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An Example: Factorial

main() {
return F(4) + F(3) + F(5); // result = 150
}
F(N) {
if (N==1)return 1;
else return N * F(N-1);
}

Main() requires 3 + 2 + 4 multiplication.

Can the computer get 150 with only 4 multiplication?

24 WyNAIST.



Normal Compilation

» Stack frame for temporal values
» RO for argument (4) and return value (24)

F: store o0ld-FP,SP,PC= [FP--] FP-16 S -
store r(0=[FP-16] F Y, B2 B
branch 1f r0==1

i

decr r( ol FR, 88, PO
call F “
ol FP, 8P, PO
load [FP-16]= rl
! mult rl*r0 =r0 FP—Iﬁ“ x6 = 24
end: load [FP]—FP,SP,PC 1op ol-FP, S8, BC (£0) (£0)

25 #YNAIST.



Essential Input and Output

. B . FP-16 3
F: store old-FP,SP,PC= [FP—-] i
A w S 5 :

store r0=[FP-16] ppL2et

branch if r0==

1

decr r(Q old-FE, 88, PO
call F 2
old-F 1, 8P, PC

load [FP-16]=rl
mult rl*rQ0 = r0 FP-16 P

» If all sources (address and value) are the same as before, we can reuse F.
» If the address < FP, the variable is local.
» Excluding the locals (old-FP, SP, PC, [FP]) enables relocatable reuse.

26 WyNAIST.



Relocatable Memoization

call F

store r0 = --
decr r0 = r0
load - = rl
mult -— = r0
return

» RO is read then written. = input and output
» R1 is written first. = output

» If R1 is local-reg like SPARC, can exclude R1.

27
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Multilevel Memoization

call F

load = rl(2)
mult = r0(2)
return
load = rl(3)
mult = r0(6)
return

28

FP1

PP
FP2

FP1
Feg
EP3

e
P
EP3

P
FP2

FP1

OouT
RO

—t —h
—>

s sedh

IN
Function ID RO
F 3
= <
F 2
= 1
= 2
E 1
= &
= 2
E 1
- K
F 2
= 4
F 3
= pd
- 1

i O
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Multilevel Memoization

return

load = rl(2)
mult = r0(2)
return
load = rl(3)
mult = r0(6)
return

29

FP1

Y
FP2

FP1
Feg
EP3

e
P
EP3

P
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FP1

OouT
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IN
Function ID RO
F 3
= <
F 2
= 1
= 2
E 1
= &
= 2
E 1
- K
F 2
= 4
F 3
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- 1
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Multilevel Memoization

return

load = rl(2)
mult = r0(2)
return
load = rl(3)
mult = r0(6)
return

30

FP1

PP
FP2

PP
e
EP3

e
P
EP3

P
FP2

FP1

OouT
RO

—t —h
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IN
Function ID RO
F 3
= <
F 2
= &
= 4
E 1
= &
= 2
E 1
- K
F 2
= 4
F 3
= pd
- 1
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Multilevel Memoization

return

load = rl(2)
mult = r0(2)
return
load = rl(3)
mult = r0(6)
return

31

FP1

PP
FP2

FP1
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EP3
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FP1

OouT
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IN
Function ID RO
F 3
= <
F 2
= 1
= 2
E 1
= &
= 2
E 1
- K
F 2
= 4
F 3
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- 1
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Multilevel Memoization

return

load = rl(2)
mult = xr0(2)
return
load = rl(3)
mult = r0(6)
return

32

FP1

PP
FP2

FP1
Feg
EP3

e
P
EP3

o
FP2

FP1

OouT
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IN
Function ID RO
F 3
= <
F 2
= 1
= 2
E 1
= &
= 2
E 1
b &
F 2
= 4
F 3
= pd
- 1

i O
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Multilevel Memoization

load =
mult =
return

33

FP1

PP
FP2

FP1
Feg
EP3

e
P
EP3

P
FP2

FP1

OouT
RO
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Function ID RO
F 3
= <
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= 2
E 1
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- K
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Reuse of Previous Results

call F(4)

call F(3)

call F(5)

call F(4)

mmmm
LI PN =t

12

Search

F

4

Search

mult 5 * 24

Search

Can the computer get 150 with only 4 mult?
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Extension for General Programs

In general, globals and callers’ locals should be memoized.
SP-LIMIT provided by OS helps the classification.

Globals |  Classified by SP-LIMIT and FP

Globals

LDCHIS A

Args Ret.Val. SP-LHIMIT— -------- .

