— guantize range R and probability state P, by 2 and 7 bits, v GR=R>>2
respectively, and by range Ps qP = P, >>7
qR =R > 2 L+R sy R.ps=clip3(2,511, (qR - (256 — max(qP,1))) > 6)
C[P = PS > 7 Rups = R-Rips
— Compute the LPS on-the-fly by Rips eraonge Update

binVal ==07?

R —

R;ps = Clip3(2,511, (gR - (256 — max(qP,1))) > 6)

Rups
— Or table look up with the half of table size R =R ps R = Ryps
R;ps = rTab[qP][qR — 64] L~ 0 L=L+ Rups L=L
Multi-Hypothesis \I, J«
Probability Bl P += (215 — P, )>>m
Update P; -= P>>8 P; += (215 — P))>>8
PS: (Pm + I:)f )}>1 PS: (Pm + I:)f )}}1
bitstream Bitstream Renormalization (R,
buffer - L) [m—
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All Intra Main10
Over HM-16.6-JEM-4.0 (parallel)
E . I R I 2 Y U vV EncT DecT
X p er I m e n ta eS u tS Class A1 0.00% 0.00% 0.00% 105% 123%
Class A2 0.00% 0.00% 0.00% 113% 127%
Class B 0.00% 0.00% 0.00% 105% 118%
Class C 0.00% 0.00% 0.00% 99% 110%
Class D 0.00% 0.00% 0.00% 104% 112%
o RESUltS Of the prOpOsed LPS Class E 0.00% 0.00% 0.00% 109% 121%
Overall 0.00% 0.00% 0.00% 106% 118%
range up date Class F (optional) 0.00% 0.00% 0.00% 97% 109%
Random Access Main 10
Over HM-16.6-JEM-4.0 (parallel)
Y U \Y4 EncT DecT
Class A1 0.00% 0.00% 0.00% 103% 107%
Class A2 0.00% 0.00% 0.00% 102% 105%
Class B 0.00% 0.00% 0.00% 105% 108%
Class C 0.00% 0.00% 0.00% 104% 106%
Class D 0.00% 0.00% 0.00% 105% 106%
Class E
Overall (Ref) 0.00% 0.00% 0.00% 104% 106%
Class F (optional) 0.00% 0.00% 0.00% 102% 103%
Low delay B Main10
Over HM-16.6-JEM-4.0 (parallel)
Y U \Y4 EncT DecT
Class A1
Class A2
Class B -0.01% -0.01% -0.01% 101% 106%
Class C 0.00% 0.00% 0.00% 105% 106%
Class D -0.01% -0.01% -0.01% 105% 105%
Class E -0.01% -0.01% -0.01% 106% 104%
Overall (Ref) -0.01% -0.01% -0.01% 104% 105%
Class F (optional) 0.00% 0.00% 0.00% 105% 108%
Low delay P Main10
Over HM-16.6-JEM-4.0 (parallel)
Y ] \Y4 EncT DecT
Class A1
Class A2
Class B 0.00% 0.00% 0.00% 105% 111%
Class C 0.00% 0.00% 0.00% 103% 107%
Class D 0.00% 0.00% 0.00% 99% 97%
Class E -0.01% -0.01% -0.01% 97% 102%
Overall (Ref) 0.00% 0.00% 0.00% 102% 104%

Class F (optional) 0.00% 0.00% 0.00% 106% 109% 9 BROA DCOM@



Summary

* The proposed LPS range update preserves compression efficiency of the JEM4.0 CABAC design.

* Recommend to offer the option of computing LPS range update on-the-fly in the future video
coding if the LPS range update table is disproportionally large.
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