/Lcrcals B Locals-B

FP for B—| Args |Ret.Val.

Function-B
Locals-A

Function-A

35 WNAIST.



Another Example: Puzzle in Stanford Benchmark

T oor | PG, j);
if (T'(k) || k == 0 ) return true;
else R(i, j);

}

return false;

» No-reuse: 40 million instructions
» 256K table: 6 million instructions

» Average of 400 instr. are eliminated at once.

36 @WNAIST.



— R ERBITILFAL YT 4 27 EDHELER

Nop:-Speculative Thread
P.

yStart Speculation
¥store Local Recording
JLoad A (wait) | Buffer

St -
JLoad A

- F ---------
{ad)Verify Reg. (b4)Verify Reg.
i (a5)Commit | (b3)Commit
(a) WA TH AL B (b) ¥/t D ALy R ifd

37

y
g
[—|

Ntﬁpeculative Thread

{cl)Start Memoization

(€2)Store  [Recording
(e3)Load A Buffer

Rilte st
{c4)Verify Reg./Mem.

() R A

@yNAIST.
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ETETIL TANEBER=>FA=>KiEET>8H%>BF A
BALY FZELIZZEGTRERIOAE 1ZE ) X MR

» 16/ kx64La—FKx6LAJ) (6KB)
RERTHEHICAEEE LTHEEEERNNYT7 (16 KB) IZEHE
EIT/BARBICETAANBENS, REDAADZTTH LEFIET
F— ANDEREEHDOBFE

FALY K g2 Ly K
dway 32KB,64B/line 4way 2MB,64B/line

T ABF l0cycle ! £ ZBF 100cycle

irIzIniiiiiinic: ﬁ)‘ 'J '
Ryl ;
) i : |

Search o Fpr ; [EFE#d
REUEE iiﬂ.\,ﬁo E ¥

b CEF
Sarh | 0F FOWE gmss |
<Reuse EL\OQ P i

JE I6KBHA | 256X B0 RAERE
PR NG T

38 WNAIST.
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Example: strlen(strings) 20220145

Input --- First-Read-Vals are registered in referenced order
Output --- Final-Write-Vals are registered
strlen("ABCDEF") = return(6)
strlen("ABCDEFG") = return(7)
Input can be expressed as a tree.

» Nodes: Register-No./Memory-Address

» Edges: Value

trlen(sir) char *sirs i ABCDEFW
:;”’"f r) char ¥str call sirlen(0001000C) retumn(6)
char s . RBin l | RB out
! " I CF Type Addr #0:Top 41 4:R0 83 CF Type Addr #08142 43 CF Tiype Addr 40 #1428 Type Type  Addr 40 81 42:R0  #3 Type
Jor (s = str; *s; +4s); ; | soe- | strden [ --pootooc]-- | |:tmq:m:| ) YT N OO (XTI 2 I Return BRI
return (s = str); : Head |7 T111]oj1111]0 [ ™ olojof1111 ITttolojofo] © vae |77 ofojii111 o] ™
} - Fst-Record -t 2nd-Record ————4——3rd-Record———=  dth ———[st-Record———=  2nd
“strlen: ABCDEFGW
move RO->Rs call strlen{0001000C) b1 4243 4alis 46 47 00 return(7}
1ld.b [Rs]—>Rb | l | I
comp Eb,0 i Suh. slrlen | = Poo o] -- we] =e ] == 1424344 ABAT00 | ==] ==] == Return we] == P00 | =
beq end 1 Hew | 1111011110 c'|“"""'“'lI"“:":":":I 0[0[0[1111 U‘M"”'}I‘"m“ll T11]0jolo] Vaie | olo[iiiijo] ™
loop: :
ine Rs i B ) Tree Strue
1d.b [Rs]->Rb | / xpression as a Tree Structure
Rb' 0 - S, Mem
};neq loop Head 010000 Reusable
ena: :
i Top=sirlen
sub  Rs,RO->R0: 1 b= )/
return : RO=0:001000C
Reusable

17 WNAIST.



2002- ﬁB%EM@m/outﬁ: \—K '71711‘}=EL |
E.l ~ sébL- *a) &L E —

1 usec/ Search, 900 times faster than software

The simulation is accelerated 90 times._

20 WyNAIST.
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2022019_%

Feasibility of Reuse Memory (RM)

Write/Search  Write Write

N g s
| EJ_.. CAM | ol g - RAM
General purpose CAM has separate JEE L =<1
write/search/read cycle. RHEE THET G R o
Proposed T-CAM has fused operations L 1T @*‘mh M iy
(Search&Write + Search&Read) R Bead
> SearCh before Write {a) RM Implementation with Well-known T-CAM
» Active match-line can be limited to at WelteSeaeh Wit VU
most one IR VIR - VI
o Eﬂ: caM > RAM
salEdne Z S—> =
Search&Read can generate match history VEIEE] e 7 e < 7 )
. . ™ 27 WL 2—> WL
for input speculation el _l" = +’
» Fast extraction of CAM by duplicating N L
MASK bits in CAM e . Bend

Tl T w1 T
Search&Write can warrant single matchon ........% -1 %
c AM : pra«iléa' J}-h: MASK per Shits

» Fast operation by sharing R/W bit-lines s

o Tws T = e
and Comparand bit-lines 1 S ot ch el
[ v KAWL throngh KAV Comro

(b} Proposed RM Implementation with New T-CAM (Keeps Charge when MASK is 0)

19 WyNAIST.




[ER% S 22l — 3|k ST

= IR TIE, A2 EA L1 6nsTOEMEEZTERR(85°C)

4
DO trov(xok2)) (3" = 500:2 g
1 - — —— — - s s St — S — vy — — th—
= soog = i Nt W o
?oire wiwrile ¥ __.' 1
DOt w0 matehet=)) o sou%
oy
o ware o bt o R soong | o~ Search&Write = Search&Read
DO tro:w{x0.rwi=2=)) <> —- 1 s i i s — —
DO trD:w{xD.owl=1=})}) G__ 'on% ﬂ n_’ #o—match \._____.,} \_____,’ \__‘______
- 15 :
i #1-empt
DOrow{xO._rscn)) 'ﬂ- Rk :;: ‘ v
DOMDND. acrm)) O soong \ #2-match
DO uirac 1) O Eﬂorﬁ ﬁ Found Nat-found Found Noit-found
o ENF "mmm_.i_l;_@_ .....................
Eﬂ;f‘a g

o [ R (—— .

“;'q'ﬂ g e
i 3
4 -

&

2%

Eﬂﬂja % .

v ]
s 9—-———ra¥n—read-
iy S

sodd

]
o in 2n 3n an B5n &n

Yasuhiko Makashima Kvoto Univ/ERESTOMLST  Roprigtary & Confidaential 2005/ 1/29
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Evaluation of Models

Base:
1K-MW:
1K-noW:
1K-DIV:
4K-DIV:
256K:

39

2-way SS SPARC
16KB Reuse Buffer with  SP synchronization
16KB Reuse Buffer without SP synchronization

16KB Reuse Buffer blocked into 64 lines * 16 blocks
64KB Reuse Buffer blocked into 256 lines * 16 blocks

4MB Reuse Buffer no partitioning
Relative cycles based on no-reuse

1.10
1.00 —
0.80 —

0.80 —

0.70 =1
0.60 =1
0.50 =1
0,40 —
0.30 T
0.20 =7

0.10 =1

0.00

183.equake

188.ammp

Ba

102.swWim

1K 1K 1K
MW noW DN
1

104 hydro2d

[ exec
E Rtest
[ miest
. write

[J L1-miss
. L2-miss
1 Aw-miss

256 bzip2

124 ma8ksim

147 vortex l

@yNAIST.
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T X fEifE DR FE R

41

e we e

CEeedemewny

12:

loop:(PC=10000  J—21[EE

set Al == R1
ld (Al=Rl} -=Rx sV OO
sel A2 -= R2 Rx 00010008
Id (A2=R2) ->Ry as{BODOOO0 Ry 40000000
ld (A3=Rx-4)->Rz  ..(0000aana) DO010004 80000000 DOOOAARA Rz A000AARM
add Rx+4 >Rx .. 00010008 @ @ @ :; 222;222:
&l y = = . . . .
::ﬂ" l;i; ___j‘;;r R”m mms gooLo0000 Ad (opoo10004)| 000AARR]
st Ry ->(A2=R2} ... 40000000 [nput On tput

: add Ry+Rz ->Rz w 40003000

: st Rz =>(Ad=Rx) ... 4000anaa
br  loop
loop:(PC=1000) JL—F 2 @EH
sel Al == R1
Id (Al=R1} ->Rx coa OO OOOR Y
set A2 == B2 Rx 00010000
Id (A2=R2) -=Ry o[ HO000000) Ry 20000000
4 (A4=Rx-4) >Rz  ..(4000asaa} DO010008 40000000 4000AARA Rz SODCAARR
add Rx+4  ->Rx .. 0001000¢ :; :EE;EEEE
st Rx =={Al1=R1} ... 0001 . * . * . * AS (00010008} s
shift Ry -> Ry wes 20000000 00010004
si Ry =>(A2=R2} ... 20000000 [nput Ou tp ut
aidd Ry+Rz ->Rz e O00aaaa
st Rz =>{AS=Rx} ... 600aaaa
br  loop
loop:(PC=1000y JL.— 7 3 EE
seft Al == Rl
ld {Al=Rl} ->Rx vl OO OO}
sef A2 -= R2 Bx oon1l001l0
Id (A2=R2} -=Ry sae [ ZONHMMHINY Ry 10000000
14 (AS=Rx-4)->Rz  ..(6000aaaa) 0001000C 20000000 6000ARAR Rz JOOORAAAN
add Rx+4  >Rx .. 00010010 Al 00010010
st Rx >(Al=R1} ... 00010010 :i 10000000
shift R? = R}r .. 10000000 oo010008 {0001000C)] TO00OAMRR
st Ry ->(A2=R2} ... 10000{00 [nput {n tput
add Ry+Rz ->Rz e TO0AAAA
si Rz > A6=RxX} ... TO(aana
br loop

WyNAIST.
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REER Ly FEDHEE

SbhlZEHDE, ALy FEE#HEMNTTEE (LUTIE, E# L)

loop:(PC=1000) JL—7 1[EH loop:(PC=1000) L — 7 2EE loop:(PC=1000) J— 7 3[EE
set Al =Rl set Al =Rl set Al -=R1
Id i{Al=Rl) ->Rx A D00 L0004) Fiil=p 1d {Al=R1) ->Rx e QIO LO008) Fii=p 1d {Al=Rl) ->Rx {00010 0e)
set A2 = R2 set A2 -»R2 set A2 -> R2
Id (A2=R2) ->Ry A BO000000) 4 Id (A2=R2) ->=Ry A BO000000) < Id {A2=R2) ->Ry o BOOODD00Y
Id ({A3=Rx-4)->Rz «.{0000aaaa) o ld {Ad=Rx-4)->Rz L TTTIITT o ld {AS=Rx-4)-> Rz w2720
add Rx+d4 -=>Rx . DULO008 add Rx+4 == Rx . 0001000 add Rx+4d == Rx wee DOOL LD
st Rx =>(Al1=R1) ... 00010008 st Rx ={Al=R1) ... 00010 st Rx ->{Al=R1) ... 00010010
shift Ry -> Ry wer SOMOHIOO shift Ry -> Ry wer FOOHIHH) shift Ry -> Ry wer FOO0DIHH)
st Ry ->(A2=R2) ... 40000000 st Ry ->{A2=R2) ... 40000000 st Ry ->{A2=R2) ... 400000
add Ry+Rz ->=Rz .. 4000aaaa add Ry+Rz -=Rz  ..40007277 add Ry+Rz ->Rz  ..40007777
st Rz ->{Ad=Rx) ... 40})aaaa st Rz ->{AS=Rx) ... 40007777 st Rz ->{A6=Rx) ... 40007777
br loop br loop br loop
000L0004 80000000 O0OOARRAA 00010008 80000000 22722777 0001000C 80000000 272227277

@ @ oonoo @ @ nou @ @ nnna

Input Input Input

42 WyNAIST.
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REER Ly FEDHEE

LTI, E#ET 55

43

loop:(PC=1000) JL—7 1EH loop:(PC=1000) JL— 7 2EH
set Al > RI set Al >Rl

Id (Al=Rl} ->Rx  ..{00010004) Ti#l=g 1d {Al=R1} ->Rx «{DID10008)

set A2 = R2 set A2 -=R2
Id (A2=R2} ->Ry A B0000000) :

Id (A3=Rx-4)->Rz «{0000aaaa)

add Rx+4 ->Rx v D0O10008

st Rx «>({A1=R1) ... 00010008
shift Ry == Ry v SODDOO00
st Ry =>(A2=R2) .. 40000000 *a, .

add Ry+Rz ->Rz we dMlaaaa

br  loop add Rx+4 >Rx .. 0001000
st Rx =>{Al=R1)... 000100d¢
Q0010004 20000000 OOOOAARR shift Ry >Ry .. 20000000
-rﬁ - st Ry -=>{A2=R2) ... 20000000
00010000 add Ry+Rz ->Rz - OG0(Hlaaaa
In [)l]l st Rz ->{A5=Rx) ... 6liMaaaa

br loop

00010008 40000000 4000ARAAR

A—@—)—

00010004

Input

"Sh 1d (A2=R2) ->Ry  ..(40000000)
st Rz S(Ad=Rx) ... 4000aaaa  =—1q | Ad=Rx-4).> Rz e 00aaan)

....

loop:(PC=1000) JL— 7 3EE

set Al -= R1
Fal=p I1d {Al=R1} ->Rx  ...[0001000¢)

set A2 -= R2

"YUh 14 (A2-R2) >Ry ..(20000000)

- | (AS=Rx-4)-> Rz  ..(6000aaaa)

add Rx+4 ->Rx .. 00010010
st Rx ->{Al=R1) ... 00010010

shift Ry =Ry .. LODOOOD)
st Ry ->{A2=R2) ... 10000
add Ry+Rz ->Rz - T000aaaa
st Rz =>{A6=Rx) ... T000aaaa
br loop

0001000C 20000000 6000AARR

Q—E——

ooolo008

Tnput GBS NAIST.

(R
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BED-OHDERIT KL XFEIT 26

»ERMT FLRATHYRBENEIE LA
BIATR FOBEALIEZELEFLNERENTHS.

rERMT FLATHYRBEDEEEN—TETHS.
FRINAEETHD. GO TOT S LFIZEITEIT7 FLRA1HAZAETD.

»EMT7 FLATHY RNBDEILENTETHD.
FAllIHHELZDT, EZAAZFLELEIRENLSHD. RO TS LHBIZH
TA7 FLAA2MZYT S,

» ZILTET7RFLRATHDE3OD, BERDT7 FLRIZDODWTIHR FT7IE
RELTHNENTIE LEL.
BRHATR FOBSENSIEEELELNEHENTHS.

» TILT A7 RFLATHY, BLKOT7 FLRAIZDWTR FT7HHRE.

FIELEN—TETHA_EIIHFETEIT FRIIIHELZDO T, EZAHZTFLEEHLESD
WENRHD. RO TS LHIZBITATFLAAI-A1O0OMKYT 5.
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EEDT-ODENRIT L AR

BREDRE

MSP.-SSPHAHAKE  Register/Memory Read Register/Memory Write

45

Const-FLLAG
Rz 1
Rx| O
Ry | O
Rz 0

#1 #2 #3 #1 #2 #3 #4 #5 #6

P-Mask [FEFFFFTY | FEFFFFFF 00000000| Address Rx Ry Rz Al A2 Ad
Address Al A2 A3 Mask |FFFEFFFF|FEFFFFFF|FFFFFFEF | FFFFFFFF | FFFFFFFF | FFFFFFEE

Mask |FFFFFFFF|FFFFFFFF|FFFFFFFF] S-Count 0001 o001 0001

Value |00010004(80000000) 0000aAARY Value |00010008|40000000| 4000ARAR|00010008| 40000000 | 4000ARARA

MS PO=ET. BIEBICETD < B0 S XS History

Address Al A2 A3 Address Al A2 Ad
P-Mask |FFFFFFFF|FFFFFFFF| 00000000] Mask |FFFFFFFF|FFFFFFFF|FFFFFFEF L——1EE
S5-Count o001 0001 o001} S-Count 0001 0001 0001

WValue |o000l0004|80000000

Al A2 Address
P-Mask |FFFFFFFF |FFFFFFFF ouuuuuuul Mask |FFFFFFFF|FFFFFFFF|FFFFFFFF L—F 2 EE
S-Count 0001 0001 oo-:ul S-Count 0001 0001 0001
00010008 | 40000000

Address | Al A2 A5 | Address Al A2 A6
P-Mask |FFFFFFFF |FFFFFFFF ouuuuuuul Mask |FFFFFFFF|FFFFFFFF|FFFFFFFF| L—>3EE
S5-Count o001 0001 DDDlI 5-Count 0001 0001 0001

Value |oo0lo000C|20000000 I
Address Al A2 A6 Address Al A2 AT
P-Mask |FFFFFFFF|FFFFFFFF| 00000000] Mask |FFFFFFFF|FEFFFFFF| FFFFFFEF L—FAEE
S-Count 0001 0001 o001 S-Count 0001 0001 0001

WValue |00010010|10000000

WyNAIST.
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EEDT-ODENRIT L AR

BEICED(T7 FLADRELFLEDLE

M S PO®fT./ BHRICED  REOHSEBSHistory

Al

Address Al A2 Al
P-Mask |FEFFFFFF|FEFEEFEE| 00000000
S-Count ool 0001 ool
Value |00010004|20000000

Al

P-Mask |FFFFFFFF|FFFEFFEF| 00000000
S-Count 0ool 0001 000l
00010008 40000000

P-Mask |FEFFFFFF|FEFEFEFFF| 00000000
S-Count pool 0001 pool
Value (oo0loooc|20000000

diff=04 |diff=-1
Address Al A2 Ab
P-Mask |FEFFFFFF|FEFEFEEF| 00000000
S-Count oool 0001 oool
Value (00010010]|10000000

Eﬁﬁmﬁildiffﬁﬁ 1diff=??

46

L—71EE

=T 2EE

W—T73EE

=7408

28

SSPRLOHOTAE FHabidEkEE

Address

Al

A2

AT

FFFFFEEE

0000

Address A2 A8
Mask FFFFFFEF | FFFFFEEF

S-Count 0001 0001
Value WAIT WAIT

FEFFFFEFER

S-Count

0002

Qo001

Value

WAIT

WAIT

FEFEFEFEE

S-Count

0003

Qo001

Value

WAIT

WAIT

L—=75@8
FMEE#E=1 > MSPARY

=7 6EE
FREHE=2 > SSPHI1 BN

=778
FREHE=3 > SSPH2 %N

IL—78@EE
FHEFHE=4 2> SSPH#3I~EXK

WNAIST.
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loop:(PC=1000) JL.—ZF5EEH (MSP)

7 FLREEHTICED (EE

Address Al AZ A8
Mask |FEFEFFFE|FFFEFFEF|FFFFFEEF

S-Count 0001 0001
Value |ooo10018] warT WAIT

loop:(PC=1000) J.—76EE (SSP#1)

set Al -= R1 set Al -= R1 set Al
Id (Al=R1) ->Rx e 0001001 4) Id (Al=R1) ->HRx el DOOT00OLE) Id (Al=R1)
st A2 -= R2 set A2 -=R2 set A2
ld (A2=R2) -=Ry w e DB OO 3
Iid (A7T=Rx-4)-> Rz  ..(7%00aaaa) Address Al Al AS
add Rx+d - Rx . 00010018 Mask |FFFEFFFF|FFFFFFEF |FFFFFEFEF
st Rx -={Al=R1) ... 00010018 S-Count oooo oo
shift Ry SRy .. 04000000
iy Ry S(A2-R2) .. 04000000 =~~~ __| Value |00010018J04000000| 7C00ARARY .
add Ry+Rz ->Rz .. 7cODaaaa B e oy
st Rz ->(A8=Rx) ... 7cO0aaaa — [0 (AZ=R2) ->Ry  ..(04000000)
br  loop Id (AS=Rx-4)->Rz el T0anAD)
add BRx+d4 -= Rx = 0001001 e S5-Count
st Bx -=(Al=R1) ... 0001001c
shift Ry SRy .. 02000000
st Ry ->(A2=R2)...02000000 =+e-cmueucmnocccasasnazazon”
add Ry+Rz ->Rz v TEDAAAA Id (A2=R2)

BICE > LERRTHRROBA

HRI=ET

Bica>7k EROBAA

st Rz ->{A9=Rx)} ... Tellaaaa

br loop

00010018 04000000 TCo0ARRR Rx 00010010'
02000000

g: FEOOALRR

00010014
Input

Aljoooilooic
A2Jozoo0000
AD mnuﬂ

Output

29

Address

Al A2 A9

Mask |FFFEFFFFFJFFFFFEEF |FFFFFEF

S-Count

0002 0001

Yalue |pogioo ic] WAIT

WRIT

loop:(PC=1000) JL.—F7EE (SSP#2)

-= R1
-= Rx 0001001 c)
-= R2

Mask |FFFFFFFF|FFFFFFFF|FFFF

oopo

Value |ooolo0lcjozoooooon|TEOD

-

-= Ry wuel D2 OO0}

Id {A%Rx-4)-> Rz o Tel0aaaa)

add Rx+d4
Rx

shift Ry

st Ry

add Ry+Rz
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